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UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF COLUMBIA
BELLION SPIRITS, LLC, et al.,
Plaintiffs,
vs.

Civil Action No. 17-CV-2538 (JEB)

UNITED STATES OF AMERICA, et al.,
Defendants.

JOINT APPENDIX OF
ADMINISTRATIVE RECORD CITATIONS IN
SUMMARY JUDGMENT BRIEFS

DOC NO.1

DESCRIPTION
Letter dated April 12, 2016 from Emord & Associates to TTB
enclosing two hardcopies of Bellion Spirits LLC's and Chigurupati
Technologies Private Ltd's petition for health-related statements
concerning the effect of NTX in distilled spirits and/or other
alcoholic beverages and enclosing compact discs containing
electronic versions of the petition and exhibits

1

AR PAGE
NUMBERS

AR-000001-

Bellion Spirits, LLC's Petition for Health Claims under 27 C.F.R. §§ AR-00000270.701, 7.54(e) (April 12, 2016)
000047

2
3

4
5

Petition Exhibit 1 – Research Supporting the Health Claims for
NTX, a Product Composed of Glycyrrhizin and Mannitol, in
Connection with Alcohol Consumption by Sidney J. Stohs, Ph.D.

AR-000048000092

Petition Exhibit 2 – Curriculum Vitae of S.J. Stohs, Ph.D.

AR-000093000196

Petition Exhibit 3 – Commentary on the Report of Dr. Sidney J.
Stohs Concerning the Health Claims for NTX, a Product Composed
of Glycyrrhizin and Mannitol, in Conjunction with Alcohol
Consumption by Harry G. Preuss, M.D., M.A.C.N., C.N.S

AR-000198000222

1

For the Court’s convenience, individual documents have been segregated
in the attached Appendix.
1
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6

Petition Exhibit 4 – Curriculum Vitae of Harry G. Preuss, M.D.,
M.A.C.N., C.N.S.

AR-000224000302

7

Mourboul Ablise et al. -- Synthesis and in Vitro Antioxidant
Activity of Glycyrrhetinic Acid Derivatives Tested with the
Cytochrome P450/NADPH System

AR-000309000312

8

Wani Arjumand and Sarwat Sultana -- Glycyrrhizic acid: A
phytochemical with a protective role against cisplatin-induced
genotoxicity and nephrotoxicity

AR-000329000336

9

Silvia Balbo and Philip J. Brooks -- Implications of AcetaldehydeDerived DNA Adducts for Understanding Alcohol-Related
Carcinogenesis

AR-000353000370

10

Celine Botta et al. -- Genotoxicity of visible light (400–800 nm) and
AR-000374photoprotection assessment of ectoin, L-ergothioneine and mannitol
000384
and four sunscreens

11

Jose Cheel et al. -- Licorice infusion: Chemical profile and effects
on the activation and the cell cycle progression of human
lymphocytes

AR-000400000407

12

Chigurupati -- Evaluation of oxidative stress at different time
intervals after single dose of alcohol with or without NTX in rats

AR-000410000417

13

Chigurupati -- Evaluation of reactive oxygen species (ROS) from
blood at different time intervals after oral consumption of two
different alcohol formulations: A comparative, double blind,
crossover, pilot clinical trial

AR-000418000426

14

Chigurupati Technologies Private Ltd. -- Hepatoprotective activity
AR-000427of NTX technology against sub-acute alcohol induced hepatotoxicity
000442
in laboratory animals

15

Nitin Motilal Gandhi et al. -- Radioprotection of DNA by
Glycyrrhizic Acid Through Scavenging free Radicals

AR-000524000531

16

Augusta H. Hall Jr. et al. -- Acute effects of a superoxide radicalgenerating system on DNA double-strand stability in Chinese
hamster ovary cells

AR-000589000596

17

Clare Heit et al. -- Transgenic Mouse Models for Alcohol
Metabolism, Toxicity, and Cancer

AR-000611000623

2
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18

Tsukasa Ishida et al. -- Inhibitory Effects of Glycyrrhetinic Acid on
DNA Polymerase and Inflammatory Activities

AR-000677000686

19

Hye Gwang Jeong and Ji Young Kim -- Induction of inducible nitric
AR-000687oxide synthase expression by 18β-glycyrrhetinic acid in
000691
macrophages

20

Prabhjit Kaur -- Modulation of genotoxicity of oxidative mutagens
by glycyrrhizic acid from Glycyrrhiza glabra L.

AR-000702000708

21

Rajbir Kaur et al. -- Oxidative stress—implications, source and its
prevention

AR-000709000723

22

Nam Hoon Kim and Jung Hoon Kang -- Oxidative Damage of DNA AR-000751Induced by the Cytochrome c and Hydrogen Peroxide System
000755

23

Mitsutoshi Kimura et al. -- In vivo glycyrrhizin accelerates liver
regeneration and rapidly lowers serum transaminase activities in
70% partially hepatectomized rats

AR-000756000763

24

Inna I. Kruman et al. -- DNA damage and neurotoxicity of chronic
alcohol abuse

AR-000764000771

25

Sha Li et al. -- The Role of Oxidative Stress and Antioxidants in
Liver Diseases

AR-000801000838

26

T. K. Mandal -- Efficacy and Toxicity study of alcoholic preparation AR-000878in Wistar Rats
000907

27

Abdul Anvesh Mansoori and Subodh Kumar Jain -- Molecular Links
between Alcohol and Tobacco Induced DNA Damage, Gene
AR-000918Polymorphisms and Patho-physiological Consequences: A
000927
Systematic Review of Hepatic Carcinogenesis

28

Shohreh Nafisi et al. -- Interaction of Glycyrrhizin and
Glycyrrhetinic Acid with DNA

DOC NO.1
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AR-000973000981
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29

Pandit – Study on Evaluation of Hepatoprotective and Anti-Oxidant
Effect of Processed Glycyrhiza glabra fortified ethanol (NTX) in
Alcoholics Subjects

AR-001009001013

30

Edward Pelle et al. -- Ultraviolet-B-Induced Oxidative DNA Base
Damage in Primary Normal Human Epidermal Keratinocytes and
Inhibition by a Hydroxyl Radical Scavenger

AR-001014001020

31

Sahar Rahman and Sarwat Sultana -- Chemopreventive activity of
AR-001037glycyrrhizin on lead acetate mediated hepatic oxidative stress and its
001045
hyperproliferative activity in Wistar rats

32

Yasushi Rino et al. -- Reduction Therapy of Alanine
Aminotransferase Levels Prevent HCC Development in Patients
with HCV-associated Cirrhosis

AR-001046001051

33

Saura C. Sahu and Melissa C. Washington -- Effects of antioxidants
on quercetin-induced nuclear DNA damage and lipid peroxidation

AR-001052001057

34

Altaf H. Sarker et al. -- Oxygen radical-induced single-strand DNA
breaks and repair of the damage in a cell-free system

AR-001058001068

35

Rajarshi Sil et al. -- Glycyrrhizin ameliorates metabolic syndromeinduced liver damage in experimental rat model

AR-001073001085

36

Rajarshi Sil et al. -- Glycyrrhizin ameliorates insulin resistance,
hyperglycemia, dyslipidemia and oxidative stress in fructoseinduced metabolic syndrome-X in rat model

AR-001086001095

37

M. Tripathi et al. -- Glycyrrhizic acid modulates t-BHP induced
apoptosis in primary rat hepatocytes

AR-001144001152

38

Tsui-Chun Tsou et al. -- Effects of Mannitol or Catalase on the
Generation of Reactive Oxygen Species Leading to DNA Damage
by Chromium(VI) Reduction with Ascorbate

AR-001153001160

39

Jay Udani, MD -- Hepatoprotective effects of a Proprietary Product
During Alcohol Consumption: A randomized, double-blind,
placebo-controlled, crossover, adaptive-design study

AR-001168001273

40

Letter dated November 1, 2016 from Emord & Associates to Amy
Greenberg, Director, TTB Regulations and Rulings Division (RRD)
and Lisa Gesser, TTB enclosing five (5) exhibits as a

AR-001375001376

DOC NO.1
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"Supplement to Petition for Health Related Statements for Bellion
Vodka with NTX®"

41

Supplemental Exhibit A: Hepatoprotective Effects of a Proprietary
Glycyrrhizin Product during Alcohol Consumption: A Randomized,
Double-Blind, Placebo-Controlled, Crossover Study by Harsha
Chigurupati, et al.

AR-001378001388

42

Supplement Exhibit B: Chigurupati Technologies Private Limited NTX®---DNA and Tissue Protective Effects in Association with
Alcohol Consumption

AR-001390001401

43

Supplement Exhibit C: Study on Evaluation of Heaptoprotective and
AR-001404Anti-Oxidant Effect of Process Glycyrrhiza glabra fortified Ethanol
001441
(NTX) in Alcoholics Subjects by Srikanta Pandit

44

Supplement Exhibit D: NTX Protective Effects from Alcohol
Induced ROS and Genotoxicity by Sion Nobel

AR-001443001484

45

Supplement Exhibit E: Biographical Sketch of Dr. Sidney J. Stohs,
Ph.D.

AR-001486001488

46

Email message dated April 26, 2016 from James Neely, TTB to,
Yinqing Ma, FDA re: NTX Health Claim Petition with an attached
letter from TTB (See Document 124)

AR-001489001490

47

Letter dated April 26, 2016 from Sandra Sisler, Assistant Director,
TTB Advertising, Labeling and Formulation Division (ALFD) to
FDA

AR-001491001494

48

Letter dated May 26, 2016 from Angela Jeffries (for Amy
Greenberg) to Jonathan Emord

AR-001495001499

49

Memorandum dated November 4, 2016 from Director, Office of
Nutrition and Food Labeling, FDA to Sandra Sisler with
attachments (See Documents #133-135)

AR-001510001512

50

Memorandum dated November 4, 2016 from Paula Trumbo, Ph.D.,
FDA CFSAN to Sandra Sisler re: Scientific consultation, Bellion
scientific literature and studies, with attachments (Documents #134136).

AR-001513001523

5
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51

Attachment 1: Medical Officer Consult Reply and Responses to
Questions dated August 29, 2016, revised September 23, 2016 from
FDA’s Center for Drug Evaluation and Research (CDER)

AR-001524001530

52

Medical Officer Memo: Addendum to consult of August 29, 2016
(revised September 23, 2016) dated October 31, 2016

AR-001531001532

53

Attachment 2: "Categorization of Articles" document prepared by
Paula Trumbo

AR-001533001537

54

Letter dated November 10, 2016 from Amy Greenberg to Jonathan
Emord

AR-001541001542

55

Letter dated December 9, 2016 from Angela Jeffries (for Amy
Greenberg) to Jonathan Emord

AR-001543001544

56

Letter dated March 20, 2017 from Amy Greenberg to Jonathan
Emord

AR-001545001546

57

Email dated March 23, 2017 from Yinqing Ma to Sandra Sisler,
attaching memos which provide FDA's consultation in response to
TTB's email dated November 10, 2017, which enclosed a letter of
the same date (Document #137). The memos are attachments to the
Petition Response dated May 3, 2017 and are included in the
Administrative Record as Documents #146-149.

AR-001547001548

Letter dated May 3, 2017 from Amy Greenberg to Jonathan Emord
with determination on proposed health claims (Petition Response)

AR-001557001603

DOC NO.1

58
59

60

61

62

Memorandum dated March 22, 2017 from Douglas Balentine, Ph.D.,
Director, Office of Nutrition and Food Labeling, CFSAN to Sandra AR-001604Sisler re: Scientific consultation, Bellion scientific literature and
001605
studies (including supplement) ("FDA Cover Memorandum")
Memorandum dated March 22, 2017 from Paula Trumbo, Ph.D.,
AR-001606CFSAN to Sandra Sisler re: Scientific consultation, Bellion
001617
scientific literature and studies ("CFSAN Memorandum")
Attachment 1 to CFSAN Memorandum: Memorandum dated March
17, 2017 from Center for Drug Evaluation, Division of
AR-001618Gastroenterology and Inborn Errors Products, "Medical Officer
001643
Consult Reply and Responses to Questions" ("CDER
Memorandum")
Attachment 2 to CFSAN Memorandum ("Categorization of
Articles")

6
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63

68 FR 10076, TTB Final Rule: Health Claims and Other HealthRelated Statements in the Labeling and Advertising of Alcohol
Beverages, 2003

AR-001999002029

64

Application for Certificate of Label Approval ,TTB ID
16109001000411; dated April 18, 2016

AR-002080002085

65

Application for Certificate of Label Approval, TTB ID
16109001000416; dated April 18, 2016

AR-002086002090

66

Application for Certificate of Label Approval, TTB ID
16109001000425; dated April 18, 2016

AR-002091002095

67

Application for Certificate of Label Approval, TTB ID
16109001000429; dated April 18, 2016

AR-002096002100

68

Application for Certificate of Label Approval, TTB ID
16109001000431; dated April 18, 2016

AR-002101002105

69

Application for Certificate of Label Approval, TTB ID
16109001000432; dated April 18, 2016

AR-002106002110

70

Application for Certificate of Label Approval, TTB ID
16109001000436; dated April 18, 2016

AR-002111002115

71

Application for Certificate of Label Approval, TTB ID
16109001000446; dated April 18, 2016

AR-002116002120

72

Application for Certificate of Label Approval, TTB ID
16109001000461; dated April 18, 2016

AR-002121002125

73

Letter dated July 15, 2016 from Sarah Johnson, ALFD to Jonathan
Emord

AR-002126

74

Letter dated November 10, 2016 from Sarah Johnson to Jonathan
Emord

AR-002128002130

///
///
///
///
///
///
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DATED: June 26, 2019
BELLION SPIRITS, LLC and
CHIGURUPATI TECHNOLOGIES
PRIVATE LTD.

JOSEPH H. HUNT
Assistant Attorney General

ERIC R. WOMACK
Assistant Branch Director

/s/ Jonathan W. Emord
Jonathan W. Emord (D.C. Bar # 407414)
EMORD & ASSOCIATES, P.C.
11808 Wolf Run Lane
Clifton, VA 20124
Tel: (202) 466-6937
Fax: (202) 466-6938
Email: jemord@emord.com
Attorney for Plaintiffs

/s/ Michael H. Baer
Michael H. Baer (NY Bar #5384300)
U.S. DEPARTMENT OF JUSTICE
Civil Division, Federal Programs Branch
1100 L. Street NW
Washington, DC 20005
Tel: (202) 305-8573
Fax: (202) 616-8460
Email: Michael.H.Baer@usdoj.gov
Attorney for Defendants
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CERTIFICATE OF SERVICE
I HEREBY CERTIFY that on this 26th day of June, 2019, a copy of the foregoing was
filed electronically with the Clerk of the Court. The electronic filing prompted automatic service
of the filing to all counsel of record in this case who have obtained CM/ECF passwords.

/s/ Jonathan W. Emord
Jonathan W. Emord, Esq.
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BEFORE THE DEPARTMENT OF THE TREASURY
ALCOHOL AND TOBACCO TAX AND TRADE BUREAU
WASHINGTON, D.C.

In re: BELLION SPIRITS, LLC’S
PETITION FOR HEALTH CLAIMS
UNDER 27 C.F.R. §§ 70.701, 7.54(e)

)
)
)
) TTB DOCKET No. _________
)
) PETITION FOR HEALTH CLAIMS
)
)
)
)

PETITION FOR HEALTH CLAIMS UNDER 27 C.F.R. § 70.701 & 7.54(e)
Bellion Spirits, LLC and Chigurupati Technologies (collectively “Bellion” or
“Petitioners”), by counsel and pursuant to 27 CFR §§ 70.701 and 7.54(e), hereby submit this
petition for health-related statements concerning the effect of NTX® in distilled spirits or
beverages. NTX® is a proprietary blend of glycyrrhizin, 1 mannitol, 2 and potassium sorbate. 3 As
discussed below and in the materials attached, when NTX® is infused into alcoholic beverages,
it renders them safer, i.e., less toxic, than counterparts that do not contain NTX®. NTX®
reduces the adverse effects of alcohol on the liver and on DNA. Thus, NTX® lessens certain
deleterious effects caused from consumption of alcohol. Accordingly, Petitioners hereby request
that the Alcohol and Tobacco Tax and Trade Bureau (“TTB”) declare, via rulemaking or through
the exercise of enforcement discretion, that the use of the Petitioners’ proposed health-related
statements concerning the hepatoprotective and DNA-protective effects of NTX® in the labeling
and advertising of wines, distilled spirits, and malt beverages is permissible. The health claims

1

Glycyrrhizin is an extract of licorice root.
Mannitol is a sugar alcohol.
3
Potassium sorbate is commonly used as a food preservative.
2

AR-000002
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requested through this petition facilitate informed decisions concerning consumer health when
purchasing and/or consuming alcoholic beverages. The health claims identified in this petition
are truthful and non-misleading, supported by peer-reviewed scientific literature and human
clinical studies. By giving consumers an ability to distinguish between alcoholic beverages that
are less toxic than traditional counterparts, consumers may choose the healthier alcoholic
beverage and, as a result, experience greater health and wellness than would otherwise be the
case.
Petitioners’ proposed health-related statements appear in section III below. Attached
hereto, and incorporated in this petition, are the following supportive materials: (1) Expert
Report of Dr. Sidney Stohs, Ph.D., FACN, CNS, ATS, FAPhA; (2) Expert Report of Dr. Harry
G. Preuss, MD, MACN, CNS; (3) Stohs Curriculum Vitae; (4) Preuss Curriculum Vitae; and (5)
scientific literature and studies supportive of the NTX technology. 4

TABLE OF CONTENTS
I.

INTERESTS OF THE PETITIONERS .............................................................................. 3

II.

PROCEDURAL BACKGROUND..................................................................................... 5

III.

REQUESTED ACTION ..................................................................................................... 7

IV.

LEGAL AND STATUTORY FRAMEWORK .................................................................. 8
A. TTB’s Extant Framework Involving Health-Related Statements ........................... 9
B. The TTB Must Establish a Constitutional Regulatory Framework

for Health Claim Petitions .................................................................................... 11
i.

TTB’s Mandatory Label Reviews (COLAs) Are Inadequate ......................... 13

4

Bellion submits its confidential and proprietary scientific data “Confidential” under 5
U.S.C. § 552(B)(4).
AR-000003
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ii.

TTB Advanced Review of Advertisements Is Inadequate .............................. 15

iii.

Bellion Has the Right to Petition the TTB for Health Claims ........................ 16

C. Bellion’s Proposed Health Claims are Truthful, Non-Misleading,

and Satisfy the TTB’s Health Claim Regulations ................................................. 17
D. Bellion’s Health Claims Concerning NTX® Hepatoprotective and

DNA Protective Effects Are Truthful and Adequately Substantiated
by Scientific and Medical Evidence ..................................................................... 21
E. NTX® Is Safe and Lawful when Added to Alcoholic Beverages ........................ 28
F. The Proposed Claim Adequately Explains the Health Risks

Associated with Both Moderate and Heavier Levels of Alcohol
Consumption and the Categories for Whom Any Alcohol
Consumption Poses Risks ..................................................................................... 29
G. The Proposed Claims Do Not Render the NTX® Product a “Drug”

Under Federal Law ............................................................................................... 30
H. The Proposed Health-Related Statements Constitute Protected

Commercial Speech under Central Hudson and Its Progeny ............................... 33

V.

I.

iv.

The Health-Related Statements Concern Lawful Activity and
Are Not Misleading......................................................................................... 35

v.

Censorship of the Truthful and Non-Misleading Health-Related
Statements Does not Advance any Governmental Interest and
Contradicts the TTB’s Stated Objectives ........................................................ 38

vi.

Censoring the Health-Related Statements Will Not Advance an
Interest in Protecting Consumers from the Ills of Alcohol Abuse .................. 39

vii.

Prohibiting the Proposed Health-Related Statements Is Not
Sufficiently Tailored to Achieve Any Legitimate Governmental
Goal ................................................................................................................. 41

CONCLUSION ................................................................................................................. 43

Interests of the Petitioners
Bellion Spirits, LLC is the independent bottler and distributor of Bellion brand Vodka.

Its principal place of business is Bellion Spirits LLC, One Harmon Plaza, Suite 805, Secaucus,

AR-000004
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NJ 07094. Bellion Spirits was founded to pioneer innovation in the alcohol beverage industry,
through the introduction of functional alcoholic beverages, which generally retain the customary
characteristics of alcoholic beverages, while reducing or mitigating the unwanted negative
effects, like damage to the liver, genetic injuries, and oxidative stress. Bellion’s scientific and
commercial goals focus on the education of consumers concerning the detrimental effects of
alcohol consumption, along with the advantages of functional beverages or spirits that aid
consumers in making smarter, safer, and healthier choices. Bellion’s objectives include the
distribution of products and technologies that help to educate consumers about the chemical
interactions of alcohol in the body (both positive and negative). Bellion has coined the phrase
“Functional Spirits” as a description of the benefits or protective properties conveyed through its
technology, as described more fully below in this petition.
Chigurupati Technologies Private Ltd. is solely a Research & Development institution
founded with the objective to “aid in the evolution of mankind.” Its principal place of business is
Plot No. 512/m/1. Road No. 31 Jubilee Hills, Hyderabad, 500033, Andhra Pradesh, India. By
focusing on research and development, Chigurupati Technologies develops and leverages
innovations that later provide beneficial health products for consumers globally, thus
encouraging a physical and philosophical consumer evolution. Chigurupati Technologies
depends on its ability to convey scientific literature and facts to consumers and businesses in
association with its technologies.
Chigurupati Technologies Private Ltd. developed and owns a proprietary blend of three
generally recognized as safe ingredients combined through a proprietary process and sold under
the name “NTX.” Those three ingredients are Glycyrrhizin Acid, D-Mannitol, and Potassium
Sorbate. “NTX” is thus an ingredient in Bellion Vodka that Bellion purchases from Chigurupati

AR-000005
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Technologies. Studies commissioned by Chigurupati Technologies reveal that “NTX,” when
infused into liquor, yields a protective effect on the human liver during alcohol consumption,
lessening the adverse effect of alcohol on the liver. Heretofore that information has not appeared
on the label, in the labeling, or in the advertising for alcohol containing products sold in the
United States. NTX® also adds flavor and smoothness to the vodka drink. Bellion Vodka has
not promoted the use of NTX for health purposes, but seeks to convey the liver and DNA
protective effects of alcohol containing NTX® through this instant petition.
II.

Procedural Background
In 2014, Bellion petitioned the TTB through the COLA process and requested approval

for the use of Bellion’s “NTX” designation on labeling. That designation reveals the presence of
Bellion’s proprietary blend in vodkas. In a letter dated December 17, 2014, the TTB informed
Bellion it would send two pending COLAs 5 for Bellion Vodka back to the applicant, Frank-Lin
Distillers Products, Ltd. (“Frank-Lin”), with a “Needs Correction” notification because the
labels’ referenced “NTX.” According to the TTB, the acronym “NTX” was a misleading health
claim.
At the time, Bellion’s labeling included the following descriptive phrase as the statement
of composition: “Vodka Infused With Natural Flavors.” The label included the following
statements:
For over 600 years, vodka has been made the same way.
No longer. Infused with NTX, Bellion changes vodka forever.
• Vodka Evolved • Infused With Natural Flavors • Created With NTX •

5

The labels’ TTB ID numbers are 1425001000403 and 14227001000056.
AR-000006
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Bellion’s labels did not explain or define the acronym “NTX.” Both of Bellion’s label
applications, however, identified “NTX” as a fanciful name. One COLA submission provided
the following explanation:
NTX = NEW TECHNIX (OR NEW TECHNIQUES). THIS IS A
BREAKTHROUGH
COMBINATION
OF
INGREDIENTS
AND
PROPRIETARY TECHNIQUES THAT REMOVES THE UNDESIRABLE
ATTRIBUTES [TASTES] COMMON IN MANY VODKAS AND
PROMOTES SMOOTHNESS AND ROUNDNESS AND MOUTHFEEL
BEYOND WHAT NORMAL FILTRATION AND MULTIPLE
DISTILLATIONS CAN DO. WORLDWIDE PATENT AND TRADEMARK
PROTECTION IS IN PROCESS. BRAND NAME, LOGO AND GRAPHICS
MAY REPEAT; LOT NUMBER(S) MAY APPEAR/CHANGE.
According to the TTB, reference to “NTX” was an implied specific health claim in
violation of 27 C.F.R. § 5.42(b)(8). The TTB determined that extraneous information not
present on the Bellion label (e.g., in scientific publications elsewhere) touted the health benefits
of “NTX.” TTB asserted that “NTX” was an implied claim relating to Naltrexone, a prescription
drug that was approved for the treatment of alcohol dependence, and “[t]he use of the drug NTX
to treat alcohol dependency, as well as publicly available studies claiming that NTX has
beneficial effects for patients with elevated liver enzymes, would be likely to reinforce the health
claim . . . and cause further confusion about the term ‘NTX.’” The TTB produced no consumer
perception or survey data in support of its COLA denials.
On January 15, 2015, Bellion Spirits, L.L.C. appealed the TTB COLA denial through 27
CFR § 13.25. That appeal asserted that the TTB’s censorship of the “NTX” labeling information
violated the First Amendment of the U.S. Constitution because, inter alia, the TTB had no factual
or legal bases to censor basic information related to product composition and ingredients. The

AR-000007
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parties informally resolved the COLA disputes and, in April 2015, the TTB approved separate
COLA applications for Bellion Vodka labels that referenced “NTX.” 6
Now, through this instant submission, Bellion petitions the TTB for use of nine (9)
specific health claims under 27 CFR § 7.54(e) related to the NTX® ingredients contained in
Bellion Vodka.

III.

Requested Action
Petitioners hereby request that the TTB rule that alcoholic spirit beverages that contain

NTX® may bear one or more the following health-related statements in its labeling, advertising,
or promotional speech:
x

NTX® provides antioxidant and anti-inflammatory support;

x

NTX® helps protect against, i.e., reduces, alcohol-induced oxidative damage
to the liver;

x

NTX® helps maintain normal liver enzyme production and function;

x

NTX® supports normal liver defenses and regenerative mechanisms;

x

NTX® reduces the risk of alcohol-induced liver diseases, including fibrosis
and cirrhosis;

x

NTX® helps maintain normal liver functions;

x

NTX® helps protect DNA from alcohol-induced damage; and

x

NTX® reduces alcohol-induced DNA damage.

6

The labels’ TTB ID numbers are 15091001000076 (approved) and 15091001000077
(expired). Previously, the TTB had approved a label that was identical to the labels at issue in
the appeal (TTB ID number 13294001000173). Frank-Lin voluntarily surrendered that label on
July 31, 2014, however, at the request of the TTB. Two other labels (TTB ID numbers
13052001000468 and 13051001000241) were surrendered in 2014 because the applicant,
Covington Spirits, L.L.C., no longer bottled Bellion Vodka.
AR-000008

Case 1:17-cv-02538-JEB Document 37-1 Filed 06/26/19 Page 9 of 299
9

Those health-related statements are accompanied by the following, prominently placed
disclaimer:
NTX® does not protect against all health risks associated with moderate and
heavy levels of alcohol consumption, including, but not limited to, motor
vehicle accidents, high blood pressure, stroke, cancer, birth defects,
psychological problems, and alcohol dependency. Do not consume alcohol if:
you are younger than the legal drinking age; you are pregnant or may become
pregnant; you are taking medicine that can interact with alcohol; you have a
medical condition for which alcohol is contraindicated; you plan to drive; or
you cannot restrict your drinking to moderate levels. If you consume alcohol,
only consume it in moderation. “Moderation” means up to one drink per day
for women and up to two drinks per day for men.
The above-listed health-related statements are truthful and non-misleading. The disclaimer
language is reasonable and adequate to properly identify the remaining risks inherent in alcohol
consumption. As discussed below, the above-listed health claims are protected speech under the
First Amendment to the United States Constitution.

IV.

Legal and Statutory Framework
The provision of truthful and non-misleading health information is indispensable to

informed consumer choice. The need for accurate health information at the point of sale is no
less important in the alcoholic beverage context as it is in the food and dietary supplement
context. See, e.g., Pearson v. Shalala, 164 F.3d 650 (D.C. Cir. 1999). Unlike the Federal Food
and Drug Administration, the TTB has yet to adopt a cogent and workable regulatory regime for
the evaluation of health-related statements. C.f. 21 CFR § 101.70 (articulating procedure and
elements required for health claim petition). To determine whether a health claim satisfies
Section 27 CFR 7.54, petitioners must have a full and fair opportunity to present all supportive
science. The adequacy of that science must be evaluated in context with the benefit sought to be
achieved.
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Bellion submits this instant petition for agency action in lieu of (or in conjunction with)
the COLA process, in part, because the TTB’s existing regulatory framework concerning health
claim petitions is inadequate and insufficient to provide constitutionally required protection for
truthful and non-misleading health information on the label, in the labeling, and in the
advertising of alcoholic beverages.
A. TTB’s Extant Framework Involving Health-Related Statements
The Federal Alcohol Administration Act authorizes the Secretary of the Treasury to
promulgate regulations concerning the labeling and advertising of alcoholic beverages, including
regulations that are intended to prevent consumer deception and prohibit the use of misleading
statements, irrespective of falsity. See 27 U.S.C. § 205(e)-(f).
In 2003, the TTB issued regulations for the use of health claims and health-related
statements in the labeling and advertising of wines, distilled spirits, and malt beverages. See 68
Fed. Reg. 10076 (Mar. 3, 2003) (Health Claims and Other Health-Related Statements in the
Labeling and Advertising of Alcohol Beverages); 27 C.F.R. § 4.39(i) (labeling of wine); id. at §
4.64(i) (advertising of wine); id. at § 5.42(b)(8) (labeling of distilled spirits); id. at § 5.65(d)
(advertising of distilled spirits); id. at § 7.29(e) (labeling of malt beverages); and id. at § 7.54(e)
(advertising of malt beverages). Those regulations attempted to balance the speaker’s First
Amendment right to label and advertise products through truthful and non-misleading scientific
information and the public’s right to be informed of the significant health risks associated with
alcohol consumption. 7

7

The agency was motivated apparently by the well-established scientific link between
moderate alcohol consumption (notably red wine consumption) and a reduced risk of coronary
heart disease. See, e.g., 68 Fed. Reg. 10076, 10082-83 (Mar. 3, 2003). The TTB had refused to
permit health claims associated with red wine, despite the general agreement in support of that
claim by the scientific and medical fields.
AR-000010
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Under TTB’s health claim regulations, alcoholic beverage labels and advertisements may
not contain any health-related statement that is untrue in any particular or tends to create a
misleading impression as to the effects on health of alcohol consumption. See id. at §§
4.39(h)(2), 4.64(i)(2), 5.42(b)(8)(ii), 5.65(d)(2), 7.29(e)(2), 7.54(e)(2). For purposes of the
TTB’s regulations, a “health-related statement,” means:
[A]ny statement related to health . . . and includes statements of a curative or
therapeutic nature that, expressly or by implication, suggest a relationship
between the consumption of alcohol, distilled spirits, or any substance found
within the distilled spirits, and health benefits or effects on health. The term
includes both specific health claims and general references to alleged health
benefits or effects on health associated with the consumption of
alcohol, distilled spirits, or any substance found within the distilled spirits, as
well as health-related directional statements. The term also includes statements
and claims that imply that a physical or psychological sensation results from
consuming the distilled spirits, as well as statements and claims of nutritional
value (e.g., statements of vitamin content). Statements concerning caloric,
carbohydrate, protein, and fat content do not constitute nutritional claims about
the product.
Id. at §§ 4.39(h)(1)(i), 4.64(i)(1)(i), 5.42(b)(8)(i)(A), 5.65(d)(1)(i), 7.29(e)(1)(i), 7.54(e)(1)(i).
Additionally, a “specific health claim,” is “a type of health-related statement that expressly or by
implication, characterizes the relationship of the distilled spirits, alcohol, or any substance found
within the distilled spirits, to a disease or health-related condition.” Id. at §§ 4.39(h)(1)(ii),
4.64(i)(1)(ii), 5.42(b)(8)(i)(B), 5.65(d)(1)(ii), 7.29(e)(1)(ii), 7.54(e)(1)(ii). Examples of implied
specific health claims include the following: “statements, symbols, vignettes, or other forms of
communication that suggest, within the context in which they are presented, that a relationship
exists between distilled spirits, alcohol, or any substance found within the distilled spirits, and a
disease or health-related condition.” Id.
Thus, the TTB has extended its definition of “health claims” to encompass nearly any
statement that suggests a positive benefit for the human body from consumption of alcohol. The
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TTB’s definition of “health claim” is more expansive than similar interpretations by sister
agencies like the FDA. See 21 U.S.C. §343(r)(1)(B) (defining a health claim, for purposes of the
FDCA, to mean a claim that “characterizes the relationship of any nutrient . . . to a disease or a
health-related condition . . .”).
If the health-related statement conveys a misleading impression, the TTB may require a
prominent disclaimer or other qualifying statement for the purpose of dispelling the misleading
impression. See, e.g., 27 C.F.R. § 5.42(b)(8)(ii)(A). Under the TTB’s regulations, a specific
health claim is misleading unless it: (1) is truthful and adequately substantiated by scientific or
medical evidence; (2) is sufficiently detailed and qualified with respect to the categories of
individuals to whom the claim applies; (3) adequately discloses the health risks associated with
both moderate and heavier levels of alcohol consumption; and (4) outlines the categories of
individuals for whom any alcohol consumption poses risks. See, e.g., id. at §
5.42(b)(8)(ii)(B)(2). That information must appear as part of the specific health claim on a label,
and, in advertising, as prominent as the specific health claim. See id. The TTB has never
produced a consumer survey or impact study that determined consumers’ level of understanding
concerning health-related claims and alcohol consumption.
B. The TTB Must Implement a Constitutional Regulatory Framework
for Evaluation of Health Claim Petitions
Unlike the Federal Food and Drug Administration, the TTB has yet to issue workable
regulatory procedures and criteria for the evaluation of health-related statements. That
regulatory deficiency creates hardship for petitioners, like Bellion, by denying them a welldefined regulatory avenue within TTB jurisdiction that will ensure allowance of constitutionally
protected speech on the labels, in the labeling, and in advertising of alcoholic beverages. The
limited scope and applicability of extant TTB labeling and advertising regulations precludes the
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sponsorship of health claim petitions that could satisfy the elements of the TTB’s regulations in,
for example, Section 5.42(b)(8). As discussed below the process available to advertisers and
labelers fails under the First Amendment.
In prior meetings between Bellion and TTB staff members in July 2014, the TTB
conceded that its health claim procedures were inadequate and regulations concerning same were
dead letters. Rather than perform its administrative review, the TTB expressed its intent to
transfer health claim petitions to the FDA for review—a procedure that would violate
administrative procedure. “Agency action taken without statutory authorization, or which
frustrates the congressional policy which underlies a statute, is invalid.” See Yankton Sioux
Tribe v. Kempthorne, 442 F.Supp.2d 774, 784 (D.S.D. 2006). The FDA lacks jurisdiction or
authority to interpret the TTB’s regulations. See Am. Library Assn. v. FCC, 406 F.3d 689, 702
(D.C. Cir. 2005) (an agency does not possess plenary authority to act within a given area simply
because Congress has endowed it with some authority to act in that area); see also 5 U.S.C. §
706(2)(C) (under the APA, agency action must be set aside and deemed unlawful where the
agency acts “in excess of statutory jurisdiction, authority, or limitations, or short of statutory
right”).
Congress tasked the TTB with the regulation of spirit products, which includes exclusive
authority to regulate their labeling and advertising. See 27 U.S.C. §§ 201, et seq. The FDA
lacks statutory authority to regulate alcoholic spirits that are within the TTB’s purview. See
Brown-Forman Distillers Corp. v. Mathews, 435 F. Supp. 5, 8 (W.D. Ky. 1976) (“it was
Congress’ intention to place exclusive jurisdiction in BATF with respect to regulating labeling of
alcoholic beverages.”). Nothing in the FAA Act grants the TTB authority to delegate its
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administrative functions or responsibilities to the FDA, and the FDA similarly lacks primary
authority to regulate the labels and advertising of alcoholic spirits. Id. at 12.
i.

TTB’s Mandatory Label Reviews (COLAs) Are Inadequate

Regardless of whether a label bears a health-related statement, the TTB must generally
preapprove wine, distilled spirit, and malt beverage labels. 8 See 27 C.F.R. §§ 4.50-4.52 (wine);
id. at §§ 5.55-5.56 (distilled spirits); id. at §§ 7.40-7.42 (malt beverages). To obtain the TTB’s
approval, alcohol producers may apply for a Certification/Exemption of Label/Bottle Approval
(“COLA”). The TTB will reject the application if the label fails to comply with applicable
regulations or is otherwise deficient. For instance, the TTB will decline to approve an
application if the label bears a misleading health-related statement in violation of the regulations
discussed above. The TTB evaluates health-related statements on a case-by-case basis during its
label reviews. See id.
Although the TTB will examine health-related statements that appear on labels of
alcoholic beverages during its standard review, the “COLAs Online” process is not equipped to
receive information necessary to demonstrate that a particular-health related claim is
substantiated (to wit, that the claim is truthful and non-misleading, and supported by reliable
scientific evidence). For instance, the only type of label attachments included within a filed
COLA application include JPEG and TIFF file formats that use only RGB color mode. See TTB,
COLAs and Formulas Online FAQs. 9 Moreover, the paper COLA application, TTB F 5100.31,

8

Certain changes to labels that the TTB has previously approved may be made without
obtaining a new certification/exemption of label/bottle approval (“COLA”) from the TTB. See,
TTB, List of Allowable Changes to Approved Labels, available at
http://www.ttb.gov/labeling/allowable_revisions.shtml#completeList (last accessed Mar. 31,
2016).
9
Available at http://www.ttb.gov/faqs/colasonline.shtml (last accessed April 5, 2015).
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which can be submitted in lieu of an electronic application, includes no exceptions or provisions
that allow submission of detailed scientific information related to health statements on labels or
labeling.
Even if the COLA process permitted the submission of information regarding a healthrelated statement that appears on the label of an alcoholic beverage, the TTB could, theoretically,
leave applicants buried within “corrective” processes inherent to the COLA review process. The
system of administrative appeals is not designed (nor efficient enough) to prevent significant
constitutional injury or alleviate the burdens of the TTB’s prior restraint of health claim
language. As explained below, a deprivation of First Amendment rights, even for minimal
periods of time, constitutes an irreparable constitutional injury. Elrod v. Burns, 427 U.S. 347,
373–74 (1976). To the extent Bellion is precluded from communicating its truthful scientific
information, it suffers an irreparable constitutional injury.
The COLA process is also too narrow to achieve the proper review of claims that would
be used beyond labels or labeling. The COLA process pertains solely and exclusively to content
appearing on spirit labels or labeling. That approval process has no relationship to advertising
statements, or promotional content that may appear beyond the “label” of an alcoholic product.
Thus, the COLA process would provide inadequate and inefficient relief for Bellion here.
Petitioners are not requesting the use of specific health-related statements on a specific label, but,
rather, they seek permission to include the proposed health-related statements throughout their
labels, advertising, and promotional content. Moreover, Bellion would choose from among the
various health claims subject to approval when designing or implementing labeling changes.
Bellion should not be required to independently clear health claims through the COLA process
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when such approval can most efficiently and pragmatically proceed through one health claim
petition, the instant petition.
ii. TTB Advanced Review of Advertisements Is Inadequate
Although the TTB must preapprove alcoholic beverage labels, its regulations do not
require preapproval of alcoholic beverage advertisements, including those that contain healthrelated statements. 10 The TTB, however, may review advertisements that appear in various
media (e.g., online, print, or broadcast) on a case-by-case basis, either on its own accord or in
response to complaints it receives about specific advertisements. Like labels, the TTB reviews
alcoholic beverage advertisements on a case-by-case basis. See id. at § 7.54(a), (e)(2)(i) (malt
beverages); id. at § 5.65(a)(1), (d)(2)(i) (distilled spirits); and id. at §4.64(a)(1), (i)(2)(i) (wine).
An alcoholic beverage advertiser faces serious risk when it includes a health-related
statement in advertisements. For instance, several years prior, the TTB targeted an
advertisement for alcoholic beverages that contained ingredients associated with non-alcohol
energy drinks on the grounds that they implied that ingestion of the extra ingredients would
result in a stimulating or energizing effect or enable consumers to drink more of a product
without feeling the effects of alcohol in violation of the TTB’s advertising regulations. Rather
than have an advertiser bear the risk that the TTB will initiate enforcement action for use of a
health-related statement in an advertisement, the TTB must provide a clear pathway for
premarket claims approval.

10

Alcoholic beverage industry member may, voluntarily, pre-clear advertising with the

TTB.
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iii. Bellion Has the Right to Petition the TTB for Health Claims
The First Amendment guarantees the right to petition government for redress. Am. Bus.
Ass’n v. Rogoff, 649 F.3d 734, 738 (D.C. Cir. 2011) (“The right to petition is cut from the same
cloth as the other guarantees of [the First] Amendment, and is an assurance of a particular
freedom of expression”). The right “extends to [petitioning] all departments of the Government,
including administrative agencies and courts.” Id. (quoting Cal. Motor Transport Co. v.
Trucking Unlimited, 404 U.S. 508, 510 (1972)). That pathway is particularly important here,
where Bellion’s commercial speech might otherwise subject it to liability absent TTB’s
preapproval of health claim language.
Administrative agencies are obliged by the Administrative Procedures Act (APA) to
respond to petitions of the kind here presented. See 5 U.S.C. § 555(e) (requiring a response to a
petition along with a “statement of the grounds for denial”).
Consistent with the constitutional requirement for prompt relief in matters trenching upon
free speech, federal courts have routinely excused the exhaustion doctrine in the administrative
context where, as here: (1) the unexhausted remedy would plainly be inadequate; (2) a
constitutional claim remains at issue even after theoretical exhaustion occurred; (3) the relief
requested cannot be granted by the agency (e.g., through a facial challenge to agency
regulations); (4) exhaustion would be futile; and (5) the petitioner would otherwise suffer
irreparable harm if unable to secure immediate judicial review. See, e.g., Dawson Farms, LLC v.
Farm Serv. Agency, 504 F.3d 592, 606 (5th Cir. 2007); Ace Prop. & Cas. Ins. Co. v. Fed. Crop
Ins. Corp., 440 F.3d 992, 999–1000 (8th Cir. 2006); McBride Cotton & Cattle Corp. v. Veneman,
290 F.3d 973, 980 (9th Cir. 2002). In other words, to the extent the TTB refuses to promptly and
timely respond to this petition, relief in the district courts will be appropriate to prevent Bellion’s
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imminent loss of First Amendment rights through TTB’s prior restraint on truthful health claim
language. It is the law that TTB prohibits health statements on the labels, in the labeling, and in
the advertising of alcohol containing products, unless it acts to allow or approve of the
statements. Hence, there is an immediate and all-encompassing prior restraint on precisely the
claims Bellion seeks in this petition, which restraint can either be lifted promptly by TTB or
judicial review is warranted under the common exceptions to the exhaustion doctrine.
The TTB’s health claim regulations and review process described in Sections 7.54(e) and
5.42(b) have erected a total ban on health related claims in the marketplace, in part, because the
TTB has yet to implement the administrative process or structure needed to consider a properly
noticed health claim petition. The TTB conceded that point in prior rulemaking: “TTB agrees
that the regulations make it difficult to present a substantive health claim (for example, one
involving cardiovascular benefits associated with moderate alcohol consumption)…” See Final
Rule, Healht Claims and Other Health-Related Statements in the Labeling and Advertising of
Alcohol Beverages, 68 Fed. Reg. 10076 (Mar. 3, 2003). The lack of meaningful review
procedures effects an unconstitutional prior restraint of health claims in the marketplace, and
renders action on this instant petition necessary. TTB may not shirk its constitutional duty under
the First Amendment to ensure that truthful health statements are not suppressed; consequently,
in the face of the present petition, it must review it and it must do so promptly.

C. Bellion’s Proposed Health Claims Are Truthful, Non-Misleading, and Satisfy
the TTB’s Health Claim Regulations
Bellion has proposed the use of eight (8) health claims that accurately reflect the
scientific evidence concerning NTX® technology. Those statements are truthful, substantiated
by scientific and medical evidence; are sufficiently detailed and qualified with respect to the
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categories of individuals to whom the claim applies; adequately disclose the health risks
associated with both moderate and heavier levels of alcohol consumption; and explain the
categories of individuals for whom any alcohol consumption poses risks.
The claims sufficiently describe the categories of individuals to whom the claims apply.
Bellion’s functional spirit infused with NTX® is designed for use by all lawful consumers of
alcoholic beverages. The ill-effects of alcohol use are common knowledge and sufficiently
known by the TTB and consumers. According to the World Health Organization’s most recent
data, the harmful use of alcohol is among the top five risk factors for disease, disability, and
death. See Vladimir Poznyak & Dag Rekve, Global Status Report on Alcohol and Health 2014,
World Health Org., p. 2. 11 The long-term effects of alcohol consumption can damage most
organs of the human body. Caan, Woody; Belleroche, Jackie de, eds. (11 April 2002). Drink,
Drugs and Dependence: From Science to Clinical Practice (1st ed.). Routledge. pp. 19–20.
Liver diseases are the predominant health concern associated with alcohol consumption
because over time heavy drinking causes the multifaceted disease known as Alcoholic Liver
Disease (“ALD”). ALD is characterized by hepatic steatosis or increased fat deposits in the
liver. It can cause alcoholic hepatitis, also known as inflammation of the liver, and cellular stress
from oxidation of the liver. See Aditya Ambade & Pranoti Mandrekar, Oxidative Stress and
Inflammation: Essential Partners in Alcoholic Liver Disease, International Journal of
Hepatology, Volume 2012 (2012), Art. ID 853175. 12 After prolonged alcohol consumption,
ALD culminates in irreversible destruction and scarring (fibrosis) of the liver tissue called

11

Available at http://apps.who.int/iris/bitstream/10665/112736/
1/9789240692763_eng.pdf?ua=1 (last accessed April 4, 2016).
12
Available at http://www.hindawi.com/journals/ijh/2012/853175/ (last accessed April 4,
2016).
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cirrhosis, which ultimately leads to liver failure. See Mayo Clinic, Alcohol Use Disorder:
Complications, (July 25, 2015). 13 While it is axiomatic in the ALD context that the more heavily
one consumes alcohol—and the greater frequency of drinking—the more likely one is to develop
cirrhosis, it should be noted that alcohol tolerance varies from person to person, and for some
people one drink a day is sufficient to leave permanent scars on the liver. See Jennifer,
Robinson, M.D., Understanding Cirrhosis of the Liver, WebMD (February 1, 2015). 14 Thus,
hepatoprotective effects that limit liver injury are cumulative and likely to benefit moderate
drinkers over their adulthood.
The CDC reported 36,427 deaths in 2013 from chronic liver diseases, making it the 12th
leading cause of death in the United States. See Jiaquan Xu, M.D., Sherry Murphy, B.S.,
Kenneth Kochanek, M.A., & Brigham Bastian, Deaths: Final Data for 2013, Nat’l Vital
Statistics Reports Vol. 62 No. 2, 45 (February 16, 2016). 15 That category is broken down into
two sections: (1) ALD, accounted for 18,146 deaths; and (2) other chronic liver diseases and
cirrhosis, accounted for 18,281 deaths in the United States in 2013. Id. The annual inpatient
cost for alcohol-related cirrhosis in 2014 was $850 million, and this figure does not account for
the unknown millions more spent on outpatient treatments. See Lauren Beste, M.D., Alcoholic
Liver Disease, Gastroenterology & Hepatology, Vol. 12, Issue 1, (January 2016). 16
Aside from ALD, recent research is demonstrating that alcohol abuse causes the dual-

13

Available at http://www.mayoclinic.org/diseases-conditions/alcoholusedisorder/basics/complications/con-20020866 (last accessed April 4, 2016).
14
Available at http://www.webmd.com/digestive-disorders/understanding-cirrhosisbasic-information?page=2 (last accessed April 4, 2016).
15
Available at http://www.cdc.gov/nchs/data/nvsr/nvsr64/nvsr64_02.pdf (last accessed
April 4, 2016).
16
Available at
http://www.gastroenterologyandhepatology.net/index.php/archives/january-2016/alcoholic-liverdisease/ (last accessed April 4, 2016).
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harms of accumulated DNA damage and alcohol-induced dysfunction to DNA repair, which
coalesce into the well-known negative effects of alcohol on the brain, i.e. brain damage. See
Inna Kruman, George Henderson, and Susan Bergeson, DNA Damage and Nuerotoxicity of
Chronic Alcohol Abuse, 237 Exp Biol Med 7, 740-47 (July, 24, 2012). 17 Those twin effects of
chronic alcohol consumption result in genomic instability and the death of neurons. Id. Those
destructive effects to the very building blocks of the nervous system are likely the reason that
brain damage, including central nervous system degeneration, are associated with chronic
alcohol consumption. Id.
The ill-effects of alcohol abuse are well-documented. The problems associated with
lower levels of alcohol consumption are also documented. See, e.g., National Institute on
Alcohol Abuse and Alcoholism, National Institutes of Health, State of the Science Report on the
Effects of Moderate Drinking (Dec. 19, 2003). 18 Studies suggest that even moderate drinking
may contribute to genetic and organ damage. See, e.g., Castelli, E., et al., Indicators of genetic
damage in alcoholics: reversibility after alcohol abstinence, Hepatogastroenterology, 1999 MayJun; Vol. 46(27):1664-8; Honor Whiteman, Young adults “damage DNA” with weekend alcohol
consumption, MedicalNewsToday.com (Jan. 2, 2014); 19 5HQGંQ-Ramirez, R., et al., Oxidative
damage in young alcohol drinkers: A preliminary study, Alcohol Intn’l Biomed. Journal, 2013
November; Vol. 47(7):501-504. Given the frequency and volume of alcohol consumption in the
United States, any product that affords liver and genetic protection during ethanol metabolism is

17

Available at www.ncbi.nlm.nih.gov/pmc/articles/PMC3685494/ (last accessed April 4,

2016).
18

Available at http://pubs.niaaa.nih.gov/publications/ModerateDrinking-03.htm (last
accessed April 11, 2016).
19
Available at http://www.medicalnewstoday.com/articles/270735.php (last accessed
April 11, 2016).
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of considerable health value to consumers nationwide—even if that protective effect merely
mitigates, as opposed to eliminates, the damage.

D. Bellion’s Health Claims Concerning NTX® Hepatoprotective Effects and
DNA Protection Are Truthful and Adequately Substantiated by Scientific
and Medical Evidence
The hepatoprotective effect of NTX® is supported by the attached exhibits 1, 3, and 5,
and through the more than 100 peer-reviewed scientific publications attached. Those reports,
studies, and datasets are herein incorporated into this petition by reference, including the expert
reports of Dr. Sidney Stohs and Dr. Harry Preuss. Bellion’s experts explain that the requested
health claims are supported by the scientific evidence, including product-specific testing, peerreviewed literature, and animal and in vitro test data.
As discussed above, the harms of alcohol consumption are well documented, and the
most common chronic alcohol issue is ALD, which is defined by lesions on the liver ranging
from hepatic steatosis to cirrhosis and eventually liver failure. The cascading negative effects of
alcohol on the liver are attributable to the mechanisms of alcohol toxicity, which can be
summarized in five steps: (1) the metabolism of alcohol to highly toxic acetaldehyde and free
radical species; (2) the production of reactive oxygen (ROS) and nitrogen species with resulting
oxidative stress; (3) the inflammatory release of cytokines as tumor necrosis factor-alpha and
interleukin-6; (4) abnormal lipid metabolism, oxidative DNA damage, formation of protein, and
DNA adducts with metabolites of alcohol and acetaldehyde; and (5) ultimately induction of
apoptosis or necrosis with subsequent multi-system organ failure. See Stohs Rep. at 2.
Biomarkers are biological indicators of the health of an organ. Just as blood sugar
elevation is associated with diabetes, common biomarkers can be used to track the progression of
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ALD. Elevations of these biomarkers indicate liver disease, while decreases occur as the liver
heals. See id. at 2-3.
Liver health is generally measured or evaluated through several generally-accepted
biomarkers. See Preuss Rep. at 3. Those markers indicate disruption of the hepatic function.
Scientists evaluate measurements related to the blood serum levels of enzymes such as alanine
aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT),
and alkaline phosophatase (ALP). See id. Elevated circulating levels of those enzymes indicate
liver injury from excess alcohol intake. See id. Moreover, a reduction of those serum levels
occur as the liver begins to repair itself. See id.
Scientists may look to other biomarkers to evaluate liver function. The hepatic
metabolism of alcohol causes excess production of tissue-damaging free radicals and reactive
oxygen species (ROS). Markers of oxidative stress and oxidative tissue damage include the
production of ROS, the lipid malondialdehyde (MDA), protein carbonyl formation, and DNA
damage. Moreover, reductions in glutathione (GSH) levels could indicate intercellular
antioxidant and chemoprotectant characteristics in human tissues, in part, because reductions in
GSH levels are associated with changes to oxidative stressors. See id. at 3-4. Therefore, GSH
content is considered an important marker for ROS and free radicals. See id. at 4.
The two primary approaches for successful prevention and reversal of liver damage are
abstinence from alcohol and appropriate nutritional support. See id. Because the vast majority
of alcohol users will not abstain, the need to develop safer means of alcohol consumption to
reduce the associated morbidity and mortality, as well as the costs to society, are pressing. See
id. To prevent and treat alcohol-induced liver toxicity the mechanism must disrupt and either
inhibit or reverse the five steps of toxicity described above. See id. Studies in humans and
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animals have demonstrated the hepatic protective effects of NTX® as well as its individual
components during acute and chronic alcohol consumption. See id.
The two primary ingredients in NTX® are glycyrrhizin and mannitol, which work
synergistically to protect the liver from the harmful health effects of alcohol. See Stohs Rep. at
4. A randomized, double-blind, placebo-controlled cross-over clinical trial involving 12 human
subjects found that NTX® produced a significant decrease in the biomarkers for liver toxicity.
See id. Another similar test with 31 human subjects showed a significant reduction in
biomarkers of liver disease and oxidative liver effects, and the authors indicated that NTX® may
be effective at reducing the negative effects of alcohol consumption. Id. Furthermore, the
synergistic effects of mannitol and glycyrrhizin were demonstrated in a 28 day study in rats
where the substances restored the biomarkers of liver function to as high as 80% of normal. See
id. at 5. In all, over 70 studies show the key components of NTX® produce liver protecting,
antioxidant, and anti-inflammatory effects. See id. at 7.
Antioxidants and Anti-Inflammation:
The health-related statements regarding the antioxidant, anti-inflammatory effects of
NTX® that serve to protect the liver against oxidative damage have been thoroughly
substantiated. Human and animal studies alike demonstrate the positive biomarker effects of
glycyrrhizin by inhibiting the lipid accumulation in the liver and decreasing inflammatory
cytokines, which reduction protects liver function. See id. at 8. Several studies have confirmed
the tissue protective effects of mannitol, as it is already used as an antioxidant in conjunction
with heart bypass surgeries and as an anti-inflammatory in tissue baths following kidney
transplants. See id. at 9. Fifty human studies and a number of animal studies confirm NTX®’s
primary ingredients protect against oxidative liver damage. See id. at 12.
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A series of animal studies have therefore shown that licorice extract and mannitol
favorably decrease reactive oxygen species (ROS) and similar metabolites, lipid peroxidation
(MDA formation) as well as carbonyl protein formation secondary to alcohol-induced
production. See Preuss Rep. at 4. Those studies also show a positive increase in the levels of
endogenous antioxidant reduced glutathione (GSH). See id. Those key findings concerning
glycyrrhizin and mannitol have been corroborated in clinical studies. See id. NTX® was shown
to decrease alcohol-induced DNA damage in human peripheral lymphocytes. See id. at 5.
NTX® was also shown to enhance the levels of the enzymes catalase, GPX, and SOD that are
responsible for decomposing ROS. See id. Thus, NTX® had an ability to protect hepatocytes
from the damaging influences of ROS and oxidative stressors. See id. Those findings were
supported by over thirty published animal, in vitro, and human clinical studies confirming the
antioxidant and anti-inflammatory properties of the components in NTX®.
Helps Maintain Normal Liver Function:
The published scientific evidence strongly supports NTX®’s ability to maintain normal
or healthy liver function during and after alcohol consumption. Several published human,
animal, and cell culture studies revealed that NTX® and its components foster normalization or
near-normalization of many liver enzymes, including ALT, AST, GGT, ALP, SOD, GPX, and
catalase. See id. at 6. NTX®’s proprietary formula (and its components) ameliorate alcoholinduced inflammation. Glycyrrhizin itself has been shown to reduce serum ALT and AST levels
in patients with chronic hepatitis by at least thirty-five percent (35%). See id.
NTX®’s beneficial effects were documented in a randomized, doubled-blind, placebocontrolled clinical trial involving twelve human subjects through a cross-over model. NTX®
provided significant decreases and normalization in the examined biomarkers correlating with
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liver toxicity, to wit, ALT, AST, GGT, and ALP. See id. Another randomized, double-blind,
placebo-controlled cross-over clinical trial involving thirty one (31) human subjects revealed that
consumption of alcohol with NTX® significantly reduced the levels of ROS and facilitated
development of normal liver enzyme circulating concentrations. See id.
The enzymes that are normalized were biomarkers of liver health. When those enzymatic
levels decrease, as several randomized double-blind human studies have documented, the ability
of NTX® to preclude alcohol toxicity and help maintain normal liver function is substantiated.
See Stohs Rep. at 13. Several animal studies have shown the defensive and regenerative
properties of NTX®, but one in particular on rats actually produced a marked reduction in
alcohol-induced liver lesions. See id. at 17.
Supports the Liver’s Regenerative Mechanism:
The health-related statements regarding reduction of risk for and amelioration of liver
diseases including fibrosis and cirrhosis have also been scientifically substantiated. A published
meta-analysis summarized the effects of a glycyrrhizin product in 838 patients through 12
randomized trials confirmed that the substance significantly decreased serum levels and
improved liver function in alcoholic liver disease cases. See id. at 20. NTX® co-administered
with alcohol has demonstrated a significant decrease in liver toxicity biomarkers, thereby
facilitating increased liver function and regeneration, which reduces the risk of liver diseases like
fibrosis and cirrhosis. See id. at 22.
Almost fifty published human clinical studies and a substantial number of animal studies
have demonstrated that NTX and its specific components (e.g., glycyrrhizin and mannitol)
support the liver’s normal defense mechanisms against alcohol and other hepatoxins, thus
promoting general liver health in those that might drink moderately. A meta-analysis of twelve
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randomized human clinical studies evaluated data collected from 838 patients with alcoholic
liver disease and concluded that glycyrrhizin significantly decreased serum ALT and AST levels.
See Preuss Rep. at 8. Another study determined that glycyrrhizin reduced the incidence of liver
fibrosis in rats co-administered glycyrrhizin. See id. Another double-blind, comparative, crossover clinical trial examined the effects of alcohol on blood levels of ROS in the absence and
presence of co-administered NTX®. See id. The results demonstrated that NTX® statistically
and significantly reduced the alcohol-induced generation of ROS and ROS metabolites, and
further decreased serum lipid peroxidation product MDA, while increasing serum levels of the
endogenous antioxidant GSH. See id. at 8-9. NTX® also significantly decreased serum protein
carbonyl levels. See id. at 9. That data demonstrated that NTX® co-administered with alcohol
decreased the oxidative tissue damage that would otherwise have been observed during alcohol
consumption and metabolism.
Reduces Alcohol-Induced DNA Damage:
NTX® aids in protection of DNA by reducing alcohol-induced damage. Health claims
related to that effect are scientifically substantiated. A randomized, double-blind human study
revealed that alcohol consumption is damaging to DNA because it damages peripheral
lymphocytes, but NTX® significantly reduces the level of damage caused, revealing that it
protects DNA. See Stohs Rep. at 30. One of the key ways NTX® protects DNA is via its antioxidant and suppression of oxidative damage effects. See id. Glycyrrhizin has been show to
prevent DNA fragmentation and modulated programmed cell death. See id. One mechanism of
DNA protection was shown in an in vitro model where glycyrrhizin directly bonded to the major
and minor grooves and phosphate backbone of DNA, thereby protecting it from damage. See id.
at 32.
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Excess alcohol consumption generally contributes to the production of oxidative damage
to DNA and the epigenome. See Preuss Rep. at 13. Reactive oxygen species activate or repress
epigenetic elements like chromatin remodeling, micro-RNAs, DNA (de)methylation and histone
modification. See id. at 13-14. Epigenetic changes, even slight alterations, may affect gene
expression and could ultimately result in liver disorders. See id. at 14. After ingestion, alcohol
can form adducts with DNA, inhibiting the formation of various proteins essential for healthy
hepatic function. See id.. NTX® has been shown through scientific studies and laboratory work
to inhibit those negative effects, in part, by restraining the formation of alcohol-induced DNA
damage.
In one study involving thirty one (31) subjects in a randomized, double-blind, placebocontrolled cross-over clinical trial, patients challenged with alcohol presented apparent DNA
damage in peripheral lymphocytes as measured by single cell electrophoresis comet assay, the
cytokinesis-block micronucleus assay, and 8-hydroxy-2-deoxyguanosine formation. When
similarly challenged with NTX-infused alcohol, patients presented with a significant reduction in
DNA damage. See id. In addition, various other studies using human and animal tissues have
shown that individually glycyrrhizin and mannitol prevent oxidative DNA damage. See id.
Based on the wealth of peer-reviewed literature, animal studies, human clinical test data,
and product-specific testing, NTX® and its major components have been shown to reduce DNA
damage from DNA single and double strand breaks induced by alcohol and other ROS
generating systems in the liver.
Totality of the Scientific Evidence:
The well-documented scientific reports of Drs. Stohs and Preuss present balanced and
objective evidence concerning the efficacy of NTX®. The more than 100 studies attached to this
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Petition in Exhibit 5 substantiate the health claims requested in section III of this Petition.
Significantly, in performing its review of the available scientific evidence under this Petition,
TTB must in conformity with First Amendment standards consider all scientific evidence
supportive of the requested claims. The TTB must acknowledge that human clinical testing in
areas concerning alcohol exposure carries significant health and liability risks that render repeat
(or expansive) testing impractical, costly, and perhaps unethical (e.g., long-term studies). The
universe of scientific data is therefore limited by those practical considerations. Animal and in
vitro models must be considered where supportive of the mechanism of action, or where such
studies explain the biophysical or biochemical responses. Animal and in vitro models are often
essential to develop or prove causal connections between the test components and a statistically
significant effect later observed in human models.
E. NTX® Is Safe and Lawful when Added to Alcoholic Beverages
The TTB has already acknowledged that NTX® may safely and lawfully be added to
alcoholic beverages because it has approved the use of NTX® in at least one alcoholic beverage,
Bellion branded vodka. Plus, the TTB has authorized the use of mannitol, glycyrrhizin, and
potassium sorbate, which are the three ingredients that comprise NTX®, in alcoholic beverages
generally, subject to limitations. See TTB, Limited Ingredients: Flavoring Substances and
Adjuvants Subject to Limitation or Restriction (explaining that mannitol, glycyrrhizin, and
potassium sorbate may be added so long as they do not exceed 2.5%, 0.1%, and 0.1%,
respectively). 20

20

Available at http://www.ttb.gov/ssd/limited_ingredients.shtml (last accessed April 5,

2016).
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Similarly, the federal Food and Drug Administration (“FDA”) allows mannitol,
glycyrrhizin, and potassium sorbate to be added to foods, which also establishes that NTX® is
safe. See 21 C.F.R. § 180.25 (approving the use of mannitol as a food additive, and noting that
the ingredient is used as an anticaking agent and free flow agent); id. at §182.3640 (affirming
that potassium sorbate, a chemical preservative, is generally recognized as safe (“GRAS”) when
it is used in accordance with good manufacturing practice); id. at §184.1408 (affirming that
licorice and licorice derivatives, including glycyrrhizin, are GRAS when used as flavor
enhancers in various foods, including alcoholic beverages).
To further attest to the safety of NTX®, Dr. Stohs’ expert report identifies various studies
that have evaluated the safety of NTX® and its constituents, and explains that during such
studies, no serious adverse events were observed. See Stohs Rep. at 33-34.
F. The Proposed Claim Adequately Explains the Health Risks
Associated with Both Moderate and Heavier Levels of Alcohol
Consumption and Explains the Categories for Whom Any Alcohol
Consumption Poses Risks
Consistent with section III supra, all Bellion advertising, labeling, and promotional
material will feature the following disclaimer that corresponds with the proposed health claims:
NTX® does not protect against all health risks associated with moderate and
heavy levels of alcohol consumption, including, but not limited to, motor
vehicle accidents, high blood pressure, stroke, cancer, birth defects,
psychological problems, and alcohol dependency. Do not consume alcohol
if: you are younger than the legal drinking age; you are pregnant or may
become pregnant; you are taking medicine that can interact with alcohol; you
have a medical condition for which alcohol is contraindicated; you plan to
drive; or you cannot restrict your drinking to moderate levels. If you
consume alcohol, only consume it in moderation. “Moderation” means up to
one drink per day for women and up to two drinks per day for men.
That disclaimer adequately and succinctly identifies the range of individuals who should not
consumer alcohol, including, e.g., those with medical conditions or pregnant women. The claim
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identifies the risks of moderate and heavy alcohol consumption that are not addressed through
the NTX® technology.
Read in conjunction with the requested health claims, the speech conveyed to consumers
precludes any suggestion or impression that alcohol is unequivocally safe to consume. Rather,
the claim conveys the truthful and non-misleading impression that alcohol infused with NTX® is
healthier than conventional alcoholic beverages, but not a “healthy” product in general terms.

G. The Proposed Claims Do Not Render NTX® a “Drug” Under
Federal Law
The TTB has primary jurisdiction over the labeling and advertising of alcoholic
beverages that are subject to the federal Alcohol Administration Act (“FAA Act”). See 27
U.S.C. § 205(e), (f); 27 C.F.R. Parts 4, 5, 7. The FAA Act applies to distilled spirits and certain
wines and malt beverages. See 27 U.S.C. § 211(a)(5) (defining “distilled spirit” to mean “ethyl
alcohol, hydrated oxide of ethyl, spirits of wine, whiskey, rum, brandy, gin, and other distilled
spirits, including all dilutions and mixtures thereof, for non-industrial use”); id. at § (a)(6)
(defining “wine” as, inter alia, containing 7 percent or more alcohol by volume); id. at §
211(a)(7) (defining “malt beverage” as “a beverage made by the alcoholic fermentation of an
infusion or decoction, or combination of both, in potable brewing water, of malted barley with
hops, or their parts, or their products, and with or without other malted cereals, and with or
without the addition of unmalted or prepared cereals, other carbohydrates or products prepared
therefrom, and with or without the addition of carbon dioxide, and with or without other
wholesome products suitable for human food consumption”).
The FDA has also noted “that certain curative, therapeutic, or disease-prevention claims
for an alcoholic beverage might place the product in the category of a drug under the Federal
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Food, Drug, and Cosmetic Act (FFDC Act), 21 U.S.C. 321(g)(1)(B). See 68 Fed. Reg. 10076,
10078 (Mar. 3, 2003). The TTB agreed with the FDA, but also acknowledged that the TTB’s
system of “health claims” regulation is a separate regulatory model that mirrors the FDA’s health
claim model for foods and dietary supplements. In the preamble to its final rule for health claims
and other health-related statements, the TTB explained:
After giving careful consideration to these comments, and consulting with FDA,
TTB does not agree that its health claim regulations should be identical to those of
FDA. FDA regulations were promulgated pursuant to a very specific grant of
authority by Congress under the NLEA. Because of the differences in statutory
authority, as well as the differences in the products regulated under these two
statutes, TTB's regulatory scheme for health claim labeling will differ from FDA's
regulatory scheme.
However, TTB agrees with the FDA comment in several respects. Most
importantly, we agree that it is important to ensure that alcohol beverage producers
do not violate the new drug provisions of the FFDC Act when seeking to use
specific health claims on alcohol beverage labels. It would be where the use of that
claim would render the product subject to FDA's jurisdiction over drugs.
Furthermore, FDA's authority over new drugs has significant public health and
safety consequences. TTB does not wish to create any confusion on the part of
industry members regarding their obligations to comply with FDA's requirements
over drug claims.
In the past, ATF merely advised industry members that they should be aware of the
fact that the use of a health claim on an alcohol beverage label may subject the
product to FDA's jurisdiction. However, after reviewing the comments on this
issue, we met with FDA to discuss a process whereby TTB and FDA could consult
on the use of specific health claims on alcohol beverage labels. In this way, FDA
would have an opportunity to object to the use of a specific health claim, based on
its jurisdiction over drugs, prior to any TTB action.
Accordingly, the final rule now provides that TTB will consult with FDA, as
needed, on the use of specific health claims on labels. If FDA determines that a
specific health claim is a drug claim that is not in compliance with the requirements
of the FFDC Act, TTB will not approve the use of such statement on a label. There
is no similar provision in the advertising regulations, since advertisers are not
required to obtain prior approval from TTB. We will of course consult with FDA,
as appropriate, if the question arises as to whether an advertisement is in violation
of the FFDC Act.
Id. at 10098.
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While the TTB has enacted regulations governing the use and dissemination of “specific
health claims,” and has accepted jurisdiction by “evaluat[ing] such statements on a case-by-case
basis…,” 21 the TTB also lacks authority to impose FDA regulatory requirements on spirit
products. Neither the FAA Act nor the interpretive case law confers authority on the TTB to
look beyond the TTB’s enabling regulations in, for instance, 27 C.F.R. § 7.29(e) to determine
whether a product claim is permissible under regulations enforced by other sister agencies
without jurisdiction.
The ATF (TTB’s predecessor) has acknowledged that “there are differences between
ATF’s statutory mandate to prevent misleading statements on labels and in advertising of
alcoholic beverages under the FAA Act, and the more specific authority given to FDA in
regulating health claims on food labels pursuant to the NLEA.” See Health Claims in the
Labeling and Advertising of Alcoholic Beverages, ATF IC 9308, 1993 WL 719948 (ATF Aug. 2,
1993).
Those points notwithstanding, the TTB health claim regulations are clearly designed to
exempt certain “health claims” from the federal “drug” model when used for spirit beverages and
subject to TTB preapproval. The TTB regulations unambiguously provide for TTB approval of
“health claims” and “specific health claims” that “characterize[] the relationship of the malt
beverage, alcohol, or any substance found within the malt beverage, to a disease or health-related
condition.” See 27 CFR § 7.54(e)(ii). That language mirrors the FDA’s “health claim”
exemptions under the NLEA, wherein the FDA approves claims that also “characterize the
relationship between the substance in a food to a disease or health-related condition…” See, e.g.,

21

See, e.g., 27 C.F.R. § 7.54(e).
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21 C.F.R. § 101.70(f); 21 U.S.C. § 343(r)(1)(B) (defining a health claim to mean a claim that
“characterizes the relationship of any nutrient . . . to a disease or a health-related condition . . .”)..
Through the passage of 27 C.F.R. §§ 7.29, 7.54, and similar regulations, the TTB unambiguously
established a pathway for health claim approval that is specific to TTB’s jurisdiction and
independent of the FDA’s statutory authority and regulatory models.
Nonetheless, the health claims requested by this petition are not treatment or drug claims
but, rather, claims that describe the role of the NTX® dietary ingredients that is intended to
affect the structure or function of humans through well-documented mechanisms showing that
NTX® maintains, protects, or supports those structure (to wit, hepatic systems and DNA). The
FDA expressly excludes such claims from the definition of “drug” under Section 403(r)(6) of the
federal Food, Drug, and Cosmetic Act. See 21 U.S.C. § 343(r)(6). Certain of the claims pertain
to the reduction in the risk of disease effected by NTX® but they are, in that respect,
indistinguishable from claims FDA and the federal courts regard as health claims.

The FDA

expressly excludes such “health claims” from the definition of “drug.” See id. at § 343(r)(1)(B),
(3)-(5). Although the FDA’s regulatory model regarding health claims is not applicable here in
the TTB context, the FDA’s system—from which the TTB’s regulation is apparently modeled—
expressly excludes health claims from the “drug” context. See id. at § 343(r)(1)(B) (defining
health claim as one that characterizes a relationship between a substance and a disease or healthrelated condition).

H. The Proposed Health-Related Statements Constitute Protected
Commercial Speech under Central Hudson and Its Progeny
The proposed health-related statements are protected commercial speech under Central
Hudson and its progeny. See generally Central Hudson Gas & Elec. Corp. v. Pub. Serv.
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Comm’n of N.Y., 447 U.S. 557 (1980); see also Rubin v. Coors Brewing Co., 514 U.S. 476
(1995) (applying Central Hudson’s test to strike regulations prohibiting beer producers from
truthfully disclosing the alcohol content of beers). In Central Hudson, the U.S. Supreme Court
acknowledged that the First Amendment protects commercial speech from unwarranted
government intrusion, albeit less so than other constitutionally guaranteed expression. See 447
U.S. at 562. “The protection available for particular commercial expression turns on the nature
both of the expression and of the governmental interests served by its regulation.” Id. at 563. If
a commercial “communication is neither misleading nor related to unlawful activity, the
government’s power is more circumscribed.” In that instance, courts evaluate four elements in
determining whether government censorship of commercial speech violates the First
Amendment: (1) whether the speech concerns lawful activity and is not misleading; (2) whether
the government’s interest in prohibiting the speech is “substantial;” (3) whether the prohibition at
issue “directly advances the governmental interest asserted;” and (4) whether the prohibition is
“more extensive than is necessary to serve that interest.” Rubin, 514 U.S. at 482 (citing Central
Hudson, 447 U.S. 557 (1980)).
“The party seeking to uphold a restriction on commercial speech carries the burden of
justifying it.” Bolger v. Youngs Drug Products Corp., 463 U.S. 60, 71, n. 20 (1983). “This
burden is not satisfied by mere speculation or conjecture; rather, a governmental body seeking to
sustain a restriction on commercial speech must demonstrate that the harms it recites are real and
that its restriction will in fact alleviate them to a material degree.” Edenfield v. Fane, 507 U.S.
761, 771 (1993) (citations omitted). To ban the proposed health-related statements, the TTB
must show either that the language is not protected speech or that TTB’s interest in government
censorship is substantial and the method of censorship advances those interests in a direct and
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material way and that there are no obvious, less speech-restrictive alternatives (such as claim
qualifications). Id. at 767.
i. The Health-Related Statements Concern Lawful Activity and
are Not Misleading
As explained in section IV(C), infra, and through the supporting evidence attached
hereto, the available scientific record substantiates the truthfulness of the proposed health-related
statements. The sale of Bellion Vodka and/or other alcoholic beverages containing NTX through
the use of truthful and non-misleading health claims constitutes constitutionally protected
activity. Moreover, no evidence demonstrates that the proposed health-related statements create
a misleading impression concerning the effects on health of alcohol. No evidence suggests that
Bellion’s health claims would promote an increase in alcohol consumption. Where TTB imposes
an outright ban on a claim based on the alleged existence of implied claims, the TTB’s decision
must be supported by empirical evidence demonstrating that consumers actually understand the
label to convey the implied claims and are misled by them. 22 The TTB’s regulations
acknowledge that claims should be remedied through disclaimers. Here, Bellion’s claims are
supported by reliable scientific evidence. Thus, at worst, the proposed health-related statements
are only potentially misleading. That distinction is critical because potentially misleading speech

22

Where TTB imposes an outright ban on a health-related statements, the TTB’s decision
must be supported by empirical evidence demonstrating that consumers actually understand the
statement to convey the misleading claims, are misled by those claims, and that the proposed
qualifying language would not otherwise remedy that misleadingness. See Fleminger, Inc. v. U.S.
Dep’t of Health and Human Servs., 854 F. Supp. 2d 192, 216 (D. Conn. 2012) (explaining that,
based on established precedent, agencies must have “empirical evidence in connection with the
government’s outright ban on the proposed health claim”); see also Whitaker v. Thompson, 248
F. Supp. 2d 1, 11 (D.D.C. 2002) (citing Pearson v. Shalala, 164 F.3d 650, 659–60 (D.C. Cir.
1999) (explaining that a complete ban of a claim would be approved only under narrow
circumstances, i.e., when there was almost no qualitative evidence in support of the claim and
where the government provided empirical evidence proving that the public would still be
deceived even if the claim was qualified by a disclaimer”).
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is entitled to constitutional protection under the First Amendment and may not be banned
outright by this or any other federal agency. See Pearson v. Shalala, 164 F.3d 650 (D.C. Cir.
1999) (“Pearson I”).
To establish that the proposed health-related statements are potentially misleading (as
opposed to truthful and non-misleading), the TTB must have factual evidence showing that they
are misleading before it may censor them because the TTB—not Bellion—has the burden to
justify restrictions on speech. See Pearson I, 164 F.3d at 659 (explaining, in part, that the
required use of disclaimers is a burden on speech). The TTB cannot declare a statement
misleading, and bar that statement outright, by uttering the word “misleading” or resorting to
categorical labels. To prove any of the proposed health-related statements is deceptive, the TTB
“must offer consumer data or other extrinsic evidence to show that the audience to which the
advertisement is directed is in fact misled [or capable of being misled] by the advertisement.”
Stokely-Van Camp, Inc. v. Coca-Cola Co., 646 F. Supp. 2d 510, 525 (S.D.N.Y. 2009) (citing
Time Warner Cable, Inc. v. DIRECTV, Inc., 497 F.3d 144, 158 (2d Cir. 2007)); see also Scotts
Co. v. United Indus. Corp., 315 F.3d 264, 273 (4th Cir. 2002) (explaining that if a plaintiff
challenges “a claim of implied falsehood, a plaintiff must demonstrate, by extrinsic evidence,
that the challenged [advertisements] tend to mislead or confuse consumers”); Pizza Hut, Inc. v.
Papa John’s Int’l, Inc., 117 F.3d 489, 497 (5th Cir. 2000) (“if the statements at issue are either
ambiguous or true but misleading, the plaintiff must present evidence of actual deception”)
(citations omitted).
The TTB cannot show that any of Bellion’s proposed health-related statements is
misleading, because the TTB cannot show that (1) the health-related statement misleads
consumers into thinking that alcoholic beverages containing NTX® are healthy; or (2) that
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consumers will consume more alcoholic beverages than they otherwise would without the healthrelated statement.
Consumers remain aware that alcohol is unhealthy when consumed in excess or on a
regular basis. See RESTATEMENT (SECOND) OF TORTS § 402A cmt. j (1965) (exempting
alcohol sellers from liability for failing to warn of alcohol dangers, which includes dangers from
consumption “in excessive quantit[ies]” and consumption “over a long period of time,” because
those dangers are “generally known and recognized” by the public). Consumer impact surveys
in the mid-1990s concerning health claims on wine products found that participants exposed to
those health-related statements did not exhibit a diminished understanding of the risks of
drinking. See Lieberman, supra, 58 Food & Drug L.J. at 515. Moreover, the proposed claim
qualification, and indeed any comparable and reasonable qualification—which would be
acceptable to Bellion—disabuses consumers of any notion that alcohol consumption is safe or
that drinking to excess is advisable.
To the extent that the TTB would view the proposed health-related statements as specific
health claims, the qualification or disclaimer proposed herein that will appear as part of them
ensures that any potential misleadingness as to the effects on health of alcohol consumption will
be dispelled. The proposed disclaimer: (1) is sufficiently detailed and qualified with respect to
explaining the categories of individuals to whom the claim applies; (2) adequately discloses the
health risks associated with both moderate and heavier levels of alcohol consumption; and (3)
outlines the categories of individuals for whom any levels of alcohol consumption may cause
health risks.
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In sum, there is no basis to conclude that the proposed health-related statements, with the
accompanying claim qualification or disclaimer, are potentially misleading or misleading in any
respect.
ii. Outright Censorship of the Truthful and Non-Misleading HealthRelated Statements Does not Advance any Governmental Interest and
Contradicts the TTB’s Stated Objectives
Under Central Hudson, the government must assert a “substantial interest” in restricting
speech. Coors, 514 U.S. at 483. Assertion of a substantial interest is not a trifling or
insignificant burden on government action. Identifying the asserted interest is critical to an
assessment under Central Hudson.
The TTB has previously explained that health-related statements must be regulated to
prevent alcohol abuse by those consumers who might mistake alcohol for a healthy (or at least
less harmful) product. In other words, the TTB has historically argued that it has an interest in
prohibiting truthful statements which, by implication, “tend to create a misleading impression”
that might encourage consumers to consume more alcohol to their detriment. If the TTB claims
a state interest in protecting consumers from truthful information that could lead to abusive
behaviors, it should be mindful of the fact that courts have already rejected that approach. See
44 Liquormart, 517 U.S. at 503 (explaining that courts express skepticism over government
interests that “rest on the offensive assumption that the public will respond ‘irrationally’ to the
truth”).
Health-related statements for alcoholic beverages do not materially influence consumer
drinking patterns, which undercuts the TTB’s theory that protection of consumers from health
claims is a significant state interest. See Lieberman, The Power of Positive Drinking: Are
Alcoholic Beverage Health Claims Constitutionally Protected? 58 Food & Drug L.J. 511, 515
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(2003). The ATF, the TTB’s predecessor, considered this issue in 1998 when wine sellers asked
for authority to promote the consumption of wine in moderation given evidence that
consumption produced beneficial health effects. Id. The ATF commissioned a consumer impact
study that found health claims on wine labels did not “induce wine drinkers to alter their drinking
pattern, quantitatively or otherwise.” Id. That study also found that “nothing in the proposed
labels appeared to diminish focus group participant perceptions about the risk of drinking.” Id.
In other words, the health-related statements did not sway consumers into suddenly believing
that the risks of alcohol consumption had dissipated.
Although the TTB might claim a substantial interest in protecting United States
consumers from the ills of alcohol abuse, that interest is legally and factually distinct from a state
interest in protecting consumers from truthful labeling content. Protecting consumers from
truthful, verifiable, and non-misleading ingredient disclosures is a practice at odds with the
TTB’s mission and purpose, and lacks a “substantial” undergirding state interest. Perhaps for that
reason, all nine Justices on the United States Supreme Court agreed that the ATF’s prior label
restrictions were unconstitutional in Coors, and at least one Justice would have applied “full First
Amendment protection” to similar label disclosures involving alcohol content. See Coors
Brewing, 514 U .S. at 491-92 (Stevens, J., concurring).
iii. Censoring the Health-Related Statements Will Not Advance an
Interest in Protecting Consumers from the Ills of Alcohol Abuse
Even if the proposed health-related statements are banned, there is “no evidence to
suggest that [the TTB’s] speech prohibition will significantly reduce [or effect] marketwide
consumption.” See 44 Liquormart, 517 U.S. at 506. Under the third element of Central Hudson,
a restriction on commercial speech is only valid if it directly advances the asserted governmental
interest. Coors, 514 U.S. at 486. The government bears the burden “of showing that the
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challenged regulation advances the Government’s interest ‘in a direct and material way.’” Id. at
486–87 (quoting Edenfield v, Fane, 507 U.S. 761, 767 (1993)). “That burden ‘is not satisfied by
mere speculation or conjecture; rather, a governmental body seeking to sustain a restriction on
commercial speech must demonstrate that the harms it recites are real and that its restriction will
in fact alleviate them to a material degree.’” Id. at 487 (quoting Edenfield, 507 U.S. at 770–71).
To meet its burden and show that regulation advances the governmental interest in a
“direct and material way,” the TTB must produce actual evidence that allowing the speech would
harm the interest it seeks to further through the prevention of that speech. See Pearson v. Edgar,
153 F.3d 397, 404 (7th Cir. 1998) (overturning regulation prohibiting real estate brokers from
soliciting where government “produced no evidence in this case that real estate solicitation
harms or threatens to harm residential privacy”). The courts have made clear the TTB cannot
meet that burden “by mere speculation or conjecture; rather a governmental body seeking to
sustain a restriction on commercial speech must demonstrate that the harms it recites are real and
that its restriction will in fact alleviate them to a material degree.” Fla. Bar v. Went For It, Inc.,
515 U.S. 618, 625–26 (1995). “Thus, the government must come forward with some quantum of
evidence, beyond its own belief in the necessity for regulation, that the harms it seeks to remedy
are concrete and that its regulatory regime advances the stated goals.” Pagan v. Fruchey, 492
F.3d 766, 771 (6th Cir. 2007) (citing Edenfield, 507 U.S. at 770–72).
In Pagan, for instance, the Sixth Circuit concluded that an affidavit submitted by the
government was insufficient to prove that the regulation at issue, the posting of “for sale” signs
on cars, directly and materially advanced the state’s interests in traffic safety and aesthetics. Id.
at 772–73. While the government argued that “it would be difficult, expensive, and timeconsuming to conduct studies and provide empirical evidence in support of [the regulation],” the
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court held that government must nevertheless offer some “actual evidence” that the regulation
“will directly advance the government’s asserted interest.” Id. at 773–74; cf. Anderson v.
Treadwell, 284 F.3d 453, 462 (2d Cir. 2002).
The TTB must have “credible evidence” that allowing the speech at issue would harm the
interest asserted. Id. at 489; see also 44 Liquormart, 517 U.S. at 503 (requiring the government
to provide evidence that prohibiting price advertising would actually advance the governmental
interest in temperance). For example, in Coors the government asserted that allowing breweries
to disclose the amount of alcohol on their labels would promote “strength wars.” 23 Id. However,
the Court recognized that prohibition of alcohol content on beer labels failed to suppress strength
wars to any degree. Id. at 490–91 (noting that “the Government did not offer any convincing
evidence that the labeling ban has inhibited strength wars”).
Here the TTB has no credible evidence that the proposed health-related statements would
harm any state interest or that consumers would be misled by them, especially when those health
claims are accompanied by the proposed disclaimer. Consumers decide how to drink alcoholic
beverages (quantitatively and qualitatively) based on a variety of reasons that may include
sociological and psychological factors. Convenience and circumstance likely factor more in the
decision than health related-statements. For instance, the quantity of alcohol consumed may
depend on the social environment, the availability of transportation, the age of the drinker, etc.
Accordingly, the concept that prohibiting a health-related statement will influence the rate,
amount, of frequency of alcohol consumption is sheer speculation.
iv. Prohibiting the Proposed Health-Related Statements Is Not
Sufficiently Tailored to Any Governmental Goal

23

A strength war, in that context, is a competition between breweries who “seek to
compete for customers on the basis of alcohol content.” Coors, 514 U.S. at 483.
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To pass constitutional muster under Central Hudson, the final analysis requires the TTB
to prove that a speech restriction is sufficiently tailored to its articulated goal. Coors, 514 U.S. at
490. Assuming arguendo that the TTB has a defined and substantial interest in regulating the
proposed health-related statements, that interest is not directly advanced by the TTB’s censorship
of the claims here in isssue.
Even assuming that the TTB could demonstrate an important state interest, and that
unqualified health-related statement have the potential to mislead, the TTB must then prove that
there are no less speech-restrictive alternatives, such as the disclaimers required under its own
regulations for specific health claims. Pearson I, 164 F.3d at 658-59 (requiring reliance on
disclaimers as a less speech restrictive alternative to outright suppression); Alliance for Natural
Health U.S. v. Sebelius, 714 F. Supp. 2d 48, 71 (D.D.C. 2010) (“ANH I”) (invalidating FDA
disclaimer language and holding that FDA acted unconstitutionally by requiring a more onerous
disclaimer without considering whether a short and succinct disclaimer would be a less
restrictive means); see also Pearson v. Shalala, 130 F. Supp. 2d 105, 120 (D.D.C. 2001)
(“Pearson II”).
Here, as discussed above, the Petitioners propose a disclaimer to accompany the healthrelated statements that is sufficient to cure any potential for misleadingness regarding the effects
of alcohol on health. The Petitioners proposed that disclaimer despite TTB having conceded in
prior agency statements that burdensome disclaimers for specific health claims would be
“extremely unlikely [to] fit on a normal alcoholic beverage label.” See Health Claims in the
Labeling and Advertising of Alcoholic Beverages, ATF IC 93-8, 1993 WL 719948 (ATF Aug. 2,
1993). Because “no label has [ever] met,” the standard clearly reveals that the burdens of the
TTB regulations have, to this point, effected a de facto market ban. See, e.g., Erik Bierbauer,
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Liquid Honesty: The First Amendment right to Market the Health Benefits of Moderate Alcohol
Consumption, 74 N.Y.U. L. Rev. 1057, 1068 (1999) (explaining that “[t]he only health statement
that ATF said it would accept was a four-page report with thirty-four footnotes, which the
agency said presented a balanced view of drinking’s good and ill effects.”).
To the extent that the TTB will require a more onerous, lengthy, and burdensome
disclaimer than the one proposed, the TTB would violate the First Amendment’s requirement for
reasonable claim qualification, which is to mandate “short, succinct, and accurate” qualifications.
Pearson II, 130 F. Supp. 2d at 120. Moreover, there is no proof that onerous and lengthy
disclaimers are the only ones capable of effectuating a legitimate government interest such that
there are no “less restrictive means” through short, succinct and accurate disclaimers, such as the
one proposed in this petition. See Pearson I, 164 F.3d at 658. Absent extrinsic evidence that
such onerous disclaimers are required to cure any alleged misleadingness caused by the proposed
health-related statements, requiring onerous disclaimers is unconstitutional. Indeed, the federal
courts have explained repeatedly that the government acts unconstitutionally unless it can
“demonstrate with empirical evidence that [much shorter] disclaimers … would bewilder
consumers and fail to correct for deceptiveness.” Whitaker v. Thompson, 248 F. Supp. 2d 1, 5
(D.D.C. 2002); Pearson I, 164 F.3d at 659-60; ANH I, 714 F. Supp. 2d at 63 (invalidating FDA
censorship because the “[a]gency has not provided any empirical evidence, such as ‘studies’ or
‘anecdotal evidence,’ that consumers would be misled”).
V.

Conclusion
For the foregoing reasons, the Petitioners request that TTB authorize the proposed health-

related statements concerning NTX®. Those claims include the following health claims in
Bellion labels, labeling, advertising, and promotional statements:
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x

NTX® provides antioxidant and anti-inflammatory support;

x

NTX® helps protect against alcohol-induced oxidative damage to the liver;

x

NTX® helps maintain normal liver enzyme production and function;

x

NTX® supports normal liver defenses and regenerative mechanisms;

x

NTX® reduces the risk of alcohol-induced liver diseases, including fibrosis
and cirrhosis;

x

NTX® helps maintain normal liver functions;

x

NTX® helps protect DNA from alcohol-induced damage; and

x

NTX® reduces alcohol-induced DNA damage
Any questions concerning this Petition may be directed to Jonathan W. Emord, Esq.

Emord & Associates, P.C., 11808 Wolf Run Lane, Clifton, VA 20124, (202) 466-6937. The
undersigned certify on behalf of the Petitioners that to the best of their knowledge and belief, the
Petition includes all information and views on which the Petitioners rely and is a representative
and balanced submission that includes unfavorable information as well as favorable information
known by the Petitioner to be pertinent to evaluation of the proposed health claims.

DATED: April 12, 2016.
Sincerely,

Jonathan
J nathan W. Emord
Jo
Peter A. Arhangelsky
Bethany R. Kennedy
Counsel to Bellion Spirits, LLC
And Chigurupati Technologies
Private Ltd.
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CERTIFICATE OF SERVICE
I HEREBY CERTIFY that on this April 11, 2016, copies of the foregoing Health Claim
Petition and all supporting exhibits were mailed via UPS Next Day Air (in hardcopy and
electronic format) to:
Teresa G. Knapp
Assistant Director, Advertising, Labeling and Formulation Division
Alcohol, Tobacco Tax and Trade Bureau
1310 G Street, NW, Box 12
Washington, DC 20005
Gail Davis
Deputy Assistant Administrator, Headquarters Operation
Alcohol, Tobacco Tax and Trade Bureau
1310 G Street, N.W., Box 12
Washington, DC 20005
Theresa McCarthy (Theresa.McCarthy@TTB.Gov)
Gail Davis (Gail.Davis@TTB.Gov)
Teresa Knapp (Teresa.Knapp@TTB.Gov)
Janet Scalese (Janet.Scalese@TTB.Gov)
Matthew Aboyme (Matthew.Aboyme@TTB.Gov)
John Manfreda (John.Manfreda@TTB.Gov)
Janet Slattery (Janet.Slattery@TTB.Gov)

Counsel for Bellion Spirits, LLC

/s/ Jonathan W. Emord
Jonathan W. Emord
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RESEARCH SUPPORTING THE HEALTH CLAIMS FOR NTX, A PRODUCT
COMPOSED OF GLYCYRRHIZIN AND MANNITOL, IN CONJUNCTION
WITH ALCOHOL CONSUMPTION
SIDNEY J. STOHS, Ph.D., FACN, CNS, ATS, FAPhA
Dean Emeritus, Creighton University Medical Center

ABSTRACT
The detrimental effects of chronic and heavy alcohol consumption are well
documented, and alcohol is a risk factor or cause of numerous diseases. The most
common problem associated with chronic alcohol consumption is alcoholic liver
disease which can range from hepatic steatosis to more advanced stages as
hepatitis, cirrhosis, hepatocellular carcinoma and ultimately liver failure.
NTX is a patented product composed of the primary ingredients glycyrrhizin and
mannitol that act synergistically. Numerous studies in humans and animals have
demonstrated the liver protective effects of NTX as well as its individual
components during alcohol consumption. Furthermore, the safety of the
ingredients in NTX is well-established. Therefore, health claims regarding NTX
have been set forth based on the totality of the scientific literature, and each
health claim is substantiated and supported by the scientific literature.

INTRODUCTION
The detrimental effects of chronic and/or heavy alcohol consumption are well
established, and alcohol is considered a risk factor or cause of numerous diseases.
More than 50 % of Americans consume alcohol. According to a 2014 report of the
Center for Disease Control (CDC), the cost for excessive drinking in the United
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States was $223.5 billion in 2006 in terms of health care costs and lost
productivity1, a number that undoubtedly has increased in subsequent years.
Furthermore, the CDC estimates that there are approximately 88,000 alcohol
related deaths annually2.
The most common problem associated with chronic alcohol consumption is
alcoholic liver disease which is defined by histological lesions on the liver that
range from hepatic steatosis to more advanced stages as alcoholic
steatohepatitis, cirrhosis, hepatocellular carcinoma and liver failure due to
necrosis or apoptosis (programmed cell death)3,4. Over 14,000 deaths occur
annually in the United States due to alcoholic liver cirrhosis4.
The mechanisms associated with alcohol toxicity and the induction of alcoholic
liver disease can be summarized as follows: metabolism of alcohol to highly toxic
acetaldehyde and free radical species, production of reactive oxygen (ROS) and
nitrogen species with resulting oxidative stress, release of inflammatory cytokines
as tumor necrosis factor-alpha (TNF-ɲ) and interleukin-6 (IL-6), abnormal lipid
metabolism, oxidative DNA damage, formation of protein and DNA adducts with
metabolites of alcohol and acetaldehyde, and ultimately induction of apoptosis or
necrosis with subsequent multi-system organ failure3-9.
Biomarkers are biological indicators of the state of health of an organ or tissue.
Just as blood sugar (glucose) elevation is indicative of and associated with
diabetes, various common biomarkers are useful in assessing the existence,
progression and pathogenesis of alcoholic liver disease. These biomarkers include
measurements of the blood serum levels of the enzymes alanine
aminotransferase (ALT), aspartate aminotransferase (AST), gammaglutamyltransferase (GGT) and alkaline phosphatase (ALP). Elevations of the
serum levels of these enzymes occur when the liver is damaged as is the case with
alcoholic liver disease. Conversely, decreases in the serum levels of these
enzymes occur as the liver begins to heal8-12.
Other biomarkers that are commonly used to assess the stages of alcoholic liver
disease include total bilirubin, lipid profiles (cholesterol and triglycerides),
hemoglobin or serum ferritin, albumin, platelets, prothrombin time and
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international normalized ratio (INR). For example, elevations in blood levels of
cholesterol and triglycerides are associated with faulty liver metabolism of these
lipids which occurs in conjunction with alcoholic liver disease. Similarly, elevated
bilirubin occurs as a result of faulty liver metabolism.
As previously noted, the hepatic metabolism of alcohol results in the production
of free radicals and reactive oxygen species (ROS) leading to oxidative stress
which produces tissue damaging effects. Markers of oxidative stress and
oxidative tissue damage include reactive oxygen species (ROS) production, the
lipid metabolite malondialdehyde (MDA), protein carbonyl formation, and DNA
damage. Increases in these biomarkers serve as indices and measures of alcoholic
liver damage. Reduced glutathione (GSH) content is one of the primary
intracellular antioxidants and chemoprotectants in human tissues, and a decrease
in GSH content occurs as it neutralizes ROS and free radicals. Therefore, a
decrease in GSH is associated with an increase in oxidative stress as occurs in the
case of alcoholic liver disease 8-12.
Blood and tissue levels of the enzymes catalase, glutathione peroxidase (GPX) and
superoxide peroxidase (SOD) are also used to obtain information regarding
alcoholic liver disease10-12. These enzymes play important roles in the
decomposition of ROS as hydrogen peroxide. Increases in the levels of these
enzymes are indicative of hepatoprotection.
In individuals with alcohol-associated steatosis, studies indicate that
approximately 20% will develop cirrhosis within 10 years6, and it is estimated that
20% of heavy drinkers will develop acute alcoholic hepatitis13. The two primary
approaches for successful prevention and reversal of liver damage are abstinence
from alcohol and appropriate nutritional support. Realistically, one cannot
expect the vast majority of alcohol consumers to abstain. Therefore, there is a
pressing need to develop safer strategies for alcohol consumption and treatment
in order to reduce alcohol-associated morbidity and mortality, and the high cost
to society.
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The high morbidity and mortality rate of alcoholic liver disease is attributed to the
cascading sequence of events described above which can ultimately culminate in
multisystem organ failure and death3-9,13. Systems designed to prevent and treat
alcohol-induced liver toxicity and alcoholic liver disease must therefore focus on
disrupting, inhibiting and/or reversing these pathological pathways. As a
consequence, a new category of alcoholic beverages called Functional Spirits has
been created and a product has been patented14 that prevents and/or
ameliorates the hepatotoxic effects of alcohol while retaining it desired
characteristics.
NTX is a patented product composed of the primary ingredients glycyrrhizin
glycyrrhizic acid) and mannitol14. It also contains potassium sorbate as an
antioxidant, preservative and antimicrobial. The potassium may also provide
benefits with respect to electrolyte balance. Recent studies in humans and
animals have demonstrated the hepato-protective effects of NTX during alcohol
consumption14-19.
In a randomized, double-blind, placebo-controlled cross-over clinical trial
involving human 12 subjects, NTX afforded significant liver protection during 12
days of alcohol consumption as evidenced by significant decreases in the serum
levels of the enzyme biomarkers of liver toxicity ALT, AST, GGT and ALP 15. No
adverse effects were observed by any of the subjects in the presence or absence
of the NTX.
A second randomized, double-blind, placebo-controlled cross-over clinical trial
involving human 31 subjects was conducted whereby all participants received 1.5
g alcohol/kg with and without NTX. A seven day washout was provided between
treatments16. Consumption of alcohol alone caused an increase in serum ROS and
ROS metabolites which persisted for up to 4 hours. In addition, alcohol
consumption resulted in a decrease in serum GSH, an increase in MDA (lipid
peroxidation), an increase in protein carbonyl, and an increase in oxidative DNA
damage in peripheral lymphocytes as determined by the single cell
electrophoresis comet assay, the cytokinesis-block micronucleus assay, and 8AR-000052

Case 1:17-cv-02538-JEB Document 37-1 Filed 06/26/19 Page 52 of 299
53

hydroxy-2-deoxyguanosine formation. Consumption of alcohol with NTX
significantly reduced the levels of ROS and all the oxidative markers. According to
the authors, the results indicated that NTX may “be effective in reducing alcoholinduced pathophysiological changes”16.
A double blind, comparative, cross-over clinical trial was conducted which
examined the effects of alcohol on blood levels of ROS in the absence and
presence of co-administered NTX17. Twelve normal healthy subjects were used.
The results demonstrated that NTX significantly dampened the alcohol-induced
generation of ROS and ROS metabolites. NTX also decreased serum MDA, a
product of alcohol-induced lipid peroxidation, while increasing serum levels of the
endogenous antioxidant and chemoprotectant GSH. Furthermore, NTX
administration with alcohol significantly decreased serum protein carbonyl levels
which are another marker of alcohol-induced oxidative stress17.
A 28 day experiment was conducted in rats that daily received 2.5 g/kg/day with
or without various doses of mannitol, glycyrrhizin or both14. The results
demonstrated that mannitol and glycyrrhizin alone afforded significant hepatoprotection while the combination of these two substances (NTX) was synergistic,
affording protection that was greater than the sum of the individual ingredients.
The combination restored biomarkers of liver function to as much as 80 % of
normal. The combination of mannitol and glycyrrhizin (NTX) provided significant
hepato-protection from alcohol toxicity as evidenced by decreases in serum ALT
levels, decreases in the levels of the inflammatory cytokine TNF-ɲ, and decreases
in the lipid peroxidation product MDA.
This combination (NTX) product synergistically decreased alcohol induced
production of reactive oxygen species (ROS) by enhancing the levels of the
enzymes catalase, GPX and SOD that decompose tissue damaging ROS 14. Reduced
glutathione (GSH) is the primary antioxidant within cells that protects against
ROS. Alcohol consumption results in a depletion of GSH due to alcohol-induced
production of ROS. Concurrent consumption of the combination of mannitol and
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glycyrrhizin (NTX) provided significant restoration of endogenous GSH levels in
the liver14, indicative of a more normal healthy functioning liver.
A study was conducted in rats that evaluated the effects of NTX on oxidative
stress induced by a single dose of alcohol 18. The alcohol alone resulted in an
increase in the production of ROS, a decrease in GSH and an increase in MDA, all
indicators of alcohol-induced toxicity. Co-administration of NTX with the alcohol
resulted in a significant modulation of these alcohol-induced effects, indicating a
hepato-protective effect of the NTX.
Another study in rats has evaluated the hepatoprotective effects of NTX against
alcohol induced hepatotoxicity19. Rats were given orally 1, 2 or 3 grams of
ethanol per kg daily for 28 days with and without NTX. Alcohol treatment caused
the elevation of serum enzymes ALT, AST, GGT and ALP, denoting hepatic toxicity.
In addition, the lipid peroxidation product MDA was elevated while the
endogenous antioxidant GSH was decreased. Co-administration of NTX with the
alcohol resulted in 20-40 % decreases in the levels of ALT, AST, GGT and ALP,
demonstrating the hepatoprotective effects of the NTX. Furthermore, 26-47 %
decreases occurred in lipid peroxidation (MDA) with 24-28 % increases in the
intracellular antioxidant and hepatoprotectant GSH.
The published scientific literature has been reviewed regarding glycyrrhizin and
mannitol as well as potassium sorbate. The author used PubMed as well as
Google Scholar. PubMed is the search engine which accesses primarily the
MEDLINE database of references and abstracts on biomedical topics and life
sciences. The PubMed database is maintained by the U.S. National Library of
Medicine at the National Institutes of Health. Google Scholar also covers articles
in journals that are less well known as well as a greater number of foreign
language journals than PubMed. As a consequence, the author located a number
of articles via Google Scholar that were not detected by PubMed.
This review addresses not only human studies associated with alcoholic liver
disease, NTX and its components glycyrrhizin and mannitol, but also relevant
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animal and in vitro studies. Animal and in vitro studies provide valuable
information regarding mechanisms of action, safety and efficacy that can be
readily extrapolated to humans, and that cannot be conducted in humans
because of ethical and potential safety considerations. Furthermore, animal
studies corroborate and can greatly extend information derived from human
studies.
In summary, the above human and animal studies demonstrate that coconsumption of NTX with alcohol can ameliorate the hepatotoxic effects of
alcohol and thereby improve the health of alcohol consumers as well as decrease
the alcohol-related burden on society in a cost-effective manner.
HEALTH CLAIMS
Animal and human studies have been conducted with NTX in combination with
alcohol14-19, and described above. In addition, over 70 human, animal and in vitro
studies have been conducted and published on the hepatoprotective, antioxidant
and anti-inflammatory effects of glycyrrhizin and mannitol, the key components
of NTX which have been shown to work synergisitcally 14. Therefore, the following
health claims regarding NTX have been set forth. Each health claim is
substantiated and supported by the available scientific literature.

x
x
x
x
x
x

Provides antioxidant and anti-inflammatory support
Helps protect against oxidative damage to the liver
Helps maintain normal liver enzyme production and function
Supports normal liver defenses and regenerative mechanisms
Reduces the risk of liver diseases including fibrosis and cirrhosis
Ameliorates the symptoms associated with liver disease
including fibrosis and cirrhosis
x Helps maintain normal liver functions
x Helps protect DNA from alcohol-induced damage
x Reduces alcohol-induced DNA damage
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PROVIDES ANTIOXIDANT AND ANTI-INFLAMMATORY SUPPORT
Human and animal studies have shown that NTX decreases alcohol-induced
production of reactive oxygen species (ROS) and ROS metabolites, lipid
peroxidation (MDA formation) and carbonyl protein formation, while increasing
the levels of the endogenous antioxidant reduced glutathione (GSH)14, 16-19.
Furthermore, NTX decreases the alcohol-induced increase in DNA damage in
human peripheral lymphocytes as determined by the single cell electrophoresis
comet assay, the cytokinesis-block micronucleus assay, and 8-hydroxy-2deoxyguanosine formation16. NTX also enhances the levels of the enzymes
catalase, GPX and SOD that decompose ROS14, thereby affording protection from
the tissue damaging effects of ROS.
In an animal study, a licorice extract predominantly containing glycyrrhizin has
been shown to effectively inhibit alcohol induced increases in TNF-ɲ, lipid
accumulation in liver (steatosis) and decreases in the antioxidant GSH20. The
hepatoprotective effect was confirmed histologically. In animals, glycyrrhizin also
inhibits alcohol-induced increases in the inflammatory cytokine NF-ʃB21, 22, and
increases in MDA as well as serum lipids23, while preventing liver injury and
cirrhosis.
Various in vitro studies have demonstrated the antioxidant and free radical
scavenging ability of glycyrrhizin24-29. In cell culture experiments, glycyrrhizin has
been shown to inhibit inflammatory TNF-ɲ secretion30,31 and MDA production
(lipid peroxidation)32-34, while enhancing the antioxidant enzyme SOD and the
antioxidant and tissue protectant GSH32,33,35.
In a number of animal experiments, glycyrrhizin has been shown to decrease the
production of the inflammatory cytokines TNF-ɲ, IL-1 and IL-627, 36-38, decrease
lipid peroxidation (MDA)36, 38-40, increase hepatic GSH content40,41, and increase
levels of the reactive species-eliminating enzymes SOD and GPx 42.
Glycyrrhizin also provides protection against nephrotoxic drugs43 as well as
experimental acute pancreatitis in rats44. In the latter case, glycyrrhizin decreased
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concentrations of the inflammatory cytokines TNF-ɲ, IL-1 and IL-6 and also
decreased MDA production. In this study, the protective effects of glycyrrhizin
were corroborated histologically44.
Glycyrrhizin has been shown to ameliorate liver damage associated with high
fructose intake in rats38 which is characterized by oxidative tissue damage and
inflammation. Glycyrrhizin administration significantly deceased levels of AST,
ALT, ALP, ROS, carbonyl protein, TNF-ɲ, lipid peroxidation (MDA) and apoptosis,
all characteristic of liver damage. The antioxidant, anti-inflammatory and
hepatoprotective effects of the glycyrrhizin were affirmed histologically 38.
Mannitol is the second of the two primary components of NTX. Several human
studies have demonstrated the antioxidant and tissue protective effects of
mannitol. Mannitol has been shown to exhibit tissue protective effects in acute
ischemic-reperfusion injuries45, and antioxidant and free radical scavenging
properties in conjunction with cardiopulmonary bypass 46. Mannitol is used as an
anti-inflammatory and antioxidant in tissue baths associated with kidney
transplants47.
In a study in rats, mannitol was demonstrated to provide protection against
alcohol-induced gastric mucosal damage due to its antioxidant and antiinflammatory properties48. Mannitol has also been shown to exhibit antiinflammatory and antioxidant activity in rats after traumatic brain injury49.
Mannitol decreased production of MDA and normalized the levels of the
antioxidant enzymes catalase and GPx.
In summary, over 30 human, animal and in vitro published studies have confirmed
the antioxidant and anti-inflammatory properties of NTX and its primary
components glycyrrhizin and mannitol. It should be noted that glycyrrhizin and
mannitol afford tissue and organ protection against oxidative stress and ROS
regardless of their source, including chronic alcohol consumption.

HELPS PROTECT AGAINST OXIDATIVE DAMAGE TO THE LIVER
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As noted above, common biomarkers used in assessing the existence and
progression of alcoholic liver damage and disease include the measurement of
serum levels of the enzymes alanine aminotransferase (ALT), aspartate
aminotransferase (AST), gamma-glutamyltransferase (GGT) and alkaline
phosphatase (ALP)50-52. Other biomarkers that are also commonly used to
determine the degree of tissue damage include total bilirubin, lipid profiles,
hemoglobin or serum ferritin, albumin, and platelets.
A randomized, double-blind, placebo-controlled clinical trials involving 12 human
subjects in each study have shown that NTX provides significant liver protection
during 12 days of alcohol consumption as evidenced by decreases in the
biomarkers of liver toxicity ALT, AST, GGT and ALP15.
A second randomized, double-blind, placebo-controlled cross-over clinical trial
involving human 31 subjects was conducted whereby all participants received
alcohol with and without NTX. A seven day cross-over washout was provided
between treatments16. Consumption of alcohol alone caused an increase in
serum ROS and ROS metabolites, a decrease in serum GSH, an increase in MDA,
an increase in protein carbonyl, and an increase in DNA damage in peripheral
lymphocytes as determined by the single cell electrophoresis comet assay, the
cytokinesis-block micronucleus assay, and 8-hydroxy-2-deoxyguanosine
formation. Co-consumption of alcohol with NTX significantly reduced the levels of
ROS and all the oxidative markers, thus demonstrating the tissue protective
effects of NTX.
A meta-analysis of 12 randomized controlled trials (RCTs) has been published that
summarizes the effects of a glycyrrhizin product on liver function in 838 patients
with alcoholic liver disease53. The study results showed that glycyrrhizin
significantly decreased serum ALT and AST levels and the authors concluded that
the glycyrrhizin product significantly improved liver function in alcoholic liver
disease53.
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Several animal studies have demonstrated that NTX provides significant
protection against alcohol-induced oxidative damage to the liver as evidenced by
decreases in serum levels of ALT, AST, GGT and ALP14,19. Increases in hepatic MDA
are an indicator of oxidative liver damage, and NTX significantly reduced the
alcohol-induced production of MDA14,19. The hepatoprotective effects of NTX in
rats were confirmed by histopathological examination of livers that revealed a
marked reduction in alcohol-induced lesions with an absence of necrotic cells 19
In a number of animal experiments, glycyrrhizin has been shown to decrease the
production of MDA (lipid peroxidation)36, 38-40, increase hepatic content of the
antioxidant and free radical scavenger GSH40,41, and increase levels of the reactive
species-eliminating enzymes SOD and GPx42. Glycyrrhizin also provides protection
against nephrotoxic drugs43 as well as experimental acute pancreatitis in rats44. In
the latter case, glycyrrhizin decreased MDA production, am indicator of liver
oxidative damage, and the protective effects of glycyrrhizin were demonstrated
histologically44.
Glycyrrhizin has been shown to ameliorate oxidative liver damage associated with
high fructose intake in rats38. Glycyrrhizin administration significantly deceased
levels of AST, ALT, ALP, ROS, carbonyl protein, TNF-ɲ, lipid peroxidation (MDA)
and apoptosis, all characteristic of oxidative liver damage. The antioxidant and
hepatoprotective effects of the glycyrrhizin were affirmed histologically 38.
In cell cultures, glycyrrhizin has been shown to inhibit TNF-ɲ secretion30,31 and
MDA production32-34, while enhancing the antioxidant enzyme SOD and the
endogenous antioxidant GSH32,33,35.
Glycyrrhizin, one of the active constituents in NTX, has been shown to significantly
reduce serum ALT and AST in patients with chronic hepatitis 54-67, with the
reduction in these enzymes being an indication of the extent of liver damage. The
frequency of ALT normalization was dependent upon duration of glycyrrhizin
administration, with the highest normalization reported being approximately 35
%54. The improved health of the liver was confirmed histologically in one study
where glycyrrhizin treatment resulted in a 45 % improvement in the necrosis
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score63. Glycyrrhizin administration has also been shown to decrease the
incidence of hepatocarcinoma in individuals with hepatitis by as much as 25 % 54,
59, 65-67
.
A meta-analysis of 9 randomized controlled trials involving 687 patients with
chronic hepatitis treated with diammonium glycyrrhizinate, a salt of glycyrrhizin,
has been published68. The study concluded that the diammonium glycyrrhizinate
significantly decreased serum ALT and AST levels as well as provided significant
improvements in total bilirubin and albumin, thus demonstrating improved liver
function.
Another meta-analysis reviewed 24 randomized control trials involving 3201
patients with chronic hepatitis who were treated with diammonium
glycyrrhizinate69. The authors concluded that the diammonium glycyrrhizinate
significantly reduced serum ALT and total bilirubin and ameliorated fibrosis.
In summary, approximately 50 published human studies as well as a number of
animal studies have shown that NTX as well as its primary active constituents
glycyrrhizin and mannitol afford protection against oxidative damage to the liver,
keeping in mind that the mechanism of alcohol toxicity and liver disease involves
oxidative stress and oxidative damage.

HELPS MAINTAIN NORMAL LIVER ENZYME PRODUCTION AND FUNCTION
Animal and cell culture studies have shown that NTX and its active constituents
glycyrrhizin and mannitol help maintain a wide range of liver enzymes at normal
levels including ALT, AST, GGT and ALP, affirming the lack of alcohol-induced
inflammation and tissue damage. Furthermore, antioxidant enzymes as SOD, GPX
and catalase are supported so that they can preclude formation of products of
oxidative tissue damage including ROS, carbonyl protein and MDA. These results
demonstrate that glycyrrhizin and mannitol protect the liver, and support and
facilitate normal liver function.
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A randomized, double-blind, placebo-controlled clinical trial involving 12 human
subjects received alcohol daily for 12 days with or without NTX. NTX coadministration with alcohol provided significant decreases and normalization in
the enzyme biomarkers of liver toxicity ALT, AST, GGT and ALP15,16. The results
demonstrated that NTX precluded alcohol toxicity and helped maintain normal
liver function.
A second randomized, double-blind, placebo-controlled cross-over clinical trial
involving human 31 subjects was conducted whereby all participants received a
single dose of alcohol with and without NTX. A seven day washout was provided
between treatments16. Consumption of alcohol alone caused an increase in
serum ROS and ROS metabolites, a decrease in serum GSH, an increase in MDA,
an increase in protein carbonyl, and an increase in DNA damage in peripheral
lymphocytes as determined by the single cell electrophoresis comet assay, the
cytokinesis-block micronucleus assay, and 8-hydroxy-2-deoxyguanosine
formation. Co-consumption of alcohol with NTX significantly reduced the levels of
ROS and all the oxidative markers16, thus helping to maintain normal liver enzyme
levels and functions.
Glycyrrhizin, one of the active constituents in NTX, has been shown in a number
of clinical studies to significantly reduce and normalize serum ALT and AST in
patients with chronic hepatitis54-67. The frequency of ALT normalization was
dependent upon duration of glycyrrhizin administration, with the highest
normalization reported being approximately 35 %54.
Several animal studies have demonstrated that NTX provides significant
protection against alcohol-induced oxidative damage to the liver as evidenced by
decreases and normalization of the serum levels of ALT, AST, GGT and ALP 14,19.
Rats were given ethanol daily for 28 days with and without NTX19. Alcohol
treatment produced an elevation of serum enzymes ALT, AST, GGT and ALP,
denoting hepatic toxicity. In addition, the endogenous antioxidant GSH was
decreased. Co-administration of NTX with the alcohol resulted in 20-40 %
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decreases in the levels of ALT, AST, GGT and ALP with significant increases in the
antioxidant GSH, demonstrating the ability of NTX to decrease the hepatotoxic
effects of alcohol, and help maintain normal liver enzyme levels. The ability of
NTX to provide protection against alcohol-induced toxicity was confirmed by
histopathological examination of the livers19.
The combination of glycyrrhizin and mannitol, the active ingredients in NTX,
synergistically decreased alcohol induced production of reactive oxygen species
(ROS) by enhancing the levels of the enzymes catalase, GPX and SOD that
decompose tissue damaging ROS14, thus contributing to the maintenance of
normal liver function. In addition, consumption of mannitol and glycyrrhizin
(NTX) prevented alcohol-induced depletion of endogenous GSH levels in the
liver14, indicative of hepatoprotection by NTX and a normal healthy functioning
liver.
Glycyrrhizin ameliorates oxidative liver damage associated with high fructose
intake in rats38. Glycyrrhizin administration significantly normalized levels of AST,
ALT, ALP, ROS, carbonyl protein, lipid peroxidation (MDA) and apoptosis, all
characteristic of oxidative liver damage. The tissue effects of the glycyrrhizin and
normalization of liver function were affirmed histologically 38.
In cell culture experiments, glycyrrhizin has been shown to inhibit TNF-ɲ
secretion30,31 and MDA production32-34, while enhancing the antioxidant enzyme
SOD and the antioxidant GSH32,33,35.
In summary, numerous published human, animal and cell culture studies have
shown that NTX and its primary active constituents glycyrrhizin and mannitol
normalize a wide range of liver enzymes including ALT, AST, GGT, ALP, SOD, GPX
and catalase while inhibiting alcohol-induced inflammation and formation of
products of oxidative tissue damage including ROS, carbonyl protein and MDA.
These results demonstrate that glycyrrhizin and mannitol protect the liver, and
support and facilitate normal liver function.
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SUPPORTS NORMAL LIVER DEFENSES AND REGENERATIVE MECHANISMS
Almost 50 published human clinical studies and a wide variety on animal studies
have demonstrated that NTX and its individual components glycyrrhizin and
mannitol support normal defense mechanisms against alcohol and other
hepatotoxins, allowing normal function and regeneration of the liver.
A randomized, double-blind, placebo-controlled cross-over clinical trial has
demonstrated that NTX provides significant liver protection during 12 days of
alcohol consumption as compared to receiving alcohol alone as evidenced by
decreases and normalization of the hepatic enzyme biomarkers of liver toxicity
ALT, AST, GGT and ALP15. A four week washout period was provided between the
cross-over treatments.
A second randomized, double-blind, placebo-controlled cross-over clinical trial
involving human 31 subjects was conducted whereby all participants received a
single dose alcohol with and without NTX. A seven day washout was provided
between treatments16. Consumption of alcohol alone caused an increase in
serum ROS and ROS metabolites, a decrease in serum GSH, an increase in MDA,
an increase in protein carbonyl, and an increase in DNA damage in peripheral
lymphocytes as determined by the single cell electrophoresis comet assay, the
cytokinesis-block micronucleus assay, and 8-hydroxy-2-deoxyguanosine
formation. Consumption of alcohol with NTX significantly reduced the levels of
ROS and all the oxidative markers and increased serum GSH. The results indicated
that NTX may “be effective in reducing alcohol-induced pathophysiological
changes”16.
A double blind, comparative, cross-over clinical trial was conducted which
examined the effects of alcohol on blood levels of ROS in the absence and
presence of co-administered NTX17. The results demonstrated that NTX
significantly decreased the alcohol-induced generation of ROS and ROS
metabolites, and decreased serum lipid peroxidation product MDA, while
increasing serum levels of the endogenous antioxidant GSH. NTX administration
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with alcohol also significantly decreased serum protein carbonyl levels which are
another marker of alcohol-induced oxidative stress17. Thus, NTX co-administration
with alcohol decreased oxidative tissue damage and supported normal liver
function.
A 28 day experiment was conducted in rats that daily received alcohol with or
without various doses of mannitol, glycyrrhizin or both14. The results
demonstrated that individually mannitol and glycyrrhizin provided significant
hepato-protection while the combination of these two substances (NTX) was
synergistic, affording protection that was greater than the sum of the individual
ingredients. The combination of glycyrrhizin and mannitol restored biomarkers of
liver function to as much as 80 % of normal. The combination (NTX) also provided
significant hepatoprotection from alcohol toxicity as evidenced by decreases in
serum ALT levels as well as the inflammatory cytokine TNF-ɲ and the lipid
peroxidation product MDA.
Glycyrrhizin and mannitol synergistically decreased alcohol-induced production of
reactive oxygen species (ROS) by enhancing the levels of the enzymes that
decompose tissue damaging ROS, namely catalase, GPX and SOD14. Reduced
glutathione (GSH) is the primary antioxidant within cells that protects against
ROS. Alcohol consumption results in a depletion of GSH as a result of the alcoholinduced production of ROS. Concurrent consumption of the combination of
mannitol and glycyrrhizin (NTX) provided significant restoration of endogenous
GSH levels in the liver14, indicative of a more normal healthy functioning liver.
A study was conducted in rats that evaluated the effects of NTX on oxidative
stress induced by a single dose of alcohol 18. The alcohol alone increased hepatic
production of ROS, decreased GSH and increased MDA, all indicators of alcoholinduced toxicity. Co-administration of NTX with the alcohol significantly
modulated these alcohol-induced effects indicating a hepatoprotective effect of
the NTX.
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Another study in rats evaluated the hepatoprotective effects of NTX against
alcohol induced hepatotoxicity19. Rats were given ethanol daily for 28 days with
and without NTX. Alcohol treatment resulted in an elevation of the serum
enzymes ALT, AST, GGT and ALP, denoting hepatic toxicity. In addition, the lipid
peroxidation product MDA was elevated while the endogenous antioxidant GSH
was decreased. Co-administration of NTX with the alcohol resulted in 20-40 %
decreases in the levels of ALT, AST, GGT and ALP, demonstrating the
hepatoprotective effects of the NTX. Furthermore, significant decreases occurred
in alcohol-induced lipid peroxidation (MDA) with significant increases in the
antioxidant and tissue protectant GSH, demonstrating the liver protective effects
of NTX. The hepatoprotective effects of NTX in this rat study were confirmed by
histopathological examination that showed a marked reduction in alcoholinduced lesions with an absence of necrotic cells19.
A study has examined the beneficial effects of a glycyrrhizin product on alcoholinduced fibrosis in rats21. Pathological liver fibrosis was observed when rats were
treated daily with alcohol for 16 weeks. Fibrosis was assessed and demonstrated
by measuring serum levels of hyaluronic acid, laminin, procollagen III and collagen
type IV as well as histopathology. All indices of fibrosis were significantly
decreased in rats co-administered the glycyrrhizin product, thus demonstrating
that the glycyrrhizin exhibits tissue protective effects and supports normal liver
function21.
A study in rats has examined the inhibitory effects of glycyrrhizin on alcohol plus
carbon tetrachloride-induced liver cirrhosis22. The alcohol plus carbon
tetrachloride significantly increased serum ALT and the inflammatory marker NFʃB, and histologically liver steatosis and fibrosis were severe. Co-treatment with a
glycyrrhizin product markedly improved the steatosis and fibrosis, significantly
reduced the serum ALT levels and returned the NF-ʃB levels to near normal. The
authors concluded that the glycyrrhizin protected the liver from hepatotoxininduced liver injury and cirrhosis22.
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A published meta-analysis of 12 randomized controlled trials (RCTs) has
summarized the effects of a glycyrrhizin product on liver function in 838 patients
with alcoholic liver disease53. The analysis showed that glycyrrhizin significantly
decreased serum ALT and AST levels, and the authors concluded that the
glycyrrhizin product significantly improved liver function in alcoholic liver
disease53.
A published meta-analysis of 9 randomized controlled trials involving 687 patients
with chronic hepatitis treated with diammonium glycyrrhizinate, a salt of
glycyrrhizin, concluded that the diammonium glychrryizinate significantly
decreased serum ALT and AST levels68. Furthermore, the treatment provided
significant improvements in total bilirubin and albumin, thus demonstrating
improved liver function.
Another meta-analysis reviewed 24 randomized control trials involving 3201
patients with chronic hepatitis who were treated with diammonium
glycyrrhizinate69. The authors concluded that the diammonium glycyrrhizinate
significantly reduced serum ALT and total bilirubin and ameliorated fibrosis,
therefore supporting normal liver function.

REDUCES THE RISK OF LIVER DISEASES INDLUDING FIBROSIS AND CIRRHOSIS
Alcoholic liver disease exhibits a histopathological progression that ranges from
steatosis to more advanced stages as steatohepatitis, cirrhosis, hepatocellular
carcinoma and liver failure due to necrosis or apoptosis (programmed cell
death)3,4. Common biomarkers used to assess the progression of alcoholic liver
damage and disease included the measurement of serum levels of the enzymes
ALT, AST, GGT and ALP50-52. Other biomarkers that are also used to determine the
degree of tissue damage and impairment of liver function include total bilirubin,
lipid profiles, hemoglobin or serum ferritin, albumin, and platelets.
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Numerous human and animal studies have demonstrated that NTX and its
individual components glycyrrhizin and mannitol support normal defense
mechanisms and preclude alcohol liver diseases including fibrosis and cirrhosis,
thereby allowing normal function and regeneration of the liver.
A randomized, double-blind, placebo-controlled cross-over clinical trial has
demonstrated that NTX provides significant liver protection during 12 days of
alcohol consumption as compared to receiving alcohol alone as evidenced by
decreases and normalization of the hepatic enzyme biomarkers of liver toxicity
ALT, AST, GGT and ALP15. A four week washout period was provided between the
cross-over treatments.
Another randomized, double-blind, placebo-controlled cross-over clinical trial
involving human 31 subjects was conducted whereby all participants received a
single dose alcohol with and without NTX. A seven day washout was provided
between cross-over treatments16. Alcohol alone resulted in an increase in serum
ROS and ROS metabolites, a decrease in serum GSH, an increase in MDA, an
increase in protein carbonyl, and an increase in DNA damage in peripheral
lymphocytes as determined by the single cell electrophoresis comet assay, the
cytokinesis-block micronucleus assay, and 8-hydroxy-2-deoxyguanosine
formation. Consumption of alcohol with NTX significantly reduced the levels of
ROS and all the oxidative markers and increased serum GSH. The results indicated
that NTX may “be effective in reducing alcohol-induced pathophysiological
changes”16.
Glycyrrhizin, one of the two active constituents in NTX, has been shown in a
number of clinical studies to significantly reduce and normalize serum ALT and
AST in patients with chronic hepatitis 54-67. The frequency of ALT normalization was
dependent upon duration of glycyrrhizin administration, with the highest
normalization being approximately 35 %54.
Animal studies have demonstrated that NTX provides significant protection
against alcohol-induced oxidative damage to the liver as evidenced by decreases
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and normalization of the serum levels of ALT, AST, GGT and ALP 14,19. The
combination of glycyrrhizin and mannitol, the active ingredients in NTX,
synergistically decreased alcohol induced production of reactive oxygen species
(ROS) by enhancing the levels of the enzymes catalase, GPX and SOD that
decompose tissue damaging ROS14, thus contributing to the maintenance of
normal liver function. In addition, consumption of mannitol and glycyrrhizin
(NTX) prevented alcohol-induced depletion of endogenous GSH levels in the
liver14, indicative of hepatoprotection by NTX and a normal healthy functioning
liver.
The ability of NTX to protect against alcohol induced hepatotoxicity was evaluated
in rats19. Rats were given ethanol daily for 28 days with and without NTX. Alcohol
treatment produced an elevation of serum enzymes ALT, AST, GGT and ALP, while
the endogenous antioxidant GSH was decreased, denoting hepatic toxicity. Coadministration of NTX with the alcohol resulted in 20-40 % decreases in the levels
of ALT, AST, GGT and ALP with significant increases in the intracellular antioxidant
and tissue protectant GSH, demonstrating the ability of NTX to significantly
decrease the hepatotoxic effects of alcohol. Histopathological examination
confirmed that NTX decreased alcohol-induced damage to the liver and resulted
in a lack of alcohol-induced necrotic cells 19.
A published meta-analysis has summarized the effects of a glycyrrhizin product on
liver function in 838 patients with alcoholic liver disease involving 12 randomized
controlled trials (RCTs)53. Glycyrrhizin administration significantly decreased
serum ALT and AST levels, and the authors concluded that the glycyrrhizin
product significantly improved liver function in alcoholic liver disease 53.
A published meta-analysis of 9 randomized controlled trials involving 687 patients
with chronic hepatitis treated with diammonium glycyrrhizinate, a salt of
glycyrrhizin, demonstrated that the diammonium glychrryizinate significantly
decreased serum ALT and AST levels68. Furthermore, the treatment provided
significant improvements in total bilirubin and albumin, thus demonstrating a
reduction in the effects of the hepatitis and an improvement in liver function.
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A meta-analysis reviewed 24 randomized control trials involving 3201 patients
with chronic hepatitis who were treated with diammonium glycyrrhizinate69. The
diammonium glycyrrhizinate significantly reduced serum ALT and total bilirubin
and ameliorated fibrosis, therefore supporting normal liver function.
A study in rats has evaluated the hepato-protective effects of NTX against alcohol
induced hepatotoxicity19.. Rats were given ethanol daily for 28 days with and
without NTX. Alcohol treatment resulted in an elevation of the serum enzymes
ALT, AST, GGT and ALP, denoting liver toxicity. In addition, the lipid peroxidation
product MDA was significantly elevated while the endogenous antioxidant GSH
was decreased as a result of the alcohol treatment. Co-administration of NTX
with the alcohol resulted in 30-48 % decreases in the levels of ALT, AST, GGT and
ALP, demonstrating the hepatoprotective effects of the NTX. Furthermore, a 61 %
decrease occurred in lipid peroxidation (MDA) with over a 50 % increase in GSH,
demonstrating the liver protective effects of NTX.
The beneficial effects of a glycyrrhizin product on alcohol-induced fibrosis in rats
have been studied21. Pathological liver fibrosis occurred when rats were treated
daily with alcohol for 16 weeks. Fibrosis was assessed and demonstrated by
measuring serum levels of hyaluronic acid, laminin, procollagen III and collagen
type IV as well as histopathology. All indices of fibrosis were significantly
decreased in rats co-administered the glycyrrhizin product, demonstrating that
glycyrrhizin exhibits tissue protective effects and supports normal liver function 21.
Glycyrrhizin has been shown to inhibit alcohol plus carbon tetrachloride-induced
liver cirrhosis in rats22. Alcohol plus carbon tetrachloride significantly increased
serum ALT and the inflammatory marker NF-ʃB, while histologically liver steatosis
and fibrosis were observed to be severe. Co-treatment with a glycyrrhizin
product markedly improved the steatosis and fibrosis, significantly reduced the
serum ALT levels and returned the NF-ʃB levels to near normal. The authors
noted that the glycyrrhizin “protects liver from hepatotoxin-induced liver injury
and cirrhosis”22.
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Magnesium isoglycyrrhizinate, a magnesium salt form of glycyrrhizin, improves
liver function in humans with alcoholic liver70, disease chronic hepatitis71,72,
cirrhosis73 as demonstrated by decreases in the serum levels of ALT, AST and total
bilirubin. These results have been confirmed in rats with non-alcoholic
steatohepatitis74 and mice with acute hepatic injury75 treated with magnesium
isoglycyrrhizinate based on serum measurements of AST, ALT, MDA, lipid profiles
and TNF-ɲ as well as liver histopathology.

AMELIORATES THE SYMPTOMS ASSOCIATED WITH LIVER DISEASE INCLUDING
FIBROSIS AND CIRRHOSIS
The histopathological progression of alcoholic liver disease ranges from steatosis
to more advanced stages as steatohepatitis, cirrhosis, hepatocellular carcinoma
and liver failure due to necrosis or apoptosis (programmed cell death)3,4.
Biomarkers are commonly used to assess the progression of alcoholic liver
damage and disease that include measurement of serum levels of the enzymes
ALT, AST, GGT and ALP50-52. Biomarkers that are also used to determine the
degree of tissue damage as hepatitis, fibrosis and cirrhosis include total bilirubin,
lipid profiles, hemoglobin or serum ferritin, albumin, and platelets.
Numerous human and animal studies have demonstrated that NTX and its
individual components glycyrrhizin and mannitol support normal defense
mechanisms and ameliorate liver diseases including fibrosis and cirrhosis, thereby
facilitating normal function and regeneration of the liver.
NTX co-administration with alcohol has been shown to provide significant
decreases and normalization in the enzyme biomarkers of liver toxicity ALT, AST,
GGT and ALP15. A randomized, double-blind, placebo-controlled cross-over clinical
trial involving 12 human subjects received alcohol daily for 12 days or alcohol in
combination with NTX. A four week washout cross-over period was provided. The
results demonstrated that NTX suppressed alcohol toxicity and helped maintain
normal liver function.
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A second randomized, double-blind, placebo-controlled cross-over clinical trial
involving human 31 subjects was conducted whereby all participants received 1.5
g alcohol/kg with and without NTX. A seven day washout was provided between
treatments16. Alcohol alone caused an increase in serum ROS and ROS
metabolites, a decrease in serum GSH, an increase in MDA, an increase in protein
carbonyl, and an increase in DNA damage in peripheral lymphocytes as
determined by the single cell electrophoresis comet assay, the cytokinesis-block
micronucleus assay, and 8-hydroxy-2-deoxyguanosine formation. Consumption of
alcohol in combination NTX significantly reduced the levels of ROS and all the
oxidative markers. The results indicated that NTX may “be effective in reducing
alcohol-induced pathophysiological changes”16.
Glycyrrhizin, one of the two active constituents in NTX, has been shown in a
number of clinical studies to significantly reduce and normalize serum ALT and
AST in patients with chronic hepatitis 54-67. The frequency of ALT normalization was
dependent upon duration of glycyrrhizin administration, with the highest
normalization being approximately 35 %54.
A meta-analysis has summarized the effects of a glycyrrhizin product on liver
function in 838 patients with alcoholic liver disease involving 12 randomized
controlled trials (RCTs)53. Glycyrrhizin administration significantly decreased
serum ALT and AST levels. The authors concluded that the glycyrrhizin product
significantly improved liver function in alcoholic liver disease, thus ameliorating
the symptoms associated with the disease53.
Animal studies have demonstrated that NTX provides significant protection
against alcohol-induced oxidative damage to the liver as evidenced by decreases
in the serum levels of ALT, AST, GGT and ALP14,19. Oxidative liver damage
ultimately leads to hepatitis, fibrosis and cirrhosis. The combination of glycyrrhizin
and mannitol, the active ingredients in NTX, synergistically decreased alcohol
induced production of reactive oxygen species (ROS) by enhancing the levels of
the enzymes catalase, GPX and SOD that decompose tissue damaging ROS 14, thus
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contributing to the maintenance of normal liver function. In addition,
consumption of mannitol and glycyrrhizin (NTX) prevented alcohol-induced
depletion of endogenous GSH levels in the liver14, indicative of hepato-protection
by NTX and contributing to a normal healthy functioning liver.
A study in rats evaluated the ability of NTX to protect against alcohol induced
hepatotoxicity19.. Rats were given ethanol daily for 28 days with and without NTX.
Alcohol treatment elevated serum enzymes ALT, AST, GGT and ALP, denoting liver
toxicity. In addition, serum levels of the endogenous antioxidant GSH decreased.
Co-administration of NTX with the alcohol resulted in 20-40 % decreases in the
levels of ALT, AST, GGT and ALP with significant increases in GSH, demonstrating
the ability of NTX to significantly decrease the hepatotoxic effects of alcohol. .
Histopathological examination confirmed that NTX decreased alcohol-induced
damage to the livers of these rats and resulted in a lack of alcohol-induced
necrotic cells19.
A published meta-analysis of 9 randomized controlled trials involving 687 patients
with chronic hepatitis treated with diammonium glycyrrhizinate, a salt of
glycyrrhizin, demonstrated that the diammonium glychrryizinate significantly
decreased serum ALT and AST levels68. Furthermore, the treatment provided
significant improvements in total bilirubin and albumin, thus demonstrating a
significant amelioration of the hepatitis in terms of liver function.
A meta-analysis reviewed 24 randomized control trials involving 3201 patients
with chronic hepatitis who were treated with diammonium glycyrrhizinate69. The
diammonium glycyrrhizinate reduced significantly serum ALT and total bilirubin,
and ameliorated fibrosis, therefore supporting normal liver function.
The beneficial effects of a glycyrrhizin product on alcohol-induced fibrosis in rats
have been studied21. Pathological liver fibrosis occurred when rats were treated
daily with alcohol for 16 weeks. Fibrosis was assessed and demonstrated by
measuring serum levels of hyaluronic acid, laminin, procollagen III and collagen
type IV as well as liver histopathology. All indices of fibrosis were significantly
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decreased in rats co-administered the glycyrrhizin product, demonstrating that
glycyrrhizin exhibits tissue protective effects and ameliorates alcohol-induced
liver fibrosis21.
Glycyrrhizin has been shown to inhibit alcohol plus carbon tetrachloride-induced
liver cirrhosis in rats22. Alcohol plus carbon tetrachloride significantly increased
serum ALT and the inflammatory marker NF-ʃB, while histologically liver steatosis
and fibrosis were observed to be severe. Co-treatment with a glycyrrhizin
product markedly ameliorated the steatosis and fibrosis, significantly reducing the
serum ALT levels and returning the NF-ʃB levels to near normal. The authors
noted that the glycyrrhizin “protects liver from hepatotoxin-induced liver injury
and cirrhosis”22.
Studies have shown that magnesium isoglycyrrhizinate, a magnesium salt form of
glycyrrhizin, improves liver function in humans with alcoholic liver 70, disease
chronic hepatitis71,72, cirrhosis73 as demonstrated by decreases in the serum levels
of ALT, AST and total bilirubin. These results have been confirmed in rats with
non-alcoholic steatohepatitis74 and mice with acute hepatic injury75 treated with
magnesium isoglycyrrhizinate based on serum measurements of AST, ALT, MDA,
lipid profiles and TNF-ɲ as well as liver histopathology.

HELPS MAINTAIN NORMAL LIVER FUNCTIONS
Common biomarkers used to assess liver function and disease include the
measurement of blood levels of the enzymes ALT, AST, GGT and ALP50-52. Other
biomarkers that are used to determine the degree of tissue damage and
impairment of liver function include total bilirubin, lipid profiles, hemoglobin or
serum ferritin, albumin, and platelets.
Numerous human and animal studies have demonstrated that NTX and its
individual components glycyrrhizin and mannitol support normal defense
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mechanisms and preclude oxidative tissue damage and inflammation, thereby
allowing normal function of the liver.
The co-administration of NTX with alcohol significantly decreases and normalizes
the enzyme biomarkers of liver toxicity ALT, AST, GGT and ALP15, documenting the
hepatoprotective effects of the NTX. A randomized, double-blind, placebocontrolled cross-over clinical trial involving 12 human subjects received alcohol
daily for 12 days with or without NTX. A four week washout cross-over period
was provided between treatments. NTX decreased the biomarkers of toxicity and
demonstrated that NTX suppressed alcohol toxicity and helped maintain normal
liver function.
A second randomized, double-blind, placebo-controlled cross-over clinical trial
involving human 31 subjects was conducted whereby all participants received a
single dose of alcohol with and without NTX. A seven day washout was provided
between treatments16. Alcohol alone increased serum ROS and ROS metabolites,
decreased serum GSH, increased MDA, increased protein carbonyl, and increased
DNA damage in peripheral lymphocytes. Consumption of alcohol in combination
NTX significantly reduced the levels of ROS and all the oxidative markers. The
results indicated that NTX may “be effective in reducing alcohol-induced
pathophysiological changes”16, helping to maintain normal liver function.
Glycyrrhizin, one of the two active constituents in NTX, has been shown in a
number of clinical studies to significantly reduce and normalize serum ALT and
AST in patients with chronic hepatitis 54-67. The frequency of ALT normalization was
dependent upon duration of glycyrrhizin administration, with the highest
normalization being approximately 35 %54.
A meta-analysis summarized the effects of a glycyrrhizin product on liver function
in 838 patients with alcoholic liver disease involving 12 randomized controlled
trials (RCTs)53. Glycyrrhizin administration significantly decreased serum ALT and
AST levels. The authors concluded that the glycyrrhizin product significantly
improved liver function in alcoholic liver disease53.
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Animal studies have demonstrated that NTX provides significant protection
against alcohol-induced oxidative damage to the liver as evidenced by
normalization of the serum levels of ALT, AST, GGT and ALP 14,19. Rats were given
ethanol daily for 28 days with and without NTX 19. Alcohol treatment produced an
elevation of serum enzymes ALT, AST, GGT and ALP, while the endogenous
antioxidant GSH was decreased, denoting liver toxicity. Co-administration of NTX
with the alcohol resulted in 20-40 % decreases in the levels of ALT, AST, GGT and
ALP with 24-28 % increases in the levels of the antioxidant and tissue protectant
GSH, demonstrating the ability of NTX to significantly decrease the hepatotoxic
effects of alcohol. Histopathological examination confirmed that NTX decreased
alcohol-induced damage to the liver and resulted in a lack of alcohol-induced
necrotic cells19.
Oxidative liver damage ultimately leads to hepatitis, fibrosis and cirrhosis. The
combination of glycyrrhizin and mannitol, the active ingredients in NTX,
synergistically decreased alcohol induced production of reactive oxygen species
(ROS) by enhancing the levels of the enzymes catalase, GPX and SOD that
decompose tissue damaging ROS14, thus contributing to the maintenance of
normal liver function. In addition, consumption of mannitol and glycyrrhizin
(NTX) prevented alcohol-induced depletion of endogenous GSH levels in the
liver14, indicative of hepato-protection by NTX and contributing to a normal
healthy functioning liver.
A published meta-analysis of 9 randomized controlled trials involving 687 patients
with chronic hepatitis treated with diammonium glycyrrhizinate, a salt of
glycyrrhizin, demonstrated that the diammonium glychrryizinate significantly
decreased serum ALT and AST levels68. Furthermore, the treatment provided
significant improvements in total bilirubin and albumin, thus demonstrating an
amelioration of the symptoms of the hepatitis and an improvement in liver
function.
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A meta-analysis reviewed 24 randomized control trials involving 3201 patients
with chronic hepatitis who were treated with diammonium glycyrrhizinate69. The
diammonium glycyrrhizinate reduced significantly serum ALT and total bilirubin,
and ameliorated fibrosis, therefore supporting normal liver function.
A licorice extract predominantly containing glycyrrhizin has been shown to
effectively inhibit alcohol induced fatty liver disease as exemplified by increases
increases in ALT and AST, increases in TNF-ɲ, lipid accumulation in liver (steatosis)
and decreases in the antioxidant GSH20. The hepatoprotective effect of the
glycyrrhizin preparation was confirmed histologically.
The effects of a glycyrrhizin product on alcohol-induced liver fibrosis in rats have
been studied21. Pathological liver fibrosis occurred when rats were treated daily
with alcohol for 16 weeks. Fibrosis was assessed and demonstrated by measuring
serum levels of hyaluronic acid, laminin, procollagen III and collagen type IV as
well as histopathology. All indices of fibrosis were significantly decreased in rats
co-administered the glycyrrhizin product, demonstrating that glycyrrhizin exhibits
tissue protective effects and helps normalize liver function21.
Glycyrrhizin has been shown to inhibit alcohol plus carbon tetrachloride-induced
liver cirrhosis in rats22. Alcohol plus carbon tetrachloride significantly increased
serum ALT and the inflammatory marker NF-ʃB, while histologically liver steatosis
and fibrosis were observed to be severe. Co-treatment with a glycyrrhizin
product markedly ameliorated the steatosis and fibrosis, significantly reducing the
serum ALT levels and returning the NF-ʃB levels to near normal. The authors
noted that the glycyrrhizin “protects liver from hepatotoxin-induced liver injury
and cirrhosis”22.
Glycyrrhizin ameliorates oxidative liver damage associated with high fructose
intake in rats38. Glycyrrhizin administration significantly normalized levels of AST,
ALT, ALP, ROS, carbonyl protein, lipid peroxidation (MDA) and apoptosis, all
characteristic of oxidative liver damage. The tissue protective effects of the
glycyrrhizin and normalization of liver function were affirmed histologically 38.
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In cell culture experiments, glycyrrhizin has been shown to inhibit TNF-ɲ
secretion30,31 and MDA production32-34, while enhancing the antioxidant enzyme
SOD and the antioxidant GSH32,33,35. These results provide supporting evidence of
the ability of glycyrrhizin to promote normal liver function.
Mannitol is the second of the two primary components of NTX. Several human
studies have demonstrated the antioxidant and tissue protective effects of
mannitol. Mannitol has been shown to exhibit tissue protective effects in acute
ischemic-reperfusion injuries45, and antioxidant and free radical scavenging
properties in conjunction with cardiopulmonary bypass 46. Mannitol is used as an
anti-inflammatory and antioxidant in tissue baths associated with kidney
transplants47.
In a study in rats, mannitol was demonstrated to provide protection against
alcohol-induced gastric mucosal damage due to its antioxidant and antiinflammatory properties48. Mannitol has also been shown to exhibit antiinflammatory and antioxidant activity in rats after traumatic brain injury49.
Mannitol decreased production of MDA and normalized the levels of the
antioxidant enzymes catalase and GPx.

HELPS PROTECT DNA FROM ALCOHOL-INDUCED DAMAGE
The metabolism of alcohol in the liver results in the production of reactive oxygen
species (ROS) that produce DNA damage including strand breaks and
fragmentation as well as damage to other tissue components76, 77. ROS can also
activate or repress epigenetic elements as chromatin remodeling, micro-RNAs,
DNA (de)methylation and histone modification that affect gene expression,
thereby leading to various liver disorders77,78. Furthermore, ethanol is
metabolically activated to free radical species that form adducts with DNA,
precluding the formation of various proteins essential for healthy liver
function79,80. Various human, animal and in vitro studies have shown that NTX
and it components glycyrrhizin and mannitol can protect against the formation of
DNA damage induced by alcohol and other agents.
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A randomized, double-blind, placebo-controlled cross-over clinical trial involving
human 31 subjects was conducted whereby all participants received alcohol with
and without NTX. A seven day cross-over washout was provided between
treatments16. Consumption of alcohol alone caused an increase in DNA damage
in peripheral lymphocytes as determined by the single cell electrophoresis comet
assay, the cytokinesis-block micronucleus assay, and 8-hydroxy-2-deoxyguanosine
formation. Co-consumption of alcohol with NTX significantly reduced the levels of
DNA damage by protecting the DNA and preventing damage from occurring
Various studies using human and animal tissues have shown that glycyrrhizin can
prevent oxidative damage to DNA. Incubation of human lymphocytes with
oxidative mutagens as hydrogen peroxide prevented the formation of DNA
damage by as much as 70 %81. Similarly, glycyrrhizin significantly decreases ROSinduced DNA damage in human epithelial cells as determined by a single cell gel
electrophoresis assay82. Glycyrrhizin has also been shown to protect cellular DNA
from radiation induced double strand breaks in human peripheral blood
leukocytes and in peripheral blood leukocytes and bone marrow of mice by
scavenging free radicals and reactive oxygen species83.
In rat primary hepatocyte cultures, glycyrrhizin prevented peroxide-induced DNA
fragmentation and modulated programmed cell death (apoptosis) 33. Several
studies in rats have demonstrated that glycyrrhizin ameliorates oxidative hepatic
DNA damage associated with metabolic syndrome, thus demonstrating its
therapeutic potential against hepatocellular damage38,84. In a rat study,
glycyrrhizin has been referred to as a potent chemopreventive, preventing
oxidative tissue damage and normalizing DNA synthesis and metabolism85. In
mice, glycyrrhizin was shown to prevent oxidative stress-induced DNA
fragmentation and micronucleus formation as well as maintaining normal tissue
histology86.
Mannitol, the other component in NTX in addition to glycyrrhizin, has also been
shown to prevent DNA damage in cell culture and cell free systems. Mannitol has
been demonstrated to prevent oxidative DNA damage in vitro systems involving
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normal human keratinocytes87,88. Mannitol was an effective scavenger of ROS and
an effective inhibitor of oxidative DNA damage. Mannitol in Chinese hamster
ovary (CHO) cells in culture stabilizes DNA and prevents DNA single and double
strand breaks88-90. Mannitol provided significant inhibition of copper and iron
induced DNA damage in isolated rat hepatic nuclei91. Mannitol has also been
shown to prevent DNA damage associated with various ROS generating agents in
in vitro cell-free systems92-94.
The above studies show that NTX as well as its primary components glycyrrhizin
and mannitol can prevent DNA damage as DNA single and double strand breaks
induced by alcohol and other ROS generating systems in liver and other tissues.
The animal and in vitro studies corroborate the human studies with NTX, and
provide information regarding the mechanism of action its primary components.

REDUCES ALCOHOL-INDUCED DNA DAMAGE
Hepatic metabolism of alcohol results in the production of reactive oxygen
species (ROS) that induce DNA damage including strand breaks and fragmentation
as well as damage to other tissue components76, 77. ROS can also modulate
epigenetic elements as chromatin remodeling, micro-RNAs, DNA (de)methylation
and histone modification that affect gene expression, thereby leading to various
liver disorders77,78. Ethanol is also metabolically activated to free radical species
that form adducts with DNA, thereby inhibiting DNA and normal healthy liver
function79,80. Human, animal and in vitro studies have shown that NTX and it
components glycyrrhizin and mannitol can reduce the formation of DNA damage
induced by alcohol and other ROS-generating agents, thus affording tissue and
organ protection.
A randomized, double-blind, placebo-controlled cross-over clinical trial involving
human 31 subjects was conducted whereby all participants received alcohol with
and without NTX. A seven day cross-over washout was provided between
treatments16. Consumption of alcohol alone caused an increase in DNA damage
in peripheral lymphocytes as determined by the single cell electrophoresis comet
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assay, the cytokinesis-block micronucleus assay, and 8-hydroxy-2-deoxyguanosine
formation. Consumption of alcohol with NTX significantly reduced the levels of
DNA damage.
Human and animal tissue studies have shown that glycyrrhizin, a primary
component in NTX, can reduce oxidative damage to DNA. Incubation of human
lymphocytes with oxidative mutagens as hydrogen peroxide reduced ROS
formation of DNA damage by as much as 70 %81. In another study, glycyrrhizin
significantly reduced ROS-induced DNA damage in human epithelial cells as
determined by a single cell gel electrophoresis assay82. Glycyrrhizin reduces
cellular DNA from radiation induced double strand breaks by scavenging free
radicals and reactive oxygen species83. This ability of glycyrrhizin was
demonstrated in peripheral blood leukocytes derived from humans and mice as
well as bone marrow cells of mice83.
In rat primary hepatocyte cultures, glycyrrhizin reduced peroxide (ROS)-induced
DNA fragmentation and programmed cell death (apoptosis)33. Studies in rats
have demonstrated that glycyrrhizin reduces ROS-induced hepatic DNA damage
associated with metabolic syndrome, demonstrating its therapeutic potential
against hepatocellular damage38,84. Glycyrrhizin also accelerates liver regeneration
following partial hepatectomy and decreases elevated serum levels of ALT and
AST, thus demonstrating ability of glycyrrhizin to enhance regeneration of liver
mass and function95. One mechanism whereby glycyrrhizin reduces and inhibits
oxidative DNA damage in tissues may be by the direct binding of glycyrrhizin to
the major and minor grooves and phosphate backbone of DNA as has been shown
in an in vitro model96.
Mannitol, the other component in NTX in addition to glycyrrhizin, has also been
shown to prevent DNA damage in cell culture and cell free systems. Mannitol has
been demonstrated to reduce oxidative DNA damage in vitro systems involving
normal human keratinocytes87,88. Mannitol was an effective scavenger of ROS and
an effective inhibitor of oxidative DNA damage. Mannitol in Chinese hamster
ovary (CHO) cells in culture stabilizes DNA and reduces DNA single and double
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strand breaks88-90. Mannitol provided significant inhibition of DNA damage
associated with copper and iron initiated oxidative stress in isolated rat hepatic
nuclei91. Mannitol has also been shown to reduce DNA damage associated with
various ROS generating agents in in vitro cell-free systems92-94.
In summary, NTX and its primary components glycyrrhizin and mannitol can
reduce DNA damage as DNA single and double strand breaks induced by alcohol
and other ROS generating systems in liver and other tissues. In addition, a study in
rats has demonstrated the ability of glycyrrhizin to restore function and enhance
regeneration of the liver, a benefit that can be readily applied to chronic alcohol
consumption and alcoholic liver disease.

SAFETY
Various studies have assessed the safety of NTX and its constituents, glycyrrhizin
and mannitol. A randomized, double-blind, placebo-controlled cross-over clinical
trial involving 12 human subjects received alcohol daily for 12 days or alcohol in
combination with NTX. A four week washout cross-over period was provided.
NTX co-administration with alcohol has been shown to provide significant
decreases and normalization in the enzyme biomarkers of liver toxicity ALT, AST,
GGT and ALP15. NTX had no effect on heart rate, blood pressures or respiratory
rate, and no adverse effects were reported in these human subjects15. The results
demonstrated that NTX suppressed alcohol toxicity while exhibiting no adverse
effects under the experimental conditions employed in humans.
A 28 day NTX detailed safety study was conducted in rats19. Rats were orally
administered 0, 0.5 gm/kg, 0.75 gm/kg, and 1.0 gm/kg NTX daily for 28 days. The
rats were observed daily for visible signs of reaction to the NTX such as eye and
mucus membrane changes, respiration, central nervous system, circulatory,
somatomotor activity and behavioral patterns. No untoward changes were
observed. Furthermore, no changes were observed with respect to body weights
or food consumption.
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Clinical pathology assessments were conducted on blood samples drawn prior to
treatment at two weeks of treatment and at 28 days of treatment 19. As
compared to the untreated (vehicle only) controls, at no time points did NTX
treatment at any of the three doses result in significant changes with respect to
leukocyte count, erythrocyte count, lymphocyte count, monocyte count,
eosinophil count, basophil count, hemoglobin, differential count, blood clotting
time, packed cell volume, serum sodium and potassium, plasma AST, ALT, ALP,
blood urea nitrogen (BUN), creatinine or total protein. Microscopic examination
of the urine sediment of control and NTX treated groups did not reveal the
presence of any epithelial casts, bacterial cells, erythrocytes or any other
abnormalities at any of the time points over the 28 days of treatment19.
Upon post-mortem examination at the end of the 28 days of the study, the NTX
treated animals did not reveal any significant lesions with respect to vital organs
including livers, lungs, hearts, kidneys, spleens and urinary bladders. In summary,
the results of this detailed safety study in rats clearly demonstrate the safety of
NTX over a range of doses when given daily for up to 28 days 19. No adverse
effects of any kind were observed.
The safety of glycyrrhizin and various salts and derivatives thereof has been
extensively reviewed97. The oral LD50 for glycyrrhetinic acid, the aglycone of
glycyrrhizin, was 610 mg/kg or higher in rats and mice. Based on the differences
in molecular weights, an equivalent amount of glycyrrhizin would be over 1.1 g/kg
in rats which would be over 14.2 grams for an 80 kg human. For the sake of
comparison, the LD50 for caffeine is believed to be in the range of about 10 grams
in humans. In an 8 week study involving 39 healthy volunteers, the no effect level
was conservatively determined to be 2 mg/kg/day or 160 mg for an 80 kg
individual. Glycyrrhizin was shown to be non-phototoxic, Glycyrrhizate salts were
non-carcinogenic in mice, and exhibited no reproductive or developmental
toxicities in rats, mice, hamsters or rabbits97.This detailed report concluded that
glycyrrhizin and its salts exhibited little acute, short-term, subchronic or chronic
toxicity97.
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Ingestion of glycyrrhizin at high doses can have physiological effects including
sodium and water retention, potassium loss, weight gain and increased blood
pressure. However, studies have been conducted where subjects have been
given 300-700 mg glycyrrhizin per week for up to 16 years without significant
adverse effects54,98. Under the conditions of use of NTX, the consumption of
glycyrrhizin would be below the levels required to produce these adverse events.
A review has summarized the use of glycyrrhizin in the treatment of liver
diseases99. Ten clinical studies are reviewed using doses up to 200 mg per day,
primarily given intravenously. Six of the 10 studies reported no adverse effects,
including a study that averaged approximately 10 years. Hypertension with skin
rash was reported in one study that lasted for up to 14.5 years and involved daily
intravenous injections which results in much higher blood and tissue levels than
achieved by oral administration due to the gastro-intestinal metabolism of
glycyrrhizin. Two studies reported headache and three studies reported an
increase in blood pressure99, which cannot be correlated with similar doses given
orally.
Numerous plants and fungi produce mannitol, and as a consequence, mannitol is
a common sugar alcohol present in the diet of human100. The subchronic oral
toxicity of mannitol was studied in rats that were given approximately 12 grams of
mannitol per kg per day for 90 days101. This dose would be equivalent to an 80 kg
individual consuming about 155 grams of mannitol per day. The authors
concluded that mannitol did not produce signs of toxicity.
The patent for NTX notes that glycyrrhizin is used at a concentration of 0.05-0.3 %
while mannitol is used in the range of 0.5-3.0 %14. For someone consuming 60 ml
of an alcoholic beverage (4 shots) containing NTX, they would consume 30-180
mg of glycyrrhizin and 300 mg-1.80 grams of mannitol, amounts that are clearly
within the safety ranges for both ingredients.
CONCLUSIONS
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The adverse health effects and societal costs of chronic and heavy alcohol
consumption are well documented, and alcohol is a risk factor or cause of
numerous diseases with alcoholic liver disease being the most common problem
associated with chronic alcohol consumption. As a consequence, there is a
pressing need to develop strategies for safer alcohol consumption and treatment
in order to reduce alcohol-associated morbidity and mortality, and the high cost
to society.
NTX is a patented product composed of the primary ingredients glycyrrhizin and
mannitol that act synergistically. Based on the totality of the scientific
information and evidence, NTX and its active ingredients glycyrrhizin and
mannitol are safe and exhibit beneficial properties with respect to the potentially
detrimental effects of alcohol. Therefore, health claims regarding NTX have been
set forth, and each health claim is substantiated and extensively supported by the
scientific literature.
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CURRICULUM VITAE

S.J. STOHS, Ph.D.

Birth: Ludell, Kansas USA
EDUCATIONAL BACKGROUND:
Secondary School
B.S. in Pharmacy
M.S. in Natural Products
and Biochemistry
Ph.D. in Biochemistry
Post-Graduate Study

- Scribner Public High School, Graduated 1957
- The University of Nebraska, Lincoln, 1962
- The University of Nebraska, Lincoln, 1964
- The University of Wisconsin, Madison, 1967
- Karolinska Institute, Stockholm, Sweden, 1975-76
- National Institute of Environmental Health Sciences
Research Triangle Park, NC 1987-88

PHARMACY LICENSE:
Nebraska
ACADEMIC APPOINTMENTS:
Assistant Professor, Department of Pharmacognosy, University of Nebraska,
September 1967.
Assistant Professor and Acting Chairman, Department of Pharmacognosy,
University of Nebraska, September 1968.
Member of the Graduate Faculty, University of Nebraska, June 1969.
Chairman, Department of Pharmacognosy, University of Nebraska, September
1970.
Associate Professor and Chairman (tenured), Department of Pharmacognosy,
University of Nebraska, September 1971.
Associate Professor and Chairman, Department of Medicinal Chemistry and
Pharmacognosy, University of Nebraska, September 1972.
Professor and Chairman, Department of Medicinal Chemistry and
Pharmacognosy, University of Nebraska Medical Center, July 1974.
Leave of Absence from the University of Nebraska, and Visiting Research
Associate, Department of Forensic Medicine, Karolinska Institute, Stockholm,
Sweden, 1975 - 76.
Professor and Chairman, Department of Biomedicinal Chemistry, University of
Nebraska Medical Center, August 1977.
Professor, Eppley Institute, February 1982.
Assistant Dean for Graduate Studies and Research, College of Pharmacy,
Professor, Pharmaceutical Sciences and Eppley Institute, University of
Nebraska Medical Center, November 1985.
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Professor, Pharmaceutical Sciences and Eppley Institute, University of Nebraska
Medical Center, July 1987 - January 1989.
Faculty Development Leave from University of Nebraska, and Visiting Professor,
Systemic Toxicology Branch, National Institute of Environmental Health
Sciences, Research Triangle Park, North Carolina, September 1987 through
June, 1988.
Assistant Dean for Research and Professor, School of Pharmacy and Allied Health
Professions, and Professor of Pharmacology, School of Medicine, Creighton
University, January, 1989.
Acting Dean, School of Pharmacy and Allied Health Professions, Creighton
University, October, 1990.
Dean, School of Pharmacy and Health Professions, Creighton University, July,
1991 - June, 2003.
Dean Emeritus, School of Pharmacy and Health Professions, Creighton University,
July, 2003.
INDUSTRIAL APPOINTMENTS:
Senior Vice President of Research and Development, AdvoCare International,
Carrollton, TX, October 2003 – 2009(retired). Responsible for development of
over 25 new products and reformulation of over 40 products. New product
development resulted in submitting 3 patent applications with one patent
awarded and two pending.. Also had overall responsibility for product quality
control/quality assurance, adverse events reporting, structure/function claims
submitted to FDA, product training, clinical pilot studies on new and
reformulated products, contract research studies regarding AdvoCare products,
and audits of manufacturing facilities. In addition, interfaced with all other
departments/areas, assisted in negotiation of product and raw material prices,
and assisted in resolution of products/supply chain issues. Answered numerous
distributor-related questions regarding ingredients, products and product
applications.
Vice President for Scientific Affairs, AdvoCare International May 2014—January 1,
2015.
Kitsto Consulting LLC, Frisco, TX, January 2009 to present. Founding partner in
consulting company specializing in toxicology, nutrition and wellness, research
design and organizational analysis.
ADMINISTRATIVE EXPERIENCE:
Vice for Scientific Affairs, ADVOCARE International, May 2014-January 1, 2015.
Sr. Vice President of Research & Development, ADVOCARE International, 20032009(retired).
Responsible for the development of a research and development program,
including the hiring of staff, and establishing operational policies and procedures.
Overall responsibility for product development, product review and reformulation,
quality assurance/quality control, regulatory affairs, adverse events,
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documentation and records and good manufacturing practices for manufacturing
facilities. Established research protocols for selected ADVOCARE products and
identified research facilities. Member of supply chain team and product launch
team. Extensive interface with distributors through product training presentations,
email, AdvoLink and face-to-face interactions. Responsible for product training
and participated in over 25 Success Schools since 1998.
Dean, School of Pharmacy and Allied Health Professions, Creighton University,
1991 –2003.
Program had 23 faculty members and six staff when position was assumed.
In 2003, the School has over 100 faculty and approximately 45 staff. Developed
the Doctor of Pharmacy degree as the sole professional degree. Initiated
distance-learning Doctor of Pharmacy pathway for practitioners. Initiated the first
entry-level Doctor of Physical Therapy and Doctor of Occupational Therapy
programs in the country. Developed a post-professional Doctor of Occupational
Therapy pathway. Initiated distance-learning pathways for the Doctor of
Occupational Therapy and the Doctor of Physical Therapy for practitioners.
Initiated a M.S. in Pharmaceutical Sciences. Initiated a Master of Health
Services Administration program. Developed the nation’s first web-based entrylevel Doctor of Pharmacy pathway. Developed a B.S. program in Health
Sciences for students in the Doctors of Pharmacy, Physical Therapy and
Occupational Therapy Programs.
Acting Dean, School of Pharmacy and Allied Health Professions, Creighton
University, 1990 – 1991.
Assistant Dean for Research, Creighton University, 1989 - 1990.
Assistant Dean for Research and Development, University of Nebraska Medical
Center, 1986 - 1987.
Assistant Dean for Research and Graduate Education, University of Nebraska
Medical Center, 1985 - 1986.
Chaired various committees at the campus, state and national levels including:
Departmental Graduate Committee; College Policy and Procedures
Committee; Pharmaceutical Sciences Area Graduate Committee; State
Commission on Drugs, Education Subcommittee; UNMC Marshalling Corps;
Faculty Senate Grievance Committee; AACP Biological Sciences Resolutions
Committee; Academy of Pharmaceutical Sciences Kilmer Prize Committee;
Program Committee, American Society of Pharmacognosy; Biological
Sciences Section of AACP; AACP Biological Sciences Nominating
Committee; Special Projects Grants Committee of AACP; University of
Nebraska Chapter of Sigma Xi; and University wide Strategic Planning
Subcommittee, Search Committees for Deans of School of Dentistry, School
of Law and College of Business Administration.
Directed the research of over 40 graduate students, and the research and budgets
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of over 60 grants and contracts.
Chairman of Department, 1968-85. Responsible for the budgets and programs of
the Department of Biomedicinal Chemistry. Responsible for promotion and
tenure recommendations, departmental budget, recommendations for faculty
salaries and teaching assignments. The Department had 9 tenure track
faculty (3 through Eppley), 4 additional adjunct faculty, 18 graduate students,
one full-time secretary and additional secretarial assistance.
SOCIETY MEMBERSHIPS:
Sigma Xi, Rho Chi Pharmacy Honor Society, American Association of Colleges of
Pharmacy, Drug Metabolism Group of the American Society for Pharmacology and
Experimental Therapeutics, International Union of Pharmacology Section on
Toxicology, International Society for the Study of Xenobiotics, Society of
Toxicology, International Association of Biomedical Gerontology, Phi Lambda
Sigma Leadership Honor Society, Phi Beta Delta Honor Society for International
Scholars, American Pharmaceutical Association, Association of Schools of Allied
Health Professions, American College of Nutrition, American Nutraceutical
Association, Society of Free Radical Biology and Medicine, International
Federation of Sports Medicine.

AWARDS AND HONORS:
B.S. in Pharmacy with Distinction, 1962; NIH Predoctoral Fellowship, 1962-64; NIH
Trainee Fellowship, 1964-67; elected Sigma Xi, 1966; selected to participate in the
American Association of Colleges of Pharmacy Visiting Lecturer's Program,
1972-73; major professor of the Outstanding Graduate Student at the University of
Nebraska for 1973-74 (Ronald Talcott), for 1976-77 (Lester Reinke), and for
1979-80 (Walid Al-Turk) selected by Sigma Xi chapter; selected as an Outstanding
Educator of American, 1975; listed in American Men and Women of Science,
1968-present; elected to membership into the American Society for Pharmacology
and Experimental Therapeutics, 1976; selected to Notable Americans of 1976-77;
Sigma Xi Outstanding Scientist Award for 1977-78 at University of Nebraska;
University of Nebraska Medical Center Outstanding Teacher Award, 1981;
President, University of Nebraska Chapter of Sigma Xi, 1984-85; Visiting
Professor, Tanta University, Tanta, Egypt, April 1985; Alumni Faculty Award for
Outstanding Research, 1985; 1985 APhA Foundation/APhA Academy of
Pharmaceutical Sciences Research Achievement Award in Pharmacodynamics;
1988 Burlington Northern Faculty Achievement Award, University of Nebraska;
American Association of Colleges of Pharmacy Teacher of the Year Award,
1987-88; Native Son Award, Scribner, NE, 1992; Phi Beta Delta, Honor Society for
International Scholars, 1992; Phi Lambda Sigma Excellence in Leadership Award,
Creighton University, 1994-95; Creighton University Black Employee Network
Service Award, 1995; Nebraska Pharmacists Association Cora Mae Briggs
Outstanding Service to Nebraska Pharmacy Award, 1996; Elected into Fellowship
in the Academy of Toxicological Sciences (Fellow ATS), 1998 (recertified in 2003);
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Honorary Member of the Turkish Clinical Pharmacy Society, 1998; Elected into
Fellowship in the American College of Nutrition (Fellow ACN), 1999; Elected into
Fellowship in the Association of Schools of Allied Health Professions (Fellow
ASAHP, 1999); Holder, Gilbert F. Taffe, Jr. Endowed Chair, 2000-2003; National
Multiple Sclerosis Corporate Achievers Award for Outstanding Leadership and
Community Involvement, 2000; John Doull Award in Toxicology, Central States
Chapter, Society of Toxicology, 2001; Certified Nutrition Specialist (CNS) by the
Certification Board of the American College of Nutrition, 2002; Dean Emeritus,
School of Pharmacy and Health Professions, Creighton University, 2003;
American College of Nutrition Industrial Recognition Award, 2007; University of
Nebraska Medical Center 2010 Distinguished Pharmacy Alumni Award; Fellowship
in Americal Pharmacists Association (Fellow APhA, 2014).Excellence in Nutrition
Science Award, Emord & Associates, 2014; Excellence in Integrative Medicine
Award, Emord & Associates, 2014; Pharmacy Education Recognition Award,
Fourth International Meeting of Pharmacy and Pharmaceutical Sciences, Istanbul,
turkey, 2014.

DISSERTATIONS AND THESES DIRECTED:
1.

Incorporation of 14C-Acetate into Khellin and Visnagin in Ammi visnaga
Plants and Suspension Cultures. 1969. Min-Hsiu Chen, M.S.

2.

The Production of Diosgenin and the Metabolism of 14C-Cholesterol by
Dioscorea deltoidea Wall Tissue Cultures. 1969. Balkrishena Kaul, Ph.D.

3.

The In Vitro Metabolism of 3H-Digoxigenin. 1972. Ronald E. Talcott, M.S.

4.

Studies of pH Effects on the Therapy of Chronic Urinary Tract Infections In
Vivo. 1973. Victor A. Padron, M.S.

5.

Phytochemical Studies on Tissue Cultures of Withania somnifera. 1973. Poli
Chen Yu, M.S.

6.

Some Aspects of Cardenolide Metabolism with Particular Reference to the
Hepatic Microsomal NADPH-Dependent Mixed-Function Oxidase System.
1973. Ronald E. Talcott, Ph.D.

7.

A Phytochemical Investigation of Corchorus olitorius and C. capsularis Tissue
Cultures. 1974. Cindy Tarng, M.S.

8.

The In Vitro and In Vivo Metabolism of H3-Digitoxin and H3-Digitoxigenin in
the Rabbit and Some of the Related Aspects. 1974. William H. Bulger, Ph.D.

9.

The Influence of Selected Sedative-Hypnotics on Mixed-Function Oxidases.
1975. Lester A. Reinke, M.S.
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10. The Microencapsulation and Properties of Selected Drugs.
Naik, Ph.D.

1975.

Kedar

11. A Rapid In Vivo Preliminary Screening Technique in Mice for Antiarrhythmic
Drugs. 1976. Peter Nwangwu, M.S.
12. Some Affects of Streptozotocin-Induced Diabetes on Hepatic Mixed-Function
Monooxygenase Enzymes in Rats. 1977. Lester A. Reinke, Ph.D.
13. Hepatic Glutathione Levels in Diabetic Rats. 1977. Jeanne M. Hassing, M.S.
14. An Evaluation of Several Methods for the Determination of Catecholamines in
Plasma. 1978. Glen A. Scratchley, M.S.
15. In Vitro Production of Estrone and Estriol from Selected Steroid Precursors in
the Rabbit. 1978. Victor A. Padron, Ph.D.
16. Effects of Lithium Chloride on Aconitine-Induced Arrthythmias, Atrial and
Ventricular Tachycardias, and on the Distribution of Selected Electrolytes and
ATPases in the Mouse Heart. 1978. Oladipo Oredipe, M.S.
17. The Antiarrythmic Activities, Acute Toxicity Profile and Hemodynamic
Properties of Some New and Selected Quinidine Analogs. 1979. Peter U.
Nwangwu, Ph.D.
18. Some Aspects of Sex Dependent Regulation of Drug Metabolizing Enzymes
in Hepatic and Extrahepatic Tissues. 1979. Walid A. Al-Turk, Ph.D.
19. The Effects of Chronic Inorganic Lead Poisoning on
5'-Nucleotides in the Rabbit. 1979. Mark S. Swanson, M.S.

Erythrocyte

20. The Effects of Various Xenobiotics on Aryl Hydrocarbon Hydroxylase Activity
of Intestinal and Hepatic Microsomes from Male Rats. 1981. Lin-Jau Wu,
M.S.
21. The Synthesis and Preliminary in vitro Biological Evaluation of 5,8
Endoethano-3-hydroxy-N-methylmorphinan and Its Immediate Precursors.
1981. Victoria F. Roche, Ph.D.
22. Studies on the Effect of Intragastrically Administered 3-Methylcholanthrene
on Intestinal Mixed-Function Oxidase Activity and Protein Synthesis. 1982.
Jeanne Marie Hassing, Ph.D.
23. Effect of Diphenylhydantoin on Hepatic and Extrahepatic Mixed Function
Oxidases in the Female Rat. 1982. Ronald J. Heinicke, M.S.
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24. Changes in Glutathione and Glutathione Metabolizing Enzymes in
Erythrocytes and Lymphocytes of Humans and Mice as a Function of Age.
1982. Fatma H. El-Rashidy, M.S.
25. Studies on Polyamine Decarboxylases, DNA Synthesis and Ultrastructural
Alterations in 17-Estradiol-Stimulated Rat Target Organs and Estriol
Antagonism. 1982. Lynn A. Lavia, Ph.D.
26. Percutaneous Absorption of Iodochlorhydroxyquin.
Ezzedeen, Ph.D.

1983.

Fikrat Wahbi

27. Some Biochemical Characteristics of Pyrimidine 5'-Nucleotidase Deficient
Erythrocytes. 1983. Mark S. Swanson, Ph.D.
28. A Possible Role of Lipid Peroxidation in TCDD Toxicity. 1984. Mohammad
Q. Hassan, Ph.D.
29. Biochemical and Toxicological Effects of 2,3,7,8-Tetrachlorodibenzo-p-dioxin
Congeners in Female Rats. 1985. Mike A. Shara, M.S.
30. Lipid Peroxidation, Calcium, Iron and TCDD Toxicity in Rats. 1985. Zainab
A.F. Al-Bayati, Ph.D.
31. Biochemical and Functional Effects of 2,3,7,8-Tetrachlorodibenzo-p-dioxin
(TCDD) on the Hearts of Female Rats. 1987. S.J. Hermansky, M.S.
32. Lipid
Peroxidation
Inducibility
of
Carbon
Tetrachloride,
Hexachlorocyclohexane,
Dieldrin,
Hexafluorobenzene
and
Hexachlorobenzene in Female Rats. 1987. M.R. Goel, M.S.
33. The Role of Divalent Cations in TCDD Induced Lipid Peroxidation and DNA
Damage in Rats. 1988. Z.Z. Wahba, Ph.D.
34. Effects of TCDD on Lipid Peroxidation and Membrane Fluidity in the
Mitochondria and Plasma Membranes of Rat Liver. 1988. N. Alsharif, M.S.
35. Effects of the Blue-Green Algal Hepatotoxin Microcystin-LR in Female Mice.
1990. S.J. Hermansky, Ph.D.
36. Evidence of 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD)-Induced Oxidative
Stress in Female Rats. 1990. M.A. Shara, Ph.D.
37. TCDD, Phagocytic Cells and Oxidative Stress. 1992. N.Z. Alsharif, Ph.D.
38. Mechanism of Ricin-Induced Oxidative Stress in Mice.
Muldoon, Ph.D.

1995.

Daniel F.
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OTHER TRAINING ACTIVITIES:
Professional and undergraduate students who have received research training Naser Alsharif
Pat Casey
Phil Dickson
Julie Dopheide
Joseph Guzzo
Jeanette Haggerty
Joseph Hanna-Salem
Jeanne M. Hassing
Julia Kelly
Brian Knobel
Craig Kubitcek
Lon Lowry
Hamid Mohammadpour
Jeff Moser
Peter Nwangwu
John Obrist
Zeke Paster
Lester A. Reinke
Julie Sabatka
Sohel Sachek
Alan Smalljohn
Jorja Sturek
Philip Vuchetich
Christine Wagner
Bruce Weber
Vikki Miller
Kate Takacs
Post-doctoral fellows Dr. Paul Akubue
Dr. Hanan Al-Kaysi
Dr. Walid Al-Turk
Dr. Albert Awad
Dr. Debasis Bagchi
Dr. Manashi Bagchi
Dr. Laura Cook
Dr. Ezdihar Hassoun
Dr. Frank Luman
Dr. Rodney Markin
Dr. Zuhair Muhi-Eldeen
Dr. Gita Mukherjee

PATENTS:
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U.S. patent 6,291,517 issued September 18, 2001 to D. Bagchi, M. Bagchi and S.
J. Stohs on a “Method for preventing or reducing stress-induced gastric injury using
grape seed proanthocyanidin extract.”
U.S. patent 7,645,742 issued January 12, 2010 to S. J. Stohs on “Composition for
enhancing cellular energy” (Muscle fuel-AdvoCare International).
U.S. patent 7,989,009 issued August 2, 2011 to C. Kandaswami, S. J. Stohs and
T. Coyle on “Composition and method for promoting weight loss”.
U.S. Patent 8.975,236 B2 issued March 10, 2015 to S. J. Stohs and H. Miller on
“Dietary supplement composition of citrus derivatives”.

RESEARCH PUBLICATIONS (ABSTRACTS NOT INCLUDED):
1.

Stohs, S.J. and Staba, E.J. Production of Cardiac Glycosides by Plant Tissue
Cultures. IV. Biotransformation of Digitoxigenin and Related Substances. J.
Pharm. Sci. 54, 56-58 (1965).

2.

Stohs, S.J., Zull, J.E. and DeLuca, H.F. Vitamin D Stimulation of H 3-Orotic
Acid Incorporation into Ribonucleic Acid of Rat Intestinal Mucosa.
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Program." S.J. Stohs and E.B. Roche. American Association of Colleges of
Pharmacy, 1978, Orlando, Florida.
37. "The Role of Medicinal Chemistry in a Pharm. D. Curriculum." E.B. Roche
and S.J. Stohs. American Association of Colleges of Pharmacy, 1978,
Orlando, Florida.
38. "Androsterone (D4) Conversion to Estrone (E1) and Estriol (E3) by Mixed
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Stohs and W.A. Al-Turk. Society of Toxicology, 1986, New Orleans,
Louisiana.
90. Biochemical and Toxicological Effects of TCDD Congeners in Female Rats.
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Digestive Disease Week, 1998. New Orleans, LA.
186. The cytotoxic effects of a novel grape seed proanthocyanidin extract on
cultured human cancer cells. S.S. Joshi, X. Ye, W. Liu, M. Bagchi, H.G.
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B6C3F1 mice. S. Stohs, S. Gross, C. Patel, R. Hackman and S. Ray. Society of
Toxicology, 2003. Salt Lake City, UT.
210. Prior exposure of Helicobacter pylori to bile salts and sodium chloride increases
susceptibility to clarithromycin. A. Chatterjee, T. Yasmin, A. Hossain, D. Bagchi
and S. Stohs. American Society of Microbilogy, 2003. Washington, DC.
211. Mechanisms of cell death after acetaminophen overdose: Apoptosis or oncotic
necrosis? S.D. Ray, S. Gross, A. Chou, C. Brucculeri, D. Bagchi and S. Stohs.
Experimental Biology Annual Meeting, 2003, San Diego, CA.
212. Entry-level and post-professional clinical doctoral programs in physical therapy
(DPT): an administrative perspective. S.J. Stohs, G.M. Jensen, C. Goulet and
R.W. Sandstrom. World Conference on Physical Therapy, 2003. Barcelona,
Spain.
213. The effects of hydroxycitric acid extract and fluoxetine on rat brain cortex
neurotransmitters after 30, 60 and 90 days treatment. M. Shara., S.J. Stohs, D.
Bagchi, M. Bagchi and S. Ohia. Society of Toxicology, 2004. Baltimore, MD.
214. Exposure for one year to a metabolic nutrition system containing ephedra and
caffeine does not alter serum chemistry profile or target organ histopathology of
B6 C3 F1 mice. S.D. Ray, S. Stohs and R. Hackman. Society of Toxicology,
2004. Baltimore, MD.
215. Safety of a novel, natural extract of hydroxycitric acid, a supplement for weight
management. D. Bagchi, M. Shara, S. E. Ohia, T. Yasmin, M. Bagchi, A.
Chatterjee, and S.J. Stohs. Society of Toxicology, 2004. Baltimore, MD.
216. Citrus aurantium: Safe and effective in weight management? S.J. Stohs, D.
Bagchi and H. Preuss. Society of Free Radicals Research, 2004. Tamil Nadu,
India.
217. Citrus fruits in weight management: case studies – safety and efficacy of Citrus
aurantium (bitter orange). S.J. Stohs and H.G. Preuss. WorldNutra 2004, San
Francisco, CA.
218. Four-week exposure to a novel nutritional mixer containing a series of
polyphenolic phytochemicals antagonizes acetaminophen-induced hepatotoxicity
in vivo. S.J. Stohs, A.Nagori, A. Naqvi, N.Shah and S.D. Ray. Society of
Toxicology, 2005. New Orleans, LA.
219. Activation of endonuclease or caspase-activated DNASE (CAD) as a marker of
apoptosis rather than necrosis in drug- or chemical-induced oncosis in vivo. S.D.
Ray, S. Stohs and G. B. Corcoran. Society of Toxicology, 2005. New Orleans,
LA.
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220. Development of web-based programs/pathways from an administrative
perspective. S.J. Stohs. Symposium on the Virtual Frontier, 2005. Omaha, NE.
221. Selected nutrients in muscle atrophy and advancing age-related disorders. S.J.
Stohs. WorldNutra 2005. Anaheim, CA.
222. Glycemic index: Impact on diabetes and metabolic syndrome. S.J. Stohs,
WorldNutra 2006. Reno, NV.
223. In vivo exposure effects of a complex metabolic nutrition system on serum
chemistry and histopathology: A one-year safety and efficacy study. S.D. Ray, J.
Rathod, D. Zinkovsky, E.Bulku, S. Ismail, J. Gigliotti, R. Hackman and S. Stohs.
American College of Nutrition, 2006. Reno, NV.
224. Long-term exposure effects of a novel phytochemical-nutraceutical mixture
(metabolic nutrition system – platinum) on serum biochemistry and
histopathology of seven vital target organs of B6 C3 F1 mice. S.D. Ray, S. Patel,
J. Rathod, N. Patel, E. Bulku, D. Zinkovsky, R.M. Hackman and S.J. Stohs.
Society of Toxicology, 2006. San Diego, CA.
225. Eight-week exposure effects of a novel dietary supplement – ThermoPlus on
serum biochemistry and histopathology of vital target organs of fisher rats. S.D.
Ray, M. Parmar, D. Zinkovsky, I. Syed, J. Rathod, K. Sajh, R.M. Hackman and
S.J. Stohs. Society of Toxicology, 2007. Charlotte, NC.
226. Importance of proper hydration: A novel rehydration drink supported by research
studies. S.J. Stohs, P. Snell, R. Ward and C. Kandaswami. Institute for Food
Technology, 2007. Chicago, IL.
227. Dietary supplement ThermoPlus reduces the level of oxidative stress and
stabilizes the genomic integrity in the liver and kidneys of fisher 334 rats. S.D.
Ray, E. Bulko, M. Parmar, I. Syed, C. Patel, S. Bhatt, R.M. Hackman and S.J.
Stohs. American College of Nutrition, 2007. Orlando, FL.
228. The AdvoCare experience in monitoring adverse events. S.J. Stohs and T.
Dollar. American College of Nutrition, 2007. Orlando, FL.
229. Effects of an adaptogen-based supplement (A-Supreme) on stress parameters in
healthy volunteers. M. Shara, S. J. Stohs and E. Kakish. American College of
Nutrition, 2008. Arlington, VA.
230. Safety evaluation of Super CitriMax (HCA-SX), a natural extract of (-)hydroxycitric acid derived from Garcinia cambogia. S. J. Stohs, S. E. Ohia, H. G.
Preuss, M. Bagchi, F. C. Lau, and D. Bagchi. American College of Nutrition,
2009, Orlando, FL.
231. Are non-nutritive sweeteners as safe as sugar? S. J. Stohs. American College
of Nutrition, 2009, Orlando, FL.
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232. Efficacy and safety of Super CitriMax(HCA-SX), a novel weight loss supplement
derived from Garcinia cambogia. International Society for Nutraceuticals and
Functional Foods, 2009, San Francisco, CA
233. p-Synephrine safety study: A randomized clinical study. M. Shara and S. J.
Stohs. American College of Nutrition, 2011, Morristown, NJ.
234. Nutritional supplements in the surgical patient. S. J. Stohs, S. J. Dudrick.
American college of Nutrition, 2011, Morristown, NJ.
235. 60 Day human double blind, placebo-controlled safety study on Citrus aurantium
(bitter orange) extract. S. J. Stohs, G. R. Kaats, H. Miller, H. G. Preuss.
American College of Nutrition. 2012. Morristown, NJ.
236. Review of the safety and efficacy of banaba and bitter orange extracts. S. J.
Stohs. International Society for Nutraceuticals and Functional Foods, 2012.
Kona, Hawaii
237. Review of the safety and efficacy of banaba and bitter orange extracts. S. J.
Stohs. International Society for Nutraceuticals and Functional Foods, 2012.
Kona, Hawaii.
238. Nutraceuticals and Dietary Supplements in enhanced sports performance.
S.J.Stohs. Institute of Food Technicians, 2014, New Orleans, LA
239. Role of Dietary Supplements in Disease Prevention and Management. S. J.
Stohs, Fourth International Meeting of Pharmacy and Pharmaceutical Sciences,
2014, Istanbul, Turkey.
240. Major changes in clinical pharmacy education and practice. S.J.Stohs. Fourth
International Meeting of Pharmacy and Pharmaceutical Sciences, 2014, Istanbul,
Turkey.
241. The effects of supplementation with Advantra Z alone and in the combination
with caffeine on lypolytic and cardiovascular responses during resistance
exercise. N.A. Ratamess, J. A. Bush, W.J. Kraemer, S. J. Stohs, V. G. Nocera,
M. D. Leise, K. B. diamond, L. Pigott, J. Pacifico, C. Noonan, A.D. Faigenbaum.
International Society of Sports Nutrition. 2015. Austin, TX.
242. Effect of p-synephrine and caffeine supplementation on metabolic responses
during heavy resistance exercise. J.A. bush, N>D. Ratamess, J. Kang, W.J.
Kraemer, S.J. Stohs, V.G. Nocera, M.D. Leise, K.B. Diamond, L. Pigott, J.
Pacifico, C. Noonan, A.D. Fagenbaum. National Strength and Conditioning
Association. 2015. Orlando, FL.

COURSES DEVELOPED:
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Pharmaceutical Biochemistry, 6 cr
Clinical Chemistry and Biochemistry, 2 cr
Chemotherapy and Immunotherapy, 4 cr
Immunologic Systems of Defense, 2 cr
Introduction to Nutrition and Diet Therapy, 2 cr
Basic Life Support for Pharmacists, 1 cr
Drug Metabolism and Disposition, 2 cr
Research Design and Biostatistics, 3 cr

TEACHING INTERESTS:
Clinical education and nutrition; toxicology; food and nutritional toxicology.
chemotherapy; drug metabolism; clinical chemistry and biochemistry; biochemistry.

RESEARCH INTERESTS:
Clinical nutrition; extrahepatic drug metabolism; enzyme induction; xenobiotic
metabolism in normal and disease states; drug toxicity as a function of age;
glutathione metabolism; role of oxidative stress in xenobiotic toxicology;
biochemistry of heavy metal toxicity; chemical carcinogenesis; dietary supplement
safety and efficacy.

EDUCATIONAL AND SCIENTIFIC CONFERENCES ATTENDED:
American Society of Pharmacognosy (ASP)-Boulder, CO, 1960; Houston, TX, 1961;
Chapel Hill, NC 1963; Minneapolis, MN 1966; Corvallis, OR, 1969; Columbus, OH,
1972; Jekyll Island, GA, 1973; Chicago, IL, 1974; Seattle, WA 1977.
Academy of Pharmaceutical Sciences - San Francisco, CA, 1971; Houston, TX, 1972;
Chicago, IL, 1974; San Francisco, CA, 1975; Montreal, Canada, 1978; Kansas
City, MO, 1979; Minneapolis, MN, 1985.
Federation of American Societies of Experimental Biology - Chicago, IL, 1967; Atlantic
City, NH, 1968; Atlantic City, NJ, 1970; Chicago, IL, 1977; Dallas, TX, 1979;
Anaheim, CA, 1980; Chicago, IL, 1983; St. Louis, MO, 1984; New Orleans, LA,
1989.
Nebraska Pharmacists Association - Omaha, 1962; Lincoln, 1964; Lincoln, 1973;
Omaha, 1985; Kearney, 1989, 1990, 1991, 1992, 1993, 1994; Grand Island, 1995;
Lincoln, 1996; Grand Island, 1997, 1998, 1999, 2000, 2002.
International Plant Tissue Culture Conference, State College, PA, 1963.
Sigma Xi Symposium on Mind Altering Drugs, Lincoln, NE 1970.
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American Association of Colleges of Pharmacy - Columbus, OH, 1972; Seattle, WA,
1977; Orlando, FL, 1978; Denver, CO, 1979; Boston, MA, 1980; Scottsdale, AR,
1981; Washington, DC, 1983; Portland, OR, 1989; Salt Lake City, UT, 1990;
Boston, MA, 1991; Jacksonville, FL, 1992; Washington, DC, 1992; Arlington, VA,
1993; Hilton Head, SC, 1994; Albuquerque, NM, 1994; Washington, DC, 1995;
Philadelphia, 1995; Anaheim, CA, 1996; Reno, NV, 1996; Washington, DC, 1997;
Indianapolis, IN, 1997; Savannah, GA, 1998; Snowmass, CO, 1998; Washington,
DC, 1998; Washington, D.C., 1999; Richmond, VA, 2000; San Diego, CA, 2000;
Toronto, Canada, 2001; Toronto, CA, 2001; San Francisco, CA, 2001, Houston,
TX, 2002; Kansas City, MO, 2002.
AACP Board of Directors Meeting - Snowmass, CO, 1998; Boston, MA, 1999;
Washington, D.C., 1999; Richmond, VA, 2000; San Diego, CA, 2000.
Governor's Workshop on Drug Abuse, Lincoln, NE, 1970.
West-Central States Biochemistry Conference - Manhattan, KS, 1970; Lawrence, KS,
1971; Iowa City, IA 1972.
Drug Abuse Education Workshop for Educators, Lincoln, NE, 1971.
University of Nebraska Management Conference, Lincoln, NE, 1971.
Midwest Regional American Chemical Society Meeting, October, 1973, Lawrence, KS.
Steroid Symposium of the American Oil Chemists Society, September, 1973,
Philadelphia, PA.
Nebraska Society of Hospital Pharmacists' Symposium on Clinical Pharmacy, Omaha,
NE, 1975.
International Congress of Pharmacology, Helsinki, Finland, 1975; London, England,
1984.
International Conference on Drug Metabolism and Disposition, Turku, Finland, 1975.
International Conference for Research on Medicinal Plants, Munich, West
Germany, 1976.
Symposium on "The Pharmacists' Role in the Management of the Hypertensive Patient"
sponsored by the Greater Omaha Pharmaceutical Association, Omaha, NE, 1977.
Scientific Sessions of the Annual Nebraska Heart Association Conference, Omaha, NE,
1977.
International Symposium on Microsomes and Drug Oxidations, Ann Arbor, MI, 1978;
Brighton, England, 1984.
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Symposium on Vitamins: Nutritional Use and Abuse, University of Nebraska Medical
Center, Omaha, NE, 1978.
National Sigma Xi Meeting, Toronto, Canada, 1983.
International Symposium on Foreign Compound Metabolism, West Palm Beach,
FL, 1983.
National Research Forum on Aging, Lincoln, NE, 1984.
Cold Spring Harbor Laboratory Conference on the Biological Mechanisms of Dioxin
Action, Cold Spring Harbor, NY, 1984.
Free Radicals, Pathology and Aging, San Diego, CA, 1985.
Society of Toxicology, San Diego, CA, 1982, 1985; New Orleans, LA, 1986;
Washington, D.C., 1987; Dallas, TX, 1988; Atlanta, GA, 1989; Miami, FL, 1990;
Dallas, TX, 1991; Seattle, WA, 1992; New Orleans, LA, 1993; Dallas, TX, 1994;
Anaheim, CA, 1996; Cincinnati, OH, 1997; Seattle, WA, 1998; New Orleans, LA
1999; Philadelphia, PA, 2000; Salt Lake City, UT, 2003; Baltimore, MD, 2004; New
Orleans, LA, 2005; San Diego, CA, 2006; Charlotte, NC, 2007.
International Symposium on Biological Reactive Intermediates, Baltimore, MD, 1985;
Tucson, AZ, 1990.
International Congress of Biomedical Gerontology, New York, NY, 1985.
Third Tokyo Symposium on Liver and Aging, Tokyo, Japan, 1986.
Symposium on Frontiers in Aging, Tokyo, Japan, 1986.
Genetic Screening in the Workplace, Omaha, NE, 1986.
International Society for the Study of Xenobiotics, Clearwater, FL, 1987.
19th Annual Magnetic Resonance Conference, NIEHS, Research Triangle Park, NC,
1987.
Tenth International Conference on Organohalogen Compounds, Bayreuth, Federal
Republic of Germany, 1990.
Central States Society of Toxicology, Lawrence, KS, 1990; Kansas City, MO, 1992;
Omaha, NE, 1993; Kansas City, MO, 1994.
National Association of Retail Druggists, Baltimore, MD, 1991; Seattle, WA, 1992;
Boston, MA, 1994.
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American Association of Health-System Pharmacists, New Orleans, LA, 1991; Las
Vegas, NV, 1995; New Orleans, LA, 1996; Atlanta, GA, 1997; Las Vegas, NV,
1998; Orlando, FL, 1999; Las Vegas, NV, 2000; New Orleans, LA, 2001; Atlanta,
GA, 2002.
International Conference on Dioxins, Chaired Session on Role of Hormones, Research
Triangle Park, NC, 1991.
Jesuit Conference on Collaboration, Spokane, WA, 1992.
American Pharmaceutical Association, Dallas, TX, 1993; Seattle, WA, 1994; Miami, FL,
1998; San Antonio, TX 1999; Washington, D.C., 2000; San Francisco, CA, 2001;
Philadelphia, PA, 2002; Seattle, WA, 2004.
Glaxo/AACP Dean's Leadership Institute, Durham, NC, 1993.
American Physical Therapy Association, Cincinnati, OH, 1993; Seattle, WA, 1999.
International Meeting on Pharmacy and Pharmaceutical Sciences, Istanbul, Turkey,
1994, 1998.
Association of Schools of Allied Health Professions, Galveston, TX, 1993; Richmond,
VA, 1994; Milwaukee, WI, 1995; Charleston, SC, 1996; San Diego, CA, 1998;
Atlanta, GA, 1999, Norfolk, VA, 2001; San Diego, CA, 2002.
Oxygen Radicals and Antioxidants in Biotechnology and Medicine, Calcutta, India,
1993.
Jesuit Higher Education in the Heartland, Chicago, IL, 1994; St. Louis, MO, 1997;
Omaha, NE, 2000.
American Occupational Therapy Association National Conference, Denver, CO, 1995;
Chicago, IL, 1996.
National Association of Chain Drug Stores Annual Conference, Palm Beach, FL, 1995;
Maui, HI, 1996; Palm Beach, FL, 1998; Palm Beach, FL, 2000; Scottsdale, AZ,
2001; Palm Beach, FL, 2002, 2003.
Federation International Pharmaceutique, Stockholm, Sweden, 1995.
USP Open Conference on Botanicals for Medical and Dietary Uses: Standards and
Information Issues, Washington, DC, 1996.
International Symposium on the Damaging Effect of Oxidants in Cigarette Smoke,
Athens, Greece, 1997.
World Congress on Allied Health, Telford, England, 1997.
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Nebraska Minority Health Conference (Session Moderator), Omaha, NE, 1997.
American Association of Colleges of Pharmacy Institute, Leesburg, VA, 1998.
Annual Meeting of the Society for Neuroscience, Los Angeles, CA, 1998.
Annual Meeting of the Oxygen Society, Washington, DC, 1998.
Association of Schools of Allied Health Professions - Midwest Deans, Memphis, TN,
1999; Atlanta, GA, 1999.
American College of Nutrition, Washington, D.C., 1999; Las Vegas, NV, 2000; Kiawah
Island, SC, 2005; Reno, NV, 2006; Orlando, FL, 2007; Washington, DC, 2008;
Orlando, FL, 2009; Morristown, NJ, 2011, 2012; San Diego, CA, 2013; San
Antonio, TX 2014; Orlando, FL 2015.
Academic Organizational Approaches to Transforming Health Science Education Northeastern University, Boston, MA, 2000.
World Allied Health Congress, San Juan, Puerto Rico, 2001.
Rite-Aid Educational Connection Conference, Philadelphia, PA, 2001.
World Congress III of Health Professions, San Juan, Puerto Rico, 2001.
Midwest Health Science Deans Occupational Therapy Research Conference, Omaha,
NE, 2002, 2003.
World Conference of Occupational Therapists, Stockholm, Sweden, 2002.
World Conference on Physical Therapy, Barcelona, Spain, 2003.
Supply Side West, Ahaheim, California, 2004; 2005; 2006; 2007.
NNFA Natural Foods Convention, Las Vegas, Nevada, 2004.
The Virtual Frontier: Developing and Delivering Health Science Education from a
Distance, Omaha, NE, 2005.
WorldNutra Conference, Anaheim, CA, 2005; Reno, NV, 2006.
International Society for Nutraceutical and Functional Foods Conference, San
Francisco, CA, 2009; Kona, Hawaii, 2012.
Board for the Certification of Nutrition Specialists: Fredericksburg, VA 2010; Chicago, IL
2012, 2013, 2014, 2015.
International Society for Sports Nutrition: Austin, TX 2014.
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International Meeting of Pharmacy and Pharmaceutical Sciences, Istanbul, Turkey,
1999, 2002, 2014.
Natural Products Expo, Las Vegas, NV 2013; 2015, 2016

INVITED PAPERS, PRESENTATIONS AND SEMINARS:
1.

Over 40 speaking engagements since 1968 to a wide range of civic, social,
educational and professional groups on the non-medical use of drugs, and
over 100 speaking engagements since 1998 regarding the use of
nutraceuticals in health, wellness, weight loss and sports performance.

2.

Sigma Xi: Symposium, Center for Continuing Education, University of
Nebraska, 1970. "Mind Altering Drugs - Actions and Reactions".

3.

Presented a seminar to the College of Pharmacy, University of Pittsburgh on
"Steroid Metabolism by Plant Tissue Homogenates", July 1970.

4.

Regional Drug Abuse Education Workshop for Educators, Wesleyan
University, October 1970. "Commonly Misused Drugs".

5.

Hastings College, Interim Course on Drugs, January, 1971. "Pharmacology,
Toxicology, Biochemistry, and Chemistry of Hallucinogenic Drugs".

6.

Presented a seminar to the School of Pharmacy, University of Washington on
"Metabolism of Steroids by Plant Tissue Cultures and Leaf Homogenates",
June 1971.

7.

Youth Workshop in Drugs, July 1971.
"Pharmacology of Drugs".

8.

Presented a seminar to the Department of Biochemistry, UNMC, on
"Cardenolide Metabolism", March 1972.

9.

Presented a seminar to the Department of Food Science and Technology,
UNL, on "Labeling of Vitamin and Mineral Preparations", April 1974.

Center for Continuing Education,

10. Central States Branch Tissue Culture Association, Inc., Lincoln, Nebraska,
April, 1974. "Plant Tissue Culture Methods and Applications".
11. American Oil Chemists Society Steroid Symposium, Philadelphia,
Pennsylvania, October 1974. "Plant Tissue Culture Sterols and Sterol
Metabolism".

AR-000167

Case 1:17-cv-02538-JEB Document 37-1 Filed 06/26/19 Page 167 of 299
168

12. Presented a seminar to the Department of Pharmacology, University of
Nebraska Medical Center entitled "Cardenolide Metabolism and the Influence
of Enzyme Induction", December 1974.
13. Presented a seminar to the College of Pharmacy, University of Minnesota on
"In Vitro Cardenolide Metabolism", April 1975.
14. Presented a seminar to Sandoz Toxicology Laboratories, Basle, Switzerland
entitled "Stability of Mixed Function Oxygenases", August 1975.
15. Presented a seminar to the Karolinska Institute, Stockholm, Sweden entitled
"Some Drug Interactions of Cardiac Glycosides", November 1975.
16. International Congress for Research on Medicinal Plants, Munich, West
Germany, September 1976. "Metabolism of Steroids by Plant Tissue
Cultures".
17. Presented a seminar to the faculty of UNMC entitled "Isolation of Intestinal
Microsomes and Their Metabolism of Xenobiotics", September 1976.
18. Presented a seminar to the faculty of UNMC, November 1976. "Xenobiotic
Metabolism by Isolated Intestinal Epithelial Cells."
19. Presented a seminar to the Student American Pharmaceutical Association on
"Pharmacy in Sweden", December 1976.
20. Presented a seminar to the Department of Biochemistry, Iowa State
University, January 1977.
"Metabolism of Xenobiotics by Intestinal
Microsomes and Cells".
21. Presented a seminar to the Institute on Aging, University of Nebraska,
October 1978. "Tissue Glutathione Levels in Mice as a Function of Age".
22. Participant in Symposium on Vitamins and Nutrition, October 1978.
Presentation on "Vitamins: Current Research and Controversy".
23. Presented a seminar to the College of Pharmacy, University of Minnesota on
"Xenobiotic Metabolism in Streptozotocin-Diabetic Rats". December 1978.
24. American Association of Colleges of Pharmacy, Denver, Colorado, July,
1979. Symposium presentation entitled "Impact of Clinical Pharmacy on
Biological Sciences Instruction: Course Offerings and Student Qualifications."
25. Presented a seminar to the Department of Pharmacology, UNMC, October
1979. "Effects of Various Hormonal Factors on Hepatic and Extrahepatic
Mixed Function Monoxygenases."
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26. Presented a seminar to the Eppley Institute, UNMC, March 1980. "Studies
on Hormonal Factors Influencing the Regulation of Xenobiotic Metabolism".
27. American Association of Colleges of Pharmacy, Boston, Massachusetts, July
1980. Symposium presentation entitled, "Concurrent M.S. - Pharm. D.
Program at the University of Nebraska".
28. Presented a seminar to the College of Pharmacy, Yarmouk University, Irbid,
Jordan, July 1981 on "Drug and Glutathione Metabolism as a Function of
Age".
29. A discussion of "The Effect of Medication on Sexual Functioning" at
Immanuel Medical Center symposium on "Sexuality and the Disabled
Person", Omaha, Nebraska, September 1981.
30. A lecture to the sophomore medical students, UNMC, in the course on
Perspectives on Aging. Lecture entitled "Drugs: metabolism and distribution
in the aging person", October, 1981, 1982, 1983, 1984.
31. A seminar presented to the Department of Biochemistry, Creighton
University, November, 1981. "Changes in Glutathione and Xenobiotic
Metabolism Relative to Age".
32. A symposium lecture entitled "Vitamins, Pseudovitamins, and Non-vitamins"
given at the 6th annual Dorsey Symposium, Lincoln, Nebraska, September
1982.
33. Lipid Peroxidation as a Possible Cause of TCDD Toxicity, Eppley Institute,
UNMC, April 1983.
34. Role of Glutathione Peroxidase in TCDD Toxicity, Eppley Institute, UNMC,
March 1984.
35. Induction of Lipid Peroxidation and Inhibition of Glutathione Peroxidase by
TCDD. Banbury Conference on the Biological Mechanisms of Dioxin Action,
Cold Spring Harbor, New York, April 1984.
36. A seminar presented to the Chemistry Department, South Dakota State
University, October 1984, on "The Human and Animal Toxicity of TCDD".
37. A seminar presented to the Lincoln Branch of the Nebraska Affiliate of the
American Heart Association, October 1984, on "The Myocardial Effects of
TCDD".
38. A seminar presented to Nebraska Wesleyan University, November 1984, on
"Lipid Peroxidation, Glutathione Peroxidase and TCDD Toxicity".
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39. Invited speaker at workshop on "Free Radicals, Pathology and Aging", San
Diego, California, February 1985. Co-sponsored by the National Institute on
Aging and University of California, San Diego. Topic of presentation
"Glutathione, DNA Damage and Aging".
40. A seminar presented to the Department of Chemistry, University of Nebraska
at Omaha, March 1985, on "TCDD (Agent Orange) Toxicity".
41. Presented a program at UNMC on "Food Facts and Fallacies" as part of the
University Lunch and Learn Services, March 1985.
42. A seminar presented at the University of Wyoming on "The Roles of Lipid
Peroxidation, Hydrogen Peroxide and Glutathione Peroxidase in Dioxin
(TCDD) Toxicity", March 1985.
43. Lecture to the School of Pharmacy, Creighton University on "Graduate
Educational Opportunities in the Pharmaceutical Sciences", November 1985,
1986.
44. Invited speaker at the Third Tokyo Symposium on Liver and Aging
presentation on "The Role of Glutathione in Aging", August 1986.
45. Presentations to the Nebraska Pharmacists Association State Convention on
"The Percutaneous Absorption of Iodochlorhydroxyquin". April 1986.
46. Invited speaker at Conference on Frontiers in Hepatic Aging, in Tokyo,
Japan. Presentation on "Glutathione, Free Radicals Antioxidants and Aging",
August 1986.
47. A seminar presented at Shionogi Pharmaceuticals Corporation in Osaka,
Japan on "The Role of Glutathione Metabolism in Aging", August 1986.
48. A seminar presented to the Departments of Life Sciences and Chemistry at
University of Kansas Medical Center on "Glutathione, Free Radicals,
Antioxidants and Aging", October 1986.
49. A seminar presented to the South Dakota State University on "Graduate
Studies in the Pharmaceutical Sciences", November 1986.
50. A seminar presented to Auburn University College of Pharmacy on "The Role
of Iron in TCDD-Induced Toxicity", February 1987.
51. A seminar presented at the National Institute of Environmental Health
Sciences on "Factors Involved in TCDD-Induced DNA Damage", November
1987.

AR-000170

Case 1:17-cv-02538-JEB Document 37-1 Filed 06/26/19 Page 170 of 299
171

52. A seminar presented at Burroughs Wellcome Co., Research Triangle Park,
N.C., entitled "The Roles of Iron and Free Radicals in the Hepatotoxicity of
TCDD", November 1987.
53. A seminar presented to the Department of Pharmacology, University of North
Carolina, entitled "Oxidative Stress and the Toxicity of TCDD", March 1988.
54. A seminar at the University of Montana on "Health Sciences Education: Past,
Present and Future", April 1988.
55. A seminar presented at the National Institute of Environmental Health
Sciences entitled "AHH Induction and Glucocorticoid Receptor Binding in
Skin and Liver of TCDD Treated Mice", June 1988.
56. A seminar presented at Smith Kline & French Laboratories, King of Prussia,
PA, entitled "Enzyme Induction and Oxidation Stress by TCDD", July 1988.
57. A seminar presented to the U.S. Army Research Laboratory at Fort Dietrick,
Frederick, MD, entitled "The Role of Free Radicals in Hepatotoxicity, and
Therapeutic Approaches", July 1988.
58. A presentation of Creighton University entitled "Employment Opportunities in
Academia for Pharmacists," 1988, 1989, 1990.
59. A seminar on "The Roles of Free Radicals in Toxicology and Disease"
presented at Grinnell College, Iowa, November, 1988.
60. A seminar on "Free Radicals in Toxicology and Disease," Creighton
University Health Sciences Center, October, 1989.
61. A seminar on "Production of an Oxidative Stress by TCDD," National Institute
of Environmental Health Sciences, June, 1990.
62. A seminar on "Pharmacy Curriculum Development and Curricular Change,"
Marmara University, Istanbul, Turkey, November, 1991.
63. A seminar on "Pharmaceutical Care and the Clinical Practice of Pharmacy,"
Marmara University, Istanbul, Turkey, November, 1991.
64. A seminar entitled "The Importance of Bioavailability in Drug Treatment",
Hoffmann-LaRoche Pharmaceutical Company, Istanbul, Turkey, November,
1991.
65. A seminar on "Pharmacy Curriculum Development and the Clinical Practice
of Pharmacy," Ankara Pharmaceutical Society, Ankara, Turkey, November,
1991.
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66. A seminar on "The Role of Free Radicals in Biology and Medicine," Ankara
University, Ankara, Turkey, November, 1991.
67. A seminar entitled "Reactive Oxygen Species in Toxicity and Disease,"
Department of Biochemistry, University of Delhi, Delhi, India, December,
1993.
68. An invited symposium speaker at the International Symposium on Oxygen
Radicals and Antioxidants in Biotechnology and Medicine, Calcutta, India,
December, 1993. The seminar topic presented was "Oxidative Mechanisms
in the Toxicity of Metal Ions."
69. An invited presentation entitled "Hiring for Mission," presented at the Jesuit
Higher Education in the Heartland Conference, Chicago, IL, May, 1994.
70. A plenary lecture entitled "The Role of Free Radicals in Toxicity and
Disease," presented at the First International Meeting on Pharmacy and
Pharmaceutical Sciences, Istanbul, Turkey, September, 1994.
71. The keynote lecture entitled "Curricula for the Present and Future Practice of
Pharmacy" at the First International Meeting on Pharmacy and
Pharmaceutical Sciences, Istanbul, Turkey, September, 1994.
72. "Mechanisms associated with the toxicity of polyhalogenated cyclic
hydrocarbons and heavy metals," presented at the Air Force Office of
Scientific Research Predictive Toxicology Program Review, Fairborn, OH,
May, 1995.
73. "Considerations involving the establishment of a physician assistant
program," presented at the American Association of Colleges of Pharmacy,
Philadelphia, PA, July, 1995.
74. "Political, economic, professional and academic realities of our rapidly
evolving health care system," presented at the American Occupational
Therapy Association, Chicago, IL, April, 1996.
75. "Mechanisms associated with the toxicity of naphthalene, chromium and
cadmium," presented at the Air Force Office of Scientific Research Predictive
Toxicology Program Review, Fairborn, OH, December, 1996.
76. "Toxicity of metal ions in cigarette smoke," presented at the International
Symposium on Damaging Effects of the Oxidants in Cigarette Smoke,
Athens, Greece, January, 1997.
77. "The standardization of herbal products,"
International, Dallas, TX, July, 1998.

presented

at

AdvoCare
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78. Invited participant at an American Physical Therapy Association Consensus
Conference on Clinical Doctoral Education, Washington, DC, July, 1998.
79. "Toxicity and carcinogenicity of tobacco products: Role of reactive oxygen
species and protective effects of antioxidants," presented at the Second
International Meeting on Pharmacy and Pharmaceutical Sciences, Istanbul,
Turkey, September, 1998.
80. "Successful Transition to the Clinical Doctorate", presented at the American
Physical Therapy Association, Seattle, WA, February, 1999.
81. “Free Radical Biology and Chemistry”, presented at the Society of
Toxicology, New Orleans, LA, March, 1999.
82. “Educational Requirements and Pharmacy Practice Expectations in the
United States”, presented at the Second International Clinical Pharmacy
Conference, Amman, Jordan, April, 1999.
83. A Seminar on “Recent Changes in Pharmacy Curricula in the USA” presented
at Jordan University for Women, Amman, Jordan, April, 1999.
84. A Seminar on “Role of Free Radicals and Oxidative Stress in Disease and
Toxicity” presented at Jordan University, Amman, Jordan, April, 1999.
85. A Seminar on “Toxicity and Carcingenicity of Tobacco Products” presented at
Jordan University, Amman, Jordan, April, 1999.
86. “Innovative Collaborative Rural Practice Initiative Among Native Americans in
Nebraska presented at NABP-AACP District 5 Meeting, Duluth, MN, August,
1999.
87. Stohs, S.J. and Threlkeld, A. J. The Entry-Level Clinical Doctoral Program in
Physical Therapy (DPT). American Physical Therapy Association, 1999.
Seattle, WA.
88. Invited speaker and panel member on a program entitled "The Impact of
Technology on Creighton University", Omaha, Nebraska, April, 2000.
89. A radio interview on KIOS "Healthwise" concerned with Medical and
Medication Errors, April, 2000.
90. Member of Organizing Committee for a Symposium entitled "Academic
Organizational Approaches to Transforming Health Science Education". Also
chaired session, made a presentation, and served on a panel. Northwestern
University, Boston, MA, August, 2000.
91. "An Interdisciplinary Administrative Structure at Creighton University"
presented at the Academic Organizational Approaches to Transforming
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Health Science Education Conference, Northeastern University, Boston, MA,
August, 2000.
92. Oxidative Stress and Toxicity. S. J. Stohs.
Toxicology, 2001. Kansas City, Missouri.

Central States Society of

93. A radio interview on KFAB “Community Health Watch” on Bioterrorism,
Omaha, NE. October, 2001.
94. “Citrus Fruits in Weight Management: Case Studies – Safety and Efficacy of
Citrus aurauntium (bitter orange).” S.J. Stohs and H.G. Preuss. WorldNutra
2004 Conference, San Francisco, CA, October, 2004.
95. Invited speaker and panel member for a Symposium entitled, “The Virtual
Frontier: Developing and Delivering Health science Education from a
Distance.” Creighton University, Omaha, NE, June, 2005.
96. “Selected Nutrients In Muscle Atrophy And Advancing Age-Related
Disorders” presented at the WorldNutra 2005 Conference. Anaheim, CA.
October, 2005.
97. “Dietary Supplements: Safety and Efficacy” presented to the Long Island
University College of Pharmacy, Long Island, NY, November, 2007.
98. “Are Non-nutritive Sweeteners as Safe as Sugars?” presented at the
American College of Nutrition, Orlando, FL, October, 2009.
99. “Safety and Efficacy of Super CitriMax(hydroxycitric acid-SX), a Novel Weight
Loss Supplement Derived from Garcinia cambogia,” presented at the
International Society for Nutraceutical and Functional Foods, San Francisco,
CA, Novemberr, 2009.
100. “Weight Loss/Weight Management, Increased Vitamin D and Decreased Salt:
Solutions to Rising healthcare Costs” presented at Long Island University
School of Pharmacy, Brooklyn, NY, April, 2010.
101. “Are Non-Nutritive Sweeteners as Safe as Sugars or are Sugars as Safe as
Non-Nutritive Sweeteners?” presented at Long Island University, Brooklyn,
NY, April 2010.
102. “Perspectives on Non-Sugar Sweetreners” presented at Georgetown
University, Washington, DC, April 2010.
103. “The Safety and Efficacy of Bitter Ornage Extract and its Primary
Protoalkaloid p-Synephrine”. Iovate Nutraceuticals, Toronto Canada, August
2011.
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EDITORIAL BOARDS:
Research Communications in Molecular Pathology and Pharmacology
Archives of Gerontology and Geriatrics
Bulletin of Environmental Contamination and Toxicology
Quintessence
The Original Internist
Journal of the American College of Nutrition
Oxidative medicine and Cellular Longevity

REVIEW FOR THE FOLLOWING JOURNALS:
Journal of Pharmaceutical Sciences
Biochemical Pharmacology
Drug Metabolism and Disposition
Science
The Journal of Natural Products
Lipids
U.S. Pharmacist
Cancer Letters
Toxicology and Applied Pharmacology
Research Communications in Chemical Pathology and Pharmacology
Journal of Pharmacology and Experimental Therapeutics
Carcinogenesis
Archives of Environmental Contamination and Toxicology
Dirisat
Chemico-Biological Interactions
Age
Archives of Gerontology and Geriatics
Biochimica et Biophysica Acta
Toxicology Letters
Journal of Biochemical and Molecular Toxicology
Journal of Toxicology and Environmental Health
Environmental Pollution
Antioxidants and Redox Signaling
In-vitro and Molecular Toxicology
Free Radical Biology and Medicine
Molecular and Cellular Biochemistry
Journal of the American College of Nutrition
Toxicology Mechanisms and Methods
Journal of Inorganic Biochemistry
Journal of Medicinal Food
Cell Biochemistry and Biophysics
Nutrition Journal
Phytotherapy Research
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Food & Function

OTHER ACTIVITIES:
1.

Co-author of an article in the Supplement of the October 4, 1970 Lincoln
Sunday Journal and Star on drug abuse entitled "Another View". Also in this
supplement an outline of the commonly abused drugs, their effects and
dangers.

2.

Governor's Commission on Drug Abuse for the State of Nebraska, and
co-chairman of the Education Subcommittee thereof, 1970-71. Nebraska
State Commission on Drugs and member of the Grant Reviews and
Evaluations Subcommittees, 1971-72. As a member of the Commission on
Drugs:
A.

Established recommended films on drugs for primary and intermediate
grades, junior high, high school, college, and adult and professional
levels - for general distribution throughout the State, 1970. Revised
1971.

B.

Evaluated existing drug information materials and established a list of
recommended reference materials, 1970. Revised 1971.

C.

Made available to the physicians, hospitals, and clinics of the State a
manual entitled "Drug Abuse Acute Treatment Manual." 1971.

D.

Coordinated and compiled drug education materials for "DRUG
ABUSE, An Authoritative Selected List of Materials," published by the
Nebraska Public Library Commission and the Nebraska State
Commission on Drugs, 1971. Revised in 1972.

3.

Developed an outline on "Mind Altering Drugs - Actions and Reactions" which
covers the chemistry, sources, pharmacology, psychopharmacology,
toxicology, doses, dosage forms, and therapeutic applications of the
commonly used and misused mind-altering drugs for continuing education.

4.

Developed an outline of the potential symptoms of the use of heroin,
barbiturates, glues, and solvents, marijuana, hallucinogens (LSD), and
amphetamines for continuing education.

5.

The establishment of a drug education committee, the teaching and training
of interested pharmacy students to go out and speak on drugs, and a drug
information service with Drs. E.B. Roche and R.W. Piepho, 1969-74.

6.

Member of the University Lutheran Chapel Planning and Building Committee,
University of Nebraska, Lincoln, Nebraska, 1968-71, which resulted in the
building of a new facility on the UNL campus.
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7.

Development of an integrated three-semester course sequence in
biochemistry and natural products for pharmacy students. Complete revision
and updating of the laboratory equipment and facilities, 1968-71.

8.

Drafted the By-Laws for the College of Pharmacy, 1973.

9.

Coordinator of the Graduate Programs of the College of Pharmacy, 1972-75.

10. Coordinator of the Visiting Scientists Programs of the College of Pharmacy,
1972-75.
11. Developed a required three-credit course in Clinical Chemistry and
Biochemistry, 1973, with Dr. H. Rosenberg.
12. Drafted the procedure whereby the three graduate degree granting
departments from within the College of Pharmacy could be incorporated into
the Interdepartmental Area of Medical Sciences, and successfully negotiated
this incorporation, 1972-73.
13. Provided and supervised a tape-recorded, 2 credit, self-paced, elective
course entitled "Systems of Defense," 1974-1985.
14. Developed and reorganized a required two quarter, 8 credit course in
Pharmaceutical Biochemistry, 1976, with Dr. H. Rosenberg and Dr. W.
Murray.
15. Reorganized the graduate level courses in the Department, 1976.
16. Final Judge of Student Presentations at UNMC Student Research Forum,
September 1976.
17. Developed a 1 credit elective course "Modified Basic and Advanced Life
Support for Pharmacists," 1977.
18. Final Judge of Student Presentations at UNMC Student Research Forum,
1977.
19. Discussion Leader on Drug Metabolism at Annual Midwest Student Medical
Research Forum, Omaha, Nebraska, 1978.
20. Developed and coordinated a required 6 quarter credit hour course in
Chemotherapy, 1978. Revised to 4 sem. credit hours in 1982.
21. Presented a continuing education course on New Drugs to Pharmacists at
Scottsbluff, Nebraska and Lincoln, Nebraska, April 1978.
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22. Member of Advisory Committee for Health Resources Administration Contract
232-7E 0908 entitled "Alternative Methods by Which Basic Sciences
Pharmacy Faculty can Relate to Clinical Practice," College of Pharmacy,
University of Minnesota, 1978-79.
23. Presented lectures on Cancer Chemotherapy for Lincoln Medical Education
Foundation program for School Nurses Update. Lincoln, Nebraska, June
1979.
24. Abstract and Manuscript Judge for UNMC Student Research Forum, 1979.
25. Presented three lectures on drug metabolism to graduate students in
Enzymes Course, Department of Biochemistry, Creighton University, 1979.
26. Vice President, First Lutheran Church, Omaha, NE 1978-79. President First
Lutheran Church, Omaha, NE 1979-81 and 1985-87.
27. Member of Site Visit Team, NIH Minority Biomedical Support (MBS) Grant
Application, School of Pharmacy, Florida A&M University, Sept 21-23, 1980.
28. Invited to Jordan to negotiate an exchange agreement between the College
of Pharmacy, Yarmouk University and the University of Nebraska Medical
Center College of Pharmacy.
29. Grant Reviewer for NCI National Large Bowel Cancer Project, January, 1982.
30. Developed a graduate level course in Drug Metabolism and Disposition,
UNMC, 1982.
31. Developed a course in nutrition and diet therapy, UNMC, 1983.
32. Member of Review Panel, NIH Minority Biomedical Research Support
(MBRS) Program, Washington, D.C. Sept. 28-30, 1983.
33. Session Moderator at the National Research Forum on Aging, Feb. 22-24,
1984, Lincoln, NE.
34. Invited Participant at the Banbury Center of Cold Spring Harbor Laboratory
Conference on the Biological Mechanisms of Dioxin Action, April 1-4, 1984.
35. Final Judge of Student Presentations at Student Research Forum, UNMC,
1984.
36. Invited participant at a workshop on Free Radicals, Pathology and Aging,
sponsored by the National Institute on Aging, February 16, 1985, San Diego,
CA.
37. Special Grant Reviewer for National Institute on Aging, March, 1985.
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38. Visiting Professor, Faculty of Pharmacy, Tanta University, Tanta Egypt, April
1985. Presented a series of research related seminars, assisted with
cirriculum development, and worked with graduate students in the
development of research projects. In Egypt, lectures were also presented at
Cario University, Assiut University, Alexandria University and Zagazig
University.
39. Invited to Jordan's Yarmouk University and Jordan University Faculties of
Pharmacy, May 1985. Worked with faculty on curriculum development and
research projects of mutual interest.
40. Member of Review Panel, NIH Minority Biomedical Research Support
(MBRS) Program, Washington, D.C., July, 1985.
41. Radio interviews concerning proposed closing of College of Pharmacy, July,
1985; KFAB, KGRI, KNEB, KLIN, KRNY, and Light 96.
42. Interviews concerning vioform research, July, 1985. National Public Radio,
KFAB, KFOR, Z92, KGRI, NBC-Chicago, UPI-Lincoln, Washington Post,
Medical Letter, Omaha World Herald, Lincoln Star, Bruce Prentosil Channel
6, WOWT (Channel 6) Morning Show.
43. Radio Interview on Research in the College of Pharmacy, UNMC, July, 1985,
Z92/KEDS.
44. Presentation to the Goodfellowship Club, Omaha, NE, August, 1985, on "The
College of Pharmacy as an Integral Component of a Medical Center."
45. NIH Site Visit Team for Minority Biomedical Research Support Program at
California State University, Long Beach, CA. Oct. 1985.
46. Expert witness before FDA Dermatology Panel, Washington, D.C. Nov. 1985.
Testified concerning a petition on the removal of iodochlorhydroxyquin from
the market. The petition submitted by the Health Research Group was based
primarily on studies reported in Publications #100 and 102 by Stohs et al.
The Panel voted unanimously to recommend removing the drug as an overthe-counter product and restrict its use to prescription only.
47. Member of Review Panel, NIH Minority Biomedical Research Support
Program, Washington, D.C. January 1986.
48. NIH Site Visit Team and Review Panel for Research Centers in Minority
Institutions (RCMI) Program at Xavier University, New Orleans, LA, April
1988.
49. Interview on Channel 6 TV "Alive at Five" Program with Gary Kerr and Dave
Webber on "Steroid Use by Athletes," Sept., 1988.
AR-000179

Case 1:17-cv-02538-JEB Document 37-1 Filed 06/26/19 Page 179 of 299
180

50. NIH Site Visit Team and Chairman of Review Panel for Research Centers in
Minority Institutions (RCMI) Program at Florida A&M University, Miami and
Tallahassee, FL, Feb., 1990.
51. NIH Study Section for Research Centers in Minority Institutions (RCMI) Grant
Program, Washington, DC, March, 1990.
52. Reviewed graduate program at Mercer University, Atlanta, GA, April, 1991.
53. N.I.H. Study Section for Research Centers in Minority Institutions (RCMI)
grant program, Washington, D.C., March, 1992.
54. Initiated revision of the School Grade Appeals Policy, By-Laws, Scholastic
Standing Policy, and Misconduct Policy, Creighton University (1991-92).
55. Established Industrial Advisory Committee, and re-established Alumni
Advisory Board, Creighton University, 1991.
56. Established Post-B.S. Pharm.D. recruitment program, hired additional student
recruiter and expanded student recruitment efforts, 1991.
57. Established grant review procedure and Grant Review Committee, and
established a Faculty and Staff Development Committee, Creighton
University, 1991.
58. Remodeled faculty offices, computer laboratory, and Admissions Department
offices, Creighton University, 1991.
59. Developed rural health student recruiting agreements with Chadron State
College and Wayne State College, 1991.
60. Established faculty, student and research exchange agreement with Marmara
University, Istanbul, Turkey, and Creighton University, 1992.
61. Chaired the School Strategic Planning and Implementation Committee,
Creighton University, for the Year 2000, being directly responsible for the
implementation of the strategic goals which were set forth, 1990-91.
62. Initiated and promoted curriculum revision in pharmacy based on outcome
objectives which were established by the faculty at a series of all-faculty
retreats.
Faculty approved new Pharm.D. curriculum for Creighton
University, 1992.
63. Initiated the establishment of Phi Lambda Sigma, National Pharmacy
Leadership Honor Society chapter, at Creighton University, 1992.
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64. Initiated the development of an advanced degree program in occupational
therapy, and hired new faculty in occupational therapy at Creighton
University, 1992.
65. Worked with alumni to solicit funds for the Sebastian Pirruccello Scholarship
(raised over $50,000), and organized the Sebastian Pirruccello Recognition
Dinner at Creighton University, 1992.
66. Organized the establishment of a Department of Physical Therapy, and hired
a Director in 1992. Secured approval to offer the first entry-level clinical
doctorate (Doctor of Physical Therapy) in 1992, with the first class entering in
the fall of 1993. First class of 48 students entered in the fall of 1993.
Established the first entry-level Doctor of Physical Therapy program in the
country at Creighton University.
67. Initiated the inclusion of Occupational Therapy students in the Creighton
University Summer program in the Dominican Republic to provide service,
cultural immersion and reflection beginning in 1993.
68. Secured approval to adopt the Doctor of Pharmacy degree as the sole
professional degree with the entering class in 1994 at Creighton University.
69. Secured Creighton University approval to establish a Non-traditional Doctor
of Pharmacy program, 1993. First students enrolled in May, 1994.
70. Member of Organizing Committee for International Symposium on Oxygen
Radicals in Biotechnology and Medicine, Calcutta, India, 1993.
71. Member of Organizing Committee for International Symposium on Pharmacy
and Pharmaceutical Sciences, Istanbul, Turkey, 1994. Gave keynote lecture.
72. Secured Creighton University approval to establish a post professional
(baccalaureeate or masters degree) Doctor of Occupational Therapy (OTD)
program with the first students being admitted in the fall of 1995. The
program is one of the first clinical doctoral programs in occupational therapy
in the country.
73. Guest editor of a special issue of the Journal of Basic and Clinical Physiology
and Pharmacology 6, 1995.
74. Served as a consultant to the Assistant Secretary of Health, U.S. Department
of Health and Human Services, regarding the future of academic health
centers and the role of pharmacy and allied health professions in academic
health centers, October, 1996.
75. Secured Creighton University approval to establish a M.S. degree in
pharmaceutical sciences, December, 1996.
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76. Initiated the inclusion of Physical Therapy students in the Creighton
University Summer program in the Dominican Republic to provide service,
cultural emersion and reflection beginning in 1996.
77. Appointed to the International Advisory Board, Research Institute of
Preventive and Environmental Medicine and Biotechnology, Athens, Greece,
1997.
78. Raised approximately $165,000 toward the renovation of a clinical education
center at Creighton University. Funds were raised through solicitations of
alumni, pharmaceutical corporations and friends of the School. 1995-1998.
79. Solicited funds for the establishment of fourteen endowed scholarships
(minimum of $25,000 each) for students in the School of Pharmacy and
Health Professions, Creighton University. Funds solicited from corporations,
alumni and friends of the University. 1993-2003.
80. Procured the establishment of an endowed scholarship from Hoffmann-La
Roche Corporation in the amount of $250,000 for minority students,
Creighton University. 1994-1998.
81. Member of Organizing Committee for International Symposium on Pharmacy
and Pharmaceutical Sciences, Istanbul, Turkey, 1998. Gave initial lecture to
start the conference.
82. Member of an organizing committee for an International Symposium on
Clinical Pharmacy, Amman, Jordan, 1999.
83. Initiated the first entry-level Clinical Doctoral program in Occupational
Therapy in the country with the class of students entering in the fall of 1999 at
Creighton University.
84. Established an agreement with the College of Business Administration to
offer a combined Doctor of Pharmacy/MBA program in 1999 at Creighton
University. This program replaced a previously negotiated program which
had attracted very few students because it was participant unfriendly.
85. Initiated the first Non-Traditional, Transitional Doctor of Physical Therapy
program in the country in the fall of 1999 at Creighton University.
86. An editorial in the Omaha World Hearld concerning the role of Pharmacists in
the prevention of medication errors, February 10, 2000.
87. An editorial in the Omaha World Hearld concerning the national shortage of
Pharmacists, December 29, 2000.
88. Initiated the first non-traditional Doctor of Occupational Therapy pathway in
the country in the fall of 2001 at Creighton University.
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89. Initiated the nation’s first entry-level web-assisted Doctor of Pharmacy
pathway in the fall of 2001 at Creighton University. All didactic courses in the
pathway are available via Internet and CD Rom technology.
90. An editorial in the Omaha World Herald concerning the failures of Medicare
prescription discount card programs. Worked with U.S. Senator Chuck
Hagels’ office to develop legislation for a prescription drug benefit. August
10, 2001.
91. Consultant to the Scientific Advisory Board of the United States
Environmental Protection Agency, 1996-2001.
92. Consultant to the National Institute of Environmental Health Sciences for the
preparation of a background document on the carcinogenicity of naphthalene,
2001.
93. Member of the Creighton University Steering Committee for the design and
building of the new integrated science building which included a new
administrative suite for the School and approximately 60 offices for pharmacy
faculty as well as two departmental administrative suites. Moved into new
facilties in December 2002.
94. Established one of the first residency programs for physical therapy in the
nation at Creighton University Medical Center, July, 2003.
95. Initiated the development of a B.S. in Phamacy, Physical Therapy and
Occupational Therapy students enrolled in Doctoral programs at Creighton
University Medical Center, beginning in the Fall of 2003.
96. Responsible for the development of a Research & Development program at
AdvoCare International L.P., hiring individuals in product development,
formulation, regulatory affairs and package engineering, 2003 – 2004.
97. Responsible for establishing and developing back-up manufacturers for over
50 AdvoCare products while developing new products for market, 2003 –
2005.
98. Site visits to the following manufacturing facilities during 2004 – 2007:
Vitarich, Interactive Nutrition, Arizona Nutritional Supplements (ANS),
American Nutritional Corporation (ANC), National Vitamin Company (NVC),
Nellson Nutraceuticals, Natural Alternatives International (NAI), Custom
Nutrition Laboratories (CNL), Biozone Laboratories, Protec Laboratories,
Progressive Laboratories, Cornerstone Research & Development, ELAN
Nutrition, and We-Pack-It-All.
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99. From 1998-2014 participated in over 40 AdvoCare Success Schools,
providing product training and interfacing with Distributors, speaking to as
many as 25,000.
100. From 1998-2014, gave numerous AdvoCare product training programs
around the country including in Texas, Colorado, Florida, Washington,
California, Michigan, Nebraska, Iowa, Illinois, Tennessee, Georgia, South
Carolina, South Dakota, Missouri, Mississippi, Alabama, Oklahoma,
Kentucky, Virginia, Washington, Oregon, and Hawaii.
101. Established and coordinated a symposium on “dietary supplement safety” at
the annual meeting of the American College of Nutrition, Orlando, FL, 2007.
102. Applied for patents on behalf of AdvoCare for 3 products between 2005 –
2006.
103. Between 2004–2008, was responsible for developing over 25 new AdvoCare
products and making improvements to over 40 products based on the latest
science.
104. Participated in a series of radio talk shows on KCFO (AM970) regarding
nutrition, particularly for senior citizens, 2007.
105. Responsible for coordinating research on a series of AdvoCare products
including MNS Orange, MNS Platinum, A-Supreme, ThermoPlus, Carb-Ease,
SPARK Energy Drink, Rehydrate Electrolyte Replacement Drink, Muscle
Fuel, and the glycemic indices of all AdvoCare drinks, shakes and bars,
2003-2008.
106. Responsible for ultimate development of quality assurance/quality control
procedures, adverse events management and procedures, clinical
assessment of products, product launch and elimination procedures and
other general operating procedures within AdvoCare’s R&D department,
2003-2005.
107. Appointed to the Certification Board for Nutrition Specialists, 2004 – 2007, a
national nutrition certification program. Reappointed in 2008. Vice – Chair for
Administration 2009-2010. Served as President from 2011-2014.
108. Participated in various AdvoCare distributor incentive trips: Australia and New
Zealand, 2002; Maui, Hawaii, 2004; Lake Louise, Canada, 2004; Little Palm
Island, FL, 2005; San Francisco, CA, 2006; New York City, NY, 2006; Alaska
Cruise, 2007; Peter Island, 2009; Paris, 2013; Mediterranean, 2014.
109. For the American College of Nutrition (2008-2009), served as the chief scribe
for revision of By-Laws and the Standing Committee Procedures document.
Drafted a Strategic Planning document. Chaired the Publications Committee,
resulting in a change in publishers for the Journal of the American College of
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Nutrition with significant savings. Revised and updated the Editorial Board of
the Journal, and instituted co-editors.
110. Consultant for Nutratech/Novel ingredients 2009-present. Traveled and gave
presentations in California, New Jersey, New York, Utah, Colorado, Texas,
Illinois.
COMMITTEES:
University of Nebraska-Lincoln:
Faculty Health Council, 1967 - 71
Marshalling Corps, 1968 - 70
Nebraska College Opportunity Ad Hoc Committee, 1970 - 71
Ad Hoc Committee to Recommend Changes in the Structure and Operation of the
Senate, 1969
Liaison Committee, 1970-73, Secretary, 1971 - 72
Search Committee for Vice-Chancellor of Academic Affairs, 1972
University of Nebraska System:
Executive Graduate Council, 1973 - 75
Executive Graduate Council, 1985 - 87
Executive Committee of the Executive Graduate Council, 1986 - 87
College of Pharmacy - University of Nebraska:
Admission and Scholarship Review, 1968 - 71
Course of Study, 1967 - 72
Grade Appeals, 1968 - 72
Curriculum Committee, 1968 - 74
Departmental Graduate Committee, 1968 - 84
Pharmaceutical Sciences Area Graduate Committee, 1969 - 74
Search Committee for a Dean of the College, 1971
Ad Hoc Committee on Promotion and Tenure, 1971
Space Utilization Committee, 1972 - 76
Executive Committee, 1972 - 1987
Ad Hoc Faculty Policies and Procedures Committee, Chairman, 1973
Teaching Improvement Committee, 1974 - 75
Ad Hoc Committee on NCACS Accreditation, 1976
Search Committee for Chairman, Dept. of Pharmacodynamics and Toxicology,
1979
ACPE Accreditation Self-Study Review Committee, 1979
Continuing Education Committee, 1978 - 85, 1986 - 87
Self-Study Role and Mission Subcommittee, Chairman, 1985
Self-Study Budget and Finance Subcommittee, 1985
Safety Committee, 1984 - 87
GAPS Grant Review Committee, 1985 - 86
Strategic Planning Committee, 1986 - 87
Long-Range Planning Committee, 1983 - 85
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Pharmaceutical Sciences Graduate Program Committee, 1983 - 87
Ad Hoc By-Laws Committee 1983 - 84
University of Nebraska Medical Center:
Pre-Clinical Seed Grant Review Committee, 1972
Ad Hoc Committee on the Academic Organization of the Medical Center, 1973 - 74
Medical Sciences Area Graduate Committee, 1973 - 1984
University Graduate Council, Medical Center Representative, 1973 - 74
Ad Hoc Committee for Organization of Medical Center Senate, 1974
Seed Grant Review Committee, 1974 - 76
Liaison Committee, 1975 - 76
Systems Office Task Force on Travel, Moving, and Recruitment Expenses,
Medical Center Representative, 1975 - 76
Ad Hoc Committee on Graduate Fellowships, 1975 - 76
Graduate Council, 1977 - 79
Ad Hoc Committee on Selecting a Grants Manager, 1977
Chancellor's Ad Hoc Task Force on Research, 1977 - 79
Chancellor's Ad Hoc Oncology Program Committee, 1977 - 1979
Search Committee for a Dean of College of Medicine, 1978
Search Committee for a Dean of Graduate Studies and Research, 1978 - 79
Ad Hoc Continuing Education Committee on Gerontology, 1979
Faculty Senate Grievance Committee, 1979-82; Chairman 1981 - 82
Clinical Cancer Education Committee, 1980 - 1984
Cell Sorter Facility Policy Committee, 1980 - 1984
Search Committee for Director of Eppley Institute, 1981 - 82
UNMC Special Functions Committee 1981-1982, 1984 - 85
LB 506 Grant Reviews Committee, 1982, 1983, 1984, 1986
Chancellor's Task Force on Nutrition, 1984 - 85
Executive Graduate Council, 1985 - 87
Bulk Purchasing Committee, 1985 - 86
First Professional Degree Committee, 1985 - 86
Marshalling Corps, 1982 - 86
Tenure Review Committee, 1985 - 86
Board of Directors, Toxicology Program, 1985 - 1989
Faculty Senate Academic Freedom and Tenure Committee, 1986 - 87
Chancellor's Planning Committee, 1986 - 1987
Search Committee for Dean of College of Pharmacy, 1986
School of Pharmacy and Allied Health - Creighton University:
Administrative Committee, 1989 - 2003
Executive Committee, 1989 - 2003
Pharmacy Curriculum Committee, 1989 - 1992
Grade Appeals Committee, 1989 - 1990
Scholastic Standing Committee, Chairman, 1989 - 1990
Pharmacy Accreditation Self-Study Steering Committee, 1989 - 1991
Finance Subcommittee, Chairman
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Faculty and Staff Subcommittee, Chairman
Creighton in the Year 2000 Planning Committee, Chairman, 1990
Occupational Therapy Admissions Committee, 1990 - 2003
Pharmacy Admissions Committee, 1990 - 2003
Alumni Advisory Board, Chair, 1990 - 2003
Strategic Planning and Implementation Committee, 1991 - 2003
Physical Therapy Admissions Committee, 1992 - 2003
Industrial Advisory Board, Chair, 1992 - 2003
Creighton University:
Health Sciences Center Safety Committee, 1989 - 1992
International Students Committee, 1989 - 1991
Planning Steering Committee, Creighton in the Year 2000, 1990 - 1992; 1994 1996
Academic Council, 1990 - 2003
Academic Leadership Committee, 1990 - 2003
Council of Deans, 1990-present; Chair – 1996 - 97
Grant Review Committee, 1990 - 1992
Search Committee for Academic Vice President, 1993
Search Committee for Assistant Grants Administrator, 1993
Search Committee for the Dean, School of Dentistry, Chairman, 1993 - 94
International Planning and Advisory Committee, 1994 - 96
Search Committee for Director of Annual Giving, 1995 - 96
Search Committee for Director of Alumni Relations, 1996
Search Committee for the Dean, College of Business Administration, Chairman,
1996 - 97
Strategic Planning Committee for Programs in the Dominican Republic, 1996 - 97
Process Redesign Advisory Committee, 1996 - 97
Steering Committee for the Center for Practice Improvement and Outcomes
Research, 1996 - 2003
Budget Redesign Advisory Committee, 1997 - 98
Cancer Center Advisory Board, 1995 - 98
Budget Design Planning Advisory Committee, 1997
Academic Process Redesign Committee, 1997 - 98
Center for Health Policy and Ethics Deans Advisory Council, 1996 - 2003
Search Committee for the Dean, Chairman, School of Law, 1998 - 99
Cancer and Smoking Disease Research Program Advisory Committee, 1998 2003
Strategic Planning - Beyond Creighton 2000 Committee #1, Chair, 1998 - 99
Student Information Systems Coordinating Committee, 1999 - 2001.
Creighton University Strategic Planning Committee, 1999 - 2000.
Creighton University Strategic Planning Academic Excellence Subcommittee, 2001
Biomedical Research Advisory Council, 2002 - 2003
Science Complex Steering Committee, 2000 - 2003
HIPAA Steering Committee, 2002 - 2003
Search Committee for Vice President University Relations, 2002 - 2003
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State:
Governor's Commission on Drug Abuse, 1970 - 71
State Commission on Drugs, 1971 - 72
Research Committee of the Nebraska Heart Association, 1973 - 76
Sigma Xi Faculty & Graduate Student Outstanding Scientist Awards Committee,
1979
Nebraska Chapter of Sigma Xi President-Elect, 1983-84; President, 1984 - 85
State Board of Pharmacy's Review Committee for Continuing Pharmacy Education
1984 - 87
Nebraska Pharmacy Strategic Planning Committee, 1994 - 96
Nebraska Pharmacy Coordinating Council, 1996 - 2003
Creighton Federal Credit Union, 1997 - 2001
Nebraska Pharmacists Association Legislative Committee, 1997 - 2002
National:
Scientific Program Committee of the Pharmacognosy and National Products,
Section of the Academy of Pharmaceutical Sciences, 1970 - 71
Chairman of the Scientific Program Committee of the American Society of
Pharmacognosy, 1972 - 73
Chairman of the Kilmer Prize Committee of the Pharmacognosy and Natural
Products Section of the Academy of Pharmaceutical Sciences, 1973 - 74
Chairman, Special Projects Grant Committee, American Association of Colleges of
Pharmacy, 1983 - 85
Resolution Committee, American Society of Pharmacognosy, 1973 - 74
American Association of Colleges of Pharmacy, Section of Teachers of Biological
Sciences Nominating Committee Chairman, 1974 - 75
Committee on Long-Range Goals, Pharmacognosy and Natural Products Section
of the Academy of Pharmaceutical Sciences, 1977 - 78
Chairman, Resolutions Committee, Biological Sciences Section, American
Association of Colleges of Pharmacy, 1978 - 79
Chairperson-Elect, 1979 - 80, Biological Sciences Section of The American
Association of Colleges of Pharmacy
Kilmer Prize Committee, Academy of Pharmaceutical Sciences, 1979
Advisory Committee for HRA Contract 232-7E 0908, University of Minnesota, 1978
- 79
Kilmer Prize Committee, Academy of Pharmaceutical Sciences, 1980 - 82
Chairman, Kilmer Prize Committee, Academy of Pharmaceutical Sciences, 1980 81
Chairman, Biological Sciences Section, American Association of Colleges of
Pharmacy, 1980 - 81
Site Visit Team, NIH Minority Biomedical Research Support (MBRS) Grant
Application for School of Pharmacy, Florida A & M Univ., Sept 21 - 23, 1980
Distinguished Pharmacy Education Award Committee, American Association of
Colleges of Pharmacy, 1982 - 83
Chairman, Nominating Committee, Biological Sciences Section of the American
Association of Colleges of Pharmacy 1982 - 83, 1983 - 84, 1984 - 85
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Secretary, Council of Sections of the American Association of Colleges of
Pharmacy, 1982 - 83
American Association of Colleges of Pharmacy Council of Faculties, Faculty
Development Committee, 1984 - 85
Site Visit Team, NIH Minority Biomedical Research Support (MBRS) Grant
Application for program at California State University, Long Beach, CA, 1985
Review Panel, NIA Minority Biomedical Research Support Program, Washington,
DC, 1985, 1986
Review Panel, NIH Research Centers in Minority Institutions (RCMI), 1988
APhA Academy of Pharmaceutical Sciences Selection Committee for the
Research Achievement Award in Pharmacodynamics, 1988 - 89
Society of Toxicology Central States Chapter Program Committee, 1990
Review Panel, Chairman, NIH Research Centers in Minority Institutions (RCMI),
1990
Nominating Committee, Biological Sciences Section of the American Association
of Colleges of Pharmacy, 1990 - 91
Central States Chapter of the Society of Toxicology
Vice President, 1991 - 92
President-Elect, 1992 - 93
President, 1993 - 94
Technical Committee, Society of Toxicology, 1990 - 92
Environmental Protection Agency Dioxin Science Advisory Board, 1995 - 96
Ethics Committee, Association of Schools of Allied Health Professions, 1994 - 96
USP Division of Standards Development Advisory Panel on Identification and
Standardization of Natural Products, 1995 - 2000.
American Association of Colleges of Pharmacy Special Committee to Study
Structure and Process, 1995 - 98
American Association of Colleges of Pharmacy Institutional Research Advisory
Committee, 1996 - 97
NIEHS Special Emphasis Panel, 1997, Chair
Board of Directors, American Association of Colleges of Pharmacy, 1998 - 2001
American Association of Colleges of Pharmacy Private Schools and Colleges
Forum, Secretary – 1994 - 96; Chair, 1996 - 98
Site Visit Team for Accreditation in Physical Therapy, University of Washington,
Seattle, WA, 2002.
Site Visit Team for Accreditation in Physical Therapy, Bellarmine University,
Louisville, KY, 2004.
Elected member of the Certification Board for Nutrition Specialists, 2004, reelected 2007.
American College of Nutrition 21st Century Steering Committee,subcommittees on
By-Laws, Structure, and Development, 2008-2009.
Chairman, American College of Nutrition Publications Committee, 2008-2009

CONSULTING (PARTIAL LIST):
AdvoCare International
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U.S. Army Medical Research Institute for Infectious Diseases
Wyeth-Ayerst
Sandoz Drug Company
Chemical Products, Inc.
InterHealth Nutraceuticals
U.S. Environmental Protection Agency
Meridrew Enterprises
Cape Cod Laboratories, Inc.
Hughes Enterprises
Air Force Office of Scientific Research
ConAgra Corporation
SmithKline Beecham
Proctor & Gamble
Greek National Institute of Health
Marmara University, Istanbul, Turkey
Jordan University, Amman, Jordan
Tanta University, Tanta Egypt
Yarmouk University, Yarmouk, Jordan
Wayne State University, Detroit, Michigan
Mercer University, Atlanta, Georgia
U.S. Pharmacopeial Convention,
Proliant Health & Biologicals
Custom Nutrition Laboratories(CNL)
SIO Healthcare Advisors
Nutratech Inc.
Various Law Firms

RESEARCH SUPPORT, GRANTS AND CONTRACTS RECEIVED:
1.

Smith, Kline and French Foundation Award of $6750 for the purchase of a
liquid scintillation counter, 1968.

2.

University of Nebraska Research Council Award of $3190 for the purchase of
a high speed refrigerated centrifuge, 1968.

3.

Nebraska Heart Association Grant of $2070 for a study on "The Metabolism
of 14C-Cholesterol in Dioscorea Tissue Suspension Cultures". July 1, 1968 June 30, 1969.

4.

Nebraska Heart Association Grant of $1665 for an investigation of the
"Metabolism of Heart Glycosides by Cardiac and Hepatic Microsomes".
September 1, 1968 - August 31, 1969.
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5.

National Science Foundation Grant of $11,200 for an investigation entitled,
"Studies on Cholesterol Side Chain Cleavage Enzymes in Cardenolide
Biosynthesis." September 1, 1969 - August 31, 1971.

6.

Public Health Service Grant of $24,406 for an investigation on the
"Production and Biosynthesis of Medicinals by Plants." November 1, 1969 October 31, 1972.

7.

Nebraska Heart Association Grant of $4300 for an investigation entitled "In
Vitro Studies on Cardiac Glycoside Metabolism". July 1, 1971 - June 30,
1972.

8.

National Science Foundation Grant of $12,000 for "Sterol Side Chain
Cleavage and Cardenolide Biosynthesis in Cardenolide Producing Plants".
January 1, 1971 - December 30, 1973.

9.

Nebraska Heart Association Grant of $6600 for an investigation entitled, "In
Vitro Studies on Cardenolide Metabolism". July 1, 1972 - June 30, 1973.

10. University of Nebraska Medical Center Seed Grant of $3820 for "Preliminary
Studies on the Mechanism of Action of PCN." November 1, 1972 - June 30,
1973.
11. Nebraska Heart Association Grant of $5090 for an investigation entitled "PCN
Mechanism of Protection from Digitalis Toxicity." July 1, 1973 - June 30,
1974.
12. Lincoln-Lancaster Drug Projects Contract for approximately $2500 to
"Conduct Routine Urinalysis for Drugs for 'Full Circle' Staff and Residents."
Co-sponsored with Dr. E.B. Roche, December 1, 1973 - June 30, 1974.
Renewed for July 1, 1974 - December 31, 1974.
13. Nebraska Heart Association Grant of $4695 for an investigation entitled
"Blood Level Determinations of Thiazide Diuretics." July 1, 1974 - June 30,
1975.
14. ConAgra Corporation contract of $9490 for a study on "The Growth of
Selected Microorganisms on Oat Hulls as a Potential Source of Protein."
September 1, 1974 - August 31, 1975. Co-principal investigator with Dr. H.
Rosenberg.
15. University of Nebraska Medical Center Seed Grant of $4675 for an
investigation on "The Growth of Microorganisms on Agricultural Wastes as a
Source of Utilizable Protein." July 1, 1974 - June 30, 1975. Co-principal
investigator with Dr. D. H. Rosenberg.
16. University of Nebraska Medical Center Seed Grant of $2100 to conduct "An
Evaluation of the Physiological and Metabolic Changes Associated with
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Chronic Methaqualone Abuse." July 1, 1974 - June 30, 1975. Co-principal
investigator with Dr. R.W. Piepho.
17. Nebraska Heart Association Grant of $4852 for the study on "Blood Level
Determinations of Thiazide Diuretics." July 1, 1975 - June 30, 1976.
18. ConAgra Corporation contract of $3090 for a study on "The Growth of
Selected Microorganisms as a Potential Source of Protein on Carbohydrate
Extracts Obtained from Oat Hulls." September 1, 1975 - March 1, 1976.
Co-principal investigator with Dr. H. Rosenberg.
19. Nebraska Heart Association Grant of $5310 for an investigation on the
"Metabolism of Quinidine-Like Antiarrhythmic Agents". July 1, 1977 - June
30, 1978.
20. University of Nebraska Medical Center Seed Grant of $4949 for an
investigation entitled "The Mechanism and Significance of Intestinal Drug
Metabolism". July 1, 1977 - June 30, 1978.
21. Center on Aging Grant of $1980 to initiate a project entitled "Glutathione
Levels in Rat Hepatic and Extrahepatic Tissues as a Function of Age."
March 1, 1978 - September 30, 1978.
22. Nebraska Heart Association Grant of $5840 to continue our investigation on
the "Metabolism of Quinidine-Like Antiarrhythmic Drugs." July 1, 1978 to
June 30, 1979.
23. University of Nebraska Medical Center Seed Grant of $7442 for a project
entitled "Glutathione Levels and Xenobiotic Metabolism in Hepatic and
Extrahepatic Tissues as a Function of Age." July 1, 1978 - June 30, 1979.
24. Center on Aging Grant of $1900 to initiate a project entitled "Xenobiotic
Metabolism in Hepatic and Extrahepatic Tissues as a Function of Age."
November 15, 1978 - September 30, 1979.
25. Public Health Service Grant for $68,238 entitled "Childhood Lead,
Pyrimidines and Metabolic Debris." April 1, 1978 - March 31, 1980.
Associate Investigator. Dr. Carol Angle - Principal Investigator.
26. Nebraska Heart Association Grant of $5965 for a study entitled "Lithium and
Cardiac Rhythm, Electrolytes and ATPase." July 1, 1979 - June 30, 1980.
27. National Institute on Aging (PHS) Grant for $75,859 entitled "Glutathione
Levels and Drug Metabolism Relative to Age." July 1, 1979 - November 31,
1982.

AR-000192

Case 1:17-cv-02538-JEB Document 37-1 Filed 06/26/19 Page 192 of 299
193

28. Public Health Service Grant for $97,741 entitled "Childhood Lead,
Pyrimidines and Metabolic Debris." April 1, 1980 - March 31, 1983.
Associate Investigator. Dr. Carol Angle - Principal Investigator.
29. American Heart Association Nebraska Affiliate Grant-in-Aid for $7000,
entitled "Hemodynamic Properties of 6'-Hydroxycinchonine," July 1, 1980 June 30, 1981.
30. University of Nebraska Medical Center Seed Grant of $1618 for a project
entitled "Intestinal Tract as the Target Organ for TCDD Toxicity," July 1, 1980
- June 30, 1981.
31. University of Nebraska Medical Center Seed Grant of $5000 for a project
entitled "Effects of Dilantin on Estrogen Metabolism," July 1, 1981 - June 30,
1982. Dr. H. Lemon - Principal Investigator.
32. State of Nebraska Cancer Research Grant for $30,500 entitled "Cancer and
Aging: Role of Glutathione and its Metabolism," July 1, 1982 - June 30,
1983.
33. Public Health Service Grant for $119,290 entitled "Lead and the Red Cell
Membrane." July 1, 1983 - June 30, 1986. Co-investigator. Dr. Carol Angle
- Principal Investigator.
34. American Heart Association (Nebraska Affiliate) Grant for $23,821 entitled
"Lipid Peroxidation: Cause of Myocardial Toxicity to TCDD." July 1, 1983 June 30, 1985.
35. State of Nebraska Research Grant for $31,911 entitled "Cancer and Aging:
Roles of Glutathione and DNA Damage." July 1, 1983 - June 30, 1984.
36. March of Dimes Birth Defects Foundation for $50,000 entitled "Role of Lipid
Peroxidation in TCDD-induced Testicular Atrophy." December 1, 1983 November 30, 1985.
37. Ayerst Laboratories contract for $31,800 entitled "Efficiency of Betacor in
Mild-to-Moderate Hypertension (One Step Therapy)." October 1984 - March,
1985.
38. Ayerst Laboratories contract for $31,800 entitled "Efficiency of Betacor in
Mild-to-Moderate Hypertension (Two Step Therapy, Post-Thiazide)." October
1984 - March, 1985.
39. National Cancer Institute Laboratory Cancer Research Support (CORE)
Grant, 1984-86. Co-Investigator. Dr. E. Bresnick, Principal Investigator.
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40. March of Dimes Birth Defects Foundation for $40,000, entitled "Mechanism of
TCDD-Induced Testicular Atrophy." December 1, 1985 - November 30,
1987.
41. National Institute of Environmental Health Sciences Area Grant for $50,000,
entitled "Free Radicals and Iron in TCDD-Induced Lipid Peroxidation." July 1,
1987 - April 30, 1990.
42. National Institute of Environmental Health Sciences Sabbatical Award for
$28,336 for September 1, 1987 - June 30, 1988.
43. American Aging Association, Inc. grant of $500, to support a study entitled
"DNA Single Strand Breaks in Peripheral Lymphocytes of Human Subjects as
a Function of Age." February 1, 1989 - January 30, 1990. Co-Investigator Dr. T. Lawson.
44. Health Future Foundation Grant of $5000, to support a study entitled
"Macrophage Activation by TCDD." December 1, 1989 - November 30, 1990.
45. William Randolph Hearst Foundation Grant of $30,000, to establish a
graduate fellowship. December, 1989.
46. Air Force Office of Scientific Research Grant for $288,897 entitled
"Production of Reactive Oxygen Species by Polyhalogenated Cyclic
Hydrocarbons (PCH)." June 15, 1990 - June 14, 1993.
47. Ciba-Geigy Grant of $2500 for support of Graduate Students, March, 1990.
48. Smith-Kline-Beecham Grant of $32,660 for support of graduate student
George Baker. September, 1990.
49. U.S. Army Medical Research and Development Command Grant for $61,869
entitled
"Specific
Mechanism-Based
Glycosidase
Inhibitors
as
Chemoprotectants Against Ricin Toxicity." June, 1991 - May, 1992.
50. Creighton University BRSG for $2,000 with graduate student Dan Muldoon
for a project entitled "Potential Chemoprotectants Agains Ricin Toxicity."
June, 1991 - May, 1992.
51. Ciba-Geigy grant of $2,500 for support of the computer laboratory, February,
1992.
52. State of Nebraska Department of Health grant for $59,902 for a project
entitled "Smokeless Tobacco: Macrophage Activation and Cytotoxicity."
July, 1992 - June, 1994.
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53. Health Future Foundation grant of $10,000 to support a study entitled
"Production of Reactive Oxygen Species by Cadium and Chromium." July 1,
1993 - June 30, 1994.
54. California Aging Research Institute, Inc. grant of $4,500 to support a study
entitled "Age-Related Oxidative Damage in the Retina." October, 1993 March, 1996.
55. Air Force Office of Scientific Research grant for $321,732 entitled
"Mechanisms associated with the toxicity of polyhalogenated cyclic
hydrocarbons and heavy metals." November 1, 1993 - October 31, 1996.
56. State of Nebraska Department of Health grant for $151,004 entitled
"Smokeless tobacco, reactive oxygen species, oral cancer and collagen
synthesis." Dr. M. Bagchi - Principal Investigator. October 1, 1994 - July 1,
1996.
57. Procter & Gamble research grant for $24,998 entitled "Restraint stress, diet,
and chemically induced oxidative stress in rats, and protective ability of
bismuth subsalicylate (BSS)." Dr. D. Bagchi - Principal Investigator. January
1, 1996 - September 30, 1996.
58.

Air Force Office of Scientific Research grant for $339,097 entitled "Common
pathways in the toxicity of structurally diverse xenobiotics." November 1,
1996 - October 31, 1999.

59.

NACDS Education Foundation grant for $25,000 for a project entitled "A
certificate program in diabetes care for pharmacists." Dr. Ken Keefner Principal Investigator. September, 1997 - July, 1998.

60. NIEHS grant for $101,243 for a project entitled "TCDD-induced oxidative
stress in tissues of rats." Dr. Ezdihar Hassoun - Principal Investigator, Dr.
S.J. Stohs - Co-Investigator. April, 1998 - March, 1999.
61. NIH grant for $70,000 for a project entitled “Helicobacter pylori, oxidative
stress and gastric injury”. April, 1998 - March, 2001.
62. Institute for the Advancement of Community Pharmacy to create "an
asynchronous web-based Doctor of Pharmacy Pathway at Creighton
University". July 1, 2000 - June 30, 2003, $1 million.
63. Support for a web-based Doctor of Pharmacy pathway at Creighton
University. July 1, 2000 – June 30, 2002: ShopKo - $10,000; Walgreen
Corporation - $50,000; J.M. Long Foundation - $50,000; Eckerd Corporation $10,000; AstraZeneca - $1,000; BD Pharmaceutical Corp. - $10,000; CVS
Corporation - $25,000.
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64. Research grant from AdvoCare International for $95,435 for a project entitled
“Effects of long term chronic exposure to MNS orange on serum chemistry
and histopathology in mice.” Dr. S.D. Ray – principal investigator, Dr. S.J.
Stohs – co-principal investigator. July, 2001 - June, 2003.
65. Research grant from AdvoCare International for $5,000 for a project entitled
“Quantitation of ephedra and caffeine in MNS Orange dietary supplement.”
Dr. Alekha Dash – principal investigator, Dr. S.J. Stohs – co-principal
investigator. September, 2001 - June, 2003.
66. Research grant from InterHealth Nutraceuticals Inc. for $20,000 for a project
entitled “Determination of testicular atrophy (lipid peroxidation, physical
observations and histopathology) in rats following supplementation with
Super CitriMax. Dr. S.E. Ohia – principal investigator, Dr. S.J. Stohs – coprincipal investigator. January, 2002 - December, 2002.
67. Research grant from the Health Future Foundation for $850,000 for the
establishment of a Toxicology Center. Dr. S.J. Stohs – principal investigator,
Dr. S.E. Ohia – co-principal investigator, Dr. D. Bagchi – co-principal
investigator. July, 2002 - June, 2005.
68. Research grant from InterHealth Nutraceuticals Inc. for $50,000 for a project
entitled “ChromeMate 90-day safety study.” Dr. Michael Shara – principal
investigator, Dr. S.J. Stohs – co-principal investigator. January, 2002 September, 2003.
69. Over $800,000 in research grants funded by AdvoCare International between
2003 – 2014 for various studies in animals and human subjects on the
efficacy and safety of selected AdvoCare products. Dr. S. J. Stohs served as
Co-principal investigator on these studies.
70. Research grant from Nutratech Inc. for $22,000 for “A comparative
effectiveness study evaluating changes in resting metabolic rate associated
with four different nutritional supplements in human subjects.” Dr. S. J. Stohs
Co-principal investigator with Dr. Gil Kaats, Dr. Harry Preuss-Co-Investigator,
June, 2010 – July, 2011.

Updated 04-03-16
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COMMENTARY ON THE REPORT OF DR. SIDNEY J. STOHS
CONCERNING THE HEALTH CLAIMS FOR NTX, A PRODUCT
COMPOSED OF GLYCYRRHIZIN AND MANNITOL, IN
CONJUNCTION WITH ALCOHOL CONSUMPTION
Harry G. Preuss MD, MACN, CNS
Professor of Biochemistry, Medicine, Physiology, and Pathology
Georgetown University Medical Center
Washington, DC 20057
SOURCES USED IN ADDITION TO THE STOHS REPORT
MATERIAL PROVIDED BY COMPANY
PATENT (REF 14)
ADDITIONAL REFERENCES (102-105)

INTRODUCTION

 ǡ Ǧ
 Ǥ Ǧ
     
Ȁ Ǧ
 Ǥ  ǡ ǯǦ
  Ǥ



  ǡ

  ǡ
   ȋȌǡǦ
ȋȌ  
 Ǧ  ǡ 
 ȋ  ȌͳͶǡͳǦͶͻǤ 
ǡǡǡǦ
  Ǥ ǡ Ǧ

AR-000198

Case 1:17-cv-02538-JEB Document 37-1 Filed 06/26/19 Page 197 of 299
199

    Ǧ
  Ȃ
  ͳͲͷǤ ǡ
ͳͶ  ǡ
ǡ  Ǥ

ǯ
   ͲǤͲͷǦͲǤ͵Ψ
ͲǤͷǦ͵ǤͲΨͳͶǤ Ͳ Ǧ
 ȋͶȌ ǡ 
͵ͲǦͳͺͲ ͵ͲͲǦͳǤͺͲǤ 
 Ͳ  ȋͶȌ Ǧ
ǡȀ ͵ͲǦͳͺͲ ͵ͲͲǦ
ͳǤͺͲǤ  
   ͳͲͷǤǦ
  
ʹͲͲ  
 ͻͺǡͳͲ͵Ǥ

BACKGROUND
[REFERENCES 1-19]
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HEALTH CLAIMS FOR NTX
1. PROVIDES ANTIOXIDANT AND ANTI INFLAMATORY SUPPORT
References [14, 16-49]
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2. HELPS PROTECT AGAINST OXIDATIVE DAMAGE TO THE LIVER.
References [14-16,19,30,35,36,38-44,50-69]
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3. HELPS MAINTAIN NORMAL LIVER ENZYME PRODUCTION AND
FUNCTION
References [14-16,19,30-34,38,54-67]
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4. SUPPORT NORMAL LIVER DEFENSES AND REGENERATIVE
MECHANISM
References [14-19,21,22,53,68,69]
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5. REDUCES THE RISK OF LIVER DISEASES INCLUDING FIBROSIS
AND CIRRHOSIS
References [14-16,19,21,22,50-53,54-70,73-75]
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6. AMELIORATES THE SYMPTOMS ASSOCIATED WITH LIVER
DISEASE INCLUDING FIBROSIS AND CIRRHOSIS
REFERENCES [14-16,19,21,22,34,50-67,68,69,70-74]


  
  Ǧ
 
  ǡ  
Ǥ
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   Ǧ
  Ǧ
 ͷͶǦǤ

Ǧ ͺ͵ͺ Ǧ
    ͷ͵Ǥ
ͳʹ ȋȌͷ͵Ǥ  Ǧ
   
 Ǥ Ǧ
     ͷ͵Ǥ

 
   Ǧ Ǧ
   ǡǡ



ͳͶǡͳͻǤ   ǡ
 Ǥ  ǡ
ǡ Ǧ  
  ȋȌ  Ǧ
 ǡ  ͳͶǡ
 Ǥǡ 
 ȋȌ  
 Ǧ   ͳͶǤ

7, HELPS MAINTAIN NORMAL RENAL FUNCTIONS
References [14-16,19-22,30-35,38,45-54,67-69]
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     Ǧ
   ͳͶǦͳǡͳͻǦʹʹǡ͵ͲǦ͵ͷǡ͵ͺǡͶͷǦͷͶǡǦͻǤǡ 
 ǡ Ǧ
  ǡǦ
Ǧ 
 ͶǡͶǤǡǦ
  
ǡ  
  ͶͻǤ

  ǡǦ
ʹͶ ͵ʹͲͳ
 ͷ͵Ǥ Ǧ
  ǡǡ
 Ǥ

Ǧ   
 ͺ͵ͺ  
ͳʹ ȋȌͷ͵Ǥ  
  Ǥ Ǧ
    Ǧ
  ͷ͵Ǥ

 Ǧ  
 ǦǦǡ
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ǡ

ͳͷǡ  Ǥ 

ǡǡǦǡ Ǧ  Ǧ
 ͳʹ   ͳʹ
Ǥ   Ǧ
  Ǥ

   ͵ͳ ǡ Ǧ
 ͳǤ 
  ǡ
 ǡ ǡ ǡ Ǧ
 Ǥ 
ǡ     
Ǥ ǲ
   Ǧ   ǳͳǡ
  Ǥ

8. HELPS PROTECT DNA FROM ALCOHOL-INDUCED DAMAGE
9. REDUCES ALCOHOL-INDUCED DNA DAMAGE
REFERENCES [16,38,76-94]

      Ǧ
 Ǧ
ǡǤ   
ǡ ǦǡȋȌ
  
ǡͺǤ ǡ   
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ǡ
  ͻǡͺͲǤ ǡǡin
vitro   Ǧ
 Ǧ 
Ǥ

Ǧ ǡǦǡ Ǧ
 Ǧ    
ͳǤ  Ǧ
    
ǡ Ǧ   ǡͺǦǦʹǦ
Ǥ   
ǡ   Ǥ

  ͺͳǦͻͶǤ
 ǡ  
 
  
Ǥ

SAFETY
References [15,19,54,97-104]
     ȋ Ȍ
Ǥ
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ǡ Ǧ Ǧ
  
 ǡǡ

ͳͷǤ ǡ

 ǡǡ
Ǧ
 ͳͷǤ


ʹͺǡ
    
   ǡ  ǡ  ǡ
  ǡ ǡ ǡǡǦ
 ǡ ǡ  ǡ
ǡǡǡǡȋȌǡ 
Ǥ    Ǧ
 
ǡ  ǡ 
ʹͺͳͻǤ ͺ
͵ͻǡ  
ʹȀȀͳͲͺͲ
ͻǤ

  ʹͲͲǡ
ͻǡͳͲʹǦͳͲͶǤ
 ǡ  ͳͲ
Ǥ Ǧ
ͳͶǤͷ  
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Ǧ Ǥ
  
ͻͻǡ   
Ǥ

   
ͳʹͻͲ
ͳͲͳǤͺͲ 
ͳͷͷǤ
  Ǥ Ǧ
 ͳͲͷǤ


]
Professor of Biochemistry, Medicine, Physiology, & Pathology
Georgetown University Medical Center
Washington, DC 20057


REFERENCES
ͳǤ Ǥ  ǤȀȀ  ȀǤʹͲͳͶǤ 
̈́ʹʹ͵ǤͷǤ
ʹǤ Ǥ  ǤȀ ȀǤǤʹͲͳͷǤ Ǧ
 ȋ ȌǤ
͵Ǥ ǡǡǤʹͲͳǤ  Ǧ
ǣ  ǡ ǫ
Ǥ ʹʹǣͺǦʹ͵Ǥ
ͶǤ ǯǡǡ  ǤʹͲͳͲǤ  Ǥ
 ͳͲͷǣͳͶǦ͵͵Ǥ
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5. Bruha R, Dvorak K, Petrtyl J. 2012. Alcoholic liver disease.   
ͶǣͺͳǦͻͲǤ
Ǥ ǡǦǡǡ ǡ ǡ ǤʹͲͳͷǤ
ǣǤ  ǣ
ʹͲ͵ǦʹͳͷǤ
Ǥ ǡǤʹͲͳͷǤ     
Ǥ  ʹͳǣͳͶǦʹͳǤ
ͺǤ  ǡ ǡ ǤʹͲͳǤ Ǧ
 ǡǡǤ  Ǧ
ʹͳǣ͵ǦͶͻǤ
ͻǤ ǡ ǡǡ ǡǡǡ ǤʹͲͳͷǤ
Ǥ   ͳǣ
ʹͲͺǦʹͳʹͶǤ
ͳͲǤ ǡǡǡǡǤʹͲͳͶǤ
      Ǥ
  ʹǣʹͶǦʹǤ
ͳͳǤ  ǡ ǡ ǤʹͲͳͷǤ    
Ǥ  ͵ͳǣͳͲͶ͵ǦͳͲͶǤ
ͳʹǤ ǡǡǡǡǡ ǡǤ
ʹͲͳͷǤ  Ǥ  Ǥ 
ʹʹǣͺͻǦͻͲ͵Ǥ
13. Mathurin P, Lucey MR. 2012. Management of alcoholic hepatitis.  
56
Suppl 1: S39-45.
ͳͶǤ ͻǡͳͶͻǡͶͻͳʹǤ    Ǥ Ǥǡ
ʹͲͳͷǤ
15.  ǤʹͲͳͶǤ    
  Ǥ  
 Ǥ
16. ǤʹͲͳǤ Ǧ
  Glycyrrhiza globraȋȌ
 Ǥ Ǥ
ͳǤ  ǤʹͲͳͷǤ  
ȋȌ 
 ǣ ǡǡ Ǧ
ǡ  Ǥ
ͳͺǤ  ǤʹͲͳͷǤǦ
 
Ǥ
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ͳͻǤ ǤʹͲͳǤ     
Ǥ ǤǦ
Ǥ  Ǥ
ʹͲǤ  ǡ ǡ ǡ ǡǡǡ ǤʹͲͳǤ Ǧ
    ǡ    ǡ
 Ǧ Ǥͳǣͳͻǣ
ͳͲǤͳͳͺȀͳʹͻͲǦͲͻͻǦͲǤ
ʹͳǤ ǡǡ ǡ ǤʹͲͲͻǤ̷
    Ǧ
ǣǤ ͶǣͺͲǦͺͶǤ
ʹʹǤ  ǡ  ǡǤͳͻͻͻǤ    Ǧ
 Ͷ  Ǥ
 ǣͶʹǦͶ͵Ǥ
ʹ͵Ǥ ǡǡǤͳͻͻ͵Ǥ  Ǧ
  ǤǤ ǤǤ
ͲͳǤ
ʹͶǤ ǡǦǡǡ ǡǡǤ
ʹͲͲͶǤin vitro    
  ͶͷͲȀ Ǥ
 ͷʹǣͳͶ͵ǦͳͶ͵ͻǤ
ʹͷǤ  ǡ ǡǡõǡ ǤʹͲͳͲǤ Ǧ
 ǣ    
  Ǥ  ǣʹǦ͵͵Ǥ
ʹǤ ǡǡǡǡǡǤʹͲͲͶǤ
     
 Ǥ  ͶͷǣͶͳǦͶͺǤ
ʹǤ   ǡǡ ǡǡǡ  ǡ ǡǤʹͲͳʹǤ
    
   ͳǤ   ͵͵ǣͳͳǦͳͺǤ
ʹͺǤ  ǡǡǡ ǤʹͲͲͷǤ   Ǧ
 ͳͺȾǦ   
 Ǧ    Ǥ 
ʹͺͲǣͳͲͷͷǦͳͲͷ͵Ǥ
ʹͻǤ ǡǡǡǡǤʹͲͳʹǤǦ
    Glycyrrhiza glabra Ǥ ͶǣͳͺͻǦͳͻͷǤ
͵ͲǤ  ǡǡǡ ǡǡ ǡǡ
ǡ ǡǡǤʹͲͳʹǤ   Ǧ
   Ǥ
 ʹͲͳʹǣͷͲͷͳͶǤ
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͵ͳǤ ǡǡ ǡǡǡǤʹͲͳ͵Ǥ    
 Ǧ ʹͶǤ
      Ǥ  
  ͺǣͳ͵Ǧͳ͵ͺ͵Ǥ
͵ʹǤ  ǡ ǡǡ ǡ ǤʹͲͳͶǤ  
     
 Ǥ    ͳͷǣͳͷͲʹǦͳͷͲͶ͵Ǥ
͵͵Ǥ ǡǡǤʹͲͲͻǤ    Ǧ 
  Ǥ  
Ͷǣ͵͵ͻǦ͵ͶǤ
͵ͶǤ ǡǡ ǡǡ ǤʹͲͲͳǤ   Ǧ
    
  Ǥ ͶͻǣͳͳǦͳʹǤ
͵ͷǤ ǡ ǡǡ ǡǡ ǤʹͲͳͷǤ  ǡǦ
ǡ     
  ʹ Ǥ  ʹʹǣͺǦǤ
͵Ǥ  ǡǡǡ ǡǡǡǡ ǤʹͲͳͶǤ Ǧ
  ǡ   ͳǡ  Ǧ
ȀǦ ǡǡǦ
Ǥ ͻǣͺͻͶͷͲǤ
͵Ǥ   ǡ ǡǡ ǡ ǡǡ ǤʹͲͳͶǤ  Ǧ
  Ǥ Ǧ
 ͳǣͳǦǤ
͵ͺǤ ǡǡǤʹͲͳͷǤ   
Ǧ Ǥ
 ͶͲͻǣͳǦͳͺͻǤ
͵ͻǤ ǡǡ  ǡǡ ǤʹͲͳͷǤ    
  Ǧ Ǥ
  ʹͳǣͷʹͳǦͷʹͺͲǤ
ͶͲǤ  ǡ ǤʹͲͲ͵Ǥ    Ǧ
ͳͺȾǦ    Ǥ
ͶͳǤ  ǡǡǡǡ ǡ ǡǤʹͲͲǤ Ǧ
     
  Ǥ͵ͲǣͳͺͻͺǦͳͻͲͶǤ
ͶʹǤ ǡǡǡ  ǤʹͲͳͷǤ   
  Ǧ
 Ǥ ͳͳǣ͵ͺ͵Ǧ͵ͺͺǤ
Ͷ͵Ǥ  ǡǡ ǤʹͲͳͷǤ     
ͳͺȾǦ    Ǧ  
Ȁ  Ǥ   ʹͲͳͷ Ǥ ʹͷͷͺͺ͵ͳͺǤ
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ͶͶǤ ǡ  ǡǡ ǡǡǡǡ
 ǡ ǡ ǡǡǤʹͲͳ͵Ǥ  Ǧ
  ǤǦ
 ͳǣʹͻͺͳǦʹͻͺǤ
ͶͷǤ ǡ ǡǡǡǡǤ
ͳͻͻǤ     Ǧ
Ǥ ͶǢͻǦͳͲͲǤ
ͶǤ ǡ ǡǯ ǡǡ ǡǡ
ǡ  ǤͳͻͻǤ  ȋǦ
Ȍ  Ǧ
Ǥ Ͷǣͳ͵ͶǦͳ͵Ǥ
ͶǤ ǡǡ  ȋ͵ͷȌǤʹͲͳ͵Ǥ
 ǣ
Ǥ ǤǤ͵ͳǣͻǦͻͺʹǤ
ͶͺǤ ǡ ǡǡǤʹͲͲͳǤ  
ǡ Ǧ Ǧ Ǧǡ
Ǧ   
Ǥͷ͵ǣͳͷǦͳͺͲǤ
ͶͻǤ ǡ ǡǡǡ ǡ ǤʹͲͲǤ 
 Ǧ
  
ǤͳͳͶǣͳ͵ʹǦͳͷǤ
ͷͲǤ ǡ ǡǤʹͲͳͶǤ  
  Ǧ  Ǥ   
ʹͻǣͻǦͺ͵Ǥ
ͷͳǤ  ǡ ǤͳͻʹǤɀǦ 
 ǡ ǡǤ ͳͺǣ͵ͷͺǦ͵ʹǤ
ͷʹǤ  ǡǡǡ Ǥͳͻͺ͵Ǥ  ɀǦ
   ǣ
Ǥ  ʹͶǣʹͷǦ͵ͲǤ
ͷ͵Ǥ ǡǡǤʹͲͳ͵Ǥ   
   ǣǦǤ
 ͳʹǤȋǦͳʹ  
ͺ͵ͺ ȌǤ
ͷͶǤ ǡ ǡǡǤͳͻͻǤ  
   Ǥ ͻǣͳͶͻͶȂͳͷͲͲǤ
ͷͷǤ  ǡ ǡ ǡ ǡ ǡ 
ǤͳͻͻͻǤ    
ǣǦǡǡ Ǧ  Ȁ Ǥ  Ǧ
 ͳͶǣͳͲͻ͵ȂͳͲͻͻǤ
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ͷǤ ǡ ǡǡǤͳͻͻͻǤ  
     ǣ
 ͳͲǤ   
ͳͳǣͳͲȂͳͲͺ͵Ǥ
ͷǤ  ǡ ǡ ǡ ǤʹͲͲͳǤ  Ǧ
    Ǥ
  ͻǣʹͶ͵ʹȂʹͶ͵Ǥ
ͷͺǤ ǡǡǤʹͲͲʹǤǦ   
Ǧ     Ǥ
 ǤͳʹǣͻͳǦͻʹǤ
ͷͻǤ  ǤʹͲͲʹǤǦ  
 ȏǦȋȌȐ
   Ǥ ʹȋǤͳȌǣͻͶȂͳͲͲǤ
ͲǤ ǡǡ ǡǤʹͲͲ͵Ǥ   
  ǣǤ Ǧ
ʹǣͳͲȂͳͶǤ
ͳǤ  ǡ ǡǡǤʹͲͲǤ   
 ʹ   ǣ
 Ǥ  Ͷͷǣͷ͵ͻȂͷͶǤ
ʹǤ ǡǡǡǤʹͲͲǤ 
  
  Ǥ  ʹǣʹʹʹͳȂʹʹʹǤ
͵Ǥ ǡ ǡǡǤʹͲͳʹǤ  
Ǧǣ  
  ͷʹǤ  ͳͻǣͷ͵ȂͷͶǤ
ͶǤ ǡ ǡǡ ǡ ǤͳͻͺͶǤ 
     
Ǥ ͶǣͳʹǦͳ͵ʹǤ
ͷǤ  ǡ ǡ ǡǡ ǡ ǤʹͲͲǤ
Ǧ     ͳͲͻ͵  
Ǥ  
ͶͳǣͳͲͺȂͳͲͻͶǤ
Ǥ ǡǡǡǤʹͲͲǤǦ Ǧ
     
Ǧ   ǣ 
ͳʹͶͻǤ ͷͳǣͲ͵ȂͲͻǤ
Ǥ ǤʹͲͲǤ    
 Ǧ   Ǧ
Ǥ ͵ȋǤʹȌǣʹͺȂʹͻ͵Ǥ
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ͺǤ ǡ  ǡ ǡ ǤʹͲͳͶǤǦ
  Ǧ   Ǧ
  Ǥ 
ʹʹǣͶͳͳǦͶͳͷǤȋǦͻ  Ǧ
ͺ ȌǤ
ͻǤ  ǡ ǡ ǤʹͲͲͷǤǦ Ǧ
   Ǧ
Ǥ   ͷȋǦʹͶ  Ǧ
͵ʹͲͳ ȌǤ
ͲǤ  ǤʹͲͳͳǤ     
   Ǥ
 ͲͺǤ
ͳǤ ǡ  ǤʹͲͳͳǤ  Ǧ
  Ǥ  ͲͶǤ
ʹǤ ǡǡǡǤʹͲͳͲǤ  
   Ǥ  
ʹͺǤ
͵Ǥ  ǡǤʹͲͳͳǤ   
  
 Ǥ  Ͳ͵Ǥ
ͶǤ  ǡ ǤʹͲͳͲǤ   Ǧ
   Ǥ 
ͳͺǤ
ͷǤ ǡ ǡ ǡǤʹͲͲǤ  Ǧ
    ǤͳʹǤ
Ǥ ǡ ǡ ǡǡǤʹͲͳͶǤǦ
 ǡ Ǥ  ʹͳǣ
ͳͷͻͻǦͳͳ͵Ǥ
Ǥ ǡ ǤʹͲͳͷǤ   Ǧ
 ǡǦ 
 ǣ    Ǥ 
 ͳǣͶͺͲ͵ǦͶͺͳʹǤ
ͺǤ  ǡ  ǡǤʹͲͳʹǤǦ
    Ǥʹ͵ǣͶͲǦͶǤ
ͻǤ ǡ ǡǡǡǡǤʹͲͳͷǤǦ
  ǡ ǡ  Ǥ
ͺͳͷǣ͵ͷǦ͵ͺǤ
ͺͲǤ ǡ ǤʹͲͳͷǤ   ǦǦ
  Ǧ  Ǥ
ͺͳͷǣͳǦͺͺǤ
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ͺͳǤ ǡǡǡǡǤʹͲͳʹǤǦ
    Glycyrrhiza glabraǤ ͶǣͳͺͻǦͳͻǤ
ͺʹǤ ǡ ǡǤʹͲͳʹǤ     
  ʹʹǦ Ǥ
 Ͳ͵ǡʹͺͷǤͷǤ
ͺ͵Ǥ ǡǡǡǡǡǤʹͲͲͶǤ
     
 Ǥ ͶͷǣͶͳǦͶͺǤ
ͺͶǤ ǡǡǤʹͲͳ͵Ǥ  Ǧ
 ǡ ǡ Ǧ
  ǦǤͷͳǣ  Ǥͷͳǣ
ͳʹͻǦͳ͵ͺǤ
ͺͷǤ ǡǤʹͲͲǤ  
  
 
Ǥ  ͳͲǣͳǦͻǤ
ͺǤ ǡǤʹͲͳͳǤ    ǣ  
  Ǧ   Ǧ
Ǥ ͺͻǣͶʹʹǦͶʹͻǤ
ͺǤ ǡ ǡǡǡǡ ǤʹͲͲ͵ǤǦ
ǦǦ Ǧ
   Ǧ
Ǥ  ͳʹͳǣͳǦͳͺ͵Ǥ
ͺͺǤ ǡ ǡǡǤʹͲͲͺǤ  
ȋͶͲͲǦͺͲͲȌ  ǡǦ
 Ǥ  
ͻͳǣʹͶǦ͵ͶǤ
ͺͻǤ   ǡǡ  ǡǤͳͻͺͺǤ  
 ǦǦǦ
 ǤǦ
  ǤͳͻͺǣͳͳǦͳͺǤ
ͻͲǤ  ǡǡ ǡ ǤͳͻͻǤ Ǧ
Ǧ   
Ǥ͵͵ǣʹͲͳǦʹͲǤ
ͻͳǤ ǡǤͳͻͻͳǤ  Ǧ
  Ǥ ͲǣʹͷͻǦ
ʹͶǤ
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ͻʹǤ  ǡ ǤʹͲͲǤ  Ǧ
Ǥ  ͵ͻǣͶͷʹǦ
ͶͷǤ
ͻ͵Ǥ  ǡǡǡǡǤͳͻͻͷǤǦ
Ǧ Ǧ Ǧ
Ǥ͵͵ǣͺͷǦͻͷǤ
ͻͶǤ ǡ ǡ ǤͳͻͻͻǤ  
   Ǧ
ȋ Ȍ  Ǥ ͳʹǣͳͲͲʹǦͳͲͲͻǤ
ͻͷǤ ǡǡ ǡ ǡǡ ǡ 
ǡǡǤʹͲͲͺǤ   Ǧ
 ͲΨǦ
 Ǥ  ͷͻǣ͵ͷǦ͵ͶǤ
ͻǤ ǡǡ  ǡǤʹͲͳʹǤ   Ǧ
   Ǥ͵ͳǣͳͳͶǦͳƮʹͳǤ
ͻǤ   ǤʹͲͲǤ 
   ǡ ǡ
  ǡ  ǡ Ǧ
ǡ ǡ   ǡ
 ǡ ǡ ǡ
 ǡ ǡ Ǧ
Ǥ   ʹǣǤʹǣͻǦͳͳʹǤ
ͻͺǤ ǡǡǡǡǡ ǡ ǡ
ǡǡ ǡ ǤʹͲͲǤǦ 
     ȏ
Ǧ   ǣ 
ͳʹͶͻǤ ͷͳǣͲ͵ǦͲͻǤ
ͻͻǤ  ǡ ǡǡ ǡǤʹͲͳͶǤ    
ǣǤ ʹͲͳͶǣǦ
  ͺʹͳ͵ͻǤǣͳͲǤͳͳͷͷȀʹͲͳͶȀͺʹͳ͵ͻǤ
ͳͲͲǤ ǡǡǡ ǡǤʹͲͳͷǤ
 Ǧ 
Ǥ  ǣͳͲͳͻǤǣͳͲǤ͵͵ͺͻȀ ǤʹͲͳͷǤͲͳͲͳͻǤ
ͳͲͳǤ  ǡ ǡ  ǤͳͻͻǤ   Ǧ
 Ǥ  ʹͶǣʹʹͳǦ
ʹ͵ͳǤ
ͳͲʹǤ  ǣǦ   Ǧ
    ǤǦ
ʹǣͺʹȋͳȌǣͻͶǦͳͲͲǡʹͲͲʹǤ

AR-000221

Case 1:17-cv-02538-JEB Document 37-1 Filed 06/26/19 Page 220 of 299
222

ͳͲ͵Ǥ ǡ ǡǡǣ   Ǧ
  Ǥ ͻǣͳͶͻͶǦͳͷͲͲǡͳͻͻǤ
ͳͲͶǤ ǡ  ǣ     Ǧ
  ǤʹʹǣͲͻǦʹͶǡʹͲͲͺǤ
ͳͲͷǤ   ǡ  ǣ Ǥ ǣ   
ǡ ȋȌ ǡǡǤͶͲǦͶͷǡ
ͳͻͺͻǤ
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Basic Science Bldg, Room 231 B
4000 Reservoir Rd NW
Washington, D.C. 20057

TELEPHONES

Work:
Phone (202) 687-1441
Fax: (202) 687-8788
E Mail: preusshg@georgetown.edu

MARRIED

October 8, 1960 - 4 children

MD LICENSE

District of Columbia #21388
Pennsylvania 1966-1971

Home:
(703) 323-7638
(703) 764-8058

EDUCATION
1945 - 1948

Binghamton West Junior High School
Valedictorian
Mathematics and History Prize

1948 - 1952

Binghamton Central High School
Valedictorian
Mathematics & French Prize

1952 - 1955

Cornell University, New York
Dean's list, 1953, 1954, 1955 - BA received in 1956 after 1 year
medical school. Three academic scholarships including New York
State Regent's Scholarship for College (competitive)

1955 - 1959

Cornell University Medical School, M.D., 1959
New York State Regent's Scholarship (Medical Schoolcompetitive)

TRAINING AND ACADEMIC POSITIONS
1959 - 1960

Internship (Straight Medicine)
under Dr. David E. Rogers, Chairman Dept of Medicine
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Vanderbilt University Hospital, Nashville, TN
1960 - 1962

Resident (Straight Medicine)
under Dr. David E. Rogers, Chairman Dept of Medicine
Vanderbilt University Hospital, Nashville, TN

1962 - 1964

Fellowship - Renal Physiology
under Dr. Robert F. Pitts, chairman Dept of Physiology
Cornell University Medical School New York, N.Y.

1964 - 1966

Fellowship Nephrology (Clinical & Research)
under Dr. George E. Schreiner, Chief of Nephrology
Georgetown University, Washington, D.C.

1966 - 1970

Assistant Professor of Medicine
under Dr. Jack Meyers, Chairman Dept of Medicine
University of Pittsburgh School of Medicine Pittsburgh, PA,

1970 - 1971

Associate Professor of Medicine (Tenured)
under Dr. Jack Meyers, Chairman Dept of Medicine
University of Pittsburgh School of Medicine, Pittsburgh, PA,

1971 - 1976

Associate Professor of Medicine & Pathology (Tenured 1976)
under Dr. Dudley Jackson, Chairman Dept of Medicine
Georgetown University Medical Center, Washington, D.C.

1971 - 1994

Director of Research
Renal Division
Head, Dr. George E. Schreiner

1974 - 1978

Consultant
Lecturer to Nephrology Branch
National Naval Medical Center, Bethesda, MD

1976 -

Professor of Medicine & Pathology (Tenured)
Georgetown University MedicaL Center, Washington, D.C.

1993-1994

Sabbatical in Molecular Biology
under Maurice Burg, Arlyn Garcia-Perez, David Sheikh-Hamad
Kidney Laboratory, NHLBI, NIH
Bethesda MD

1997

Certified Nutrition Specialist (CNS) designated by Certification
Board of Nutrition Specialists, New York, NY.

2000

Professor of Physiology, Georgetown Medical Center (Tenured)
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2012

Professor of Biochemistry,Georgetwon Medical Center (Tenured)

JOURNAL ADVISORY EDITORIAL BOARDS or SPECIAL EDITORSHIPS
1977 - 1978

American Journal of Medicine

1978 - 2005

Nephron, S Karger, Basel, Switzerland

1979 - 1982

Nephrology Review

1981

Guest editor, Nephron Festschrift for George E. Schreiner, MD

1982

Guest editor, "Compensatory Renal Growth"
Symposium Kidney International

1984 -1986

Series Editor, Nephrology Today
Co-Editor, Geriatric Nephrology
Editor, Management of Common Problems in Renal
Editor, The Clinical Practice of Nephrology

1997-1998

Women's Health Journal--Editorial Advisory Board

1989-2003

Clinical Nephrology, Dustri-Verlag, Germany

1989 -

Geriatric Nephrology and Urology, Klewer Academic Publishers,

1991

Guest Editor for Clinics on Laboratory Evaluation: Renal Function, Electrolytes and Acid-Base Homeostasis Saunders Co, Philadelphia,
PA

1992

Guest Editor - Symposium on Nutrition and Diseases of Women
published in the Journal of the American College of Nutrition

1992 -

Kidney, Springer-Verlag, New York, NY

1992 -

Journal of the American College of Nutrition, American College
of Nutrition, New York, NY

1998-2000

Women’s Health Alternative Medicine Report.
Mary Ann Liebert, Inc, Larchmont NY.

1999-

Original Internist, Clinton Publications, Rolla, MO
Research Communications in Pharmacology and Toxicology, PJD
Publications LTD, Westbury, NY
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2002

Consultant to Arthritis Today, Supplement Guide 200
Council of Chief Editors of RCPT -- Research Communications in
Pharmacology and Therapeutics
Current Nutrition and Food Science- Editorial Board

2009

Natural Medicine Journal – Editorial Board

2010

International Journal of Green Pharmacy Editorial Board

2010

International Journal of Physiology, Pathophysiology and Pharmacology, Editorial Board

AWARDS, HONORS, POSITIONS HELD
1962 - 1965

NIH Postdoctoral Fellowship

1966-1967

NIH Special Research Fellow

1967 - 1972

Established Investigator, American Heart Association

1968

Interstate Postgraduate Medical Association Research Prize
for young investigators

1971

Member, Site Visit Team
Cincinnati Veterans Administration Hospital Cincinnati, Ohio
Core Research Grant

1972 - 1976

National Kidney Foundation, Washington, DC Peer Review Board

1978 -

Beta Chapter, AOA, Washington, D.C.

1979 - 1981

Clinical Science 3, NIH Study Section (member), Bethesda MD

1981 - 1985

Research Committee, Peer Review, Virginia Chapter of American

1982

Research Task Force, Northern Virginia Chapter American Heart

1983 - 1987

Member, National Advisory Council on Aging, Bethesda, MD
Data Planning Committee, NIA
Program Committee, NIA

1984

Ad Hoc Member, Biochemistry Study Section N I H, Bethesda,
MD
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1984 - 1986

Member, Director's Advisory Council NIH (Wyngaarden), Bethesda, MD - NIA Representative

1985 - 1989

American Heart Association, DC Chapter, Research Committee,
Peer Review, Washington, DC

1986

Member, NIH Site Visit Team Polycystic Kidney Disease Program
Grant Albuquerque, New Mexico

1988 - 1990

AHA, Nation's Capital Affiliate
Development Committee

1990 - 1997

Chairman Nephrology-Hypertension Council, Am College of Nutrition

1991 - 1997

ACN - Coordinator Cardiovascular-Nephrology-Hypertension

1992-1993

Elected Board of Directors American College of Nutrition

1993 - 1997

Member of Board Human Kurdish Right Committee, Washington
DC

1993 - 1996

American College of Nutrition
Secretary-Treasurer
Chairman Finance Committee
By-Laws Committee

1994

American College of Nutrition Program Committee

1994

ACN representative ILSI meeting: “Sodium and Health”, Washington, DC

1994

American College of Nutrition Representative to ILSI Conference
on Sodium: Health and Disease

1995-

Representative of ACN to National Cholesterol Conference at NIH

1995

American College of Nutrition Representative to Partners for
Heart Disease and Stroke Prevention. A Vision for Action. sponsored by Assoc of State and Territorial Health Officials, Washington, DC.

1995

Member Advisory Board for Certifying Examination (CBNS)

1995

Chairmen: Washington Welcoming Committee ACN Meeting in
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Oct 1995
1995

ACN Representative: ASTHOS meeting on Prevention of

1996 - 1997

ACN, Vice President

1996 -

ACN Representative to the Nutrition and Health Council of America, Georgetown University

1997-1998

President-Elect American College of Nutrition
Program Director for 1998 Annual Meeting ACN

1997-

Director of the National Research Council for Health (NRCH)
Boise, ID

1997

Selected as laboratory for 1997 Science Teacher Summer Research
Fellowship Award -- Douglas Tyson
American Society for Clinical Investigation: Committee on Science Education

1997

Nominated for FDA Commissioner by Senators Daschle and
Harkin

1997

JACN Advisory Board for Richardson Prize for Research Excellence.

1997-1999

Member of Alternative Medicine Program Advisory Council, NIH.
Appointed by Secretary of Health -- Donna Shalala

1997

Invited Participant to National Institute of Aging Conference in
Tucson AZ “Micronutrients and Aging”.

1998

Board of Directors -- National Research Council for Health
(NRCH)

1998

President American College of Nutrition

1998

Board of Directors, American Preventive Medical Association,
Falls Church, VA

1998

Member for the National Cholesterol Education Program Coordinating Committee Meeting. NHLBI. Renaissance Hotel. Washington DC Dec .

1998

Co Chairman ACN Session-- Free Radicals, Apoptosis, and Human Health: Role of Antioxidants
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Invited Lecture: Natural Therapies for Osteoarthritis: Non Drug
Invited Lecture: Aging in Relationship to Insulin Resistance in The
Cutting Edge of Aging Research in Nutrition Session
1999

Office of Dietary Supplements Advisor Quarterly Conference
Calls.

1999
ences,

ACN representative to USNC/IUNS if National Academy of SciInstitute of Medicine

1999

ACN Representative to Calcium Summit: Developing a public
health strategy to insure America’s optimal calcium intake. International Trade Center/Ronald Reagan Bldg, Washington DC June
25

1999

Office of Dietary Supplements, NIH, Delegate to Chromium Meeting in November 1999

1999-

Permanent ACN representative to National Cholesterol Education

1999

Invited Member: Nutrition Research Academy

2000 -2002

Chairman of the ACN Council -- “Dietary Supplements, Nutraceuticals, and Functional Foods

2001-2003

Treasurer American Association for Health Freedoms

2001

Fellow of the American Association of Integrative Medicine
Diplomate of the College of Physicians
Diplomate of the College of Nutrition

2001

Elected the Ninth Master of the American College of Nutrition

2001-2003

Treasurer American Association for Health Freedoms

2002-2003

Elected Board of Directors American College of Nutrition

2003-2004

Nutrition Policy Institute of ACN – President

2002

James Lind Award for excellence in supplement research

2004

Mark Bieber Award of the American College of Nutrition for
promoting unity between industry and academia

2004

Advocare Award for Best Research Poster, American College of
Nutrition, annual meeting
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2004

Member of Expert Panel Diabetes 2020. Report prepared for TSN
109225 Nov 2004 Healthcare.

2006

ACN Charles Ragus Award – Best research paper JACN 2006

2007-

Adjunct Professor, Union Institute and University, Cincinnati
Ohio. (Joan Ifland and Shoshona Shinnar

2009

President ACN (second time)

2010

American College of Nutrition Award for outstanding senior investigator in Nutrition.

2011

President ACN (third time)

2011

Chairman, Scientific Advisory Board NutraSpace Internet

2011

Contributing Editor Heart MD Institute

2011

IMBC consultant, Chairman Scientific Advisory Board

2012

Alliance for Natural Health, Scientific and Medical Collaboration
Committee Member

2012

CBNS Job Analysis Task Force (member)

2014

Emord Sacred Fire of Libertky Awards – 3 awards
Excellence award in Medical Research
Excellence award in Integrative Medical Research
Excellence award in Nutrition Research

2014

American College Nutrion Presidentail Recognition Award

MEMBERSHIP IN PROFESSIONAL SOCIETIES.
1966 -

American Federation for Clinical Research

1967 -

International Society of Nephrology

1968 -

American Society of Nephrology

1968 - 1982

Central Society for Clinical Research

1969 -

American Society of Physiology
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1970 -

Society for Experimental Biology & Medicine

1974 -

American Society for Clinical Investigation

1979 - 1982

New York State Academy of Science

1983 - 1985

American Association for the Advancement of Science

1984 -

American Society of Renal Biochemistry

1985 -

Association of Clinical Scientists

1985 -

American Society of Hypertension

1988 -

Fellow, American College of Nutrition

1999

American Society for Pharmaceutical and Experimental Therapeutics
Fellow of the Institute for Integrative Medicine

2004

Member North American Association for the Study of Obesity
(NAASO)

UNIVERSITY COMMITTEES AND DUTIES
1971 -

Georgetown Representative to Washington VA Research Board

1978 - 1979

Committee to Review Pharmacology Department

1979 - 1980

Chairman, Committee to Review Biochemistry Department

1979 - 1997

Subcommittee on Scientific Merit (IRB)
Chairman, 1986 -1997

1979 - 1985

Member, Student's Financial Appeals Board Chairman, 1981 1985

1981 - 1982

Member, Search Committee
Biochemistry Department Chairman

1981 - 1983

Member, Graduate Committee
Department of Pathology

1981 - 1990

Member, Ad Hoc Committee on Teaching Department of Patholo-
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gy
1984 - 1991

Interdepartmental Research Group Georgetown University Medical Center Chairman

1984 - 1986

Animal Welfare Committee

1984 - 1985

Georgetown University Committee on Aging Subcommittee on
Research

1984 - 1987

Georgetown University Research Committee (Chairman, 1984 – 1
985) (Vice Chairman, (1985 - 1986)

1985 - 2003

Director, Student's Research Day - GUMC

1986 - 1997

GUMC Institutional Review Board (Vice Chairman)

1987 - 1995

Member, Gertrude Maegwyn-Davis Award Committee

1987 - 1995

Ad Hoc, Student Academic Appeals Committee

1987 - 1988

Dean's Task Force on Incentives for Obtaining Extramural Funds
(Chairman)

1997 -2000

JSHS - Judge

1998 -2008

Chairman Institutional Review Board

2002

Co-Director of Nutrition Course at Georgetown with Dr. Eugene
Davidson

1998

Pharmacy Committee for IRB

2008

Georgetown External Awards Committee

CONSULTATIONS
1987 - 1988

Expert Witness-Patent Infringement Moduretic Patent
Merck, Sharp & Dome vs. Biocraft

1995

Consultant for Ciba-Geigy Pharmaceuticals. Use of Auriculin
(Atrial Natriuretic Protein) in Acute Tubular Necrosis.

1995

Ciba Pharmaceuticals, Special Consultant --Obesity and Type II
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Diabetes Mellitus"- Use of Bromocriptine”
1995

Research Project for InterHealth Concord CA

1995

Expert Witness Electromedical Products, Mineral Wells Texas

1996-

Birkmayer Inc, Vienna Austria: Use of NADH in Syndrome X
Effects of NADH on Chronic Fatigue Syndrome
Emords Associates, Washington: DC Role of Fiber in Health
Medical Products Laboratories, Philadelphia PA --Benzocaine as
Local Anesthetic.
Great Salt Lakes Mineral Corporation, Ogden Utah Toxicity of
Armak 1225
Ciba Pharmaceuticals, Summit NJ, ACE inhibitors and renal protection
Richardson Laboratories, Boise ID -- Saw Palmetto and Ginkgo
Biloba

1997-

Sci-Med Board of Advocare, Inc, Dallas Texas

1998 - 2000

Rexall-Sundown consultant

1998

Consultant to Clinical Trial on the Use of Glucosamine in the
Treatment of Osteoarthritis. National Institutes of Health Jan.

1998

Optimum Lifestyle Inc., Mill Valley CA.

1998

Novartis Pharmaceutical. Aminoguanindine.

2000 -2003

Venable Law Firm (Enforma Nutraceuticals)
Sunny Health Enhancement Center (Taipei and USA) Scientific
Advisory Board

2002-2004

Pharmaton (Boeringer-Ingelheim). Representative of SAMe and
glucosamine for production of Flexium

2005-

Fuji Chemical. Japan

2006

Manett Law Firm (Shari Lieberman Chitosan)
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2006-

Pharmachem, NJ (Phase 2)
Stop Aging Now, Washington, DC

2008

Sarcona Case in Florida. Witness for defense. Chitosan

2009-2013

Neways International, Scientific Advisory Board

2013-2014

IsaGenix, Scientific Advisory Board

2013-2014

Expert Witness, Pfizer vs. Nutrition 21

LECTURESHIPS, TEACHING, & OTHER ACTIVITIES
1975

Visiting Professor
University of Michigan Medical Center Ann Arbor, Michigan

1978

Visiting Professor
Loyola University Medical Center, Chicago, IL

1978

Invited Lecturer
First International Workshop on Renal Ammoniagenesis, Montreal, Canada

1981

Visiting Professor,
St. Louis University School of Medicine St. Louis, MO

1981

Invited Lecturer
Second International Workshop on Ammoniagenesis, Athens, Greece

1984

Invited Lecturer
Third International Workshop on Ammoniagenesis, Carmel, CA

1985

Visiting Professor,
Nagasaki University Medical Center Nagasaki, Japan

1986

Invited Lecturer
Biochemistry of Systemic Acid-Base Balance Titisee, Germany

1986

Invited Lecturer
8th Annual European Renal Biochemistry Meeting Dubrovnic, Yugoslavia

1987

Invited Lecturer
New York Academy of Medicine
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Geriatric Nephrology Symposium, New York, NY
1987

Faculty (Invited Lectureship)
2nd Annual Meeting
The American Society of Hypertension, New York, NY

1987

Invited Lecturer, Session Chairman 4th International Workshop on Ammoniagenesis Cadarache, France

1987

Faculty, Seminar on Geriatric Nephrology Lenox Hill Hospital, New York
NY

1988-

Invited Lecture, Seventh Annual St Louis GRECC Symposium: Endocrine
Function and Aging

1990

Visiting Professor
Loyola University Medical Center

1991

Co-Course Leader PMA Symposium- Hypertension January 1991

1991-1994

Appointed course leader for PMA Symposium on Hypertension to be held
October 1991, 1992

1991

Appointed course leader for PMA symposia on Laboratory Evaluation
held in December 1991 and 1992

1993

Co-chairman of Symposium on Nutrition and Cardiovascular
Diseases and Hypertension - ACN Annual Meeting Chicago, IL

1992

Invited Lecturer-American College of Nutrition. Subject: Lead influence
on mentation and the cardiovascular system.

1992

Invited lecturer- Lenox Hill Hospital Exogenous Factors Affecting Blood
Pressure

1993

Invited faculty member and speaker Conference on the Inclusion of
Women and Minorities in Clinical Research sponsored by PPRR,
Georgetown University

1993

Invited speaker "Advances in Perinatal and Pediatric Nutrition" on "Lead
Toxicity-Effect on Intellect and Hypertension" Stanford University, Palo
Alto CA

1993

Co-chairman of symposium on Nutrition and Cardiovascular Diseases and
Hypertension - ACN Annual Meeting, Chicago, IL
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1993

Invited Author "Nutrition" for Encyclopedia Americana

1994

Invited Speaker USDA -The Role of Macronutrients in Blood Pressure
Regulation

1994

Visiting Professor Lenox Hill Hospital - “Sugar and Hypertension”

1995

Invited speaker Washington Area Micronutrient Club, "Insulin Resistant
Disorders"

1995

Co Chairmen: Interaction of Nutrition and Genetics on Chronic
Diseases. ACN Meeting in Washington DC
Invited speaker Dairy Council. Interaction of Genetics and Nutrition

1995

Invited speaker Expo East Antioxidant conference, Baltimore MD "Effects of chromium on blood pressure and free radical formation (Sept
1995).

1995

Guest speaker Treatment of Hypertension Martinsburg West VA and
Patuxant Naval Base MD

1996

Invited speaker Fourth International Conference 0n Geriatric Nephrology
and Urology. "Macronutrients and Trace Elements as They Affect Blood
Pressure of the Elderly." Toronto Canada (April, 1996)

1996

Invited Speaker, Japanese Society of Urology, Special Lecture "Aspects
of Geriatric Nephrology" Nagasaki, Japan (May 1996).

1996

Invited Speaker. Second International Congress on Alternative and

1996

Co-Chairmen Symposium Nutritional Factors Affecting the GlucoseInsulin System: Role in Chronic Diseases and Aging ACN meeting
Invited speaker ACN annual Meeting in San Francisco CA: Insulin

1996

Co-Chairmen Symposium Controversies in the Nutritional
Management of Chronic Fatigue Syndrome ACN meeting San
Francisco CA

1996

Taped Interview on Nutritional and Exogenous Factors Affecting
Overall Health Nutrition and Blood Pressure Regulation Preventive Medicine
Update, Clinician of the Month (May 1996)

1996

ACN Vice President 1996, President-Elect 1997, President 1998
Vice Chairman Program Committee 1996
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1997

Invited speaker to Chiropractors’ Meeting, Scottsdale, Arizona July 1997
“Natural means to control blood pressure.”

1997

American College for Advancement of Medicine (ACAM)- Invited
speaker to Anaheim CA. Harold Harper Lecture “Antioxidants and Hypertension) and workshop on “Role of Antioxidants in Aging.”

1998

Invited speaker to Calcutta India. Antioxidants and Stress: Hypertension
January, 1998.

1998

Invited lecturer to Chromium Conference in Boston Mass, May 1-2, 1998
Topic: Chromium Effect on BP

1998

Invited Speaker -- Natural Sensations Symposium on Syndrome X May
10, 1998

1998

Invited Speaker “Nutrition and Cancer” and commentator on session
“New Biologicals to Treat Cancer, Comprehensive Cancer Care: Integrating Complementary and Alternative Therapies, Washington,
DC June 12-14, 1998

1998

Invited Speaker - Meeting Regulatory and Legal Challenges in the
Promotion of Dietary Supplements Washington DC Dec 1998.

1998

Invited Speaker: Conference on Cardiovascular Health. Role of Maitake
in Lowering Cardiovascular Risk Factors. Expo East, Baltimore MD
1998.

1998

Invited Speaker to Texas Board on Diabetes Mellitus. Natural means to
prevent or treat type 2 diabetes.

1998

Invited Speaker to International College for Advancement of Longevity
Medicine (InCALM) Reno Nevada. Insulin Resistance in Aging

1998

Invited Speaker to Night of Innovation, ACAM Meeting Phoenix AZ.
New Findings Concerning the Clinical Relevance of Maitake Mushroom
and Its Extracts.

1999

Invited Speaker to Natural Means to Prevent Aging , Expo West Anaheim
CA. Clinical Relevance of Maitake Mushroom in Cancer Treatment.

1999

Three Clinical Conferences via phone satellite on the “Use of glucosamine
sulfate in the treatment of osteoarthritis. In: The Emerging Role of Complementary Therapy in the Clinical Setting” National CME/CE Audioconference/Audiocassette Series. Pragmaton, Chicago IL.
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1999

Invited Lecturer -- Michigan Pharmacist Association’s 2000 Annual
Convention and Exposition, Dearborn, Michigan Use of herbs to treat
Prostatitis and BPH (Feb 1999)

1999

Invited to write chapter for ILSI: Present Knowledge in Nutrition, 8th
Edition (Sodium, Chloride and Potassium)

2000

Invited Speaker 4th Annual International Symposium on Aging Skin
Fort Lauderdale FL “The Role of Insulin Resistance in Aging.”

2000

Invited speaker -- Modified Foods in the Marketplace, Univ of North
Carolina JJB Anderson Chairman

2000

Invited judge 38th National Junior Science and Humanities Symposium-Paper Competition - Academy of Applied Science 4H Center, Bethesda
MD

2000-2001

Consultant to Reader’s Digest Book on “Looking after Your Body. An
Owners’ Guide to Successful Aging.” The Philip Leif Group and Reader’s Digest Association, Pleasantville, NY, pp 1-416, 2001.

2000

Invited Speaker to symposium on Natural Therapy for Diabetes.
University of Guelph “Effects of chromium and other natural substances
on glucose-insulin metabolism”. Toronto Canada (Sept 2000).

2000

Invitation “Strategies in Internal Medicine and Beyond” Examining the
Benefits of Nutraceuticals. Saint Joseph Mercy Hospital, Ann Arbor, MI
(Oct 2000).

2000

Invitation to speak at 10th Biennial Meeting of International Society for
Free Radical Research. “Effects of a novel grape seed extract and a
niacin bound chromium supplement on the lipid profile of
hypercholesterolemic patients. Kyoto Japan O 18-4, SFRRI 2000 p 81.

2001

Invited speaker. Expo West Antifungal Action of Oil of Origanum
(March)

2001

Invited participant in “Alcohol and Wine in Health and Disease,” Palo Alto, CA in April, 2001. Topic: Grape Seed Extract: Effects on Aging and
Various Aspects of Syndrome X.

2001 -(May)

Invited Speaker to Nick Perricone Conference on Aging, San Diego CA
“Natural Means to Overcome Syndrome X”
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2001

Invited Speaker to ACAM Conference in Nashville TN (May).
“Scientific Method to Evaluate Natural Products”

2001.

Member Steering Committee for Alternative Medicine Summit.
Georgetown University October 2001

2002.

Invited Lecturer: First Annual Nutrition Week San Diego “Interesting
Nutraceuticals” February

2002.

Invited Lecturer to Expo West, Anaheim CA March
Overview of Maitake
Effects of Cernitin on Weight Loss

2002.

Invited Lecturer Mini Med School, GUMC March “Interesting Nutraceuticals”

2002.

Invited Lecturer to Perricone Conference on Aging. May-June in Chicago,
“Chipping Away at Syndrome X”

2002

Invited Lecturer to NABC. Food for Health Conference, University of
Minnesota, Minneapolis, Minnesota May 2002

2002

Invited lecturer – training camp of Jacksonville Jaguars “ Ephedra and
other substances banned by the NFL

2002

Co Chairman session of Am Coll Nutr--Perspectives on Nutraceutical and
Functional Foods. San Antonio October

2002

Chairman of session of Am Coll Nutr -- Controversies in Nutrition.
Risk/Benefit Ratios of Controversial Supplements. San Antonio (October)

2002.

Invited speaker, 2nd ICMAN Conference, Vienna, “Maitake Mushroom
and Essential Oils: Immune Enhancers and Antimicrobials” 2nd Icman
Conference, Vienna Austria

2003

Invited Speaker to Expo West Anaheim CA “Fraction SX of Maitake”

2003

Invited Keynote Speaker for Japanese Alternative Medicine Society, Tokyo
Japan June

2003.

Co Chair session on Nutraceutical to Treat Obesity, Nashville TN (October)
FDA Task Force on “labeling,” 511 Paint Branch Parkway, College Park
Maryland, March 13, 2003
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2003

National Academies of Science. Invited Speaker for Food for Health
Conference June 2003

2004

Virginia College of Emergency Medicine. Hot Springs, VA 2004 Scientific
Assembly “Evaluation of Fluid and Electrolytes (Feb)

2004

Co Chair ACN meeting “Intricate Issues of food and supplement labeling
guidelines. (Oct)

2004

Invited Speaker and session co chair World Nutra Conference, San Francisco, November “Chitosan, Hydroxycitric Acid, and Chromium in Weight
Management: New Clinical Findings”

2004

Member National Center for Complementary and Alternative Medicine,
Special Emphasis Panel -- NIH

2005

Co Chair ACN meeting “Sarcopenia and related issues. Co chair of open
session, Kiawah Island, SC Oct 2005

2005

Invited Speaker and session co chair World Nutra Conference, Anaheim,
November “Sarcopenia”

2006.

Japanese Natural Products Fair - Keynote Speaker, Tokyo Japan, March
“Treating the Metabolic Syndrome with Natural Dietary Supplements”

2006

American Oil Chemistry Society, Invited Speaker, Kansas City, KA May
2006 “Influence of monolaurin and essential oils as antimicrobial agents”

2006

World Nutra Co-chair session. Presentation: Chromium, an overview of
laboratory and clinical studies. Reno, NV, November.

2006

Caloric Control Council - invited speaker, Carb blockers: Effects and
safety of Phase 2. Naples, Florida, November.

2006-

NIH Study Section NCCAM

2007

Expo West: The science behind carb blockers. February

2007

Co Chair ACN Meeting, Dietary Supplement Safety. Orlando FL

2007

Invited speaker Webinar Audio Conference: Weight Management. Virgo
Publishing, November 15.

2007

A4M Anti Aging Conference -Invited Speaker: Antiaging Nutraceuticals
December
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2008

Expo West – Invited Speaker - Focus on Maitake SX, Anaheim, CA March

2008

Supply Side East- Invited Speaker -Diabesity - Secaucus, NJ April

2008

IFC- Invited Speaker - Globesity, New Burden for a New Millenium, New
Orleans, LA June

2008

American College of Nutrition, President

2008

Co Chair session ACN

2009

American Society of Bariatric Physicians, Charleston SC. Invited for 2
lectures – Analyzing Clinical Studies on Dietary Approaches in Weight
Management and The Multiple approach Hypothesis in Weight Management. April

2009

Supply Side East, Secaucus NJ. Invited by Virgo Publishing to speak.
Weight Management: The Multiple Approach Hypothesis, April.

2009

IFC- Invited Speaker - The “Multiple Target Hypothesis” in Weight Management. Anaheim, CA, June

2009

ISNFF – Invited Speaker – Weight Loss Supplements, San Francisco, CA
Nov

2010

Nutracon, Anaheim CA – Invited Speaker- Carb Blockers, Effectiveness
and Safety, March 10, 2010.

2011

Invited speaker Expo West, “Beyond the Metabolic Syndrome” March
2011

2011

Contributing Editor www.heartmdinstitute.com

2011

Chairman Scientific Advisory Board of NutraSpace.com

2012

2012 Tea Symposium Steering Committee - Jeff Blumberg, Director
Sept 2012

2012

XVI Congresso Brasileiro de Nutarologia, Sao Paulo, Brazil, Sept 2012,
Two presentations -- Niacin-bound Chromium increases life span in Zucker rats and Astaxanthin carotenoid and the rennin-angiotensin system.

2012

CBNS Job Analysis Task Force. (Member)

2012

NHRI Symposium Chicago, IL Oct 20 Invited Speaker “Managing Obesity with Natural Dietary Supplements: Lessons Learned from Clincal Re-
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search Studies.”
2012

ACN Annual Meeting, Morristown, NJ Nov -- Invited lecture “Strategies
for the Prevention of Type 2 Diabetes and moderator for session, “New
Frontiers in Diabesity and Nutrition Research.”

2013

35th Turkish Endocrine and Metabolism Diseases Congress and Hypophysis Symposium, Antalya, Turkey, May 16-18, 2013. “What is the place of
herbal products to treat obesity, what is not?”

2013

ACN Annual Meeting, San Diego, CA Nov -- Invited lecture “Weight
Loss Studies: Emphasis on Garcinia cambogia ”2013.

2014

Chairman – Program Committed ACN Annual Meeting, San Antonio TX
October. Moderator symposium on GMO and Metabolonics

2014

Invited panelist to AMAC Healthcare Symposium. Washington DC,
Promoting Preventive Health Care

2015

Lecture Harvard Medical School Sept 15, 2015 “Lowering circulating glucose evels that are in the non-diabetic range is important for long-term optimal health.” At Proceedings of the 18th International Conference. Chronic Diseases: Bioactive Compounds and Biomarkers.

2015

Initiated into National Academy of Inventors. Sponsored by by
Georgetown University

PEER-REVIEWED RESEARCH PAPERS
1.

Grossman LA, Kaplan JH, Preuss HG, Harrington JL: Mesenteric panniculitis.
JAMA 183:318-323, 1963.

2.

Denis G, Preuss HG, Pitts RF: The PNH3 of renal tubular cells. J Clin Invest
43:571-582, 1964.

3.

Preuss HG, Bise BW, Schreiner GE: The determination of glutamine in plasma and
urine. Clin Chem 12:329-337, 1966.

4.

Preuss HG, Davis BB, Maher JF, Bise BW, Schreiner GE: Ammonia metabolism
in renal failure. Ann Int Med 65:54-61, 1966.

5.

Preuss HG, Massry SG, Maher JF, Gilliece M, Schreiner GE: Effects of uremic
sera on p-amino hippurate transport. Nephron 3:265-273, 1966.
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6.

Massry SG, Preuss HG, Maher JF, Schreiner GE: Renal tubular acidosis after cadaver kidney homotransplantation: Studies on mechanism. Am J Med 42:284-292,
1967.

7.

Preuss HG, Hammack WJ, Murdaugh HV: The effect of Bence Jones proteins on
the in vitro function of rabbit renal cortex. Nephron 5:210-216, 1968.

8.

Preuss HG, Murdaugh HV: The toxic effect of ammonia on renal cortical tubule
function in vitro. J Lab Clin Med 7:561-572, 1968.

9.

Preuss HG: Pyridine nucleotides in renal ammonia metabolism. J Lab Clin Med
72:370-382, 1968.

10.

Ciccone JR, Keller AI, Braun SR, Murdaugh HV, Preuss HG: Azotemic inhibition
of organic acid transport in liver. Biochem et Biophys Acta 163:108-110, 1968.

11.

Ciccone JR, Keller AI, Braun SR, Murdaugh HV, Preuss HG: Azotemic inhibition
of hippurate accumulation in vivo. Nephron 6:140-148, 1969.

12.

Lipman RL, Raskin P, Preuss HG: Failure of cirrhotic sera to inhibit renal tubule
hippurate transport in vitro. Proc Soc Exper Biol Med 131:936-938, 1969.

13. Preuss HG: Renal glutamate metabolism in acute acidosis. Nephron 6:235-246,
1969.
14.

Braun SR, Keller AI, Weiss FR, Ciccone RJ, Preuss HG: Evaluation of the renal
toxicity of heme proteins and their derivatives: A role in the genesis of acute tubule
necrosis. J Exp Med 131:443-460, 1970.

15. Preuss HG, Terryi EF, Keller AI: Renotropic factors in plasma from uninephrectomized rats. Nephron 7:459-470, 1970.
16. Bourke E, Frindt G, Preuss HG, Rose E, Weksler M, Schreiner GE: Studies with
uraemic serum on the renal transport of hippurates and tetraethylammonium in the
rabbit and rat: Effects of oral neomycin. Clin Sci 38:41-48, 1970.
17.

Goldberg VJ, Weiss FR, Preuss HG: Function in hypertrophying kidneys: Organic
acid and base transport. Am J Physiol 218:1066-1069, 1970.

18. Weiss FR, Preuss HG: Glutamine synthetase and plasma glutamine in augmented
ammoniagenesis in acidosis. Am J Physiol 218:1697-1700, 1970.
19. Weiss FR, Preuss HG: Influence of extracellular and intracellular factors on hippurate uptake by rat kidney cortex: Acid-base effects. Proc Soc Exp Med Biol 135:3032, 1970.
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20. Preuss HG: Ammonia production from glutamine and glutamate in isolated dog renal tubules. Am J Physiol 220:54-58, 1971.
21.

Orringer EP, Weiss FR, Preuss HG: Azotaemic inhibition of organic anion
transport in the kidney of the rat: Mechanisms and characteristics. Clin Sci 40:159169, 1971.

22. Preuss HG, Weiss FR, Adler S: Renal ammonia production in the presence of citric
acid cycle blockade. Proc Soc Exp Biol Med 136:738-741, 1971.
23.

Weiss FR, Preuss HG: Glutamate metabolism and ammonia production in dog kidneys. Nephron 8:344-354, 1971.

24.

Preuss HG, Weiss FR: Rate limiting factor in rat kidney slice ammoniagenesis. Am
J Physiol 221:458-464, 1971.

25.

Preuss HG, Weiss FR: Distribution of glutamate ammoniagenesis in rat kidneys.
Nephron 8:408-412, 1972.

26.

Preuss HG: Glutamine and glutamate metabolism in guinea pig kidney slices. Am J
Physiol 222:1395-1397, 1972.

27.

Preuss HG, Weiss FR, Janicki RH, Goldin H: Studies on the mechanisms of folate
induced growth in the rat kidneys. J Pharm Exp Therap 180:754-758, 1972.

28.

Adler S, Preuss HG: Interrelationship between citrate metabolism, ammoniagenesis, and gluconeogenesis in renal cortex in vitro. J Lab Clin Med 79:505-515, 1972.

29. Manos 0, Roxe DM, Schreiner GE, Preuss HG: ͒ Gamma-amino-butyric acid shunt
in renal ammoniagenesis: Am J Physiol 224:154-157, 1973.
30. Freed KH, Bowie C, Manos OV, Preuss HG: Oxygen consumption and ammoniagenesis in rat kidney slices. Am J Physiol 224:268-270, 1973.
31. Preuss HG, Weiss FR, Manos 0, Vertuno L, Schreiner GE: Acid-base effects on
renal organic cation transport. Proc Soc Exp Biol Med 142:356-358, 1973.
32. Preuss HG, Manos 0, Vertuno L: The effects of glutamine deamination on glutamine deamidation in rat kidney slices. J Clin Invest 52:755-764, 1973.
33.

Goldin H, Zmudka M, Tio F, Vasquez A, Preuss HG: Para amino hippurate and
tetraethylammonium transport in fragments of rat renal cortex. Proc Soc Exp Biol
Med 144:692-696, 1973.

34. Roxe DM, Schreiner GE, Preuss HG,: Regulation of renal gluconeogenesis and
ammoniagenesis by physiologic fuels. Am J Physiol 25:908-911, 1973.
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35. Vertuno L, Preuss HG, Argy WP, Schreiner GE: Fanconi's syndrome following
homotransplantation. Arch Intern Med 133:302-305, 1974.
36. Preuss HG, Weiss FR, Iammarino R, Hammack W, Murdaugh HV: Effects on rat
kidney slice function in vitro of proteins from the urine of patients with myelomatosis and nephrosis. Clin Sci Molec Med 46:283-294, 1974.
37. Preuss HG, Grant K, Parris R, Zmudka M: Effects of sera and sera fractions from
spontaneously hypertensive rats on renal organic anion and cation transport. Proc
Soc Exper Biol Med 145:397-402, 1974.
38. Preuss HG, Manos 0, Vertuno L, Baird K: The effects of pH change on renal ammoniagenesis in vitro. Proc Soc Exper Biol Med 146:803-808, 1974.
39. Preuss HG, Baird K, Goldin H: Oxygen consumption and ammoniagenesis in isolated dog renal tubules. J Lab Clin Med 83:937-946, 1974.
40. Hsu C, Preuss HG, Argy WP, Schreiner GE: Prolonged tubular malfunction following acute oliguric renal failure. Nephron 13:342-348, 1974.
41. Preuss HG, Goldin H: Ammoniagenesis in growing nephrons of uninephrectomized rats. Lab Invest 31:454-457, 1974.
42.

Preuss HG, Shim PS, Baird K, Gibbings T, Parris R, Grant K, Schreiner GE: PAH
and TEA transport in kidney slices from spontaneously hypertensive Wistar rats.
Proc Soc Biol Med 147:839-841, 1974.

43. Preuss HG, Goldin H: Humoral regulation of compensatory renal growth. Med
Clin N Am 59:771-780, 1975.
44.

Davis BB, Preuss HG, Murdaugh HV: Hypomagnesemia following the diuresis of
post-renal obstruction and renal transplant. Nephron 14:275-280, 1975.

45.

Preuss HG, Tourkantonis A, Hsu CH, Shim PS, Barzyk P, Tio F, Schreiner GE:
Early events in various forms of experimental acute tubular necrosis in rats. Lab Invest 32:286-294, 1975.

46. Hsu CH, Kurtz TW, Preuss HG, Weller JM: Measurement of renal blood flow in
the rat. Proc Soc Exp Biol Med 149:470-472, 1975.
47.

Preuss HG, Goldin H: A renotropic system in rats. J Clin Invest 57:94-101, 1975.

48. Preuss HG, Byrne D, Shim PS: Effect of paraaminohippurate on renal glutamine
metabolism in the rat. J Pharm Exper Therap 197:199-205, 1976.
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49. Preuss HG: Tubular function in experimental acute tubular necrosis in rats. Kidney
Int 1O:S51-S57, 1976.
50. Vavatsi-Manos 0, Preuss HG: The effects of high calcium concentrations on renal
ammoniagenesis by rat kidney slices. Nephron 17:474-478, 1976.
51. Preuss HG, Vertuno LL, Vavatsi-Manos 0, Washington H: Acid excretion in spontaneously hypertensive rats. Proc Soc Exp Biol Med 153:350-354, 1976.
52. Preuss HG, Parris R, Goldin H: Effects of sera and liver extracts from partially
hepatectomized rats on liver slice DNA synthesis. Experientia 33:630-631, 1977.
53. Kliger AS, Eastman ST, Zachek M, Kullick M, Preuss HG: The effects of renal
fuels on PAH transport in rats. Metabolism 26:979-988, 1977.
54. Vertuno LL, Rakowski T, McCarthy E, Preuss HG: Effects of metabolic acidosis
on renal Na and H20 handling in humans. Nephron 19:278-283, 1977.
55. Kliger A, Resing J, Eastman AH, Eastman ST, Preuss HG: The effects of pH and
PAH transport in rat kidney fragments. Nephron 30:32-39, 1978.
56. Rakowski TA, Vertuno LL, Preuss HG: A lack of correlation between rat kidney
mitochondria swelling and glutaminase activation in metabolic acidosis. Experientia 34:359-360, 1978.
57. Sleeper RS, Vertuno LL, Strauss FF, Preuss HG: Effect of acid challenge on in vivo and in vitro rat renal ammoniagenesis. Life Sci 22:1561-1571, 1978.
58. Preuss HG, Hollyer RA, Rodelas R, Diamond L: Azotemic serum factors inhibiting organic anion transport. Trans Am Soc Artif Intern Organs 24:70-75, 1978.
59. Preuss HG, Eastman ST, Vavatsi-Manos 0, Baird K, Roxe DM: The regulation of
renal ammoniagenesis in the rat by extracellular factors. I. The combined effects of
acidosis and physiologic fuels. Metabolism 27:1626-1638, 1978.
60. Preuss HG, Baird K, Eastman ST: The regulation of renal ammoniagenesis in the
rat by extracellular factors. II. Ammoniagenesis by rat kidney slices incubating in
normal and acidotic sera. Metabolism 27:1639-1647, 1978.
61. Bourke E, Frindt G, Schreiner GE, Preuss HG: Effects of fluorocitrate on renal
ammoniagenesis and glutamine metabolism in the intact dog kidney. Kidney Int
15:255-263, 1979.
62.

Preuss HG, Goldin H, Shivers M: Further studies on a renotropic system in rats.
Yale J Biol Med 51:403-412, 1978.

AR-000247

Case 1:17-cv-02538-JEB Document 37-1 Filed 06/26/19 Page 245 of 299
248

63. Preuss HG, Geoly K, Chester A, Johnson M, Kliger A, Schreiner GE: Renal function in polycystic kidney disease. Nephron 24:198-204, 1979.
64. Castillo 0, Robertson D, Goldin H, Preuss HG: Autoradiographic evidence for the
existence of a renotropic system. Nephron 25:202-296, 1980.
65. Preuss HG, Goldin H: Effects of the rat renotropic system on -14 C-uridine incorporation into RNA and RNA precursors. Life Sci 25:497-505, 1979.
66. Hernandez W, Goldin H, Shivers M, Robertson D, Preuss HG: Studies on the tissue specificity of a circulating renotropic factor. Acta Physiol Latino Am 29:117122, 1979.
67. Belledonne M, Preuss JM, Preuss HG: Acid excretion in young and adult Wistar
Kyoto and spontaneously hypertensive rats. Experientia 35:1594-1695, 1979.
68. Preuss HG: The effects of alpha methyl glutamate on ammonium excretion and
renal ammonia production in rats. Toxicology and Experimental Therapeutics.
54:454-461, 1980.
69. Preuss MB, Preuss HG: Effects of sucrose on the blood pressure of various strains
of Wistar rats. Lab Invest 43:101-107, 1980.
70. Risquez A, Hernandez W, Preuss HG: Effects of acetazolamide of renal ammoniagenesis in dogs. Renal Physiol 2:205-213, 1980.
71. Lee J, Hollyer R, Rodelas R, Preuss HG: Effects of trimethoprim and sulfamethoxazole on PAH and TEA transport. Toxicology and Experimental Therapeutics
58:184-193, 1981.
72.

Preuss HG: Regulation of renal ammoniagenesis during acidosis: The pyridine nucleotide hypothesis revisited. Life Sci 27:2293-2302, 1981.

73. Austin H, Goldin H, Preuss HG: Humoral regulation of renal growth: Evidence for
and against the presence of a circulating renotropic factor. Nephron 27:163-170,
1981.
74. Preuss HG, Manos 0, Eastman S, Gaydos D: The correlation between glutamate
deamination and glutamine deamidation in rat kidney mitochondria. Nephron
27:244-253, 1981.
75. Preuss HG, Rodelas R, Terlinsky A, Gelfand M: Augmented active chloride
transport in the renal diluting segment of man following administration of glipizide.
Renal Physiol 4:173-179, 1981.
76. Lombardo JV, Risquez A, McCarthy M, Preuss HG: Evidence for the activation of
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the renal glutamate dehydrogenase pathway in intact acidotic dogs during glutamine and alanine infusions. Kidney Int 19:540-552, 1981.
77. Kliger AS, Hollyer R, Preuss HG: The mechanisms of acetate stimulation of PAH
transport in rat kidney fragments. Renal Physiol 5:18-26, 1982.
78. Zarate A, Gelfand M, Knepshield J, Preuss HG: Propanolol associated hypoglycemia in dialysis patients. J Artif Organs 4:130-134, 1981.
79. Sleeper RS, Belanger P, Lemieux G, Preuss HG: Effects of in vitro potassium on
ammoniagenesis by incubating rat and canine kidney tissue. Kidney Int 21:345-353,
1982.
80. Preuss HG, Fournier RD: Effects of sucrose ingestion on blood pressure. Life Sci
30:878-886, 1982.
81.

Preuss HG, Sundquist R, Podlasek SJ: Renal ammoniagenesis in kidney slices
from rats undergoing glycerol-induced acute tubular necrosis. Experientia 38:678,
1982.

82. Preuss JM, Preuss HG: The effects of magnesium depletion on renal ammoniagenesis. Contrib Nephrol 31:29-39, 1982.
83.

Preuss HG: Compensatory renal growth. Kidney Int 23:571-574, 1983.

84. Austin H, Goldin H, Gaydos D, Preuss HG: Polyamine metabolism in compensatory renal growth. Kidney Int 23:381-87, 1983.
85. Preuss HG. Goldin H: Serum renotropic activity and renal growth in spontaneously
hypertensive rats. Kidney Int 23:635-642, 1983.
86.

Gaydos DS, Goldin J, Jenson B, Gersten D, Boedeker B, Bartz C, Preuss HG: Partial characterization of a renotropic factor. Renal Physiol 6:139-145, 1983.

87. Risquez A, Slemmer DS, Preuss HG: Effects of 2-oxoglutarate concentrations on
canine slice ammoniagenesis. Renal Physiol 6:218-225, 1983.
88.

Bagnasco SM, Slemmer DS, Risquez A, Preuss HG: Effects of substrates on ammoniagenesis of kidney slices from acidotic and control rats. Metabolism 32:900905, 1983.

89. Foegh M, Preuss HG: Schreiner GE, Ramwell P: The effects of acidosis on canine
urinary thromboxane excretion. Advances in Thromboxane and Leukotrine Research, Raven Press, pp 57-61, 1984.
90. Preuss HG, Slemmer DS, Aujla MS, Areas J, Vertuno LL: In vitro correlation of
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glutamine and glutamate ammoniagenesis during adaptation. Renal Physiol 7:321328, 1984.
91.

Preuss HG: Factors influencing renal glutamine metabolism and their physiological
relevance to acidotic adaptation of ammoniagenesis in intact dogs. Contrib Nephrol
47:22-27, 1985.

92.

Bourke E, Delaney V, Risquez, A, Preuss HG: Effect of inhibitors of the tricarboxylic acid cycle on glutamine utilization in the intact dog. Contrib Nephrol 47:28-35,
1985.

93. Preuss HG , Fournier, RD, Areas J, Gaydos DS: Effects of catecholamines on renal
ammonium excretion in hypertensive rats. Am J Physiol 250:E156-E163, 1986.
94. Fournier RD, Chiueh CC, Kopin IJ, Knapka JJ, DiPette D, Preuss HG: The interrelationship between excess CHO ingestion, blood pressure and catecholamine excretion in SHR and WKY. Am J Physiol 250:E381-385, 1986.
95. Palestine AG, Austin III HA, Balow JE, Antonovych TT, Sabnis, SG, Preuss HG,
Nusenblatt RB: Renal Histopathologic alterations in Cyclosporin treated uveitis patients. N Engl J Med 314:1293-1298, 1986.
96. More NS, Rao NA, Preuss HG: Early sucrose-induced retinal vascular lesions in
SHR and WKY rats. Ann Lab Clin Sci 16:419-426, 1986.
97. Areas J, Slemmer D, Balian S, Preuss HG: The effects of sera from unilaterally
nephrectomized rats on renal Q02, PAH and TEA uptake in vitro. Nephron 45:5964, 1987.
98. Preuss HG, Fournier RD, Chieuh CC, Kopin RJ, Knapka JJ, DiPette D, More NS,
Rao NS: Refined carbohydrates affect blood pressure and retinal vasculature in
SHR and WKY. J Hypertension 4:S459-S462, 1986.
99.

Areas J, Balian S, Slemmer D, Belledonne M, Preuss HG: Renal ammoniagenesis
following glutamine loading in intact dogs during acute metabolic acid-base perturbations. Clin Sci 72:61-69, 1987.

100. Schubert P, Areas J, Lenhart M, Slemmer D, Preuss HG: Substrate oxidation in
kidney slices from acidotic and alkalotic rats, role in ammoniagenesis adaptation.
Min and Electrolyte Metab. 13:409-414, 1987.
101. Gao CY, Areas J, Schubert P, Goel R, Gersten D, Maddox Y,Vargas R, Preuss HG:
Correlation between renotropic activity, vasoconstrictive potential, and membrane
transport. J Hypertension 4:S245-S247, 1987.
102. Preuss HG, Schubert P, Lenhart M, Areas J, Slemmer D: The role of oxidative me-
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tabolism in the increased ammoniagenesis of intact dogs. Biochemical Aspects of
Kidney Function. Ed. Z. Kovacevic and W G Guder, Walter de Gryter & Co. Berlin, Germany pp 213-218, 1987.
103. Preuss HG, Slemmer D, Areas J, Conrado J: Renal ammonia production from the
nitrogens of glutamine in intact acidotic dogs before and after bicarbonate infusions. J Clin Chem and Clin Biochem 25:401-407, 1987.
104. Preuss HG, Roxe DM, Bourke E: Acidotic alterations in oxidative metabolism influencing rat renal slice ammoniagenesis. Life Sci 41:1695-1702, 1987.
105. Preuss HG, Razavi MH, Slemmer D, Zein M: Colorimetric measurement of paminohippurate in the presence of sulfamethoxazole. Clin Chem 34:422-423, 1988.
106. Areas J, Gao CY, Rahmat J, Gersten D, Goel R, Preuss HG: The rabbit renotropic
system. Am J Hyper 1:152-157, 1988.
107. Gao CY, Areas J, Yamamoto N, Preuss HG : Renotropic stimulation in rat kidney
cell culture. Life Sci 42:2721-2727, 1988.
108. Razavi H, Schubert P, Areas J, Preuss HG: Presence of a serum vasoconstrictive
factor following unilateral nephrectomy. Am J Hyper 1:915-955, 1988.
109. Lenhart M, Skapars J, Areas J, Razavi H, Garcia C, Preuss HG: Role of renal ammonium accumulation in ischemic ARF and ATN of rats. Cont Nephrol. 63:28-32,
1988.
110. Skapars J, Andrews P, Zein M, Dadgar A, Preuss HG: No role for ammonium accumulation in development of blue line of ischemic acute renal failure. Cont Nephrol 63:33-36, 1988.
111. Preuss HG, Fournier RD, Preuss J, Zein M, Garcia C, Knapka: Effects of different
refined carbohydrates on the blood pressure of SH and WKY Rats. J Clin Biochem
and Nutrition. 5:9-20, 1988.
112. Yokum DE, Klippel JH, Wilder RL, Gerber NL, Austin HA, Wahl SM, Leskol,
Preuss HG, Yarbord C, Minor JR, Berkebile C, Dougherty S: Randomized trial of
cyclosporin A in severe treatment refractory arthritis. Ann Int Med 109:863-869,
1988.
113. Preuss HG: Does renotropin have a role in the pathogenesis of hypertension? Am J
Hyper 2:65-71, 1989.
114. Garcia.C, Zein M, Areas J, MacArthy P, Knapka J, Preuss HG: Effect of sodium
and potassium ingestion on renal growth in rats. Am. J. Hyper 3:65-68, 1989.

AR-000251

Case 1:17-cv-02538-JEB Document 37-1 Filed 06/26/19 Page 249 of 299
252

115. Austin HA, Palestine AG, Sabnis S, Balow J, Preuss HG, Nussenblatt RB, Antonovych TT: Nephrotoxicity of long-term cyclosporin therapy in patients treated for
autoimmume uveitis. Am. J. Nephrol 9:392-402, 1989.
116. Risquez A, Bourke E, Delaney V, Preuss HG: Effects of malonate administration
on renal ammoniagenesis in intact dogs. Proc Soc Biol Med 192:270-275, 1989.
117. Zein M, Areas JL, .Knapka J, MacArthy P, Yousufi AK, DiPette D, Holland B,
Goel R, Preuss HG: Excess sucrose and glucose ingestion acutely elevate blood
pressure in spontaneously hypertensive rats. Am. J. Hyper 3:380-386, 1990.
118. Zein M, Areas JL, Preuss HG: Chronic effects of excess sucrose ingestion on 3
strains of rats. Am. J. Hyper 3:560-562, 1990.
119. Zein M, Areas J, Knapka J, Gleim G, DiPette D, Holland B, Preuss HG: Influence
of oat bran on sucrose-induced blood pressure elevations in SHR. Life Sci 47:11211128, 1990.
120. Zein M, Areas JL, Knapka J, DiPette D, Holland B, Al-Karadaghi P, Preuss HG:
Development of sugar-induced blood pressure elevation after uninephrectomy in a
resistant rat strain. J Am Coll Nutr 10: 24-33, 1991
121. Preuss HG, Zein M, Areas JL, Podlasek SJ, Knapka J, Antonovych TT, Sabnis SG,
Zepeda H: Effects of excess sucrose ingestion on the life span of hypertensive rats.
Ger Nephrol.and Urol 1:13-20, 1991
122. Areas JL, Enriquez D, Newsome J, MacArthy P,.Yousufi AK, Preuss HG: Blood
pressure in unilaterally nephrectomized rabbits: A correlation with serum renotropic activity. Nephron 58: 339-343, 1991
123. Gharib N, Gao CY, Areas J, Zein M, Preuss HG: Correlation of organic anion and
cation transport with blood pressure. Clin Nephrol 36:87-92, 1991
124. Preuss HG, Al-Karadaghi P, Yousufi A, MacArthy P: Effects of canrenone on
RRM-sucrose hypertension in WKY. Clin and Exper Hyper A13;917-923, 1991
125. Preuss HG, Zein M, Knapka J, MacArthy P, Yousufi AK, Gleim GW, Glace B, Zukowska-Grojec Z: Blood pressure responses to sucrose ingestion in four strains of
rats. Am J Hyper 5:244-250, 1992
126. Andrews P, Al Karadaghi P, Memon S, Dadgar A, MacArthy P, Knapka JJ, Preuss
HG: Effects of macronutrients on the remaining kidney of unilaterally nephrectomized WKY. Geriatric Nephrology and Urology 2:35-42, 1992.
127. Preuss HG, Knapka JJ, MacArthy P, Yousufi AL, Sabnis SG, Antonovych TT:
High sucrose diets increase blood pressure of both salt-sensitive and salt-resistant
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rats. Am J Hyper 5: 585-591, 1992.
128. Rahman A, Roh JK, Preuss HG: Comparative toxicity of tetraplatin and cisplatin in
rodents. Nephron 64: 289-295, 1993.
129. Preuss HG: Overview of lead toxicity early in life: Effect on intellectual loss and
hypertension. J Am Coll Nutr 12: 246-254, 1993.
130. Memon S, Jiang G, Ahmad S, Gilbert RN, Regan J, Preuss HG: Rabbit and human
renotropin are not epidermal growth factor. J of Urology 149:1186-1189, 1993.
131. Gondal JA, Preuss HG, Swartz RP, Rahman A: Comparative pharmacologic and
antitumor evaluation of free and liposome encapsulated cisplatin in mice. Eur J
Cancer 29A:1536-1542, 1993.
132. Preuss HG: Nutrition and diseases of women: cardiovascular disorders. J Am Coll
Nutr 12:417-425, 1993.
133. Preuss HG, Memon S, Dadgar A, Jiang G: Effects of diets high in sugar on renal
fluid, electrolyte, and mineral handling in SHR: Relationship to blood pressure. J
Am Coll Nutr 13:73-82, 1994.
134. Preuss HG, Knapka JJ: Sugar-induced hypertension in Fischer 344 and F1-hybrid at
different ages. Ger Nephrol and Urol 4:15-21, 1994.
135. Preuss HG: Interplay between sugar and salt on blood pressure of SHR. Nephron
68:385-387, 1994.
136. Preuss HG, Jiang GW, Andrews P, Jones J, MacArthy PO, Gondal JA: Pb-induced
hypertension in SHR. J Am Coll Nutr 13:578-583, 1994.
137. Lindeman RD; Preuss HG: Renal physiology and pathophysiology of aging. J Ger
Nephrol and Urol 4:113-120, 1994.
138. Seelig M, Preuss HG: Magnesium metabolism in the aging. Ger Nephrol and Urol
4:101-111, 1994.
139. Preuss HG, Gondal JA, Bustos E, Bushehri N, Lieberman S, Bryden NA, Polansky
MM, Anderson RA: Effect of chromium and guar on sugar-induced hypertension
in rats. Clin Neph 44:170-177, 1995.
140. Sheik-Hamad D, Ferraris JD, Dragolovich J, Preuss HG, Burg MB, Garcia-Perez A:
DC9 antigen mRNA is influenced by hypertonicity. Am J Physiol 270:C253-C258,
1996.
141. Preuss HG, Lieberman S, Gondal J: Associations of macronutrients and energy in-
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take with hypertension. J Am Coll Nutr 15:221-35, 1996.
142. Gondal JA, MacArthy P, Myers AK, Preuss HG: Effects of dietary sucrose and
fibers on blood pressure in spontaneously hypertensive rats. Clin Neph 45:163-168,
1996.
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a b s t r a c t
Aims: Glycyrrhizic acid (GA) is a main sweetening component of licorice roots and has been found to be
associated with multiple therapeutic properties. In this study, we used GA as a protective agent against the
clastogenic and nephrotoxic effects of cisplatin (CP).
Main methods: Mice were given a prophylactic treatment of GA orally at doses of 75 and 150 mg/kg body
weight for seven consecutive days before the administration of a single intraperitoneal dose of CP at 7 mg/kg
body weight. The modulatory effects of GA on CP-induced nephrotoxicity and genotoxicity were investigated
by assaying oxidative stress biomarkers, lipid peroxidation, serum kidney toxicity markers, DNA
fragmentation, alkaline unwinding, and micronuclei and by histopathological examination of the kidneys.
Key ﬁndings: A single intraperitoneal dose of cisplatin in mice enhanced renal lipid peroxidation, xanthine
oxidase, and H2O2 generation; depleted glutathione content, activities of the anti-oxidant enzymes
glutathione peroxidase, glutathione reductase, catalase, glutathione-S-transferase and quinone reductase;
induced DNA strand breaks and micronucleus formation (p b 0.001); and majorly disrupted normal kidney
architecture. Pretreatment with GA prevented oxidative stress by restoring the levels of antioxidant enzymes
at both doses. A signiﬁcant dose-dependent decrease in DNA fragmentation, micronucleus formation
(p b 0.05), and the kidney toxicity markers BUN (p b 0.001), creatinine (p b 0.01), and LDH (p b 0.001) and
restoration of normal kidney histology was observed.
Signiﬁcance: Our study supports the claim that the phytochemical GA has the potential to attenuate the side
effects of anticancer drug overdose.
© 2011 Elsevier Inc. All rights reserved.

Introduction
Since ancient times, herbal products have been used to cure human
diseases. These products are receiving more attention due to their low
toxicity and high efﬁcacy. Glycyrrhizin and its aglycone glycyrrhetic
acid (GA) have been useful for various therapeutic purposes (Rahman
and Sultana, 2007). GA is a hydrophilic part of glycyrrhizin, the active
compound in licorice, which is a conjugate of two molecules of
glucuronic acid and GA (Obolentseva et al., 1999). It is used as a
ﬂavoring agent in some candies, pharmaceuticals, and tobacco
products and is known for its anti-inﬂammatory, anti-ulcer, antiallergic, anti-oxidant, anti-viral and anti-tumor activities (Baltina,
2003). In many parts of the world, GA is used to treat patients with
acute and chronic hepatitis (Rossum et al., 1999), and it has been
demonstrated to induce IFN production and NK cell activity and
modulate the growth response of lymphocytes by augmenting IL-2

⁎ Corresponding author. Tel.: +91 11 26054685x5565/5566; fax: +91 11 26059663.
E-mail address: sarwat786@rediffmail.com (S. Sultana).
0024-3205/$ – see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.lfs.2011.06.016

production (Zhang et al., 1993). In addition, GA has been described as
an anti-viral agent against human cytomegalovirus, herpes simplex
virus type 1 and inﬂuenza virus (Pompei et al., 1979). GA has also been
reported to prevent the progression of murine acquired immune
deﬁciency syndrome (AIDS) in mice and improve the clinical
symptoms in HIV-infected patients (Ito et al., 1988). Glycyrrhizin
inhibits the generation of reactive oxygen species (ROS) by neutrophils at the site of inﬂammation and lowers lipid peroxidation in
animal models of liver injury caused by ischemia reperfusion
(Akamatsu et al., 1991). Glycyrrhizin inhibits abnormal cell proliferation, tumor formation and growth of many types of cancers (Nishino
et al., 1984). Recently, GA was reported to reverse cisplatin resistance
in hepatocellular carcinoma cells through inhibiting multidrug
resistance-associated proteins (Wakamatsu et al., 2007). Glycyrrhizin
has also been reported to ameliorate renal function defects in the early
phase of ischemia and gentamicin-induced acute renal failure (Kang
et al., 2003; Sohn et al., 2003). Zinc glycyrrhizate has a protective effect
against the toxicity and anticancer activity of cisplatin in mice (Xu
et al., 1993). Thus, GA can be considered as a potential protective agent
against the nephrotoxicity associated with chemotherapeutics.
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Exposure to genotoxins causes carcinogenesis and teratogenicity
(Kligerman et al., 1984). Damage to the structure of the affected DNA is
unambiguously the main cause of mutagenesis (Khan et al., 2005). In
addition to their generic growth properties, the majority of antineoplastic drugs have genotoxic effects that contribute to growth
inhibition. These genotoxic effects may lead to the initiation of
unrelated tumors years after the termination of chemotherapy
(Manda et al., 2009). Cisplatin (CP) is a major antineoplastic drug
used for the treatment of various solid tumors such as ovarian cancer,
non-small-cell lung carcinoma (NSCLC) and head and neck cancer
(HNC), both as a single agent and in combination with other agents
(Muggia, 1991). CP is generally considered to exert its cytotoxic effect
by binding to DNA, resulting in mutagenesis (Fichtinger-Schepman,
1984). The major target site of CP toxicity is the kidney: 20% of patients
receiving high-dose CP develop severe renal dysfunction. Crosslinks
between CP and DNA cause cytotoxic lesions in tumors and other
dividing cells. DNA damaging agents are usually less toxic in
nonproliferating cells, but the CP concentration in proximal tubular
epithelial cells is approximately 5 times higher than the serum
concentration (Kuhlmann et al., 1997). This disproportionate accumulation of CP in kidney tissue contributes to its nephrotoxicity
(Arany and Saﬁrstein, 2003).
GA has been used to treat organ toxicity caused by drug overdoses
in animal models, as mentioned previously. Xu et al. have reported the
protective character of GA against CP-induced organ toxicity,
including nephrotoxicity. The present study is the ﬁrst to examine
the efﬁcacy of GA to alleviate both genotoxicity and nephrotoxicity
induced by CP by studying the status of antioxidant enzymes and
markers of genotoxicity, including the alkaline unwinding assay, the
DNA fragmentation assay and micronucleus induction in Swiss albino
mice.
Materials and methods
Chemicals
Glycyrrhizin, EDTA, Tris, reduced glutathione (GSH), oxidized
glutathione (GSSG), reduced nicotinamide adenine dinucleotide
phosphate (NADPH), bovine serum albumin (BSA), bisbenzamide,
proteinase K, EDTA, SDS, phenol, chloroform, isoamyl alcohol and
RNase were obtained from Sigma, St. Louis, USA. Cisplatin under the
brand name “Cytoplatin-50” was purchased from Cipla Ltd., India. All
other reagents and solvents were of high analytical grade.
Animals
Eight-week-old adult male Swiss albino mice (20–25 g) were
obtained from The Central Animal House Facility of Hamdard University,
New Delhi, and were housed in a ventilated room at 25 ± 5 °C under a
12 h light/dark cycle. The animals were acclimatized for one week
before the study and had access to standard laboratory feed (Hindustan
Lever Ltd., Bombay, India) and water ad libitum. The study was approved
by the Committee for the Purpose of Control and Supervision of
Experimental Animals (CPCSEA) under the registration number and
date 509/CPCSEA, May 28th, 2009. CPCSEA guidelines were followed for
animal handling and treatment.
Experimental design
For the study of biochemical parameters and the micronucleus
assay, 25 male Swiss albino mice were divided into ﬁve groups. Group
I served as a saline-treated control. Group II served as a treatment
control and was given single intraperitoneal injection of cisplatin
(7 mg/kg b wt) freshly dissolved in saline (0.85% NaCl). GA was orally
administered at two doses, 75 (dose I) and 150 (dose II) mg/kg b wt,
to groups III and IV, respectively, for seven consecutive days. On the
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seventh day of pretreatment, a single intraperitoneal dose of CP
(7 mg/kg b wt) was given to the animals in groups II, III, and IV. Group
V only received dose II of GA for seven consecutive days. All the
animals were sacriﬁced after 24 h of CP treatment. Kidneys and femur
bones were removed and processed for enzyme estimation and
micronucleus assays. The above-mentioned doses of compound were
selected based on preliminary studies.
Micronucleus assay
For this test, mice were sacriﬁced 24 h after treatment with a single
intraperitoneal dose of CP (7 mg/kg b wt). Bone marrow from femur
bones was collected for the micronucleus assay. The time of peak
response of micronucleus induction was selected as the sacriﬁce time
based on the preliminary assays that were done to select an
appropriate dose of CP that did not suppress cell proliferation in
combination with the highest GA dose. The mouse bone marrow
micronucleus test was carried out according to the method of Schmid
(Schmid, 1975). Air-dried slides were stained with May–Grunwald
and Giemsa as described by Schmid, made permanent, and coded. A
total of 1500–2000 polychromatic erythrocytes (PCEs) and normochromatic erythrocytes (NCEs) were scored per animal by the same
observer to determine the frequencies of micronucleated polychromatic erythrocytes (MnPCEs). To detect possible cytotoxic effects, the
PCE:NCE ratio in 200 erythrocytes per animal was calculated according
to Gollapudi and McFadden (Gollapudi, 1995). Coded slides were
scored with a light microscope at a 1000× magniﬁcation.
DNA isolation
DNA extraction was done by the standard chloroform-isoamyl
alcohol method. DNA was extracted from approximately 500 mg
kidney tissue by homogenizing the tissue in 5 ml TNE buffer (50 mM
Trisma, 100 mM EDTA, 0.5% SDS, pH 8.0) in a 2-ml ground glass
homogenizer. Each sample was homogenized with 10 standardized
pestle strokes to minimize any potential effect on DNA integrity
introduced by the homogenization procedure. An equal volume of
buffered phenol/chloroform/isoamyl alcohol (PCI; 25:24:1, v/v/v, pH
8.0) was then added to the sample. The sample was gently mixed,
allowed to settle for 5 min and centrifuged for 5 min at 13,000 rpm at
4 °C. The aqueous layer was transferred to a new microcentrifuge tube,
and the PCI extraction was repeated. The aqueous layer was then
digested by 5 ml RNase (10 mg/ ml) for 30 min at 37 °C, and the digest
was extracted once by PCI and once by 500 ml chloroform. DNA was
precipitated from the resulting aqueous layer by adding 2 volumes of
absolute ethanol and 1/10 volume of 3 M sodium acetate, pH 5.2. The
sample was then centrifuged (13,000 rpm, 15 min), and the resulting
pellet was rinsed with 500 ml of 70% ethanol and air-dried. The
amount of DNA was quantiﬁed spectrophotometrically at 260 and
280 nm. A 2 mg/ml DNA sample was dissolved in 1 ml TE buffer
(10 mM Trisma, 1 mM EDTA) and subsequently used in the DNA
alkaline unwinding assay.
Alkaline unwinding assay
In the alkaline unwinding assay, the rate of the transition of double
stranded DNA (dsDNA) to single stranded DNA (ssDNA) under predeﬁned alkaline denaturing conditions was proportional to the
number of breaks in the phosphodiester backbone and thus was
used as a measure of DNA integrity. Bisbenzamide was used as a
ﬂuorescent DNA-binding dye to allow the quantiﬁcation of various
types of DNA. To determine the ﬂuorescence of dsDNA, ssDNA and
partially unwound DNA (auDNA), three equal portions of each diluted
DNA sample were prepared. The amount of dsDNA was obtained from
the ﬂuorescence of a sample without any treatment, while the amount
of ssDNA was determined from a sample that had been boiled for
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30 min. The ﬂuorescence of a DNA sample subjected to alkaline
treatment (pH 12.2) on ice for 30 min provided an estimate of the
amount of auDNA. The ﬂuorescence of initial or dsDNA was
determined by placing 100 mmol DNA, 100 ml NaCl (25 mM) and
2 ml SDS (0.5%) in a prechilled test tube, followed by the addition of
3 ml 0.2 M potassium phosphate, pH 9, and 3 ml bisbenzamide (1 mg/
ml). The contents were mixed and allowed to react in the dark for
15 min to allow the ﬂuorescence to stabilize. The ﬂuorescence of the
sample was measured using a spectroﬂuorimeter (excitation: 360 nm;
emission: 450 nm). The ﬂuorescence of ssDNA was determined as
above, but using the DNA sample that had been boiled for 30 min to
completely unwind the DNA. Fifty microliters of NaOH (0.05 N) was
rapidly mixed with 100 ml DNA in a pre-chilled test tube (Shugart,
1988). The mixture was incubated on ice in the dark for 30 min,
followed by rapid addition and mixing of 50 ml HCl (0.05 N). This was
followed immediately by the addition of 2 ml SDS (0.5%), and the
mixture was forcefully passed through a 21-gauge needle six times.
The ﬂuorescence of auDNA was measured as described above in
triplicate, and the average was reported. The ratio between dsDNA to
total DNA (F value) was determined as follows:
F value = ðauDNA−ssDNAÞ = ðdsDNA−ssDNAÞ;
where auDNA, ssDNA and dsDNA were the degrees of ﬂuorescence
from the partially unwound, single stranded and double stranded
samples, respectively. The F-value was inversely proportional to the
number of strand breaks present and thus could be used as an indicator
of DNA integrity.

(0.1 M, pH 7.6), 0.1 ml EDTA (0.5 mM), 0.05 ml GSH (1 mM), 0.1 ml
NADPH (0.1 mM) and 0.1 ml 10% PMS in a total volume of 2 ml. Enzyme
activity was quantiﬁed at 25 °C by measuring the disappearance of
NADPH at 340 nm and was calculated as nmol NADPH oxidized per min
per mg protein using a molar extinction coefﬁcient of 6.22 ×
103 M− 1 cm− 1 (Carlberg and Mannervik, 1975).
Glutathione peroxidase activity
The reaction mixture consisted of 1.49 ml phosphate buffer (0.1 M,
pH 7.4), 0.1 ml EDTA (1 mM), 0.1 ml sodium azide (1 mM), 0.05 ml
glutathione reductase (1 IU/ml), 0.05 ml GSH (1 mM), 0.1 ml NADPH
(0.2 mM), 0.01 ml H2O2 (0.25 mM) and 0.1 ml 10% PMS in a total
volume of 2 ml. The disappearance of NADPH at 340 nm was recorded
at 25 °C. Enzyme activity was calculated as nmol NADPH oxidized per
min per mg protein using a molar extinction coefﬁcient of
6.22 × 10 3 M − 1 cm − 1 (Mohandas et al., 1984).
Glutathione S-transferase activity
The reaction mixture consisted of 2.5 ml phosphate buffer (0.1 M,
pH 6.5), 0.2 ml GSH (1 mM), 0.2 ml CDNB (1 mM), and 0.1 ml of the
cytosolic fraction (10%) in a total volume of 3.0 ml. Changes in
absorbance were recorded at 340 nm, and enzymatic activity was
calculated as nmol CDNB conjugate formed per min per mg protein
using a molar extinction coefﬁcient of 9.6 × 10 3 M − 1 cm − 1 (Habig et
al., 1974).

Gel electrophoresis and DNA fragmentation
Malondialdehyde formation
DNA samples were mixed with 10 ml loading solution (10 mM
EDTA (pH 8.0), 1% (w/v) bromophenol blue and 40% (w/v) sucrose)
preheated to 70 °C. Samples were loaded onto a 1.8% (w/v) agarose gel
and sealed with 0.8% (w/v) low melting point agarose. DNA fragments
were separated by electrophoresis at 25 V for 12 h at 4 °C in TBE buffer.
DNA was visualized using ethidium bromide and photographed by a
digital camera.
Post-mitochondrial supernatant preparation
Kidneys were removed quickly, cleaned of extraneous material
and immediately perfused with ice-cold saline (0.85% NaCl). The
kidneys were homogenized in chilled phosphate buffer (0.1 M, pH
7.4) containing KCl (1.17%) using a Potter–Elvehjen homogenizer. The
homogenate was ﬁltered through muslin cloth and centrifuged at
800 ×g for 5 min at 4 °C by a REMI cooling centrifuge to separate the
nuclear debris. The aliquot obtained was centrifuged at 12,000 rpm
for 20 min at 4 °C to obtain PMS, which was used as a source of
enzymes. All biochemical estimations were completed within 24 h of
animal sacriﬁce (Khan and Sultana, 2005).
Reduced glutathione estimation
One-milliliter samples of PMS were precipitated with 1.0 ml
sulfosalicylic acid (4%), kept at 4 °C for 1 h and then centrifuged at
1200 ×g for 20 min at 4 °C. The assay mixture contained 0.1 ml ﬁltered
aliquot, 2.7 ml phosphate buffer (0.1 M, pH 7.4) and 0.2 ml 1, 2dithiobisnitrobenzoic acid (DTNB; 100 mM) in a total volume of
3.0 ml. The yellow color that developed was quantiﬁed at 412 nm on a
spectrophotometer (Jollow et al., 1974).
Glutathione reductase activity
GR activity was determined by the method of Carlberg and
Mannervik. The reaction mixture consisted of 1.65 ml phosphate buffer

The reaction mixture contained 0.60 ml phosphate buffer (0.1 M,
pH 7.4), 0.2 ml microsomes and 0.2 ml ascorbic acid (100 mM) in a
total volume of 1.0 ml. The reaction mixture was incubated at 37 °C in
a shaking water bath for 1 h and stopped by adding 1.0 ml 10%
trichloroacetic acid (TCA). Following the addition of 1.0 ml 0.67%
thiobarbituric acid (TBA), all tubes were placed in a boiling water bath
for 20 min and then shifted to a crushed ice-bath before centrifuging
at 2500 ×g for 10 min. The amount of malondialdehyde (MDA)
formed in each of the samples was assessed by measuring the optical
density of the supernatant at 535 nm against a reagent blank using a
spectrophotometer (Perkin Elmer, Lamda EZ 201). The results were
expressed as nmol MDA formed per hour per gram tissue at 37 °C
using a molar extinction coefﬁcient of 1.56 × 10 5 M − 1 cm − 1 (Wright
et al., 1981).
Xanthine oxidase activity
The reaction mixture consisted of 0.2 ml PMS incubated for 5 min
at 37 °C with 0.8 ml phosphate buffer (0.1 M, pH 7.4). The reaction
was started by adding 0.1 ml xanthine (9 mM) and was kept at 37 °C
for 20 min. The reaction was terminated by adding 0.5 ml ice-cold
perchloric acid (PCA; 10% v/v). After 10 min, 2.4 ml distilled water
was added, and the samples were centrifuged at 4000 rpm for 10 min.
The amount in mg of uric acid formed per minute per mg protein was
recorded at 290 nm (Stirpe and Della Corte, 1969).
Catalase activity
The reaction mixture consisted of 1.95 ml phosphate buffer (0.1 M,
pH 7.4), 1.0 ml hydrogen peroxide (0.019 M) and 0.05 ml 10% PMS in
a ﬁnal volume of 3 ml. Changes in absorbance were recorded at
240 nm. Catalase activity was calculated as nmol H2O2 consumed per
min per mg protein (Claiborne, 1985).
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Quinone reductase activity

Estimation of protein concentration

The reaction mixture consisted of 2.13 ml Tris–HCl buffer (25 mM,
pH 7.4), 0.7 ml BSA, 0.1 ml FAD, 0.02 ml NADPH (0.1 mM), and 50 μL
(10%) PMS in a ﬁnal volume of 3 ml. The reduction of dichlorophenolindophenol (DCPIP) was recorded calorimetrically at 600 nm, and
enzyme activity was calculated as nmol of DCPIP reduced per min per
mg protein using a molar extinction coefﬁcient of 2.1 × 10 4 M − 1 cm − 1
(Benson et al., 1980).

The protein concentration in all samples was determined by the
method of Lowry et al.(1951).

Estimation of blood urea nitrogen
Protein-free ﬁltrate was prepared by adding serum and an equal
amount of 10% TCA. Then the mixture was centrifuged at 2000 rpm,
and supernatant was taken. To 0.5 ml protein-free ﬁltrate, 3.5 ml of
distilled water, 0.8 ml diacetylmonoxime (2%) and 3.2 ml sulfuric
acid–phosphoric acid reagent (prepared by mixing 150 ml 85%
phosphoric acid with 140 ml water and 50 ml concentrated sulfuric
acid) were added. The reaction mixture was placed in a boiling water
bath for 30 min and then cooled to room temperature. The absorbance
was read at 480 nm (Kanter, 1975).

Histopathological examination
The kidneys were quickly removed after sacriﬁce of mice and
preserved in 10% neutral buffered formalin for histopathological
processing. The kidneys were embedded in parafﬁn wax and
longitudinally sectioned with a microtome. Hematoxylin and eosin
staining of the sections was observed under an Olympus microscope.
Statistical analysis
Differences between groups were analyzed using analysis of
variance (ANOVA), followed by Dunnet's multiple comparisons test.
All data points are presented as the treatment group mean ± standard
error of the mean (S.E.).
Results
Effects of GA pretreatment on renal glutathione, its dependent enzymes
and the antioxidant enzyme system

Quantiﬁcation of creatinine
Protein-free ﬁltrate was prepared. To 1.0 ml serum, 1.0 ml sodium
tungstate (5%), 1.0 ml sulfuric acid (0.6 N) and 1.0 ml distilled water
were added. After mixing thoroughly, the sample was centrifuged at
800 ×g for 5 min. The supernatant was added to a mixture containing
1.0 ml picric acid (1.05%) and 1.0 ml sodium hydroxide (0.75 N). The
absorbance at 520 nm was read after exactly 20 min (Hare, 1950).
Assay for hydrogen peroxide
Microsomes (2.0 ml) were suspended in a 1.0-ml solution
containing phenol red (0.28 nM), horseradish peroxidase (8.5
units), dextrose (5.5 nM) and phosphate buffer (0.05 M, pH 7.0) and
were incubated at 37° C for 60 min. The reaction was stopped by the
addition of 0.01 ml NaOH (10 N) and then centrifuged at 800 ×g for
5 min. The absorbance of the supernatant was recorded at 610 nm
against a reagent blank. The quantity of H2O2 produced was expressed
as nmol H2O2 per hour per gram tissue based on the standard curve of
H2O2 oxidized phenol red (Pick and Keisari, 1981).

Table 1 shows that CP administration leads to a 60% reduction in
renal GSH. In addition, there was a marked inhibition of GR by 69%,
GST by 60% and GPx by 52% compared to the control (Table 1).
Pretreatment with GA restored renal GSH content by 64% at dose I and
83% at dose II, GR by 66% at dose I and 200% at dose II, GST by 89% at
dose I and 103% at dose II and GPx by 45% at dose I and 92% at dose II.
Similarly, CP treatment inhibited catalase by 53%, as shown in Table 2,
which was restored by prophylactic GA treatment by 56% at dose I and
90% at dose II.
Table 2 shows that CP administration enhances XO levels by 183%,
MDA formation by 72% and H2O2 by 137% in comparison to the
control. In addition, there was marked inhibition of QR by 55%
following CP administration as compared to the control (Table 2).
Pretreatment with GA restored renal XO by 41% at dose I and 53% at
dose II, MDA formation by 18% at dose I and 29% at dose II and H2O2 by
35% at dose I and 43% at dose II (Table 2). Quinone reductase (QR) was
restored by 91% at dose I and 114% at dose II (Table 2).
Effects of GA pretreatment on renal toxicity marker enzymes

Lactate dehydrogenase activity
The assay mixture consisted of serum, NADH (0.02 M), sodium
pyruvate (0.01 M), phosphate buffer (0.1 M, pH 7.4) and distilled
water in a total volume of 3 ml. Enzyme activity was recorded at
340 nm, and activity was calculated as nmol NADH oxidized per min
per mg protein (Kornberg, 1955).

The effects of the prophylactic administration of GA on cisplatinmediated leakage of kidney toxicity marker enzymes and on the
cytotoxicity marker enzyme LDH in serum are shown in Table 3. Only
the CP-treated group induced BUN by 80%, creatinine by 84% and LDH
by 133% compared with the control. Marked inhibition of BUN (30% at
dose I and 38% at dose II) and creatinine levels (10% at dose I and 32%

Table 1
Results of pre-treatment of GA on antioxidant enzymes like GSH, GST, GR and GPX on Cisplatin administration in kidney of Swiss Albino mice.
Treatment regimen
per group

GSH (n mol CDNB Conjugate
formed/g tissue)

GST (n mol CDNB conjugate
formed/min/mg protein)

GR (n mol NADPH Oxidized/min/
mg protein)

GPX (n mol NADPH
Oxidized/min/ mg protein)

Group
Group
Group
Group
Group

0.92 ± 0.001
0.42 ± 0.001***
0.69 ± 0.0004###
0.77 ± 0.001###
0.86 ± 0.003

115.9 ± 1.853
46.88 ± 2.124***
88.50 ± 3.759##
95.03 ± 3.243###
102.7 ± 5.961

282.7 ± 1.044
87.8 ± 0.453***
145.8 ± 0.802NS
263.5 ± 7.137###
280.4 ± 2.632

281.1 ± 2.041
133.6 ± 0.523***
193.9 ± 12.105##
256.7 ± 0.704###
265.2 ± 5.063

I (control)
II (only CP)
III (CP + GA D1)
IV (CP + GA D2)
V (only GA D2)

Results represent mean ± SE of ﬁve animals per group. Cisplatin administration resulted in signiﬁcant decrease in the level of GSH, GST, GR and GPx. Prophylactic treatment with GA
at both doses signiﬁcantly modulated the alterations induced by CP in mice kidney. Results obtained are signiﬁcantly different from Control group (***p b 0.001). Results obtained are
signiﬁcantly different from CP treated group (##p b 0.01) and (###p b 0.001). Whereas, Results obtained are not signiﬁcantly different from CP treated group (NS). Cisplatin—CP,
Glycyrrhizic acid—GA; D1 = 75 mg/kg b wt; D2 = 150 mg/kg b wt.
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Table 2
Results of pre-treatment of GA on antioxidant enzymes like G6PD, XO, LPO, QR and catalase on Cisplatin administration in kidney of Swiss Albino mice.
Treatment regimen per
group

H2O2
(n moles
H2O2/g tissue)

XO
(μg uric acid formed/min/
mg protein)

LPO
(n mol MDA
formed/hr/g tissue)

QR
(nmol NADPH oxidized/
min/mg protein)

Catalase
(nmol H2O2 consumed/min/
mg protein)

Group
Group
Group
Group
Group

59.8 ± 6.586
141.6 ± 3.293***
91.6 ± 2.813##
80.1 ± 6.257###
61.9 ± 1.742

3.64 ± 0.338
10.30 ± 0.720***
6.03 ± 0.024##
4.80 ± 0.059###
4.66 ± 0.309

5.16 ± 0.259
8.89 ± 0.520***
7.25 ± 0.105##
6.35 ± 0.369###
5.96 ± 0.016

164.1 ± 7.823
73.7 ± 4.249***
140.6 ± 8.452###
158.0 ± 4.679###
160.7 ± 17.840

130.3 ± 0.224
61.57 ± 0.32***
95.85 ± 0.029#
116.9 ± 0.388##
121.0 ± 0.330

I (control)
II (only CP)
III (CP + GA D1)
IV (CP + GA D2)
V (only GA D2)

Results represent mean ± SE of ﬁve animals per group. There was marked increase in the levels of H2O2, XO and LPO, which was signiﬁcantly restored to normal level by the pre
treatment of GA. Cisplatin administration resulted in signiﬁcant decrease in the activity of QR and catalase. Prophylactic treatment with GA at both doses signiﬁcantly increased the
activity of these enzymes in mice kidney. Results obtained are signiﬁcantly different from Control group (***p b 0.001). Results obtained are signiﬁcantly different from CP treated
group (##p b 0.01) and (###p b 0.001). Cisplatin—CP, Glycyrrhizic acid—GA; D1 = 75 mg/kg b wt; D2 = 150 mg/kg b wt.

at dose II) was observed in the GA-treated groups. LDH was inhibited
by 34% at dose I and 46% at dose II.
Effects of GA pretreatment on genotoxicity
In the DNA alkaline unwinding assay (Fig. 1C), a 53% decrease in
the F-value was noted compared to the control group, whereas the
F-value increased by 71% at dose I and 101% at dose II of GA. Similarly,
Fig. 1A shows that there was a 140% higher induction of micronuclei,
and this level decreased with prophylactic treatment of GA by 36% at
dose I and 24% at dose II. The estimated PCE:NCE ratio in bone marrow
preparations shows a statistical decrease in hematopoiesis by 34% as a
result of CP treatment compared to the control (Fig. 1B). GA
pretreatment at dose I increased the PCE:NCE ratio by 28%; dose II
increased the ratio by 46%, indicating a reversal of the cytotoxic effects
caused by CP administration to mice. DNA damage was estimated by
smearing and lack of an intact control band; only the GA-treated
groups had less smearing and an intact band (Fig. 1D). Fig. 1D also
shows that there was signiﬁcant DNA fragmentation in the treated
group compared to the control group, while there was less
fragmentation in the GA-pretreated groups. GA treatment restored
DNA integrity.
Histopathological examination
Normal glomerular and tubular histology was seen both in cortical
and medullar regions of kidneys in control rats (Fig. 2A). However, CP
caused extremely severe glomerular and peritubular congestion in
group II, as shown in Fig. 2B. There was also severe invasion of
inﬂammatory cells into the interstitium and the perivascular and
subvascular areas in both cortical and medullar sections from the

Table 3
Results of pre-treatment of GA on serum kidney toxicity markers BUN, Creatinine and
LDH on Cisplatin administration in kidney of Swiss Albino mice.
Treatment regimen BUN
per group
(mg/dl) IU/L
Group (I control)
Group II (only CP)
Group III
(CP + GA D1)
Group IV
(CP + GA D2)
Group V
(only GA D2)

Creatinine
(mg/dl) IU/L

LDH (n mol NADH
oxidized/min/mg protein)

17.27 ± 2.071
1.94 ± 0.023
349.1 ± 10.44
31.07 ± 1.229*** 3.57 ± 0.142*** 814.6 ± 11.71***
21.72 ± 0.142### 3.22 ± 0.128NS 539.5 ± 2.89###
19.27 ±0.444###

2.44 ± 0.057##

439.0 ± 15.95###

17.68 ± 2.069

2.26 ± 0.059

404.6 ± 10.44

Results represent mean ± SE of ﬁve animals per group. Results obtained are
signiﬁcantly different from Control group (***p b 0.001). As evident from the table
there was substantial increase in the serum levels of BUN, Creatinine and LDH. The
levels of these toxicity markers was abrogated by the prophylactic treatment of GA.
Results obtained are signiﬁcantly different from CP treated group (##p b 0.01) and
(###p b 0.001). Results obtained are not signiﬁcantly different from CP treated group
(NS). Cisplatin—CP, Glycyrrhizic acid—GA; D1 = 75 mg/kg b wt; D2 = 150 mg/kg b wt.

CP-treated group. In addition to these features of CP nephrotoxicity,
necrosis of tubular structures was seen in proximal and distal regions.
The inner cortical and outer medullar regions exhibited more extreme
architectural damage than the inner medullar regions of the kidney.
The nephrosis was characterized by widespread degeneration of
tubular architecture, tubular congestion, swelling and necrosis. In
contrast, renal sections obtained from animals that were pretreated
with GA at dose I had a partial reduction of the histological features of
renal injury (Fig. 2C). GA pretreatment at dose II was associated with
more signiﬁcant reductions in injury, similar to control rat kidneys
(Fig. 2D). A higher dose of GA alone did not cause any adverse effects in
the overall normal architecture of kidneys, as shown in Fig. 2E.
Discussion
Cisplatin is a potent chemotherapeutic agent that has gained
widespread use against various malignant tumors in different
experimental animals (Kociba et al., 1970). Its use, however, is limited
by its nephrotoxicity and genotoxicity. The highest concentration of CP
is found in cytosol, mitochondria, nuclei, and microsomes. Genomic
instability is often considered to be the hallmark of cancer, and it has
been shown previously that CP treatment leads to genotoxicity and
DNA strand breaks, as measured by the alkaline unwinding assay.
These breaks are believed to result from the interaction of CP with DNA
through the binding with N 7 of purine bases, forming CP–DNA adducts
(Wozniak et al., 2004). The high mutagenic potency of CP raises the
concern that its use in cancer chemotherapy may be responsible for
secondary malignancies, which have been observed in animals and
some cured patients treated with CP (Kempf and Ivankovic, 1986;
Greene, 1992; Pillaire et al., 1994).
In the present study, the development of these mutagenic
parameters was seen after CP treatment in vivo, supporting earlier
observations of its genotoxic properties (Pillaire et al., 1994; Overbeck
et al., 1996). There was a concurrent decline in the F-value in the DNA
alkaline unwinding assay and differences observed with agarose gel
electrophoresis, which are markers for DNA integrity (Fig. 1D). Our
results show that there was signiﬁcant DNA fragmentation in the
CP-treated group compared to the control group, whereas there was
less fragmentation in the GA-pretreated group. During DNA fragmentation, DNA damage is estimated by smearing and lack of an intact
band on an agarose gel. An intact band was observed in the group
pretreated with GA at dose II and in the control group only.
Injury due to oxidative stress is actively involved in the pathogenesis
of CP-induced acute kidney injury. Many authors have found that
genotoxicity and chromosomal instability induced by many agents are
strongly correlated with the parameters of oxidative stress. Reactive
oxygen species (ROS) directly act on cell components, including lipids,
proteins, and DNA, and destroy their structure. ROS are produced in cells
via the xanthine–xanthine oxidase system, mitochondria, and NADPH
oxidase. In the presence of CP, ROS are produced by all these pathways
and are implicated in the pathogenesis of acute CP-induced renal injury
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(Kawai et al., 2006). CP has been shown to inhibit the activity of
antioxidant enzymes (glutathione-S-transferase, catalase, and glutathione reductase) in rat kidneys (Aﬁﬁ, 2010). Consistent with previous
studies, CP administration leads to a depletion in renal glutathione
content and inhibits the activities of the renal anti-oxidant enzymes
glutathione peroxidase, glutathione reductase, catalase and glutathione
S-transferase. Glutathione and dependent enzymes, namely, GR, GPx
and GST, were signiﬁcantly restored to normal levels in GA-pretreated
groups. Simultaneously, GA pretreatment restored the depleted levels of
H2O2, QR and catalase. Earlier reports suggested that CP induces
nephrotoxicity by initiating lipid peroxidation and depleting cellular
thiols (Jin-Gang and Lindup, 1993). In the present study, we have
observed a noticeable increase of LPO activity in the CP-treated group;
further, it was found that LPO is signiﬁcantly attenuated by GA
pretreatment.
Chemoprotective agents are capable of exerting their antigenotoxic
effects by one or a combination of mechanisms, such as inhibiting the
formation of reactive carcinogenic metabolites, inducing enzymes that

427

detoxify carcinogens, scavenging reactive oxygen species, inﬂuencing
apoptosis and inhibiting cell proliferation. GA is known to possess antiinﬂammatory, anticarcinogenic, nephroprotective, and immunomodulatory effects and was proposed to be a possible chemopreventive drug
(Akamatsu et al., 1991; Wakamatsu et al., 2007; Xu et al., 1993; Kelloff
et al., 1994). In the present work, it was found that GA pretreatment of
CP-treated mice signiﬁcantly decreased MDA formation and XO levels.
Concomitant modulation of antioxidant status was also observed.
Serum kidney toxicity markers were signiﬁcantly altered, as observed
in earlier studies (Ibrahim et al., 2010). Pretreatment with GA
appreciably depleted serum toxicity markers, thus revealing a role for
GA in modulating kidney toxicity. Mice treated with GA had signiﬁcantly
lower BUN, creatinine and LDH levels than those receiving only CP; thus,
GA ameliorates nephrotoxicity. It is evident from this study that GA was
not only able to reduce cellular damage but also suppressed DNA
fragmentation and the formation of MnPCEs in vivo, which are the
hallmarks of CP-induced genotoxicity (Mora et al., 2002). The decrease
in the PCE:NCE ratio, a mark of cytotoxicity in the bone marrow of mice

Fig. 1. Effect of GA on CP-altered markers of genotoxicity. 1 (A) Micronucleus induction in the bone marrow of mice: there was a marked increase (p b 0.001) in the micronucleus
content of the polychromatic erythrocytes (PCE) in the bone marrow of mice due to CP treatment compared to untreated controls. However, pretreatment with GA suppressed
micronucleus formation signiﬁcantly at dose I (p b 0.01) and dose II (p b 0.001). 1 (B) PCE:NCE ratios in the bone marrow of mice: There was a signiﬁcant decrease in the PCE:NCE
ratio in the CP-treated group, displaying induction of cytotoxicity in the bone marrow cells of Swiss albino mice. Prophylactic treatment with GA at both doses signiﬁcantly reversed
the cytotoxic effects of CP. Dose I of GA did not cause any toxicity. 1 (C) DNA strand breaks: results from the alkaline unwinding assay revealed a signiﬁcant increase in DNA strand
breaks resulting from CP injection in mice. GA treatment protected DNA from CP-induced breaks signiﬁcantly at D1 (p b 0.05) and D2 (p b 0.001). 1 (D) Agarose (1.5%) gel
electrophoresis of DNA obtained from mouse kidney: lane 1—control; lane 2—CP alone; lane 3—CP + GA D1; lane 4—CP + GA D2; lane 5—GA D2 alone; lane 6—mid-range DNA ladder.
From the gel images, it is evident that CP treatment introduced DNA fragmentation, marked by the smearing of DNA in lane 2 compared to the untreated control in lane 1. There is a
decrease in DNA smearing as a result of GA pretreatment at both doses in the mouse kidney. The results represent the mean ± SE of ﬁve animals per group. The results obtained are
signiﬁcantly different from those of the control group (***p b 0.001) and those of the CP-treated group (#p b 0.05; ##p b 0.01; ###p b 0.001). CP = Cisplatin; GA = Glycyrrhizic acid;
D1 = 75 mg/kg b wt; D2 = 150 mg/kg b wt.
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Fig. 2. Mouse kidney histology (400× magniﬁcation): Representative histological abnormalities in the regions including the inner cortical and outer medullar areas of the kidney,
which are the main target sites of cisplatin nephrotoxicity, following a single intraperitoneal injection of CP and the effects of GA prophylactic treatment. (A) Normal kidney histology
from a control rat. (B) After CP administration, many cortical convoluted tubules were invaded by necrotic epithelial cells or vacuolated swell cells, glomeruli were swollen, and the
Bowman's capsular space was reduced. Shown are numerous inﬂammatory cells in the glomerular and tubular structures in the outer medulla. (C) Administration of dose I of GA
(75 mg/kg b wt) partially prevented the cytotoxic damage induced by CP, as indicated by the slight cellular vacuolization of cortical convoluted tubules and few inﬂammatory cells.
(D) Dose II of GA (150 mg/kg b wt) almost fully protected the kidney tissue from destruction induced by CP, as evident from the normal histology of the inner cortical region. (E) Dose
II of GA alone did not produce abnormalities in kidney histology.

due to CP treatment, as observed in previous studies (Attia et al., 2008),
was also suppressed in the GA-pretreated groups.
Our results suggest that one of the major therapeutic effects of GA
in CP-induced nephrotoxicity and genotoxicity might result from its
ability to directly scavenge free radicals and potentiate the antioxidant defense system. Earlier studies in rats have demonstrated that CP
induces acute tubular necrosis of the straight portion of the proximal
tubule, located at the cortico-medullary junction (Vickers et al., 2004).
In accordance with earlier studies, CP-treated mice were found to
have glomerular and peritubular congestion, with inﬂammatory cells
invading the cortical and medullar regions of the kidneys. The main
histological ﬁnding of this study was that pretreatment with GA
inﬂuenced the recovery of abnormal kidney architecture induced by
CP. The ﬁndings of our study are consistent with those of a previous
study that revealed a protective nature of GA against CP-induced
acute nephrotoxicity (Xu et al., 1993).
In conclusion, a plausible mechanism of the protective action of GA
might be at least partly due to its free radical scavenging activity.
Overall, these studies suggest the protective potential of GA against
CP-induced genotoxicity and nephropathy; however, future studies
need to be conducted at the molecular level to determine if GA can
effectively inhibit the ability of CP to induce genetic damage in normal
cells without interfering with its capacity to reduce tumor growth in
cells treated with CP. Experiments at the molecular level will reveal
the actual mechanism of action of GA, and its use may thus increase
the therapeutic window of CP in cancer patients.
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Chapter 5

Implications of Acetaldehyde-Derived DNA
Adducts for Understanding Alcohol-Related
Carcinogenesis
Silvia Balbo and Philip J. Brooks

Abstract Among various potential mechanisms that could explain alcohol carcinogenicity, the metabolism of ethanol to acetaldehyde represents an obvious possible
mechanism, at least in some tissues. The fundamental principle of genotoxic carcinogenesis is the formation of mutagenic DNA adducts in proliferating cells. If not
repaired, these adducts can result in mutations during DNA replication, which are
passed on to cells during mitosis. Consistent with a genotoxic mechanism, acetaldehyde does react with DNA to form a variety of different types of DNA adducts.
In this chapter we will focus more speciﬁcally on N 2-ethylidene-deoxyguanosine
(N2-ethylidene-dG), the major DNA adduct formed from the reaction of acetaldehyde with DNA and speciﬁcally highlight recent data on the measurement of this
DNA adduct in the human body after alcohol exposure. Because results are of particular biological relevance for alcohol-related cancer of the upper aerodigestive
tract (UADT), we will also discuss the histology and cytology of the UADT, with
the goal of placing the adduct data in the relevant cellular context for mechanistic
interpretation. Furthermore, we will discuss the sources and concentrations of acetaldehyde and ethanol in different cell types during alcohol consumption in humans.
Finally, in the last part of the chapter, we will critically evaluate the concept
of carcinogenic levels of acetaldehyde, which has been raised in the literature,
and discuss how data from acetaldehyde genotoxicity are and can be utilized in
physiologically based models to evaluate exposure risk.
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S. Balbo and P.J. Brooks

Introduction

The designation of alcohol as carcinogenic to humans (Group 1) by the International
Agency for Research on Cancer (IARC) represented an important change in our
understanding of the health effects of alcohol consumption [1]. While previous
IARC working groups had classiﬁed the carcinogenicity of alcoholic beverages,
they left open the possibility that the carcinogenic effects resulted from contaminants in the alcoholic beverages, rather than alcohol itself. Thus, the important question of the carcinogenicity of alcohol per se was not deﬁnitively addressed. The
notable aspect of the 2007 working group meeting was that alcohol (ethanol) itself
was identiﬁed as carcinogenic to humans [2]. This classiﬁcation therefore allows
the scientiﬁc community to focus on the mechanistic question of how alcohol in
alcoholic beverages increases the risk of cancers at certain sites in the body. Given
the diversity of target tissues for alcohol-related carcinogenicity (liver, female
breast, colorectum, upper aerodigestive tract), it is possible, and indeed likely, that
different mechanisms are involved at different target tissues.
An obvious possible mechanism for the carcinogenicity of alcohol, at least in
some tissues, involves the metabolism of ethanol to acetaldehyde. Redressing an
oversight from the 2007 monograph, the 2009 IARC working group concluded that
“acetaldehyde associated with the consumption of alcoholic beverages is carcinogenic to humans (Group 1)” [3]. This conclusion was based in a large part on the
dramatically elevated risk of esophageal cancer from alcohol drinking in individuals
who are unable to metabolize acetaldehyde due to a genetic variant in ALDH2 [4–
6]. Based on these and other data, the strongest evidence for a causative role for
acetaldehyde is for alcohol-related cancers of the UADT. The UADT includes the
oral cavity, larynx, pharynx, and esophagus.
It is worth emphasizing here that the IARC Group 1 classiﬁcation speciﬁcally
applies to acetaldehyde associated with the consumption of alcoholic beverages.
Acetaldehyde alone remains classiﬁed as Group 2b, possibly carcinogenic to
humans. We will return to this topic in the last part of this chapter focusing on carcinogenic levels of acetaldehyde.
Broadly speaking, there are two mechanistically different types of carcinogens:
genotoxic and non-genotoxic [7]. Genotoxic carcinogens react directly to chemically modify the DNA, resulting in the increased rate of mutagenesis and therefore
increased rate of carcinogenesis. Well-known examples of genotoxic carcinogens
are ultraviolet light, components of cigarette smoke, and aﬂatoxin. In contrast, nongenotoxic carcinogens increase the risk of cancer by mechanisms that do not involve
direct DNA damage. Examples of non-genotoxic carcinogenic mechanisms include
inﬂammation, which can result in DNA damage from inﬂammatory mediators, and
hormone-like effects. The two mechanisms are not mutually exclusive. Notably, the
IARC carcinogen classiﬁcations encompass both genotoxic and non-genotoxic
agents. As stated in the preamble to the IARC Monographs: “… an agent is termed
‘carcinogenic’ if it is capable of increasing the incidence of malignant neoplasms,
reducing their latency, or increasing their severity or multiplicity.” This broad and
mechanism-independent aspect of the IARC classiﬁcation system is intentional;
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“The aim of the Monographs has been, from their inception, to evaluate evidence of
carcinogenicity at any stage in the carcinogenesis process, independently of the
underlying mechanisms.”
From a mechanistic standpoint, genotoxic and non-genotoxic mechanisms may
have different time courses and other signiﬁcant differences with practical implications for risk assessment and disease prevention (e.g., linear risk extrapolation versus thresholds for exposure; see [7]). Therefore, the main focus of this chapter will
be on efforts made and strategies developed to assess the role of direct genotoxicity
in the carcinogenic effect of acetaldehyde. Consistent with a genotoxic mechanism,
acetaldehyde can react with DNA to form a variety of different types of DNA
adducts. Since the general topic of acetaldehyde-DNA adducts was covered in a
recent review [8], here we will focus more speciﬁcally on the major DNA adduct
formed from the reaction of acetaldehyde with DNA, N2-ethylidene-deoxyguanosine
(N2-ethylidene-dG) and highlight recent data on the measurement of this DNA
adduct in the human body after alcohol exposure. Because the results are of particular biological relevance for alcohol-related cancer of the UADT, we will also focus
on the histology and cytology of these target tissues, with the goal of placing the
adduct data in the relevant cellular context for mechanistic interpretation. We also
discuss the sources and concentrations of acetaldehyde and ethanol in different cell
types during alcohol consumption in humans. Finally, we will critically evaluate
the concept of carcinogenic levels of acetaldehyde, which has been raised in the
literature [9–11], and discuss how data from acetaldehyde genotoxicity are utilized
to identify exposure risk.

5.2

DNA Adducts from Acetaldehyde and Alcohol

Acetaldehyde’s genotoxic effect is attributable to its reactivity. The electrophilic
nature of its carbonyl carbon results in reactions with DNA, generating DNA adducts
[12]. The main reactions occur with deoxyguanosine (dG) followed by deoxyadenosine (dA) and then deoxycytosine (dC) [6, 13]. The binding of acetaldehyde to
these nucleosides leads principally to the formation of a Schiff base on the exocyclic
amino groups. The resulting imines are unstable at room temperature and neutral
pH. However, these compounds can be stabilized using reducing agents, ultimately
resulting in ethyl-adducts which are then easier to detect and to quantify.
The most abundant and well-studied acetaldehyde-DNA adduct is N2ethylidene-dG which can be stabilized by reduction to N2-ethyl-dG. These adducts
are illustrated in Fig. 5.1.
The instability of N2-ethylidene-dG prevents direct investigation of its biological
properties. In contrast, N2-ethyl-dG is stable in aqueous solution, as well as under the
conditions used for automated oligonucleotide synthesis. Therefore, most of the
experimental data available for the biological effects of N2-ethylidene-dG are inferred
from experiments using N2-ethyl-dG as a stable analog. This is a common approach
in the ﬁeld of DNA damage and mutagenesis. For example, abasic sites in DNA,
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Fig. 5.1 The reaction of acetaldehyde with deoxyguanosine results in the formation of N2ethylidendene-dG; this unstable Schiff base can be converted through a reduction step to the more
stable form: N2-ethyl-dG (dR = 2′-deoxyribose)

which result from depurination, are one of the most common forms of endogenous
DNA damage [14]. Because authentic abasic sites are unstable, much of the information we have about their biological effects is derived from studies of tetrahydrofuran
as a structural analog [15].
Studies in vitro indicate that N2-ethyl-dG does not signiﬁcantly inhibit the replicative DNA polymerase delta [16]. The effects of the lesion on the other major
replicative DNA polymerase, epsilon, have not been directly assessed. However,
in vivo studies in mammalian cells indicate that the lesion does block replication but
is weakly mutagenic, causing primarily −1 frameshift deletion mutations [17–19].
In light of the discussion above, however, it is important to carefully evaluate the
limitations of N2-ethyl-dG as a structural analog.
Figure 5.2 shows energy-minimized models of an N2-ethylidene-dG paired with
dC, an N2-ethyl-dG paired with dC, and an unmodiﬁed dG paired with dC. At ﬁrst
glance, all three models appear similar. The ethyl/ethylidene moiety can be accommodated in the minor groove, with no structural impediment to the guanosine base
forming Watson–Crick type H bonds with the appropriate atoms on dC. However,
one notable difference is that while dG and N2-ethyl-dG each form three H bonds
with dC, N2-ethylidene-dG can only form two H bonds. The missing H atom is due
to the presence of a double bond between the nitrogen atom and the carbon from
acetaldehyde. Viewed from this perspective, the formation of N2-ethylidene-dG
essentially results in G:C base pair with the stability of an A:T base pair.
Studies of frameshift mutagenesis in experimental systems have documented
that runs of A:T base pairs are prone to frameshift mutations resulting from a
template dislocation mechanism [20]. This observation has generally been explained
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Fig. 5.2 Energy-minimized models showing the difference in base pairing of N2-ethylidene-dG
and N2-ethyl-dG compared to deoxyguanosine. Panel A: the model shows N2-ethylidene-dG paired
with deoxycytosine (dC). Panel B: the model shows N2-ethyl-dG paired with dC. Panel C: the
model shows an unmodiﬁed dG paired with dC

by the reduced stability of A:T base pairs, which increases the probability of
primer-template misalignment resulting in frameshift mutations. Adapting this
model to N2-ethylidene-dG in a run of G:C base pairs, an analogous mechanism for
frameshift mutagenesis can be hypothesized (see Fig. 5.3). The important point is
that it would not be possible to test this hypothesis using N2-ethyl-dG as a model,
because N2-ethyl-dG forms three H bonds with dC (as shown in panel A of Fig. 5.2).
However, this hypothesis could be tested in vivo, perhaps using a yeast strain with
run of G:C base pairs in a mutational reporter gene. It should be pointed out, however, that runs of G:C base pairs are generally refractory to frameshift mutagenesis
due to their inherent stability.

5.2.1

Other Acetaldehyde-DNA Adducts

In addition to N2-ethylidene-dG, the most well-studied acetaldehyde-related DNA
adducts are the crotonaldehyde-derived propano-dG (CrPdGs) adducts [21]. The
condensation of two molecules of acetaldehyde can also produce a reactive electrophile, 3-hydroxybutanal (crotonaldehyde), which can also form a Schiff base on the
same amino group of dG. These CrPdG adducts can have multiple biologic effects
as a result of their ability to undergo a ring opening reaction. Ring opening yields
another aldehyde moiety which can react with proteins to form DNA-protein
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Fig. 5.3 Mechanisms of
frameshift mutagenesis
hypothesized for
N2-ethylidene-dG

cross-links or (in some sequence contexts) with deoxyguanosine on the opposite
strand to form DNA-interstrand cross-links. The biological effects of these adducts
have been reviewed recently [8].
It is also worth mentioning the early studies of Fraenkel-Conrat and colleagues,
who showed that ethanol and acetaldehyde in combination could react with DNA
bases to generate mixed acetal DNA adducts [22]. However, these adducts were
very unstable, at least under the in vitro conditions investigated. As such, the biologic signiﬁcance of these adducts, if any, is currently unclear.
In summary, acetaldehyde has been shown to form several DNA adducts, including N2-ethylidene-dG and the CrPdG adducts. Under in vivo conditions, which are
of the most direct relevance to human carcinogenesis, N2-ethylidene-dG has been
the most well studied, and therefore, we review these studies in the following
paragraphs.

5.3

N2-Ethylidene-dG as a Biomarker of DNA Damage
Resulting from Acetaldehyde Derived from Ethanol

As mentioned above, the major reaction of acetaldehyde with DNA occurs
on the exocyclic amino group of guanine forming N2-ethylidene-dG. This adduct
is stable in DNA but it easily breaks down when released as a nucleoside.
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Fang et al. were the ﬁrst to report the detection of this adduct, as its reduced form
N2-ethyl-dG, in leukocyte DNA of alcoholics. In their work a 32P-postlabelling
method was used for the adduct quantitation. Only samples from heavy drinkers
showed detectable amounts of N2-ethyl-dG likely resulting from the reduction
of N2-ethylidene-dG by endogenous reducing agents such as ascorbic acid and
glutathione [23].
In order to avoid the degradation of N2-ethylidene-dG during DNA hydrolysis
and increase the sensitivity of the method, a new approach was developed by Wang
et al. [24]. A reducing agent, NaBH3CN, was introduced prior to DNA hydrolysis.
Additionally, a stable isotope dilution method was used for the quantitation of the
DNA adduct by liquid-chromatography-electrospray ionization-tandem mass
spectrometry-selected reaction monitoring (LC-ESI-MS/MS-SRM). The use of this
new method allowed a selective detection of N2-ethyl-dG and an accurate quantitation. By reducing the degradation of the adduct through its conversion into a more
stable compound, N2-ethyl-dG was detected in DNA from all samples analyzed.
This resulted in an increased sensitivity which allowed for the detection of lower
levels of the DNA adduct, expanding its application beyond the quantitation in samples from heavy drinkers, and set the stage for the broader use of this adduct as a
marker for acetaldehyde-induced DNA damage. Since then, N2-ethyl-dG has been
measured in DNA from various samples, for the investigation of the effects on DNA
of acetaldehyde from different sources [25, 26].
N2-Ethyl-dG has been used successfully to measure ethanol-induced DNA
damage in HeLa cells expressing ADH1B, which corresponded to the activation of
the Fanconi anemia-breast cancer susceptibility (FA-BRCA) DNA damage response
network [27]. In a different study, the same DNA adduct was quantiﬁed to investigate ethanol-induced DNA damage in the brain of ethanol-treated mice. Higher
levels of N2-ethyl-dG were observed in brain DNA from mice exposed chronically
and acutely to ethanol compared to controls [28]. These examples demonstrate that
N2-ethyl-dG is an extremely valuable tool for the investigation of DNA damage
associated with acetaldehyde exposure from alcohol consumption and thus for the
investigation of alcohol-related mechanisms of carcinogenesis.
The measurement of levels of N2-ethyl-dG has indeed been crucial in studies
focusing on the investigation of effects of alcohol exposure in ALDH2 deﬁciency.
Several studies have used this adduct to detect the DNA damage induced by ethanol
exposure in wild-type and Aldh2 knockout mice, used as a model for ALDH2 deﬁciency in humans. Increased levels of the adduct have been found in the liver, esophagus, tongue, and submandibular gland DNA of Aldh2 knockout mice exposed to
ethanol [29, 30]. These ﬁndings, together with the results from a study showing
increased levels of N2-ethyl-dG in peripheral blood of ALDH2-deﬁcient alcoholics
[31], contributed substantially to the evidence supporting an acetaldehyde-mediated
mechanism in alcohol-related carcinogenesis. Together with the epidemiological
data showing a dramatic increase of risk for esophageal and head and neck cancers
in ALDH2-deﬁcient drinkers, the results from the DNA damage studies contributed
to the classiﬁcation of acetaldehyde related to alcohol consumption as carcinogenic
to humans (Group 1) by the IARC [3].
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Experimental Studies of Acetaldehyde-DNA Adduct
Formation from Alcohol Drinking in Humans

The studies described above clearly demonstrate that increased levels of
acetaldehyde-DNA adducts can be observed in animals exposed to ethanol and in
human alcohol abusers. However, the studies do not address the minimal amount of
ethanol exposure necessary to increase DNA adduct levels or the time course or
persistence of the adducts. Moreover, previous studies have not speciﬁcally investigated acetaldehyde-DNA adduct formation in humans in a known target tissue for
alcohol-related carcinogenesis. Overall, little is known about the formation and lifetime of DNA adducts in the human body. Experimental studies have shown that
with constant dosing a steady state concentration of DNA adducts will occur, where
the number of new adducts formed equals the number of adducts lost due to repair
or instability. However, repair processes vary depending on the cell type and remove
different adducts with various efﬁciencies. Consequently, the lifetime of DNA
adducts in vivo can be highly variable according to the tissue or cell type in which
they are formed [32]. For instance, easily accessible surrogate tissues such as buccal
cells or peripheral blood cells have very different lifetimes. In particular peripheral
blood white cells include large cell subpopulations with major differences in lifespan. Lymphocytes are long-lived cells with a life span up to several years, while
neutrophils are extremely short-lived cells with a life span of 2–3 days. The quantitation of N2-ethylidene-dG in these cell types could potentially reﬂect very different
exposure effects and provide very different information on the formation, accumulation, and elimination of the DNA adduct. Therefore, to address these important
questions, Balbo et al. performed a biomonitoring study on human subjects before
and after consumption of increasing amounts of ethanol [33, 34].
Ten healthy volunteers were recruited. Subjects were required to refrain from
any alcohol consumption other than that administered for the study, starting from 1
week prior to the beginning of the experiment and throughout its entire duration.
Three increasing alcohol doses were administered during the experiment, one dose
a week, starting from the lowest. The alcohol dose administered was selected taking
into account gender and weight in order to target speciﬁc blood alcohol levels, all
below intoxication (deﬁned as a blood alcohol level of 0.08 % [35]). The 3 doses
selected for the study can roughly be described as corresponding to 1, 2, and 3
vodka drinks per subject. Overall, the alcohol doses had an ethanol content that
ranged between 20 and 50 g which corresponded to an ethanol concentration in the
drink ranging between 1.5 and 2.5 M. These concentrations ultimately resulted in a
ﬁnal blood alcohol concentration in the range of 0.01–0.02 M.
Levels of N2-ethyl-dG were measured in DNA isolated from oral cells collected
with a nonalcoholic mouthwash and from white blood cells. Granulocytes and lymphocytes were isolated from the blood to test potential effects of different cellular
life span and repair mechanisms. A sample was collected before drinking to establish a baseline and then at several time points after exposure to each dose (2, 4, 6,
24, 48, and 120 h) to assess the kinetics of adduct formation and disappearance.
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Fig. 5.4 Summary of the results obtained from a study investigating the effects on oral cell DNA
of consumption of increasing doses of alcohol. The study was performed on samples collected form
ten subjects who abstained from drinking any alcoholic beverage other than the doses provided
over the entire duration of the study. The graph reports the mean levels of N2-ethyl-dG (fmol/μmol
dG) measured in oral cell DNA at various intervals before and after three increasing alcohol doses.
The ﬁrst time point reported on the left (B00) refers to 1 week before consumption of the ﬁrst alcohol dose. Starting from this time point, participants began to abstain from consuming any alcoholic
beverage. The next time point (BD1) refers to the baseline level detected 1 week later, 1 h before
consumption of the ﬁrst dose (d1, lowest). Subsequently, the graph shows the levels of N2-ethyl-dG
measured at the various time points considered after each dose (2–120 h). The DNA adduct levels
were measured at the same time points before and after exposure to the next two doses (d2, intermediate, and d3, highest). Levels of the adduct increased 2 h after exposure even after consumption
of the lowest dose and returned to baseline 24 h after exposure. A clear dose–response effect of
alcohol on N2-ethyl-dG levels was found. The baseline time points measured 1 h before the dose
(BD1–BD3) are 7 days apart. Values are means and SEs. Data from reference [33, 34]

Considering the results from the oral cavity ﬁrst, as shown in Fig. 5.4, increased
levels of N2-ethyl-dG were already detected at 2 h after alcohol consumption and
reached a peak between 2 and 6 h. Interestingly, adduct levels had returned to baseline after 24 h, indicative of either DNA repair or cell turnover. We will return to this
point in the discussion of the histology of the oral epithelia (discussed in detail
below). Most importantly, peak adduct levels showed a clear dose–response relationship to the amount of alcohol consumed.
A different pattern of adduct formation was observed in white blood cells after
alcohol drinking. Quantitation of the DNA adduct in granulocytes and lymphocytes
did not show a major difference between the two cell types. An increase after the
alcohol doses was detected, but in contrast to the oral cavity, no clear dose response
was observed. Additionally, the high baseline levels and the high intra- and interindividual variability did not allow the clear identiﬁcation of an effect directly attributable to the alcohol dose.
To our knowledge, this is the ﬁrst study to investigate the effects of alcohol consumption on the time course of DNA adduct formation in healthy volunteers. All
previous published studies on N2-ethyl-dG levels in humans were done on heavy
drinkers or alcoholics [23, 29]. Furthermore, no information on the persistence of

AR-000361

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 22 of 229

362

80

S. Balbo and P.J. Brooks

this speciﬁc modiﬁcation was reported. These results clearly demonstrate that even
a single drink of alcohol results in a signiﬁcant and dose-dependent increase in
acetaldehyde-DNA adducts in cells in the human oral cavity, a known target tissue
for alcohol-related carcinogenesis.
While N2-ethylidene-dG is the major adduct formed after reaction of acetaldehyde with DNA, as mentioned above, several other adducts can result from acetaldehyde reactions with DNA, although generally they are formed in lower yield.
Because of its high levels, N2-ethylidene-dG is easier to detect and measure and thus
could be considered as a general indicator of exposure of DNA to acetaldehyde and
a proxy for detection of other DNA modiﬁcations. Consequently, these results provide a good starting point for future studies focusing on mapping multiple
acetaldehyde-derived DNA modiﬁcations and investigating their potential role in
the carcinogenic process.
These ﬁndings demonstrate the utility of oral cell DNA for the investigation of
the role of alcohol-related DNA adducts in head and neck carcinogenesis. These
observations support the hypothesis that alcohol drinking increases the risk of oral
cancer via a mechanism involving a genotoxic effect of acetaldehyde. Before
exploring this question in more detail, however, it is necessary to put the results
from Balbo et al. into the relevant cellular context. For this purpose, below we
brieﬂy review the anatomy and histology of the oral cavity and esophagus.

5.3.2

Anatomical Considerations

A fundamental aspect of genotoxic carcinogenicity is the formation of mutagenic
DNA adducts in proliferating cells. If left unrepaired, these adducts can result in
mutations during DNA replication, which are passed on to daughter cells during
mitosis. DNA adducts that form in terminally differentiated cells (G0) do not
directly contribute to carcinogenesis, because of the absence of DNA replication.
As such, it follows that a key issue for interpreting the relationship between DNA
adduct formation and carcinogenesis is the cell type in which the DNA adduct
formed.
The oral cavity and esophagus are both squamous epithelial tissues, in which
cells in the upper layers are continuously replaced by new cells generated in the
lower layers (for review see [36]). A schematic representation of these tissues is
shown in Fig. 5.5. As indicated in the ﬁgure, proliferating cells (i.e., cells that replicate their DNA) are located in the basal and suprabasal layers of the epithelium.
After differentiation, cells move up toward the surface of the epithelial layer. During
transit, these cells ﬂatten out (desquamate) and are ultimately sloughed off into the
saliva or lumen of the esophagus. The time for newly generated cells in the oral cavity to transit from the basal layer through the surface of the (non-corniﬁed) epithelial layer has been estimated at roughly 4 days (in rabbits) [22, 37]. As the DNA
labeling index of cells in the basal layers of humans and rabbits is similar, the 4-day
transit time is likely to be a reasonable estimate for humans as well.
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Fig. 5.5 Schematic
representation of the
squamous epithelial tissue
of the oral cavity before,
during, and after alcohol
drinking. Panel A shows the
various cell layers: cells in
the upper layers are
continuously replaced by new
cells generated in the lower
layers, the basal and
suprabasal layers of the
epithelium, where
proliferating cells (i.e., cells
that replicate their DNA) are
located. After differentiation,
cells move up toward the
surface of the epithelial layer.
During transit, these cells
ﬂatten out (desquamate) and
are ultimately sloughed off
into the saliva. Panel B shows
the levels of exposure to
alcohol and to acetaldehyde
of the various levels of the
epithelium when drinking
alcohol. In addition to high
concentrations of ethanol and
acetaldehyde diffusing from
the epithelial surface
downward into the deeper
cell layers (brown arrow),
some alcohol reaches the
blood stream from where it
can diffuse into epithelial
cells (red arrow), allowing
metabolism to acetaldehyde
in situ. Acetaldehyde levels in
the blood are very low and
considered negligible for this
model. Panel C illustrates the
levels of exposure to ethanol
and acetaldehyde of the
various layers of the
epithelium after alcohol
drinking when the ethanol
concentration levels between
the saliva and the blood
stream reach the equilibrium
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When drinking alcohol, the oral cavity and esophagus are transiently exposed to
alcohol and acetaldehyde concentrations that are essentially the same as those in the
beverage itself. While the time of exposure is only on the order of seconds, the alcohol and acetaldehyde concentrations can be very high. For example, the concentration of ethanol in hard liquor (100 proof) is roughly 7–8 M, in wine approximately
2 M, and in beer between 500 and 700 mM. Acetaldehyde concentrations in alcoholic beverages can vary between undetectable levels (vodka) to roughly 200 mM
or more, depending on the beverage [38, 39]. By 30 min after alcohol drinking, salivary ethanol levels have largely equilibrated with blood levels [40, 41].
In addition to the saliva and alcoholic beverage, acetaldehyde is generated within
esophageal epithelial cells as a result of ethanol metabolism. Cells of the upper GI
tract including the esophagus express ADH7, as opposed to ADH1 proteins that are
expressed in the liver. Compared to ADH1, which has a low Km for ethanol oxidation (on the order of 1 mM), the Km of ADH7 is substantially higher (around
25 mM) [42]. However, as noted above, the concentration of ethanol in alcoholic
beverages can be in the molar range, which would clearly saturate the enzyme.
Moreover, blood alcohol levels during alcohol intoxication could reach 25 mM, or
even higher concentrations with heavy drinking, which would result in substantial
metabolism to acetaldehyde by ADH7 in epithelial cells. Notably, the catalytic
activity of ADH7 (Kcat) for acetaldehyde production is 1–2 orders of magnitude
higher than ADH1 [42].
Returning to the study of Balbo et al., the use of a mouthwash to obtain cells for
analysis would primarily collect those terminally differentiated epithelial cells that
were at the surface of the epithelial cell layer, in contact with the contents of the oral
cavity, including those cells in the process of sloughing off (see Fig. 5.5 panel A).
Therefore, acetaldehyde-DNA adduct levels in these cells does not directly monitor
adduct levels in the proliferating cell layers that are of greatest relevance to
carcinogenesis.
An important aspect of the Balbo et al. ﬁndings is the reduction in adduct levels
over time, reaching baseline by 24 h after alcohol drinking. Since the half-life of N2ethylidene-dG in DNA at 37 °C is 24 h, the return of adduct levels cannot be completely explained by spontaneous adduct loss. If so, there are at least two possible
explanations for the return of adduct levels to baseline. One possibility is that the
adducts were repaired via DNA repair. While neither base excision repair nor direct
repair have been shown to be able to remove N2-ethyl-dG (used as a surrogate for N2ethylidene-dG), it is possible that the nucleotide excision repair mechanism could
remove the lesion. Another possibility is that the decline in adduct levels over time
reﬂects changes in the cell population being sampled. As shown in Fig. 5.5, the epithelium is not a static cell population, but one in which cells are born, differentiate, and
depart over time, in a directional manner. As such, the cells collected at the 24 h time
point would have been in a different physical location relative to the epithelial surface
during the alcohol drinking and immediately afterwards, when salivary acetaldehyde
levels would be highest. Therefore, to the extent that N2-ethylidene-dG adducts were
the result of salivary acetaldehyde formation, the cells collected at the 24 h time point
may have been at least partially protected from DNA damage by the overlying cells.
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The two possibilities are not mutually exclusive, and both could be assessed
experimentally. The role of NER could be readily tested by exposing normal and
NER-deﬁcient human cells to acetaldehyde, then assaying the disappearance of
N2-ethylidene-dG adducts over time in the two cell types. Assessing the kinetics of
adduct formation in different cell layers of the oral epithelium in vivo is more technically challenging. Theoretically, antibodies against acetaldehyde-DNA adducts
could be developed, which might be useful for a semiquantitative assay of adduct
levels in different cell types with human biopsies. However, the sensitivity and speciﬁcity of such antibodies are difﬁcult to ensure. Alternatively, the proliferating cell
layer could be dissected out for adduct analysis (e.g., by laser capture microdissection), but the amount of DNA would be insufﬁcient for analysis by mass spectrometry given the sensitivity of the technique currently. Conceivably, cell types of
interest could be separated in bulk using cell-sorting techniques (e.g., [43]). However,
this would require amounts of tissue that could not be obtained from humans.
Regarding animal models, it is important to note here that there is a major species
difference in the Km of ethanol oxidation by ADH7 between humans, mice, and rats.
Speciﬁcally, while as noted above the Km of the human ADH7 for ethanol is approximately 25 mM [42], that of the mouse ADH7 homolog is roughly 200 mM [44], and
for the rat is >2 M [45]. Therefore, to the extent that ethanol metabolism in oral or
esophageal epithelial cells plays an important role in alcohol-related acetaldehydeDNA adduct formation, the major difference in ADH7 for ethanol metabolism is a
signiﬁcant limitation of either rodent species as an animal model of humans.

5.4

Why Are ALDH2-Deﬁcient Individuals at Such Elevated
Risk of Esophageal Cancer from Drinking Alcohol?

The dramatically elevated risk of esophageal cancer in individuals with deﬁcient
ALDH2 is well known [46, 47]. However, the question of why these individuals are
at such elevated risk of esophageal cancer, as opposed to other types of cancers, is
not well understood. It has been shown that ALDH2-deﬁcient individuals experience higher levels of salivary acetaldehyde from ethanol [48, 49] Importantly, this
difference is only detectable when ethanol is actually ingested [50]. However, it is
not clear that the difference in acetaldehyde concentrations in the saliva during alcohol drinking can fully explain the dramatically elevated esophageal cancer risk.
In this context, a crucially important question concerns the localization of the
ALDH2 enzyme in cells of the esophageal epithelium. Yin et al. [51] reported that
ALDH2 activity in homogenates of the human esophageal mucosa, as measured on
agarose gels, was barely detectable. Using standard enzymes assays, “low Km
ALDH” (assayed at 200 μM acetaldehyde) was reported to be less than 10 % of the
high Km form. However, these studies did not completely exclude the possibility of
ALDH2 expression in a population of cells in the esophagus.
In contrast to biochemical studies, immunohistochemical studies of ALDH2 in
the human esophagus [50, 52] did in fact detect ALDH2 staining in a subset of cells,
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speciﬁcally cells localized to the basal cell layer where proliferating cells are found.
The ALDH2 antibody used in this work was developed by Weiner and colleagues
[53] and had been validated using tissues from knockout mice lacking Aldh2. In
support of these ﬁndings, data available on a public database shows that ALDH2
mRNA can be detected in the human esophagus (http://www.ncbi.nlm.nih.gov/geoproﬁles/83899354) [54]. Interestingly, the staining intensity varied depending upon
the drinking history of the tissue donors: the strongest staining was more often
observed in samples from individuals with a history of alcohol drinking. These
observations raise the intriguing possibility that ALDH2 expression may be inducible by heavy alcohol drinking in the human esophagus. Consistent with these
observations and the idea that ALDH2 can be inducible, ALDH2 expression can be
increased by low pH in a human esophageal cell line (http://www.ncbi.nlm.nih.gov/
geoproﬁles/11619953) [55].
Taken together, these data indicate that ALDH2 is expressed in proliferating cells
of the human esophagus, where it could play a role in protecting genomic DNA
against acetaldehyde generated from ethanol metabolism by ADH7 in situ. If so,
then the absence of this activity in proliferating esophageal cells of ALDH2deﬁcient alcoholics would provide a compelling explanation for the dramatically
elevated risk of esophageal cancer from high levels of alcohol drinking in this
population.
One ﬁnal point to be made here is that the proliferating cell layer of the oral and
esophageal epithelium is not static. Under normal conditions, cell proliferation and
differentiation are balanced to maintain the structure and function of the epithelium.
However, in response to wounding or damage, the balance between proliferation
and differentiation can shift to regenerate the damaged tissue [56]. An important
study by Salaspuro and colleagues [57] in fact demonstrated that chronic exposure
of rats to acetaldehyde in the drinking water does increase the size of the proliferating cell compartment in oral and gastrointestinal epithelia, as measured by the
thickness of the epithelial layer and number and depth of cells staining for the proliferation maker Ki67. While the concentration of acetaldehyde in the drinking
water used in that work (120 mM) is far in excess of what would be considered
clinically relevant during alcohol drinking in humans, as noted by the authors,
acetaldehyde is highly volatile (boiling point 24 °C) and would therefore likely diffuse from the bottles, reducing the actual concentration. Also, the bottles were only
changed every three days. Therefore, the actual acetaldehyde concentration that tissues were exposed to from the drinking water was likely to be far less than 120 mM,
especially by the third day after bottle change. Also, as shown in Fig. 5.5b, during
alcohol drinking in humans, acetaldehyde can be generated intracellularly from
ethanol metabolism at high blood ethanol concentrations, and these intracellular
levels could be quite high, especially in ALDH2-deﬁcient individuals. This issue
could be addressed in the laboratory using cells expressing human ADH7, exposed
to different ethanol concentrations spanning the range that could be generated in the
blood during heavy alcohol drinking in humans.
The expansion of the proliferative cell compartment and hyperregeneration as
a result of the toxic or damaging effects of acetaldehyde derived from ethanol
metabolism (see [58, 59]) would be examples of non-genotoxic mechanisms for
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acetaldehyde-related carcinogenesis. However, these mechanisms could synergize
with genotoxicity, in that more proliferating cells with mutagenic DNA adducts
essentially expand the target tissue for carcinogenesis. It is therefore likely that
acetaldehyde acts as both a genotoxic and non-genotoxic carcinogens in the
human UADT.

5.5

Is There a “Carcinogenic” Level of Acetaldehyde?

As noted in the Introduction, the 2009 IARC classiﬁcation speciﬁcally identiﬁes
acetaldehyde associated with the consumption of alcoholic beverages as a Group 1
carcinogen. Acetaldehyde alone remains classiﬁed in Group 2B (possibly carcinogenic to humans). However, the concept of a “carcinogenic level of acetaldehyde”
(variously described as between 50 and 100 μM) has entered the literature [11, 39,
60]. As this term is based upon studies of DNA adduct formation, and genotoxic end
points, we would like to brieﬂy discuss its derivation and implications.
One of the studies cited in support of this concept was the work of Theruvathu
et al. [61] (one of us, P.J.B., was an author on that paper). This work was intended
to address a speciﬁc mechanistic question, which was whether polyamines could
stimulate the formation of CrPdG adducts in DNA during exposure to acetaldehyde.
In that study, Theruvathu et al. incubated puriﬁed genomic DNA with increasing
concentrations of acetaldehyde, with or without a physiologically relevant concentration of polyamine, at 37 °C for 24 h [61]. While the acetaldehyde concentrations
used were within the range that could plausibly occur in the human body during
alcohol drinking, the work was not intended to be a basis for establishing a mutagenic or carcinogenic level of acetaldehyde. DNA adduct formation in living cells
exposed to acetaldehyde is likely to be much lower than when pure DNA is exposed,
due to reactions of acetaldehyde with other cellular molecules, as well as ongoing
DNA repair. In fact, it would be important and relevant to assess CrPdG adduct
levels in human cells exposed to different acetaldehyde concentrations for different
periods of time. Highly sensitive and speciﬁc assays for CrPdG adducts in cellular
DNA have been developed and could be used utilized for this purpose [31].
Another study that has been cited to support the carcinogenic level of acetaldehyde is the work of Obe and Ristow [62], who investigated the effect of acetaldehyde on sister chromatid exchanges (SCE) in mammalian cells. The lowest
concentration that was shown to increase SCE levels in that study was roughly
90 μM. While an increase in SCEs is evidence of genotoxicity, SCEs are not mutations, and their relevance for predicting cancer risk is controversial [63].
A more important issue that is not explicitly considered when discussing carcinogenic levels of acetaldehyde is the histology of the oral cavity. As we have illustrated in Fig. 5.5, the proliferating cells in the oral cavity that are of most relevance
to oral cancer lie several layers below the epithelial surface. For this reason, the
concentration of acetaldehyde that proliferating cells in the oral epithelium are actually exposed to will be much lower than the levels in saliva, due to the reaction of
acetaldehyde with components of the overlying, terminally differentiated cells.
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Estimating a carcinogenic acetaldehyde concentration in the oral cavity based upon
an acetaldehyde concentration that increases SCEs in monolayer cells in tissue
culture fails to take this protective cell layer effect into account.
It is in fact possible to develop valid models of the effect of acetaldehyde on
different epithelial tissues, which could be relevant to understand carcinogenic
mechanisms, and to provide a basis for risk assessment. Templates for such an
approach are physiologically based pharmacokinetic models for vinyl acetate toxicity and carcinogenesis in the oral and nasal epithelium [63]. Importantly, vinyl acetate is metabolized to acetaldehyde and acetic acid in epithelial cells, and therefore,
some of the information that was used in developing the vinyl acetate models may
be directly applicable to acetaldehyde carcinogenicity as well. As in the case of
vinyl acetate, different models should be developed for different tissues, taking into
account the expected concentrations of ethanol and acetaldehyde, as well as the
time course of exposure, and considering the unique biology of different tissues
(e.g., oral cavity versus esophagus versus colorectum).

5.6

Summary and Conclusions

The ability of acetaldehyde to form covalent adducts with DNA is consistent with a
genotoxic mechanism for alcohol-related carcinogenicity, but does not prove such a
mechanism, nor does it rule out non-genotoxic effects. More data on the kinetics of
acetaldehyde-DNA adduct formation and repair in speciﬁc cell types in target tissues for alcohol-related carcinogenicity will be important to fully understand carcinogenic mechanisms. Data from humans is of the most direct relevance to human
carcinogenesis, and whole genome sequencing of human tumors may provide evidence of genetic signatures corresponding to speciﬁc DNA adducts (see [8]).
However, given the ethical and practical limitations of collecting relevant tissues
from human, data from well-designed animal studies, taking into account relevant
species differences as noted above, will also provide important mechanistic insights
of relevance not only for alcohol-related carcinogenesis but also to the broader
question of risk assessment for acetaldehyde alone.
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Abstract
This study was designed to determine the genotoxic eﬀects of visible (400–800 nm) and ultraviolet A (UVA)/visible (315–800 nm) lights
on human keratinocytes and CHO cells. The alkaline comet assay was used to quantify DNA-damage. In addition, photo-dependent
cytogenetic lesions were assessed in CHO cells by the micronucleus test. Three protective compounds [ectoin, L-ergothioneine (ERT)
and mannitol] were tested with the comet assay for their eﬀectiveness to reduce DNA single-strand breaks (SSB). Finally, the genomic
photoprotections of two broad-band sunscreens and their tinted analogues were assessed by the comet assay. The WST-1 cytotoxicity
assay revealed a decrease of the keratinocyte viability of 30% and 13% for the highest UVA/visible and visible irradiations (15 and 13.8 J/
cm2, respectively). Visible as well as UVA/visible lights induced DNA SSB and micronuclei, in a dose-dependent manner. The level of
DNA breakage induced by visible light was 50% of the one generated by UVA/visible irradiation. However, UVA radiations were 10
times more eﬀective than visible radiations to produce SSB. The DNA lesions induced by visible and UVA/visible lights were reduced
after a 1-h preincubation period with the three tested compounds. The maximal protective eﬀects were 92.7%, 97.9% and 52.0% for ectoin
(0.1 mM), ERT (0.5 mM) and mannitol (1.5 mM), respectively, against visible light and 68.9%, 59.8% and 62.7% for ectoin (0.1 mM),
ERT (0.5 mM) and mannitol (1.5 mM), respectively, against UVA/visible light. Thus, visible light was genotoxic on human keratinocytes
and CHO cells through oxidative stress mechanisms similar to the ones induced by UVA radiations. The four tested sunscreens eﬃciently
prevented DNA lesions that were induced by both visible and UVA/visible irradiations. The tinted sunscreens were slightly more eﬀective
that their colorless analogues. There is a need to complement sunscreen formulations with additional molecules to obtain a complete
internal and external photoprotection against both UVA and visible lights.
Ó 2008 Elsevier B.V. All rights reserved.
Keywords: Visible light; Comet assay; Oxidative damage; In vitro micronucleus; Protective compounds; Sunscreens

1. Introduction
Over the years, changes in lifestyle have led to a significant increase in the human exposition to solar radiations,
leading to a dramatic rise in the incidence of skin cancers
[1]. Photo-induced cancers are due to a complex multistage
phenomenon, mediated via alterations in various cellular
*
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mechanisms [2]. Cell initiation is usually considered as
the ﬁrst step in photo-carcinogenesis processes. It essentially consists in irreversible genetic alterations, which ultimately lead to DNA mutations [2]. Ultraviolet (UV)
radiations are known to induce DNA lesions, and the
implication of ultraviolet A radiations (UVA, 315–
400 nm) in these genotoxic damages has been recently proven, although their accurate biological eﬀects are still
unclear [3]. UVA radiations represent 95% of natural ultraviolet reaching the Earth’s surface. These radiations are
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less energetic than ultraviolet B (UVB, 280–315 nm) but,
because of longer wavelengths, can pass through standard
glass like window and automotive glasses [4]. They penetrate deeply into the basal layer of the human skin, and
may aﬀect highly proliferative cells like keratinocytes and
melanocytes [5]. At a molecular level, the biological eﬀects
of UVB and UVA are diﬀerent: UVB are responsible of
direct photolesions on DNA, i.e. cyclobutane pyrimidine
dimers (CPDs) and 6-4 photoproducts [6,7], leading, when
they are not repaired, to mutagenesis [8]. In contrast, UVA
radiations are only weakly absorbed by DNA, thus UVA
genotoxicity is mainly mediated by indirect mechanisms:
UVA can interact with endogenous chromophores like
porphyrins, bilirubin, ﬂavins, melanin and melanin precursors [9] which act as photosensitizers. These molecules may
ultimately generate reactive oxygen species (ROS). Moreover, high UVA doses (50–200 J/cm2), have been shown
to generate CPDs, through a triplet photosensitization
mechanism that involves unidentiﬁed chromophore(s)
[10–12]. Cells possess natural antioxidant defense mechanisms to counteract oxidative aggressions but, when these
systems become overwhelmed, the reactive species can
cause cell injuries and particularly direct damage to DNA
[9]. The genotoxic eﬀects of ROS include oxidized bases
like 8-oxo-7,8-dihydro-20 -deoxyguanosine (8-oxodG) [13]
and DNA single-strand breaks (SSB) [14]. A long-term
exposure to UVA could lead to photoageing, photodermatoses [15,16], immunosuppression [17], and photo-carcinogenesis [18].
Visible light (400–800 nm) has been used for a long
time for its therapeutic eﬀects particularly in dermatological diseases [19] and in some localized cancers [20]. However, the photogenotoxic outcomes of visible radiations on
cellular DNA are probably underestimated, since UVA
and visible radiations are often studied together [21,22].
Some studies have already revealed the genotoxic eﬀects
of blue light often used in therapeutic: blue light has been
shown to induce DNA SSB, sister chromatid exchanges
[23] and intracellular ROS [24]. Visible light could therefore exert an indirect genotoxic eﬀect via oxidative DNA
lesions [25].
Chemical protection against photodamage includes (i)
the use of protective compounds (internal photoprotection), such as ectoin, L-ergothioneine (ERT) [26] or mannitol [27] to reinforce the antioxidant potential of the
cells (ii) the application of broad-spectrum sunscreens
(external photoprotection) [28] to reduce the amount of
UV radiations reaching the skin. Eﬃcacy of these two
approaches can be assessed by using the single cell gel
electrophoresis assay, also called the comet assay, which
is a simple, reliable and sensitive technique for the evaluation of DNA strand breaks and alkali-labile sites in
individual eukaryotic cells [29]. It has been eﬃciently
used to quantify DNA-damage induced by ultraviolet
radiations, to assess the genomic photoprotection of sunscreens against UVA radiations [30,31] and to evaluate
the photoprotective eﬀectiveness of various antioxidants

25

[32]. Photo-dependent cytogenetic lesions may be evaluated by the micronucleus (MN) test [33,34]. This assay
is considered as a sensitive tool to evaluate chromosomal
damage induced by chemical or physical agents, leading
to clastogenic (breaking) or aneugenic (abnormal segregation) events [35].
In this study, we ﬁrst evaluated the genotoxic eﬀects of
visible light (400–800 nm) by the alkaline comet assay on
human normal keratinocytes, and the in vitro micronucleus
test on Chinese Hamster Ovary (CHO) cells. Then, the
photoprotective capacities of three exogenous compounds
(ectoin, ERT and mannitol) and four broad-spectrum sunscreens against UVA/visible and visible irradiations were
measured by the comet assay.
2. Materials and methods
2.1. Reagents
Most of the chemicals used for cell cultures, comet assay
and micronucleus test were provided by Sigma–Aldrich
(Saint Quentin Fallavier, France). Fetal calf serum, Ca2+
and Mg2+ free phosphate-buﬀered saline (PBS), trypsin–
ethylenediamine-tetra-acetic acid (trypsin/EDTA, 0.05%:
0.02%, v/v) and trypsin 2.5% (in physiological serum,
v/v) were from Eurobio (Les Ulis, France). Agarose for
the comet assay was from Promega (Charbonnières,
France). Bovine pituitary extract (BPE), recombinant
epidermal growth factor (rEGF), keratinocyte serum-free
medium (K-SFM) and PBS with Ca2+ and Mg2+ were purchased from GIBCO-BRL (Cergy Pontoise, France).
Sunscreen formulations Photoderm SPF 50+Ò (tinted
and not tinted) and Photoderm Max SPF100Ò (tinted
and not tinted) were graciously supplied by Bioderma laboratories (Lyon, France).
2.2. Irradiation procedure
Irradiation experiments were carried out with a Suntest
CPS+ solar simulator (Atlas Material Testing Technology
BV, Moussy le Neuf, France) equipped with a xenon arc
lamp (1100 W) and special glass ﬁlters restricting transmission of light below 290 nm and near IR-blocking ﬁlter. The
irradiation intensity was ﬁxed at 500 W/m2 for the comet
assay or 750 W/m2 for the micronucleus assay. The temperature of the samples was kept at 4 °C using a 10% polypropylene glycol in distilled water cooling system into the
irradiation chamber. UVA–visible light (315–800 nm) was
obtained using the solar ID65 ﬁlter plus a window glass ﬁlter and visible light alone (400–800 nm) was obtained with
a yellow GG 420 nm cut oﬀ ﬁlter (Schott AG, Clichy,
France), placed inside the irradiation chamber and maintained at 3.5 cm above the slides by an appropriate support. The total irradiation dose corresponded to 8%
UVA and 92% visible light. The spectral irradiance of the
xenon lamp equipped with UVA and visible cut-oﬀ ﬁlters
is reported in Fig. 1.
AR-000375
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multiplate, and then submitted to irradiation with UVA/
visible or visible light in PBS with calcium and magnesium.
After irradiation, cells were washed and WST-1 in culture
medium was added to each well. Following a 30-min incubation period at 37 °C, absorbance at 450 nm was measured by a MRXÒ II microplate reader (Dynex
Technologies, VA, USA).

Spectral irradiance [W/(m2*nm)]
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2.5. Quantiﬁcation by the comet assay of DNA-damage
induced by UVA/visible and visible radiations on human
normal keratinocytes
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Fig. 1. Irradiation spectra of the xenon arc lamp equipped with UVA and
UVA/visible ﬁlters used with the Atlas Suntest CPS+. Solid line:
Irradiation spectrum of the xenon lamp equipped with the UVA/visible
ﬁlter (315–800 nm). Dotted line: Irradiation spectrum of the xenon lamp
equipped with the visible ﬁlter (400–800 nm).

2.3. Cell cultures
Cultures of human primary skin keratinocytes were carried out from neonatal foreskins, and isolation of keratinocytes was conducted as already described [26]. Brieﬂy, after
cutting up of the foreskin in small (5  5 mm) fragments,
skin was incubated in 2.5% trypsin (v/v in physiological
serum) during 90 min at 37 °C with gentle shaking. Trypsin
was inactivated with 50 ll of fetal calf serum, dermis was
eliminated and epidermis fragments were transferred into
PBS. The cell pellet was resuspended by pipetting and cells
were centrifuged at 1200g for 5 min. Finally, cells were
seeded in 25 cm2 ﬂasks containing 7 ml complete K-SFM
(with BPE 25 lg/ml and rEGF 0.1–0.2 ng/ml). Cultures
were maintained at 37 °C and 5% CO2/95% air in a humidiﬁed incubator. The culture medium was changed every 2
days and pure keratinocytes cultures were generally
obtained after 2 weeks.
Chinese Hamster Ovary cells (CHO-K1, ATCC), were
selected for their suitability for the MN assay [36]. They
were cultured in McCoy’s 5A culture medium supplemented with 10% fetal calf serum, penicillin (100 units/
ml), streptomycin (10 lg/ml) and 1 mM glutamine. Cultures were kept in humidiﬁed incubator at 37 °C with 5%
CO2 and sub-cultured every 2 days.
2.4. Cytotoxicity test
Keratinocyte viability was assessed after exposure to
each dose of UVA and/or visible radiation implemented
in the comet assay by a cell proliferation assay using
WST-1 reagent. WST-1 is a tetrazolium dye that is cleaved
by mitochondrial dehydrogenases in living cells to a formazan dye with an absorbance at 450 nm. Brieﬂy, keratinocytes were plated 24 h before experiment on a 96-well

2.5.1. Slide preparation and irradiation procedure
The day before the experiment, keratinocytes (105 cells
per condition) were plated in 60-mm Petri dishes and kept
at 37 °C in a humidiﬁed atmosphere containing 5% CO2.
For each irradiation dose, an internal standard was incorporated: 105 cells were incubated separately with 60 lM of
methyl-methane-sulfonate (MMS) at 37 °C for 2 h before
slide preparation.
The alkaline version of the comet assay was carried out
according to the procedure of Singh et al. [37] with minor
modiﬁcations as described previously [38]. Two slides were
prepared per condition. Twenty-four hours before the
experiment, the slides were covered with 1.8% normal melting-point agarose (NMPA) prepared in Ca2+ and Mg2+
free PBS and were dried for 12 h. The day of the experiment, 85 ll of normal agarose (0.8%, w/v in PBS) were layered on to the slides, and a coverslip was applied. After
solidiﬁcation of the agarose on an ice bath, the coverslip
was removed. The following steps were performed under
yellow light to avoid additional DNA lesions. After trypsinization of the keratinocytes, the cells were resuspended
at a density of 105 cells ml1 and were centrifuged at
3000g for 5 min. The cell pellet was diluted into 75 ll of
0.5% molten low melting-point agarose (LMPA) and this
suspension was added as a second layer on the slides. A
coverslip was immediately applied over the agarose, and
slides were maintained on ice for hardening of the agarose.
Then, coverslips were removed, and a ﬁnal layer of 75 ll of
0.5% LMPA was added. After coverslipping the slides, agarose was allowed to harden on ice. Finally, coverslips were
removed and the slides were irradiated at 5, 10 or 15 J/cm2,
with UVA/visible with or without the visible light ﬁlter.
Negative control and internal standard slides were maintained in the dark.
2.5.2. Comet assay
After the irradiation procedure, the slides were immediately placed in freshly prepared lysis solution (2.5 M NaCl,
100 mM Na2 EDTA, 10 mM Tris, pH 10, 1% L-lauroyl sarcosinate, and 10% dimethylsulfoxide and 1% Triton X-100)
for 90 min at 4 °C to remove cellular proteins. Then the
slides were transferred in a horizontal electrophoresis unit
and the DNA unwinding was carried out in a fresh electrophoresis buﬀer (300 mM NaOH, 1 mM Na2EDTA
[pH > 13]) for 20 min at room temperature. ElectrophoreAR-000376
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sis was next conducted in the same buﬀer during 20 min
(25 V, 300 mA). Finally, the slides were covered three times
during 5 min with 0.4 M Tris buﬀer (pH 7.5) and dehydrated in 100% methanol. After drying, slides were maintained in dry atmosphere until analysis. DNA was
stained with 50 ll of 2 lg/ml ethidium bromide and the
analysis was conducted with a ﬂuorescent microscope
(Olympus BH2-RFL). The microscope was equipped with
an oil immersion Apo/Dplan 20 lens, a 515–560 nm excitation ﬁlter, a 590 nm barrier ﬁlter, and connected to a high
sensitivity CDD COHU camera (0.01 lux). The ﬁnal magniﬁcation was 250. DNA lesions were quantiﬁed as Olive
Tail Moment (OTM; arbitrary units) and Tail DNA using
Fenestra Komet 5.5 image analysis software (Kinetics
Imaging, Nottingham, UK). One hundred cells, randomly
chosen, were analyzed per condition (50 cells/slide), thus
a total of 100 OTM were calculated for each sample. Then,
the 100 measured OTM values/sample were divided into 40
classes between the minimal and the maximal values. A
non-linear regression analysis was performed on the
OTM distribution frequencies with a v2 function model
using TableCurve 2D software (version 5.0; Jandel Scientiﬁc Software, San Rafael, CA). The calculated degrees of
freedom (n) for this function were a quantitative measure
of the DNA-damage for a sample according to Bauer
et al. [39] and Jean et al. [30]. The n, named OTM v2 and
expressed in arbitrary units (a.u.), was used as the sole
parameter for quantifying levels of DNA-damage of a
sample.
2.6. Quantiﬁcation by the micronucleus test of DNA-damage
induced by UVA/visible and visible radiations on CHO cells
Twenty-four hours before the experiment, a total of
5  104 CHO cells were plated in LabtekÒ chamber slides
and kept at 37 °C in a humidiﬁed atmosphere containing
5% CO2. On the day of the experiment, culture medium
was replaced by PBS with Ca2+ and Mg2+ and the cells
were irradiated by UVA–visible or by visible light alone,
as described above. The combined light doses were 15,
20, 25 and 30 J/cm2, respectively. Assays were performed
in duplicate, and a negative control maintained in the
dark was included in each set of experiments. After irradiation, PBS was removed and cells were allowed to
divide in the dark at 37 °C in a 5% CO2 atmosphere in
fresh culture medium for 3 h. Cytokinesis was interrupted
by the addition of cytochalasin B (2 lg/ml) and the incubation was extended for 24 h. At 27 h after irradiation,
cells were washed twice with PBS and submitted to a 5min ﬁxation step with absolute methanol. The air-dried
slides were stained with 10% Giemsa in distilled water
during 15 min.
The index of binuclearity (IBIN), considered as a measure of cytotoxicity, was determined by scoring the number
of binucleated cells among 500 Giemsa-stained cells with
well-preserved cytoplasm [40]. It was expressed as the following ratio:

27

IBIN ¼ ððmononucleated cellsÞ þ 2  ðbinucleated cellsÞ
þ 3  ðcells with at least 2 nucleiÞÞ=500
The micronucleated cell rates were determined for concentrations inducing less than 50% toxicity; 2000 binucleated CHO were examined and micronuclei were identiﬁed
according to the morphological criteria deﬁned by
Kirsch-Volders et al. [40]. Statistical diﬀerences between
negative controls and irradiated samples were performed
by the contingency 2  2 v2-test.
2.7. Evaluation of photoprotection by three protective
compounds in human keratinocytes
Twenty-four hours prior the comet assay, the keratinocytes at approximately 80% conﬂuence were seeded in 12well plates at a density of 5  104 cells/well. On the day
of the experiment, stock solutions of ectoin (4 mM), ERT
(4 mM) and mannitol (12 mM) were prepared in ultrapure
water. Each compound, at the required ﬁnal concentrations, was added into the wells at, respectively, 0.025–
0.05–0.1 mM for ectoin, 0.1–0.25–0.5 mM for ERT and
0.5–1–1.5 mM for mannitol. Culture medium alone was
added for control samples. Incubation was conducted for
1 h at 37 °C. After the required incubation period, the medium was removed; the cells were washed three times with
Ca2+ and Mg2+ free PBS and harvested with trypsin/
EDTA for 5 min. After a centrifugation at 3000g for
5 min, cells were embedded in agarose gel and placed on
microscopic slides. Immediately after the irradiation,
according to the protocol described above, at a combined
light dose of 15 J/cm2, cells were submitted to the comet
assay. For each experiment, controls included untreated
non-irradiated cells (negative control) and untreated irradiated cells (positive control).
2.8. Evaluation of photoprotection by sunscreens in human
keratinocytes
The absorption curves of the four tested sunscreens are
displayed in Fig. 2. From these curves, the Sun Protection
Factor (SPF) and the Protection Factor UVA (PUVA) were
calculated for each sunscreen by the in vitro Diﬀey method
[41]. SPF were 49.9 and 112.7 for Photoderm SPF 50+Ò and
its tinted analogue, respectively, and 139.9 and 231.0 for
Photoderm Max SPF100Ò and its tinted analogue, respectively. PUVA were 45.6 and 100 for Photoderm SPF
50+Ò not tinted and tinted, respectively, and 52.6 and
79.5 for Photoderm Max SPF100Ò not tinted and tinted,
respectively. Just before irradiation, the sunscreens were
uniformly spread on a quartz slide (5  5 cm2) at an amount
of 2 mg/cm2 and placed above the embedded cells in the
solar simulator. Slides were submitted to the alkaline comet
assay immediately after the irradiation, according to the
protocol described above at a combined light dose of
15 J/cm2. Unprotected cells and non-irradiated cells were
used as positive and negative controls, respectively.
AR-000377
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Fig. 2. Absorption spectra of Photoderm SPF 50+Ò (tinted and not
tinted) and Photoderm Max SPF100Ò (tinted and not tinted) from 280 to
800 nm. Each sunscreen was spread on a quartz slide (5  5 cm) to reach a
ﬁnal amount of 2 mg/cm2. P50: non-tinted Photoderm SPF 50+Ò. P50T:
tinted Photoderm SPF 50+Ò. P100: non-tinted Photoderm Max SPF100Ò.
P100T: tinted Photoderm Max SPF100Ò.

Fig. 3. Viability of human keratinocytes irradiated with increasing doses
of UVA/visible light (5–15 J/cm2) with (s) and without () the visible
ﬁlter. The cell viability was measured 30 min after irradiation by the WST1 assay and the results are expressed as a percentage of the reading in
control wells. Each point represents the mean ± SE of four measures.

3. Results

The viability of cells was not aﬀected by irradiation with
visible light except for the higher tested dose (13.8 J/cm2)
which slightly reduced the cell survival by approximately
17%.

3.1. Cytotoxicity induced by exposure to UVA/visible and
visible light in normal keratinocytes
Keratinocytes were irradiated with increasing doses of
UVA/visible light (5–15 J/cm2) with and without the visible
ﬁlter. The cell viability was determined 30 min after
irradiation by the WST-1 assay. Results are expressed as
percentage of cell viability in reference to the control
(non-irradiated keratinocytes), which corresponds to
100% cell viability. The results are included in Fig. 3. A
slight decrease in cell viability was observed after irradiation by UVA/visible. For the highest irradiation dose
(15 J/cm2), the decrease of the cell viability was 30%.

3.2. Induction of DNA-damage by UVA/visible and visible
radiations on human keratinocytes measured by the alkaline
comet assay
Keratinocytes embedded in agarose were irradiated at
increasing doses of UVA/visible (5–15 J/cm2) with or without the visible light ﬁlter in the solar simulator, then immediately submitted to the comet assay to avoid DNA repair
processes. Because primary human keratinocytes showed
variability in their response to UVA and visible light, an

Table 1
DNA-damage induced by UVA/visible and visible light in human keratinocytes
Dose (J/cm2)

Sample

TD (%)

OTM v2 (a.u.)

OTM (a.u.)

Mean ± SEM

Median

Mean ± SEM

Median

5

NI
MMS
Visible
UVA/visible

6.02 ± 0.42
33.77 ± 1.25
11.60 ± 0.91
14.05 ± 0.90

5.49
32.61
9.51
13.14

2.27 ± 0.17
15.42 ± 0.59
3.81 ± 0.34
5.75 ± 0.43

2.03
14.66
2.72
4.08

2.90 ± 1.25
15.44 ± 2.06***
3.78 ± 1.00***
4.78 ± 0.79***

10

NI
MMS
Visible
UVA/visible

20.70 ± 1.26
53.75 ± 1.39
23.19 ± 0.96
26.09 ± 0.95

18.89
53.22
21.73
24.93

11.18 ± 0.90
52.17 ± 1.46
16.32 ± 0.82
19.30 ± 0.82

9.12
32.60
14.57
19.00

4.42 ± 1.02
20.7 ± 3.54***
6.34 ± 1.39***
7.76 ± 1.16***

15

NI
MMS
Visible
UVA/visible

5.57 ± 0.60
32.19 ± 1.05
12.47 ± 1.01
17.94 ± 1.07

4.67
32.52
11.45
16.74

1.84 ± 0.19
15.36 ± 0.47
4.71 ± 0.36
7.42 ± 0.45

1.35
15.53
3.68
6.72

2.72 ± 0.20
20.96 ± 0.59***
5.91 ± 0.21***
9.37 ± 0.31***

NI: non-irradiated cells; MMS: cells treated with 60 lM methyl-methane-sulfonate for 2 h at 37 °C (internal standard); Visible: cells irradiated with the
visible light (400–800 nm); UVA/visible: cells irradiated with UVA/visible light (315–800 nm); TD: Tail DNA; OTM: Olive tail moment; OTM v2: degree
of liberty of the v2 function calculated by non-linear regression analysis.
***
P < 0.001 by the comparison of means (t-test).
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radiations, respectively, at the highest irradiation dose.
Normalized ratios (%) are illustrated in Fig. 4. Signiﬁcant
increases in DNA strand breaks were calculated after irradiation by UVA/visible and visible light, in a linear dose–
response model (r2 = 0.99, P = 0.04 for both UVA/visible
and visible light). Slope comparison of the curves showed
that the genotoxic eﬀects of visible light represented around
50% of the total eﬀects of UVA/visible irradiation (with
slope values of 1.17 and 2.43 a.u., respectively).

Normalized ratios (%)

40

30
NRUVA/VIS = 2.43*D
r2 = 0.99, P = 0.004

20

10

NRVIS = 1.17*D

3.3. Induction of DNA-damage by UVA/visible and visible
radiations on CHO cells measured by the micronucleus test

r2 = 0.99, P = 0.004
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Fig. 4. Dose–response relationship of DNA-damage versus UVA/visible
and visible irradiation in human keratinocytes measured by the comet
assay. Cells were irradiated at increasing dose of UVA/visible 5–10 J/cm2
with and without visible ﬁlter, then immediately submitted to the comet
assay. The OTM v2 are expressed as normalized ratios, according to the
following formula:


OTM v2sample  OTM v2NI
ratio ¼
 100
ðOTM v2MMS  OTM v2NI Þ
where OTM v2sample is the OTM v2 of the irradiated sample; OTM v2MMS
the OTM v2 of the treated sample with 60 lM methyl-methane-sulfonate
(positive control); OTM v2NI is the OTM v2 of the non-irradiated sample
(negative control). White squares: UVA/visible light; black circles: visible
light only.

internal standard, namely the alkylating agent methylmethane-sulfonate, was included for each tested irradiation
dose. Complete results concerning the DNA-damaging
eﬀects of UVA/visible and visible radiations on human
keratinocytes are reported in Table 1. DNA strand-break
induction was signiﬁcant at the lowest irradiation dose of
5 J/cm2, with OTM v2 of 4.78 ± 0.79 for UVA/visible light
and OTM v2 of 3.78 ± 1.00 for visible light. It dramatically
increased between 10 and 15 J/cm2, with OTM v2 reaching
9.37 ± 0.31 and 5.91 ± 0.21 for UVA/visible and visible

Micronucleus test was carried out on CHO cells irradiated by UVA/visible and visible light at four increasing
doses (15–30 J/cm2). CHO cells were selected for this series
of experiments because of their high capacity to divide as
compared to human normal keratinocytes. Complete
results are reported in Table 2. Both UVA/visible and visible radiations produced a dose-dependent increase of
micronuclei rates. Micronuclei induction was signiﬁcant
at the lowest irradiation dose tested (15 J/cm2) with
24.5 ± 4.9 micronucleated cells per 1000 observed after
UVA/visible irradiation and 18 ± 1.4 micronucleated cells
observed after visible irradiation. This genotoxic activity
was maximal after an irradiation dose of 30 J/cm2, with
micronucleated cell rates reaching 37 ± 2.8‰ and
26.5 ± 2.1‰ for UVA/visible and visible light, respectively.
The micronuclei induction rates of visible light represented
approximately 60% of the global eﬀects of UVA/visible
irradiation, demonstrating that visible light could induce
chromosome rearrangements.
3.4. Evaluation of the protective eﬀects of ectoin, ERT and
mannitol
Keratinocytes were incubated 1 h at 37 °C in culture
medium with various concentrations of each compound.
Embedded cells were submitted to irradiation by UVA/visible or visible radiations. The irradiation dose was ﬁxed at

Table 2
Micronuclei induction by UVA/visible and visible light in CHO cells
Dose (J/cm2)

Sample

Binucleated cells

Mononocleated cells

IBIN

IBIN (%)

0

NI

486.5 ± 3.5

13.5 ± 3.5

1.95

100

15

Visible
UVA/visible

485.0 ± 5.7
478.0 ± 2.8

15.0 ± 5.7
22.0 ± 2.8

1.95
1.92

100
98

18.0 ± 1.4***
24.5 ± 4.9***

20

Visible
UVA/visible

477.0 ± 3.5
473.0 ± 4.2

22.5 ± 3.5
27.0 ± 4.2

1.92
1.90

98
97

21.5 ± 2.1***
32.5 ± 2.1***

25

Visible
UVA/visible

472.5 ± 10.6
476.0 ± 4.2

27.5 ± 10.6
24.0 ± 4.2

1.91
1.91

98
98

25.0 ± 2.8***
35.5 ± 3.5***

30

Visible
UVA/visible

472.5 ± 3.5
460.5 ± 6.4

27.5 ± 3.5
39.5 ± 6.4

1.90
1.85

97
95

26.5 ± 2.1***
37.0 ± 2.8***

MNC (‰)
7.5 ± 0.7

NI: non-irradiated cells; IBIN: percentage of binuclearity index as compared to the control culture; MNC: micronucleated cell rates per 1000 binucleated
cells; Visible: cells irradiated with the visible light (400–800 nm); UVA/visible: cells irradiated with UVA/visible light (315–800 nm).
***
P < 0.001 by the 2  2 v2 contingency test.
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Fig. 6. Photoprotection of ERT (0.1–0.5 mM) on human keratinocytes
measured by the alkaline comet assay. Experimental conditions are
described in the legend of Fig. 4. Control: non-irradiated cells. IR:
untreated irradiated cells. NS: Non-signiﬁcant. *** P < 0.001.
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15 J/cm2 throughout the experiments. Immediately after
the irradiation, slides were immersed in lysis solution for
the continuation of the comet assay.
For the three tested molecules, the highest concentration
showed neither cytotoxicity nor DNA-damaging activity as
evaluated by the trypan blue staining (data not shown).
Three concentrations of ectoin were tested: 0.025, 0.05
and 0.1 mM. Results are illustrated on Fig. 5. All the tested
concentrations showed a highly signiﬁcant level of photoprotection against UVA/visible light and visible light with
a dose–response relationship. At 0.1 mM, the OTM v2 were
2.37 ± 0.41 and 4.04 ± 0.16 for visible and UVA/visible
irradiations, respectively, corresponding to 92.7% and
68.9% levels of photoprotection.
The eﬀects of ERT on DNA SSB induced by UVA/visible and visible radiations are reported in Fig. 6. Three concentrations of ERT were tested: 0.1, 0.25 and 0.5 mM. Two
concentrations exerted a signiﬁcant protection against
UVA/visible light, and a maximal protection rate of
59.8% was obtained at the concentration of 0.5 mM, with
an OTM v2 value of 5.15 ± 0.20. The protective activity
of ERT against visible radiations was more eﬃcient, with
a maximal protection rate reaching 97.9% at the concentration of 0.5 mM, with an OTM v2 value of 2.29 ± 0.19.
Mannitol exerted a signiﬁcant dose-dependent photoprotection against UVA/visible radiations (Fig. 7): the lowest concentration (0.5 mM) decreased the OTM v2 value at
11.93 ± 0.40 corresponding to a statistically signiﬁcant
protection of 16.9%. A maximal protection rate of 62.7%
could be observed at 1.5 mM, with an OTM v2 value of
6.71 ± 0.29. The protective activity of mannitol against vis-
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Fig. 7. Photoprotection of mannitol (0.5–1.5 mM) on human keratinocytes measured by the alkaline comet assay. Experimental conditions are
described in the legend of Fig. 4. Control: non-irradiated cells. IR:
untreated irradiated cells. NS: Non-signiﬁcant. *** P < 0.001.
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Fig. 5. Photoprotection of ectoin on human keratinocytes measured by
the alkaline comet assay. Cells were incubated for 1 h at 37 °C with ectoin
(0.025–0.1 mM) and were irradiated with a combined light dose of 15 J/
cm2 (corresponding to 1.2 J/cm2 UVA and 13.8 J/cm2 visible) with or
without visible ﬁlter. After irradiation, cells were immediately submitted to
the comet assay. Control: non-irradiated cells; IR: untreated irradiated
cells; NS: non-signiﬁcant; *** P < 0.001.

ible radiations was lower since the calculated protection
rates were no statistically signiﬁcant (2.6% and 13.8%) at
the concentrations of 0.5 and 1 mM, respectively. However, a statistically signiﬁcant 52.0% protection rate was
obtained at the concentration of 1.5 mM, with an OTM
v2 value of 5.18 ± 0.19. These results overall demonstrated
that the presence of endogenous protective compounds
during UVA/visible or visible irradiation led to a signiﬁcant protective eﬀect against DNA-damage. They also indicated that the eﬃcacy of the protection depended on the
nature of both the molecules and the radiations.
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3.5. Evaluation of photoprotective eﬀects of broad-spectrum
sunscreens
Sunscreens were evenly spread on quartz slides at 2 mg/
cm2 before irradiation. The irradiation dose was ﬁxed at
15 J/cm2 throughout the experiments. Embedded keratinocytes were submitted to irradiation as described in the previous section, protected or not by sunscreens, and directly
immersed in lysis solution.
The protective eﬀects of sunscreens against DNA-damage induced by UVA/visible and visible light, as assessed
by the comet assay on human keratinocytes, are reported
in Fig. 8. The four sunscreens (Photoderm SPF 50+Ò,
tinted Photoderm SPF 50+Ò, Photoderm Max SPF100Ò
and tinted Photoderm Max SPF100Ò) signiﬁcantly reduced
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Fig. 8. Photoprotection of sunscreen Photoderm SPF 50+Ò (tinted and
not tinted, A) and Photoderm Max SPF 100Ò (tinted and not tinted, B)
measured by the comet assay. Keratinocytes were irradiated with a
combined light dose of 15 J/cm2 (corresponding to 1.2 J/cm2 UVA and
13.8 J/cm2 visible) and immediately submitted to the comet assay. NI:
non-irradiated control. IR: unprotected irradiated cells. P50: irradiated
cells protected by Photoderm 50+Ò. P50T: irradiated cells protected by
tinted Photoderm 50+Ò. P100: irradiated cells protected by Photoderm
Max 100+Ò. P100T: irradiated cells protected by tinted Photoderm Max
100+Ò.
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the DNA-damaging activities of UVA/visible and visible
radiations. Photoderm SPF 50+Ò and Photoderm Max
SPF100Ò exhibited protection rates of 79.9% (OTM
v2 = 3.64 ± 0.23) and 86.7% (OTM v2 = 3.14 ± 0.15),
respectively, against UVA/visible light, while their tinted
analogues appeared more active, with protection rates of
92.6% (OTM v2 = 2.69 ± 0.22) and 97.1% (OTM v2 =
2.40 ± 0.21), respectively. Similarly, a high photoprotective
activity against visible light could be obtained: Photoderm
SPF 50+Ò and Photoderm 100+Ò exerted a protection rate
of 82.8% (OTM v2 = 2.77 ± 0.24) and 92.5% (OTM
v2 = 2.47 ± 0.24), respectively, while their tinted analogues
both displayed a 100% protective eﬀect (OTM v2 = 2.12 ±
0.08 and 2.16 ± 0.12, respectively). These results indicated
that sunscreens could eﬃciently prevent DNA-damage
induced by both UVA/visible and visible lights, and
implied that tinted ointments exerted a higher protective
activity than their colorless counterparts.
4. Discussion
Solar radiations, especially UVA and UVB, are known
to induce DNA lesions that may lead to carcinogenesis.
If UVB radiations directly alter nuclear DNA, UVA are
weakly absorbed by DNA and induce indirect DNA-damage by excitation of endogenous chromophores [42]. Little
is known about the genotoxic eﬀects of visible light (400–
800 nm). The distinction between UVA and visible radiations is an artiﬁcial criterion. As a possible consequence,
photobiological eﬀects of the long UVA region and the
near visible radiations (between 400 and 450 nm) could
overlap [22].
In this study, the alkaline comet assay was performed to
evaluate the genotoxic eﬀects of visible light on human normal keratinocytes. These cells showed high variability in
their responses to irradiation, because primary cells cultures were obtained from diﬀerent human donors and the
cells were in diﬀerent growth stages at the time of the experiment. Moreover, the experimental variability inevitably
induced an additional heterogeneity of the responses. This
underlined the necessity of using internal standard for each
irradiation dose as suggested by De Boeck et al. [43].
Keratinocytes were submitted to irradiations by UVA/visible (315–800 nm) with and without a visible light ﬁlter.
Results showed that visible light induced statistically significant DNA SSB for all the tested doses of irradiation. The
present results are consistent with the previous ﬁnding of
Singh et al. [44]. The authors showed that visible light
could induce DNA SSB and alkali-labile sites in rat lens
epithelial cells and in human lymphocytes, as assessed by
the comet assay. In our study, a linear dose–response relationship was observed between irradiation doses and normalized DNA lesions, for both UVA/visible and visible
light. The level of DNA breakage induced by visible light
was 50% of the one generated by UVA/visible irradiation.
Thus, visible light is able to induce as much DNA breaks as
UVA radiations. However, for a combined light dose of
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15 J/cm2, visible and UVA light represent a dose of 13.8
and 1.2 J/cm2, respectively. Thus, UVA radiations are 10
time more eﬀective than visible radiations to induce
DNA SSB. Moreover, most of the energy delivered by
the xenon lamp (Fig. 1) is concentrated between 450 and
500 nm, suggesting a possible implication of near-visible
radiations in genotoxic lesions.
Our comet assay methodology involved the detection of
direct DNA breakage (cell lysis performed immediately
after the irradiation) [45]. Thus, the SSB detected by the
comet assay reﬂected direct UVA-induced DNA lesions
that were mainly produced by ROS [45,46]. Our results
are consistent with this mechanism. It could be hypothesized that DNA-damage observed after irradiation of keratinocytes by visible light may also be generated by the same
process than UVA rays. This has been previously demonstrated by Kielbassa et al. [47]: after irradiation of CHO
cells by UV/visible light, the maximal rate of formamidopyrimidine–DNA glycosylase (Fpg)-sensitive lesions (i.e.
8-oxodG and formamidopyrimidines) was observed
between 400 and 450 nm. These oxidative lesions could be
due to the excitation of endogenous photosensitizers. These
results have been conﬁrmed in 1998 by Pﬂaum et al. [25] in
HaCaT and primary keratinocytes: most of the oxidative
DNA base modiﬁcations were generated in the visible range
of sunlight. Moreover, these lesions could be the consequence of photoactivation of cellular porphyrins, because
their maximal excitation wavelength is 406 nm. Other
potential intracellular chromophores, such as ﬂavins, that
possess peaks absorption between 334 and 434 nm, could
be involved in photosensitization mechanisms [48].
The chromosomal mutagenicity of visible light was
investigated by the micronucleus test on the rapid growing
cell line CHO. We found a non-linear dose-related induction of MNs after irradiation by both UVA/visible and visible light. UVA radiations have been shown to induce a
dose-dependent formation of MNs in human ﬁbroblasts
at a dose range of 10–30 J/cm2 [49]. Likewise, an increase
of MNs and a persistent genomic instability have been
found in HaCaT cells after UVA irradiation (10 J/cm2)
[50]. Visible light has also been shown to induce MNs formation in melanoma cell line and primary human skin
ﬁbroblasts [51]. Several mechanisms have been suggested
for the induction of MNs by UVA and visible light: (i) oxidative damage through photosensitization processes [25] or
redox status alteration [50]; (ii) generation of double strand
breaks through the propagation of clustered single-strand
breaks [52]; (iii) epigenetic mechanisms, such as DNA–protein crosslinks or lesions of the mitotic spindle elements
[51]. Further studies would be necessary to apprehend most
clearly these mechanisms.
To evaluate the importance of oxidative damage in
UVA/visible and visible irradiations, we assessed the
photoprotective eﬀects of three exogenous compounds
(ectoin, ERT and mannitol) on human keratinocytes by
the comet assay. All the tested molecules exerted an eﬀective dose-dependent DNA protection against both UVA/

visible and visible light. These results strongly suggested
the implication of ROS in the visible-induced genotoxicity,
as for UVA-induced DNA lesions. Ectoin is a cyclic tetrahydropyrimidine, produced by halophilic eubacteria [53].
This natural substance has been shown to prevent UVAinduced cell damage, by the reduction of pro-inﬂammatory
gene expression such as ICAM-1 and by the expression of
heat shock proteins 70 (Hsp70s) that protect cells against
heat stress and toxic chemicals [53,54]. ERT (2-mercaptohistidine trimethylbetaine) is a low-molecular-mass thiol
that is synthesized in microorganisms, and can be found
in some human tissues after dietary intake [55]. This molecule has been shown to possess intrinsic anti-hydroxyl radical (OH) activity [56] and to exert protective eﬀect against
UVA radiations [26]. Similar properties have been demonstrated for mannitol, which appeared to be an eﬀective
hydroxyl radical quencher [57].
In the last part of this study, we evaluated the ability of
four broad-spectrum sunscreens to protect human keratinocytes against UVA/visible and visible light genotoxicity
by the alkaline comet assay. The tested sunscreens revealed
an eﬀective photoprotection against UVA/visible and visible radiations by reducing the extent of DNA breakage.
For the two sunscreens, the tinted formulations demonstrated higher eﬀective genomic photoprotection against
both UVA/visible and visible light. Most commercialized
sunscreens aﬀord eﬀectiveness against UVB and UVA,
but do not give signiﬁcant protection against visible radiations [58]. A small number of tinted sunscreens are already
used by photosensitive patients: these formulations contain
large-sized particles of titanium dioxide (pigment grade)
and zinc oxide that scatter visible radiations [58]. Our study
underlies the necessity of an extended protection in the visible range. It focuses on the development of new formulations that would produce an improved protection against
visible light and an enhanced cosmetic acceptability.
In conclusion, this study revealed the genotoxic eﬀects of
visible light (400–800 nm) as assessed by the comet assay
and the micronucleus test. These eﬀects appeared to be
mediated by oxidative stress mechanisms similar to the
ones produced by UVA radiations. Moreover, our results
emphasize the need to complement sunscreen formulations
with internal protective compounds to aﬀord internal
photoprotection and with additional molecules that remain
to be characterized, to obtain a complete external photoprotection against UVA and visible light.
5. Abbreviations
8-oxo-dG 8-oxo-7,8-dihydro-20 -deoxyguanosine
BPE
bovine pituitary extract
CHO Chinese hamster ovary
CPD cyclobutane pyrimidine dimer
ERT L-ergothioneine
Fpg
formamidopyrimidine–DNA glycosylase
IBIN index of binuclearity
K-SFM keratinocytes serum free medium
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LMPA
MMS
MN
NMPA
OH
OTM
PBS
PUVA
rEGF
ROS
SPF
SSB
UV

low melting-point agarose
methyl-methane-sulfonate
micronucleus
normal melting-point agarose
hydroxyl radical
Olive tail moment
phosphate-buﬀered saline
protection factor UVA
recombinant epidermal growth factor
reactive oxygen species
sun protection factor
single-strand breaks
ultraviolet
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[51] S. Hoﬀmann-Dörr, R. Greinert, B. Volkmer, B. Epe, Visible light
(>395 nm) causes micronuclei formation in mammalian cells without
generation of cyclobutane pyrimidine dimers, Mutat. Res. 572 (2005)
142–149.
[52] A. Rapp, K.O. Greulich, After double-strand break induction by UVA, homologous recombination and nonhomologous end joining
cooperate at the same DSB if both systems are available, J. Cell.
Sci. 117 (2004) 4935–49445.
[53] E. Buommino, C. Schiraldi, A. Baroni, I. Paoletti, M. Lamberti, M.
De Rosa, M.A. Tufano, Ectoine from halophilic microorganisms
induces the expression of hsp70 and hsp70B9 in human keratinocytes
modulating the proinﬂammatory response, Cell Stress Chaperones 10
(2005) 197–203.
[54] J. Buenger, H. Driller, Ectoin: an eﬀective natural substance to
prevent UVA-induced premature photoaging, Skin Pharmacol.
Physiol. 17 (2004) 232–237.
[55] R. Colognato, I. Laurenza, I. Fontana, F. Coppede, G. Siciliano, S.
Coecke, O.I. Aruoma, L. Benzi, L. Migliore, Modulation of hydrogen
peroxide-induced DNA damage, MAPKs activation and cell death in
PC12 by ergothioneine, Clin. Nutr. 25 (2006) 135–145.
[56] F. Franzoni, R. Colognato, F. Galetta, I. Laurenza, M. Barsotti, R.
Di Stefano, R. Bocchetti, F. Regoli, A. Carpi, A. Balbarini, L.
Migliore, G. Santoro, An in vitro study on the free radical scavenging
capacity of ergothioneine: comparison with reduced glutathione, uric
acid and trolox, Biomed. Pharmacother. 60 (2006) 453–457.
[57] A.A. Oroskar, C. Lambert, M.J. Peak, Eﬀects of hydroxyl radical
scavengers on relaxation of supercoiled DNA by aminomethyltrimethyl-psoralen and monochromatic UVA photons, Free Radic.
Biol. Med. 20 (1996) 751–756.
[58] H. Moseley, H. Cameron, T. MacLeod, C. Clark, R. Dawe, J.
Ferguson, New sunscreens confer improved protection for photosensitive patients in the blue light region, Br. J. Dermatol. 145 (2001)
789–794.

AR-000384

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 42 of 229
400

AR-000400

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 43 of 229
401

AR-000401

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 44 of 229
402

AR-000402

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 45 of 229
403

AR-000403

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 46 of 229
404

AR-000404

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 47 of 229
405

AR-000405

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 48 of 229
406

AR-000406

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 49 of 229
407

AR-000407

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 50 of 229
410

Evaluation of oxidative stress at different time intervals after single dose of alcohol with

or without NTX in rats (CTPL/ROS/01/2015)
Objective
The primary objective of the present study is to evaluate extent of oxidative stress at different time points
after single dose of alcohol with or without NTX on selected parameters.

Table 1: Animal study groups
Groups
1. Alcohol
2. NTX + Alcohol

Dose of alcohol
1 g/kg, p.o., bolus
1 g/kg, p.o., bolus

NTX %
1.4

Brief Schematic Experimental Study Protocol:
Laboratory acclimatized animal (rat, n=16 in each group)

Single Alcohol (1 gm/kg)/NTX+ alcohol (1 gm/kg) were administered orally

Blood samples were collected at 0 min (pre dose), 30 min, 60 min, 120 min and 240 min post dose. Serum
samples were separated and stored at -20 °C in aliquots.

1.
2.
3.
4.
5.

Following parameters were tested from serum samples:
Reactive oxygen species (ROS) using a) ROS ELISA kit and b) spectrophotometric assay of ROS
metabolites (d-ROM test)
Serum MDA by ELISA method
Serum protein carbonyl content by ELISA method
Serum total GSH and GSSG
Total WBC count
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Results:

Table 2: Changes in serum ROS level (U/ml) at different time points after single oral dose of alcohol
(1 gm/kg bw) with or without NTX
Time points

Alcohol

(hours)

(1 gm/kg bw)

SE

Alcohol + NTX
(1 gm/kg bw)

SE

0
0.5
1
2
4
AUC* value (Unit/ml/hr)

77.38
96.43
102.17
50.24
54.19
273.74

12.76
10.26
14.22
10.23
11.36

80.24
98.26
93.33
51.12
40.48
256.35

9.34
17.33
21.61
16.92
9.78

Values are Mean ± SE (n=6); *AUC = Area under the curve

Changes in serum ROS levels (U/ml)
140.00
120.00

ROS (U/ml)

100.00
80.00
60.00
40.00
20.00
0.00
0

0.5

1

1.5

2

2.5

3

3.5

4

Time in hours
Al

Al + NTX
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Table 3: Changes in serum reactive oxygen metabolites (ROMs, CURR unit) level at different time
points after single oral dose of alcohol (1 gm/kg bw) with or without NTX
Time points

Alcohol

(hours)

(1 gm/kg bw)

0
0.5
1
2
4.00
AUC* value (Curr Unit/ml/hr)

118.0
143.3
192.6
168.5
151.2

Alcohol + NTX
SE

SE

(1 gm/kg bw)

12.4
20.9
14.7
15.3
13.4

649.55

114.0
123.5
167.6
173.4
136.6

12.2
11.8
11.7
13.5
12.8

612.65

Values are Mean ± SE (n=6); *AUC = Area under the curve

Changes in serum reactive oxygen metabolite
(dROMs) levels
240.0
200.0

Curr unit

160.0
120.0
80.0
40.0
0.0

0

0.5

1

1.5

2

2.5

3

3.5

4

Time in hours

AL

AL+NTX

Values are in CURR unit
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Table 4: Changes in serum malondialdehyde (MDA, ng/ml) levels at different time points after
single oral dose of alcohol (1 gm/kg bw) with or without NTX

Time points

Alcohol

(hours)

(1 gm/kg bw)

SE

Alcohol + NTX
(1 gm/kg bw)

SE

0
0.5
1
2
4.00
AUC* value (ng/ml/hr)

8.75
8.47
9.52
7.26
6.88

0.89
0.66
0.42
0.73
0.95

8.24
7.65
7.49
7.29
6.80

1.04
0.9
0.53
0.51
0.89

31.33

29.24

Values are Mean ± SE (n=6); *AUC = Area under the curve

Changes in serum MDA levels (ng/ml)
12.00

MDA (ng/ml)

10.00
8.00
6.00
4.00
2.00
0.00
0

0.5

1

1.5

2

2.5

3

3.5

4

Time in minutes
Al

Al + NTX
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Table 5: Changes in serum total glutathione (tGSH, nmol/ml) levels at different time points after
single oral dose of alcohol (1 gm/kg bw) with or without NTX

Time points

Alcohol

(hours)

(1 gm/kg bw)

0
0.5
1
2
4.00
AUC* value (nM/ml/hr)

0.243
0.227
0.212
0.207
0.197

Alcohol + NTX
SE
0.029
0.028
0.010
0.019
0.010

SE

(1 gm/kg bw)

0.248
0.231
0.235
0.248
0.217

0.84

0.020
0.021
0.023
0.019
0.010

0.94

Changes in total GSH levels (nM/ml)
0.300

Total GSH (nM/ml)

0.250
0.200
0.150
0.100
0.050
0.000
0

0.5

1

1.5

2

2.5

3

3.5

4

Time in hours
AL

AL +NTX
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Table 6: Changes in serum oxidized glutathione (GSSG, nmol/ml) levels at different time points
after single oral dose of alcohol (1 gm/kg bw) with or without NTX

Time points

Alcohol

(hours)

(1 gm/kg bw)

SE

Alcohol + NTX
(1 gm/kg bw)

SE

0
0.5
1
2
4.00
AUC* value (nM/ml/hr)

0.045
0.057
0.057
0.055
0.053
0.218

0.006
0.005
0.009
0.006
0.006

0.039
0.051
0.065
0.056
0.051
0.219

0.006
0.004
0.012
0.007
0.007

Changes in serum GSSG levels

0.090
0.080

GSSG (nM/ml)

0.070
0.060
0.050
0.040
0.030
0.020
0.010
0.000
0

0.5

1

1.5

2

2.5

3

3.5

4

Time in hours
AL

AL +NTX
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Table 7: Changes in serum protein carbonyl (ng/ml) levels at different time points after
single oral dose of alcohol (1 gm/kg bw) with or without NTX

Time points

Alcohol

(hours)

(1 gm/kg bw)

SE

Alcohol + NTX
(1 gm/kg bw)

SE

0
0.5
1
2
4.00
AUC* value (ng/ml/hr)

0.259

0.077
0.038
0.062
0.052
0.07

0.217
0.230
0.223
0.252
0.269
0.984

0.054
0.058
0.026
0.049
0.06

0.265
0.212
0.210
0.235
0.906

Changes in serum protein carbonyl levels (ng/ml)
0.300

PC (ng/ml)

0.250
0.200
0.150
0.100
0.050
0.000
0

0.5

1

1.5

2

2.5

3

3.5

4

Time in minutes
Al

Al + NTX
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Table 8: Changes in total WBC count (per cmm) at different time points after single oral dose of
alcohol (1 gm/kg bw) with or without NTX
Time points

Alcohol

(hours)

(1 gm/kg bw)

Alcohol + NTX

0
0.5
1
2
4.00

7800
7325
6770
7617
7233

SE

427
420
347
558
508

(1 gm/kg bw)

SE

7417
6475
6567
8208
7433

437
402
373
473
677

WBC per cmm

Changes in total WBC count (per cmm)
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
0
0 hr

0.5 hr
Al

1 hr

2 hr

4 hr

Al + NTX

Conclusions:
1. Orally administered alcohol at a dose of 1 gm/kg/bolus showed transient rise in ROS and ROS
metabolites levels. Alcohol containing NTX (1.4%) showed slightly lower ROS generation both
in terms of direct ROS and ROS metabolites. The comparison between AUC values of alcohol
with or without NTX showed that NTX could dampen the serum ROS level by around 6%.
2. Single oral dose of alcohol (1 gm/kg/bolus) showed a rise in serum MDA level around 1 hour
after administration. Animals received alcohol+ NTX did not show such peak. In terms of
AUC values, NTX showed 6.7% less MDA value, compared to only alcohol group.
3. Similarly, addition of NTX prevents slight fall of serum total GSH level after alcohol
administration and maintains total GSH level. In terms of AUC values, NTX showed nearly
12% more total GSH values compared to only alcohol.
4. Protein carbonyl, total WBC showed very similar trends in both the groups.
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Evaluation of reactive oxygen species (ROS) from blood at different time
intervals after oral consumption of two different alcohol formulations: A
comparative, double blind, crossover, pilot clinical trial
Introduction
Exposure to acute or chronic alcohol triggers production of reactive oxygen species (ROS)
with concomitant drop in the level or activity of antioxidants. The resulting state, which is
characterized by a disturbance in the balance between ROS production, on one hand and ROS
removal and repair of damaged complex molecules, on the other results in a comprehensive
oxidative stress condition.
The major pathways of alcohol metabolism responsible for the generation of ROS are alcohol
dehydrogenase in the cytosol, microsomal ethanol oxidizing system in the endoplasmic
reticulum and aldehyde oxidase in the mitochondria (Lieber CS, 1997, Mira L et al., 1995).
It has been comprehensively demonstrated that ROS accumulation contributes to alcoholinduced syndrome including liver injury (Reinke LE, 1985). The interaction of ROS with biomolecules leads to alcohol induced toxicity includes enhanced lipid peroxidation, protein
carbonyl formation, decreases in hepatic antioxidant defense especially GSH (Knecht et al.,
1990) (Tsukamoto and Lu, 2001).

Objective of the study
The primary objective of the study will be to evaluate levels of ROS and other related
oxidative stress markers from blood after oral consumption of two different alcohol
formulations.

Inclusion criteria
x
x
x

Male healthy participants (volunteers, who are regular/frequent/social alcohol
drinkers)
Aged between 25-50 years
Body weight range of 55-85 kg

Exclusion criteria
x
x

Volunteers with acid peptic disorder, diabetes mellitus, gallstones, neurological and
psychiatric disorders, history of drug abuse.
Volunteers consuming certain concomitant medications like antibiotics,
antidepressants, antihistamines, anticonvulsants, cardiovascular medications,
sedatives and hypnotic.

Study procedure:
x

All subjects were asked to maintain their normal life style and were advised not to
have excess food, cold drinks, coffee and avoid heavy physical exercise during the
study period.
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x

x

x
x

The alcohol was provided in separate bottle and the amount was adjusted so that the
alcohol intake would be around 1.5 gm/kg, bw (around 225-350 ml vodka). The
subjects were allowed to drink with some diluents (limca, sprite, coke, water) with
some snacks within a period of 1.0 hours.
Blood will be collected at following intervals:
o Before drinking initiated (mentioned as: -1 hr)
o Just after the completion of drinking (mentioned as 0 min)
o 30 min after the completion of drinking
o 60 min after the completion of drinking
o 120 min after the completion of drinking and
o 240 min after the completion of drinking
The study has been conducted in day time (between 10.00 a.m. to 6.00 p.m.)
The subjects were allowed to have a light lunch after collection of 2 hours blood.

Statistical analysis
Percentage changes for measures were calculated from the difference between means of the
each time points of alcohol and NTX groups (viz., 1 hr alcohol vs 1 hr NTX). Paired
‘student’s t-test’ was carried out between the values of each time points of two groups
(alcohol and NTX) and p < 0.05 was considered statistically significant.

Results:
Table 1: Demographic pattern of participants:
Parameters
No. of completed subjects in each arm
Age (Year)
Body weight (Kg)
Height (cm)
BMI
Al-consumed (both groups) (ml)
Gm/kg body wt
Sys-BP (mm Hg)
Dia-BP (mm Hg)
Pulse rate (beats/min)
Drinking time (min)

12
33.83 ± 9.12
65.42 ± 17.89
1.66 ± 0.06
23.36 ± 4.56
240.67 ± 49.13
1.49 ± 0.12
Alcohol
119.17 ± 14.28
77.17 ± 4.61
73.08 ± 8.08
47.08 ± 11.77

NTX
120 ± 10.44
78.25 ± 3.74
72.42 ± 6.57
49.17 ± 12.40
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Table 2. Changes in serum ROS levels after alcohol consumption:
ALCOHOL
(ROS-U/ml)

Time

NTX
(ROS-U/ml)

%

p value

points (hr)

Mean

SD

Mean

SD

change*

(paired t-test)

Significance

-1

138.92

38.01

142.83

37.23

2.82

0.315

NS

0

174.33

44.66

164.33

40.75

-5.74

0.417

NS

0.5

201.08

80.56

190.33

91.47

-5.35

0.488

NS

1

203.25

68.00

162.42

34.80

-20.09

0.035

S

2

209.08

60.47

188.42

49.25

-9.88

0.164

NS

4

194.83

67.96

166.25

48.48

-14.67

0.024

S

n=12 in each arm, *% change has been calculated between two groups in each time point.

300.00

250.00

200.00

150.00

100.00

50.00

0.00
-1

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

Time points (hours)

ALCOHOL

NTX

Fig.1: Changes in serum ROS levels at different time intervals after alcohol
consumption.
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Table 3. Changes in serum derivatives of reactive oxygen metabolites (dROM) levels
after alcohol consumption:

Time
points (hr)

ALCOHOL
(dROM-CURR unit)

NTX
(dROM-CURR unit)

%
change*

(paired t-test)

Significance

p value

Mean

SD

Mean

SD

-1

81.45

15.96

80.125

41.11

-1.63

0.662

NS

0

107.23

24.48

94.425

55.51

-11.94

0.028

S

0.5

104.70

34.93

96.075

56.22

-8.24

0.280

NS

1

113.85

27.68

106.425

54.67

-6.52

0.414

NS

2

108.43

22.26

95.825

53.42

-11.62

0.021

S

4

100.08

22.77

88.725

47.50

-11.34

0.064

NS

n=12 in each arm, *% change has been calculated between two groups in each time point.

160
140
120
100
80
60
40
-1

-0.5

0

0.5

1

1.5

2
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4

Time points (hours)
ALCOHOL

NTX

Fig.2: Changes in serum dROM levels at different time intervals after alcohol
consumption.
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Table 4. Changes in serum total glutathione (GSH) levels after alcohol consumption:

Time
points (hr)

ALCOHOL
(GSH nM/ml)

NTX
(GSH nM/ml)

%
change*

(paired t-test)

Significance

p value

Mean

SD

Mean

SD

-1

0.160

0.019

0.159

0.020

-0.58

0.738

NS

0

0.133

0.023

0.142

0.023

6.50

0.120

NS

0.5

0.147

0.031

0.163

0.034

10.83

0.026

S

1

0.143

0.033

0.161

0.029

11.91

0.020

S

2

0.145

0.025

0.143

0.032

-1.29

0.805

NS

4

0.153

0.019

0.162

0.032

5.81

0.151

NS

n=12 in each arm, *% change has been calculated between two groups in each time point.

0.250

0.200

0.150

0.100

0.050

0.000
-1

0

1
Time points
(hours)
ALCOHOL

2

3

4

NTX

Fig.3: Changes in serum GSH levels at different time intervals after alcohol
consumption.
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Table 5. Changes in serum Malondialdehyde (MDA) levels after alcohol consumption:

Time
points (hr)

ALCOHOL
(MDA uM/ml)

NTX
(MDA uM/ml)

%
change*

p value
(paired ttest)

Significance

Mean

SD

Mean

SD

-1

6.806

0.53

6.736

0.69

-1.02

0.482

NS

0

7.863

1.03

7.489

1.15

-4.76

0.288

NS

0.5

8.098

1.19

7.105

1.29

-12.27

0.011

S

1

7.409

0.71

6.960

0.92

-6.06

0.163

NS

2

8.034

1.51

7.735

1.86

-3.72

0.595

NS

4

8.040

0.63

7.153

0.69

-11.03

0.001

S

n=12 in each arm, *% change has been calculated between two groups in each time point.
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6
4
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Fig.4: Changes in serum MDA levels at different time intervals after alcohol
consumption.
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Table 6. Changes in serum protein carbonyl (PC) levels after alcohol consumption

ALCOHOL
(PC nM/L)

NTX
(PC nM/L)

Time
points
(hr)

Mean

SD

Mean

SD

-1

1.119

0.347

1.153

0

1.809

0.831

0.5

2.459

1

%
change*

(paired t-test)

0.317

3.04

0.498

NS

1.831

0.764

1.22

0.880

NS

0.833

2.330

0.952

-5.24

0.550

NS

2.341

0.507

1.901

0.421

-18.81

0.051

S

2

1.797

0.981

1.858

0.541

3.41

0.784

NS

4

1.445

0.413

1.409

0.429

-2.55

0.586

NS

p value
Significance

n=12 in each arm, *% change has been calculated between two groups in each time point.

3.500
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2.000
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Fig.5: Changes in serum PC levels at different time intervals after alcohol consumption.
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Conclusions:
1. Consumption of alcohol at a dose of around 1.5 gm/kg within a period of 40-60
minutes showed transient rise in ROS and ROS metabolites (dROM) levels.
Alcohol containing NTX showed slightly lower ROS generation both in terms of
direct ROS and ROS metabolites. A significant (p<0.05) drop in ROS levels were
observed at 1 and 4 hour (20.09% and 14.67% respectively). Levels of ROS
metabolites (as judged by dROM test) also significantly (p<0.05) decreased at +0
and 2 hour (11.94% and 11.34% respectively) indicating that NTX could dampen
the serum ROS level.
2. Initial loss of serum total GSH level was slightly better managed by NTX group
(+6.5%) though that was not statistically significant. However, NTX could able to
maintain a significantly (p<0.05) higher level of serum total GSH during 30
minutes and 1 hour period (10.83% and 11.91% respectively). Whereas only
alcohol group showed slow recovery of serum GSH level.
3. Throughout the study period, the increase in serum MDA level was found to be
less pronounced in NTX group, particularly 30 minute and 4 hour time points
(-12.27% and -11.03% respectively; p<0.05).
4. Serum protein carbonyl level showed initial transient rise in both the groups.
However, serum level of PC in NTX group was significantly reduced at 1 hour
(-18.81%, p=0.051) compared to only alcohol group at same time point. However,
serum PC levels of both the groups slowly coming down to near baseline value at
the end of 4 hours.
5. The present pilot study indicates the probable contribution of NTX in reducing
ROS level in alcohol drinkers which could be effective in reducing alcohol
induced diseases in long run.
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Fig. 6: Schematic of study design
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Hepatoprotective activity of NTX technology against sub-acute
alcohol induced hepatotoxicity in laboratory animals
Chigurupati Technologies Private Limited
H. No. 512/M, Road No. 31, Jubilee Hills
Hyderabad 500 033, India

Abstract
It has been well established that alcohol (ethanol) consumption leads to increase in oxidative
stress, which causes liver diseases, cardiovascular diseases, cancer, etc. A novel approach has
been developed, coined as NTX technology; which significantly allays hepatotoxicity in
comparison to marketed premium alcohol beverage, which causes liver damage to 20-25 %
more. Hepatotoxicity was induced by a daily dose of 2 gm /kg of 20% ethanol (v/v,
10ml/kg/day p.o.) for 4 weeks, which causes elevated levels of enzymes like serum alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALKP), and
increase in hepatic malondialdehyde (MDA) levels with concomitant decrease in hepatic GSH
and antioxidant enzyme activities. NTX technology demonstrated 30-48% lower serum liver
enzymes like ALT, AST, ALP etc, improved plasma antioxidant capacity and reduced the rate of
lipid peroxidation (LPO) by 61 % compared to that of only alcohol group. NTX technology also
improved plasma antioxidant capacity and reduced the rate of lipid peroxidation. However,
the plasma alcohol level was not significantly altered indicating that NTX technology has
minimal interference with feel good or buzz factor due to alcohol metabolism. The NTX
technology possibly acts through modulating endogenous antioxidant enzyme activity and
could facilitate the regeneration mechanism of hepatocytes. The present study encourages the
use of NTX technology for use against alcoholic liver disorders.

Keywords: Alcohol liver disease, Liver marker enzymes, oxidative stress, GSH,
hepatoprotection.
Introduction:
WHO reports in 2010 suggests 10% of the adult population in the United States suffering
from alcohol use disorders. In 2004, WHO accounts staggering 16.6 % and 21.6 % deaths by
disease or injury in the globe, attributed due to liver cirrhosis and cancer. The widely
recognized forms of alcoholic liver diseases (ALD) are simple fatty liver (steatosis), fatty
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liver accompanied by inflammation (steatohepatitis) to scar tissue formation (fibrosis), the
destruction of the normal liver structure (liver cirrhosis), and even liver cancer
(hepatocellular carcinoma). Alcohol is rapidly absorbed from the GI tract. In fasting state the
peak blood alcohol concentration reaches within 30 minutes. Distribution is rapid with tissue
levels approximating blood concentrations. Liver accounts nearly 90% of alcohol metabolism
the remainder is excreted through the lungs & urine. The typical adult can metabolize 7-10g
of alcohol/hour.

The primary pathway of alcohol metabolism, when consumed in low to moderate amount, is
mainly catalysed by alcohol dehydrogenase (ADH) to form acetaldehyde. The accumulation
of NADH (excess reducing equivalents) in the liver plays a role in liver damage seen more
prominently with chronic alcohol use. Acetaldehyde produced through microsomal ethanol
oxidation system (MEOS) initially represents a minor pathway of ethanol oxidation probably
accounting for less than 10% of the liver capacity to oxidize ethanol. At higher alcohol level
(>100mg/dl), MEOS is dependent on CYP450 (2E1, 1A2 & `3A4) plays significant role in
alcohol metabolism using NADPH as a cofactor & O 2 . Catalase is especially capable of
oxidising ethanol in fasting state in the presence of hydrogen peroxide generating system.
Acetaldehyde is oxidized in the liver via mitochondrial, nicotinamide adenine dinucleotide
(NAD+) dependent aldehyde dehydrogenase (ALDH) to acetate. Activity of ALDH is nearly
3 times lower that ADH, hence accumulation of Acetaldehyde takes place. Acetate is further
metabolized to acetyl CoA and can enter in TCA cycle or synthesis fatty acids. Each of these
pathway results in the formation of free radicals (like reactive oxygen species {ROS}) with
concomitant changes in the cells redox state (i.e., in the ratio of NADH to NAD+ results in
production of more NADH (nicotinamide adenine dinucleotide (NAD+) reduced by two
electrons). The consequence of altered redox state includes hypoxia (oxygen deficit cell).
ROS is mainly generated in association with the mitochondrial electron transport system; it is
also produced by CYP2E1 and by activated Kupffer cells in the liver. Both acute and chronic
alcohol consumption can increase ROS production, which leads to oxidative stress through a
variety of pathways mentioned above.

The mechanisms involved by which alcohol causes cell injury are complex and combination
of several interrelated pathways. ROS react primarily with the cell membrane, which induces

AR-000428

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 69 of 229

429

LPO (ROS reacting with MDA, HNE) and recognized as important starting place of
hepatocytes damage. Endotoxin-activated Kupffer cells affects mitochondria leading to
release of ROS and several cytokines (viz., Tumour necrotic factor {TNF-Į}) leading to
hepatocytes necrosis and apoptosis. The other plausible pathway of alcohol induced
hepatotoxicity includes excess production of proinflammatory cytokines by gut-endotoxin
stimulated Kupffer cells. Acetaldehyde or ROS with DNA or protein or protein building
blocks and ROS with MDA or MAA or HNE etc in the cell could form stable or unstable
adduct, which could be carcinogenic, immunogenic, induce inflammatory process, damage to
the mitochondria etc.

Varieties of endogenous enzymatic and non-enzymatic mechanisms have evolved to protect
cells against ROS. This includes the superoxide dismutases (SOD), which remove O 2 ˙- ;
Catalase (CAT) and the glutathione peroxidise (GPX) system, which remove H 2 O 2 and nonenzymatic low-molecular-weight antioxidants such as reduced glutathione (GSH), vitamin E,
vitamin C, vitamin A, ubiquinone, uric acid, and bilirubin. But these are capable to protect
the cells to limited extent. Additional protection could be achieved by orally administrating
the glutathione precursor like S-adenosyl-L-methionine (SAMe), N-acetyl cysteine (NAC) or
anti-oxidant like Vitamin E, Vitamin C, plant bioactives (gallic acid, quercetin etc) etc.

A novel NTX technology has been developed, which could be used to fortify premium alcohol.
NTX technology has improved taste and reduces its hepatotoxicity level without altering the feel
good or buzz factor.

MATERIAL AND METHODS
In the present investigation, NTX was tested for its hepatoprotective activity in alcohol
induced hepatotoxicity model in Wistar rats. In a separate set of experiments plasma level of
alcohol was also estimated after single and multiple doses in Wistar rats.
Materials
Premium marketed alcohol, Biochemical kits like AST, ALT, ALKP, total protein and total
bilirubin were obtained from Span Diagnostics Ltd. Surat, India. All the chemicals used in
the present study were of analytical grade and obtained from the following companies: Sigma
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(St. Louis, MO, USA), Merck (Mumbai, India), S D fine chemicals (Mumbai, India) and
Qualigen (Mumbai, India).
Animals
Male Wistar albino rats weighing 150-200 g were procured from local registered traders
(CPCSEA Regd No. 1443/po/6/4/CPCSEA), Kolkata, India and were acclimatized for 7 days
at standard housing condition (26°C ± 2°C, 60-70% RH with 12 ± 1 hours light and dark
cycle). Animals were fed with commercially available diet (Lipton India Pvt. Ltd, India) and
water ad-libitum during the experiment period. All the experimental procedures and protocols
used in the study were prepared as per the OECD Guidelines and Gaitonde Committee
Guidelines and were approved by the Institutional Animal Ethical Committee (IAEC) of
West Bengal University of Animal & Fishery Sciences, Kolkata, West Bengal and were in
accordance with the guidelines of the Committee for the purpose of Control and Supervision
of Experiments on Animals (CPCSEA Regn. No. WBUAFS/IAEC/2007-2008/30). The study
was conducted in accordance with Good Laboratory Practice (GLP) Regulations of the WHO
(WHO Document, 1998). The “Principles of laboratory animal care” (NIH Publication # 8523, revised 1985) were also followed in this study.

Hepatoprotective studies
A total of 24 animals were randomly divided into four groups of six rats each and treated as
follows:
Group A:

Distilled water (10 ml/kg, p.o.) daily for 28 days (normal control).

Group B:

20% alcohol (2.0 gm/kg/day, p.o.) for 28 days, (10 ml/kg, p.o.) daily for 28
days (hepatotoxic group)

Group C:

NTX + alcohol mixture (NTX 75 mg/kg and 20% alcohol, 2.0 gm/kg/day,
p.o.) for 28 days (treatment group).


Ethanol was diluted with distilled water to desired concentration and fed orally by orogastric
cannula. On day 28th animals were anaesthetized with ether and blood samples were collected
by cardiac puncture and the serum was used for the assay of marker enzymes e.g., serum
ALT, AST, ALKP; total protein and total bilirubin were analysed according to the methods
mentioned in the kits. The plasma was used to estimate total plasma antioxidant capacity
following the method of Re et al. (1998).
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The rats were sacrificed by exposure to an overdose of ether, immediately after the collection
of blood; their livers were removed, washed in cold saline. Part of the liver was used for
preparation of liver homogenate in TRIS-HCl buffer (pH 7.4). The homogenate solution was
centrifuged at 10000 rpm for 10 minutes at 4°C and the supernatant was used for the
estimation of malondialdehyde (MDA) (Mihara H and Uchiyama M, 1978), SOD (Paoletti F,
1991), CAT (Aebi H, 1984), GSH (Sedlak J, 1968) and GSSG (Anderson M, 1996).

Histopathological studies
A portion of the liver tissue was preserved in 10% buffered formaldehyde for
histopathological studies. Sections of 5 ȝm in thickness were prepared and then stained with
hematoxylin and eosin (HE). The sections were observed under the microscope for
histopathological changes, and their photomicrographs were captured.

Estimation of plasma alcohol level after single and multiple intakes of only alcohol and
alcohol with NTX technology
Overnight fasted male Wistar rats of nearly same body weight (170±10, n=6 in each group)
were selected for the study. Blood was collected (200 l for each point) in heparinised tube at
‘0’ hr to obtain basal values (t = 0 h at 10:00 a.m.). Subsequently, the rats were administered
a single dose of alcohol (2.5 gm/kg, p.o.) and alcohol with NTX formulation at a same dose
level. Blood samples were collected at t = 0.5 h, 1 h, 2 h, 4 h and 6h. Samples were
centrifuged and plasma was separated, processed and estimated (Poklis and Mackell, 1982).

For repeated dose study male Wistar rats of nearly same body weight (n=6 in each group)
were selected. Blood samples were drawn to obtain basal values. Subsequently, the rats were
administered doses of alcohol (2.5 gm/kg, p.o.) and alcohol with NTX formulation at a same
dose level for 7 days. On seventh day, after last dose of alcohol or NTX-alcohol blood
samples were collected at time intervals mentioned above and ethanol levels were estimated
(Tanja et al, 2006).
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Statistical analysis
Hepatoprotection was calculated using following formula:
% Protection = 1 – [(T-NS) / (AL-NS)] x 100
Where, T = Mean value of drug treated, NS = Mean value of normal control, AL = Mean
value of alcohol alone. Statistical analysis was carried out using SPSS software (Version7.5;
Chicago, Illinois, USA). All data were expressed as mean ± SD. Groups of data were
compared with repeated measure one way analysis of variance (ANOVA) followed by post
hoc comparison between groups by Bonferroni test. Values were considered statistically
significant at p<0.05.

RESULTS
Effect of NTX technology on serum hepatic enzymes of alcohol-treated rats
Alcohol consumption at a dose of 2 gm/kg/p.o. (Gr.C) for 28 days led to significant increase
of serum liver marker enzymes such as ALT, AST, ALKP and total bilirubin while
significantly decreased total protein content of serum compared to the normal control group
(Gr.A). NTX showed significant hepatoprotection (31-48%) in serum liver marker enzymes
levels [Table 1, Fig 1].

Table 1: Effect of NTX technology on some liver biochemical markers in alcohol
induced hepatotoxicity in rats.
Groups

ALT
(IU/L)

AST
(IU/L)

ALKP
(IU/L)

A. Normal control
B. Only alcohol
C. NTX technology

42.2 ± 11.2
120.2 ± 18.6 a
95.8 ± 16.6 b

39.6 ± 9.4
179.4 ± 26.8 a
131.8 ± 15.0 b

73.1 ± 10.7
169.0 ± 22.3 a
122.8 ± 13.9 b

Total bilirubin
(mg/dl)
0.29 ± 0.04
1.12 ± 0.18a
0.68 ± 0.06 b

Total
protein
(g/dl)
7.19 ± 0.28
6.22 ± 0.32 a
6.80 ± 0.26 b

Values are expressed as mean ± SD; n = 6.a P < .05 versus Normal control group (Gr.A), b P < .05 versus only alcohol group
(Gr.C),
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Fig. 1. Effect of NTX technology on serum ALT (A), AST (B), ALKP (C), total bilirubin (D),
serum total protein (E) and Hepatic MDA (F) levels in alcohol induced hepatotoxicity in rats.
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Effect of NTX technology on lipid peroxidation of alcohol-treated rats
Alcohol administration significantly increased the level of hepatic LPO which is expressed as
MDA formation compared to that of normal control group. The level of MDA was
significantly reduced (61% protection) in NTX technology (Gr. C) [Table 2, Fig 1].

Effect of NTX technology on hepatic non-enzymatic antioxidants of alcohol-treated rats
Alcohol administration significantly decreased hepatic GSH level compared to that of normal
control group (Gr.A vs Gr.C) indicating oxidative stress on hepatocytes. The hepatic GSH
level was significantly increased in NTX technology [Table 3, Fig 2].
Alcohol consumption significantly increased liver GSSG level (+55.8%) as compared to
normal control. GSSG level was significantly declined in NTX technology administered
group (Gr.D) by 19.2% compared to only alcohol treated group. The GSH/GSSG ratio was
found to be significantly higher (57.1%) in NTX technology group (Gr.C vs.Gr.D) [Table 3].

The total plasma antioxidant capacity was also diminished (-28%) after alcohol consumption
compared to that of normal control. Co-administration of NTX formulation with alcohol
restored the low molecular weight antioxidants of the plasma and thereby improved total
plasma antioxidant capacity [Table 2, Fig 2].

Effect of NTX technology on hepatic antioxidant enzymes of alcohol-treated rats
Alcohol treatment for 28 days significantly reduced hepatic SOD and CAT activities
compared to normal control. SOD and CAT activities were significantly restored (~ 30%) in
Alcohol with NTX technology administered group (Gr.D).

Table 2: Effect of NTX technology on some antioxidant parameters in alcohol induced
hepatotoxicity in rats.
Groups
A. Normal control
B. Only alcohol
C. NTX technology

MDA

Plasma AOC

SOD

CAT

(nM/mg tissue)

(ABTS IC50 ul/ml))

(mU/mg tissue)

(mU/mg tissue)

36.2 ± 4.4
58.3 ± 6.8 a
44.7 ± 5.0 b

1.42 ± 0.32
1.82 ± 0.41a
1.55 ± 0.34 b

131.7 ± 20.4
79.8 ± 16.7 a
94.8 ± 12.6 b

52.7 ± 6.8
31.2 ± 4.2 a
37.3 ± 3.6 b

Values are expressed as mean ± SD; n = 6.a P < .05 versus Normal control group (Gr.A), b P < .05 versus only alcohol gr.
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Fig. 2. Effect of NTX technology on plasma total antioxidant capacity (A), Hepatic GSH
(B), SOD (C) and CAT (D) activity in alcohol induced hepatotoxicity in rats.
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Table 3: Effect of NTX technology on hepatic non-enzymatic antioxidant GSH and
oxidized GSH (GSSG) and redox ratio in alcohol induced hepatotoxicity in rats.
Groups
A. Normal control
B. Only alcohol
C. NTX technology

GSH

GSSG

(uM/mg tissue)

(uM/mg tissue)

0.659 ± 0.06
0.449 ± 0.05 a
0.568 ± 0.06 b

0.0511 ± 0.008
0.0796 ± 0.010 a
0.0643 ± 0.008 b

Redox ratio
(GSH/GSSG)
12.9
5.6 a
8.8 b

Values are expressed as mean ± SD; n = 6. a P < .05 versus Normal control group (Gr.A), b P < .05 versus only alcohol
group (Gr.C)

Effect of NTX technology on plasma alcohol level after single and multiple doses
The plasma alcohol levels after single and multiple (7 day -7 doses) doses of only alcohol and
alcohol with NTX technology showed very similar C max , T max and AUC values indicating
NTX did not alter elimination kinetics of alcohol (Table 4 and Figure 3A & B).

AR-000435

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 76 of 229

436

Table 4: Effect of NTX technology on plasma level of alcohol after single/multiple dose
Groups

AUC
(mg/dl x h)

C max
(mg/dl)

T max
(h)

T 1/2
(h)

Only alcohol single dose
NTX technology Multiple dose
Only alcohol Multiple dose
NTX technology Single dose

417.0
404.5
384.8
399.3

173.3
183.7
143.3
152.2

0.5
0.5
0.5
0.5

1.5
1.5
1.5
1.5

AUC – area under the curve, "t" symbolizes the time of last plasma sampling (14 h); C max – maximal plasma
concentration, T max – time of maximal plasma concentration; t ½ – terminal half-life.

Figure 3: Plasma alcohol level after single (A) and multiple dose (B)
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Histopathological observations
Histopathological study of the liver sections of control animals (Gr. A) showed intact tissue
architecture with normal hepatocytes and well-formed clearly visible central veins. No
lymphocyte infiltration was observed. The liver section of ethanol-intoxicated rats (Gr. C)
exhibited centrilobular necrosis with deformed tissue architecture, micro and macro vesicular
fatty changes with lymphocyte infiltration. The liver sections of alcohol with NTX
technology group showed slight ballooning in the tissue, lack of necrotic cells, restored
normal hepatic architecture with moderate accumulation of fat droplets in the hepatocytes
(Fig.4).
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A

B

C

Fig. 4: (A) Liver sections of normal control rats showing: Intact tissue architecture with normal
hepatocytes with intact central vein. (B) Liver section of the only alcohol treated rats showing:
infiltration of the lymphocytes, centrilobular necrosis with a deformed tissue architecture with micro
and macrovesicular fatty changes. (C) Liver section of the rats treated with NTX technology showing
partially brought out central vein, hepatocytes with well-preserved cytoplasm distinguishable nucleus,
with a decrease in the fatty lobules and lack of necrotic cells.

Discussion
Alcohol metabolism in the liver generates ROS. The rate of ROS generation is further
increased in chronic alcoholism due to induction of the CYP2E1 dependent MEOS. The
ROS, in turn, oxidize cellular biomolecules, such as proteins, lipids, DNA, which causes
mitochondrial membrane peroxidation subsequently cell permeability (Mitochondrial
dsyfunction: Scheme 1), alters the distribution of electrical charges across the membrane,
reduced levels of ATP in the mitochondria and promotes necrosis. The increases in
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transaminase enzymes like ALT & AST indicate cellular leakage and loss of functional
integrity of cell membrane.

These hepatotoxicity marker enzymes were found to be increased in the animals treated with
only alcohol. The decrease of these hepatotoxic serum marker enzymes levels (31-48%) were
observed in the animals receiving NTX and there by confirmed significant hepatoprotection
against alcohol induced hepatotoxicity model in rats. On the other hand suppression of
elevated ALKP activities with concurrent reduction of raised bilirubin level and an increase
in the total plasma protein content suggests the hepato-biliary function in rat liver during
hepatic injuries with alcohols are counteracted by NTX.

In normal condition, the cells are protected by both endogenous enzymatic and nonenzymatic anti-oxidant defense systems against free radical damage. Alcohol intake increases
the oxidative burden on the cells leading to progressive loss of non-enzymatic antioxidants
and decrease in antioxidant enzyme activity. NTX technology could reduce the free radical
(especially superoxide radical) load over the cells and thereby partially restoring the free
radicals scavenging mechanism. Thus, the beneficial effects of NTX are probably due to
increment in the tissue antioxidant enzymes like SOD, CAT as well as reduction in the load
of oxidative stress (Scheme 1).
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Scheme 1: Schematic representation of alcohol mediated oxidative stress and toxicity with probable
protecting sites by NTX constituents. Ethanol elevates CYP2E1 and ROS such as superoxide radical,
hydrogen peroxide and hydroxyl radical are produced during the CYP2E1 catalytic cycle in the
presence of oxygen. These various reactive oxygen species initiate LPO that can cause cellular
toxicity and damage to the mitochondria. Some of the more stable ROS interact with other liver cells
such as hepatic stellate cells to initiate a fibrotic response.

The level of MDA has been widely used as a biomarker of LPO. NTX treated animals
showed decreased levels of MDA content in liver homogenate compared to only alcohol
treated rats probably due to a reduction in hepatic peroxidative activities (Scheme 1).
GSH is a reducing agent, which protects the cells against ROS as well as toxic compounds.
Thus, level of GSH gives an indication on the cellular oxidation state. Glutathione peroxidase
mediated reduction of oxygen radicals converts GSH to its oxidized form glutathione
disulfide (GSSG). Glutathione reductase, a nicotinamide adenine dinucleotide phosphate
(NADPH) dependent enzyme converts GSSG to GSH. GSH/GSSG is the major redox couple
in cells and in normal condition, the cellular GSSG level are observed in very low
concentration, around 2-10% of total GSH level. During oxidative environment a
considerable shift towards GSSG is observed and as a result GSH/GSSG ratio increases
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which indicate a state of oxidative stress. The NTX technology increased the GSH/GSSG
ratio indicating lesser oxidative stress on the hepatocytes (Scheme 1).

Steatosis is a common manifestation in alcohol consumers. ROS disrupts fat metabolism
leading to triglyceride accumulation in hepatocytes. In the present study revealed that animals
treated with alcohol developed significant fatty infiltration whereas with NTX coadministration exhibited much lesser fatty accumulation. Though the exact mechanism by
which NTX decreased the fatty infiltration is yet to delineate, probably it acts through
reducing oxidative load and modulating immune response (Scheme 1). Apart from fatty
accumulation, lack of necrotic cells and appearance of central vein in the hepatocytes
compared to only alcohol treatment indicating certain degree of hepatoprotection by NTX
(Scheme 1). Literature suggests that NTX component might be able to promote hepatocytes
regeneration (Scheme 1), which was established by up-regulated expression of proliferating
cell nuclear antigen.

Conclusions
The results of this investigation strongly support that NTX technology provides significant
hepatoprotection against ethanol induced hepatotoxicity by decreasing the hepatotoxic serum
marker enzymes levels and partially restoring antioxidant system. The NTX technology
scavenges free radical (especially superoxide and hydroxide radical) generated during ethanol
metabolism and thereby reducing cascade of undesirable ROS reaction. The NTX technology
could also enhance the regeneration process of hepatocytes. The possibility of reduction in
secondary inflammatory reactions and immunomodulation are in the process of investigation.
This investigation suggests that NTX technology could be useful against alcoholic liver
disorders. The development of NTX technology for superior hepatoprotection is in progress.
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Chapter 22

Transgenic Mouse Models for Alcohol
Metabolism, Toxicity, and Cancer
Claire Heit, Hongbin Dong, Ying Chen, Yatrik M. Shah,
David C. Thompson, and Vasilis Vasiliou

Abstract Alcohol abuse leads to tissue damage including a variety of cancers;
however, the molecular mechanisms by which this damage occurs remain to be fully
understood. The primary enzymes involved in ethanol metabolism include alcohol
dehydrogenase (ADH), cytochrome P450 isoform 2E1, (CYP2E1), catalase (CAT),
and aldehyde dehydrogenases (ALDH). Genetic polymorphisms in human genes
encoding these enzymes are associated with increased risks of alcohol-related tissue
damage, as well as differences in alcohol consumption and dependence. Oxidative
stress resulting from ethanol oxidation is one established pathogenic event in
alcohol-induced toxicity. Ethanol metabolism generates free radicals, such as reactive oxygen species (ROS) and reactive nitrogen species (RNS), and has been associated with diminished glutathione (GSH) levels as well as changes in other
antioxidant mechanisms. In addition, the formation of protein and DNA adducts
associated with the accumulation of ethanol-derived aldehydes can adversely affect
critical biological functions and thereby promote cellular and tissue pathology.
Animal models have proven to be valuable tools for investigating mechanisms
underlying pathogenesis caused by alcohol. In this review, we provide a brief discussion on several animal models with genetic defects in alcohol-metabolizing
enzymes and GSH-synthesizing enzymes and their relevance to alcohol research.
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C. Heit et al.

Introduction

The Centers for Disease Control and Prevention reported that the annual number of
alcohol-related deaths was 88,000 in the United States from 2006 to 2010. Alcohol
is a causal factor in more than 60 human diseases and places a signiﬁcant burden on
the economy with healthcare costs estimated in 2006 as surpassing 223 billion dollars in the United States alone [1]. A comprehensive understanding of the mechanisms mediating alcohol toxicity is essential because it facilitates the development
of therapies that prevent and/or treat the pathologies associated with alcohol consumption. The cellular and molecular mechanisms leading to alcohol-induced tissue
damage are not fully understood. However, emerging evidence indicates that common mechanisms of cell injury, such as stress, inﬂammation, and alterations in signaling (including apoptosis) pathways, are all involved in the deleterious effects of
alcohol.
Animals in which expression of speciﬁc proteins are repressed, the so-called
knockout animals, represent an innovative and powerful research tool for scientiﬁc
discovery. Genetic manipulation of proteins involved in the metabolism of ethanol
or in the cellular defense mechanisms against alcohol-induced oxidative stress have
allowed the exploration of their roles in alcohol-related pathologies, such as alcoholic liver disease, pancreatitis, cardiovascular disease, and diabetes mellitus, as
well as in various cancers, including oral, colorectal, liver, pancreatic, aerodigestive, breast, and colon [2–7]. Currently available animal models will be outlined in
the following review. In addition, double and triple knockout strains of these mice
are currently being produced in our laboratory.

22.2

Clinical Signiﬁcance of Human Polymorphisms
of Genes Involved in Ethanol Metabolism

Ethanol is metabolized primarily via oxidation to acetaldehyde through the enzymatic activity of alcohol dehydrogenases (ADH), catalase (CAT), and cytochrome
p450 2E1 (CYP2E1) (Fig. 22.1). Acetaldehyde is then oxidized to acetate by the
aldehyde dehydrogenases (ALDHs). The role of ADH in ethanol metabolism is well
established [8–10]. The human genome contains three Class I ADH genes (ADH1A,
ADH1B, ADH1C); in contrast, rodents have only one Adh1 gene [11]. Genetic polymorphisms in ADH1 genes are associated with colon and breast cancers [4, 5, 12].
The role of CYP2E1 in ethanol metabolism, oxidative injury, and cancer is also well
established [13–17] and genetic polymorphisms are associated with increased cancer risk [18–20]. Catalase appears to play an important role in ethanol metabolism
in the brain [14, 15]. Nevertheless, polymorphisms in the catalase gene are associated with diabetes mellitus, hypertension, and vitiligo [21, 22]. ALDHs are a family
of 19 human proteins that metabolize aldehydes, in which three isoforms are responsible for metabolizing acetaldehyde. Mitochondrial ALDH2 is the primary enzyme
involved in the metabolism of acetaldehyde (Km ≤ 5 μM). The ALDH2*2 allele
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Fig. 22.1 Major enzymatic pathways involved in ethanol and glutathione metabolism. Ethanol
(EtOH) is subject to metabolism by catalase (CAT), cytochrome P450 isoform 2E1 (CYP2E1), and
alcohol dehydrogenase (ADH). Acetaldehyde is metabolized by aldehyde dehydrogenase (ALDH)
isoforms 1A1, 1B1, and 2. In the glutathione (GSH) pathway, glutamate cysteine ligase (GCL),
which includes two subunits the catalytic subunit (GCLC) and the modiﬁer subunit (GCLM), catalyzes the synthesis of γ-glutamylcysteine (γ-GC). γ-GC is then coupled to glycine by glutathione
synthetase (GSS) to form GSH. During oxidative processes, reactive oxygen species (ROS) form
which can cause lipid peroxidation. ROS can be reduced by GSH, in the process forming GSSG,
the oxidized form

(which appears restricted to an Asian genetic background) causes marked reductions in acetaldehyde metabolism that manifest clinically as ﬂushing syndrome and
ethanol avoidance in heterozygous and homozygous individuals. This polymorphism is also associated with alcohol-related cancers [3, 23]. ALDH1B1 has the
next lowest Km for acetaldehyde (Km = 55 μM), implicating a role in acetaldehyde
metabolism secondary to ALDH2. ALDH1B1 has been proposed as a biomarker for
colon cancer [24]. Several ALDH1B1 polymorphisms have been found in humans
and recent studies have linked these polymorphisms to drinking aversion, elevated
systolic blood pressure, and frequent hypersensitivity reactions in Caucasians [25,
26]. ALDH1A1 has a role in acetaldehyde metabolism and drinking preference [27,
28] and a deﬁciency in this enzyme is associated with ethanol hypersensitivity in
Caucasian subjects [29]. Polymorphisms in alcohol- and acetaldehyde-metabolizing
enzymes have been closely linked with alcohol-related cancers. In a Japanese population, p53 accumulation, esophageal neoplasia, and esophageal squamous cell carcinomas were increased in subjects whose genes included the inactive heterozygous
allele ALDH2 *1/*2 and the less active ADH1B *1/*1 [30, 31]. These polymorphisms also exhibited more frequent acetaldehyde-induced DNA damage [32].
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Taken together, the association between human polymorphisms of ethanolmetabolizing genes and alcohol-related diseases implicates a signiﬁcant pathogenic
role of ethanol metabolism in alcohol toxicity. Various research groups have developed animal models that harbor genetic ablations of ethanol-metabolizing enzymes.
These models can serve as important experimental tools to elucidate the mechanistic roles of speciﬁc enzymes or pathways in alcohol-related diseases and therefore
have direct relevance to alcohol research.

22.3

Animal Models for Alcohol-Induced Cancer

Low to moderate consumption of alcohol has tissue-protective properties [33].
However, heavy alcohol consumption increases the risk of several diseases, including cancer. A comprehensive review of epidemiological data demonstrated a signiﬁcant increase in cancer risk for several epithelial-derived tumors associated with
ethanol consumption [3]. Studies using experimental animals, however, support the
notion that ethanol acts as a cocarcinogen or tumor promoter rather than being a
carcinogen itself [5]. The mechanisms by which alcohol promotes tumorigenesis
remain unclear due primarily to a lack of good animal models that can recapitulate
the increased risk of alcohol in carcinogenesis. Animal models analogous to
inﬂammation-promoted cancers, such as the azoxymethane (AOM)/dextran sulfate
sodium (DSS) model, are needed [34]. In this model, the carcinogen AOM by itself
is administered at a dose that causes no dysplasia; however, when administered in
combination with DSS (which induces inﬂammation), a synergistic increase in the
number of tumors is observed. The creation of a similar model for alcohol will rely
on a better understanding of the interactions between the genetic mutations (or carcinogen) with the duration, route, and concentration of ethanol for the epithelial
tumor that is to be modeled. Moreover, diets that better mimic heavy alcohol consumption in humans are required. The interaction of tumor-promoting dietary components, such as alcohol, high-fat, and iron, may lead to more robust and precise
models. Lastly, experimental evidence indicates that the metabolism of ethanol
leading to the generation of acetaldehyde and free radicals is intimately involved in
alcohol-associated carcinogenesis [3]. Therefore, a more comprehensive understanding of the enzymes required for alcohol metabolism in cancer are needed and
the genetic animal models discussed in this review could represent unique opportunities to identify their roles in alcohol-induced cancers.

22.4

Glutathione in Alcoholic Tissue Injury

In the development of alcohol-induced tissue injury, it is apparent that numerous
pathways in target organs are modulated by ethanol [35, 36]. Oxidative stress appears
to play a central role in many of these pathways [37]. Ethanol metabolism, CYP2E1
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induction, compromised antioxidant defense, mitochondrial injury, inﬂammation,
hypoxia, and iron overload can all contribute to the alcohol-induced oxidative environment. Accumulation of the reactive molecules (including reactive oxygen species
and electrophilic products, such as acetaldehyde and lipid peroxidation products)
can be harmful to a biological system due to their propensity to inactivate enzymes
and cause DNA damage, loss of protein functions and cell death [38].
Glutathione (GSH) plays an important role as an antioxidant by serving as a
cofactor for antioxidant enzymes, such as glutathione peroxidase and glutathione
S-transferases, or by directly scavenging free radicals [39]. It is the most abundant
nonprotein thiol, attaining a concentration in the high millimolar range in the liver
[40]. Because of its abundance, GSH plays a key role in maintaining cellular redox
homeostasis and, therefore, enzymes that help generate GSH are critical in protecting cells against oxidative stress. GSH is a tripeptide composed of glutamate, cysteine, and glycine. It is synthesized in most types of cells by two successive enzymatic
reactions. The ﬁrst reaction couples glutamate and cysteine and is catalyzed by
glutamate-cysteine ligase (GCL), resulting in the formation of γ-glutamylcysteine
(γ-GC) [41] (Fig. 22.1). The second reaction, catalyzed by GSH synthetase, couples
γ-GC with glycine. The formation of γ-GC by GCL is considered rate-limiting in
GSH biosynthesis, and GCL has been the principal target of drugs designed to
inhibit GSH biosynthesis [41] and to generate mice with GSH deﬁciency [42].
In higher eukaryotes, GCL in its most catalytically efﬁcient form is a heterodimer composed of a catalytic (GCLC) and a modiﬁer (GCLM) subunit, each of
which is encoded by separate genes on different chromosomes. GCLC possesses all
of the catalytic activity of γ-GC formation; GCLM optimizes the kinetic properties
of the holoenzyme, thereby regulating tissue GSH levels [43]. GSH is exclusively
synthesized in the cytoplasm [39] and further distributed into mitochondria, endoplasmic reticulum, and nuclei, where it plays a pivotal role in the normal functioning of these subcellular organelles [44]. During detoxication of free radicals, GSH
is oxidized to glutathione disulﬁde (GSSG). Both GSH and GSSG can be transported outside the cell where it is broken down in sequence by γ-glutamyl transferases and dipeptidase, producing free cysteine and glycine for intracellular
reutilization [45]. Depletion of hepatic GSH, particularly mitochondrial GSH,
occurs as a result of excessive GSH consumption by free radicals and acetaldehyde
generated during alcohol metabolism [46]. Given the above considerations, animal
models exhibiting a GSH deﬁciency will serve as important tools to study GSHregulated redox biology in ethanol metabolism and ethanol-induced tissue damage.
As such, they are of direct relevance to alcohol research.

22.5

Mouse Models with Genetic Deﬁciencies
in Ethanol-Metabolizing Enzymes

ADH1 global knockout: The Adh1−/− mouse line has been generated by Duester [47]
(Table 22.1). It should be noted that human ADH1 gene family consists of three
genes, viz. ADH1A, ADH1B, and ADH1C, whereas the mouse genome has a single
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Table 22.1 Transgenic mouse models
Strain
Adh1−/−

Genetic
background
C57BL6

Cat−/−

C57BL6

Cyp2e1−/−

129/Sv

Cat−/− Cyp2e1−/−
double knockout

C57BL6/129
mixed

Aldh2−/−

C57BL6

Aldh1a1−/−

C57BL6

Aldh1b1−/−

C57BL6

Phenotype
• No gross abnormality
• Reduction in blood ethanol clearance
• No gross abnormality
• Deﬁciency in brain mitochondrial
respiration
• Has not been used in ethanol toxicity
studies
• No gross abnormality
• Decreased sensitivity to acetaminophen
hepatotoxicity
• Resistance to ethanol-induced fatty liver
and oxidant stress
• No gross abnormality
• Has not been used in ethanol toxicity
studies
• No gross abnormality
• High susceptibility to ethanol toxicities
by oral administration
• High sensitivity to inhalation toxicities of
acetaldehyde
• Viable and fertile
• Decreased susceptibility to diet-induced
obesity and insulin resistance
• Cataract development at age of 6-month
• Has not been used in ethanol toxicity
studies
• No gross abnormality
• Reduction in blood acetaldehyde
clearance

References
Deltour et al.
[9]
Ho et al. [49]

Lee et al. [50],
Lu et al. [54]

Unpublished

Isse et al. [55],
Oyama et al.
[59, 61]

Fan et al. [74],
Ziouzenkova
et al. (2007)

Unpublished

A variety of transgenic strains are available for research. For each strain, the genetic background
and phenotypes are provided

Adh1 gene [11]. Adh1−/− mice have limited capacity to oxidize ethanol and retinol.
Pharmacokinetic studies show a reduction in blood ethanol clearance in these animals [9]. Following parenteral administration of ethanol, these mice displayed an
increased sleep time and embryonic resorption was increased threefold [9]. While
ADH1 is thought to be responsible for the majority of ethanol metabolism in the
liver, new pharmacokinetic evidence suggests a role for other ADH isoforms as well
[48]. Therefore, this model may be useful in determining the pathophysiological
importance of compensatory ADH isoforms as well as elucidating the kinetics of
these enzymes for ethanol.
Catalase global knockout: The Cat−/− mouse strain was developed and characterized
by Ho and colleagues [49] (Table 22.1). These mice do not express catalase and
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develop normally, i.e., exhibit no gross abnormalities. However, brain mitochondria
of these animals show deﬁciencies in mitochondrial respiration. To date, this knockout strain has not been subjected to ethanol toxicity studies. Given that earlier studies have shown a signiﬁcant role of catalase in modulating ethanol sensitivity in the
brain [14, 15], the Cat−/− mice would be anticipated to be a valuable animal model
for examining ethanol drinking preference as well as alcohol toxicities.
CYP2E1 global knockout: CYP2E1 is an ethanol-inducible enzyme with a role in
hepatic ethanol oxidation. By genetically ablating exon 2 of Cyp2e1 gene, Gonzalez
and colleagues developed Cyp2e1–/– mice [50] (Table 22.1). These mice do not
express CYP2E1 enzyme and develop normally [50]. They also show lower sensitivity to the deleterious hepatic effects of acetaminophen [50]. As one of the primary xenobiotic/endobiotic-metabolizing p450s, CYP2E1 is a contributor to a
variety of cellular toxicities induced by endogenous or exogenous pathogens. Using
the Cyp2e1–/– mouse model, CYP2E1 has been shown to play a pivotal role in mediating hepatotoxicity making this an interesting model for alcohol-related liver toxicity [51, 52] Cyp2e1–/– and Cyp2e1 knock-in mice have been used to examine the
potentiation of ethanol-induced hypoxia. Cyp2e1–/– mice exhibited the lowest levels
of hypoxia and HIF1-α [53]. Similarly, ethanol-induced fatty liver and oxidant
stress are blunted in these mice [54]; this study conﬁrmed the important role of
CYP2E1 in ethanol-induced liver toxicities. Cyp2e1−/− mice also display longer
ethanol-induced sleep time than do wild-type mice [15], conﬁrming the relevance of
the Cyp2e1−/− mouse line for the study of the CYP2E1 enzyme in ethanol toxicities
and alcohol-induced drinking preference.

22.6

Mouse Models with Genetic Deﬁciencies
in Acetaldehyde-Metabolizing Enzymes

ALDH2 global knockout: The Aldh2−/− strain was originally developed and characterized by Isse and colleagues [55, 56] (Table 22.1). Aldh2−/− mice do not express
ALDH2 protein and have no detectable capacity to oxidize acetaldehyde, propionaldehyde, or methoxyacetaldehyde in liver mitochondrial fractions. Following oral
administration of ethanol, Aldh2−/− mice exhibit higher ethanol and acetaldehyde
levels and lower acetate levels in the blood, brain, and liver than Aldh2+/+ mice [57,
58]. Further, they are more susceptible to ethanol-induced body weight loss [59],
but show no change in mortality [60]. Aldh2−/− mice are more sensitive to the toxic
effects of inhaled acetaldehyde [61] and exhibit more frequent mutations in the T
cell receptor site than their corresponding wild-type [62]. A single oral dose of ethanol in Aldh2−/− downregulates the alcohol-metabolizing CYP2E1 mRNA [63],
which suggests that there is compensation due to an abundance of acetaldehyde.
This treatment has also been shown to decrease hepatic malondialdehyde and
increase hepatic glutathione, both markers of oxidative stress, in Aldh2−/− mice [64].
Acetaldehyde adducts are also increased in Aldh2−/− mice. These mice have been
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used to determine ethanol- and acetaldehyde-induced cholinergic changes in the
hippocampus. The null mice exhibit decreases in choline acetyltransferase mRNA
and protein; however, neurotrophins (nerve growth factor or brain-derived neurotrophic factor) remain unaffected [65], indicating that aldehydes have a selective
effect in the brain. Aldh2−/− mice also exhibit alcohol avoidance in a test of preference and difference in liver or brain acetaldehyde levels [55]. ALDH2 also appears
to inﬂuence bone growth and cardiac function, as demonstrated by reductions in
trabecular bone formation and cardiomyocyte function in Aldh2−/− mice treated
with alcohol [66, 67]. Stomach DNA adducts are dramatically increased after
chronic ethanol feeding of Aldh2−/− mice [68, 69] and acute ethanol treatment
increases hepatic oxidative DNA adducts in null mice [70, 71]. The Aldh2−/− strain
represents a valuable strain that can be used to identify functions of ALDH2 in ethanol metabolism and toxicity.
ALDH2 conditional knockout: A “knockout-ﬁrst” conditional allele for Aldh2 has
been developed by Skarnes and colleagues [72]. These mice have been crossed with
FLP mice to generate Aldh2 ﬂoxed conditional knockout (Aldh2f/f) mice, which can
be further crossed with speciﬁc CRE mouse lines to generate cell-speciﬁc Aldh2
knockout mice. As expected, Aldh2f/f mice develop normally and exhibit no observed
phenotype (unpublished observation). To date, no ethanol studies have been conducted in these mice. This strain can be used to study tissue-speciﬁc contributions
of ALDH2 in ethanol metabolism and toxicity.
ALDH1B1 global knockout: The Aldh1b1−/− strain was recently generated by
Vasiliou and coworkers (Singh S, Vasiliou V et al., manuscript in preparation)
(Table 22.1). The Aldh1b1−/− mice develop normally and show no overt phenotype.
In agreement with the catalytic properties of ALDH1B1 (i.e., the second lowest Km
for acetaldehyde oxidation [73]), these mice exhibit higher blood concentrations of
acetaldehyde following acute ethanol administration [manuscript in preparation].
The Aldh1b1−/− strain represents the ﬁrst animal model for the study of ALDH1B1
enzyme in ethanol-induced tissue injury.
ALDH1A1 global knockout: The Aldh1a1−/− mouse line has been generated by Fan
et al. [74] (Table 22.1). These mice are fertile and exhibit no overt phenotype, except
that aged Aldh1a1−/− mice display ~2.4-fold higher cataract incidence than wildtype mice [75]. While ALDH1A1 primarily metabolizes retinaldehyde, it also plays
a role in acetaldehyde metabolism. Genetic variants of ALDH1A1 (that result in low
enzyme activity) have been associated with increased alcohol sensitivity in
Caucasians [29]. Therefore, the Aldh1a1−/− mouse line represents a useful animal
model for investigation of the ALDH1A1 enzyme in ethanol toxicities.

22.7

Mouse Models with GSH Deﬁciency

GCLC conditional (Gclc f/f) knockout: The global gene knockout of Gclc results
in embryonic lethality, indicating an essential role of GSH in mouse development
[76]. The Gclcf/f strain was developed and originally characterized by Chen and
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colleagues [77]. The in vivo role of hepatic GSH has been investigated using the
hepatocyte-speciﬁc Gclc knockout (Gclch/h) mice created by intercrossing Gclcf/f
and Alb-Cre mice [77]. Gclch/h mice experience almost complete loss of hepatic
GSH (~5 % of normal) and die from acute liver failure when mitochondrial failure
occurs [77]. Chronic administration of N-acetylcysteine, a treatment that promotes
only a mild increase in liver GSH levels (to 8 % of normal) but partially preserves
mitochondrial function, allows Gclch/h mice to survive to adulthood, albeit with the
serious liver pathologies ﬁbrosis and cirrhosis [78]. These studies demonstrate an
essential role of GSH in normal functioning of the liver. The Gclcf/f mice represent
a unique model that can be used to elucidate cell-speciﬁc functions of GSH in ethanol metabolism and toxicity.
GCLM global knockout: The Gclm–/– strain was developed and originally characterized by Yang and coworkers [79]. Gclm–/– mice are viable and fertile, despite having
only 9–16 % of the normal GSH levels in liver, lung, pancreas, erythrocytes, and
plasma [79]. Except when challenged with oxidant stress [80, 81], Gclm–/– mice
exhibit no overt phenotype, making them a useful model for studying chronic GSH
depletion. Interestingly, these mice show accelerated clearance of ethanol and acetaldehyde and are protected from alcohol-induced steatosis (Chen Y, Vasiliou V et al,
manuscript in preparation). Thus, Gclm–/– mice represent a model wherein signiﬁcant GSH depletion in the liver is associated with beneﬁcial metabolic and stress
responses to ethanol.

22.8

Concluding Remarks

Alcohol use is widespread and related to numerous diseases, including oral,
colorectal, liver, pancreas, aerodigestive, breast, and colon cancers. Ethanol metabolism and resultant oxidative stress are primary pathogenic events mediating
alcohol-induced organ damage and neurobehavioral changes, the molecular details
of which are not yet fully understood. The knockout mouse models for enzymes
metabolizing ethanol (ADH1, CAT, and CYP2E1), acetaldehyde (ALDH2,
ALDH1A1, and ALDH1B1) and enzymes involved in GSH synthesis (GCLC and
GCLM), which we have discussed brieﬂy in this review, represent unique and
highly relevant animal models for alcohol research. Utilization of these models will
deliver valuable information about the fundamental mechanisms underlying ethanol toxicity. Such knowledge should accelerate the development of more effective,
targeted therapies to both prevent and treat health issues associated with excessive
alcohol consumption.
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We investigated the inhibitory eﬀect of three glycyrrhizin derivatives, such as Glycyrrhizin (compound 1), dipotassium
glycyrrhizate (compound 2) and glycyrrhetinic acid (compound 3), on the activity of mammalian pols. Among these derivatives,
compound 3 was the strongest inhibitor of mammalian pols α, β, κ, and λ, which belong to the B, A, Y, and X families of
pols, respectively, whereas compounds 1 and 2 showed moderate inhibition. Among the these derivatives tested, compound 3
displayed strongest suppression of the production of tumor necrosis factor-α (TNF-α) induced by lipopolysaccharide (LPS) in a
cell-culture system using mouse macrophages RAW264.7 and peritoneal macrophages derived from mice. Moreover, compound 3
was found to inhibit the action of nuclear factor-κB (NF-κB) in engineered human embryonic kidney (HEK) 293 cells. In addition,
compound 3 caused greater reduction of 12-O-tetradecanoylphorbol-13-acetate-(TPA-) induced acute inﬂammation in mouse ear
than compounds 1 and 2. In conclusion, this study has identiﬁed compound 3, which is the aglycone of compounds 1 and 2, as a
promising anti-inﬂammatory candidate based on mammalian pol inhibition.

1. Introduction
The human genome encodes at least 15 DNA polymerases
(pols) that conduct cellular DNA synthesis [1, 2]. Eukaryotic
cells contain 3 replicative pols (α, δ, and ε), 1 mitochondrial
pol (γ), and at least 11 nonreplicative pols [β, ζ, η, θ, ι,
κ, λ, μ, ν, terminal deoxynucleotidyl transferase (TdT) and
REV1] [3, 4]. Pols have a highly conserved structure, which
means that their overall catalytic subunits show little variance
among species. Enzymes with conserved structures usually
perform important cellular functions, the maintenance of
which provides evolutionary advantages. On the basis of

sequence homology, eukaryotic pols can be divided into 4
main families, termed A, B, X, and Y [4]. Family A includes
mitochondrial pol γ, as well as pols θ and ν. Family B includes
3 replicative pols (α, δ, and ε) and pol ζ. Family X comprises
pols β, λ, and μ, as well as TdT, and lastly, family Y includes
pols η, ι, and κ, in addition to REV1.
We have been screening for selective inhibitors of each
pol derived from natural products, in particular from
traditional medical plants, food materials and food additives, for more than 15 years [5, 6]. Licorice (fabaceae
and glycyrrhiza), a well-known herb plant with biological
properties, has been widely used in food additives (sweetener
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2
and ﬂavoring agent), nutraceuticals (liver protection), and
the treatment of various inﬂammatory diseases since ancient
times [7]. Licorice root has been used since ancient Egyptian,
Greek, and Roman times in the West, and since the Former
Han era (the 2nd-3rd century B.C.) in ancient China in the
East. In traditional Chinese medicine, licorice is one of the
most frequently used drugs. There are many reports about
its pharmacological actions and physiological functions, such
as detoxiﬁcation, induction of decreased blood glucose, and
antitumor, anti-inﬂammatory, hypocholesterolemic, antiestrogen, antihistamine, antiallergic hepatitis, antileukemia,
anticancer, and antibiotic-like eﬀects [8].
The seed stock of licorice (Glycyrrhiza glabra L.) has
6 varieties, and licorice production is widely distributed
over the Eurasian continent, South Europe, Central Asia,
China and Russia. In particular, G. inﬂata, G. uralensis,
and G. glabra are utilized in the production of sweeteners,
cosmetics, and medicines. The major constituents of licorice
root are triterpenoid saponins, such as glycyrrhizin (3–8%).
Glycyrrhizin (glycyrrhizic acid and glycyrrhizinic acid) is
a sweet-tasting compound, and is 30–50 times as sweet
as sucrose. Glycyrrhizin (compound 1) consists of one
molecule of glycyrrhetinic acid (compound 3) and two
molecules of glucuronic acid (Figure 1), and it is converted
to these constituents by acidic hydrolysis [9].
In our studies of pol inhibitors, we have found that
pol λ-selective inhibitors, such as curcumin derivatives
[10–12], have anti-inﬂammatory activity against 12-Otetradecanoylphorbol-13-acetate-(TPA-) induced inﬂammation [13–15]. Although tumor promoters, such as TPA, are
classiﬁed as compounds that promote tumor formation [16],
they also cause inﬂammation and are commonly used as
artiﬁcial inducers of inﬂammation in order to screen for
anti-inﬂammatory agents [17]. Tumor promoter-induced
inﬂammation can be distinguished from acute inﬂammation, which is exudative and accompanied by ﬁbroblast
proliferation and granulation. The tumor promoter TPA is
frequently used to search for new types of anti-inﬂammatory
compound. TPA not only causes inﬂammation, but also
inﬂuences mammalian cell growth [18], suggesting that the
molecular basis of the inﬂammation stems from pol reactions
related to cell proliferation. This relationship, however, needs
to be investigated more closely.
In this study, we have investigated the inhibitory eﬀects of
glycyrrhizin (compound 1) and its derivatives, including the
potassium salt of compound 1 (dipotassium glycyrrhizate
and compound 2) and glycyrrhetinic acid (compound 3)
(Figure 1), on mammalian pol activity and inﬂammatory
responses both in vitro and in vivo. In particular, we
demonstrate that these compounds exert inhibitory eﬀects
against TNF-α production and NF-κB activation in cell
culture models of inﬂammatory response. The relationship
between the inhibition of pols and the anti-inﬂammatory
action of the glycyrrhizin derivatives is discussed.

2. Materials and Methods
2.1. Materials. Glycyrrhizin (3-O-(2-O-β-D-glucopyranuronosyl-α-D-glucopyranuronosyl)-18β-glycyrrhetinic acid,
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compound 1), dipotassium glycyrrhizate (compound 2)
and glycyrrhetinic acid (compound 3) were obtained from
Maruzen Pharmaceuticals Co., Ltd. (Onomichi, Hiroshima,
Japan), and each compound was puriﬁed to special grade
purity. These structures are shown in Figure 1. Chemically synthesized DNA templates, such as poly(dA), was
purchased from GE Healthcare Bio-Sciences (Little Chalfont, UK). Radioisotope-labeled nucleotides, such as [3 H]deoxythymidine 5 -triphosphate (dTTP) (43 Ci/mmol), was
purchased from MP Biomedicals, LLC (Tokyo, Japan). The
oligo(dT)18 DNA primer was customized by Sigma-Aldrich
Japan K.K. (Hokkaido, Japan). Lipopolysaccharide (LPS) and
TPA were purchased from Sigma-Aldrich. All other reagents
were of analytical grade and were purchased from Nacalai
Tesque Inc. (Kyoto, Japan).
2.2. Mammalian Pol Assays. Pol α was puriﬁed from calf thymus by immunoaﬃnity column chromatography as described by Tamai et al. [19]. The human pol γ catalytic
gene was cloned into pFastBac (Invitrogen Japan K.K., Tokyo
Japan). Histidine-tagged enzyme was expressed using the
BAC-TO-BAC HT Baculovirus Expression System according
to the supplier’s manual (Life Technologies, MD) and
puriﬁed using ProBound resin (Invitrogen Japan K.K.) [20].
A truncated form of pol κ (residues 1–560) with a 6xHis tag
attached at the C-terminus was overproduced in E. coli and
puriﬁed as described previously [21]. Recombinant human
His-pol λ was overexpressed and puriﬁed according to a
method described previously [22].
The reaction mixture for calf pol α was described previously [23, 24]. The reaction mixture for human pol γ was
previously described by Umeda et al. [20]. The reaction mixtures for mammalian pols κ and λ were the same as that for
calf pol α. The components of the pol assay were poly(dA)/oligo(dT)18 (A/T = 2/1) and dTTP as the DNA
template-primer and 2 -deoxynucleoside 5 -triphosphate
(dNTP) substrate, respectively. The glycyrrhizin derivatives
(i.e., compounds 1–3) were dissolved in distilled dimethyl
sulfoxide (DMSO) at various concentrations and sonicated
for 30 sec. The sonicated samples (4 μL) were mixed with
16 μL of each enzyme (ﬁnal amount, 0.05 units) in 50 mM
Tris-HCl (pH 7.5) containing 1 mM dithiothreitol, 50%
glycerol, and 0.1 mM EDTA, and kept at 0◦ C for 10 min.
These inhibitor enzyme mixtures (8 μL) were added to 16 μL
of each of standard enzyme reaction mixture (50 mM TrisHCl [pH 7.5], 1 mM dithiothreitol, 1 mM MgCl2 , 15%
glycerol, 10 μM poly(dA)/oligo(dT)18 , and 10 μM [3 H]dTTP), and incubation was carried out at 37◦ C for 60 min.
Activity in the absence of inhibitor was considered to be
100%, and the activity remaining at each concentration of
inhibitor was determined relative to this value. One unit
of pol activity was deﬁned as the amount of enzyme that
catalyzed the incorporation of 1 nmol dNTP (dTTP) into
the synthetic DNA template-primer (poly(dA)/oligo(dT)18 ,
A/T = 2/1) in 60 min at 37◦ C under normal reaction conditions for each enzyme (scintillation counts: approximately
1 pmol of incorporated radioactive nucleotide = 100 cpm)
[23, 24].
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Figure 1: Structure of the glycyrrhizin derivatives. (a) Glycyrrhizin (3-O-(2-O-β-D-glucopyranuronosyl-α-D-glucopyranuronosyl)-18βglycyrrhetinic acid; compound 1: R1 and R2 = H) and dipotassium glycyrrhizate (compound 2: R1 and R2 = K+ ). (b) Glycyrrhetinic acid
(compound 3).

2.3. Animal Experiments. All animal studies were performed
according to the guidelines outlined in the “Care and Use of
Laboratory Animals” of Kobe University. The animals were
anesthetized with pentobarbital before undergoing cervical
dislocation. Female 8-week-old C57BL/6 mice that had been
bred in-house with free access to food and water were used
for all experiments. All of the mice were maintained under a
12-h light/dark cycle and housed at a room temperature of
25◦ C.
2.4. Cell Culture. A mouse macrophage cell line, RAW264.7,
was obtained from American Type Culture Collection
(ATCC) (Manassas, Va, USA). The cells were cultured in
Eagle’s Minimum Essential Medium (MEM) supplemented
with 4.5 g of glucose per liter plus 10% fetal calf serum,
5 mM L-glutamine, 50 units/mL penicillin and 50 units/mL
streptomycin. HEK-Blue hTLR4 cells were purchased from
InvivoGen (San Diego, Calif, USA), and were maintained
in complete Dulbecco minimal essential medium with
selective antibiotics, in accordance with the manufacturer’s
instructions (InvivoGen). The cells were cultured at 37◦ C in
standard medium in a humidiﬁed atmosphere of 5% CO2 –
95% air.

2.5. Preparation of Peritoneal Macrophages. Female C57BL/6
mice were injected intraperitoneally with phosphate-buﬀered saline (PBS), and the peritoneal cavity of the mice was
washed with PBS. The PBS was collected, and peritoneal macrophages were separated from the PBS by centrifugation at
1,500 ×g for 10 min.
2.6. Measurement of Cytotoxicity on a Cell-Culture Medium.
Approximately 1 × 104 cells per well were inoculated into
96-well microplates, and then compounds 1–3 were diluted
to various concentrations and applied to each well. After
incubation for 24 h, the survival rate of RAW264· 7 cells
was determined by MTT (3-[4,5-dimethylthiazol-2-yl]-2,5diphenyltetrazolium bromide) assay [25].
2.7. Measurement of TNF-α in a Cell-Culture Medium.
RAW264· 7 cells or peritoneal macrophages were placed in
a 12-well plate at 5 × 104 cells/well and incubated for 24 h.
The cells were pretreated with various concentrations of
compounds 1–3 for 30 min before the addition of 100 ng/mL
LPS. After stimulation with LPS for 24 h, the cell culture
medium was collected to measure the amount of TNF-α
AR-000679
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2.8. Measurement of the Nuclear Translocation of NF-κB in
HEK293 Cells. HEK-Blue hTLR4 cells are engineered human
embryonic kidney (HEK) 293 cells that stably coexpress
human Toll-like receptor 4 (TLR4) and an NF-κB-inducible
secreted embryonic alkaline phosphatase (SEAP) reporter
gene. These cells were placed in a 96-well plate at 1 ×
104 cells/well and incubated for 24 h. The cells were preincubated with various concentrations of compounds 1–
3 for 30 min before the addition of 1 ng/mL LPS. After
stimulation with LPS for 24 h, NF-κB-induced SEAP activity
was assessed by using QUANTI-Blue (a medium used for
the detection and quantiﬁcation of SEAP; InvivoGen) and by
reading the absorbance at 650 nm by means of an ELISA plate
reader.
2.9. TPA-Induced Anti-Inﬂammatory Assay in Mouse. The
mouse inﬂammatory test was performed according to
Gschwendt’s method [26]. In brief, an acetone solution of
compounds 1–3 (250 or 500 μg in 20 μL) or 20 μL of acetone
as a vehicle control was applied to the inner part of the mouse
ear. Thirty minutes after the test compound was applied, a
TPA solution (0.5 μg/20 μL of acetone) was applied to the
same part of the ear. To the other ear of the same mouse,
methanol, followed by TPA solution, was applied as a control.
After 7 h, a disk (6 mm diameter) was obtained from each
ear and weighed. The inhibitory eﬀect (IE) is presented as a
ratio of the increase in weight of the ear disks: IE: {[(TPA
only) − (tested compound plus TPA)]/[(TPA only) –
(vehicle)] × 100}.

3. Results
3.1. Eﬀect of Glycyrrhizin Derivatives (Compounds 1–3) on
Mammalian Pol Activity. Initially, we investigated the in vitro
biochemical action of glycyrrhizin (compound 1) and its
derivatives (compounds 2 and 3). The inhibition of four
mammalian pols, namely, calf pol α, human pol γ, human
pol κ, and human pol λ, by each compound at 20 and
100 μM was investigated. Pols α, γ, κ, and λ were used
as representatives of the B, A, Y, and X families of pols,
respectively [1–3]. As shown in Figure 2, at 100 μM these
compounds inhibited the activity of all mammalian pols
tested, because the relative pol activity was less than 50% after
incubation with these compounds. At 20 μM, compound 3
also inhibited the activity of these pols, whereas compounds
1 and 2 had no eﬀect; therefore, the inhibitory eﬀect of
these compounds on mammalian pols was ranked as follows:
compound 3 > compound 1 = compound 2. Compound 3
showed almost the same strength of inhibition among the
four mammalian pols tested; that is, the concentration of
compound 3 giving 50% inhibition of pols α, γ, κ, and λ was
16.1, 19.3, 15.8, and 13.7 μM, respectively. When activated

Compound 1
100 μM

secreted. The concentration of TNF-α in the culture medium
was quantiﬁed by using a commercially available enzymelinked immunosorbent assay (ELISA) development system
(Bay Bioscience Co., Ltd., Kobe, Japan) in accordance with
the manufacturer’s protocol.
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Figure 2: Inhibitory eﬀects of glycyrrhizin derivatives (compounds
1–3) on the activity of mammalian pols. Each compound (20 and
100 μM) was incubated with calf pol α (B-family pol), human pol
γ (A-family pol), human pol κ (Y-family pol), and human pol λ
(X-family pol) (0.05 units each). Pol activity in the absence of the
compound was taken as 100%, and the relative activity is shown.
Data are shown as the mean ± SE (n = 4).

DNA (i.e., bovine deoxyribonuclease I-treated DNA) and
dNTP were used as the DNA template-primer and nucleotide
substrate instead of synthesized DNA [poly(dA)/oligo(dT)18
(A/T = 2/1)] and dTTP, respectively, the inhibitory eﬀects of
these compounds did not change (data not shown).
3.2. Inhibitory Eﬀect of Glycyrrhizin Derivatives (Compounds
1–3) on LPS-Induced Inﬂammatory Responses in Cultured
Cells. Next, we investigated whether the three glycyrrhizin
derivatives could inhibit both the reduction of TNF-α
production and the nuclear translocation of NF-κB caused by
LPS stimulation in cultured cells. The inﬂammatory cytokine
TNF-α activates the NF-κB signaling pathway by binding
to the TNF-α receptor (TNFR) and thereby initiates an
inﬂammatory response, resulting in various inﬂammatory
diseases [27]. In cultured macrophage RAW264.7 cells, no
compound showed cytotoxicity at 25 to 250 μM (Figure 3);
therefore, the LD50 values of compounds 1–3 were >250 μM.
These compounds also had no eﬀect on the cell proliferation
of peritoneal macrophages (data not shown). As shown in
Figure 4(a), RAW264.7 cells produced 693 pg/mL of TNFα after LPS treatment. Compounds 1–3 slightly suppressed
this LPS-stimulated production of TNF-α, showing dosedependent inhibition at 100 and 200 μM. The suppression of
TNF-α production by compound 3 was stronger than that by
compounds 1 and 2. Figure 4(b) shows the dose-dependent
suppression of LPS-evoked TNF-α production in peritoneal
AR-000680
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macrophages derived from mice by the glycyrrhizin derivatives. The inhibitory eﬀect of compounds 1–3 showed
almost the same tendency in peritoneal macrophages as in
the macrophage cell line RAW264.7 although compound
3 signiﬁcantly suppressed the production of TNF-α in
peritoneal macrophages. From these results, the strength of
the inhibitory eﬀect of these compounds can be ranked as
follows: compound 3 > compound 1 = compound 2.
NF-κB is known to be the rate-controlling factor
in inﬂammatory responses. We, therefore, examined the
inhibitory eﬀect of compounds 1–3 on the LPS-induced
nuclear translocation of NF-κB in RAW264.7 cells (Figure 5).
In this experiment, we used HEK-Blue hTLR4 cells, which
are HEK293 cells that have been engineered to report
TLR4-linked NF-κB activation. In brief, this cell line is
transfected with TLR4 and an NF-κB-inducible alkaline
phosphatase reporter gene system. On interaction with the
appropriate ligand, TLR4 transduces a signal that results in
NF-κB activation. In this assay system, the amount of NFκB undergoing nuclear translocation in the cells after LPS
stimulation was signiﬁcantly reduced by compound 3 at
100 and 200 μM. By contrast, compounds 1 and 2 had no
eﬀect on the LPS-stimulated nuclear translocation of NFκB; thus, the ranking was compound 3  compound 1
= compound 2. These results demonstrate that compound
3 can strongly suppress the nuclear translocation of NFκB by inhibiting the production of TNF-α. The eﬀects
of glycyrrhizin derivatives on the molecular mechanism
underlying inﬂammatory responses will be addressed in
future studies.
3.3. Eﬀect of Glycyrrhizin Derivatives (Compounds 1–3)
on TPA-Induced Anti-Inﬂammatory Activity. In a previous
study of pol inhibitors, we found that there is a relationship
between pol λ inhibitors and TPA-induced acute antiinﬂammatory activity [6, 13, 14]. Thus, using the mouse
ear inﬂammatory test, we examined the anti-inﬂammatory
activity of the glycyrrhizin derivatives. Application of TPA
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Figure 3: Eﬀect of glycyrrhizin derivatives (compounds 1–3)
on the proliferation of the mouse macrophage RAW264.7 cell
growth. The cells were added the indicated concentrations of each
compound and incubated for 24 h, and the rate of cultured cell
growth inhibition was determined by MTT assay [25]. Cell growth
inhibition of the cells in the absence of the compound was taken as
100%. Data are shown as the mean ± SE (n = 5).
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Figure 4: Inhibitory eﬀects of glycyrrhizin derivatives (compounds
1–3) on LPS-induced production of TNF-α in mouse macrophages.
(a) The mouse macrophage cell line RAW264.7 was pretreated
with the indicated concentrations of the glycyrrhizin derivatives
for 30 min, and then treated with 100 ng/mL LPS for 24 h. (b)
Peritoneal macrophages derived from mice were pretreated with the
indicated concentrations of each compound for 30 min, and then
with 100 ng/mL LPS for 24 h. The TNF-α concentration in the cell
medium was measured by ELISA. Data are shown as the mean ± SE
(n = 5).

(0.5 μg) to the mouse ear induced edema, resulting in a 241%
increase in the weight of the ear disk 7 h after application.
As shown in Figure 6, pretreatment with compounds 1–3
dose-dependently suppressed inﬂammation, and the eﬀect
of these compounds was ranked as follows: compound
3 > compound 1 = compound 2. Thus, these in vivo data
from the mouse ear study showed almost the same trend as
the LPS-induced inﬂammatory response data from cultured
cells (Figure 5). Furthermore, the anti-inﬂammatory eﬀect
of these compounds showed the same tendency as their
inhibitory eﬀect on mammalian pols including pol λ, which
was strongly inhibited by compound 3 (Figure 2). These
results suggest that inhibition of pol λ inhibitory activity
has a positive correlation with the anti-inﬂammatory activity
observed.

4. Discussion
We have shown here that glycyrrhetinic acid (compound 3)
was the strongest inhibitor of mammalian pols α, γ, κ, and λ
(Figure 2), and this compound prevented the inﬂammatory
response among the three glycyrrhizin derivatives (compounds 1–3) tested (Figures 4 to 6). Compound 3 is the aglyAR-000681
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Figure 5: Inhibitory eﬀects of glycyrrhizin derivatives (compounds
1–3) on nuclear translocation of NF-κB in engineered HEK293
cells. HEK-Blue hTLR4 cells were pretreated for 30 min with the
indicated concentrations of the glycyrrhizin derivatives and then
treated with 1 ng/mL LPS for 24 h. NF-κB-induced SEAP activity
was assessed by using QUANTI-Blue and by reading the absorbance
at 650 nm via an ELISA plate reader. Data are shown as the mean ±
SE (n = 5).

cone of compound 1, and the pentacyclic triterpenoid structure must be important for the inhibitory activity shown by
these compounds. Glycyrrhizin (compounds 1) and dipotassium glycyrrhizate (compound 2), which is the dipotassium
salt of compound 1, are triterpenoid saponin glycosides, and
they both have two molecules of glucuronic acid (Figure 1).
Compound 2 is a major sweet-tasting food additive, and it is
5-fold sweeter than compound 1 [7]. The inhibitory eﬀect
of compound 1 on pol activity and inﬂammation showed
the same tendency as that of compound 2; therefore, the salt
form had no eﬀect on the inhibitory activities of glycyrrhizin.
Eukaryotic cells reportedly contain 15 pol species belonging to four families: namely, family A (pols γ, θ, and ν),
family B (pols α, δ, ε, and ζ), family X (pols β, λ, and
μ and TdT) and family Y (pols η, ι, and κ and REV1)
[3, 4]. As reported previously, the phenolic compound
curcumin, which is a known anti-inﬂammatory agent, is
a pol λ-speciﬁc inhibitor [6, 13, 14]. Intriguingly, on the
basis of compound 3, the principle molecular target of the
glycyrrhizin derivatives is also pol λ. Among the X family of
pols, pol λ has an unclear biochemical function, although it
seems to work in a similar way to pol β [28]. Pol β is involved
in the short-patch base excision repair (BER) pathway [29–
32], as well as playing an essential role in neural development
[33]. Recently, pol λ was found to possess 5 -deoxyribose-5phosphate (dRP) lyase activity, but no apurinic/apyrimidinic
(AP) lyase activity [34]. Pol λ is able to substitute for pol β
during in vitro BER, suggesting that pol λ also participates in
BER. Northern blot analysis indicated that transcripts of pol
β are abundantly expressed in the testis, thymus, and brain
in rats [35], whereas pol λ is eﬃciently transcribed mostly in
the testis [36]. Bertocci et al. reported that mice in which pol
λ expression is knocked out are not only viable and fertile,
but also display a normal hypermutation pattern [37].
As well as causing inﬂammation, TPA inﬂuences cell proliferation and has physiological eﬀects on cells owing to
its tumor-promoting activity [18]. Therefore, anti-inﬂammatory agents are expected to suppress DNA replication/repair/recombination in nuclei in relation to the action

Compound 3
0

10

20
30
40
50
Anti-inﬂammatory eﬀect (%)

60

250 μg/ear
500 μg/ear

Figure 6: Anti-inﬂammatory activity of glycyrrhizin derivatives
toward TPA-induced edema on mouse ear. Each compound (250 μg,
gray bar; and 500 μg, black bar) was applied individually to one ear
of a mouse, and after 30 min TPA (0.5 μg) was applied to both ears.
Edema was evaluated after 7 h. The inhibitory eﬀect is expressed as
a percentage of edema. Data are shown as the means ± SE (n = 6).

of TPA. Because pol λ is a repair/recombination-related
pol [28], our ﬁnding—that pol λ is the molecular target
of glycyrrhizin derivatives—is in good agreement with this
expected mechanism of anti-inﬂammatory agents. As a
result, any pol λ inhibitor might also be an inhibitor of
inﬂammation.
Compound 1 has been reported to possess various
pharmacological properties such as anti-inﬂammatory activity [38], inhibition of prostaglandin E2 production in rat
macrophages [39], antiallergic activity [40], antiviral activity
[41, 42], and induction of interferon-γ [43]. In Japan, a
preparation of compound 1, Stronger-Neo Minophagen C,
has been used extensively to treat chronic hepatitis for more
than 30 years. Compound 3 is also known to have wide
pharmacological eﬀects such as anti-inﬂammatory [44, 45],
antitumor [46], and antihepatotoxic [47] activities, and inhibition of the growth of mouse melanoma [48]. In 1989, it
was reported that compound 3 strongly inhibits renal 11βhydroxysteroid dehydrogenase in rat [49]; this inhibition has
been regarded as a cause of the pseudoaldosteronism that is
occasionally induced by the administration of a compound
3 preparation or Carbenoxolone. However, the mechanisms
underlying the therapeutic eﬀects of the glycyrrhizin derivatives remain unknown.
In this study, therefore, we investigated the inhibitory
eﬀect of the glycyrrhizin derivatives on mammalian pols,
which are responsible for DNA replication leading to cell
proliferation and DNA repair/recombination, as well as the
relationship between the degree of the suppression of LPSevoked TNF-α production and anti-inﬂammatory activity.
The molecular mechanism that links the LPS-induced in
ﬂammatory response and anti-inﬂammatory activity in the
model of TPA-induced ear edema is unknown. Because
activated NF-κB has been observed in a model of TPAinduced ear edema [50], the anti-inﬂammatory eﬀects
of compound 3 may be, at least in part, dependent on
AR-000682
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the inhibition of NF-κB activation. Our study indicates
that compound 3 is useful as an NF-κB inhibitor and may
be a potent chemopreventive agent against inﬂammation.
As a result, we found a positive correlation between the
pol inhibitory activity and anti-inﬂammatory activity of
compound 3. The relationship between these activities,
namely, pol λ inhibition and anti-inﬂammatory action, may
be useful as a new and convenient in vitro assay to screen for
novel anti-inﬂammatory compounds.

5. Conclusions
Our study is the ﬁrst to demonstrate that glycyrrhetinic acid
(compound 3), which is the aglycone of glycyrrhizin (compounds 1), potently inhibited the activity of mammalian
pols including pol λ. Compound 3 also reduced TNF-α
production and NF-κB activation and suppressed mouse ear
inﬂammation stimulated by TPA. Thus, compound 3 could
be an anti-inﬂammatory agent based on pol λ inhibition.
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Abstract Glycyrrhizin (GL), a triterpenoid saponin fraction of
licorice, is reported to have anti-viral and anti-tumor activities
and is metabolized to 18L
L-glycyrrhetinic acid (GA) in the
intestine by intestinal bacteria. However, the mechanism underlying its effects is poorly understood. To further elucidate the
mechanism of GA, the aglycone of GL, we investigated the
effects of GA on the release of nitric oxide (NO) and at the level
of inducible NO synthase (iNOS) gene expression in mouse
macrophages. We found that GA elicited a dose-dependent
increase in NO production and in the level of iNOS mRNA.
Since iNOS transcription has been shown to be under the control
of the transcription factor nuclear factor UB (NF-U
UB), the effects
of GA on NF-U
UB activation were examined. Transient expression assays with NF-U
UB binding sites linked to the luciferase
gene revealed that the increased level of iNOS mRNA, induced
by GA, was mediated by the NF-U
UB transcription factor
complex. By using DNA fragments containing the NF-U
UB
binding sequence, GA was shown to activate the protein/
DNA binding of NF-U
UB to its cognate site, as measured by
electrophoretic mobility shift assay. These results demonstrate that GA stimulates NO production and is able to upregulate iNOS expression through NF-U
UB transactivation in
macrophages. ß 2002 Federation of European Biochemical
Societies. Published by Elsevier Science B.V. All rights reserved.
Key words: 18L-Glycyrrhetinic acid; Macrophage; Inducible
nitric oxide synthase; Nuclear factor UB
1. Introduction
In immunocompetent hosts, the innate and adaptive arms
of the immune system are relatively e¤cient at containing and
killing microbial pathogens. Nitric oxide (NO) is a radical
messenger molecule produced by the enzyme NO synthase
(NOS) [1]. Three NOS isoforms have been characterized:
the constitutively expressed neuronal NOS, endothelial NOS,
and the inducible isoform of NOS (iNOS). iNOS expression is
signi¢cantly induced by lipopolysaccharide (LPS) or cytokines
in a variety of immune cells, including macrophages [1].
Moreover, NO has been identi¢ed as the major e¡ector molecule involved in the destruction of microorganisms and tumor cells by activated macrophages during the non-speci¢c
host defense of the immune system [2^5]. In contrast, with
these host protective actions, NO has also been implicated

*Corresponding author. Fax: (82)-62-230 6639.
E-mail address: hgjeong@mail.chosun.ac.kr (H.G. Jeong).

as a mediator of tissue injury. As a host defense molecule,
NO also inhibits the proliferation of viruses, such as ectromelia virus, coxsackie virus B3, cytomegaloviruses, and hepatitis
B virus [5^10]. In macrophages, nuclear factor UB (NF-UB) in
cooperation with other transcription factors has been found
to coordinate the expression of genes encoding iNOS. Moreover, NF-UB plays a critical role in the activation of immune
cells by up-regulating the expression of many cytokines essential for the immune response [11].
Licorice (Glycyrrhizza glabra L.) and its main water-soluble
constituent glycyrrhizin (GL), a pentacyclic triterpene derivative of the L-amyrin type (oleanane), have been widely used as
an antidote, demulcent and as a folk medicine for generations
in Asia and Europe, and it is currently used as a £avoring and
sweetening agent in food products. After oral administration
or intravenous injection, GL has been shown to be hydrolyzed
by the glucuronidase in intestinal bacteria to its active principle aglycone, 18L-glycyrrhetinic acid (GA), which is then absorbed into the blood [12]. GL and GA have been shown to
possess several bene¢cial pharmacological activities, which include an anti-ulcerative e¡ect, anti-in£ammatory activity, interferon (IFN)-Q induction, and anti-hepatotoxicity e¡ect [13^
15]. Moreover, GL has also been described as an anti-viral
agent [16^18], and to have anti-tumor activity [19,20]. GL is
extensively used in Japan and is being examined in Europe in
patients with active and chronic hepatitis [21,22]. However,
the details of its mechanism remain unclear.
It is well known that the inducible production of NO by
macrophages inhibits the growth of many pathogens, including bacteria, fungi, viruses, and parasites. Thus, it is possible
that GA-derived NO production may mediate the anti-viral
and anti-tumor activities of GA. To test this hypothesis, we
investigated the e¡ects of GA on NO production and the
molecular mechanisms underlying this e¡ect.
2. Materials and methods
2.1. Chemicals
Chemicals and cell culture materials were obtained from the following sources: GA, Escherichia coli 0111:B4 LPS and polymyxin B sulfate from Sigma Co.; BAY 11-7082 from Biomol; MTT-based colorimetric assay kit from Roche Co.; LipofectAMINE Plus, RPMI 1640,
fetal bovine serum, and penicillin^streptomycin solution from Life
Technologies, Inc.; pGL3-4UB-Luc and the luciferase assay system
from Promega; pCMV-L-gal from Clontech; and AmpliTaq0 DNA
polymerase from Perkin Elmer. Other chemicals were of the highest
commercial grade available.
2.2. Animals
Speci¢c pathogen-free BALB/C mice (female, 5^7 weeks old) were
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obtained from KRIBB (South Korea). Animals were housed under
normal laboratory conditions, i.e. at 21^24³C and 40^60% relative
humidity under a 12 h light/dark cycle with free access to standard
rodent food and water.
2.3. Preparation of peritoneal macrophages and cell cultures
Peritoneal macrophages were isolated from mice and cultured as
described previously [23]. RAW 264.7 cells, a mouse macrophage
cell line, were obtained from the American Type Culture Collection
(Bethesda, MD, USA), and grown in RPMI 1640 supplemented with
10% fetal bovine serum, 2 mM L-glutamine, 100 U/ml penicillin, and
100 Wg/ml streptomycin at 37³C in a 5% CO2 humidi¢ed incubator.
GA was dissolved in dimethylsulfoxide and added directly to the
culture media. Control cells were treated only with solvents, the ¢nal
concentration of which never exceeded 0.1%, and this concentration
did not show any e¡ect on the assay systems.
2.4. Cell viability
Cell viability was assessed using a MTT-based colorimetric assay kit
(Roche Co.), according to the manufacturer's instructions.
2.5. Nitrite assay
Peritoneal macrophages (2U105 cells/ml) or RAW 264.7 cells
(5U105 cells/ml) were cultured in 48-well plates. After incubating
for 24 h, NO synthesis was determined by assaying the culture supernatants for nitrite, the stable reaction product of NO with molecular
oxygen, using Griess reagent as described previously [23].
2.6. Endotoxin assay
An E-Toxate test (Limulus amebocyte lysate; Sigma Chemical Co.)
was used to assay GA for the presence of Gram-negative bacterial
endotoxin (LPS), according to the manufacturer's instructions.
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2.10. Statistical analysis
All experiments were repeated at least three times. Student's t-test
was used to assess the statistical signi¢cance of di¡erences. A con¢dence level of 6 0.01 was considered signi¢cant.

3. Results and discussion
As a host defense molecule, the inducible production of NO
by macrophages appears to be important in the elimination of
viruses and tumors [2^10]. Moreover, since GL is known to
have anti-viral and anti-tumor activity [16^20], we investigated the e¡ects of GA on the NO production and its e¡ects
on the level of iNOS gene expression in mouse macrophages.
Our results demonstrate that GA stimulates NO production
and is able to up-regulate iNOS expression through NF-UB
transactivation. GA-induced NO production was assessed
after incubating for 24 h using the Griess reaction. The basal
level of NO in medium from untreated peritoneal macrophages was found to be less than 2 WM (Fig. 1). However,
upon GA stimulation, NO release by peritoneal macrophages
increased in a dose-dependent manner in the range 1^20 WM,
and showed a cytotoxic action upon macrophages at concentrations exceeding 30 WM (Fig. 1). The potent macrophage
activator LPS (0.5 Wg/ml), when used as immunostimulator,
increased NO production compared to the control. Consistent

2.7. RNA preparation and iNOS mRNA analysis by reverse
transcription-polymerase chain reaction (RT-PCR)
RAW 264.7 cells were cultured with GA at a density of 1U106 cells/
ml for 6 h. Total cellular RNA was isolated by the acidic phenol
extraction procedure of Chomczynski and Sacchi [24]. cDNA synthesis, semiquantitative RT-PCR for iNOS and L-actin mRNA, and the
analysis of results were performed as described previously [23]. cDNA
was synthesized from 2 Wg of total RNA using an Omniscript RTPCR kit as instructed. A cycle number was used that fell within the
exponential range of response for iNOS (754 bp, 35 cycles) and
L-actin (153 bp, 17 cycles). PCR reactions were electrophoresed
through a 2.5% agarose gel and visualized by ethidium bromide staining and UV irradiation. Gel images were captured on a Gel Doc
Image Analysis System (Kodak) and the yield of PCR products was
normalized to L-actin after quantitative estimation using NIH Image
software (Bethesda, MD, USA). The relative expression levels were
arbitrarily set at 1.0 in the control group.
2.8. Transfection and luciferase and L-galactosidase assays
RAW 264.7 cells (5U105 cells/ml) were plated in each well of a
12-well plate, and 12 h later transiently co-transfected with the plasmids pGL3-4UB-Luc and pCMV-L-gal, using LipofectAMINE Plus
according to the manufacturer's protocol. Brie£y, the transfection
mixture containing 0.5 Wg of pGL3-4UB-Luc and 0.2 Wg of pCMVL-gal was mixed with the LipofectAMINE Plus reagent and added to
cells. After 18 h, the cells were treated with GA or LPS for 12 h, and
then lysed. Luciferase and L-galactosidase activities were determined
as described previously [23]. Luciferase activity was normalized using
L-galactosidase activity and was expressed relative to the activity of
the control.
2.9. Electrophoretic mobility shift assay
Nuclear extracts were prepared as previously described [25]. Two
double-stranded deoxyoligonucleotides containing the NF-UB binding
site (5P-GGGGACTTTCC-3P) [11] were end-labeled with [Q-32 P]dATP.
Nuclear extracts (5 Wg) were incubated with 2 Wg of poly(dI-dC) and
the 32 P-labeled DNA probe in binding bu¡er (100 mM NaCl, 30 mM
HEPES, 1.5 mM MgCl2 , 0.3 mM EDTA, 10% glycerol, 1 mM dithiothreitol, 1 mM phenylmethylsulfonyl £uoride, 1 Wg/ml each of aprotinin and leupeptin) for 10 min on ice. DNA was separated from the
free probe using a 4.8% polyacrylamide gel in 0.5UTBE bu¡er (44.5
mM Tris, 44.5 mM boric acid, and 1 mM EDTA). Following electrophoresis, the gel was dried and subjected to autoradiography.

Fig. 1. E¡ects of GA on NO production. Murine peritoneal macrophages (2U105 cells/ml) or RAW 264.7 cells (5U105 cells/ml) were
cultured for 24 h in the presence of media alone, with the indicated
concentrations of GA. NO production was determined by measuring
the accumulation of nitrite in the culture medium. Cell viability was
assessed by MTT assay. Each bar shows the mean þ S.D. of three
independent experiments, performed in triplicate. *P 6 0.01, signi¢cantly di¡erent from the control.
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Fig. 3. E¡ects of GA on NF-UB-dependent luciferase gene expression. RAW 264.7 cells (5U105 cells/ml) were transiently co-transfected with pGL3-4UB-Luc and pCMV-L-gal. After 18 h, cells were
treated with the indicated concentrations of GA or LPS (0.5 Wg/ml)
for 12 h. Cells were then harvested, and their luciferase and L-galactosidase activities determined. Luciferase activities are expressed relative to the control. Each bar shows the mean þ S.D. of three independent experiments, performed in triplicate. *P 6 0.01, signi¢cantly
di¡erent from the control.

Fig. 2. E¡ects of GA on iNOS mRNA expression. RAW 264.7 cells
(1U106 cells/ml) were cultured for 6 h in the presence of media
alone, with the indicated concentrations of GA, or with LPS (0.5
Wg/ml). Cells were lysed and total RNA was prepared for the RTPCR analysis of gene expression. PCR ampli¢cation of the housekeeping gene, L-actin, was performed for each sample. The PCR
ampli¢cation products were electrophoresed in 2.5% agarose gel and
stained with ethidium bromide. One of three representative experiments is shown. The ratio of the RT-PCR products of iNOS to
L-actin was calculated. Induction-fold represents the mean þ S.D. of
three separate experiments. *P 6 0.01, signi¢cantly di¡erent from
the control.

with these ¢ndings, GA also induced NO generation in a
dose-dependent manner in RAW 264.7 cells (Fig. 1). Based
on these results, and the relationship between NO and the
anti-viral and anti-tumor functions of macrophages, we suggest that these e¡ects of GA might be mediated in part
through the activation of NO production.
Previous studies have shown that although GL alone did
not induce NO from resting or unstimulated macrophages,
NO production was enhanced in IFN-Q- or LPS-activated
macrophages isolated from GL-treated mice [20,26], which
suggested that GL has di¤culty inducing NO production in
the absence of some other stimulation. This may be because
Table 1
E¡ects of polymyxin B on NO secretion by GA and LPS
Treatmenta
Control
GA
GA+polymyxin B
LPS
LPS+polymyxin B

Nitrite (WM)b
1.98 þ 0.23* **
19.62 þ 2.23*
20.24 þ 2.27*
42.38 þ 6.31**
8.43 þ 0.93* **

a
RAW 264.7 cells (5U105 cells/ml) cultured with GA (10 WM)
or LPS (0.5 Wg/ml), in the presence or absence of polymyxin B
(10 Wg/ml).
b
Supernatants were harvested after being cultured for 24 h and assayed for NO. Values are the means þ S.D. of three individual experiments, performed in triplicate.
*P 6 0.01, signi¢cantly di¡erent from the LPS. **P 6 0.01, signi¢cantly di¡erent from the GA.

GL works synergistically with IFN-Q to induce NO production of macrophages or because of the low sensitivity of the
assay. Moreover, it has been reported that GL enhances IFNQ production in mice [14]. We also observed that GL slightly
increased NO production in resting macrophages (data not
shown). In the present study, however, GA, the aglycone of
GL, signi¢cantly elicited a dose-dependent increase in NO
production in the absence of any stimulator. Unlike as in
previous studies [20,26], we did not need to co-stimulate
with IFN-Q or LPS to generate NO with GA. Moreover,
this GA-induced NO production was reversed when cells
were treated with both GA and with N-nitro-L-arginine methyl ester, a competitive inhibitor of NOS (data not shown).
Therefore, GA, unlike GL, has the ability to increase NO
production alone in resting macrophages. The biological signi¢cance of the di¡erent e¡ects of GA and GL on NO production in the resting and stimulated state needs to be determined.
Macrophages can be induced to produce NO by LPS or
cytokines [11]. To con¢rm that the observed ability of GA
to induce NO was not due to LPS contamination, the GA
was tested for the presence of contaminating LPS by using the
Limulus amebocyte lysate test. The level of LPS in GA was
found to be below the detection limit, which is typically below
12.5 pg/ml (data not shown). Polymyxin B sulfate has been
used previously as an LPS inhibitor in macrophage cultures
[27], and although GA contained no detectable activity in the
Limulus amebocyte lysate assay, we rechecked for possible
LPS contamination in GA by adding polymyxin B (10 Wg/
ml) to cell cultures treated with GA (10 WM). As shown in
Table 1, polymyxin B e¡ectively inhibited the NO production
induced by LPS, but had no e¡ect on the induction by GA,
which demonstrated that the production of NO by GA was
unlikely to have resulted from LPS contaminating the GA.
As stated above, GA induced macrophage secretion of NO.
In order to determine whether GA regulates NO production
at the mRNA level, an RT-PCR assay was conducted. LPS
was used as a positive control. Consistent with the results
obtained from the NO assay, iNOS mRNA levels were markedly increased by GA treatment (Fig. 2). This result indicates
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that GA up-regulates NO accumulation in macrophages in a
dose-dependent manner. Therefore, we believe that increased
NO production by GA is regulated through transcriptional
activation.
Activated macrophages have the capacity to produce relatively large quantities of NO and NO-derived species, such as
NOc2 , NO3
2 , N2 O3 , N2 O4 , S-nitrosothiols, and peroxynitrite
(ONOO3 ). Moreover, DNA and proteins are targets of reactive nitrogen intermediates. In addition, nitrogen intermediates and reactive oxygen intermediates can synergistically interact through the formation of peroxynitrites [28]. The
reactive nitrogen intermediates formed by NO play a signi¢cant role in tumoricidal and microbiocidal activities [3]. Cysteine proteases are critical for virulence or replication of many
viruses, bacteria, and parasites, and S-nitrosylation of pathogen cysteine proteases may be a general mechanism of the
antimicrobial host defenses [29]. In addition, NO has been
reported to interfere with speci¢c stages in the life cycles of
viruses. For example, NO inhibits DNA synthesis of the vaccinia virus and herpes simplex virus type 1, late protein translation, and virion assembly [30,31]. One speci¢c viral target of
NO has been identi¢ed; NO can inhibit the function and
expression of the Epstein^Barr virus immediate early transactivator Zta [32]. Since NO can inhibit a variety of viruses, it
is possible that NO also inhibits the cellular processes necessary for viral replication.
NF-UB is a member of the Rel family, and is a common
regulatory element in the promoter region of many cytokines.
In activated macrophages, NF-UB, in synergy with other transcriptional activators, plays a central role in coordinating the
expression of genes encoding iNOS, tumor necrosis factor-K,
and interleukin (IL)-1 [11]. To further investigate the role of
GA on iNOS gene expression, we assessed the e¡ect of GA on
NF-UB-dependent gene expression by using the luciferase re-

Fig. 4. E¡ects of GA on NF-UB binding. RAW 264.7 cells were
treated with LPS (0.5 Wg/ml) or GA (10, 20 WM) for 1 h. Nuclear
extracts were isolated and used in an electrophoretic mobility shift
assay with 32 P-labeled NF-UB oligonucleotide as a probe, as described in Section 2. The arrow indicates the NF-UB binding complex. Cold: 200-fold molar excess of non-labeled NF-UB probe. One
of three representative experiments is shown.
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Fig. 5. E¡ects of NF-UB inhibition on NO production. RAW 264.7
cells (5U105 cells/ml) were pretreated with BAY 11-7082 for 1 h
and then cultured for 24 h in the presence of media alone, with the
indicated concentrations of GA. NO production was determined by
measuring the accumulation of nitrite in the incubation medium.
Each bar shows the mean þ S.D. of three independent experiments,
performed in triplicate. *P 6 0.01, signi¢cantly di¡erent from the
control.

porter gene assay. RAW 264.7 cells were transiently transfected with a plasmid containing four copies of the NF-UB
binding sites, and the luciferase activities were measured. LPS,
an immunostimulatory agent, was used as a positive control.
When cells were stimulated with LPS a near ¢ve-fold increase
in luciferase activity was observed versus the unstimulated
control cells. Consistent with NO production and iNOS
mRNA expression, GA also signi¢cantly increased NF-UBdependent luciferase activities in a dose-dependent manner
(Fig. 3). To further investigate the putative mechanism by
which GA activates iNOS, the e¡ect of GA on the activation
of a family of transcription factors was monitored by electrophoretic mobility gel shift assay. NF-UB binding activity was
examined in the light of its critical role in the regulation of
iNOS. The results demonstrated that GA induced a marked
increase in NF-UB binding at its conserved site, which was
visualized as a distinct band (Fig. 4). Recently, it has been
reported that GL treatment augmented IL-12 p40 mRNA
expression in mice and that this e¡ect may be associated
with NF-UB activation [33]. To further con¢rm the role of
NF-UB in iNOS expression by GA, we used BAY 11-7082,
an inhibitor of IUBK kinase, which speci¢cally inhibits NF-UB
activation by inhibiting the phosphorylation and the subsequent degradation of IUBK, the endogenous inhibitor of
NF-UB [34]. As shown in Fig. 5, pretreated RAW 264.7 cells
with BAY 11-7082 e¡ectively inhibited the NO production
induced by GA. Although we demonstrated the up-regulatory
e¡ect of GA on iNOS gene expression through NF-UB transactivation in macrophages, the mechanism by which GA activates NF-UB is unknown, such as the activation of Raf-1 and
mitogen-activated protein kinases [35]. Additional studies are
needed to answer these questions and further elucidate the
mechanisms involved.
GL has been widely and e¡ectively prescribed as a therapy
for chronic hepatitis [21,22]. Recently, it was reported that the
long-term treatment with GL for chronic hepatitis C e¡ectively inhibited liver carcinogenesis [36]. Cellular immune response has recently been shown to play an important role in
patients who have recovered from hepatitis C virus infection
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[37]. Therefore, GL may activate certain immune functions,
and for this reason, it is important to elucidate the mechanisms associated with the immunomodulatory activities of
GL. NO was investigated in the current study to con¢rm
the possibility that GA might be an immunostimulator, and
as a result, GA was found to elicit NO production. This result
supports the notion that NO induction by GA may contribute
in vivo to the immunomodulatory, anti-viral and anti-tumor
activity of GA. Biological response modi¢ers are widely used
in immunochemotherapy to potentiate therapeutic e¤cacy or
to alleviate the toxicity of cytotoxic anti-cancer agents. Further studies on GA are needed to prove its immunochemotherapeutic usefulness and its exact mechanism.
In summary, our results show for the ¢rst time that GA
stimulates macrophage-derived NO production, and is able to
up-regulate iNOS expression through NF-UB transactivation
in murine macrophages. These actions may provide a mechanistic basis for the anti-viral and anti-tumor properties of GA.
Acknowledgements: This work was supported by Korea Research
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Abstract Oxidative stress has been a major predicament of
present day living. It has been the product of imbalance
between the processes involved in free radical generation and
their neutralization by enzymatic and non-enzymatic defence
mechanisms. The oxidative stress has been contributed by
numerous factors including heavy metals, organic compoundrich industrial effluents, air pollutants and changing lifestyle
pattern focussing mainly on alcohol consumption, dietary
habits, sun exposure, nuclear emissions, etc. The most common
outcome of oxidative stress is the increased damage of lipid,
DNA and proteins that resulted in the development of different
pathologies. Among these pathologies, cancer is the most
devastating and linked to multiple mutations arising due to
oxidative DNA and protein damage that ultimately affect the
integrity of the genome. The chemopreventive agents
particularly nutraceuticals are found to be effective in reducing
cancer incidences as these components have immense
antioxidative, antimutagenic and antiproliferative potentials
and are an important part of our dietary components. These
secondary metabolites, due to their unique chemical structure,
facilitate cell-to-cell communication, repair DNA damage by
the downregulation of transcription factors and inhibit the
activity of protein kinases and cytochrome P450-dependent
mixed function oxidases. These phytochemicals, therefore,
are most appropriate in combating oxidative stress-related
disorders due to their tendency to exert better protective effect
without having any distinct side effect.
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Introduction
In recent years, considerable attention has been focussed on
the exploration of phytotherapeutic agents for the treatment of
oxidative stress and mutation-related disorders (Matés et al.
2009). Oxidative stress has been imposed due to the
imbalance of biochemical processes that involves the
generation of reactive oxygen and nitrogen species (ROS
and RNS) and their neutralization by the inherent antioxidant
(enzymatic or non-enzymatic) defence system of the cells
(Matés et al. 2012a). It represents a disturbance in the
equilibrium status of prooxidant and antioxidant reactions in
living organisms and is the result of those metabolic reactions
that utilizes oxygen (Valko et al. 2006). Biochemically,
oxidative stress is the result of successive stimulation of
mitochondrial electron transport chain, NAD(P)H by
cytokines and xanthine oxidase.
The reactive species are the products of normal cellular
metabolism, i.e. mitochondrial electron transport chain
(ETC.), and are generated by tightly regulated enzymes such
as NO synthase (NOS) and NAD(P)H oxidase isoforms,
xanthine oxidase and xanthine dehydrogenase, respectively
(Valko et al. 2007). ROS including superoxide anion radicals
(O2⋅–), hydrogen peroxide (H2O2) and hydroxyl radicals
(HO⋅) are generated by intracellular reduction of molecular
oxygen. O2⋅– is the primary free radical and is produced in the
mitochondria during energy transduction reactions in which
there is a leakage of a small number of electrons from the
electron transport chain particularly from the Fe−S cluster of
complex I to molecular oxygen (Miller et al. 1990; Valko et al.
2004; Kovacic et al. 2005). The other sources of O2⋅– are
NAD(P)H, oxidases of phagocytes, 5-lipoxygenase and
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xanthine oxidase. O 2 ⋅– is a short-lived radical and is
transformed to H2O2 and molecular oxygen by superoxide
dismutase. HO⋅ is the neutral form of hydroxide ion and is a
high-reactive radical with a half life of 1 ns. It is produced by
the Haber−Weiss reaction and in the Fenton’s reaction in the
presence of iron, copper, cobalt and chromium (Henkler et al.
2010). Another reactive oxygen species include ROO⋅ or
HOO⋅ and are the protonated form of O2⋅– and derived from
hydroperoxyl radicals (Ghafourifar and Cadenas 2005; Pastor
et al. 2000; Valko et al. 2007). RNS include nitric oxide
radicals (NO⋅), ONOO – and nitrogen dioxide radicals
(NO2⋅). NO⋅ is produced in biological tissues by specific nitric
oxide synthase (NOSs). It has a half life of a few seconds in an
aqueous environment and leads to nitrosylation reactions that
alter the structure of proteins and inhibit their normal
functions. NO⋅ on reaction with O2⋅– results in the production
of peroxynitrite anion (ONOO–) that is a potent oxidising
agent causing DNA fragmentation and lipid oxidation (Carr
et al. 2000).
ROS and RNS maintain the redox state of the cell and are
within the strict physiological limits under normal conditions
due to the functioning of enzymatic and non-enzymatic
defence systems. The various enzymes including glutathione
reductase, glutathione peroxidase, catalase, superoxide
dismutase, etc. and non-enzymatic components including
glutathione, α-tocopherol (vitamin E), ascorbic acid (vitamin
E), carotenoids, flavonoids and nonprotein thiol are important
constituents of the antioxidant defence system prevailing in
living organisms (Matés et al. 2012a). The most important
endogenous antioxidant of cells is thiol containing glutathione
and is abundant in cytosol, mitochondria and nucleus. It is
synthesized by the sequential action of glutamate-cysteine
ligase and glutathione synthetase. In the nucleus, GSH
maintains the redox state of sulfydryl groups of proteins
necessary for the repair and expression of DNA. It is also a
co-factor for several detoxifying enzymes such as glutathione
peroxidase and glutathione transferase, participates in amino
acid transport through the plasma membrane, act as a
scavenger of HO⋅ and singlet oxygen, detoxifies H2O2 and
lipid peroxides and helps in the regeneration of vitamins C and
E (Masella et al. 2005). Due to these actions, enzymatic and
non-enzymatic components regulate the equilibrium status of
prooxidant/antioxidant reactions and thus maintain the
delicate balance between beneficial and harmful effects of free
radicals due to redox regulation (Droge 2002; Halliwell and
Gutteridge 2007).
Reactive species are involved in a number of cellular
signalling pathways, provide protection against infectious
agents and induce mitogenic response at low concentration
(Droge 2002; Valko et al. 2006). The signalling pathways that
respond to the imbalance of redox state of the cell include the
transcription factors such as activator protein 1 (AP-1),
nuclear factor kappa B (NK-κB), protein tyrosine
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phosphatase, mitogen-activating protein kinases (MAPKs),
insulin receptor kinases, cytokines, interleukins, tumor
necrosis factor-α, angiotensin II, platelet-derived growth
factor (PDGFs), nerve growth factor (NGF), transforming
growth factor-β1 (TGF-β1), granulocyte macrophage
colony-stimulating factor (GM-CSF) and fibroblast growth
factor (FGF-2). The endogenous level of ROS regulates the
functioning of these signalling pathways by acting on different
levels in signal transduction cascades and, thus, checks the
proliferation, differentiation and division of the cell (Valko
et al. 2007). However, disruption of equilibrium balance
imparts oxidative stress, and when present beyond the
permissible limit, these reactive species interfere with the
physiological functions of cells either directly by damaging
biomolecules including DNA, lipids, proteins and
carbohydrates or indirectly by inducing mutations as a result
of base modifications in DNA or crosslinking it with other
biomolecules. These species also alter the expression of genes
activated by redox mechanisms and regulating proliferation,
apoptosis and cell differentiation (Kitchin and Ahmad 2003).
A number of exogenous agents including chemical
carcinogens, UV and ionizing radiations and bacterial or viral
infections are known to intensify the production of ROS and
RNS. A recent investigation explored the protective properties
of plants and related them to their chemical composition
(Matés et al. 2012a). The phytochemicals, present in plants,
not only enable the plant to withstand harsh environmental
conditions but also are helpful in life expectancy improvement
strategies (Nobili et al. 2009). The remedies, based on the use
of herbs and their bioactive principles, are currently being
developed as part of a protective mechanism to render the
organism more resistant to mutagens and oxidative stress that
is being induced by rapid advancement in industrialisation.
Moreover, they are pharmacologically safe as well as easily
metabolized by the body, without exerting harmful effects,
which are additional advantages linked to the consumption of
these phytochemical-based remedies (Sangwan et al. 1998;
Ma and Kineer 2002; De Flora and Ferguson 2005; Anetor
et al. 2008). Keeping this in view, an attempt has been made in
the following sections to review the implications of oxidative
stress on various biomolecules, different oxidative stressinducing agents along with the possible role of secondary
metabolites to counteract the effect of oxidative stress.

Implications of oxidative stress and its source
Implications of oxidative stress
The oxidative stress imposed by the overproduction of ROS
and RNS ultimately influences living organisms as these
reactive species interact with their macromolecules (DNA,
proteins and lipids) and might result in mutations due to the
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negative gene−environment interactions (Mucci et al. 2001).
Rheumatoid arthritis, cardiovascular diseases, neurodegenerative diseases and diabetes are the most common
outcomes of increased oxidative DNA, protein and lipid
damage, but the pattern of increased cancer risk seems unusual
(Halliwell 2002). Recent statistics has also laid emphasis on
the vulnerability of cancer as it is the second most common
cause of death after heart disease in the world and accounts for
nearly 23 % of the total deaths even in a developed country
like the USA (Jemal et al. 2007). Besides genetic factors,
dietary habits also influenced the incidences of cancer to a
great extent, and it was estimated that approximately 30–35 %
of cancer deaths were linked to diet (Doll and Peto 1981). The
excessive use of pesticides in agriculture is one of the factors
that make our diet unsafe for healthy living. The nitrates,
nitrosamines and dioxins in food or food additives and the
production of heterocyclic amines (HCAs) during cooking of
beef, pork, fowl and fish are also sources of carcinogens
(Felton and Knize 1991; deMeester and Gerber 1995;
Williams et al. 1999; Steck et al. 2007; Shishu and Kaur
2009). In 2000, it was reported by Lichtenstein and colleagues
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that about 60 % of cancers are attributable to the risk factors
present in the environment (Lichtenstein et al. 2000). Anand
et al. (2008) shared a vision that only 5–10 % of cancer cases
could be attributed to genetic defects, while the remaining
cases (90–95 %) were induced and proliferated by
environment and lifestyle patterns. The potential linkage
between the environmental carcinogens and different forms
of cancers is illustrated in Fig. 1, and furthermore, the effect of
reactive species on macromolecules is discussed in the
following sections.
Oxidative DNA damage
DNA damage mediated by ROS and RNS involves structural
alterations due to single- or double-stranded DNA breaks;
modification of purine, pyrimidine or deoxyribose; and
formation of DNA crosslinks through oxidation, methylation,
depurination and deamination reactions. The presence of ROS
leads to DNA scission preferentially in the internucleosomal
linker region and, thus, resulted in the production of ladders
similar to apoptosis. ROS generated during ETC. in the
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Fig. 1 Potential linkage of different environmental carcinogens to various forms of cancers (Anand et al. 2008)
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mitochondria resulted in damage to mitochondrial DNA along
with nuclear DNA and thus contributed to neurodegenerative
diseases and artheriosclerosis (Wisemen and Halliwell 1996).
HO⋅ are known to induce DNA point mutation in GC base
pairs and N-terminal deletions in genes leading to the
activation of certain oncogenes K-ras and C-Raf-1 (Jackson
1994). HO⋅ are also resulted in the generation of thymine
radicals and sugar radicals as a result of hydrogen abstraction
from the methyl group of thymine and C-atoms of
deoxyribose, respectively. The reactions of base and
sugar radicals generate a variety of modified bases and
sugars, base free sites, strand breaks and DNA−protein
crosslinks (Dizdaroglu et al. 2002; von Sonntag 1987; Valko
et al. 2004).
DNA damage is known to play an important role in
mutagenesis, ageing and carcinogenesis as oxidative DNA
alters the sequence of various nucleotides along with
modification of bases (Cadet et al. 2002; Olinski et al. 2002;
Bjelland and Seeberg 2003; Barja 2004). DNA mutation is a
critical step in carcinogenesis as it results in either arrest or
induction of transcription, induction of signal transduction
pathways, replication errors and genomic instability, all of
which are associated with carcinogenesis (Marnett 2000;
Wang and Shi 2001; Valko et al. 2006). The level of DNA
lesions is found to enhance in different tumors. 8-Hydroxy-2deoxyguanosine (8-OHdG) is the most important DNA lesion
that is formed due to the attack of ROS at C-8 position of 2deoxyguanosine and is also considered as the product of
promutagenic base modification. 8-OHdG altered the
enzyme-catalyzed methylation of cytosines that are important
for the regulation of gene expression (Thompson 2004; Valko
et al. 2007). The frequency of such modifications is high in
oxidative stress and is beyond their repair by base excision
repair mechanisms. The replication of DNA prior to the repair
of this modified base (8-OHdG) results in GC to TA
transversion mutations that are also reported in the genes
whose dysfunction is involved in the genesis of cancer
(Grollman and Moriya 1993; Henderson et al. 2002).
The p53 tumor suppressor gene and the ras family of protooncogenes are known to be important cancer-related genes.
The GC to TA transversion mutations in these genes diminish
their tumor-suppressing activity and the fact is justified
due to its occurrence in more than 50 % of human
cancers (Halliwell 2000). ROS are also involved in the
modification of other bases, and the resultant bases such
as 2-hydroxyadenine (2-OH-Ade), 8-hydroxyadenine (8OH-Ade), 5-hydroxycytosine (5-OH-Cyt) and 5hydroxyuracil (5-OH-Ura) are also found to be promutagenic
due to miscoding potential (Olinski et al. 2002). In view
of the above-mentioned facts and the induction of
somatic mutations as a result of DNA adduct formation,
oxygen free radicals might be considered as an important class
of carcinogens.
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Oxidative protein damage
The excessive production of ROS and RNS in living
organisms not only damages DNA but also makes proteins
susceptible to oxidative insults. It has been reported by
Stadtman (2004) that side chain of amino acids, basic
elements of proteins, is more prone to oxidation. The amino
acids including cysteine and methionine are more susceptible
to oxidation, whereas the frequency of oxidative damage is
less in intact proteins as compared to misfolded ones (Valko
et al. 2007). Oxidation of cysteine residue might lead to
reversible formation of mixed disulfides between protein thiol
group (−SH) and low molecular weight thiol (GSH).
Oxidative attack to proteins resulted in oxidative scission, loss
of histidine residues, bityrosine crosslinks and formation of
protein centered alkyl R⋅, alkoxyl RO⋅ and alkyl peroxyl
ROO⋅ radicals. The formation of these oxidised side chains
of amino acid resulted in the loss of catalytic activity of
proteins and their increased susceptibility to proteolytic
degradation (Eaton and Qian 2002; Stadtman 1990). The
activities of DNA repair enzymes and fidelity of DNA
polymerase are altered as a result of oxidative damagemediated structural modifications of the proteins. The
frequency of close proximity double mutations in different
genetic stress is related to the altered conformation of DNA
polymerase, involved in replication and repair processes (Feig
et al. 1994; Madzak and Sarasin 1991). The efficacy of
different proteins and aromatic amino acid residues to
participate in the signal transduction mechanisms is altered
by several RNS (ONOO– and NO2⋅) (Beckman et al. 1994;
Yermilov et al. 1995; Eiserich et al. 1994). Protein tyrosine
phosphatases (PTPs) and protein kinases C (PKCs), member
of serine/threonine kinases, are probably the best characterised
direct targets of ROS, and these are the important components
of redox control and cell signalling pathways that mediate
important cellular functions such as proliferation and
programmed cell death (Valko et al. 2007).
Oxidative lipid damage
The oxidative stress exerted by metal-induced ROS also has
deleterious effects on polyunsaturated fatty acid residues of
phospholipids (Siems et al. 1995). Lipid peroxidation (LPO)
is a common cellular process, important in arteriosclerosis and
inflammation, and becomes significant when cells are under
oxidative stress. It consists of three stages, i.e. initiation,
propagation and termination. In the initiation stage, ROS
abstracts H from the methylene group in the lipid and results
in the formation of fatty acid with unpaired electron. In the
aerobic condition, fatty acid radical reacts with lipid to form
lipo-peroxyl radicals (ROO⋅) that abstract H atom from
neighbouring fatty acid molecule and thus propagate the
reaction. The peroxyl radicals so formed can be rearranged
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via cyclisation reaction to endoperoxides (Mao et al. 1999;
Marnett 2000; Valko et al. 2007). These endoperoxides can
decompose to form a range of secondary products like
acrolein, crotonaldehyde, malondialdehyde (MDA) and
trans-4-hydroxy-2-noenal (4-HNE) that are highly reactive
and react with biological substrates including proteins, amines
and DNA. Acrolein and crotanaldehyde are reported to be
mutagenic in bacterial and mammalian cells (Cheesemen and
Slater 1993; Kawanishi et al. 1998; Squadrito and Preyor
1998). HNE has an effect on signal transduction pathways
that affect the phenotypic characteristics of the cell. 4-HNE is
reported to be highly genotoxic to lymphocytes and
hepatocytes and is found to disrupt the gap junction
communications in cultured endothelial cells (Esterbauer
1993). The probable reason for the mutagenic effect of 4HNE lies in the fact that it forms 4-HNE-dG adduct on
interaction with DNA. The adduct, so formed, induces G:C
to T:A mutations in human cells, and also, it is preferentially
formed at codon 249 of the p53, a mutational hot spot in
human cancers (Feng et al. 2004). MDA is reported to be
mutagenic in mammalian cells and carcinogenic in rats as on
interaction with DNA bases dG, dA and dC, it forms
electrophilic adducts M1G, M1A and M1C (Yau 1979; Basu
and Marnett 1983; Mao et al. 1999; Valko et al. 2004).
Lipid peroxidation also results in the formation of
exocyclic DNA adducts such as ethenoadducts (etheno-dA,
etheno-dC and etheno-DG) and propaneadducts. Etheno-dA
induces transition to G and etheno-dC induces transversion to
A and transition to T. Propanoadducts are formed due to the
reaction of DNA with acrolein and crotonaldehyde generated
by lipid peroxidation and induce base pair substitution
mutations (Valko et al. 2005). These adducts reveal various
reactive groups of DNA that could participate in the formation
of DNA−DNA interstrand crosslinks and DNA−protein
crosslinks and thus have a potential role in human
carcinogenesis particularly in hepatocellular carcinoma and
cigarette smoke-induced lung cancer (Marnett 2000; Knight
et al. 2003; Valko et al. 2004).
Mechanism of cancer development and progression
The mechanistic study of different forms of cancers revealed
that cancer development and progression is linked to multiple
mutations related to oxidative DNA damage that affect the
integrity of genome and thus leading to malformations. The
oxidative DNA damage involves a complex series of cellular
and molecular changes mediated by a variety of endogenous
and exogenous stimuli (Loeb and Loeb 2000; Hahn and
Weinberg 2002; Fortini et al. 2003; Powell et al. 2005). The
most important stimuli for oxidative DNA damage is the
oxidative stress that is imposed by different environmental
pollutants including metals and lifestyle factors (Ercal et al.
2001; Hirano et al. 2003; Shi et al. 2004; Valko et al. 2005;
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Anand et al. 2008). The oxidative DNA damage due to
oxidative stress affects the signal transduction pathways by
stimulating protein kinases and poly(ADP ribosylation)
pathways and thus modulating the expression of genes and
redox-sensitive transcription factors essential for cell
proliferation and tumor promotion (Cerutti and Trump
1991). ROS and metal ions primarily interact with sulfydryl
groups of cysteine residues which are oxidised for either
intermolecular or intermolecular disulfide bonds and thus
inhibit the activity of phosphoserine/threonine,
phosphotyrosine and phospholipid phosphatases. These
structural changes as a result of altered protein conformation
lead to the upregulation of several signalling cascades, most
importantly growth factor kinase-, src/Abl kinase-, MAPKand PI3-kinase-dependent signalling pathways, and thus result
in the activation of several redox-regulated transcription
factors (AP-1, NF-B, p53, HIF-1, NFAT) (Valko et al. 2006).
Out of these transcription factors, NF-κB, AP-1 and p53 are
important factors related to cell growth, cell cycle regulation,
DNA repair and differentiation. Out of these transcription
factors, NF-κB is involved in inflammatory responses, AP-1
in cell growth and disruption and p53 protein guards cell cycle
checkpoint and its inactivation leads to uncontrolled cell
division. Nuclear factor of activated T cells (NFAT) regulates
muscle growth, cytokine formation, differentiation,
angiogenesis and adipogenesis and interacts with NF-κB
and AP-1. HIF-1 is a heterodimer and is induced by the
expression of oncogenes such as Src and Ras. It regulates
the expression of many cancer-related genes including
vascular endothelial growth factor (VEGF), aldolase, enolase,
heme oxygenase 1 and lactate dehydrogenase A. The presence
of H2O2 and metals induces the expression of HIF-1 and
VEGF and thus stimulates tumor progression (Valko et al.
2006).
Activator protein (AP-1) comprises of several dimeric
basic region-leucine zipper proteins (bZIP) such as Jun (cJun, Jun B, Jun D), Fos (Fos B, Fra-1, Fra-2), Maf and ATF
subfamilies. These proteins have the ability to bind to tumorpromoting agents and cAMP response elements. The
oxidative stress-inducing agents such as metals, xenobiotics
and other lifestyle risk factors are involved in the activation of
AP-1 and thus lead to proliferation, differentiation and
apoptosis that furthermore have important roles in
carcinogenesis (Evans et al. 2000; Ordway et al. 2003;
Varfolomeev and Ashkenazi 2004). c-Fos and c-Jun are
positive regulators of cell proliferation, and free radicals
would result in the induced expression of these transcription
factors and thus lead to increased cell division (Rusovici and
Lavoie 2003). NF-κB is a DNA-binding protein and is an
inducible and ubiquitously expressed transcription factor. It
regulates several genes that are involved in cell
transformation, proliferation and angiogenesis. Metalmediated oxidative stress and ROS resulted in the activation
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of NF-κB via tumor necrosis factor (TNF) and interleukin-1
and thus resulted in cell proliferation leading to cancer
(Shakoory et al. 2004). Besides cancer, the overproduction
of ROS and RNS has been implicated in various pathological
conditions involving cardiovascular disease, hypertension;
neurological disorders, diabetes, ischemia/reperfusion,
rheumatoid arthritis, AIDS and ageing (Walzem et al. 1995;
Kaneto et al. 1999; Dhalla et al. 2000; Sayre et al. 2001;
Jenner 2003; Cooke et al. 2003; Mahajan and Tandon 2004;
Crane et al. 2005; Dalle-Donne et al. 2006; Jung et al. 2006;
Valko et al. 2007; Paravicini and Touyz 2008).
Sources of oxidative stress
Environmental pollutants including radiations, pesticides and
xenobiotics serve as key factors in intensifying oxidative
stress-mediated damage by disrupting the integrity and
structures of cellular molecules such as DNA, proteins and
lipid membranes (Kovacic and Jacintho 2001; Valko et al.
2001, 2006; Klatt and Lamas 2000; Ridnour et al. 2004). The
exogenous agents along with their probable role in different
pathologies are discussed in the succeeding sections.
Industrialisation—a prime source of carcinogens/oxidative
stress
The industrialisation and synthesis of chemicals for
technological advances that have been pacing up without the
restraining laws and regulations are considered to be the prime
source of carcinogens and oxidative stress-inducing agents
(Montesano and Tomatis 1977; Gurjar et al. 1996; Infante
and Pohl 2005). The overall impact of such a situation resulted
in the contamination of basic elements of life, i.e. air, water
and soil (Gurjar et al. 1996; Vidyasagar et al. 2004; Morra
et al. 2006). The contamination of air, water and soil on such a
large scale disrupts the ecological balance of our ecosystem
due to the accumulation of contaminants and probability of
their entrance in the food chain. Environmental pollution leads
to the extinction of important flora and fauna of the earth’s
surface and also plays a key role in the etiology of several
degenerative diseases (Zingde and Sabnis 1994; Govindan
and Desai 1980; Cantillo et al. 1997; Quig 1998).
Oxidative stress induced by polluted water The pollution of
water bodies is of serious concern as it has now reached a
critical point with industrial effluents and sewage as its major
contributing factors (Warhate et al. 2006; Zaman et al. 2008).
Industrial effluents have a high proportion of heavy metals like
chromium (Cr), nickel (Ni), arsenic (As), vanadium (V),
cadmium (Cd), mercury (Hg), lead (Pb) and cobalt (Co) and
transition metals like iron (Fe), zinc (Zn) and copper (Cu)
(Singh and Chandel 2006; Warhate et al. 2006). These metals
have been reported to induce tissue damage and carcinogenesis
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by invigorating DNA single-strand breaks, forming DNA
−protein crosslinks and altering the function of enzymes
involved in metabolism, repair and detoxification (Sunderman
1978; Tkeshelashvili et al. 1993; Wang and Shi 2001).
Transition metals are categorized into redox-active metals
and redox-inactive metals. Fe, Cu, Co, Cr and V are redoxactive metals that lead to the production of reactive species
such as HO⋅, O 2 ⋅– and H 2 O 2 in Fenton’s reaction in
mitochondria, microsomes and peroxisomes. The deleterious
effects of these reactive species are discussed in the previous
sections. The redox-inactive metals such as Cd, Hg, Pb, As
and Ni impart toxicity as a result of their covalent binding with
sulfydryl groups of proteins due to their electron-sharing
affinities. These metals also interact with glutathione and
resulted in its depletion within the cells. This, furthermore,
leads to the inactivation of several glutathione-associated
enzymes such as glutathione peroxidase and glutathione
reductase. Certain enzymes have sulfydryl groups at their
active sites, and in these enzymes, heavy metal exposure leads
to the inactivation of these antioxidative enzymes and thus
resulted in the disruption of cellular homeostasis (Valko et al.
2005, 2006). Among different redox inactive metals, Pb, As,
Cd and Hg are the most toxic metals. Pb is a toxic metal that
disrupts the functioning of important antioxidant enzymes. It
interferes with the activity of glutathione reductase involved
in the reduction of glutathione disulfide (GSSG) to GSH by
interfering with disulfide bonds at its active site. Glutathione
peroxidase requires selenium for its activity. Pb forms a
complex with selenium and thus inhibits its activity. It also
inhibits the synthesis of heme and thus results in the decreased
activity of heme containing catalase enzyme. It also declines
the activity of SOD by replacing Cu and Zn that are required
for its activity (Ercal et al. 2001; Valko et al. 2005). Cadmium
exerts its deleterious effects by depleting the GSH levels and
enhancing lipid peroxidation. Arsenic in the form of
dimethylarsine reacts with molecular oxygen and resulted in
the generation of dimethylarsenic radicals and superoxide
anion. The addition of another molecule of molecular oxygen
results in the production of dimethylarsenic peroxyl radical
and HO⋅ due to its reactivity with cellular iron and other
transition metals. Mercury is found in water in the form of
elemental Hg and methylmercury (MeHg). It causes oxidative
damage due to its covalent binding with sulfydryl groups of
proteins. It also increases the production of O2⋅– and H2O2
by impairing the efficiency of oxidative phosphorylation
and electron transport in mitochondria. It disrupts calcium
homeostasis and thus resulted in the activation of hydrolytic
enzymes such as protease, endonuclease and phospholipase.
These enzymes ultimately elevate the level of ROS within
the cell. Hg in the form of Hg2+ displaces Fe and Cu from
the intracellular binding site and thus increases the
formation of ROS in Fenton’s mediated reaction (Valko
et al. 2005, 2006).
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Industrial discharges also contain a variety of hazardous
chemicals that act as mutagens/carcinogens either directly or
transformed from procarcinogen to carcinogen via metabolic
activation mediated by cytochrome P450 (phase I) enzymes
(Ames et al. 1973; Shimada et al. 1996; Mabic et al. 1999;
Jarukamjorn 2008; Mehta et al. 2008). These carcinogens alter
cell growth and differentiation by causing mutations in DNA
via epigenetic mechanisms that ultimately lead to uncontrolled
cell growth by disabling the regulatory signals instructing the
cell cycle (Sandstead and Alcock 1997; Antero et al. 2008).
Air pollution—another source of mutagens It was observed
that polycyclic aromatic hydrocarbons (PAHs), aldehydes and
ROS-inducing metals like Cr, Ni, As, Pb, etc. are the main air
pollutants, produced by industries and motor vehicular exhausts.
These pollutants are capable of adhering to the fine carbon
particles present in the air that further penetrate the body through
breathing, and the long-term exposure to these PAHs and air
pollutants increases the risk of lung cancer by altering the
expression of p53 genes (Kriek et al. 1993; Perera et al. 1994;
Smith et al. 2000; Pope et al. 2002; Alfaro-Moreno et al. 2007).
Lifestyle patterns as risk factor
Besides environmental pollution, changing lifestyle patterns
are also known to contribute a lot in making human beings
more prone to degenerative diseases especially cancer. The
lifestyle factors that serve as risk factors for the initiation,
promotion and proliferation of cancer include alcohol,
cigarette smoke, sun exposure, inclusion of fried foods and
red meat in the diet, motor vehicular exhausts and nuclear
emissions. Fungal and bacterial infections, obesity, stress as
well as physical inactivity are also contributing a lot to
different pathological conditions (Anand et al. 2008).
Cigarette smoke, due to the presence of carcinogenic
constituents, has been implicated as a major risk factor for
the development of pulmonary, cardio and cerebrovascular
diseases and cancer (Rahman et al. 1996; Genbacev-Krtolica
2005; USDHHS 1989). The commonly used pesticides (DDT,
DDE, dieldrin and organochlorine) are also reported to
augment the risk of brain tumors, Wilm’s tumors, Ewing’s
sarcoma and germ line tumors in children and adults (Bradlow
et al. 1995; Stellman et al. 2000; Snedeker 2001; Alavanja
et al. 2003; Flower et al. 2004).
Ionizing and non-ionizing radiations are known to induce
carcinogenesis and it is estimated that up to 10 % of total
cancer incidences might be induced by radiations (Belpomme
et al. 2007). The common sources of these radiations are UV
rays, pulse electromagnetic fields, mines, radon and radon
decay products in homes as well as X-rays used for
therapeutic purposes. The radiations serve as the risk factor
for different forms of cancer incidences depending upon the
exposure time, physiological state, age, etc. (Anand et al.
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2008; Little 2009). Exposure to non-ionizing radiations (UV
radiations) is known to increase the risk of various types of
cancer including basal cell carcinoma, squamous cell carcinoma
and melanoma (Tornaletti and Pfeifer 1996; Cadet et al. 2005).
The X-rays having therapeutic importance has the potential to
induce lung and breast carcinoma, whereas radioactive nuclei
are known to develop gastric cancer in rats (Cohen 2002; Ron
2003; Berrington de Gonzalez and Darby 2004; Kleinerman
2007). Low-frequency electromagnetic field like high-voltage
power lines, transformers, electric train engines, and more
generally, all types of electrical equipment are known to induce
the risk of childhood leukemia, brain tumors and breast cancer
as a result of clastogenic DNA damage (Demers et al. 1991;
Tynes et al. 1992; Brainard et al. 2007).

Defence systems against oxidative stress
The human body, under normal physiological conditions, has
several defence mechanisms comprising of non-enzymatic and
enzymatic components to counterbalance the production of
ROS and RNS and thus minimizing the macromolecular
damage exerted by these entities. The non-enzymatic
components include radical scavenging antioxidants like
glutathione (GSH), ascorbic acid, tocopherols, vitamin E, βcarotene, etc., whereas enzymatic components include enzymes
such as superoxide dismutase (SOD), catalase, glutathione
peroxidase (GSH-Px), glutathione reductase (GSSR)
(Halliwell and Gutteridge 1995). Superoxide dismutase,
located in the cytosol and mitochondria, is involved in the
reduction of superoxide anions to hydrogen peroxide and water,
whereas catalase (located in peroxisome) are involved in the
removal of hydrogen peroxide by forming water and oxygen.
GSH-Px (located in the cytosol and mitochondria) helps to
remove excess of hydrogen peroxide in the presence of
glutathione, with the formation of water and reduced
glutathione. The latter is converted to glutathione with the help
of glutathione reductase. The other enzymes that form part of
the antioxidative enzyme system and help to maintain redox
balance include ascorbate peroxidase, glucose-6-phosphate
dehydrogenase (G-6-PDH) and the detoxifying enzymes like
γ-glutamyl transpeptidase (GGT) (Halliwell and Gutteridge
1989). However, in case of oxidative stress, the redox balance
maintained by different enzymatic and non-enzymatic
antioxidant components is shifted towards cellular oxidants
and thus increases the amount of free radicals that could not
be utilized and neutralized completely by the inherent defence
mechanism of the body. These ROS act on different oxidants as
well as in different cellular compartments and, due to their
devastating nature, are considered as a driving force in the
processes of mutagenesis and carcinogenesis (Lal et al. 1999).
In such a situation, the urge for additional antioxidants arises,
derived from synthetic and natural sources. These antioxidants
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unfetter the spiteful effect of free radicals either by acting as
antimutagenic or antioxidative agents.
The term antimutagen refers to those agents that result in the
reduction of the number of spontaneous or induced mutations.
As evident from Fig. 2, these antimutagens either decline the
mutation frequency by acting on the repair and replication
processes of mutagen-damaged DNA (bioantimutagens) or
prevent a mutagen from interacting with DNA by chemical or
enzymatic inactivation (inhibiting functioning of cytochrome
P450 enzymes such as indole-3-carbinol or by acting as inducer
of phase II enzymes), reduce the adverse effects of mutagens by
modulating cellular changes induced after DNA damage and
also act as a scavenger of free radicals or electrophilic form that
serve as mutagen/carcinogens (desmutagens) (Namiki 1990;
Bronzetti 1994). On the other hand, antioxidants are substances
that delay or prevent the oxidation of cellular oxidisable
substrates. They exert their effects by scavenging ROS,
activating a battery of detoxifying proteins or preventing the
generation of ROS by terminating the chain reactions involved
in their production (Halliwell et al. 1992). Tea polyphenols,
including (−)-epigallocatechin gallate (EGCG), (−)epigallocatechin (EGC), (−)-epicatechin gallate (ECG),
(−)epicatechin (EC) and ascorbic acid, are such secondary
metabolites that have been extensively studied for their
antioxidant and antimutagenic effects. These compounds are
reported to exert antimutagenic activity by inhibiting the

formation of oxygen free radicals and hampering lipid
peroxidation processes as these are the most important factors
in the induction of mutagenesis and carcinogenesis (Wang et al.
2000).
Chemoprevention by synthetic antioxidants
The strategy of prevention is a much more satisfying approach
than therapeutic intervention, although the two are not
mutually exclusive. Chemoprevention is defined as the
introduction of selected natural as well as synthetic substances
into the diet for the purpose of reducing cancer incidence,
though natural supplements are superior to synthetic forms
(Malone 1991; Burton et al. 1998).
In recent years, the preference to antioxidants from natural
sources increased as compared to synthetic ones including
butylated hydroxylanisole (BHA), butylated hydroxytoluene
(BHT), tertiary butylhydroquinone (THBQ), etc. as reports of
toxicological studies linked some synthetic antioxidants to
liver damage, cancer and other diseases which have forced
regulatory agencies to impose severe restrictions on their use
in human foods (Loliger 1991; Parke and Lewis 1992;
Williams et al. 1999). In addition, these naturally occurring
antioxidants can be formulated to give nutraceuticals that
could help to prevent the occurrence of oxidative damage in
the body (Knight 2000; Tsuda et al. 2004). Epidemiological
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Fig. 2 Pathways of chemical toxicity and protective role of
chemopreventive agents. NQO1 NADPH quinine oxidoreductase,
HO-1 hemoxygenase-1, GSTs glutathione-S-transferase, UGTs
glucouronyl transferases, CPA chemopreventive agents (Wolf 2001).

CANCER

Cardiovascular,
Neurodegenerative diseases,
Rheumatoid arthritis

Red upward arrow represents induction of P450s in the presence of
environment toxin and carcinogen leading to metabolic activation of
several inactivated carcinogens. Light green downward arrow represents
downregulation of P450s in the presence of chemopreventive agents
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studies have shown that a diet rich in fruits and vegetables is
associated with a decreased risk of cardiovascular diseases
and certain cancers (Block et al. 1992; Bazzano et al. 2002;
Matés et al. 2011). It has been reported worldwide that plants
showed strong antioxidant activity and thus acted as powerful
scavengers of free radicals (Katalynic et al. 2006; Kumaran
and Karunakaran 2007; Atmani et al. 2009; Matés et al. 2009).
Chemoprevention by secondary metabolites
Plants are an eminent source in the introduction of new
therapeutic agents, and their medicinal use is based on the
premise that they are rich in natural substances that help
alleviate human ailments and promote health. The noteworthy
preventive and protective properties of these natural substances
are related to their strong antioxidative, antimutagenic and
anticarcinogenic potentials (Ko et al. 2003; Schwab et al.
2000; Pica et al. 2012). Polyphenols, terpenoids and alkaloids
are important secondary metabolites that are known to possess
curative properties and are of prime importance for humankind
as they prevent the onset of different degenerative diseases by
scavenging free radicals and thus preventing chain reactionmediated damage or binding with catalysts of oxidative
reactions, such as some metal ions (Bazzano et al. 2002;
Block et al. 1992; Slemmer et al. 2008). According to an
estimate by Schwab et al. (2000), over the last 30 years,
approximately 160 reports have been published on dietary
compounds that protect us from the mutagenic and carcinogenic
effects of free radicals generated by mutagens/carcinogens.
When people are aware of the sources of natural antimutagens
and antioxidants, they are more likely to make selections of food
or drink containing substantial amounts of active compounds
thereby enhancing their health status (Ko et al. 2003).
Mechanism of actions for secondary
metabolites/phytochemicals
Epidemiological studies have indicated an inverse relationship
between the intake of protective chemical-enriched fruits and
vegetables and the onset of degenerative diseases such as
diabetes, cancer, cardiovascular diseases, arthritis,
Alzheimer’s diseases and osteoporosis (Block et al. 1992;
Mahmoud et al. 2000; Bazzano et al. 2002; Park and
Pezzuto 2002; Yao et al. 2004; Yoo et al. 2008; Boivin et al.
2009). The protective properties of phytochemicals are the
outcome of the multifunctional role associated to their unique
chemical nature and their tendency to act as multidentate
ligand due to the presence of hydroxyl groups in varying
numbers and arrangements around the nuclear structure
(Rice-Evans et al. 1996, 1997; Cao et al. 1997). These
phytonutrients are important in the physiology of living
organisms as they facilitate cell-to-cell communication, repair
DNA damage arising from toxic exposure, enhance immune
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response, cause apoptosis in cancer cells, serve as antioxidants
and protect membrane polyunsaturated fatty acids from
oxidation that causes biomembrane disruptions of the cell
and organelles (Rice-Evans et al. 1997; Ferrari 2004; Lule
and Xia 2005; Fresco et al. 2006; Valko et al. 2007). The
antioxidative properties of phytochemicals are linked to their
ability to scavenge free radicals (HO⋅, O2–, NO⋅) that because
of their short life span and potential to initiate chain reactions
put forth damaging effects to biomolecules (Arouma 2003;
Soobrattee et al. 2005; Katarina 2007). The scavenging of
ROS by dietary antioxidants is supposed to cause the
downregulation of transcription factors (AP-1, NF-κB, βcatenin-TcF, p53, TNF-α) that are activated by ROS on
interaction with MAPKs (Ma and Kineer 2002; Knassmuller
et al. 2008). The secondary metabolites including alkaloids
might act as an inhibitor of protein kinases such as cyclindependent kinases (CDK), dual specificity tyrosine
phosphorylation activated kinase 1A (Dyrk1A), casein kinase
1 (CK1), glycogen synthase kinase-3 (GSK3) and proviral
integration site in Moloney murine leukemia virus kinase 1
(PIM-1) that have an important role in promoting apoptotic
cell death (Baunbaek et al. 2008). These metabolites also act
as antimutagenic agents as they scavenge dietary mutagens
through binding or adsorption, hinder the replication process
of damaged DNA by acting as bioantimutagenic agents and
also act as desmutagens due to indirect activation of mutagens
(De Flora 1998; Sangwan et al. 1998; Surh 2003). The plantderived chemicals are known to detoxify carcinogens through
the activation of phase II liver enzymes such as glutathione
transferase that tend to detoxify a wide range of carcinogens
including isothiocyanates such as benzyl isothiocyanates
through the process of hydroxylation and conjugation. The
dietary components also act as inhibitors of cytochrome P450dependent mixed function oxidases and thus suppress the
bioactivation of chemical carcinogens to genotoxic agents
(Catterall et al. 2000; Ishaq et al. 2003; Soobrattee et al. 2005).

Classification of secondary metabolites
The secondary metabolites, on the basis of their biosynthetic
origin, are broadly classified into three important groups such
as phenylpropanoids and allied phenolic compounds,
alkaloids and terpenoids (Croteau et al. 2000). Phenolic
compounds are formed by either the shikimic acid pathway
or the malonate/acetate pathway, whereas alkaloids are
primarily synthesized from amino acid and are characterized
due to the presence of one or more nitrogen atoms. Terpenoids
are an important category of secondary metabolites that
include both primary and secondary metabolites and are
synthesized from the five carbon precursor isopentenyl
diphosphate (IPP)—derived from acetate/mevalonate
pathway (Croteau et al. 2000). Table 1 describes the important
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Vitamin A, skolin, trisporic acid
Ophiobolin A, ceroplastol, haslene
Squalene, steroids, sterols, limonoids
Carotenoids

Diterpenes

Sasterpenes

Triterpenes
Tetraterpenoids

Isoprene, prenol
Geraniol, menthol, iridiods
Xanthoxins, gossypol, cedrol, santonnin

Lupine, lupinine, lupanine

Hemiterpene
Monoterpenes
Sesquiterpenes

➢ Natural flavour additives for food, in perfumery
➢ Traditional and alternative medicines (aromatherapy)
➢ Biochemical processes and also act as immune modulators
➢ Anticancer and antioxidant potential

Croteau et al. (2000),
Cseke et al. (2006)

Croteau et al. (2000), Cseke et al.
(2006), Ziegler and Facchini (2008)
Baunbaek et al. (2008),
Kabashima et al. (2010)

Lin and Shih (1994), Fiander and
Schneider (2000), Balasundram
et al. (2006), Fresco et al. (2006)

➢ Act as ROS scavengers
➢ Tendency to suppress ROS generating transcription factors
➢ Inactivation of enzymes such as xanthine oxidase (XO),
cyclooxygenase type 2 (COX-2), lipoxygenase (LOX)
➢ Detoxification of phase II enzymes interference with cell
signalling pathways
➢ Antiviral, antibacterial, antifungal and antiprotozoal effects

➢ Anti-inflammatory and cytotoxic agent
➢ Used in the treatment of leukemia, Hodgkin’s disease
(e.g. vinblastine)
➢ Muscle relaxant (e.g. aporphine alkaloids) and
antimicrobial properties
➢ Analgesic and narcotic drug (morphine)
➢ Coniine and strychnine are toxic and may cause paralysis
➢ Inhibitor of protein kinases such as CDK, Dyrk1A, CK1,
GSK3 and PIM-1
➢ Inhibitor of topoisomerase I
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Terpenoids

Quinolizidine alkaloids

Coniine, lobeline
Nicotine, anabasine, anatabine

Piperidine alkaloids
Pyridine alkaloids
Pilocarpines, lepidilines

Morphine, canadine, berberine, ipecac alkaloids
Caffeine, theobromine, aminophyline

Isoquinoline alkaloids
Purine alkaloids

Senecionine, heliotrine, clivorine
Hygrine, cuscohygrine

Quinine camptothecin, chinidin

Quinoline alkaloids

Pyrrolizidine alkaloids
Pyrrolidine alkaloids

Tannic acid, gallotannins, ellagitannins
Vincristine, vinblastine, strychnine
Scopolamine, hyoscyamine, cocaine, atropine

Tannins
Indole alkaloids
Tropane alkaloids

Imidazole alkaloids

Rutin, quercetin, apigenin, hesperitin, catechin
Pinoresinol, podophyllotoxin, steganacin
Derived from hydroxycinnamyl alcohol monomers

Flavonoids
Lignans, neolignans
Lignin

Alkaloids

Catechol, resorcinol
Gallic acid, caffeic, synergic acid, ferulic acid
K vitamins
Mangostin
Resveratol, alizarin, aloe-emodin, rheinanthrone

Phenols
Phenolic acids
Naphthoquinines
Xanthones
Stilbenes, anthraquinones

Phenolics

Example compounds

Subgroups

Class

Table 1 Important classes of secondary metabolites and their effects on living organisms

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 143 of 229
Environ Sci Pollut Res (2014) 21:1599–1613

718

AR-000718

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 144 of 229
719

Environ Sci Pollut Res (2014) 21:1599–1613

classes of secondary metabolites along with dietary sources
and their effects on living organisms.
In addition to the above-mentioned compounds, there are a
number of other chemical groups such as organosulfur
compounds such as glucosinolates, organic acids, polysaccharides, lipids, pectins, soluble fibres, phytosterols and
amines that are essential for optimal health and longevity
(Matés et al. 2012b). Glucosinolates are class of organic
compounds that contain sulfur and nitrogen and are derived
from glucose and an amino acid and are essential for the proper
functioning of phase II enzymes (Nho and Jeffery 2001). The
important dietary sources of glucosinolates are members
belonging to Brassicaceae family such as Brassica spp. These
compounds, when ingested, undergo biotransformation to form
more active products including indole-3-carbinol, isothiocyanates and thiosulfonates (Nho and Jeffery 2001). The
occurrence of thiosulfonates along with organosulfur
compounds is reported predominantly from members of
Liliaceae family such as Allium cepa, Allium sativum and
Asparagus (Wu et al. 2005). The glucosinolates and their
biotransformation products are reported to act as inhibitors of
platelet aggregation and are also having anti-atherosclerotic,
lipid-lowering, antimicrobial, antioxidant, antifungal,
antiproliferative and anti-inflammatory properties (Morimitsu
et al. 1992; Higdon et al. 2007; Valgimigli and Iori 2009).
Organic acids such as oxalic acid, tartaric acid and salicylic
acid form complexes with other phytochemicals to yield
compounds with strong health-promoting properties as
compared to parent compounds. Phytosterols, pectin and
soluble fibres are reported to have cholesterol-lowering
properties (Van Bennekum et al. 2005; Ostlund 2007).
Phytosterols are important in the way as the sterols, and sterolins
isolated from sesame seed are reported to modulate immune
functions through thymus hormones and interleukins while
those from flaxseeds and olives are reported to have antiinflammatory effects (Nashed et al. 2005; Aggarwal et al. 2009).
A conclusion can be drawn from the above discussion that
oxidative stress is a sole source of a number of complications
related to human health due to its damaging effect on all
biomolecules including DNA, lipids and proteins.
Phytochemicals including phenolics, alkaloids and terpenoids
are effective in combating cancer and other oxidative stressrelated disorders. These chemical entities, due to their unique
chemical structure, act as scavenger of ROS, RNS and
modulators of the enzyme system and downregulate the
transcription factors involved in cancer progression. The
inclusion of these compounds in the diet at recommended
doses will be beneficial to prevent several diseases.
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To elaborate the peroxidase activity of cytochrome in the
generation of free radicals from H O , the mechanism of
DNA cleavage mediated by the cytochrome /H O system
was investigated. When plasmid DNA was incubated with
cytochrome and H O , the cleavage of DNA was
proportional to the cytochrome and H O concentrations.
Radical scavengers, such as azide, mannitol, and ethanol,
significantly inhibited the cytochrome /H O systemmediated DNA cleavage. These results indicated that free
radicals might participate in the DNA cleavage by the
cytochrome and H O system. Incubation of cytochrome
with H O resulted in a time-dependent release of iron
ions from the cytochrome molecule. During the incubation
of deoxyribose with cytochrome and H O , the damage to
deoxyribose increased in a time-dependent manner,
suggesting that the released iron ions may participate in a
Fenton-like reaction to produce ·OH radicals that may
cause the DNA cleavage. Evidence that the iron-specific
chelator, desferoxamine (DFX), prevented the DNA
cleavage induced by the cytochrome /H O system
supports this mechanism. Thus we suggest that DNA
cleavage is mediated via the generation of ·OH by a
combination of the peroxidase reaction of cytochrome
and the Fenton-like reaction of free iron ions released from
oxidatively damaged cytochrome in the cytochrome /
H O system.
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Introduction

Cytochrome c has been studied extensively because of its
central role in electron transfer in living organisms. The
*To whom correspondence should be addressed.
Tel: 82-43-229-8562; Fax: 82-43-229-8432
E-mail: jhkang@cju.ac.kr

protein is localized on the intermembrane-space side of the
inner mitochondrial membrane and participates in mitochondrial
electron transport (Wilkstrom and Saraste, 1984). Recent
reports implicate cytochrome c in oxidative stress, which
results from the run-away production of reactive oxygen
species. In addition, cytochrome c acts as a mediator of
apoptotic cell death signals (Cai et al., 1998). The oxidative
stress-mediated cellular damage and apoptotic cell death have
been associated with neurodegenerative disorders, Parkinson’s
disease (PD) (Hashimoto et al., 1999), and cancer (Park and
Kim, 2005).
During exposure to hydrogen peroxide, many proteins with
metal binding sites are susceptible to oxidative damage, and
free metal ions could be released (Kang and Kim, 1997). It has
been reported that the reaction of hydrogen peroxide with heme
proteins, such as cytochrome c, produces highly reactive ferrylheme species that are capable of oxidizing biomolecules and
initiating lipid peroxidation (Radi et al., 1991a; 1993b).
Recently, it was reported that hydrogen peroxide oxidized
cytochrome c to a peroxidase compound I-type intermediate, in
which one oxidizing equivalent is present as an oxoferryl heme
species and the other is present as the protein tyrosyl radical
(Lawrence et al., 2003). The reaction of cytochrome c with
H2O2 may lead to release of iron ions from cytochrome c.
Therefore, the transition metal, iron, may react with H2O2 to
produce ·OH through a Fenton-like reaction. ·OH is the most
powerful oxidizing species among several reactive oxygen
radicals, and is able to oxidize most macromolecules including
DNA, protein, lipid, and carbohydrate (Frank et al., 1989;
Breen and Murphy, 1995; Dean et al., 1997). Oxidative DNA
damage from reactive oxygen species (ROS) has been
hypothesized to play a critical role in several diverse biological
processes including mutagenesis, aging, carcinogenesis,
radiation effects, and cancer chemotherapy (Ames, 1983;
Cerruti, 1984; von Sonntage, 1987).
In this study, we examined the DNA cleavage caused by
cytochrome c and H2O2. Our results suggest that the DNA
cleavage induced by cytochrome c and H2O2 is due to the
oxidative damage resulting from ·OH generated by a
AR-000751
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combination of the peroxidase activity of cytochrome and
the Fenton-like reaction of free iron ions released from
oxidatively damaged cytochrome .
c

c

Materials and Methods

Materials. pUC19 plasmid DNA was prepared and purified from

cultures using QIAGEN plasmid kits (Santa Clarita). Bovine
cytochrome , catalase, 2-deoxy-D-ribose, thiobarbituric acid,
bathophenanthroline sulfonate and deferoxamine (DFX) were
purchased from Sigma. Chelex 100 resin (sodium form) was obtained
from Bio-Rad. All solutions were treated with Chelex 100 resin to
remove traces of transition metal ions.
E. coli

c

Analysis of DNA cleavage. Supercoiled plasmid pUC19 DNA

(1 μg) in 10 mM potassium phosphate buffer (pH 7.4) was
incubated for 2 h at 37oC with different cytochrome and H2O2
concentrations in a total volume of 20 μl. The reactions were
stopped by freezing at −80oC. 5 μl of loading buffer (0.25%
bromophenolblue, 40% sucrose) was added and the samples were
analyzed by electrophoresis in 0.8% agarose in TBE buffer (2 mM
EDTA, 89 mM boric acid and 89 mM Tris at pH 8.3). The resulting
gel was stained with ethidium bromide. Bands of DNA were
detected and photographed under UV light in a dark room.
c

Measurement of damage to deoxyribose. Detection of damage to

deoxyribose was determined by measuring thiobarbituric acidreactive 2-deoxy-D-ribose oxidation products (Kang, 2004). The
assay mixture contained 10 mM potassium phosphate buffer (pH
7.4), 10 mM 2-deoxy-D-ribose, 1 mM H2O2 and 100 μM protein in
a total volume of 100 μl. The reaction was initiated by addition of
H2O2 and incubated for 1 h at 37oC. The reaction was terminated by
addition of 2.8% trichloroacetic acid (200 μl), PBS (200 μl), and
1% thiobarbituric acid (200 μl), then boiled at 100oC for 15 min,
after which the samples were cooled and centrifuged at 15,000 rpm
for 10 min. Results were read by uv/vis spectrophotometer (Shimadzu,
UV-1601) at 532 nm.

Determination of free iron ion concentration. The concentration

of iron ions released from oxidatively damaged cytochrome was
measured using bathophenanthroline sulfonate by the method
described previously (Pieroni
., 1994). The reaction mixture
contained 100 μM cytochrome , 1 mM H2O2 and 10 mM potassium
phosphate buffer (pH 7.4) in a total volume of 0.5 ml. The reaction
was initiated by addition of H2O2 and incubated for 1 h at 37oC.
After the incubation, the mixture was then placed into UltrafreeMC filter and centrifuged at 13,000 rpm for 1 h. The colorimetic
reagent was added for analysis by a uv/vis spectrophotometer at
535 nm. The final concentrations in the color reagent were 1%
ascorbate, 0.02% bathophenanthroline sulfonate and 1% acetic
acid-acetate buffer (pH 4.5).
c

et al

c

Fig. 1. DNA strand breakage after incubation with cytochrome
c

c

supercoiled form (form I) and a minor band corresponding to
nicked circular form (form II) (Fig. 1, lane 1). Plasmid DNA
remained intact after incubation with 50 μM cytochrome
(Fig. 1, lane 2) or 0.3 mM H2O2 (Fig. 1, lane 3) alone.
However, when DNA was incubated in a mixture of
cytochrome and H O , the DNA damage occurred (Fig. 1,
lane 4). This indicates that both cytochrome and H O were
required to cause strand breaks in the DNA. The effect of the
concentrations of cytochrome and H O on the production of
DNA strand breaks was then studied. The DNA cleavage
increased dose-dependently with doses of up to 100 μM
cytochrome (Fig. 2A) and 1 mM H O (Fig. 2B), respectively.
Previous studies have shown that the reaction of cytochrome
with H O generates a free radical that oxidizes amino acid
residues at or near the cation-binding site, which then
introduces carbonyl groups. Such an oxidative modification is
an indicator of oxidative stress and may be significant in
several physiological and pathological processes (Davies,
1986; Oliver,
., 1987).
The participation of free radicals in the DNA damage by
the cytochrome /H O system was studied by examining the
protective effect of radical scavengers. When plasmid DNA
was incubated with cytochrome and H O in the presence of
azide, mannitol, or ethanol at 37 C for 2 h, all scavengers
significantly prevented the DNA cleavage (Fig. 3). The ability
of radical scavengers to protect DNA from damage indicates
that free radicals may participate in the mechanism of strand
breaks produced by the cytochrome and H O system.
Cellular metabolism has been shown to generate the
reactive oxygen species such as hydrogen peroxide, hydroxyl
radical, and superoxide radical (Cerruti, 1984). Trace metals
c

c

2

2

c

c

2

c

2

Untreated DNA showed a major band corresponding to the

2

2

2

2

c

2

2

et al

c

2

2

c

2

2

o

c

Results and Discussion

c

and H2O2. pUC 19 DNA (1 μg) was incubated at 37oC for 2 h:
Lane 1, pUC 19 DNA control; lane 2, DNA + 50 μM cytochrome
; lane 3, DNA + 0.3 mM H2O2; lane 4, DNA + 50 μM cytochrome
+ 0.3 mM H2O2. The reactions were stopped by freezing at
−80oC. Loading buffer was added and the samples were analyzed
by electrophoresis on 0.8% agarose gel. I and II indicate the
positions of the supercoiled and nicked circular DNA plasmid
forms, respectively.

2

2
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Effect of radical scavengers on DNA strand breakage
induced by cytochrome c and H2O2. pUC 19 DNA was incubated
with 50 μM cytochrome c + 0.3 mM H2O2 in the presence of a
radical scavenger. Lane 1, DNA alone; lane 2, no addition of
effector; lane 3, 200 mM azide; lane 4, 200 mM mannitol; lane
5, 500 mM ethanol.
Fig.

3.

Effects of cytochrome c and H2O2 concentrations on
DNA strand breakage. (A) pUC 19 DNA (1 μg) was incubated
with increasing doses (0-100 μM) of cytochrome c and 0.3 mM
H2O2 at 37oC for 2 h. (B) pUC 19 DNA (1 μg) was incubated
with 50 μM cytochrome c and increasing doses (0-1 mM) of
H2O2 at 37oC for 2 h.
Fig.

2.

such as copper and iron that are present in biological systems
may interact with active oxygen species, ionizing radiation, or
microwaves to damage macromolecules (Prutz, 1984; Samuni
1984; Goldstein and Czapski, 1986; Sagripanti
1987; von Sonntage, 1987; Imlay
1988). The cleavage
of metalloproteins by oxidative damage may lead to increases
in the levels of metal ions in biological cells. We investigated
the release of iron in the reaction of cytochrome with H2O2.
During incubation of 100 μM cytochrome with 1 mM H2O2,
free iron ions gradually increased as a function of time (Fig.
4). It has been reported that iron ions could stimulate the
Fenton-like reaction to produce ·OH, which mediates DNA
strand breakage (Tachon, 1989). Attack of ·OH on the sugar,
2-deoxyribose, produces a huge variety of products, some of
which are mutagenic in bacterial systems. Some of the
fragmentation products can be detected by adding thiobarbituric
acid (TBA) to the reaction mixture, resulting in formation of a
pink (TBA) -MDA chromogen (Halliwell and Gutteridge,
1981). This can be used to detect ·OH production, although it
is unclear whether or not some other ROS can also degrade
et al.,

et al.,

et al.,

Iron release in the cytochrome c and H2O2 system. The
samples were incubated in 10 mM potassium phosphate buffer
(pH 7.4) at 37oC for various incubation periods with the following:
100 μM cytochrome c alone ( ̰ ); 1 mM H2O2 alone ( ̵);
100 μM cytochrome c plus 1 mM H2O2 ( ̻). Free iron ion
concentrations were determined by a colorimetic reagent utilizing
bathophenanthroline sulfonate.
Fig. 4.

c

c

2

deoxyribose. Our results showed that damage to deoxyribose
was induced by the cytochrome and H O system (Fig. 5).
The result suggests that ·OH may participate in the
cytochrome / H O -mediated DNA cleavage. It has been
reported that berberine inhibited the cytochrome /H O mediated DNA strand breakage through the scavenging of
superoxide anion (Choi
., 2001). In this study, however,
superoxide dismutase could not inhibit the cytochrome /
H O -mediated DNA strand breakage (data not shown).
Therefore, we assumed that the cytochrome /H O -mediated
DNA strand breakage might occur through a Fenton-like
c

c

2

2

2

2

c

2

2
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2

2

c

2

2
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be relevant in diseases where mitochondrial dysfunction is
elevated, such as Parkinson’s disease (Schapira, 1994). It has
been reported that at least 0.1 mM/min H O will be produced
continuously under physiological conditions; this rate increases
in adverse conditions such as hyperoxia or ischemia and
reperfusion (Boveries
., 1972; Britton
., 1987).
Hence, in these abnormal conditions, the modification of
human cytochrome using H O as a substrate could be
potentiated, resulting in DNA damage.
2

et
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c

2

et

2
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effect of the iron chelator, DFX. The DNA cleavage was
effectively inhibited by 1 mM DFX (Fig. 6). The results
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the cytochrome /H2O2 system.
In conclusion, the present results indicated that DNA
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Abstract
The in vivo effects of glycyrrhizin on restoration of liver mass and recovery of liver function were compared with those of epidermal growth
factor (EGF), ibuprofen and dexamethasone in 70% partially hepatectomized rats. Hepatic regenerative activity was assessed based on the ratio of
liver weight to 100 g body weight, and 5-bromo-2′-deoxyuridine (BrdU) incorporation into hepatocyte DNA in the remnant liver. Glycyrrhizin
(50 mg/kg/day, i.p.)- or EGF (1.0 μg/kg/day, i.p.)-treated rats showed an approx. 1.4-fold increase in liver weight/100 g body weight ratio over
saline-treated control rats on days 2 and 3 after 70% partial hepatectomy. BrdU labeling index in the remnant regenerating liver was significantly
higher in glycyrrhizin- or EGF-treated rats when compared with saline-treated control rats on days 0.5 and 1. Ibuprofen (100 mg/kg/day, i.p.) and
dexamethasone (0.1 mg/kg/day, i.p.) did not significantly increase either liver weight/100 g body weight ratio or BrdU labeling index. Serum
activity of liver-related transaminases, such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST), elevated rapidly on day 1
and decreased to near pre-operative levels on day 5 after 70% partial hepatectomy in saline-treated control rats. Injection of glycyrrhizin or EGF
significantly decreased the elevated serum ALT and AST activities on days 2 and 3 after hepatectomy when compared with saline-treated control
rats. The transaminase-lowering effects of glycyrrhizin or EGF were smaller than those of ibuprofen and dexamethasone. These results demonstrate
that injection of glycyrrhizin or EGF significantly enhances regeneration of liver mass and function, as well as recovery from the liver damage
induced by surgical resection.
© 2007 Elsevier B.V. All rights reserved.
Keywords: Liver regeneration; Serum transaminase; Glycyrrhizin; Epidermal growth factor; Ibuprofen; Dexamethasone

1. Introduction
Liver regeneration is a process in which the liver recovers mass
and function after events such as hepatectomy, viral infection or
chemical toxicity. In rats, 70% partial hepatectomy induces a
rapid regenerative process in the remaining liver tissue, and within
2 weeks, the liver returns to its original size and regeneration is
terminated (Higgins and Anderson, 1931; Steer, 1995; Fausto
et al., 1995). During the last 10 years, new information has
become available on the events that initiate and terminate liver
regeneration (Michalopoulos and DeFrances, 1997). Such rege-

⁎ Corresponding author. Tel./fax: +81 492 71 7316.
E-mail address: ogiharam@josai.ac.jp (M. Ogihara).
0014-2999/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.ejphar.2007.10.073

neration invokes a series of complex processes that probably
involve cell proliferation and cell growth induced by the actions
of various circulatory factors. The circulatory factors required for
these processes may be largely categorized into three networks:
growth factors, cytokines and metabolic agents (Gallucci et al.,
2000; Argast et al., 2004; Kimura and Ogihara, 1997a,b, 2005;
Kimura et al., 2007). There is much redundancy within each
network, and complex interactions exist between them. To date,
no single mediator has been identified as being responsible for
triggering hepatocytes to enter the cell cycle. For instance,
epidermal growth factor (EGF) is thought to promote DNA
synthesis and proliferation in rat hepatocytes and regenerating liver
after 70% partial hepatectomy (Francavilla et al., 1986; Johansson
and Anderson, 1990; Jones et al., 1995; Kimura and Ogihara,
1997a).

AR-000756

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 155 of 229
757
358

M. Kimura et al. / European Journal of Pharmacology 579 (2008) 357–364

Glycyrrhizin is a triterpene glycoside extracted from licorice
root. Glycyrrhizin and its analogues have various pharmacological effects, including anti-inflammatory, antitumorgenic and
antihepatotoxic activity (Inoue et al., 1996). Stronger NeoMinophagen C (SNMC), the active ingredient of which is
glycyrrhizin, has been widely used in Japan to treat chronic
hepatitis for over 25 years. Intravenous administration of SNMC
markedly decreases elevated serum alanine aminotransferase
(ALT) levels in patients with chronic hepatitis and improves liver
function with occasional complete recovery from hepatitis (Arase
et al., 1997). SNMC is recognized by many clinicians as a safe
and effective agent for chronic hepatitis. In randomized controlled trials, glycyrrhizin induced a significant reduction in serum
alanine aminotransferase and an improvement in liver histology
when compared to placebo in European patients (van Rossum
et al., 1998, 1999). The hepatoprotective effects produced by
glycyrrhizin are largely thought to be related to its potent antiinflammatory action.
On the other hand, few studies have investigated the specific
effects of glycyrrhizin on hepatocyte growth. We previously
demonstrated that glycyrrhizin stimulates DNA synthesis and
proliferation directly via the EGF receptor in vitro in primary
cultures of adult rat hepatocytes (Kimura and Ogihara, 2001).
These findings indicate that glycyrrhizin is a natural ligand for the
EGF receptor. Glycyrrhizin, a potent mitogen for mature hepatocytes in vitro, appears to function as a hepatotrophic factor for
liver regeneration in vivo; however, there is no direct evidence
that glycyrrhizin stimulates DNA synthesis and proliferation of
hepatocytes to accelerate liver regeneration in vivo. Partial hepatectomy is the most often used stimulus to study liver regeneration, because in contrast to methods that use hepatic toxins
(i.e., carbon tetrachloride), it is not associated with severe inflammation and tissue necrosis, and initiation of the regenerative
stimulus is precisely defined (i.e., loss of hepatic tissue)
(Michalopoulos and DeFrances, 1997; Stolz et al., 1999).
Furthermore, in vivo investigation of the effects of glycyrrhizin
on hepatic growth response is of particular importance, as glycyrrhizin may improve liver function by stimulating liver
regeneration.
The purpose of the present study was to evaluate whether
exogenous administration of glycyrrhizin is able to stimulate
liver regeneration in vivo in 70% partially hepatectomized rats.
To examine whether glycyrrhizin protects liver integrity after
partially hepatectomy, we measured the serum levels of liver
cytosolic enzymes, such as alanine aminotransferase (ALT) and
aspartate aminotransferase (AST). In addition, to elucidate the
mechanisms of action of glycyrrhizin, the effects of glycyrrhizin
on the liver regeneration and liver function in rats were compared with those of EGF, the non-steroidal anti-inflammatory
drug ibuprofen, and the anti-inflammatory steroid dexamethasone during recovery from 70% partial hepatectomy. Our results
demonstrate that administration of glycyrrhizin or EGF stimulates hepatocyte DNA synthesis following liver regeneration
after 70% partial resection of liver, and more rapidly normalizes
serum ALT and AST levels than in saline-treated controls.
Neither ibuprofen nor dexamethasone enhanced regeneration of
liver mass, but they both significantly normalized serum ALT

and AST activities when compared with saline-treated controls.
Taken together, our findings indicate that glycyrrhizin is useful
in accelerating liver regeneration and in protecting the integrity
of hepatocytes against liver damage.
2. Materials and methods
2.1. Animals
Seven-week-old male Wistar rats weighing 200 g obtained
from Tokyo Experimental Animal Co. (Tokyo, Japan) were
used. Rats were kept at a controlled temperature (24 °C) under a
12-h light–dark cycle and fed standard laboratory chow and
water ad libitum. Rats were handled in accordance with the
National Institutes of Health Guidelines for the Care and Use of
Laboratory Animals.
2.2. 70% partial hepatectomy and drug administration
Under ether anesthesia, 70% (two-thirds) partial hepatectomy was performed according to a minor modification of the
Higgins and Anderson method. The procedure involves the
ligation and resection of the left lateral and median hepatic
lobes, which constitute about 70% of the total liver weight, as
described previously (Higgins and Anderson, 1931). Shamoperated controls were similarly anesthetized, and their livers
were briefly brought outside the peritoneal cavity, but were not
tied or excised.
The rats were randomly divided into 5 groups that received
saline, glycyrrhizin, EGF, ibuprofen or dexamethasone; intraperitoneal injections of glycyrrhizin (50 mg/kg), ibuprofen
(100 mg/kg), dexamethasone (0.1 mg/kg) or EGF (1.0 μg/kg)
were administered once daily (at 10 A.M.) for 1 to 12 days
unless otherwise indicated.
2.3. Determination of liver regeneration
All rats were killed at the indicated time points after 70%
partial hepatectomy under ether anesthesia. The regenerating
liver was excised, and liver weight after regeneration and body
weight was measured. The ratio of total liver weight after regeneration normalized against 100 g body weight was used as an
indicator of liver regeneration (Assy and Mink, 1997).
2.4. 5-Bromo-2′-deoxyuridine (BrdU) incorporation
Liver regeneration was also monitored by mitotic index, as
determined by nuclear BrdU incorporation into hepatocyte
DNA after 70% partial hepatectomy, according to a previously
described method (Gratzner, 1982; Ishiki et al., 1992). This
parameter is known to be a useful indicator of the effects of
growth factors on cell proliferation in a variety of experimental
systems. BrdU is a thymidine analogue that is incorporated into
hepatocyte nuclei during DNA synthesis (S phase in cell cycle).
BrdU (50 mg/kg, i.p.) was injected into rats, and after 2 h, rats
were anesthetized by ether and the livers were removed. Liver
specimens were fixed in cold 10% neutralizedAR-000757
formalin solution.
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To measure the labeling index, liver cells undergoing DNA
synthesis were immunohistochemically identified using monoclonal anti-BrdU antibodies. Briefly, livers were fixed in 10%
neutralized formalin and embedded in paraffin. Paraffin-embedded tissue sections (5-μm thick) were deparaffinized and
stained with hematoxylin. For assay of labeling index, deparaffinized tissue sections of liver, were incubated in 2 N HCl for
30 min, washed several times with phosphate-buffered saline (pH
7.4), and stained with anti-BrdU monoclonal antibody. BrdU was
detected using avidin DH-biotinylated horseradish peroxidase
complex according to manufacturer's instructions (Exalpha, Biologicals, Inc., Maynard, USA). Labeling index was determined
by counting the number of labeled nuclei per 1000 nuclei in
randomly selected fields under a light microscope.
Histological changes in livers of rats not given or given saline
(0.25 mL/kg/day, i.p.), glycyrrhizin (50 mg/kg/day, i.p.), dexamethasone (0.1 mg/kg/day, i.p.) and EGF (1.0 μg/kg, i.p.) on day
3 after 70% partial hepatectomy were examined. Rats were treated
according to the schedule described in Materials and methods.
Liver specimens were fixed in cold 10% neutralized formalin and
embedded in paraffin. Paraffin-embedded tissue sections (5 μm)
were deparaffinized and stained with hematoxylin and eosin.

359

hoc analysis using Dunnett's multiple comparison test. P b 0.05
was considered to be statistically significant.
3. Results
3.1. Dose-dependent effects of glycyrrhizin and EGF on liver
regeneration
In the preliminary study, recovery of liver mass in the remnant
liver after 70% partial hepatectomy initially peaked after 3 days in
glycyrrhizin- or EGF-treated rats. We thus examined the dose–
response effects of glycyrrhizin or EGF on the ratio of liver
weight/100 g body weight at 3 days after 70% partial hepatectomy
as compared with ibuprofen and dexamethasone. As shown in
Fig. 1A, a bell-shaped dose–response curve indicates that, at
smaller doses, glycyrrhizin (30–70 mg/kg) can stimulate liver
regeneration, whereas higher doses (100 mg/kg) are less effective.
The maximal effects induced by glycyrrhizin were seen in
response to 50 mg/kg. EGF showed a similar biphasic dose–
response curve (Fig. 1B). The maximal effect induced by EGF
was seen in response to 1.0 μg/kg. Ibuprofen (10–150 mg/kg) and
dexamethasone (0.1–1.5 mg/kg) had no effect on liver weight/
100 g body weight at any of the doses tested (data not shown).

2.5. Determination of serum transaminase activity
In order to determine whether glycyrrhizin affects liver integrity in 70% partially hepatectomized rats, we measured the
activity of liver cytosolic enzymes in sera. After remnant livers
were removed, blood samples were quickly collected from the
inferior vena cava. Enzyme assays were carried out in normal
rats with or without glycyrrhizin, EGF, ibuprofen and dexamethasone administration. Serum ALT and AST were assayed
using commercially available diagnostic kits in accordance with
the manufacturer's instructions (Wako Pure Chemical Industries, LTD., Osaka, Japan). The enzyme reaction was performed
by addition of substrate with diaminobenzidine. One international unit of enzyme activity was a change in optical density of
0.000482/min/mL of serum.

3.2. Time courses associated with effects of glycyrrhizin, EGF,
ibuprofen and dexamethasone on liver regeneration
In order to examine the effects of glycyrrhizin on liver
regeneration of remnant liver after 70% partial hepatectomy,
glycyrrhizin (50 mg/kg/day) was administered intraperitoneally

2.6. Materials
Glycyrrhizin (ammonium salt) was prepared by Dr. S. Iwata at
the Research Laboratory of Minophagen Pharmaceutical Co., Ltd.
(Kanagawa, Japan). The following reagents were obtained from
Sigma Chemical Co. (St. Louis, MO, USA): EGF (human recombinant); ibuprofen sodium salt; dexamethasone; and BrdU.
BrdU was dissolved in 50% dimethylsulfoxide (DMSO) at 120
mg/mL (stock solution). Monoclonal anti-BrdU antibodies were
purchased from Exalpha Biologicals, Inc. (BrdU Immunohistochemistry Assay Kit, Maynard, MA, USA). Assay kits for serum
ALT and AST were obtained from Wako Pure Chemical Industries,
Ltd., Osaka, Japan. All other reagents were of analytical grade.
2.7. Statistical analysis
Results are presented as means ± S.E.M. Group comparisons
were carried out by ANOVA for unpaired data followed by post-

Fig. 1. Dose-dependent effects of glycyrrhizin and EGF on liver regeneration on
day 3 following 70% partial hepatectomy. Rats were treated according to the
experimental schedule described in Materials and methods. Glycyrrhizin (10–
100 mg/kg, i.p.) and EGF (0.5–10 μg/kg, i.p.) were injected once a day (at 10
A.M.) and remnant livers were removed rapidly under ether anesthesia and
weighed on day 3 after 70% partial hepatectomy. The ratio of total liver weight
after regeneration normalized against 100 g body weight was used as an
indicator of liver regeneration. Rats (n = 5–8) were used in each experimental
group. Values are means ± S.E.M. ⁎, P b 0.05; ⁎⁎, P b 0.01 compared with
controls.
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Fig. 2. Time courses associated with effects of glycyrrhizin, EGF, ibuprofen
and dexamethasone on liver regeneration following 70% partial hepatectomy.
Rats were treated according to the experimental schedule described in Materials and methods. Saline (0.25 mL/kg, i.p.), glycyrrhizin (50 mg/kg, i.p.),
EGF (1.0 μg/kg, i.p.), ibuprofen (100 mg/kg, i.p.) or dexamethasone (0.1 mg/kg,
i.p.) was injected once a day and remnant livers were removed rapidly under ether
anesthesia and weighed at the time points indicated. Rats (n = 5–8) were used in
each experimental group. The ratio of total liver weight after regeneration
normalized against 100 g body weight was used as an indicator of liver
regeneration. 2.92: Sham-operated rats. Values are means ± S.E.M. ⁎, P b 0.05;
⁎⁎, P b 0.01 compared with saline-treated controls.

and the effects were compared with those of EGF (1.0 μg/kg/day).
After 70% partial hepatectomy, liver weight/100 g body weight
increased rapidly and reached an initial peak on day 5 in salinetreated control rats and on day 3 in glycyrrhizin-treated rats
(Fig. 2). The glycyrrhizin-treated rats showed an approx. 1.4-fold
increase over saline-treated controls on day 3 after 70% partial
hepatectomy. The effects of glycyrrhizin were statistically significant when compared with saline-treated controls. Liver
weight/100 g body weight peaked again on day 10 and the wet

weight of liver was comparable to pre-operative levels. There
were no significant differences in body weight between salineinjected controls and the glycyrrhizin-injected group from days 1
to 10. EGF-treated rats (1.0 μg/kg, i.p.) reached a first peak on day
3, and the time course associated with the effects of EGF was very
similar to those of glycyrrhizin, as assessed by liver weight/100 g
body weight (Fig. 2).
In addition, to determine the mechanisms responsible for the
enhanced liver regeneration observed in glycyrrhizin- or EGFtreated rats, we compared the effects of the non-steroidal antiinflammatory agent ibuprofen (100 mg/kg/day, i.p.) and the antiinflammatory steroid dexamethasone (0.1 mg/kg/day, i.p.) with
those of glycyrrhizin (50 mg/kg/day, i.p.) and EGF (1.0 μg/kg, i.p.).
As shown in Fig. 2, liver weight/100 g body weight in rats given
ibuprofen or dexamethasone once a day after 70% partial hepatectomy was not significantly greater than those of saline-treated
control rats on days 2 and 3 (Fig. 2).
Sections from the regenerating liver were stained with hematoxylin and eosin in order to aid observation of histological
changes on day 3 after 70% partial hepatectomy. Histological
observation also confirmed almost no abnormal morphologies,
such as cell swelling, atypical tissue changes or cell infiltration,
in remnant regenerating liver from rats given glycyrrhizin,
dexamethasone or EGF, as compared with saline-treated controls (data not shown).
3.3. Time courses associated with the effects of glycyrrhizin
and EGF on hepatocyte DNA synthesis
Fig. 3 shows light micrographs of the typical distribution of
hepatocytes undergoing DNA synthesis in the remnant liver of

Fig. 3. Liver distribution of hepatocytes undergoing DNA synthesis after 70% partial hepatectomy. Light micrographs showing the typical distribution of hepatocytes
undergoing DNA synthesis in the remnant liver of rats treated without or with glycyrrhizin, dexamethasone and EGF on day 3 after 70% partial hepatectomy. Livers were
pulsed with 5-bromo-2′-deoxyuridine (BrdU) in vivo. Liver sections (5 μm) were stained with hematoxylin following immunochemical staining with monoclonal
antibody to BrdU, as described in Materials and methods. Dark spots indicate hepatocytes undergoing DNA synthesis. Bars represent 50 μm. A: saline, 0.25 mL/kg/day,
i.p.; B: glycyrrhizin, 50 mg/kg/day, i.p.; C: dexamethasone, 0.1 mg/kg/day, i.p.; D: EGF, 1.0 μg/kg, i.p.
AR-000759
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rats treated without (A) or with glycyrrhizin (B), dexamethasone (C) and EGF (D) on day 1 after 70% partial hepatectomy.
Hepatocytes were pulsed with 5-bromo-2′-deoxyuridine (BrdU)
for 2 h in vivo and were visualized by immunochemical staining. Dark spots indicate hepatocytes undergoing DNA synthesis. Light micrographs confirmed that glycyrrhizin and EGF,
but not dexamethasone, stimulate hepatocyte DNA synthesis.
Fig. 4 shows the time course associated with the effects of
glycyrrhizin and EGF on BrdU labeling index in hepatic parenchymal cells. Although the BrdU labeling index of untreated
rat liver sections before 70% partial hepatectomy was less than
0.1%, it increased moderately from the first day after 70%
partial hepatectomy in saline-treated control rats. Thereafter, it
decreased to pre-operative levels at day 3 after 70% partial
hepatectomy. In contrast, the BrdU labeling index in 50 mg/kg/day
glycyrrhizin-injected rats increased significantly from 1.0 to 9.0%
on day 1 and then declined to 3.0% on day 2. In both groups, BrdU
labeling index returned to pre-operative levels on days 3 and 4 after
70% partial hepatectomy. These results indicate that glycyrrhizin
significantly extended mitogenic activity of hepatocytes following
70% partial hepatectomy, as compared with controls. Hepatocytes
undergoing DNA synthesis in both saline- or glycyrrhizin-treated
animals were randomly distributed in hepatic lobes. Thus, exogenous glycyrrhizin markedly stimulates DNA synthesis in hepatocytes and thereafter accelerates liver regeneration after 70%
partial hepatectomy in vivo. Injection of EGF (1.0 μg/kg, i.p.) once
daily also significantly enhanced the BrdU labeling index of liver
cells (from 0.1 to 8.9%) on day 1, followed by a decrease to 1.1%
on day 3 after 70% partial hepatectomy (Fig. 4). In the labeling
index study, about 9% of total nuclei were labeled with BrdU after
EGF administration in normal rat liver in vivo. On the other hand,
100 mg/kg i.p. ibuprofen-treated rats and 0.1 mg/kg i.p. dexamethasone-treated rats exhibited moderate induction of DNA synthesis on days 1 and 2 after 70% partial hepatectomy when
compared with the sham-operated group (data not shown), but

Fig. 4. Time courses associated with effects of glycyrrhizin and EGF on 5-bromo-2′deoxyuridine (BrdU) labeling indexes in the livers of rats injected with glycyrrhizin
following 70% partial hepatectomy. BrdU-mitotic indexes were determined based
on BrdU incorporation into DNA and following immunohistochemical staining
using monoclonal antibodies for BrdU on days 0–5 after partial hepatectomy, as
described in the legend of Fig. 3. BrdU labeling index in control and glycyrrhizintreated rats indicates the percentage of BrdU-positive hepatocyte nuclei out of 1000
nuclei in randomly selected fields under a light microscope. Values are means ±S.E.
M of five-different rats. ⁎, Pb 0.05; ⁎⁎, Pb 0.01 compared with sham-operated
controls.
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Fig. 5. Dose-dependent effects of glycyrrhizin, EGF, ibuprofen, and dexamethasone on liver-specific cytosolic alanine aminotransferase (ALT) activity in
serum on day 1 after 70% partial hepatectomy. Rats were treated according to the
experimental schedule described in Materials and methods. After remnant livers
were removed on day 1 after 70% partial hepatectomy, blood samples were
quickly collected from the inferior vena cava and serum ALT activity was
determined using a commercially available diagnostic kit. Each experimental
group comprised 5–8 rats. Values are means ± S.E.M. ⁎, P b 0.05; ⁎⁎, P b 0.01
compared with controls.

DNA synthesis decreased to pre-operative levels on day 5. The
effects of ibuprofen and dexamethasone were not statistically
significant when compared with saline-treated control rats.
3.4. Dose-dependent effects of glycyrrhizin, EGF, ibuprofen
and dexamethasone on serum ALT activity
Of the known liver-related enzymes, transaminases (ALT and
AST) in serum are good markers of liver injury or damage. To
examine whether glycyrrhizin and EGF affect liver integrity in
70% partially hepatectomized rats, we measured serum ALT and
AST activity. First, we examined the dose–response effects of
glycyrrhizin and EGF on liver-specific transaminase ALT activity
in serum on day 3 after 70% partial hepatectomy, as restoration of
liver mass peaked on day 3 (Fig. 2). As shown in Fig. 5, a biphasic
dose–response curve was obtained. Glycyrrhizin in smaller doses
significantly reduced ALT activity, with a maximal effect at
50 mg/kg/day, while higher doses were less effective (Fig. 5A). In
addition, the dose–response effects of EGF on serum ALT activity
showed a similar biphasic-shaped dose–response curve with a
maximal effect at 1.0 μg/kg/day i.p. (Fig. 5B). The mechanisms
behind these results are unknown at present.
Because glycyrrhizin and EGF were found to reduce the
elevated serum ALT activity induced by 70% partially hepatectomized rats, the dose–response effects of ibuprofen and
dexamethasone on serum ALT activity were also examined on
1 day after 70% partial hepatectomy. The dose–response curve
showed that both ibuprofen and dexamethasone reduced the
increase in serum ALT activity in a dose-dependent manner
(Fig. 5C and D). The maximal ALT-lowering effects of ibuprofen
and dexamethasone were observed at doses of 75 mg/kg/day and
50 μg/kg/day, respectively (Fig. 5C and D).AR-000760
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3.5. Time courses associated with effects of glycyrrhizin, EGF,
ibuprofen and dexamethasone on serum transaminase activity
As shown in Fig. 6A and B, serum activity of ALT and AST
was elevated in rats after 70% partial hepatectomy. Serum levels
of AST and ALT rapidly increased, peaking on day 1 after 70%
partial hepatectomy, thus confirming that liver damage
occurred. Transaminase activity returned more rapidly to the
pre-hepatectomy levels in animals treated with glycyrrhizin
(50 mg/kg, i.p.) or EGF (1.0 μg/kg, i.p.) than in saline-treated
controls. The transaminase-lowering effects of glycyrrhizin
were significant when compared with saline-treated control
groups on days 1 and 2 after 70% partial hepatectomy. Serum
ALT and AST were elevated in sera from 70% partial hepatectomized rats. ALT and AST levels were significantly higher
on days 1 and 2, respectively, after hepatectomy in both control
and glycyrrhizin-treated rats. These results suggest that
injection of glycyrrhizin had a significant protective effect
against acute liver injury. Fig. 6 shows that injection of 1.0 μg/kg
EGF also suppressed the elevated ALT and AST levels induced
by 70% partial hepatectomy on days 2 and 3; therefore, acute
liver damage was also ameliorated by EGF.
In order to determine the mechanisms responsible for the
serum transaminase-lowering effects, we compared the effects
of non-steroidal and steroidal anti-inflammatory agents (ibu-

Fig. 6. Time courses associated with the effects of glycyrrhizin, EGF, ibuprofen,
and dexamethasone on liver-related cytosolic transaminase (ALT and AST)
activity in serum after 70% partial hepatectomy. Time courses associated with the
effects of glycyrrhizin (50 mg/kg, i.p.), EGF (1.0 μg/kg, i.p.), ibuprofen (100 mg/kg,
i.p.), and dexamethasone (0.1 mg/kg, i.p.) on serum ALT (A) and AST (B) activity
were assessed on days 0–12 after 70% partial hepatectomy, as described in legend of
Fig. 5. Data from control, glycyrrhizin-, EGF-, ibuprofen-, and dexamethasonetreated rats are shown as means±S.E.M. (n=7–10). ⁎, Pb 0.05; ⁎⁎, Pb 0.01 compared with saline-treated controls.

profen and dexamethasone, respectively) on serum ALT and
AST levels with those of glycyrrhizin and EGF in the early
stages after 70% partial hepatectomy. As shown in Fig. 6A and
B, injection of both ibuprofen and dexamethasone markedly
suppressed the increase in the serum ALT and AST activity
induced by 70% partial hepatectomy, possibly as a result of their
anti-inflammatory effects. However, administration of dexamethasone was more effective in reducing serum ALT and AST
levels on days 1–3 after partial hepatectomy than saline or
ibuprofen.
4. Discussion
Liver regeneration after the loss of hepatic tissue is a fundamental parameter of the liver response to injury. Numerous
tissue- and serum-based methods are presently used in experimental and clinical studies to assess liver regeneration in
animals and humans. However, a gold standard has yet to be
identified (Assy and Mink, 1997). It has thus been recommended that wherever possible, researchers should incorporate
at least two assays into their studies of hepatic regeneration. In
this study, we employed three tests, i.e., regeneration ratio,
BrdU incorporation and serum transaminase activity, to assess
the in vivo effects of glycyrrhizin on hepatic regeneration in
70% partially hepatectomized rats.
As shown in Figs. 1 and 2, it is clear that with regard to liver
weight/100 g body weight, restoration is almost completed by
the 12th day in saline-injected control rats. These data are
consistent with those of Higgins and Anderson (1931). In the
present study, administration of glycyrrhizin or EGF was found
to accelerate remnant liver regeneration after 70% partial hepatectomy when compared with saline-treated control rats. Many
growth factors and cytokines are hepatocyte mitogens in vitro
and in vivo, but their relative importance in vivo remains unclear (Simpson et al., 1997). During the last 10 years, it was
shown that hepatocyte DNA synthesis after partial hepatectomy
is impaired in interleukin-6-deficient (IL-6 (−/−)) mice, which
results in significantly delayed, but eventual, recovery of normal
liver weight, compared with the IL-6 (+/+) control (Sakamoto
et al., 1999). Yamada et al. reported that hepatic regeneration
following partial hepatectomy is severely impaired in tumor necrosis factor (TNF) receptor-1 knock-out mice (Yamada et al.,
1997). These results suggest that pro-inflammatory mediators such
as IL-6 and TNF-α play a pivotal role in liver regeneration after
partial hepatectomy in control rats. In addition, we found that both
glycyrrhizin and EGF potentiated IL-6- or TNF-α-induced DNA
synthesis and proliferation in primary cultured hepatocytes
(unpublished data). Although intrahepatic modulations of these
pro-inflammatory factors after partial hepatectomy by treatment
with glycyrrhizin or EGF are unknown, glycyrrhizin and EGF may
act by activating parenchymal hepatocyte EGF receptors in a
synergistic manner with endogenous IL-6 and TNF-α.
To determine the mechanisms by which glycyrrhizin stimulates liver regeneration, we pharmacologically compared the
effects of glycyrrhizin and EGF with those of the anti-inflammatory drugs ibuprofen and dexamethasone on liver weight/
100 g body weight in 70% partially hepatectomized
rats. AntiAR-000761
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inflammatory doses of ibuprofen and dexamethasone did not
significantly enhance liver regeneration when compared with
saline-treated control rats at the selected time points (Fig. 2).
These results suggest that the anti-inflammatory action of
glycyrrhizin or EGF (Inoue et al., 1996) is not markedly
involved in enhancing liver regeneration.
In the study of BrdU labeling index, administration of
glycyrrhizin or EGF significantly stimulated BrdU labeling
index at 0.5 and 1 days after 70% partial hepatectomy (9% of
total nuclei, n = 5) when compared with saline-injected control
rats (3.0% of total nuclei, n = 5), while treatment with ibuprofen
or dexamethasone only slightly increased BrdU labeling index
(3.0% of total nuclei, n = 5). To our knowledge, this is the first
report of glycyrrhizin stimulating hepatocyte DNA synthesis
in vivo during liver regeneration in 70% partially hepatectomized rats (Figs. 3 and 4). These results are consistent with our
in vitro studies, which indicated that glycyrrhizin and EGF
stimulate hepatocyte DNA synthesis and proliferation via EGF
receptor signaling in primary cultures of adult rat hepatocytes.
The potent mitogenic activity of glycyrrhizin and EGF in
parenchymal hepatocytes is probably one of the predominant
mechanisms of glycyrrhizin and EGF toward liver regeneration.
It has been reported that although liver regeneration results
ultimately in restoration of liver mass and function, partial
hepatectomy is primarily a compensatory hyperplasia, and does
not involve an inflammatory process (Michalopoulos and
DeFrances, 1997). To evaluate the degree of liver injury after
70% partial hepatectomy, the activity of liver-related enzymes
in serum, such as ALT and AST, and the effects of anti-inflammatory agents on the transaminase activity in sera were
examined. We found that serum ALT and AST activity increased
rapidly and significantly after 70% partial hepatectomy on day 1
(Fig. 6) and returned almost to pre-operative levels after 2–
3 days in control rats. This is because local inflammatory
reactions may occur in response to damage around the ligated
area of the liver, resulting in transient increases in serum ALT
and AST activity. In contrast, serum ALT and AST activity
returned more rapidly to near pre-hepatectomy levels in animals
treated with glycyrrhizin or EGF (Fig. 6). These results indicate
that glycyrrhizin and EGF significantly suppressed the leakage
of cytosolic enzymes from liver cells and prevented the early
stages of liver damage caused by 70% partial hepatectomy.
These biochemical data thus support the notion that moderate
inflammatory responses may occur during the initial stages of
hepatic resection. Glycyrrhizin and EGF may act by inhibiting
production of inflammatory mediators, such as prostaglandins
and leukotriens (Inoue et al., 1996). In support of this hypothesis, the increases in ALT and AST activity were also
significantly suppressed by administration of ibuprofen, and, to
a greater degree, dexamethasone (Fig. 6). Thus, the notion that
the hepatoprotective effects of glycyrrhizin and EGF are associated, at least in part, with their anti-inflammatory action is
supported by these pharmacological data (Fig. 6).
Ishiki et al. and other investigators have shown that injection
of hepatocyte growth factor (HGF) after 70% hepatectomy
produced dose-dependent increases in hepatic DNA synthesis
and proliferation, and lowered serum ALT and AST activity
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(Ishiki et al., 1992; Ishii et al., 1995; Kaibori et al., 1997). These
results are comparable to the present data. However, the mechanisms by which HGF improves liver histology and biology
are undefined. In addition, increasing evidence indicates that
glycyrrhizin or its metabolite 18β-glycyrretic acid protects
against several models of oxidant-mediated toxicity (Jeong
et al., 2002; Gumpricht et al., 2005), and ischemia–reperfusion
injury (Nagai et al., 1991). Inoue et al. evaluated the effects of
glycyrrhizin on lipopolysaccharide (LPS)/D-galactosamine
(Gal)-induced hepatocyte injury in rats in vivo using Tunel
assay. They found that administration of glycyrrhizin significantly reduced LPS/Gal-induced apoptosis (manuscript in
preparation). Thus, the protective effect of glycyrrhizin against
inflammatory liver injury may be also involved in the inhibition
of the partial hepatectomy-induced increase in serum ALT and
AST activities (Fig. 6). Although several hypotheses have been
offered to account for the hepatoprotective effects of glycyrrhizin, the effects of glycyrrhizin on signal transduction
pathway of cell injury remain to be elucidated. In the present
study using glycyrrhizin, EGF, and anti-inflammatory agents,
we propose that exogenous glycyrrhizin and EGF have overall
pharmacological actions that accelerate the proliferation of
parenchymal hepatocytes and suppress inflammatory reactions,
thereby normalizing liver function in 70% partial hepatectomized rats.
Because liver function is markedly impaired in hepatectomized patients and hepatitis, it is important to stimulate both
regeneration of liver mass and function of remnant liver after
liver damage. The same principle that governs liver regeneration after partial hepatectomy in rats may apply to the growth
response of human livers transplanted into new hosts and
those of healthy living donors following living liver transplantation. In fact, in phase II/III clinical trials, glycyrrhizin
has been reported to reduce serum ALT in patients with hepatitis
C (van Rossum et al., 2001). Based on our in vivo data, the
cytoprotective action of glycyrrhizin and EGF in hepatocytes
may be responsible for their effects in damaged and inflamed
livers.
In conclusion, we obtained direct evidence that exogenous
glycyrrhizin and EGF significantly stimulate both liver regeneration and recovery of function in vivo in response to 70%
partial hepatectomy, possibly via stimulation of EGF receptor.
In addition to the stimulation of hepatic DNA synthesis and
proliferation, it should be emphasized that glycyrrhizin and
EGF decreased serum ALT and AST activity, which indicates
rapid recovery of liver function from 70% partial hepatectomy.
Our results should thus provide new insight into treating patients after living liver transplantation or with acute or chronic
hepatitis C. However, further experiments are needed to
understand whether glycyrrhizin and EGF are able to suppress
liver damage induced by toxic chemical agents or in acute and
chronic hepatitis models (Matsuda et al., 1995). Moreover, the
development of new glycyrrhizin-related agents that enhance
liver regeneration more effectively and protect liver function
after partial hepatectomy or hepatotoxic agents would be of
substantial benefit to numerous patients with acute and chronic
liver dysfunction.
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Abstract
Chronic alcohol abuse results in a variety of pathological effects including damage to the brain. The causes of alcohol-induced
brain pathology are presently unclear. Several mechanisms of pathogenicity of chronic alcoholism have been proposed,
including accumulation of DNA damage in the absence of repair, resulting in genomic instability and death of neurons.
Genomic instability is a uniﬁed genetic mechanism leading to a variety of neurodegenerative disorders. Ethanol also likely
interacts with various metabolic pathways, including one-carbon metabolism (OCM). OCM is critical for the synthesis of
DNA precursors, essential for DNA repair, and as a methyl donor for various methylation events, including DNA
methylation. Both DNA repair and DNA methylation are critical for maintaining genomic stability. In this review, we outline
the role of DNA damage and DNA repair dysfunction in chronic alcohol-induced neurodegeneration.
Keywords: alcohol, DNA damage, neuron, cell death
Experimental Biology and Medicine 2012; 237: 740 –747. DOI: 10.1258/ebm.2012.011421

Introduction
Chronic alcohol consumption is associated with an increase
in the incidence of a variety of diseases, including central
nervous system (CNS) degeneration.1 The brain is one of
the major targets of alcohol actions. In adult human
chronic alcoholics, brain damage is characterized by cerebral
and cerebellar atrophy, and impaired neuronal function
within the hippocampus and frontal cortex.2,3 Besides
speciﬁc alcohol-related disorders, such as Wernicke–
Korsakoff syndrome, hepatic encephalopathy and pellagra,
heavy alcohol consumers exhibit cognitive and motor
impairments, cholinergic deﬁcits and dementia. It is estimated that 50 –75% of long-term alcoholics show cognitive
impairment and structural damage to the brain, making
chronic alcoholism the second leading cause of dementia
behind Alzheimer’s disease.4 – 6 These changes may be
caused by loss of neurons, shrinkage of neuronal cell
bodies, or reduction in the number and extent of dendrites.
Careful neuropathological analyses have provided evidence
for loss of neurons in certain regions of the brain of
alcoholics.2,7 A direct toxic effect of ethanol on the
brain has been suggested as the primary cause of alcoholrelated neuronal loss.8 The effects of alcohol on the
brain are well documented. However, the mechanisms are
poorly understood. Several mechanisms have been
proposed to explain ethanol-related brain damage. The
N-methyl-D-aspartate (NMDA)-glutamate receptor could

contribute to alcohol-induced brain damage. Ethanol,
when administered acutely, potently inhibits NMDA receptors, while chronic exposure causes adaptive upregulation
in the sensitivity of NMDA receptors and can result in an
increased vulnerability for glutamate-induced cytotoxic
response (excitotoxicity).9 Increased calcium inﬂux
through NMDA receptors, in turn, is tightly coupled to
uptake into mitochondria and causes the production of reactive oxygen species (ROS). Alcohol metabolism is also
associated with ROS production10,11 (Figure 1). Ethanol oxidation by cytochrome P450 2E1 (CYP2E1) and catalase is
particularly relevant to ethanol metabolism in the brain.12
It is well known that ROS cause damage to DNA.13
Acetaldehyde, the primary metabolite of ethanol, can also
damage DNA.14,15
Chronic ethanol exposure has been shown to be more
harmful than acute exposure.16,17 Chronic alcoholism is
mutagenic and carcinogenic in humans and is also associated with brain dysfunction.1,6,10,13,18 – 20 However, the
mechanisms by which long-term chronic excessive alcohol
consumption leads to a variety of pathologies are unclear.
The sulfur-containing amino acid homocysteine (Hcy) has
been suggested to be toxic in alcoholism.6,21 Chronic alcoholic
patients often have sustained hyperhomocysteinemia, a
marker of one-carbon metabolism (OCM) impairment and
a role for alcohol in disrupting OCM is strongly supported
by the literature.10,21 OCM impairment directly impacts the
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Figure 1 How alcohol may impact DNA. Ethanol is metabolized to acetaldehyde (AA) by alcohol dehydrogenase (ADH), cytochrome P450 2E1 (CYP2E1) and
catalase. AA is metabolized to acetate by aldehyde dehydrogenase 2 (ALDH2). Catalase and CYP2E1 are particularly relevant to ethanol metabolism in brain
tissue. The CYP2E1-dependent pathway is a major contributor to ethanol-generated reactive oxygen species (ROS). ROS induce DNA damage

brain in the conditions of ethanol exposure, as evidenced by
increased Hcy concentrations in the cerebellum of rats22
and increased risk of alcohol withdrawal seizures with the
increase of Hcy plasma concentrations.23 Also, plasma Hcy
concentrations show the most signiﬁcant correlation to hippocampal volume reduction in patients with alcoholism.3
Such effects of OCM impairment can be explained by the
critical importance of OCM for the synthesis of DNA nucleotides (dNTPs), precursors for DNA biosynthesis and repair,
and for methylation reactions.24,25 DNA repair and methylation of DNA play essential roles in maintaining genomic
stability. Given that ethanol (or its metabolites) is genotoxic14,17 and OCM is critical for maintaining genomic stability,26 alcohol-induced OCM impairment may play a
signiﬁcant role in alcohol pathogenicity. In addition, Hcy
itself may act as a convulsant through its agonism at
NMDA receptors.27
Here, we link chronic alcohol-induced neurotoxicity to
DNA damage, which suggests far-reaching implications
for the understanding of the pathogenesis of alcoholism in
humans.

Potentially toxic metabolites of ethanol
As shown in Figure 1, ethanol is metabolized mainly through
oxidation catalyzed by alcohol dehydrogenase (ADH), cytochrome P450 2E1 (CYP2E1) and catalase enzymes.28 – 30 Due
to the low capacity and the relatively high afﬁnity (Km ¼
0.05– 0.1 g/L) of ADH, the enzyme gets saturated after only
a few drinks. Once formed, acetaldehyde is oxidized by
the mitochondrial isoform of aldehyde dehydrogenase
(ALDH), ALDH2, to acetate, in an irreversible reaction.
ALDH2 has a very low Km value, which makes the elimination of toxic acetaldehyde highly efﬁcient. The rates of
ethanol metabolism by ADH and ALDH2 are critical in
determining its toxicity because the alcohol metabolite
acetaldehyde is highly toxic.29,31 ADH and ALDH2 use the
co-factor nicotinamide adenine dinucleotide (NADþ),
which converts to NADH and signiﬁcantly changes the
ratio NADH/NADþ, resulting in an altered cellular redox
and overall energy metabolism states.32 ALDH2 is one of 19
members of the ALDH gene family in humans that play a
crucial role in the oxidation and detoxiﬁcation of numerous
reactive aldehydes including 4-hydroxy-2-nonenal (4-HNE),
a well-known, highly toxic by-product of lipid peroxidation,

and nitroglycerin.32 – 34 Consistent with the critical importance of ALDH2 for detoxiﬁcation of acetaldehyde, a risk
of alcohol-induced toxicity in individuals with mutant
ALDH2 is remarkably increased. Approximately 500
million Asians are heterozygous for the ALDH2 gene and,
therefore, possess one normal and one mutant copy of the
ALDH2 gene, termed ALDH2 2. The mutant copy encodes
an inactive isozyme.35,36
Although ADH activity is not present in the brain, there is
evidence of brain ethanol metabolism through ethanol oxidation into acetaldehyde by catalase37,38 and CYP2E139
(Figure 1). It is estimated that catalase accounts for 60–
70% of ethanol-generated acetaldehyde in the brain, while
CYP2E1 accounts for 10– 20%.39,40 Acetaldehyde is then
readily oxidized into acetate by ALDH.38 A number of
studies based on the analysis of brain homogenates39,41
and at least one study based on the in vivo microdialysis42
provide evidence for the presence of acetaldehyde in the
brain following ethanol intake. The levels of acetaldehyde
were signiﬁcantly increased under conditions of ALDH2
deﬁciency in ALDH2-knockout mice and were consistent
with the dose of ethanol.42 ALDH2 transgenic overexpression alleviated chronic alcohol-induced cell death in the
cerebral cortex of mice.43 Since ALDH2 is essential for
detoxiﬁcation of acetaldehyde, ALDH2 deﬁciency can
directly contribute to excess acetaldehyde accumulation,
while its overexpression can reduce acetaldehyde concentrations (and toxicity). Other indications of acetaldehyde
presence in the brain include a reduction in acetaldehyde
accumulation under conditions of pharmacological38 or
genetic (via injection of anti-catalase shRNA construct into
the CNS)44 inhibition of catalase. Thus, acetaldehyde can
be produced in the brain by metabolic transformation of
ethanol, and neurotoxic effects of ethanol may be associated
with its toxicity.

Alcohol and DNA damage
Preservation of genetic information is of prime importance
to all living systems. However, the integrity of the genome
is continuously threatened by environmental agents (e.g.
the ultraviolet [UV] component of sunlight, ionizing radiation and genotoxic chemicals) or intrinsic sources of
DNA damage (metabolic by-products, spontaneous disintegration of DNA structure). DNA damage can lead to
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mutations, a primary step into cancer initiation. DNA
damage may also result in cellular malfunction, senescence
or death. Together, these changes may cause the progressive
loss of tissue homeostasis and organismal decline. Oxidative
stress, ionizing radiation, UV light and numerous chemicals
induce a wide verity of DNA lesions.45 To cope with
this permanent challenge, cells are equipped with an efﬁcient genome defense mechanism responsible for detecting
and removing DNA lesions, as well as eliminating the irreparably damaged cells. Alcohol metabolism generates
potentially genotoxic ROS and acetaldehyde, which
have been shown to induce DNA damage, including oxidative modiﬁcations, acetaldehyde-derived DNA adducts
and cross-links.14,17,18,46 – 48 One of the most abundant
ROS-induced DNA lesions is the oxidative DNA damage,
7,8-dihydro-8-oxo-20 -deoxyguanosine (oxo8dG),49 which
is repaired by the base excision repair (BER) pathway.
The primary acetaldehyde-derived DNA adduct is
N2-ethylidene-deoxyguanosine,50 which may be converted
in vivo to N2-ethyldeoxyguanosine (N2-ethyl-dG). N2ethyl-dG has been found in the DNA of ethanol-treated
mice51 and human alcoholics,52 suggesting that N2ethyl-dG is a potential biomarker of acetaldehyde-induced
DNA damage. This DNA adduct blocks translesion DNA
synthesis (a DNA damage tolerance process that allows
the DNA replication machinery to replicate past DNA
lesions) catalyzed by a variety of DNA polymerases,
and induces mutations.53,54 DNA polymerase h can bypass
N2-ethyl-dG in an error-free manner.55 The DNA repair
pathway for N2-ethyl-dG has not been identiﬁed.
N2-ethyl-dG is not the only acetaldehyde-generated DNA
damage. Acetaldehyde can also form DNA – DNA and
DNA –protein cross-links.46,47 The major mechanism
responsible for efﬁcient cross-link removal is the Fanconi
anemia (FA) pathway. Cross-link repair also involves the
coordinated activities of other DNA repair pathways, such
as nucleotide excision repair (NER) and homologous recombination (HR).56 Defects in a cluster of FA proteins leading
to inactivation of associated DNA repair pathways are
associated with hereditary disease FA that causes developmental defects, sterility, bone-marrow failure and a highly
elevated risk of cancer.15 Langevin et al.15 recently provided
strong evidence that metabolically produced acetaldehyde
is indeed a DNA-damaging agent normally counteracted
by the FA network. They demonstrated that simultaneous
knockout of the Aldh2 gene (which encodes Aldh2, the
main detoxifying enzyme of acetaldehyde) and the Fancd2
gene (a key player in the FA system) in double-mutant
(Aldh22/2 Fancd22/2 ) mice make these mice unusually
sensitive to ethanol exposure. Although many studies of
alcohol-mediated DNA damage have been conducted in
the liver and other proliferating tissues in association with
carcinogenesis, evidence exists that alcohol can produce
DNA damage in the brain. Brains of mice exposed to
ethanol exhibited FA activation, suggesting formation of
acetaldehyde-induced DNA damage in the brain, although
DNA damage was not determined directly.14 Importantly,
acute alcohol intoxication induces reversible DNA lesions
which do not exceed the capacities of the cellular repairing
systems, while chronic alcohol exposure is associated with

extensive DNA damage17,18 associated with genomic
instability. Genomic instability refers to a set of events
capable of causing unscheduled alterations, either of a temporary or permanent nature, within the genome and encompasses diverse genetic changes. Genomic instability usually
results from an aberrant cellular response to DNA damage.
DNA damage response is an extremely important mechanism of preserving genomic stability which includes DNA
repair machinery. Damage to the genome is not only
caused by exogenous and endogenous chemical and physical agents but can also occur due to inherited or acquired
defects in DNA repair,57 – 59 conditions where the rate of
DNA damage exceeds DNA repair capacity of the cell. As
a result, fundamental changes to the genetic code and
gene expression may cause serious defects in cellular function and tissue physiology. This can be a consequence of
dysfunctional DNA repair, epigenetic changes leading to
disturbed DNA damage response and accumulation of
genetic aberrations in cells. These changes can be classiﬁed
into the two major groups: instability occurring at the chromosomal and at the nucleotide levels. Instability at the
nucleotide level occurs due to faulty DNA repair pathways
such as BER and NER. The chromosomal instability represents alterations, which result in gains or losses of whole
chromosomes as well as inversions, deletions, duplications
and translocations of large chromosomal segments.60 DNA
repair processes play critical roles in repairing damaged
DNA, and in ensuring accurate transmission of genetic
material. Inherited defects of genes in these pathways lead
to disorders, most of which signiﬁcantly increase susceptibility to cancer and neurodegeneration.26,61 Epigenetic
modiﬁcations such as methylation and histone modiﬁcation
have also been shown to affect genomic stability.60 Global
hypomethylation and genomic instability are seen in many
cancers.62 The classic model for neurodegeneration due to
dysfunctional DNA repair represents the idea that DNA
damage accumulates in the absence of repair, resulting in
the death of neurons.5 According to this mechanism,
which presently is generally accepted, endogenous
DNA damage is constantly being produced in normal conditions but also repaired, resulting in a low-steady-state
level of damage which is compatible with normal cellular
function. However, under conditions of DNA repair
deﬁciency, endogenous damage is not repaired and therefore accumulates over time, ultimately leading to neuronal
death as a result of impaired transcription. Indeed, defects
in DNA damage response/DNA repair observed in patients
with a variety of hereditary DNA repair diseases are
associated with neurological abnormalities.61 Therefore,
alcohol-induced DNA damage, if not repaired, may play a
key role in alcohol-induced neurotoxicity.

Alcohol and OCM
Hyperhomocysteinemia, which is an indication of OCM
dysfunction, is often observed in patients suffering from
chronic alcoholism.10,21 It has been known for many years
that ethanol has an effect on folate metabolism. The etiology
of folate deﬁciency in alcoholism can be caused by any or all
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of the following: poor absorption, decreased uptake and
retention, and increased urinary excretion.21 Furthermore,
increased Hcy in patients suffering from alcohol dependence may be due to direct interactions of ethanol or its
metabolites with OCM.63 Indeed, ethanol has been shown
to directly affect OCM by inhibiting a key OCM enzyme,
methionine synthase (MS), by 50% as early as six days of
ethanol exposure.64,65 These ﬁndings have been corroborated by other investigators using different animal models
of ethanol injury.21,66,67 Ethanol treatment has been demonstrated to reduce MS activity in the brain.68 Based on in vitro
experiments, it has been suggested that acetaldehyde, but
not ethanol, causes inhibition of MS activity.69 In spite of
supraphysiological inhibitory levels of acetaldehyde in
these experiments, the actual concentrations may be much
lower than the reported values because acetaldehyde is
highly volatile. Thus, it may be reasonable to assume that
the in vitro assay could represent an acute treatment for a
short time and the in vitro data may not reﬂect the true situation occurring in vivo. Given that MS is critical for OCM
function, its down-regulation or direct inhibition may play
a signiﬁcant role in alcohol-induced OCM impairment.
OCM reactions (Figure 2) can be viewed as two intertwined cycles, one producing dNTPs, the precursors for
DNA biosynthesis and repair, and the other producing
and utilizing S-adenosyl methionine (SAM), the universal
donor in cellular methylation reactions.24,25 5,10- methylenetetrahydrofolate (5,10-methylene-THF) is a critical OCM
junction where one-carbon groups can either be used to
produce dNTPs for DNA synthesis or serve for the
methylation cycle via irreversible synthesis of 5-methylTHF catalyzed by methylene THF reductase. Following
SAM-dependent transmethylation and hydrolysis of the
ensuing S-adenosyl homocysteine (SAH), the resulting
Hcy can be re-methylated back to methionine by the folatemediated MS reaction. OCM dysfunction causes alteration
in the de novo synthesis of DNA precursors, purines and thymidylate, negatively affecting the intracellular dNTP pool

and, consequently, DNA synthesis (and cell proliferation)
and repair (and genomic stability).70 The dNTP supply via
the salvage pathway, whose purpose is to provide the cell
with a low supply of dNTPs, cannot compensate DNA precursor pool imbalance from aberrant de novo dNTP synthesis. As a result, the dNTP synthesis pathway is the
predominant mechanism for supplying dNTPs in the
brain.71,72 The DNA repair pathway for removal of an incorrect DNA base, such as one of the most abundant
alcohol-induced DNA base lesions oxo8dG, is BER.73
Acetaldehyde-derived cross-links are repaired by the
FA-linked pathway, coordinated with classical NER, applicable to non-replicating cells such as neurons.56,74 Both
DNA excision repair pathways, BER and NER, involved in
the repair of alcohol-generated DNA damage, operate
through the removal of damaged bases and their substitution with correct ones by the pathway-speciﬁc polymerases. The availability of dNTPs from OCM is
important for BER and NER because DNA polymerases
involved in these pathways are not functional when nucleotides are depleted. This leads to compromised DNA repair
and accumulation of DNA lesions.75 Thus, OCM dysfunction is associated with compromised DNA excision repair
pathways due to a decrease of synthesis of dNTPs and
ensuing dNTP pool imbalance. Particularly, chronic
alcohol administration has been reported to signiﬁcantly
reduce BER.76 Dysfunctional DNA repair results in accumulation of DNA damage and death of neurons.5
OCM is essential for DNA methylation and its disturbance
can result in global DNA hypomethylation.77 DNA methylation is a major epigenetic mechanism central to regulation
of chromatin structure, genomic stability, gene transcription,
and ultimately cell function and development. Functionally,
proper DNA methylation can restrain the inappropriate
expression of genes, thereby shaping cellular fate and function. In higher organisms, a methyl moiety is preferentially
targeted to the DNA base cytosine in the context of a CpG
dinucleotide, with the exception being X-inactivation. DNA

Figure 2 One-carbon metabolism as a target for ethanol. BHMT, betaine-homocysteine methyltransferase; CBS, cystathionine b-synthase; DHF, dihydrofolate;
dNTP, deoxyribonucleotide triphosphate; dTMP, deoxythymidine monophosphate; dUMP, deoxyuridine monophosphate; GARFT, glycinamide ribonucleotide
formyltransferase; Hcy, homocysteine; MS, methionine synthase; MTHFR, methylene THF reductase; SAH, S-adenosyl homocysteine; SHMT, serine hydroxymethyltransferase; THF, tetrahydrofolate; TS, thymidylate synthase

AR-000767

Downloaded from ebm.sagepub.com at National Library of Medicine on April 6, 2016

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 166 of 229
744

Experimental Biology and Medicine

Volume 237

768

July 2012

................................................................................................................................................

is highly methylated in CpG-rich sequences (.50%), which
has been suggested to represent a defense mechanism for
silencing parasitic DNA elements such as transposons and
retrotransposons.78 DNA methylation leads to a condensed
structure and transcriptional repression. Aberrant methylation is associated with increased genomic instability79 and
carcinogenesis,80 as well as brain disorders such as ischemia.81 At least three hereditary diseases with aberrant
methylation, immunodeﬁciency/centromeric instability/facial
anomalies (ICF), Rett and fragile X syndromes,82 are characterized by mental impairment, indicating the importance
of methylation for brain function. DNA methylation
depends on OCM as a source of methyl groups and dNTP
methyltransferases which methylate cytosine residues at
CpG sites in DNA. For this reason, hypomethylation can
be caused by OCM impairment or mutations/inactivation
of methyltransferases. Indeed, DNA hypomethylation has
been demonstrated experimentally as a result of dietary
folate deﬁciency,83 or mutations of enzymes, important for
DNA methylation.83,84 Given that alcohol interferes with
OCM,63,85,86 alcohol-induced aberrant DNA methylation87
is likely mediated by OCM impairment. Interestingly, elevated Hcy (OCM impairment) is considered an independent
risk factor for numerous neurodegenerative diseases.26,78
In summary, alcohol affects OCM function. OCM is critical for synthesis of DNA precursors and methylation reactions (including DNA methylation). OCM impairment
may cause DNA precursor imbalance and ensuing
disturbance of DNA synthesis, which is important for
cell proliferation and DNA repair. Dysfunctional DNA
repair leads to genomic instability, and is a uniﬁed genetic
mechanism causing a variety of neurological and
neurodegenerative disorders.88 – 90 There has been compelling
evidence accumulated that disorders such as Alzheimer’s,
Parkinson’s and Huntington’s diseases and Down’s syndrome result from dysfunctional DNA repair and increased
DNA damage.90 Different brain regions are affected in these
neurodegenerative diseases, as well as hereditary diseases
with DNA repair deﬁciencies: cerebellar Purkinje neurons
in ataxia telangiectasia, dopaminergic neurons in the substantia nigra in Parkinson’s disease, neuronal loss in the
striatum and cerebral cortex in Huntington’s disease,
and loss of neurons in the cerebral cortex in Alzheimer’s
disease.90 It is unclear, however, why different brain
regions are affected in these disorders. Analysis of the
types of neurons lost from the frontal cortex of alcoholics
revealed that this population of neurons is also more vulnerable in both Alzheimer’s disease91 and normal aging92 in
which DNA repair disturbance plays an important role.26
Atrophy of the cerebellum is commonly associated with
alcoholism. Torvik et al.93 reported that 26.8% of alcoholics
with Wernicke – Korsakoff syndrome had cerebellar
atrophy with a loss of Purkinje cells that correlated with
clinical ataxia/unsteadiness.94 This is especially interesting
given the ataxia and death of Purkinje neurons in patients
with ataxia telangiectasia, a hereditary disease with
impaired DNA damage response.90 Understanding the
causes and time-courses of DNA damage in the brain generally and in speciﬁc regions following chronic ethanol
exposure will help to understand how DNA repair

dysfunction and ensuing DNA damage may cause the
damage of particular brain regions.
The phenotype of OCM impairment includes reduced
tolerance to DNA-damaging agents, and genomic instability.70,75,95,96 Genomic instability results in mutagenesis
and carcinogenesis.97 At the same time, it is associated
with neuronal cell death and neurodegeneration.88 – 90
Alcohol abuse is known to increase the risk for various
types of cancer,10,20,97 – 99 and contributes to neurodegeneration.88 – 90 The contribution of genomic instability to both
carcinogenesis and neurodegeneration is illustrated by the
fact that DNA repair defects in various human syndromes
are usually characterized by both cancer predisposition
and neurological abnormalities.90 Since OCM impairment
is associated with DNA repair dysfunction and aberrant
methylation, both linked to genomic instability, chronic
alcohol-induced genomic instability and associated neurodegeneration are likely mediated, at least in part, by alcohol’s impact on OCM.

Conclusion
Throughout this paper, we have emphasized the role of
genomic instability in the adverse effects of chronic
alcohol abuse on the brain. Ethanol metabolism, including
those in brain, elicits the formation of genotoxic ROS and
acetaldehyde.5,14,42 If not efﬁciently detoxiﬁed, these metabolites induce DNA damage, which is reversible in conditions of an acute alcohol exposure.14,17,18,48 However,
chronic alcohol abuse is characterized by extensive DNA
damage and genomic instability,14,17,18 which is a risk
factor for different types of cancer10,20,98,99 and neurodegeneration.88 – 90 Alcoholism is known to increase the risk for
cognitive impairment and dementia and is characterized
by structural damage to the brain.4 – 6 The present
review describes the current knowledge concerning
alcohol-induced genomic instability with alcohol-induced
OCM impairment. Increased Hcy concentrations, a marker
of OCM disturbance is common in alcoholics,21,100 and at
the same time is a risk factor for various neurodegenerative
diseases.101,102 OCM is vital for cellular homeostasis, providing cells with DNA precursors, essential for cell proliferation and DNA repair, as well as methyl groups for DNA
methylation. Thus, OCM dysfunction can lead to a shortage
of DNA precursors, resulting in impaired DNA repair, as
well as aberrant DNA methylation. Both DNA repair dysfunction and aberrant DNA methylation cause genomic
instabilty.79,97 OCM impairment is among the factors that
promote genomic instability.67,95 Different factors can
affect the sensitivity of brain to alcohol in this context.
Two examples are age and gender. Accumulated DNA
damage is thought to be an important factor underlying
aging.103 Defective DNA repair causes an accelerated aginglike phenotype of the brain.104 Hcy concentrations (and
OCM impairment) increase with age,101 and age-related
brain atrophy in healthy elderly people correlates with
plasma Hcy concentrations.105,106 Among the factors that
inﬂuence vulnerability of the brain to alcohol is gender.
Women show a greater susceptibility to alcohol-related
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diseases, including an increased risk for brain damage with
signiﬁcantly lower alcohol exposure compared with men.107
The mechanism involving increased DNA damage and
impaired DNA repair may contribute to the gender-related
differences in vulnerability to alcohol. It is known, for
example, that poly (ADP-ribose) polymerase-1 (PARP-1)
deletion reduces ischemic brain injury in men but exacerbates injury in women.108 Since PARP-1 is a factor that
plays an important role in the DNA damage response and
DNA damage-induced cell death signaling,109 this difference suggests that the DNA damage response is different
in men and women, and that the gender-related differences
in vulnerability to alcohol may be caused by different
responses to DNA damage. Further investigation of the cellular and molecular mechanisms involved in the genotoxicity of chronic alcohol, its interference with OCM, and
the impact on DNA repair and DNA methylation will
help to understand the mechanisms of ethanol-induced
brain damage and will likely contribute to the development
of treatments and/or therapeutic agents that could reduce or
eliminate the deleterious effects of alcohol on the brain.
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Abstract: A complex antioxidant system has been developed in mammals to relieve oxidative stress.
However, excessive reactive species derived from oxygen and nitrogen may still lead to oxidative
damage to tissue and organs. Oxidative stress has been considered as a conjoint pathological
mechanism, and it contributes to initiation and progression of liver injury. A lot of risk factors,
including alcohol, drugs, environmental pollutants and irradiation, may induce oxidative stress in
liver, which in turn results in severe liver diseases, such as alcoholic liver disease and non-alcoholic
steatohepatitis. Application of antioxidants signiﬁes a rational curative strategy to prevent and cure
liver diseases involving oxidative stress. Although conclusions drawn from clinical studies remain
uncertain, animal studies have revealed the promising in vivo therapeutic effect of antioxidants on
liver diseases. Natural antioxidants contained in edible or medicinal plants often possess strong
antioxidant and free radical scavenging abilities as well as anti-inﬂammatory action, which are
also supposed to be the basis of other bioactivities and health beneﬁts. In this review, PubMed
was extensively searched for literature research. The keywords for searching oxidative stress
were free radicals, reactive oxygen, nitrogen species, anti-oxidative therapy, Chinese medicines,
natural products, antioxidants and liver diseases. The literature, including ours, with studies on
oxidative stress and anti-oxidative therapy in liver diseases were the focus. Various factors that
cause oxidative stress in liver and effects of antioxidants in the prevention and treatment of liver
diseases were summarized, questioned, and discussed.
Keywords: oxidative stress; antioxidant; liver diseases; foods; medicinal plants

1. Introduction
Free radicals are atoms or molecules that have unpaired electrons, usually unstable and highly
reactive [1]. In biology system, oxygen based radicals and nitrogen based radicals are two types of
free radicals. Oxygen free radicals, such as superoxide, hydroxyl radicals, and peroxyl radicals, with
the addition of non-radicals, such as hydrogen peroxide, hypochlorous acid and ozone, are known
as reactive oxygen species (ROS), which are generated during the metabolism process of oxygen.
Reactive nitrogen species (RNS), including nitrogen based radicals and non-radicals, such as nitrogen
dioxide, nitric oxide radicals and peroxynitrite, are derived from nitric oxide and superoxide via
inducible nitric oxide synthase (iNOS) and nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase, respectively [2,3]. Due to their special chemical characteristics, ROS/RNS can initiate lipid
peroxidation, cause DNA strand breaks, and indiscriminately oxidize virtually all molecules in
biological membranes and tissues, resulting in injury. However, since the body is able to remove
ROS/RNS to a certain degree, these reactive species are not necessarily a threat to the body under
physiological conditions [3,4]. As a matter of fact, ROS are required at certain level in the body to
Int. J. Mol. Sci. 2015, 16, 26087–26124; doi:10.3390/ijms161125942
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perform its important physiological functions. The generation of ROS is a natural part of aerobic
life, which is responsible for the manifestation of cellular functions including signal transduction
pathways, defense against invading microorganisms and gene expression to the promotion of growth
or death [1]. Oxidative/nitrosative stress represents the bodies’ imbalance in the production and the
elimination of reactive oxygen and nitrogen species as well as decreased production of antioxidants.
In terms of oxidative stress, in speciﬁc physiological conditions, it is actually useful. For example, it
could strengthen biological defense mechanisms during appropriate physical exercise and ischemia,
and induce apoptosis to prepare the birth canal for delivery [2,3]. However, this is conﬁned to
particular situations, and in most other cases, large levels of ROS and oxidative stress will induce
cell death through necrotic and/or apoptotic mechanisms, leading to cellular and tissue injury.
Liver is a major organ attacked by ROS [5]. Parenchymal cells are primary cells subjected to
oxidative stress induced injury in the liver. The mitochondrion, microsomes and peroxisomes in
parenchymal cells can produce ROS, regulating on PPARα, which is mainly related to the liver
fatty acid oxidation gene expression. Moreover, Kupffer cells, hepatic stellate cells and endothelial
cells are potentially more exposed or sensitive to oxidative stress-related molecules. A variety of
cytokines like TNF-α can be produced in Kupffer cells induced by oxidative stress, which might
increase inﬂammation and apoptosis. With regard to hepatic stellate cells, the proliferation and
collagen synthesis of hepatic stellate cells is triggered by lipid peroxidation caused by oxidative
stress [6–8]. In mammals, a sophisticated antioxidant system has been developed to maintain the
redox homeostasis in the liver (Figure 1). When the ROS is excessive, the homeostasis will be
disturbed, resulting in oxidative stress, which plays a critical role in liver diseases and other chronic
and degenerative disorders [9]. The oxidative stress not only triggers hepatic damage by inducing
irretrievable alteration of lipids, proteins and DNA contents and more importantly, modulating
pathways that control normal biological functions. Since these pathways regulate genes transcription,
protein expression, cell apoptosis, and hepatic stellate cell activation; oxidative stress is regarded as
one of the pathological mechanisms that results in initiation and progression of various liver diseases,
such as chronic viral hepatitis, alcoholic liver diseases and non-alcoholic steatohepatitis [10,11]. It has
also been suggested that there are complicated cross-talks among pathological factors, inﬂammation,
free radicals and immune responses [11,12]. The general mechanism scheme of oxidative stress
induced by various factors on liver disease is concluded in Figure 2. Moreover, systemic oxidative
stress arising during liver disease can also cause damage to extra-hepatic organs, such as brain
impairment and kidney failure [13]. It was suggested systemic oxidative stress might be a signiﬁcant
“ﬁrst hit”, acting synergistically with ammonia to induce brain edema in chronic liver failure [14].
With regard to kidney failure, systemic oxidative stress is considered to play a critical role in the
pathophysiology of several kidney diseases [15,16].

Figure 1. The redox homeostasis in the liver.
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Figure 2. The general mechanism scheme of oxidative stress induced by various factors on liver disease.

Both enzymatic and non-enzymatic antioxidant system are essential for cellular response in
order to deal with oxidative stress under physiological condition. Therefore, antioxidant enzyme such
as CAT, SOD, and GSH-Px and non-enzymatic electron receptors such as GSH are affected and used
as indexes to evaluate the level of oxidative stress [12,17–19]. Notably, erythroid 2-related factor 2
(Nrf2) is a major regulator of cellular redox balance [20]. Under physiological condition, Nrf2 binds to
kelch-like ECH-associated protein-1 (Keap1) in the cytoplasm, and the ones remaining are inactivated
and easily to be degraded. Under oxidative stress, however, Nrf2 dissociates form Keap1 by Keap1
modiﬁcation or Nrf2 phosphorylation and are thus activated. The activated Nrf2 translocates into
the nucleus and interacts with antioxidant response element (ARE), promoting the expression of
cytoprotective target genes including antioxidant enzymes and phase II detoxifying enzymes [21].
The enhanced activation of Nrf2 by pharmacologic molecules or genetic engineering has been shown
to protect the liver in different oxidative stress models [22]. For example, in terms of pharmacologic
activation of Nrf2, the use of small molecules, such as BHA, oleanolic acid, ursolic acid and CDDO-Im
have been reported to show hepatoprotection against liver damage induced by acetaminophen, a
famous drug possessing hepatotoxicity. During the process where mitochondria convert acetate into
ATP, a signiﬁcant amount of free radicals are generated, which results in cellular injuries, especially
to mitochondria themselves. Activation of Nrf2 protects mitochondria from oxidative stress via
a variety of mechanisms depending on different circumstances, such as increasing antioxidant
levels, protecting against mitochondrial permeability transition pore opening, maintaining the
mitochondrial redox state, enhancing mitochondrial biogenesis by promoting transcription of nuclear
respiratory factor 1 (Nrf1). For fatty liver disease, activation of Nrf2 could facilitate fatty acid
metabolism in liver by directly regulating fatty acid metabolism related genes, such as CD36 [20,22].
Furthermore, the enhanced antioxidant signaling regulated by activated Nrf2 protects mitochondria
from oxidative damages, which further ensures competent hepatic fatty acid catabolism.
Regarding the vital role of oxidative stress in chain of liver diseases, various anti-oxidative
therapy and antioxidants are proposed to prevent and treat liver diseases [9,12]. A series of studies
have tested the effectiveness of some antioxidants in the treatment of patients with various liver
diseases, such as chronic hepatitis C virus infection, alcoholic hepatitis or cirrhosis, and non-alcoholic
fatty liver disease (NAFLD). The clinical effects of antioxidants as adjuvants including vitamin
E/C, mitoquinone, N-acetylcysteine, polaprezinc silymarin, silibinin and some antioxidant cocktail
on chronic hepatitis C patients have been examined has shown clear beneﬁt of antioxidants to
interferon based therapy of HCV [23,24]. However, despite some positive results were obtained,
it cannot reach to the conclusion that antioxidants are useful therapeutic agents for chronic
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hepatitis C partly due to the sample scale and treatment duration. Vitamins E/C, N-acetylcysteine,
polyenylphosphatidylcholine, silymarin, and antioxidants cocktail have been attempted for the
treatment of alcoholic hepatitis or cirrhosis patients [24–26]. Although some promise has been
shown, results indicated that many antioxidants failed to improve the outcome of patients [27].
Additionally, a great deal of studies has investigated the therapeutic effects of vitamins E/C and
N-acetylcysteine on NAFLD. It is worth noting that vitamin E has been demonstrated clinically to
be a rather promising drug for the treatment of non-alcoholic steatohepatitis [28,29]. Although data
from clinical studies is yet to prove the efﬁcacy of antioxidant, application of antioxidants is a rational
curative strategy for prevention and treatment of liver diseases involving oxidative stress [17,30].
Natural antioxidants have been found in many edible (such as fruits, vegetables, cereals and tea)
and medicinal plants, which often possess strong antioxidant and free radical scavenging abilities
as well as anti-inﬂammatory action [9]. Several well-elaborated reviews concerning antioxidants as
therapeutic agents for diverse liver diseases in clinic have been published [11,31,32], therefore, in
this review, particular attention will be drawn on the factors causing oxidative stress in liver and
in vivo effects of antioxidants for the prevention and treatment of liver diseases. Moreover, although
oxidative stress has been suggested to exist in almost all liver diseases, since the fact that there are no
animal models with virus-induced liver disease, including hepatitis A, hepatitis B, and hepatitis C,
the role of oxidative stress in viral hepatitis are not included in this review.
2. Oxidative Stress in Liver Diseases
2.1. Oxidative Stress Caused by Alcohol
Alcohol beverages are widely consumed all over the world; however, excessive alcohol
consumption may cause a series of health problems. It was reported that alcohol consumption
accounting for an estimated 3.8% of global mortality. Alcoholic liver disease (ALD) is one of the
most important causes of liver-related death, which is associated with increased dose and time of
alcohol intake. In 2003, it has been reported that age- and sex-adjusted mortality rate of ALD was
4.4/100,000. Although reductions in overall ALD mortality were observed in several reports on a
country scale, it is more likely due to advances in disease management rather than a decrease in
the prevalence of ALD, which could be supported by increases in hospital admissions for alcoholic
hepatic failure and alcoholic hepatitis [33–35]. ALD may progress from steatosis to more severe
liver diseases form, such as hepatitis, ﬁbrosis, and cirrhosis [36,37]. As a matter of fact, more than
90% heavy drinkers develops fatty liver, and about 30% of heavy drinkers further develops advance
forms of ALD. Although pathogenesis of ALD has not been fully elaborated, the direct consequence
of ethanol metabolism seems to be related to ROS production, mitochondrial injury and steatosis,
which are the common features of acute and chronic alcohol exposure [32,38,39]. It is well illustrated
that at least three distinct enzymatic pathways are involved in the process of ethanol oxidation [15].
The primary pathway for the ethanol metabolism is dehydrogenase system. It is initiated by
alcohol dehydrogenase (ADH), a NAD+ -requiring enzyme expressed at high levels in hepatocytes,
which oxidizes ethanol to acetaldehyde. Then, acetaldehyde enters the mitochondria where it is
oxidized to acetate by aldehyde dehydrogenases (ALDH). The second major pathway to oxidize
ethanol is the microsomal ethanol oxidizing system (MEOS), which involves an NADPH-requiring
enzyme, the cytochrome P450 enzyme CYP2E1. The MEOS pathway is prompted in individuals
who consume alcohol chronically. In addition, infrequently, ethanol can also be oxidized by catalase
in peroxisomes. Since this oxidation pathway requires the presence hydrogen peroxide (H2 O2 ),
under normal conditions, this pathway plays no major role in alcohol metabolism [15–17]. During
the metabolism processes via dehydrogenase system and MEOS system, NADH or NADP+ will be
produced in bulk, leading to the increase of ROS, which cause oxidative stress resulting in hepatocyte
injury, and ﬁnally trigger various liver diseases (Figure 3).
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Figure 3. The metabolic process of ethanol in hepatocyte and the generation of ROS contributing to
the liver diseases.

Studies have demonstrated that enzymatic as well as non-enzymatic systems which maintaining
cellular homeostasis are remarkably affected by alcohol in diverse models. In particular, the activities
of SOD, CAT, GSH-Px, GRD, and GST, as well as the level of lipid peroxidation were changed
in animals treated with alcohol [19,40–42]. For example, SOD and CAT activities were decreased
and the lipid peroxidation level was signiﬁcantly increased in the liver of 30 days alcohol-treated
diabetic rats [40]. An increase of lipid peroxidation and hepatic cytochrome P450, and decrease of
hepatic SOD, GSH-Px, GRD, GST, and GSH were also observed in mice treated with dimethoate
in combination with ethanol [41]. Furthermore, oxidative stress and antioxidant enzyme were
measured in patients with ALD [32]. It was found that as the severity of the disease increased,
followed by elevation of serum level of lipid peroxidation indicator malondialdehyde (MDA) and
the concentrations of serum vitamins E and C, which act as indexes of antioxidant status, were
decreased in ALD patients. The pro-oxidant and antioxidant status in chronic alcoholics have been
detected in several studies. The signiﬁcant decreases of GSH levels in liver and blood of patients with
alcoholic liver disease were observed when compared to controls. However, the activity/content of
SOD and CAT after alcohol exposure are rather controversial, with reports of increases, no changes,
or decreases, depending on the amount and time of alcohol consumption [43,44]. Nevertheless,
the increased oxidative stress in patients with ALD has been demonstrated. It was argued that
the increases of antioxidants enzymes such as SOD, CAT and GSH-Px might be a compensatory
regulatory response to increased oxidative stress [45]. The level of ALT was increased signiﬁcantly
while the level of AST was decreased signiﬁcantly in patients with ALD [32,46,47].
2.2. Oxidative Stress Caused by Drugs
The liver is the most frequently targeted organ in terms of drug toxicity. The production
of radical species, speciﬁcally ROS and RNS, has been proposed as an early event of drugs
hepatotoxicity and as an indicator of hepatotoxic potential [48]. It has been discovered that a lot of
drugs could induce oxidative stress including increase of cellular oxidants and lipid peroxidation,
depletion of antioxidants in the liver, such as anti-inﬂammation drugs, anti-analgesic drugs,
anti-cancer drugs and antidepressants. For example, sulfasalazine, a drug to treat inﬂammatory
bowel diseases, has been found to induce hepatic oxidative damage [49]. Oral sulfasalazine
administration could reduce SOD but increase CAT activity signiﬁcantly. It is also suggested that
26091

AR-000805

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 175 of 229

806

Int. J. Mol. Sci. 2015, 16, 26087–26124

oxidative damage is involved in hepatotoxicity of sulfasalazine treatment. As for zoledronic acid,
it is a nitrogen-bearing bisphosphonate, and used to treat the cancer-associated hypercalcemia. It
has been shown that zoledronic acid signiﬁcantly elevated MDA and nitric oxide levels, whereas
reduced GSH levels, which indicated that zoledronic acid could induce oxidative stress and decrease
antioxidant level in liver [18]. Furthermore, liver antioxidant capacity in hepatic injury induced by
paracetamol, an extensively used analgesic compound in mice was evaluated [50]. It was shown that
paracetamol induced a remarkable increase of MDA and nitrite as well as nitrate in the liver, with
potent decrease of total SOD and Cu/Zn-SOD activity. Samarghandian et al. [51] studied effect of
long-term treatment of morphine on enzymes, oxidative stress indices and antioxidant status in male
rat liver. The results showed that the levels of ALT, AST and lactate dehydrogenase (LDH) in serum as
well as MDA in liver were signiﬁcantly elicited, while the activities of SOD, glutathione-s-transfrase
and CAT were remarkably reduced by morphine. Oxidative stress generated by anticancer drugs
including doxorubicin, paclitaxel and docetaxel in the liver of rats have been indicated. It was found
that all three drugs increased thiobarbituric acid-reactive substances (TBARS), and the administration
of docetaxel signiﬁcantly decreased the activity of SOD. Furthermore, combined administration of
two drugs generated greater changes in oxidative stress related molecules than single agents [52].
Nimesulide, nonsteroidal anti-inﬂammatory drug, could increase the activities of ALT, AST, ALP
and the content of bilirubin in the serum. The activities of SOD and CAT and GSH-Px in the liver
were decreased by nimesulide in mice [53]. Chronic administration of ﬂuoxetine (15 mg/kg/day)
or clozapine (20 mg/kg/day) was measured in rats exposed to chronic social isolation and controls.
The increased serum ALT activity, MDA, decreased GSH levels and compromised SOD expression
suggests a link between drugs and hepatic oxidative stress [54]. Anti-tuberculosis agent isoniazid
(INH) resulted in both oxidative and nitrosative stress, but the correlation of hepatotoxicity severity
with RNS rather than ROS suggested that ONOO´ generation and mitochondrial dysfunction are
responsible mechanisms for hepatotoxicity of INH in vivo [55,56].
Although hepatotoxicity induced by various drugs in humans has been demonstrated in a great
number of clinical trials, report concerning the role of oxidative stress in patients with drug induced
liver disease is limited by far. For example, mitochondrial dysfunction and DNA damage are found
to be critical events in the underling mechanism of paracetamol induced hepatotoxicity in patients,
which is supposed to partly attribute to oxidative stress, but, accurate and direct evidence to show
the status and role oxidative stress in patients is lacking [57]. As a matter of fact, currently, in
addition to animal model study, the investigation of hepatotoxicity induced by drugs is mainly based
on the results of retrospective study, whereas there are few clinical studies with large numbers of
patients. Moreover, models using human cells have been attempted to mimic pathogenesis of drug
induced hepatotoxicity in humans [55]. Overall, clinical data and appropriate experimental model,
which could closely resemble the human pathophysiology, is critical for future study of antioxidant
treatment for hepato-toxicity caused by drugs.
2.3. Oxidative Stress Caused by Environmental Pollutants
Environmental pollutants such as heavy metals and microcystin have been shown to cause
oxidative damage in liver of animal models. Antioxidant defense system in rat liver was damaged
after mercury chloride treatment [58]. Mercury chloride at the dose of 0.1 mg/kg could induce
a signiﬁcant decrease in both Mn-dependent SOD and Cu- and Zn-dependent SOD activities, and
progressive changes of CAT, GSH-Px, GRD and glucose-6-phosphate dehydrogenase activities. This
is also accompanied by a minor increase in serum ALT and γ glutamyltransferase. The results showed
that low dose of mercury could incur oxidative stress and hepatic damage. Besides mercury, lead
was also found to exacerbate liver lipid peroxidation in protein-undernutrited rats, in which the
study also suggested that free radicals is a pathological mechanism for hepatotoxicity of lead [59].
Microcystins are algae toxins produced by cyanobacteria, kind of cyclic nonribosomal peptides,
possessing hepatotoxicity that may cause severe injury to the liver. The effect of microcystin LR,
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the most studied toxic variants, on antioxidant enzymes and lipid peroxidation was investigated
in liver rats after acute exposure [60]. The reduction of enzymes activities of GSH-Px, GRD, SOD
and CAT as well as signiﬁcant increase of lipid peroxidation levels were observed in the liver of
microcystin LR-treated rat. These results showed that acute exposure of microcystin LR could result
in perturbation of the antioxidant enzymes, suggesting the involvement of oxidative stress in the
pathogenesis of microcystin LR-induced toxicity.
2.4. Oxidative Stress Caused by Other Factors
Other factors such as radiation and temperature may also induce hepatic oxidative stress. The
oxidative stress induced through exposure of mobile phone-like radiation has been investigated in
the liver of guinea pigs [61]. The results showed that after radiation exposure, the levels of MDA
and total nitric oxide were signiﬁcantly increased and the activities of SOD, myeloperoxidase and
GSH-Px were reduced in the liver of guinea pigs. Additionally, the severity of oxidative damage
was increased along with the duration of radiation exposure. The results suggested that mobile
phone-like radiofrequency radiation could induce oxidative damage in liver, implying the adverse
effect of mobile phone use. Moreover, study observed that cold stress could lead to decrease in CAT,
SOD and GSH-Px activities in rat liver when the rats were kept at 10 ˝ C for a week, which indicated
that cold stress may cause hepatic damage which is associated with oxidative stress [62].
Benzoyl peroxide is a substance with strong oxidizing capacity, and broadly used as ﬂour
bleaching agent. The hepatic antioxidant status and ATPases were affected by benzoyl peroxide in
mice [63]. Following benzoyl peroxide exposure, SOD activity was reduced signiﬁcantly, whereas
the content of MDA was increased in liver tissue. The activities of Ca2+ -ATPase and Mg2+ -ATPase
in liver were also signiﬁcantly decreased by benzoyl peroxide. In another study, the effect of
ZnO2 nanoparticles, a common cosmetic component, on cellular oxidative stress in mouse liver was
investigated [64]. After exposure to ZnO2 nanoparticles, viability of hepatic cells was decreased in
concentration-dependent manner, and decrease in antioxidant enzyme levels as well as increase in
DNA adduct.
Studies have suggested that maternal high-fat diet feeding could raise the incidence of
metabolism-related diseases in offspring, including chronic liver disease. Zhang et al. [65] found that
maternal high-fat diet increased the level of plasma triglyceride and hepatic TBARS signiﬁcantly. The
size of lipid droplets in the liver of rat offspring was also increased. Expression of antioxidant defense
genes, such as GSH-Px-1, Cu/Zn-SOD, and paraoxonase enzymes, were signiﬁcantly lowered in
the liver. Up-regulation of the inhibitor of cyclooxygenase-2 and cyclin dependent kinase 4a, and
down-regulation of cyclin D1 and phosphorylation of retinoblastoma protein were found in the
offspring. These results suggested that maternal high-fat diet might reduce the capacity of antioxidant
defense and speed up cellular senescence in hepatic tissue of older offspring. In another study,
the effect of high dietary salt on hepatic antioxidant defensing enzyme of fructose-fed rats was
investigated [66]. Feeding fructose-fed rats with high-salt diet could trigger hyperinsulinemia and
insulin resistance resulting in membrane perturbation. This potentially enhanced hepatic lipid
peroxidation in the presence of steatosis, and led to decrease in antioxidant defenses, as observed
by reduction of GSH, SOD and CAT activities. These results indicated that consumption of salt-rich
diet by insulin-resistant subjects could lead to sodium reabsorption, which may aggravate hepatic
lipid peroxidation related to damage antioxidant defenses.
In addition to those liver injury induced by exogenous substances, hepatic oxidative stress has
been revealed in other liver diseases and functional disorders. For instance, Messarah et al. [67]
has found that thyroid dysfunction would increase lipid peroxidation and oxidative stress status
in rat liver. In another study, oxidative stress and antioxidant status in patients with autoimmune
cholestatic liver diseases (AC) or autoimmune hepatitis (AIH) were investigated [68]. Several markers
of oxidative injury and antioxidant components in whole blood, serum, and urine of 49 patients with
AC and 36 patients with AIH as well as healthy subjects were assessed. The results showed that both
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AC and AIH patients had increased levels in oxidation products of lipid and protein while signiﬁcant
decreased of whole blood GSH level. Protein carbonyl and isoprostane levels were increased and
GSH level was gradually decreased with disease severity level (mild to severe ﬁbrosis and cirrhosis)
in both AC and AIH patients. In addition, AIH patients had higher levels of aldehydes and GSH-Px
activity and lower protein carbonyl levels compared to AC patients. In patients with nonalcoholic
fatty liver disease (NAFLD), the oxidative stress and antioxidant status were changed as well [69].
It was shown that level of TBARS in NAFLD patients was signiﬁcantly higher than subjects with
viral hepatitis or healthy controls. Moreover, the ferric reducing ability of plasma in patients with
NAFLD was signiﬁcantly higher than healthy controls, and diseased control group of patients. These
results implied that lipid peroxidation and oxidative stress were signiﬁcantly increased in patients
with NAFLD. Although existence of hepatic oxidative stress in various liver diseases was commonly
observed, the relationship between oxidative damage and diseases are causal and not strictly deﬁned.
3. Antioxidants for Prevention and Treatment of Liver Diseases
3.1. Antioxidants for Prevention and Treatment of Alcoholic Liver Diseases
An obvious avenue of alcoholic liver diseases (ALD) prevention would be abstinence; however,
abstinence is not easy to maintain due to the high rate of recidivism in alcoholics [14]. As mentioned
above, ALD develops from simple steatosis to more severe disease forms including hepatitis, ﬁbrosis,
cirrhosis, and even hepatocellular carcinoma, which implies that preventing disease development
at the early stage would be more effective than receiving treatment at end-stage of liver disease.
Notably, TNF, a group of cytotoxic pro-inﬂammatory cytokines, is thought to play a vital role in
initiation of liver damage [70]. Increasing evidence has indicated that oxidative stress might act
together with endotoxins to increase TNF production. Increased circulating TNF-α stimulates TNF-α
receptors of cell surface, which leads to activation of the stress-related protein kinases JNK and
IKKβ, resulting in increased production of additional inﬂammatory cytokines, and reduced insulin
sensitivity. Consequently, the inhibition of TNF is regarded as a therapy to block fatty liver and relieve
liver injury [70,71]. Pharmacological and genetic manipulation of TNF have been attempted to treat
liver disease. For example, anti-TNF antibodies or knocking out TNF-R1 have been treated to mice
to protect against the development of ALD. However, since liver regeneration requires low “basal”
contents of TNF, down regulating but not blocking totally TNF activity is a preferred therapeutic
intervention for liver disease [71,72]. With better understanding of the mechanism that regulates
the initiation and advancement of ALD, antioxidant therapy could be developed as directed therapy
to prevent or treat ALD [32,37,73,74]. It has been demonstrated that many food and plants, such
as vegetables, fruits, tea, cereals, medicinal plants, microalgae, edible macro-fungi, and wild ﬂowers,
have abundant natural antioxidants, and possess the ability of eliminating free radicals and protecting
the liver from oxidative stress [75–83], and thus might be beneﬁcial for liver diseases.
In recent years, a great number of natural plants has been attempted to eliminate hepatic damage
induced by ethanol in animal models, and the bioactive compounds that are responsible for relieving
oxidative stress are usually indistinctly ascribed to polyphenols and ﬂavonoids compounds [42,84–87].
For example, it has been found that green tea, containing abundant water-soluble antioxidants,
showed positive effect on the antioxidant abilities in rat liver with chronic ethanol treatment [84]. It
was shown that signiﬁcant reduction of enzymatic and non-enzymatic antioxidants levels, as well as
increased levels of lipid and protein modiﬁcations was induced by ethanol diet. After administration
of green tea, interestingly, the enzymes activity and level of non-enzymatic antioxidants as well as
lipid and protein oxidation products were partly normalized. The effects of some natural products on
hepatic alcoholic damage associated with oxidative stress were summarized in Table 1, which indicate
that anti-oxidative treatment is an encouraging method to reduce alcoholic liver injury. Besides
phenolic compounds, more speciﬁc bioactive compounds should be further identiﬁed and isolated
in the future.
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glycogen synthase
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kinase-3 β, lipid
peroxidation; Ò GSH-Px
Ó Lipoprotein oxidation,
AST, ALT, MAD,
27 and 54 g /kg b.w.
8-hydroxy-2-deoxyguanosine;
(Dose-effect)
Ò GSH-Px
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Ó ALT, AST, MDA; Ò
SOD, GSH-Px
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Tocopherols, chlorophyll,
total polyphenols

Phenolic acids

Phenolic compounds

Non-starch
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Total phenols

Tannins, saponins and
phenolic compounds

200 and 400 mg/kg b.w.
(Dose-effect)
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Ó MDA, NADPH; Ò Cu,
Zn-SOD

Ziziphus mauritiana leaf
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(Prevent)
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antioxidants; Ó lipid and
protein oxidation
Ó ALT, AST, ALP, total
bilirubin, CAT; Ò GSH-Px,
glutathione reductase
and SOD

Effect

Amaranthus
hypochondriacus seed

Green tea

Rats treated with ethanol
diet (Prevent)

Rats sub-chronically
exposed to ethanol
(Prevent)
Mice with acute
alcohol-induced liver
injury (Prevent)

Materials

Models
(Prevent/Treatemnt)

[90]

[89]

[88]

[85]

[86]

[87]

[42]

[84]

References

Table 1. The effects of antioxidants/plants on alcoholic liver damage. Up-arrow means increase and up-regulation, and down-arrows means decrease and
down-regulation.
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In addition to these natural products, many single compounds have been investigated for their
role in eliminating oxidative stress, such as L-theanine, vitamin E, N-acetyl cysteine, raxofelast
and betaine [91]. L-theanine, a unique amino acid in green tea, has been proven to possess
the ability to prevent alcoholic hepatic damage via augmenting antioxidant capacities [91]. The
ethanol-stimulated increase of ALT, AST, and MDA and reduction of antioxidant enzymes activities
including the activities of SOD, and CAT, as well as level of GSH were signiﬁcantly inhibited by
L -theanine. The regulation of L -theanine on alcohol-induced fat droplets was further conﬁrmed
by histopathological examination. Besides, vitamin E is considered to be beneﬁcial for prevention
of diseases associated with oxidative stress because of its remarkable anti-oxidative properties.
Kaur et al. [92] has proven that vitamin E could restore the redox status, prevent oxidative stress
and reduce apoptosis, and could be used as a prospective curative agent for ethanol-induced hepatic
oxidative injury. Moreover, raxofelast, an analog of vitamin E, possesses the ability to inhibit lipid
peroxidation in mice exposed to ethanol [93]. Raxofelast diminished the increased hepatic NF-κB
activity, reduced serum ALT and liver triglycerides, lowered hepatic MAD levels, prevented liver
GSH depletion, decreased Toll-like receptor-4, TNF-α, IL-6 and intercellular adhesion molecule-1
hepatic gene expression. It has been suggested that raxofelast blunted the inﬂammatory cascade and
liver damage during chronic ethanol exposure. N-acetyl cysteine, a scavenger of ROS, may reverse
alcoholic liver damage, and alter activities of matrix metalloproteinases [94]. Furthermore, it was
shown that the ethanol-induced oxidative stress could be inhibited effectively by betaine, which is
also responsible to its hepatoprotection [95].
Betulinic acid is a pentacycliclupane-type triterpene, and has a wide range of bioactivities.
Yi et al. [96] has reported that pre-treatment of betulinic acid could signiﬁcantly reduce the serum
levels of ALT, AST, total cholesterol, and triacylglycerides in the mice treated with alcohol. Hepatic
levels of GSH, SOD, GSH-Px, and CAT were remarkably increased, while MDA contents and
microvesicular steatosis in the liver were decreased by betulinic acid. It was suggested that the
hepatoprotective effect of betulinic acid is associated with the improvement of antioxidant enzymes
capacity, primarily via enhancement of the tissue redox system and protection of the antioxidant
system in the liver. Demethyleneberberine, a natural mitochondria-targeted antioxidant found in
Chinese herb Cortex Phellodendri chinensis, has been demonstrated the ability of inhibiting oxidative
stress and steatosis in acutely/chronically ethanol-fed mice [97].
3.2. Antioxidants for Prevention and Treatment of Non-Alcoholic Fatty Liver Diseases
NAFLD is characterized by abnormal fatty acids deposition in the liver cells of patients
without excessive alcohol intake, viral infection or other hepatoxins, including a broad spectrum
of histological irregularities [98]. Notably, obesity is considered to be the main risk factor for the
development of NAFLD and the main driver of rapid rise of NAFLD prevalence [99]. The oxidative
stress of endoplasmic reticulum induced by free fatty acid in the liver might contribute to the hepatic
injury, progressive ﬁbrosis and even cirrhosis [100]. In Table 2, certain antioxidants or plants were
attempted to reduce liver injury induced by high fat diet in experimental animals, which indicated
that most of them showed both antioxidant and hepato-protective effects. Furthermore, in a clinical
trial that aims to systematically evaluate the effect of antioxidant supplements, it was found that
AST levels, but not of ALT levels were reduced signiﬁcantly in patients with NAFLD by antioxidant
intervention. It should be pointed out that, however, data obtained is so far insufﬁcient to ﬁgure out
whether dietary supplements is beneﬁcial or useless for patients with NAFLD [98]. To address this
issue, large-scaled of prospective randomized clinical studies on this topic is quite necessary.
It has also been indicated that insulin resistance, oxidative stress, and the inﬂammatory cascade
play a vital role in the pathogenesis of NAFLD by animal study. Data from clinic trial indicated
that insulin resistance is a high risk factor of NAFLD. Recent studies have shown that insulin
resistance is present in surrounding tissue and live of almost all NAFLD patients [44]. The severity
of insulin resistance is correlated with the progression of disease. However, the role of oxidative
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stress and inﬂammation in the pathogenesis of NAFLD cascade need to be further studied in human.
In the setting of obesity, increased fatty acids and other related metabolites enhance oxidative
phosphorylation and ATP generation, leads to increase ROS/RNS production and oxidative stress.
Multiple stress-sensitive kinase signaling cascades, such as JNK and IKKβ, are activated by the
increased oxidative stress. Once activated, these kinases are able to phosphorylate multiple targets,
including the insulin receptor and the family of IRS proteins [101]. Insulin action is impaired by
the abnormal serine/threonine phosphorylation in insulin receptor and IRS proteins such as IRS-1
and IRS-2, resulting in insulin resistance. In hyperglycemia caused by insulin resistance, intensive
redox reactions occur during the process of protein glycation, generating a great deal of ROS [102].
Additionally, hyperglycemia and high insulin levels stimulate fatty acids synthesis and result in
increasing lipid droplets storage within hepatocytes. The excessive intracellular levels of lipid can
induce hepatocytes dysfunction or death. The increased ROS also act on large molecules such as
poly-unsaturated fatty acids to initiate lipid per-oxidation, which further change the ﬂuidity and
permeability of the cell membrane. The inﬂammatory inﬁltration induced by lipid per-oxidation may
also result in liver inﬂammation and necrosis, and even ﬁbrosis. In mitochondrion, lipid peroxidation
reduces the activity of mitochondrial respiratory chain, and thereby produces more ROS and increase
oxidative stress. The prolonged oxidative stress may favor insulin resistance circularly, acting like
a vicious circle. Then, the persistent exposure of oxidative stress and hyperglycemia contribute
to NAFLD [103,104]. In addition to obesity, other risk factors such as drugs, re-feeding syndrome
and other disorders are considered. For example, streptozotocin-induced diabetic rats constitutes as
the model of oxidative stress. It was indicated that supplementation of alpha-tocopherol increased
alpha-tocopherol in liver, but not in plasma [105]. Diet supplementation of acai, a promising source
of natural antioxidants, could increase mRNA levels of gamma-glutamylcysteinesynthetase and
GSH-Px in liver tissue, and decrease ROS produced by neutrophils. In addition, supplementation
with acai could decrease thiobarbituric acid-reactive substances levels, and increase reduced GSH
content in the liver. Moreover, the effect of dietary supplementation of vitamins C and E on oxidative
stress and antioxidant redox systems was studied in streptozotocin-induced aged diabetic rats [106].
GSH-Px activity and the concentration of vitamin E in liver were lower, whereas lipid peroxidation
levels in liver, and contents of ALT and AST in plasma were higher in the diabetic group than
in the control group and were mostly restored by vitamins C and E treatment. Furthermore, the
combined treatment with vitamin C, vitamin E, and Se showed a curative effect against the liver
injury in streptozotocin-induced diabetic rats [107]. The effects of some antioxidants/plants on liver
of streptozotocin-induced diabetic rats are summarized in Table 3.
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GSH-Px, GRD GST

Ó LDH, AST, ALT, ALP,
bilirubin antioxidation

Ò GSH; Ó ALT, AST, ALP,
lipid peroxidation

Moringa oleifera leaves;
haw pectic
oligosaccharide; Thymbra
spicata

Mice fed with high-fat
diet (Prevent and
treatment)

Liver damage in
diet-induced
atherosclerotic rats
(Prevent)
Rabbits with high-fat diet
(Prevent)
WeRats fed a high-fat diet
(Prevent)

3.0% in diet

Ò SOD, CAT; Ó
triglycerides,
non-esteriﬁed fatty acid,
lipoperoxidation

Omega
3-polyunsaturated fatty
acids

Diabetic rats fed on a
high fat thermolyzed diet
(Prevent)
50, 150 and 300 mg/kg
b.w. (No dose–effect)

Dose (Dose-Effect)

Effects

Antioxidant/Plants

Table 2. The effects of some antioxidants/plants on NAFLD.

Models
(Prevent/Treatment)
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Streptozotocin-induced
diabetic aged rats (Prevent)
Streptozotocin-induced
diabetic rats (Prevent)
Streptozotocin-induced
diabetic rats (Prevent)
Streptozotocin-induced
diabetic rats (Prevent)
Streptozotocin-induced
diabetic rats (Treatment)
Streptozotocin-induced
diabetic mice (Prevent)
Streptozotocin-induced
diabetic rats (Treatment)
Streptozotocin-induced
diabetic rats (Prevent)
Streptozotocin-induced
diabetic rats (Treatment)
Streptozotocin-induced
diabetic rats (Treatment)
Streptozotocin-induced
diabetic rats (Treatment)
Streptozotocin-induced
diabetic rats (Treatment)
Streptozotocin-nicotinamide
induced diabetic rats (Prevent)

Models (Prevent/Treatment)

Int. J. Mol. Sci. 2015, 16, 26087–26124

Effects

Antioxidation
Antioxidation
Antioxidation
Antioxidation

Oroxylum indicum stem bark
Maslinic acid
Resveratrol
Stevia rebaudiana

26099

Antioxidation

N-Acetylcysteine

Aloe vera leaves

Antioxidation

Berberine

20 mg/kg

40, 80 and 160 mg/kg (Dose–effect)

250 mg/kg

1.5 g/kg

300 mg/kg

75, 150 and 300 mg/kg (Dose–effect)

100 and 300 mg/kg (Dose–effect)

Antioxidation

Terminalia glaucescens leaves

[126]

[125]

[124]

[123]

[122]

[121]

[120]

[119]

[118]

[117]

[116]

5 mL/kg
15 and 30 mg/kg (Dose–effect)

[115]

[106]

References

2% (w/w) in standard diet

Dose (Dose-Effect)

24.7 mg/kg

Antioxidation

Antioxidation,
hepatoprotection
Antioxidation,
hepatoprotection
Antioxidation,
hepatoprotection

Stobadine

(´)-Epicatechin

Herba bidentis

Acai

Vitamins C and E

Materials

Table 3. The effects of some antioxidants/plants on liver of streptozotocin-induced diabetic rat.
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3.3. Antioxidants for Prevention and Treatment of Liver Diseases Induced by Other Factors
Since liver is an essential organ for detoxiﬁcation and metabolism, and all pharmaceuticals make
their way to the liver, for storage and therefore it is more prone to damage [127,128]. Paracetamol is
widely used to relieve pain and reduce fever. Although use of paracetamol at its recommended dose is
generally safe, overdose could still cause severe hepatic damage in many cases. As mentioned above,
paracetamol may induce a remarkable increase of MDA and nitrite as well as nitrate in the liver, apart
from a signiﬁcant reduction in total SOD and Cu/Zn-SOD activity. Models of paracetamol-induced
liver damage in mice/rats are widely used to study antioxidant and hepatoprotective effects of
antioxidants/plants. For example, Rasool et al. [129] studied hepatoprotective and antioxidant effects
of Gallic acid in paracetamol-induced liver damage in mice. It was shown that Gallic acid possessed
antioxidant and hepatoprotective effects. In addition to paracetamol, some other drugs such as
doxorubicin, tert-butyl hydroperoxide and D-galactosamine may also induce liver injury, which is
possibly associated with the rise of oxidative stress. The effects of certain antioxidants/plants on
paracetamol and other drugs-induced liver damage are summarized in Table 4. As seen from Table 4,
a conclusion could be drawn that materials possessing antioxidant activity also hold capacity of
hepatoprotection in animal model, which implies the correlation between antioxidative property of
these compounds and their hepatoprotective effect.
Table 4. The effects of some antioxidants/plants on drugs-induced liver damage.
Models
(Prevent/Treatment)

Effects

Dose
(Dose-Effect)

References

Antioxidation,
hepatoprotection

100 mg/kg

[129]

Antioxidation,
hepatoprotection

30 mg/kg

[130]

Antioxidation,
hepatoprotection

50, 100 and
200 mg/kg
(Dose-effect)

[131]

Antioxidation,
hepatoprotection

100 mg/kg

[132]

Antioxidation,
hepatoprotection

200 mg/kg

[133]

Antioxidation,
hepatoprotection

100, 200, 300 and
400 mg/kg/day
(No dose-effect)

[134]

Antioxidation,
hepatoprotection

80 mg/kg/week

[135]

Antioxidation,
hepatoprotection

15, 30 and
60 mg/kg
(Dose-effect)

[136]

Materials

Paracetamol-induced
liver toxicity in mice
Gallic acid
(Prevent)
Paracetamol-induced
liver toxicity in mice
Sauchinone
(Prevent)
Paracetamol-induced
liver toxicity in mice
Genistein
(Prevent)
Paracetamol-induced
liver toxicity in mice
Phyllanthus niruri
(Prevent)
Paracetamol-induced
Polyalthia longifolia
liver toxicity in mice
leaves
(Prevent)
Paracetamol-induced
Boerhaavia diffusa
liver damage in rats
leaves
(Prevent)
Saponarin from
Paracetamol-induced
Gypsophila
liver damage in rats
trichotoma
(Prevent)
Lipopolysaccharide-induced
liver injury in rats
Carnosic acid
(Prevent)
Combination of
D -Galactosamine-induced
selenium, ascorbic
liver injury in rats
acid, β-carotene,
(Prevent)
and α-tocopherol
D -Galactosamine-induced
liver injury in rats
Leucasaspera
(Prevent)

Antioxidation,
hepatoprotection
Antioxidation,
hepatoprotection

26100

[137]
200 and
400 mg/kg (No
dose-effect)

[138]
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Table 4. Cont.
Models
(Prevent/Treatment)

Materials

Effects

Dose
(Dose-Effect)

References

D -Galactosamine-induced
liver injury in rats (Prevent)

Swertiamarin from
Enicostemma
axillare

Antioxidation,
hepatoprotection

100 and
200 mg/kg (No
dose-effect)

[139]

Curcumin

Antioxidation,
hepatoprotection

100 mg/kg

[140]

betulinic acid

Antioxidation,
hepatoprotection

20 and 50 mg/kg
(No dose-effect)

[141]

Tridaxprocumbens

Antioxidation

300 mg/kg

[142]

10 mg/kg

[143]

Lipopolysaccharide/
D -galactosamineinduced

liver injury in rats (Prevent)
Lipopolysaccharide/
D -galactosamineinduced
liver injury in rats (Prevent)
Lipopolysaccharide/
D -galactosamine induced
hepatitis in rats (Prevent)
Doxorubicin-induced liver
injury in rats
Cisplatin-induced liver
injury in rats (Prevent)
Tert-butyl
hydroperoxide-induced
liver injury in rats (Prevent)
Tamoxifen-induced liver
injury in mice (Prevent)
Hepatic steatosis stimulated
with tunicamycin
(Treatment)
Ethionine-induced liver
injury in mice (Prevent)

N-acetylcysteine
Tomato juice

Antioxidation,
hepatoprotection
Antioxidation,
hepatoprotection

[144]

Propolis

Antioxidation,
hepatoprotection

50 and 100 mg/kg
(No dose-effect)

[145]

Catechin

Antioxidation

40 mg/kg

[146]

Melatonin
Melatonin

Ó ER stress,
expression of
miR-23a
Antioxidation,
hepatoprotection

[147]
3 mg/kg

[148]

Many pollutants and toxic substances could cause oxidative stress/damage of liver as mentioned
above. Among pollutants and toxins that have been used to model hepatic injury in animals for
studying effects of antioxidants/plants on pollutant-induced liver damage, carbon tetrachloride
(CCl4 ) is most widely used. In CCl4 -induced liver injury model, oxidative stress could be provoked,
which prompts lipid peroxidation that injure hepatocellular membrane, followed by substantial
release of pro-inﬂammatory chemokines and cytokines, which in consequence of liver damage [10].
A large amount of plants, especially medicinal plants, has been investigated to eliminate the hepatic
damage stimulated by CCl4 . For example, Coptidis rhizome, a traditional Chinese medicinal plant used
to clear heat and scavenge toxins, belongs to liver meridian in Chinese medicinal practice [149,150].
The effect of Coptidis rhizome and its bioactive compound berberine on CCl4 -induced chronic and
acute hepatotoxicity in rats has been thoroughly studied by our research group [10,30,127]. We
have found that Coptidis rhizome might act as an antioxidant to relieve CCl4 -induced oxidative stress
and hepatic damage. The mechanism may partly be ascribed to the reduced phosphorylation of
Erk1/2 expression when exposed to oxidative stress [10]. The effects of some antioxidants/plants on
toxic substances-induced liver damage are summarized in Table 5. It is particularly worth noting
that Nrf2 could be activated by several antioxidants/plants in dimethylnitrosamine or cadmium
induced hepatic injury models [151–153]. Antioxidant could induce both modiﬁcation of inhibitor
of Nrf2 (INrf2) cysteine 151 and PKC-mediated phosphorylation of Nrf2 serine 40 to release Nrf2
from INrf2. The dissociated and activated Nrf2 then translocates to the nucleus, binds to ARE
and up-regulates antioxidants gene expression, which protects cells and relieves injury induced by
oxidative stress [154]. Although most of the studies shown in Table 5 suggested the simultaneous role
of these natural products as antioxidative and hepatoprotective agents, the related mechanisms and
signal pathways have not yet fully studied.

26101
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Accumulating evidence demonstrated that ROS could lead to protein modiﬁcation, lipid
peroxidation, DNA damage and therefore acts as the initiator or promoter of carcinogenesis [155–157].
As the ﬁrst line defense in suppressing tumor initiation, antioxidants are treated as one of the
promising strategies to prevent liver cancer. Furthermore, it has been reported that the combination
of certain chemotherapeutic drugs and antioxidants could reduce drug resistance, sensitizing the liver
cancer cells to chemotherapeutics and therefore improving the efﬁcacy of anti-cancer therapy [158].
Our previous studies demonstrated that Coptidis rhizome and berberine are promising agents to ﬁght
against liver cancer due to their hepatoprotective and antioxidant properties [155,157,159,160]. In all,
cumulative evidence from epidemiological and clinical studies showed that consumption of suitable
antioxidants from natural sources may beneﬁcial in ﬁghting against cancer without obvious adverse
effects. Besides liver cancer, oxidative injury-associated liver damage induced by other disorders has
also been mentioned for conﬁrming the use of antioxidants in the related diseases. For example, it
was found that taking catechin from green tea could reduce injury of liver in cholestatic rats induced
by bile duct ligation [161]. Allopurinol, a competitive xanthine oxidase inhibitor, has also been used to
reduce systemic oxidative stress. The xanthine oxidase over-activity is suggested to play a role in the
altered intestinal permeability in cirrhosis, it was found in an open-label pilot study that changes in
intestinal permeability correlated to changes in MDA serum values after allopurinol treatment [162].
Additionally, treatment with allopurinol in bile-duct ligation rats and TAA induced liver injury was
shown to reduce ROS and thus attenuate brain edema [163]. Effects of certain antioxidants/plants
on other substances-induced liver damage are summarized in Table 6, which suggested that some
antioxidants possess anti-tumor and hepatoprotective effects collectively in vivo, but the relationship
and mechanisms need further exploration.
Notably, melatonin, N-acethyl-5-metoxytryptamine, a famous hormone synthesized mainly by
the pineal gland, has been demonstrated as having striking antioxidant properties in numerous
studies. It has the remarkable capability to scavenge both ROS and RNS, and block transcriptional
factors of pro-inﬂammatory cytokines. Recently, it has been applied to the treatment of liver
disease in terms of reducing oxidative stress [164]. A variety of liver disease models, such as
streptozocin-induced diabetic rats and TAA-induced or bile-duct ligated ﬁbrosis rats, melatonin
administration showed hepato-protection partially via improving oxidative damage. As a matter of
fact, it has been demonstrated that melatonin is even better antioxidant than vitamin E and C in the
contexts of certain disease. A comparative study of the protective effects of melatonin and vitamin E
on extra-hepatic bile duct ligation in rats indicated that melatonin is much more efﬁcient than vitamin
E in reducing the cholestasis parameters, decreasing lipid peroxidation and restoring anti-oxidative
enzymes [165,166]. Further investigations are required to evaluate antioxidant and hepato-protective
effect of melatonin in clinic.

26102
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Friedelin isolated from Azima
tetracantha leaves

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats (Prevent)

Ò GSH; HDL/LDL;
hepatoprotection
Ò SOD, CAT; Ó
Transaminases, MDA

Ò GSH; Ó ALT, AST, MDA

26103

25 and 50 mg/kg b.w.
(No dose–effect)

0.5, 1 and 2 g/kg b.w.
(No dose–effect)

250 and 500 mg/kg
(No dose–effect)

200 mg/kg b.w.

Nigella sativa: 0.2 mg/mL
Urtica dioica: 0.2 mg/mL

100, 300 and 500 mg/kg
b.w. (No dose–effect)

[176]

[175]

[174]

[173]

[172]

[170,171]

[169]

5 mg/kg (acute)
2.5 mg/kg b.w. (chronic)

[167]
[168]

Oleanolic acid

[59]

[10]

References

100 mg/kg b.w.

(Dose–effect)

Berberine

Berberine: 120 mg/kg
b.w. Extract: 800 mg/kg
b.w.

Ò SOD; Ó ALT, AST,
Erk1/2
Ò SOD, CAT, GSH,
GSH-Px; Ó ALT, AST,
LDH

Bioactive Compounds

Dose/(Dose–Effect)

Effects

Morus bombycis,
Ó Lipid peroxidation;
2,5-dihydroxy-4,31 -di
hepatoprotection
(β-D-glucopyranosyloxy)-trans-stilbene
Ò Antioxidant enzyme; Ó
Nigella sativa, Urticadioica
lipid peroxidation;
hepatoprotection
Ò GSH, CAT, SOD,
Pleurotusostreatus (oyster
GSH-Px; Ó ALT, AST,
mushroom)
ALP, MDA
Ò GSH, CAT, SOD,
Cytisusscoparius
GSH-Px, GST, GRD; Ó
ALT, AST, LDH
Ò CAT, SOD, GSH-Px; Ó
Ethanol extract of Phellinusmerrillii
ALT, AST
Ò GSH, SOD, CAT,
Ginkgo biloba
GSH-Px, GRD, albumin;
hepatoprotection

Dioclea reﬂexa seeds

Silybum marianum seeds

N-butanol fraction of Actinidias
deliciosa roots

Coptidis rhizome and berberine

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats
(Treatment)
CCl4 -induced liver
damage in rats (Prevent)
CCl4 -induced liver
damage in rats (Prevent)

Antioxidant/Plant

Table 5. The effects of some antioxidants/plants on toxins-induced liver damage.

Model
(Prevent/Treatment)

Int. J. Mol. Sci. 2015, 16, 26087–26124
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Kahweol and cafestol
(Coffee)

CCl4 -induced liver
damage in mice (Prevent)

Ficuscarica leaves and
fruits, Morus alba root
barks
Podophyllum hexandrum

Ficusreligiosa roots
Dehydroabietylamine,
Carthamus tinctorious

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats (Prevent)

Enicostemma axillare

Oregano and rosemary

Curcumin and
saikosaponin A
Ethanolic extract of
Momordica tuberosa tubers

Cirsium setidens

Protein isolate from
Phyllanthus niruri

CCl4 -induced liver
damage in mice (Prevent)

CCl4 -induced liver
damage in rats (Prevent)
CCl4 -induced liver
damage in rats (Prevent)
CCl4 -induced liver
damage in rats (Prevent)
CCl4 -induced liver
damage in rats (Prevent)
CCl4 -induced liver
damage in rats (Prevent)

Antioxidant/Plant

Model
(Prevent/Treatment)

Int. J. Mol. Sci. 2015, 16, 26087–26124

20, 30 and 50 mg/kg b.w.
(No dose–effect)

50 and 150 mg/kg b.w.
(No dose–effect)

[186]

[185]

[184]

[183]

[139]

100 and 200 mg/kg b.w.
(No dose–effect)

[181]

[180]

[179]

[182]

500 mg/kg b.w.

[178]

Kahweol or cafestol:
10–100 mg/kg b.w.
(Dose–effect)

References
[177]

Kahweol and cafestol

Bioactive Compounds

5 mg/kg b.w.

Dose/(Dose–Effect)

20 g/kg b.w.

26104

Ò GSH, GSH-Px, GRD,
SOD, GST; Ó AST, ALT,
LDH
Ò CAT, GSH-Px, GRD,
SOD, GST; Ó lipid
peroxidation;
hepatoprotection
Ó AST, ALT, ALP;
antioxidation

Ò CAT, SOD, GSH; Ó
MDA, AST, ALT, ALP

Ò SOD, CAT; Ó ALT, ALP;
lipid peroxidation
Ó ALT, AST, cytochrome
P450 2E1, lipid
peroxidation
Ò GSH-Px; SOD;
hepatoprotection
Ò SOD, GSH; Ó MDA;
hepatoprotection
Antioxidation,
hepatoprotection
Ó AST, ALT, ALP;
antioxidation
Antioxidation,
hepatoprotection

Effects

Table 5. Cont.
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Blueberry anthocyanins

CCl4 -induced liver
damage in mice (Prevent)

Roureainduta
Proanthocyanidins
extracted from grape
seeds

CCl4 -induced liver
damage in rats (Prevent)

Anthocyanins in black
rice bran

Hybanthus enneaspermus

Nerium oleander ﬂowers

Agaricus blazei

Garcinia indica fruit rind

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats (Prevent)
CCl4 -induced liver
damage in rats (Prevent)
CCl4 -induced liver
damage in rats (Prevent)
CCl4 -induced liver
damage in mice
(Treatment)

CCl4 -induced liver
damage in rats (Prevent)

Lysimachia clethroides

Matricaria chamomilla

Artemetin, Vitexglabrata

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats (Prevent)
CCl4 -induced liver
damage in mice (Prevent)

Antioxidant/Plant

Model
(Prevent/Treatment)

Int. J. Mol. Sci. 2015, 16, 26087–26124

Ò SOD, CAT, GSH,
GSH-Px; Ó AST, ALT,
total bilirubin;
Ò SOD, GSH, GSH-Px,
CAT; Ó lipid
accumulation, liver
injury, DNA damage

200, 400 and 800 mg/kg
b.w. (No dose–effect)

Ò SOD, GSH-Px;
hepatoprotection

26105

400 mg/kg b.w.

500 mg/kg b.w.

500 mg/kg b.w.

400 and 800 mg/kg b.w.
(No dose–effect)

100, 200 and 400 mg/kg
b.w. (No dose–effect)
200 and 400 mg/kg b.w.
(No dose–effect)

50, 100 and 200 mL/kg
b.w. (No dose–effect)
150, 300 and 600 mg/kg
b.w. (No dose–effect)

Dose/(Dose–Effect)

Ò SOD, CAT, GRD,
GSH-Px, GSH; Ó AST,
ALT, MDA
Ò GSH, GRD; Ó AST, ALT,
MDA
Ò SOD; Ó AST, ALT, ALP,
MDA
Ó AST, ALT, ALP, TB;
antioxidation

Ò SOD; Ó AST, ALT, MDA

Ò SOD, CAT, GSH-Px; Ó
AST, ALT, ALP, lipid
peroxidation, TB
Ò SOD, CAT, GRD,
glycogen; Ó AST, ALT,
MDA
Ò SOD, CAT, GSH-Px,
GSH; Ó AST, ALT, MDA

Effects

Table 5. Cont.

Proanthocyanidins

Bioactive Compounds

[197]

[196]

[195]

[194]

[193]

[192]

[191]

[190]

[189]

[188]

[187]

References
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Subereamollis
Solanum xanthocarpum
leaves
Allopurinol

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats (Prevent)

CCl4 -induced liver
damage in rats (Prevent)

TAA-induced
hepatotoxicity in rats
(Treatment)
TAA-induced
hepatotoxicity in rats
(Treatment)

TAA-induced ﬁbrosis in
mice (Treatment)

Allopurinol

Trigonella foenum-graecum

Ger-Gen-Chyn-Lian-Tang

coriander

Andrographis paniculata
Leaf

Genistein

Ocimumbasilicum,
Trigonellafoenum-graecum

Veronica ciliata

CCl4 -induced liver
damage in mice (Prevent)

CCl4 and H2 O2 induced
liver damage in goat
(Prevent)
TAA-induced liver injury
(Prevent)
TAA-Induced liver
Cirrhosis in rats (Prevent)
TAA-induced
hepatotoxicity in rats
(Prevent)

Antioxidant/Plant

Model
(Prevent/Treatment)

Int. J. Mol. Sci. 2015, 16, 26087–26124

100 and 300 mg/kg b.w.
(Dose–effect)

0.5, 1.0 and 2.0 mg/kg
b.w. (No dose–effect)
250 and 500 mg/kg b.w.
(No dose–effect)

50 mg/kg b.w.

100 and 200 mg/kg b.w.
(No dose–effect)

26106

Antioxidant; anti-ﬁbrosis;
modulation on
TGF-β/TGF-β receptor
signaling
Antioxidant;
hepato-protection; Ó ALP,
MDA
Regulating cellular
redox-sensitive
transcription factors

Antioxidant; Ó ALT, AST,
ALP, TBARS, MPO, NO

Ò GSH; Ó MDA, ALT,
AST, TB
Hepato-protection, Ó
ROS, LDH

Antioxidation

150, 300 and 600 mg/kg
b.w. (No dose–effect)

Ò SOD, GSH; Ó ALT, AST,
ALP
Ò SOD, GSH, GSH-Px,
CAT; Ó ALT, AST, ALP,
MDA
Ò SOD, CAT, GSH, GST; Ó
ALT, AST, ALP, LDH
Modulation of NF-κB,
cytokine production and
oxidative stress
100, 200 and 400 mg/kg
b.w. (No dose–effect)

Dose/(Dose–Effect)

Effects

Table 5. Cont.

Phenolic compounds

Bioactive Compounds

[163]

[206]

[205]

[204]

[203]

[202]

[201]

[200]

[199]

[198]

References
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Urticadioica seed

eugenol

Thioacetamide-induced
hepatic damage in rats
(Prevent)

26107

Ò SOD, GSH-Px, CAT,
GRD, GST; Ó lipid
peroxides, hydroxyl
radical and hydrogen
peroxides
Ò COX-2; Ó AST, ALT,
ALP, bilirubin, CYP2E1,
lipid peroxidation;
antioxidation

Antioxidation

α-Tocopherol

Aﬂatoxin-induced
hepatic injury in rats
(Prevent)

200 mg/mL b.w.

Ò SOD, GSH, GSH-Px,
CAT, GRD, GST; Ó AST,
ALT, ALP

Black tea

10.7 mg/kg b.w.

2 mL/rat/day

50 mg/kg. b.w.

Vitamin E: 50 mg/kg
b.w.;Vitamin C: 20 mg/kg
b.w.

Ó AST, ALT, ALP, MDA;

Vitamins C and E

[214]

[213]

[212]

[211]

[210]

[209]

Ò SOD, GSH-Px, CAT,
GST; Ó lipid peroxidation

Vitamin E

[207]

References

[208]

1000 mg/kg b.w.

Ò SOD, GSH, GSH-Px,
CAT, GST, GRD,
glucose-6-phosphate
dehydrogenase; Ó AST,
ALT, ALP

Bioactive Compounds

Ò GSH-Px, Se-GSH-Px

Dose/(Dose–Effect)

Effects

Table 5. Cont.

Vitamin E and selenium

Sesbania grandiﬂora leaves

Cigarette smoke-induced
oxidative damage in liver
of rats (Treatment)

Cigarette smoking
induced oxidative
damage in liver of mice
(Prevent)
Atrazine exposure rats
(Prevent)
Methidathion-induced
liver injury in rats
(Prevent)
Pesticide (chlorpyriphos
and cypermethrin)
induced hepatic damage
in mice (Prevent)
Polychlorinated
biphenyls induced
hepatic damage in rats
(Prevent)

Antioxidant/Plant

Model
(Prevent/Treatment)

Int. J. Mol. Sci. 2015, 16, 26087–26124
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As2 O3 -induced
hepatotoxicity in cat
(Prevent)
Sodiumarsenite induced
liver damage in rats
(Prevent)
Trichloroacetic acid
induced liver injury in
rats (Prevent)

Dimethylnitrosamine
induced liver ﬁbrosis in
rats (Prevent)

Lead-induced liver
damage in rats (Prevent)
Dimethylnitrosamine-induced
hepatic damage in rats
(Prevent)
Cadmium-induced
hepatic injury in rats
(Prevent)
Potassium
bromate-induced
hepatotoxicity of rat
(Prevent)

Model
(Prevent/Treatment)

Int. J. Mol. Sci. 2015, 16, 26087–26124

200 mg/kg b.w.

200 mg/kg b.w.

Ò SOD, CAT, GSH,
GSH-Px, GRD, GST
Ò Nrf2, heme
oxygenase-1, NADPH,
NQO1, GST; Ó ALT, AST;
anti-ﬁbrotic action

Launaea procumbens

0.5 and 2 g/L b.w.
(No dose–effect)

Ò SOD, CAT, GSH-Px; Ó
MDA

Date palm fruit

26108

[218]

500 mg in 0.1 mL water,
100 g b.w.

Antioxidation

Emblica ofﬁcinalis

[219]

[217]

3 mL/kg b.w.

Ò GSH; Ó ROS, MDA

[153]

[216]

[152]

[151]

[215]

References

Resveratrol

Changkil

Ascorbic acid

Heated garlic juice: 100
mg/kg b.w.; Ascorbic
acid: 100 mg/kg b.w.

Ò Nrf2, SOD, CAT; Ó
MDA

Heated garlic juice,
ascorbic acid

Platycodi radix root

Anthocyanins

50, 100 and 200 mg/kg
b.w. (No dose–effect)

Ò Nrf2, NADPH, GSH,
GST; Ó yclooxygenase-2,
MDA

Anthocyanins from
purple sweet potato

Bioactive Compounds

100 mg/kg b.w.

Dose/(Dose–Effect)

Ò SOD, CAT; Ó MDA

Effects

Ginger

Antioxidant/Plant

Table 5. Cont.
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Bile duct-ligated
cholestatic rats
(Treatment)
Holothuria arenicola

Epigallocatechin-3-gallate

Green tea catechin

Dose (Dose–Effect)

200 mg/kg b.w.

5 mg/kg b.w.

50 mg/kg b.w.

0.4 g/kg b.w.

25, 50, 100 and
250 μg/mL b.w.
(Dose–effect)
50, 150 and 300 mg/mL
b.w. (Dose–effect)

26109

Ò SOD, GSH, GST, CAT; Ó
MDA, AST, ALT, ALP

Antioxidation, reducing
hepatic ﬁbrosis
Anti-ﬁbrotic effects, Ó
phosphorylation of
Smad2/3 and Akt

Antioxidation

Silybin

Caesalpinia bonducella
leaves

Hepatocellular carcinoma

Antioxidation,
antitumour
Ò SOD, GSH, CAT; Ó
MDA, AST, ALT, ALP;
anticancer
Antioxidation, anti-tumor

Chlorella vulgaris

Liver cancer of rats
(Prevent)

Antioxidation,
cytotoxicity

Effects

Pleurotus pulmonarius
(edible mushroom)

Morinda pubescens leaves

Human liver cancer
cell line

Liver cancer of mice
(Prevent)
Rat with secondary
biliary cirrhosis (Prevent)
Cholestatic rats with bile
duct ligation (Treatment)
Bile duct-ligated
cholestatic rats
(Treatment)

Antioxidant/Plants

Phenolic compounds,
chlorogenic acid,
pyrogallol, rutin,
coumaric acid

Flavonoids, triterpenoids

Hyoscyamine

Bioactive Compounds

Table 6. Effects of some antioxidants/plants on other related liver disease.

Stress
(Prevent/Treatment)
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[225]

[224]

[161]

[223]

[158]

[222]

[221]

[220]
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Bile-duct ligated Rats
(Treatment)
Restraint stress-induced
liver injury in mice
(Prevent)

Ischemia/reperfusion in
obese rats with fatty liver

Ó TBARS, MPO

Melatonin

Ó ROS, brain edema
Antioxidation,
hepatoprotection

Allopurinol
Astragali radix and Salviae
radix

26110

50, 100 and 200 mg/kg
b.w. (No dose–effect)

100 mg/kg b.w.

10 mg/kg b.w.

125, 250 and 500 mg/kg
b.w. (Dose–effect)
10 and 100 mg/kg b.w.
(Dose–effect)

Ò SOD; Ó AST, ALT, ALP,
LDH, TB, TBARS;

Phaseolus trilobus

Ò Antioxidant enzymes; Ó
AST, ALT, MAD, NOx
metabolites

300 mg/kg b.w.

Ò GSH, CAT; Ó MDA, ALT

N-acetylcysteine

Melatonin

50 mg/kg b.w.

Dose (Dose–Effect)

Ò SOD, GSH-Px; Ó MDA

Ò GSH; Ó LDH, TB, MDA,
MPO; Ó TNF-α, TGF-β,
MMP-13

Effects

Table 6. Cont.

thymoquinone

Garlic

Bile-duct ligated Rats
(Treatment)

Bile-duct ligated Rats
(Treatment)
Bile-duct ligated Rats
(Treatment)
Bile-duct ligated Rats
(Prevent)
Bile-duct ligated Rats
(Treatment)

Antioxidant/Plants

Stress
(Prevent/Treatment)

Int. J. Mol. Sci. 2015, 16, 26087–26124

Myelophil

Bioactive Compounds

[233]

[232]

[231]

[230]

[229]

[228]

[227]

[226]
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4. Current Anti-Oxidative Therapy in Clinical Trials
Clinical trials are extremely vital and indispensable for the development of anti-oxidative
therapy. We looked up the related information of current anti-oxidative therapy in clinic at
http://www.ClinicalTrials.gov website. Vitamins, especially vitamin E, are the most frequently
studied antioxidant as dietary supplement in clinical trials for liver disease, primarily in phase
2/3. Some other nutritional antioxidants such as zinc and Coenzyme Q10 were studied in phase 2.
Compounds including silymarin, metadoxine, N-acetylcystein, propofol, and mitoquinone mesylate,
which partially act as antioxidant, have been used as drugs or supplement for liver disease. Some of
them, such as silymarin, metadoxine and N-acetylcysteine, are studied for NAFLD or NASH or ALD
in phase 4. For example, the application of antioxidants supplement consisted of siliphos, selenium,
methionine, and alpha lipoic acid has been approved in patients with fatty liver and non-alcoholic
steatohepatitis in Mexico. Plants and foods such as ginger, green tea extract, and chocolate have
been adopted as food supplement for their anti-oxidative properties for liver disease. Furthermore,
quercetin and resveratrol, two well-known bioactive compounds isolated from plants, have been
studied as food supplement as antioxidants for liver disease in phase 3. Despite certain promising
results have obtained in clinical trials, anti-oxidative therapy still has a long way to go. As a matter
of fact, many antioxidants are highly effective for prevention or treatment in animal models, but
in humans it does not appear to be effective for the treatment of established disease. For example,
anti-TNF, which shows desirable treatment effects in animal model, appears not to be effective in
patients with acute alcoholic hepatitis. Therefore, translational research is highly important for the
application of antioxidant therapy in clinic. In the future, natural plants and bio-active compounds
isolated from plants as well as endogenous antioxidants such as melatonin, which have shown
strong anti-oxidative ability and hepato-protection effects, should be studied by clinic trials with
large patient samples and longer duration time.
5. Conclusions and Prospects
Anti-oxidative therapy, mainly using natural and synthetic antioxidants, represents a reasonable
therapeutic approach for the prevention and treatment of liver diseases due to the role of oxidative
stress in contributing to initiation and progression of hepatic damage. However, although concept of
anti-oxidative therapy has been raised for decades and intensive efforts have been paid, there is a long
way to go for the application of antioxidants in liver disease. In current clinical trials, mechanisms by
which drugs or compounds treat liver disease might partly attribute to anti-oxidative ability, but plain
antioxidants mainly used as dietary supplement to prevent the progress of disease or improve the
outcome of patients might also be effective. The complex role of oxidative stress in physiological and
pathological processes, lacking studies of underlying mechanisms in humans, and other difﬁculties
in translational research are challenges ahead. In current studies, intervention of antioxidants is
explored widely in prevention models rather than treatment model, without elaborated underlying
mechanism investigation. For natural plants study, the dose used, especially content of antioxidants,
is always blurry, not to mention the shift dose for humans. For those studies in which dose–effect
has been investigated, only small portion of plants antioxidant showed dose–effect manner for
reducing liver injury, suggesting the complex role of oxidative stress in pathogenesis. In animal study,
antioxidants are given to animals via oral or intraperitoneal injection. The route of administration is
also an inﬂuence for absorption and bio-availability of antioxidants. Additionally, since liver is a
central organ for metabolism, oxidative stress in liver diseases interacts with many other diseases
such as kidney failure and diabetes, certain models in animal study should be improved. These
limitations in current study might result in antioxidants that showed desirable effects for prevention
or treatment in animal models, but in humans they do not appear to be effective for the treatment
of established disease, which is a barrier for the development of anti-oxidative therapy in clinic.
Therefore, translational research is of great importance for anti-oxidative therapy. Considering ROS
and oxidative stress act positively in certain circumstances and the difference between animals and
26111
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humans, the effective dose and safe dose, duration of treatment, absorption and bio-availability of
antioxidants require thorough investigation. Furthermore, in the future, large-scale samples and
appropriate duration of anti-oxidative treatment for liver diseases should be performed.
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Abbreviations
AC
ADH
AIH
ALD
ALP
ALT
ALDH
ARE
AST
BHA
bw
CAT
CCl4
ER
GSH-Px
GSH
GRD
GST
HDL
HCV
IL-6
INH
iNOS
INrf2
IKKβ
IRS
JNK
Keap1
LDH
LDL
MDA
MEOS
NADPH
NAFLD
NO
NQO1
Nrf1
Nrf2
PKC
PPARα
RNS
ROS
SOD
TAA
TB
TBARS
TNF

Autoimmune cholestatic liver diseases
Alcohol dehydrogenase
Autoimmune hepatitis
Alcoholic liver disease
Alkaline phosphatase
Alanine transaminase
Aldehyde dehydrogenases
Antioxidant response element
Aspartate aminotransferase
Butylated hydroxyanisole
Body weight
Catalase
Carbon tetrachloride
Endoplasmic reticulum
Glutathione peroxidase
Glutathione
Glutathione reductase
Glutathione S-transferase
High density lipoprotein
Hepatitis C virus
Interleukin 6
Anti-tuberculosis agent isoniazid
Inducible nitric oxide synthase (iNOS)
Inhibitor of Nrf2
IκB kinase-β
Insulin receptor substrate
c-Jun N-terminal kinases
kelch-like ECH-associated protein-1
lactate dehydrogenase
Low density lipoprotein
Malondialdehyde
Microsomal ethanol oxidizing system
Nicotinamide adenine dinucleotide phosphate-oxidase
Non-alcoholic fatty liver disease NAFLD
Nitric Oxide
NAD(P)H Dehydrogenase, Quinone 1
Nuclear respiratory factor 1
Erythroid 2-related factor 2
protein kinase C
Peroxisome proliferator activated receptor α
Reactive nitrogen species
Reactive oxygen species (ROS)
Superoxide dismutases
Thioacetamide
Total bilirubin
Thiobarbituric acid-reactive substances
Tumor necrosis factor
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Acute and sub-acute oral toxicity study of NTX Formulation in Wistar
Albino Rat

Acute oral toxicity study

Objective
a)

To determine the acute oral toxicity of NTX preparation in Wistar Albino Rat
following single oral dose administration.

b)

To find out any adverse effect on health following short time exposure by oral
route.

Test Substance
Test substance

: NTX

Manufacturer of NTX

: Chigurupati Technologies Private Limited

Batch No. of NTX

: NTX /Mix/08/2013

Mfg. Date of NTX

: Aug 2013

Exp. Date of NTX

: July 2016

Supplied by

: Chigurupati Technologies Private Limited
Hyderabad -500 033, India

Appearance

: White free flowing powder

Container

: Polythene zipper sealed with
aluminum foil

AR-000881

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 212 of 229
882

Materials and Methods
A.

Experimental animal
Animal

: Rattus norvegicus

Test Species

: Wistar Albino

Age

: 10 – 12 weeks (Adult)

Sex

: Male and Female

Acclimatization

: 7 days prior to test in the test chamber

Randomization

: 40 animals were randomly distributed into five groups
(Control: T0 and test: T1 – T4) with 8 animals/group

B.

Animal husbandry
Laboratory

: Animal laboratory room

Animal house

: The test room had the facility of controlled temperature
25 ± 3 degrees Celsius (air conditioned) and 12 h
artificial fluorescent light and 12 h dark.

Accommodation

: Standard galvanized iron cages were used to house the
animals.

Before use, cages were disinfected with boiled

water and phenol. 4 rats of a group were caged in one
cage.

Nutrition and water : Standard rat pellet food supplied by M/s Tetragon Ltd.,
India and drinking water ad libitum.
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C.

Quality assurance
The studies were conducted in accordance with Good
Laboratory Practice (GLP) Regulations of the WHO
(WHO Document, 1998). The “Principles of laboratory
animal care” (NIH Publication # 85-23, 1985) were also
followed in this study. Institutional Animal Ethical
Committee approved the protocol (No.Pharma/IAEC/141).
The studies were restricted to same batch supplied by the
sponsor and fixed dose and duration (after selection) on
same species of animals. The biochemical parameters were
determined with the help of our high precision instruments.
The trials were assessed for compliance with the project
proposal. The Quality assurance unit periodically inspected
the study or the test facilities.

Deviation from the project : There were no major deviation from the original plan of
protocol

study/protocol and therefore not mentioned in the
present report.

Amendment procedures

: This protocol was amended at the discretion of the
Principal Investigator in consultation with the Sponsor

Archiving

: The following records were stored in the scientific
archives of Deptt. of Pharmacology & Toxicology
West Bengal University of Animal and Fishery Sciences,
Kolkata, according to GLP regulations: (i) Copy of the
project protocol, (ii) Final report and (iii) All raw data.
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D. Experimental design
Oral administration: All rats were fasted overnight. Animals were divided in to
following five groups depending on the administration of the
test sample or vehicle: in distilled water, administered orally
by intubations:
Group T0: Vehicle (DW) 10 ml/kg
Group T1: NTX formulation – 0.75 gm/kg
Group T2: NTX formulation – 1.5 gm/kg
Group T3: NTX formulation – 2.25 gm/kg
Group T4: NTX formulation – 3.0 gm/kg

Test samples or vehicle was dissolved in distilled water and
was administered orally by intubations. The volume of
administered fluid was 10 ml/kg body weight, subsequently
after 2 hr of dosing; all the animals were supplied with food
and water.

Each group consisted of 8 rats (4 male + 4

female).

E. Observation parameters
Observation period

: All treated and control animals were observed individually
for 14 days

Mortality

: All animals were observed every day and the mortality rate
was recorded during the entire study period

Toxicity signs

: All animals were observed up to 14 days for ascertaining the
nature, intensity and duration of toxic symptoms if any and
recorded faithfully.

AR-000884

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 215 of 229
885

F. Sub-chronic oral toxicity study
Objective
a) To determine the sub-chronic oral toxicity of NTX formulation in Wistar albino
rats following once daily for 28 days oral administration.
b) To find out any adverse effect on health following long exposure by oral route.

Treatment groups:
The test consisted of one vehicle control and three treatment groups: low dose (G1) mid
dose (G3) and high dose (G2). All the groups were observed for 28 days. Additionally,
four rats of groups G1 and G2 were further observed for another 28 days following
stoppage of administration of drugs and treated as reversibility study. Dose level selected
for the study were 0.50 gm kg-1 (G1), 0.75 gm kg-1 (G2) and 1.0 gm kg-1 (G3) body weight
on the basis of ALD50 value. Vehicle (DW) @10 ml kg-1 was administered orally.

Route of administration:
Oral route by gavazing.
Frequency of administration:
Once daily for 28 days.
Vehicle:
Distilled water.

Preparation of vehicle and drug:
Drugs of different concentration were dissolved in vehicle (distilled water). Volume of
liquid fed to the animals was restricted to 10.0 ml kg-1.

Observations
Rats were observed for all visible signs of reaction to the treatment such as eye and
mucous

membrane

changes,

respiratory,

circulatory,

central

nervous

system,

somatomotor activity, behaviour pattern and general changes once a day. Physical
examination was carried out on all rats prior to exposure and at weekly intervals
thereafter.

AR-000885

Case 1:17-cv-02538-JEB Document 37-2 Filed 06/26/19 Page 216 of 229
886

Body weight
Individual body weight was be recorded for all rats on the day of commencement of
exposure and at weekly intervals thereafter.

Food consumption
Total feed intake was recorded every week

Clinical Pathological Observations
Clinical pathology tests were conducted on blood samples collected prior to treatment, at
midterm (after 2 weeks) and at the end of test period. At the end of the test period rats
were be fasted overnight and blood samples were collected from the heart with the help
of sterilized needle under dissociative (Ketamine hydrochloride) anaesthesia. For
determination of clotting time, blood was allowed to flow into a 7.5 cm capillary tube and
the time required for clotting was recorded manually. Around 0.5 ml of blood was
collected in vials containing EDTA for haematology analysis. One drop of blood was
taken on a glass slide, spread and stained with Leishman’s stain for differential count. 0.5
ml blood was taken in a centrifuge tube and plasma was separated after centrifugation at
3000 rpm for 10 min and used for estimation of glucose and BUN. Two ml of blood was
allowed to clot and serum thus separated was used for the estimation of alkaline
phosphatase

and

transaminase

activities,

creatinine,

sodium

and

potassium

concentrations. The normal control values of each parameter of rat was incorporated after
each table following authentic text book.
Table A: Clinical pathology parameters studied and instruments used
Parameters
Haematology
Leucocyte count (WBC)
Erythrocyte count (RBC)
Haemoglobin
Differential count
Clotting time
Packed cell volume
Clinical Chemistry
Sodium, Potassium
Glucose
Aspartate aminotransferase (AST)
Alanine aminotransfurase (ALT)
Alkaline phosphatase
Blood urea nitrogen (BUN)
Creatinine
Total Protein

Sample
type

Instruments

WB
WB
WB
WB
WB
WB

Microscope (Schalm et al, 1975)
Microscope (Schalm et al, 1975)
Haemoglobinometer
Microscope (Schalm et al, 1975)
Mannual Capillary (Wintrobe’s method)

Serum
Plasma
Serum
Serum
Serum
Serum
Serum
Serum

Flame photometer
Spectrophotometer (Trinder’s method)
Spectrophotometer (Yatazidis, 1960)
Spectrophotometer (Yatazidis, 1960)
Spectrophotometer (Kind & King method)
(DAM Method)
(Alkaline Picrate method)
(Biuret)

WB = Whole blood
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Urine analysis
Urine samples were collected prior to intimation of treatment, at the end of 2 weeks and
at termination.

Table B: Macroscopic and microscopic parameters
Macroscopic observations
Microscopic observations
pH
Glucose (Bendict’s test)
Protein (Roberts test)
Blood (Benzidine reaction)
Ketone (Rothera’s test)

Casts (Microscope)
Pus cell (Microscope)
Erythrocytes (Microscope)
Abnormal constituents (Microscope)

Rats were placed individually in metabolic cage fitted with bottles for urine collection.
During this period, only water will be provided to the animals. Within 1 hr. of collection,
routine urine analysis was done. For microscopical observations of urine samples, urine
will be centrifuged at 1500 rpm for 15 min. Supernatant were discarded and a drop of
sediment were placed on a clean slide and observed under microscope.

Gross Pathological Observations
All rats will be euthanized by over dose of ketamine hydrochloride at the end of
experiment and recovery study. The rats were examined carefully for external
abnormalities before the necropsy. The thoracic and abdominal cavities were then cut
open; a thorough examination of viscera will be carried out to detect any changes or
abnormalities.

Statistical analysis:
Values of each group were compared with respective 0 day using one-way Analysis of
variance with post hoc pairwise comparisons of 0 day, 14th day and 28th day values using
the Bonferroni method, p<0.05 was considered as significant.
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Results: Acute oral toxicity study
Symptoms of toxicity:

All the treated groups (T1, T2, T3 and T4) of rats showed
normal behavioral pattern. No major symptoms of toxicity
were observed in the initial observation period of 4 hours in
any of the treated groups. However, T4 group treated with 3
gm/kg showed mild generalized symptoms of dullness,
disinclination to move for a period of 1 hr after
administration which then waned out.

Mortality

: No mortality was observed in any of the T0 (vehicle control)
group of rats throughout the experimental period.
No mortality of rat was also observed in treated groups (T1
- T4) of rat throughout the experimental period.

Table: C. Oral ALD50 of NTX in rat (n=8 per group)
Groups
Control (T0)
T1
T2
T3
T4

Dose/kg
Vehicle 10 ml/kg
Test drug 0.75 gm
Test drug 1.5 gm
Test drug 2.25 gm
Test drug 3.0 gm

Death
0/8
0/8
0/8
0/8
0/8

Percentage of death
0
0
0
0
0

ALD50 value of NTX in albino rat is >3.0 gm.Kg-1 body weight.

Prof. T. K. Mandal
Principal Investigator
Deptt. of Pharmacology & Toxicology
West Bengal University of Animal and Fishery Sciences
37, Belgachia Road, Kolkata – 37, INDIA
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Results: Sub-chronic oral toxicity study
Mortality:
No mortality was observed among the control (G0), low dose, intermediate dose
and high dose treated rats during the period of observation (Table 1).
Table 1: Effect of ‘NTX formulation’ on mortality in Rats following consecutive once
daily oral administration for 28 days at three dose levels
Groups/Day
Vehicle control
Group 1
Group 2
Group 3

0

7

14

21

28

0/8
0/8
0/8
0/8

0/8
0/8
0/8
0/8

0/8
0/8
0/8
0/8

0/8
0/8
0/8
0/8

0/8
0/8
0/8
0/8

n=8 in each group. No mortality was observed in any of the treated groups. Vehicle control, DW 10ml kg-1; Group 1
(G1), NTX formulation 0.50 gm kg-1; Group 2 (G2), NTX formulation 1.00 gm kg-1, Group 3 (G3), NTX formulation
0.75gm kg-1.

Clinical Observation:
No visible signs of reaction to the treatment such as changes in respiratory, circulatory,
central nervous system and behavioral pattern were observed in the treatment groups.

Eye observation
No ocular abnormalities were observed in treated groups of rats.

Body weight:
Administration of NTX formulation to rats at different dose levels (0.50, 0.75 and
1.00 gm kg-1) did not induce any alterations in body weight compared to vehicle
control groups (Table 2).
Table 2: Effect of ‘NTX formulation’ on body weight (gm) in rats following consecutive
once daily oral administration for 28 days at three dose levels
Groups/Day
Vehicle control
Group 1
Group 2
Group 3

0
141.6±3.4
150.2± 4.7
159.9± 5.4
170.0±5.6

7
144.9 ± 4.1
153.6± 4.3
162.6±5.4
173.8 ±5.8

14
148.9 ± 2.9
158.0 ± 4 3
166.6 ±6.3
176.6 ±4.3

21
151.2 ± 4.7
162.2 ± 5.1
170.9 ±7.2
178.7 ±5.8

28
153.3 ± 3.8
165.7 ± 5.6
173.9 ±6.5
181.0 ±6.7

Values are Mean ± SE; n=8 in each group. Values of each group were compared with respective 0 day
value and no statistical significance was observed.
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Feed consumption:
No significant alteration in feed consumption (Table 3) in any of the formulation treated
groups (G1, G2 and G3) during the experimental period compared to vehicle control group
(G0). The food consumption ratio was found to be comparable with vehicle control group.
Table 3: Effect of ‘NTX formulation’ on feed intake (gm/day) in rats following
consecutive once daily oral administration for 28 days at three dose levels
Groups/Day
Vehicle control
Group 1
Group 2
Group 3

0
14.7 ± 1.1
15.2 ± 1.4
13.6 ± 1.5
17.1 ± 1.7

7
14.1 ± 1.3
15.6 ±1.4
14.2 ±1.5
17.7 ± 2.5

14
15.1 ± 1.4
16.7 ± 2.3
14.3 ± 1.4
17.9 ± 1.5

21
16.2 ± 1.5
17.0 ± 1.9
15.3 ± 1.9
18.1 ± 2.6

28
16.0 ± 1.4
17.2 ± 1.6
16.8 ± 2.4
18.4 ± 1.7

Values are Mean ± SE; n = 8 in each group. Values of each group were compared with respective 0 day
value and no statistical significance was observed.

Haemogram:
Haemoglobin:
No significant difference of haemoglobin values (Table 4) in between 0, 14 and 28 days
of control group (G0), as well as in treated groups G1, G2 and G3 respectively were
observed.
Table 4: Effect of ‘NTX formulation’ on haemoglobin (gm %) level in rats following
consecutive once daily oral administration for 28 days at three dose levels
Groups/Day
0
14
28
12.78 ± 0.21
12.39 ± 0.18
12.51 ± 0.17
Vehicle control
13.08 ± 0.23
13.31 ± 0.17
12.93 ± 0.21
Group 1
13.30 ± 0.37
12.84 ± 0.22
12.90 ± 0.23
Group 2
12.73 ± 0.22
12.80 ± 0.23
12.78 ± 0.24
Group 3
Values are Mean ± SE; n=8 in each group. Normal value 14.2 (11 -17) gm %. Values of each group were
compared with respective 0 day value and no statistical significance was observed.

Total RBC count:
There was no significant difference in the values of total RBC count in between 0, 14 and
28 days of control group of rats (Table 5). Likewise there were no significant differences
in the value of RBC count in between days of treated groups like G1, G2 and G3 rats from
the corresponding ‘0’ day values (Table 5).
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Table 5: Effect of ‘NTX formulation’ on RBC counts (x 106/l) in rats following
consecutive once daily oral administration for 28 days at three dose levels
Groups/Day

0

14

28

Vehicle control

6.75 ± 0.22

6.80 ± 0.17

6.76 ± 0.17

Group 1

6.88 ± 0.20

6.74 ± 0.18

6.79 ± 0.15

Group 2

6.84 ± 0.17

6.89 ± 0.19

6.86 ± 0.16

Group 3

6.86 ± 0.16

6.73 ± 0.14

6.79 ± 0.18

Values are Mean ± SE; n=8 in each group. Normal value 8.5 (6 -10) x 106/l. Values of each group were
compared with respective 0 day value and no statistical significance was observed.

Packed cell volume (PCV):
The percentage of PCV values as depicted in Table 6 showed that there was no
significant difference in the values of different days of control and treated group from the
corresponding ‘0’ day value of each group respectively.

Table 6: Effect of ‘NTX formulation’ on PCV counts (%) in rats following consecutive
once daily oral administration for 28 days at three dose levels
Groups/Day

0

14

28

Vehicle control

40.98 ± 0.32

41.33 ± 0.18

40.16 ± 0.25

Group 1

41.95 ± 0.41

42.54 ± 0.37

42.15 ± 0.51

Group 2

40.69 ± 0.26

40.30 ± 0.24

40.15 ± 0.25

Group 3

40.98 ± 0.28

40.49 ± 0.25

40.25 ± 0.31

Values are Mean ± SE; n=8 in each group. Normal value 45.9 (40-50) %. Values of each group were
compared with respective 0 day value and no statistical significance was observed.

Total WBC count:
It revealed from Table 7, that there was no significant difference in the values of total
WBC count in between different days of control and treated groups from the
corresponding 0 day values.
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Table 7: Effect of ‘NTX formulation’ on WBC counts (per cmm) in rats following
consecutive once daily oral administration for 28 days at three dose levels
Groups/Day

0

14

28

Vehicle control

7.42 ± 0.49

7.37 ± 0.41

7.59 ± 0.38

Group 1

7.36 ± 0.39

7.21 ± 0.34

7.33 ± 0.36

Group 2

7.54 ± 0.37

7.63 ± 0.42

7.46 ± 0.29

Group 3

7.63 ± 0.49

7.66 ± 0.42

7.33 ± 0.34

Values are Mean ± SE; n=8 in each group. Normal value 9.8 (5 -13) x 103/l Values of each group were
compared with respective 0 day value and no statistical significance was observed.

Differential count
Lymphocyte count:
The percentage of Lymphocyte values in Table 8 indicates that there was no significant
difference in the values of different days of control and treated groups from the
corresponding 0 day value of each group respectively.

Table 8: Effect of ‘NTX formulation’ on lymphocyte (%) counts in rats following
consecutive once daily oral administration for 28 days at three dose levels
Groups/Day

0

14

28

Vehicle control

63.88 ± 1.53

63.50 ± 1.12

62.63 ± 1.46

Group 1

61.50 ± 1.12

62.00 ± 1.15

61.00 ± 1.18

Group 2

62.63 ± 0.86

63.13 ± 1.01

63.50 ± 0.82

Group 3

64.75 ± 1.06

63.75 ± 1.25

65.25 ± 0.65

Values are Mean ± SE; n=8 in each group. Values of each group were compared with respective 0 day
value and no statistical significance was observed.

Neutrophil count:
The percentage of Neutrophil values in Table 9 indicates that there was no significant
difference in the values of different days of control and treated groups from the
corresponding 0 day values of each group respectively.
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Table 9: Mean effect of ‘NTX formulation’ on neutrophil (%) counts in rats following
consecutive once daily oral administration for 28 days at three dose levels
Groups/Day
Vehicle control
Group 1
Group 2
Group 3

0
31.50 ± 1.18
31.13 ± 0.88
30.75 ± 0.75
31.25 ± 1.00

14
31.13 ± 0.81
30.50 ± 0.93
31.63± 0.73
30.88 ± 0.67

28
30.25 ± 0.77
29.75 ± 0.62
30.25 ± 0.88
30.38 ± 0.89

Values are Mean ± SE; n=10 in each group. Values of each group were compared with respective 0 day
value and no statistical significance was observed.

Monocyte count:
It is revealed from Table 10 that there was no significant difference in the values of
percentages of Monocyte in different days of control and treated groups from the
corresponding values of ‘0’ day respectively.
Table 10: Effect of ‘NTX formulation’ on monocyte (%) counts in rats following
consecutive once daily oral administration for 28 days at three dose levels
Groups/Day
Vehicle control
Group 1
Group 2
Group 3

0
3.25 ± 0.49
3.13 ± 0.44
3.00 ± 0.31
3.38 ± 0.30

14
3.13 ± 0.30
3.75 ± 0.41
3.13 ± 0.41
3.00 ± 0.31

28
3.38 ± 0.32
3.75 ± 0.31
3.25 ± 0.29
2.88 ± 0.33

Values are Mean ± SE; n=8 in each group. Values of each group were compared with respective 0 day
value and no statistical significance was observed.

Eosinophil count:
It is revealed from Table 11 that there was no significant difference in the values of
percentages of Eosinophil in different days of control and treated groups from the
corresponding values of ‘0’ day respectively.
Table 11: Effect of ‘NTX formulation’ on eosinophil (%) counts in rats following
consecutive once daily oral administration for 28 days at three dose levels
Groups/Day
Vehicle control
Group 1
Group 2
Group 3

0
1.13 ± 0.21
1.63 ± 0.25
1.75 ± 0.42
1.88 ± 0.28

14
1.38 ± 0.30
1.75 ± 0.23
1.63 ± 0.25
2.13 ± 0.41

28
1.25 ± 0.23
1.50 ± 0.25
1.75 ± 0.34
1.88 ± 0.45

Values are Mean ± SE; n=8 in each group. Values of each group were compared with respective 0 day
value and no statistical significance was observed.
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Basophil count:
It appears from the Table 12 that Basophil could not be detected in the blood of rat from
both control and treated groups on any day of observation.
Table 12: Mean effect of ‘NTX formulation’ on Basophil (%) counts in rats following
consecutive once daily oral administration for 28 days at three dose levels
Groups/Day

0

14

28

Vehicle control

0.88 ± 0.21

1.25 ± 0.23

1.13 ± 0.21

Group 1

1.125 ± 0.21

1.63 ± 0.17

1.38 ± 0.30

Group 2

1.25 ± 0.23

1.375 ± 0.17

1.625 ± 0.30

Group 3

0.81 ± 0.25

1.38 ± 0.35

1.25 ± 0.15

Values are Mean ± SE; n=8 in each group. Values of each group were compared with respective 0
day value and no statistical significance was observed.

Blood clotting time:
From the Table 13 it appears that there was no significant difference in the clotting
period of blood in between different days of control group (G0) and treated groups
(G1, G2, & G3).
Table 13: Effect of ‘NTX formulation’ on clotting time (min) in rats following
consecutive once daily oral administration for 28 days at three dose levels
Groups/Day
0
14
28
Vehicle control

1.59 ± 0.07

1.67 ± 0.05

1.62 ± 0.05

Group 1

1.64 ± 0.07

1.69 ± 0.05

1.73 ± 0.09

Group 2

1.75 ± 0.07

1.71 ± 0.03

1.73 ± 0.04

Group 3

1.63 ± 0.08

1.58 ± 0.06

1.65 ± 0.07

Values are Mean ± SE; n=8 in each group. Normal value 1.5 (1.4-2.0) min. Values of each group were
compared with respective 0 day value and no statistical significance was observed.

Blood urea nitrogen (BUN) level:
BUN value of different days i.e. 0, 14 and 28 of vehicle control and treated (G1, G2 and
G3) groups did not differ significantly from the 0 day value of the respective group
(Table 14).
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Table 14: Effect of ‘NTX formulation’ on BUN (mg/dl) in rats following consecutive
once daily oral administration for 28 days at three dose levels
Groups/Day

0

14

28

Vehicle control

20.85 ± 0.96

19.73 ± 0.55

20.38 ± 0.61

Group 1

19.35 ± 0.30

18.48 ± 0.70

19.23 ± 0.35

Group 2

17.73 ± 0.59

18.35 ± 0.66

19.78 ± 0.48

Group 3

18.60 ± 0.88

18.85 ± 0.42

19.61 ± 0.65

Values are Mean ± SE; n=8 in each group. Normal value 14.5 (5-29) gm/dl. Values of each group were
compared with respective 0 day value and no statistical significance was observed.

Serum Alkaline phosphatase activities:
Likewise, there were no significant difference of Serum Alkaline phosphatase activities
(Table 15) in between 0, 14 and 28 days of vehicle control group (G0) as well as in
treated groups G1, G2 and G3 of rats respectively.

Table 15: Effect of ‘NTX formulation’ on serum alkaline phosphatase (IU/L) in rats
following consecutive once daily oral administration for 28 days at three dose levels
Groups/Day

0

14

28

Vehicle control

69.61 ± 2.58

70.02 ± 2.84

73.37 ± 3.65

Group 1

76.77 ± 2.74

74.60 ± 4.25

78.61 ± 3.23

Group 2

75.58 ± 2.83

77.34 ± 2.91

79.75 ± 3.33

Group 3

78.98 ± 3.17

80.08 ± 2.57

82.25 ± 3.43

Values are Mean ± SE; n=8 in each group. Normal value 75 (55-95) IU/L. Values of each group were
compared with respective 0 day value and no statistical significance was observed.

SGOT (AST) activity:
The values of Table 16 showed that there was no significant difference of SGOT activity
in between 0, 14 and 28 days of vehicle control group (G0) as well as in treated groups
like G1, G2 and G3 respectively.
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Table 16: Effect of ‘NTX formulation’ on SGOT (IU/L) in rats following consecutive
once daily oral administration for 28 days at three dose levels
Groups/Day
0
14
28
60.85 ± 2.16
Vehicle control
61.12 ± 3.67
63.54 ± 3.12
61.12 ± 2.10
59.15 ± 2.64
63.09 ± 2.23
Group 1
59.15 ± 2.76
62.83 ± 3.08
62.92 ± 2.89
Group 2
Group 3
60.58 ± 2.57
62.83 ± 2.55
63.90 ± 2.89
Values are Mean ± SE; n=8 in each group. Normal value 64 (46-81) IU/L. Values of each group were
compared with respective 0 day value and no statistical significance was observed.

SGPT (ALT) activity:
Likewise, the values recorded in Table 17 depicts that there was no significant
difference of SGPT activities in between 0, 14 and 28 days of vehicle control
group (G0) as well as in treated groups (G1, G2 and G3) respectively in the serum
of rat.
Table 17: Effect of ‘NTX formulation’ on SGPT (IU/L) in rats following consecutive
once daily oral administration for 28 days at three dose levels
Groups/Day
0
14
28
49.13 ± 4.64
51.74 ± 3.80
54.94 ± 4.63
Vehicle control
52.69 ± 3.54
51.15 ± 3.09
49.25 ± 3.24
Group 1
50.08 ± 3.39
55.06 ± 3.22
54.94 ± 3.39
Group 2
47.11 ± 3.36
48.54 ± 3.01
50.67 ± 5.40
Group 3
Values are Mean ± SE; n=8 in each group. Normal value 48 (25-70) IU/L. Values of each group were
compared with respective 0 day value and no statistical significance was observed.

Serum creatinine levels:
It revealed from Table 18 that there was no significant difference in the values of serum
creatinine levels in between different days of vehicle control and treated groups
respectively from the corresponding ‘0’ day value.
Table 18: Effect of ‘NTX formulation’ on creatinine (mg/dl) in rats following
consecutive once daily oral administration for 28 days at three dose levels
Groups/Day
Vehicle control
Group 1
Group 2
Group 3

0
0.83 ± 0.04
0.76 ± 0.05
0.72 ± 0.04
0.86 ± 0.04

14
0.86 ± 0.03
0.77 ± 0.05
0.74 ± 0.04
0.83 ± 0.04

28
0.84 ± 0.02
0.73 ± 0.04
0.78 ± 0.02
0.88 ± 0.03

Values are Mean ± SE; n=8 in each group. Normal value 0.75 (0.5-1.25) gm/dl. Values of each group were
compared with respective 0 day value and no statistical significance was observed.
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Serum sodium level:
Table 19 depicts that there was no significant difference of serum sodium values in
between 0, 14 and 28 days of vehicle control group (G0), as well as in the corresponding
days of treated groups like G1, G2 and G3 respectively.

Table 19: Effect of ‘NTX formulation’ on Sodium (mEq/L) in rats following consecutive
once daily oral administration for 28 days at three dose levels
Groups/Day

0

14

28

Vehicle control

145.86 ± 1.48

146.61 ± 1.53

147.24 ± 1.23

Group 1

146.74 ± 1.45

148.11 ± 0.96

147.36 ± 1.39

Group 2

147.11 ± 1.16

147.13 ± 1.62

147.49 ± 1.14

Group 3

146.24 ± 1.16

147.13 ± 1.76

147.24 ± 1.76

Values are Mean ± SE; n=8 in each group. Normal value 147 (140-156) mEq/L. Values of each group were
compared with respective 0 day value and no statistical significance was observed.

Serum potassium level:
Table 20 it appears that there was no significant difference of Serum Potassium values in
between 0, 14 and 28 days of vehicle control group (G0) as well as in the corresponding
days of treated groups like G1, G2 and G3 respectively.

Table 20: Effect of ‘NTX formulation’ on Pottasium (mEq/L) in rats following
consecutive once daily oral administration for 28 days at three dose levels
Groups/Day

0

14

28

Vehicle control

6.34 ± 0.09

6.57 ± 0.10

6.50 ± 0.08

Group 1

6.49 ± 0.11

6.28 ± 0.11

6.32 ± 0.10

Group 2

6.47 ± 0.11

6.40 ± 0.10

6.57 ± 0.16

Group 3

6.57 ± 0.10

6.46 ± 0.09

6.61 ± 0.08

Values are Mean ± SE; n=8 in each group. Normal value 6.2 (5.4-7.0) mEq/L. Values of each group were
compared with respective 0 day value and no statistical significance was observed.
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Serum protein level:
It reveals from the values recorded in Table 21 that there was no significant difference of
Serum Protein values in between 0, 14 and 28 days of vehicle control group (G0) as well
as in the corresponding days of treated groups like G1, G2 and G3 respectively.

Table 21: Effect of ‘NTX formulation’ on serum protein (gm/dl) in rats following
consecutive once daily oral administration for 28 days at three dose levels
Groups/Day
Vehicle control
Group 1
Group 2
Group 3

0
6.86 ± 0.12
6.92 ± 0.13
6.67 ± 0.11
7.10 ± 0.15

14
6.75 ± 0.14
6.93 ± 0.12
6.82 ± 0.14
6.79 ± 0.14

28
6.69 ± 0.14
6.82 ± 0.08
6.79 ± 0.10
6.88 ± 0.07

Values are Mean ± SE; n=8 in each group. Normal value 7.6 (4.7-8.2) gm/dl. Values of each group were
compared with respective 0 day value and no statistical significance was observed.

Urine Analysis
Microscopic Observation
On Microscopic examination of the Urine sediment of both control (G0) and
treated groups (G1, G2, G3) did not reveal the presence of any epithelial casts, pus
cell, erythrocytes and any other abnormalities.

Gross Pathological Findings

External Finding:
The external examination of the carcass belonging to different experimental
groups did not reveal any appreciable lesions / abnormality.
Internal Finding:
On post-mortem examination, carcass of different groups did not reveal any significant
lesions in vital organs like lung, heart, kidney, spleen and urinary bladder.
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Four rats, each from treated groups G1 and G2 which were kept for further observation of
28 days following cessation of administration of drugs in order to observe the
reversibility of toxic symptoms, haematological and biochemical alterations. Since,
consecutive oral administration, of NTX formulation did not exhibit any toxic symptom,
or any alteration of haematological and biochemical values it does not warrant the logic
of measurement of haematological and biochemical parameter after 28 days of further
observation.

Conclusion

Based on the results of the present investigation, it is concluded that there was “No
Observable Adverse Effect Level” (NOAEL) of Oral NTX formulation in rats exposed
over 28 days through oral route @ 0.50 gm kg-1, 0.75 gm kg-1 and 1.00 gm kg-1.

Prof. T.K. Mandal
Principal investigator
Deptt. of Pharmacology & Toxicology
West Bengal University of Animal and Fishery Sciences
37, Belgachia Road, Kolkata – 37, INDIA
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REVIEW
0ROHFXODU /LQNV EHWZHHQ $OFRKRO DQG 7REDFFR ,QGXFHG
'1$'DPDJH*HQH3RO\PRUSKLVPVDQG3DWKRSK\VLRORJLFDO
&RQVHTXHQFHV$6\VWHPDWLF5HYLHZRI+HSDWLF&DUFLQRJHQHVLV
$EGXO$QYHVK0DQVRRUL6XERGK.XPDU-DLQ
Abstract
Chronic alcohol and tobacco abuse plays a crucial role in the development of different liver associated
disorders. Intake promotes the generation of reactive oxygen species within hepatic cells exposing their DNA
WRFRQWLQXRXVR[LGDWLYHVWUHVVZKLFKÀQDOO\OHDGVWR'1$GDPDJH+RZHYHULQUHVSRQVHWRVXFKGDPDJHDQ
HQWDQJOHGSURWHFWLYHUHSDLUPDFKLQHU\FRPSULVLQJGLIIHUHQWUHSDLUSURWHLQVOLNH$70$75+$;051FRPSOH[
becomes activated. Under abnormal conditions the excessive reactive oxygen species generation results in genetic
SUHGLVSRVLWLRQRIYDULRXVJHQHV DV$'+$/'+&<3(*677*673DQG*670 LQYROYHGLQ[HQRELRWLF
PHWDEROLFSDWKZD\VDVVRFLDWHGZLWKVXVFHSWLELOLW\WRGLIIHUHQWOLYHUUHODWHGGLVHDVHVVXFKDVÀEURVLVFLUUKRVLVDQG
KHSDWRFHOOXODUFDUFLQRPD7KHUHLVLQFUHDVLQJHYLGHQFHWKDWWKHLQÁDPPDWRU\SURFHVVLVLQKHUHQWO\DVVRFLDWHG
with many different cancer types, including hepatocellular carcinomas. The generated reactive oxygen species
can also activate or repress epigenetic elements such as chromatin remodeling, non-coding RNAs (micro-RNAs),
'1$ GH PHWK\ODWLRQDQGKLVWRQHPRGLÀFDWLRQWKDWDIIHFWJHQHH[SUHVVLRQKHQFHOHDGLQJWRYDULRXVGLVRUGHUV
The present review provides comprehensive knowledge of different molecular mechanisms involved in gene
polymorphism and their possible association with alcohol and tobacco consumption. The article also showcases
the necessity of identifying novel diagnostic biomarkers for early cancer risk assessment among alcohol and
tobacco users.
Keywords: &KURQLFDOFRKROFRQVXPSWLRQUHDFWLYHR[\JHQVSHFLHV'1$GDPDJHLQÁDPPDWRU\F\WRNLQHV
Asian Pac J Cancer Prev, 16 (12), 4803-4812

Introduction
The graph of Gastrointestinal (GI) tract malignancies
increasing day by day in the world and are increasingly
reported in the Indian subcontinent (Ferlay et al., 2010).
In the last 5 years, about 1 million new cases of cancers
were registered in India reported by International Agency
for Research on Cancer (Park et al., 2008; Jemal et al.,
2011). The most widespread form of GI cancer in India is
of liver origin, which accounts for about 3% of the total
cancer deaths. Out of the total diagnosed cases, 20144
incidences were of liver cancers only. (Bhargava et al.,
2012; Bray et al., 2012). Liver carcinoma, an extremely
severe condition with underprivileged diagnosis and poor
survival is most widespread in central Indian population
(Ferlay et al., 2010; Bray et al., 2012). The epidemiological
VWDWLVWLFVVLJQLÀHVWKHJOREDOULVHLQWKH/LYHUFDQFHUFDVHV
particularly in a developing country like India.
Alcohol, mainly ethanol, is by far the most abused drug
for centuries globally. The types of alcohol consumed in

alcoholic beverages include wine, spirits, liquors, beers
and as traditional brew especially in developing countries
(Al-Azri et al., 2014). According to the WHO 2014 report,
around 30% of the total population of India consumed
alcohol in the year 2010. About 93% of alcohol was
consumed in the form of spirits, followed by beer with 7%
and less than 1% of the population consumed wine (WHO,
2014). In addition to alcohol, tobacco is also included in
carcinogen that causes dysfunction of various genes as
ZHOO DV HQ]\PHV LQYROYHG LQ GHWR[LÀFDWLRQ RI DOFRKRO
and nicotine, consequences in generating various types
RIOLYHUUHODWHGGLVHDVHV /5' VXFKDVÀEURVLVDOFRKROLF
hepatitis, cirrhosis, hepatocellular carcinoma (HCC) (Koh
et al., 2011; Su et al., 2013).
Epidemiologic studies of the last decades have
unequivocally acknowledged chronic alcohol consumption
as an important risk factor for the development of various
types of cancers, including cancers of the organs and
tissues of the respiratory tract and the upper digestive tract
(i.e. upper aerodigestive tract), liver, colon or rectum (i.e.
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colorectum), and breast (de Menezes et al., 2013; Kar,
2014). Heavy drinking (i.e. consumption of more than 80 g
DOFRKRORUPRUHWKDQÀYHWRVL[GULQNVSHUGD\ HVSHFLDOO\
combined with smoking, enhances the risk of developing
these cancers by a factor of 50 or more, depending on the
population studied (Tong et al., 2014). But some people
develop cancer even at relative moderate daily alcohol
consumption. These observations suggest that a genetic
SUHGLVSRVLWLRQ PD\ LQÁXHQFH FDQFHU ULVN$W OHDVW SDUW
of this genetic predisposition may be related to alcohol
metabolism because the rate of alcohol metabolism is
genetically determined.
According to meta-analysis of sub-population 85%90% of primary liver cirrhosis causes cancers (El-Serag
and Rudolph, 2007) accounting for 3.5% and 7.5% of all
cancers among women and men, respectively (Poustchi
et al., 2010; Tong et al., 2014) and accounts for half a
million deaths per year (Kirk et al., 2006). Multiple nonviral factors have been concerned with the development
of liver cancer include iron overload syndromes, alcohol
XVH WREDFFR RUDO FRQWUDFHSWLYH DÁDWR[LQ SHVWLFLGHV
exposure and betel quid chewing, a prevalent habit in the
developing world (Gao et al., 2012; Hamed and Ali, 2013;
Arora et al., 2015).
Alcohol metabolism through xenobiotics
A Cancer Preventive Pathway: The xenobioticmetabolizing machinery contains two main types of
enzymes: Phase I - mediating oxidative metabolism, and
Phase II - conjugating enzymes. Many compounds are
transformed to reactive electrophilic metabolites (i.e.
ROS) by the oxidative Phase I enzymes, which are mainly
alcohol dehydrogenase (ADH), aldehyde dehydrogenase
(ALDH) and cytochrome P-450 enzymes (CYPs). Phase
II conjugating enzymes, such as glutathione-S-transferase
(GST), act usually as inactivating enzymes that inactivate
carcinogens (Zakhari, 2013, Yamada et al., 2014).
Ethanol is metabolized by various enzymes including
the ADH enzyme isoforms, ALDH and cytochrome
P450 enzyme system. CYP2E1 produces reactive
oxygen species (ROS), which increase the risk of tissue
damage especially to the liver hepatocytes. ROS includes
hydroxyethyl, superoxide anion, hydroxyl radicals and
number of free radicals (Zakhari, 2013). CYP2E1 which
exacerbates some of the toxic effects of acetaldehyde,
leads to a harmful condition called oxidative stress in the
cells that is characterized by excess levels of ROS (shown
in Figure 1). Glutathione S-transferases (GSTs) are a
multi-gene family of phase-II metabolic enzymes. The
conjugation of reduced glutathione is catalyzed by GSTs
enzymes with a variety of endogenous and exogenous
electrophilic compounds, including several potentially
toxic carcinogens and chemotherapeutic drugs (Yamada
et al., 2014), thereby reducing the reactivity of the
compounds by making them water soluble and favouring
their elimination from the body.
In the body, particularly in the liver cells xenobiotic
pathways engender a number of potentially harmful byproducts that cause deleterious possessions on the body
tissues and organs. Acetaldehyde, a reactive metabolite of
ethanol, binds to nucleic acids, proteins such as enzymes,
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microsomal proteins and microtubules (Gupta et al.,
2014). The generated ROS can also activate or repress
the epigenetic mechanisms such as chromatin remodeling,
non-coding RNAs (microRNAs), DNA (de) methylation
DQGKLVWRQHPRGLÀFDWLRQWKDWDIIHFWJHQHH[SUHVVLRQKHQFH
leading to causes various liver diseases and many other
disorders (Day and Sweatt, 2011; Gao et al., 2012). It
damages DNA leading to chromosome-breakage disease
that causes developmental defects, sterility, bone-marrow
failure and a highly elevated risk of cancer and other body
defects (Nourazarian et al., 2014; Orsetti et al., 2014).

Molecular Regulation of Tobacco Metabolism
&DQFHU3UHYHQWLRQ
Tobacco exposure while smoking includes major
classes of carcinogenic compounds such as polycyclic
aromatic hydrocarbons (PAHs), aromatic amines,
nitrosamines, and heterocyclic amines (HCAs); these
carcinogenic compounds can enter the alimentary tract or
the circulatory systems (Senthilkumar and Thirumurugan,
2012). These carcinogenic compounds are then catalized
by CYPs (CYP1A1, CYP1A2, CYP2E1, CYP2A6),
leading to DNA-adduct formation or by GSTs (GSTM1,
GSTT1, GSTP1) leading to excretion (Koh et al., 2011;
Gao et al., 2014).
Nicotine contents of the tobacco leaves can be
absorbed in body tissues including skin, respiratory
epithelium, and mucous membrane of the mouth. The
carcinogenetic potential of tobacco is well-known.
Exposure of Nicotine leads to the activation of nicotinic
acetylcholine receptors (nAChRs) and may contribute
to cancer succession (shown in Figure 1); coupled with
the fact that as tumors development there is an increased
expression of nAChRs, further representing the connection
of this pathway during carcinogenesis (Russo et al., 2012;

Figure 1. &HOOXODU 3DWKZD\ RI$OFRKRO DQG 7REDFFR
Metabolism. Short summary about the link between alcohol
and tobacco metabolism by xenobiotic enzymes such as alcohol
dehydrogenase (ADH), aldehyde dehydrogenase (ALDH),
cytochrome P-450 enzyme (CYP2E1) and glutathione-Stransferase enzymes (GSTs) for the generation of ROS that
induced adducts formation(i.e. 8-Oxo-2’-deoxyguanosine
(8-oxo-dg), malondialdehyde (MDA), 4-Hydroxynonenal (4+1( HWF '1$GDPDJHDQGDSRSWRVLVZKLFKÀQDOO\UHVXOWV
in Cancer
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Senthilkumar and Thirumurugan, 2012). Nitrosamines,
such as nicotine-derived nitrosamine ketone (NNK), are
KLJKDIÀQLW\OLJDQGVIRUWKHQ$&K5VLJQDOOLQJDQGKDYH
been shown to enhance intracellular ROS levels in liver
cells (Ye et al., 2004).

,GHQWLI\LQJGLYHUVHIRUPRI7REDFFR([SRVXUHV
The exposures of Tobacco are of diverse forms. Some
people smoked tobacco in the form of cigarette or Bidi,
while other chewed in the form of gutkha.
Cigarette Smoke (CS): CS contains p-benzoquinone
(p-BQ) which is derived from p-benzosemiquinone
(p-BSQ), produces ROS that is accompanied by
LQÁDPPDWLRQDQGDSRSWRVLV 3DQGDDQG&KDWWHUMHH
Banerjee et al., 2008). ROS produced by p-BQ is a redox
cycling agent that leading to oxidative damage (Margaret
et al., 2011). Since CYP2E1 induction is associated with
ROS generation and lipid peroxidation, this may be a
mechanism whereby tobacco smoke may contribute
to HCC. Several studies have suggested that tobacco
VPRNLQJLVDVLJQLÀFDQWULVNIDFWRUIRUWKHGHYHORSPHQWRI
HCC (Lee et al., 2009; Zygogianni et al., 2011; Purohit et
al., 2013). Gajalakshmi and Kanimozhi, (2015) has done
a case control study that showed a synergistic interaction
between heavy alcohol consumption and tobacco smoking
in the progression of HCC.
Tobacco and Gutkha Chewer: About forty percent
of the tobacco consumed in India is in the smokeless
form such as Pan, Pan masala, Zarda and Gutkha
(Gajalakshmi and Kanimozhi, 2015). Almost 70-80
SHUFHQWRIJXWNKDFRQWDLQVVRPHVSHFLÀFDONDORLGVQDPHG
arecoline present in areca nut. According to International
Agency for Research on Cancer (IARC 2004), areca nut
FKHZLQJKDVEHHQFODVVLÀHGWREHFDUFLQRJHQLF3DWHOHW
al., (2009) studied harmful effects of tobacco chewing

on chromosome integrity in healthy tobacco chewers
DQGIRXQGDVLJQLÀFDQWLQFUHDVHLQIUHTXHQF\RIJHQHWLF
toxicity in cell (as DNA damage, chromosomal aberration
(CA), sister chromatid exchanges, micronucleated cells
(SCE) etc. of chewers over controls. A large number of
studies related to genotoxic effects of pan masala (Gandhi
and Kaur, 2000; Fareed et al., 2011) and gutkha (Jyoti et
al., 2011; Chadha and Yadav, 2011) has been reported in
literature.
Tobacco Dust Inhale by Bidi Roller: Bidi (the Indian
equivalent of a cheap cigarette) rolling is a common
cottage industry in India. The bidi rollers are from low
socio-economic strata and often work in ill-ventilated
FRQÀQHGHQYLURQPHQWVLQWKHLUGZHOOLQJV6RWKH\LQKDOH
a lot of tobacco dust which leads to many systemic
diseases and this is also harmful for the integrity of their
chromosomes and DNA (Umadevi et al., 2003, Shukla
et al., 2011). Bidi rollers (mostly women) are exposed
to tobacco constituents mainly nicotine through the
cutaneous route or through inhalation of tobacco dust
(Poonam et al., 2010). The amount of tobacco dust may
be having cumulative effects on their genetic material with
the years of exposure and will cause oxidative damage on
lipid, protein, carbohydrate, and nucleic acid molecules
(Margaret et al., 2011, Sundaramoorthy et al., 2013).
Among the most exploited working groups in the country
are Bidi rollers and Tendu pluckers comprising women
and children earning bare minimum wages and pathetic
to access healthcare facilities (Karabi and Bhavna, 2010).
Khanna et al. (2014) investigated that bidi rollers seem
to be facing the occupational hazard of genotoxicity due
to handling bidi tobacco and inhalation of tobacco dust.
They should be advised to work under well-ventilated
conditions. In this study the selected bidi rollers and
controls were neither smoker nor did they indulge in
tobacco chewing.

Cancer Induced by Alcohol Consumption and
7REDFFR([SRVXUH
Generated ROS and adducts formation causes
structural and functional alternations to DNA that causes
cell cycle arrest or apoptosis. This damage severely affects
the gene function, such as replication and transcription,
and plays a major role in age-related diseases and cancer
(Goldar et al., 2015). Continuous oxidative stress induced
production of various cytokines, activation of immune
FHOOV DQG ÀQDOO\ UHVXOWV LQ LQÁDPPDWLRQ WKDW EHFRPH
chronic in later stage (shown in Figure 2).
Figure 2. Cancer Induced by Alcohol Consumption
DQG7REDFFR([SRVXUH Mechanism underlying activation
of Cellular and Immunological responses which includes
activation of DNA damage checkpoints and repair proteins (such
as Ataxia-telangiectasia mutated (ATM), Ataxia-telangiectasia
Rad 3-related (ATR), MRN complex (Mre11, RAD50 and NBS1
SURWHLQVFRPSOH[ +LVWRQH+$LVRIRUPƢSURWHLQ Ƣ+$; S
protein), activation of immune cells for the secretion of various
FODVVRI,QWHUOHXNLQV ,/V  7XPRUQHFURVLVIDFWRUV 71)Ơ 
ZKLFKLQGXFHVFKURQLFLQÁDPPDWLRQLQOLYHUWKDWFDXVHVFDQFHU
in later stages

Cellular Responses
Upshot of Cancer: DNA damage generate a cellular
response which is a complex process that includes
detection of the DNA damage, activation of signaling
pathways including cell cycle checkpoints, and repair of
the damage (Niida and Nakanishi, 2006; Seitz and Mueller,
2015). A complex and entangled network of DNA damage
response (DDR) mechanisms act as cellular defence
against DNA injuries and are able to remove the vast
majority of injuries from the genome (Shin et al., 2008;
Areeshi, 2013). Each DNA repair mechanism work with
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LWVRZQGDPDJHVSHFLÀFLW\7KHELRORJLFDOVLJQLÀFDQFHRI
a functional DDR for human health is clearly illustrated
by the severe outcomes of inherited defects in DDR
factors resulting in various diseases (Shin et al., 2008;
Hoeijmakers, 2009).
MRN Complex Association: The MRN complex,
whose core comprises of Mre11, RAD50 and NBS1
proteins and is involved in the initial processing of DNA
double-strands breaks (DSBS) due to its nuclease activity
and DNA binding capability (Uziel et al., 2003). This
complex acts as a break sensor and recruits the protein
kinase, ataxia telangiectasia mutated (ATM), to DSB sites,
facilitating the subsequent processes DNA repair (Lavin,
2007; Lee and Paull, 2007).
The MRN complex adheres to the sites of DSBs
instantly following their induction, and this process
is independent of ATM (Mirzoeva and Petrini, 2001).
It enhances the accumulation of ATM at these sites.
NBS1 is important for regulation of the Mre11 complex,
LQÁXHQFLQJ '1$ ELQGLQJ DV ZHOO DV 0UH QXFOHDVH
activity. The activities of the MRN complex are in the
very early stage of the DSB response, between damage
induction and ATM activation (Stracker et al., 2011).
ATM (Ataxia-Telangiectasia Mutated)
An important protein play a crucial role in the cellular
response to DNA damage is the ataxia telangiectasia
mutated (ATM) protein. Conformational changes occur
due to DSBs in the ATM protein that stimulates the
kinase to phosphorylate Ser1981 by intermolecular
autophosphorylation (Shiloh, 2003; Farooqi et al., 2014).
After activation, the phosphorylated ATM monomers
accumulates at the DNA damage sites and phosphorylates
a number of proteins involved in cell cycle checkpoint
control, apoptotic responses and DNA repair, including
S+$;5DG1EVDVZHOODVLWVHOI 6KLORK
Farooqi et al., 2014).
ATM kinase activity is also governed by binding to
MRE11 that enhances its ability to phosphorylate itself.
A recent study also evidence that autophosphorylation
at serine 1981 is essential for monomerization and
chromatin association of ATM (Berkovich et al., 2007).
Phosphorylation of these and other substrates by ATM
initiates cell-cycle arrest at G1/S, intra-S and G2/M
checkpoints and also promotes DNA repair (Lavin and
Kozlov, 2007). ATM is also known as the caretaker of
the genome in humans and act as a central mediator of
responses to DNA DSBs in cells. Mutations in ATM cause
genomic instability syndrome termed ataxia telangiectesia,
a rare autosomal recessive disease characterized by
LPPXQRGHÀFLHQF\JHQRPHLQVWDELOLW\DQGSUHGLVSRVLWLRQ
to cancer in humans (Niida and Nakanishi, 2006;
Chaudhary et al., 2013).
ATR (Ataxia-Telangiectasia Rad 3-related)
Like ATM, ATR kinase activity is responsible for
phosphorylation of substrates but its functions may be
largely dependent on its subcellular localization. ATR
exists in a stable complex with ATR-interacting protein
(ATRIP) in human cell, a potential regulatory partner
(Unsal-Kacmaz and Sancar, 2004). ATRIP protein that is

4806

$VLDQ3DFLÀF-RXUQDORI&DQFHU3UHYHQWLRQ9RO

phosphorylated by ATR, determines ATR expression, and
is a critical component of the DNA damage checkpoint
SDWKZD\$75DQG$75,3ERWKFRQÀQHWRLQWUDQXFOHDU
foci after DNA damage or inhibition of replication (Wu
et al., 2014).
Once ATR is activated then it is translocated to DNA
replication foci where activated ATR phosphorylates
&KNLQLWLDWLQJDVLJQDOWUDQVGXFWLRQFDVFDGHWKDWÀQDOO\
results in cell cycle arrest. Therefore, ATR appears to be
a multi-functional kinase that regulates several distinct
events from S phase to M phase. Another function of ATR
is thought to function in unperturbed DNA replication
after activating the DNA damage checkpoint (Chaudhary
et al., 2013). ATR is considered as a second checkpointactivating kinase, after ATM, which is activated by double
strand breaks in DNA or chromatin disruption (Ohashi et
al., 2014).
Ƣ+$; +LVWRQH+$,VRIRUPƢ3URWHLQ
3KRVSKRU\ODWHG +$; LV DOVR NQRZQ DV Ƣ+$;
Falck et al. (2005) evicted that at the sites of DNA-DSBs,
DDR mechanism responsible for the phosphorylation of
WKHKLVWRQHYDULDQW+$;E\DOOWKUHHSKRVSKRLQRVLWLGH
3-kinases (PIKs)-ATM, ATR and DNA-PK (DNAdependent protein kinase) (Sharma et al., 2015). The
SKRVSKRU\ODWLRQRI+$;DW&WHUPLQDO6HULQHUHVLGXHV
(Ser136 and Ser139) is a relatively early event immediately
RFFXUVDIWHU'1$GDPDJHƢ+$;LVDOVRUHVSRQVLEOHIRU
MRN complex binding and ATM activation (Fernandez&DSHWLOOR HW DO   ,W DOVR SURPRWH HIÀFLHQW UHSDLU
(Hu et al., 2015) by facilitating the accumulation of
components of DNA repair, including NBS1/Mre11/
RAD50 and 53BP1 at damage loci to ensure proper cell
cycle arrest or DNA repair.
$IWHU'1$'6%GDPDJHƢ+$;LVPDLQO\PHGLDWHG
E\$70HYRNLQJWKDW+$;LVDGRZQVWUHDPPHGLDWRU
RI$70IXQFWLRQ *XRHWDO %XW+$;LVDOVR
essential for the recruitment of 53BP1 to sites of DNA
DSB damage, and 53BP1 appears to be an upstream
activator of ATM (Hu et al., 2015). Therefore, it remains
D TXHVWLRQ ZKHWKHU +$; SOD\V DQ\ UROH LQ DFWLYDWLQJ
ATM after DNA DSB damage.
p53 Binding Protein
The p53 tumor suppressor protein is also known as
guardian of the genome, integrates various physiological
signals in mammalian cells (Charni et al., 2014). In
reverberation to DNA damage, p53 becomes functionally
operative and take action either a transient cell cycle
arrest, cell death (apoptosis) or permanent cell cycle
arrest (cellular senescence). Both apoptosis and cellular
senescence are robust tumor suppressor mechanisms that
irreversibly forestall damaged cells from undergoing
neoplastic transformation (Rodier et al., 2007; Callen et
al., 2013). The amount p53 protein and its transcriptional
DFWLYLW\LVGHWHUPLQHGE\SRVWWUDQVODWLRQDOPRGLÀFDWLRQ
such as phosphorylation, sumorylation, neddation and
acetylation (Charni et al., 2014).
DNA damage causes phosphorylation of p53 at several
sites in its transactivation domain, including at Ser15
and Ser20. Activated ATM and ATR phosphorylate p53
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protein at Ser15 residue, resulting in p53 stabilization
(Choi et al., 2012; Callen et al., 2013). Various recent
studies reported that 53BP1 has been implicated in DNA
damage responses and plays a central to both the S and
G2 checkpoints and also responsible for G1 arrest after
encounter of DNA damages. The main transcriptional
target of p53 is the p21 Cdk inhibitor (p21CKI), which
inhibits cyclin E-Cdk2 activity, thereby inhibiting
G1/S transition (Lee et al., 2014; Malakar et al., 2014).
However, accentuated apoptosis may ultimately lead to
liver pathologies, primarily steatosis, which can advance
LQWRDPRUHVHYHUHGLVHDVHVXFKDVVWHDWRKHSDWLWLVÀEURVLV
and cirrhosis (Charni et al., 2014).
Patho-Physiological Responses
Causes Cancer progression: Diverse population-based
studies suggested that individuals who are prone to chronic
LQÁDPPDWRU\ GLVRUGHUV LQ OLYHU KDYH DQ LQFUHDVHG ULVN
of liver related diseases development (Gao and Bataller,
2011). In response to a varied range of cellular stresses
F\WRNLQHVDUHUHOHDVHGLQFOXGLQJLQIHFWLRQLQÁDPPDWLRQ
and carcinogen-induced injury. Host responses that are
stimulated by cytokines aimed at controlling cellular
stress and minimizing cellular damage (Chung and Lim,
2015). An injury which fails to resolve can elicit excessive
LPPXQHFHOOLQÀOWUDWLRQDQGOHDGWRSHUVLVWHQWF\WRNLQH
production. Therefore, the host response to stress provokes
changes in cytokine expression, which can impact several
stages of cancer formation and progression.
1XFOHDU)DFWRUƩ% 1)Ʃ%
,QWKHSDVWGHFDGHDQXPEHURILQÁDPPDWRU\PHGLDWRUV
have been shown to contribute to the progression of CLD,
many of which are either targets or activators of nuclear
IDFWRUƩ% 1)Ʃ% 1)N%LVPDLQWDLQHGLQDQLQDFWLYDWHG
or resting state by the inhibitory kappa B (IkB) in the
cytoplasm. After the phosphorylation of IkB by inhibitor
kappa kinase (IkK), NF-kB is activated and free to
translocate the nucleus where it can perform its function
=KDQJ HW DO   1)Ʃ% LV D PDLQ WUDQVFULSWLRQDO
UHJXODWRU RI WKH LQÁDPPDWRU\ UHVSRQVH DQG SOD\V DQ
LPSRUWDQWUROHLQWKHUHJXODWLRQRILQÁDPPDWRU\VLJQDOOLQJ
pathways in the liver.
,Q DOPRVW HYHU\ FKURQLF OLYHU GLVHDVH 1)Ʃ% LV
activated, including alcoholic liver disease, viral hepatitis
and biliary liver disease (Mandrekar and Szabo, 2009;
<LQ HW DO   1)Ʃ% UHJXODWHV PXOWLSOH LPSRUWDQW
functions in hepatocytes, Kupffer cells and hepatic stellate
FHOOV +6&V  *HQHWLF LQDFWLYDWLRQ RI GLIIHUHQW 1)Ʃ%
signalling components results in liver phenotypes that
LQFOXGH VSRQWDQHRXV LQMXU\ ÀEURVLV DQG FDUFLQRJHQHVLV

VXJJHVWLQJWKDW1)Ʃ%PDNHVDQHVVHQWLDOFRQWULEXWLRQWR
liver homeostasis and wound-healing processes (Yao et
DO $FWLYDWHG1)Ʃ%VWLPXODWHV7ROOOLNHUHFHSWRUV
7/5V DVZHOODVLQÁDPPDWRU\F\WRNLQHVVXFKDVWXPRU
necrosis factor (TNF) or interleukin (IL)-1 (Yin et al.,
2013).
7XPRU1HFURVLV)DFWRUDOSKD 71)Ơ
71)Ơ LV SOHLRWURSLF JURZWK IDFWRU SURGXFHG E\
Kupffer cells and other immune cells in response to
FKURQLFLQÁDPPDWLRQDQGWLVVXHLQMXU\3URLQÁDPPDWRU\
TNF-alpha is connected with an increase in cell cycle
progression and oxidative stress through the formation
of 8-oxo-deoxyguanosine, a well-known marker of DNA
damage associated with chronic hepatitis in human liver
(Wang et al., 2012).
Afshar et al. (2015) studied the effect of chronic
alcohol consumption in HCV core-expressing transgenic
PLFHDQGREVHUYHGWKDWKHSDWLFH[SUHVVLRQRI7*)ơDQG
71)ƠKDVEHHQUDLVHG,QDQRWKHUVWXG\KLJKHUOHYHOV
RI71)Ơ ZDV GHWHFWHG LQ WKH WLVVXH VXUURXQGLQJ +&&
and hepatic metastasis than in the tumor (Park et al.,
 &KXQJ DQG /LP   71)Ơ SRO\PRUSKLVP
SURGXFHV WKH 71)Ơ ES  613 VLQJOH QXFOHRWLGH
polymorphisms) in the promoter region of the gene, which
LQFOXGHV71)Ơ * DQG71)Ơ $ DOOHOHVLV
linked with cancer susceptibility and induced expression
RI71)Ơ 7DODDWHWDO&HQDQG:X 
3URLQÁDPPDWRU\&\WRNLQHV
Many scientists and researchers all over the world
reviewed that cytokines play crucial role in liver carcinoma
(Bei et al., 2014; Chung and Lim, 2015). They suggested
that cytokines are concerned in liver development and
regeneration but their serum level may also contribute to
the potential biomarker for pathogenesis of liver-related
GLVHDVHVVXFKDVFLUUKRVLVÀEURVLVKHSDWLWLVFDQFHUHWF
(Table 1) caused by chronic consumption of alcohol
and tobacco abuses. So, one can explore the correlation
between expression of cytokines and the different phases
of alcoholic liver disease.
Genetic Polymorphism
Susceptibility to Cancer: Many of the enzymes (such
as ADH, ALDH, CYP2E1, GSTM1, GSTT1 and GSTP1)
tangled in metabolic xenobiotic pathways have recently
been shown to evince genetic polymorphism in the
population. ROS and adducts formation is responsible
for the predisposition of gene that causes genetic
polymorphism (Munaka et al., 2003; Heit et al., 2015).

Table 1. ,QFUHDVHG/HYHORI,QÁDPPDWRU\DPPDWRU\&\WRNLQHVLQ6HUXP$VVRFLDWHGZLWK6HYHUDO&KURQLF/LYHU
Diseases
Cytokine
,QWHUOHXNLQơ ,/ơ 
Interleukin 6 (IL-6)
Interleukin-8 (IL-8)
Interleukin 10 (IL-10)
Interleukin 12 (IL-12)

HCV/HBV
%RUWRODPLHWDO
Andrade et al., 2013
Langhans et al., 2013
da Silva et al., 2015
Zhu et al., 2015

Carcinoma
.DQZDOHWDO
Yin et al., 2013
Lee et al., 2013
Hsia et al., 2007
Lo et al., 2010

Other Liver
.DPRHWDO
Coskun et al., 2004
El-Tayeh et al., 2012
Kitaoka et al., 2003
Tung et al., 2010
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Alcohol Dehydrogenase (ADH) and Aldehyde
Dehydrogenase (ALDH)
Lee et al. (2001) determined genotype and allele
frequencies of ALDH2, CYP2E1, ADH2 and ADH3 in
Korean male patients with alcoholic cirrhosis, without
evidence of liver disease, and nondrinkers by using PCR or
PCR-directed mutagenesis followed by restriction enzyme
GLJHVWLRQDQGFRQÀUPHGWKHREVHUYDWLRQWKDWWKH$/'+
gene protects against the development of alcoholism.
In a population based study done by Zhang et al.
(2007) evaluated the effect of polymorphisms in alcohol
metabolizing genes, including ADH1B, ADH1C and
ALDH2, on levels of alcohol drinking and susceptibility
of stomach cancer in Poland. They suggested that the
$/'+DOOHOHPD\EHIXQFWLRQDOO\GHÀFLHQWLQHOLPLQDWLQJ
acetaldehyde and discourage alcohol drinking (Eng et
al., 2007; Cichoz-Lach et al., 2010; Gubergrits et al.,
2014). Furthermore, heavy drinkers of alcohol who were
genetically prone to accumulate acetaldehyde may face an
increased risk of gastric cancer (Cao et al., 2010; Ferrari
et al., 2012).
&\WRFKURPHV3( &<3(
Bennett et al. (1999) investigated that never-smoking
women who are exposed to environmental tobacco smoke
(ETS) and develop lung cancer are a genetically susceptible
population. They analyzed germline polymorphisms in
genes that have been associated with cancer susceptibility
and whose products activate (CYP2A1) and detoxify
(GSTM1 and GSTT1) chemical carcinogens found in
tobacco smoke (Yu et al., 2012).
In Brazil, Rossini et al. (2007) analyzed the risk
of esophageal squamous cell carcinoma (ESCC)
associated with tobacco and alcohol consumption and
with polymorphisms of wild type alleles i.e. CYP2A6
(CYP2A6*2), CYP2E1 (CYP2E1*5B, CYP2E1*6),
GSTP1 (Ile105Val), GSTM1 and GSTT1 null genotypes
in cases and age and gender-matched controls. There was
no risk associated with CYP2A6, CYP2E1 and GSTM1
polymorphisms. In conclusion, this study suggests an
opposite role of GSTP1 and GSTT1 polymorphisms
for the risk for ESCC. Kury et al. (2007) examined
the influence on sporadic colorectal cancers risk of
environmental factors co-analyzed with combinations
of six single nucleotide polymorphisms located in
CYP450 genes mainly related to red meat consumption
in France. To investigate whether GSTM1, GSTT1,
GSTP1, CYP1A1 and CYP2E1 gene polymorphisms
represent risk-modifying factors for ethanol related
diseases, a study was conducted involving Brazilian
alcoholics and controls with similar ethnic backgrounds
(Burim et al., 2004). Results were indicating that persons
with these genotypes are genetically more prone to the
development of alcoholic pancreatitis and alcoholic
cirrhosis, respectively (Lakkakula et al., 2013; Malakar
et al., 2014; Yu et al., 2015).
Glutathione S-Transferases (GST)
Among all classes of GSTs, GSTM1, GSTT1 and
GSTP1 polymorphisms are extensively studied worldwide.
Homozygous deletions of GSTM1 and GSTT1 genes are
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common and result in a complete loss of enzyme activity.
The frequencies of GSTM1 null alleles display race and
ethnic variations, being highest in Europeans (42-60%)
& Asians (41-63%) compared with that of Africans (1636%) (Cotton et al., 2000; Gao et al., 2010). However,
the frequency of GSTT1 null genotypes is somewhat less
in Europeans (13.31%) compared with that of Africans
(14-57%) and in Asians (35-48%) (Sobti et al., 2005;
Sharma et al., 2012).
Comparison of the frequencies of GST polymorphisms
in South Indian population was done by Vettriselvi et al.
(2006). He examined that the GSTM1 and GSTT1 null
genotype frequencies were found to be 22.4% and 17.6%
respectively. Allelic variants of GSTM1, GSTT1, and
GSTP1 have been associated with increased risk of various
cancers like colorectal, lung, breast, prostate and others
(Kiyohara et al., 2000; Vijayalakshmi et al., 2005; Malakar
et al., 2012; Senthilkumar and Thirumurugan, 2012; Liu et
al., 2013; Shen et al., 2014). Susceptibility to oral cancer
by genetic polymorphisms among Indians through tobacco
exposure as a risk modulator has been studied. The role
of polymorphisms at CYP1A1, GSTM1 and GSTT1 to
oral squamous cell carcinoma (OSCC) in a case-control
study involving patients with precancerous lesions, cancer
patients and age and habit-matched controls have been
investigated. Finding shows increased susceptibility to
buccal mucosa cancer among individuals carrying these
JHQHWLF PDUNHUV 7KHVH UHVXOWV VXSSRUW WKH ÀQGLQJ WKDW
GSTM1 null genotype is a risk factor to OSCC among
Indian tobacco habits; GSTT1 null genotype, however,
emerged as a protective factor (Anantharaman et al.,
2007; Senthilkumar and Thirumurugan, 2012; Dunna et
al., 2013;).

5ROH RI (SLJHQHWLF$OWHUQDWLRQV LQ &DQFHU
Induction
Epigenetic alteration includes assortment of
FKHPLFDO PRGLÀFDWLRQ DW PROHFXODU OHYHO WKDW LQYROYH
alteration of the DNA (e.g. methylation) and the histone
proteins (e.g. methylation, acetylation, phosphorylation,
ubiquitinylation, ADP-ribosylation, and sumoylation)
(Curtis et al., 2013). The epigenetic profile of the
organism directly depends on varied aspects including
age, environment, and exposure to toxins (e.g., alcohol
and tobacco) (Feil and Fraga, 2012). Oxidative metabolites
such as acetaldehyde, acetate, acetyl-CoA, and reactive
oxygen species (ROS) are generated through alcohol
metabolism under the oxidative pathway can induce
WLVVXHVSHFLÀF HSLJHQHWLF FKDQJHV 6KXNOD DQG$URRU
2006; Choudhury and Shukla, 2008; Kang et al., 2015).
Ethanol metabolism increases ROS level enhances histone
H3 acetylation in hepatocytes (Choudhury et al., 2010)
DQGDOVRLQFUHDVHVSURGXFWLRQRIDFHW\O&R$VLJQLÀFDQWO\
which is used in histone acetylation by histone acetyl
transferases (HATs) (Yamashita et al., 2001). Continuous
exposure of high dose of alcohol to liver cells noticeably
DPSOLÀHV SURLQÁDPPDWRU\ F\WRNLQH VXFK DV ,/ DQG
71)Ơ UHVSRQVHVDQGZDVDOVRDVVRFLDWHGZLWKLQFUHDVHG
acetylation of histone H3 and H4 demonstrated by several
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%LRPDUNHUVRILQÁDPPDWLRQDQGFRDJXODWLRQDUHDVVRFLDWHG
studies (Kendrick et al., 2010). Finally alcohol exposure
ZLWKPRUWDOLW\DQGKHSDWLWLVÁDUHVLQSHUVRQVFRLQIHFWHGZLWK
KDVWLVVXHVSHFLÀFDQGLPPXQRORJLFDOUHVSRQVHVVXFKDV
HIV and hepatitis viruses. J Infect Dis, 207, 1379-88
LQÁXHQFLQJFHOOUHFUXLWPHQWWRLQIHFWRULQÁDPHGWLVVXH
Areeshi
MY (2013). Genetic variation in a DNA double strand
varying cytokines production level, impairing antigen
break repair gene in saudi population: a comparative study
presentation, hampering with phagocytosis, or inducing
with worldwide ethnic groups. Asian Pac J Cancer Prev,
DSRSWRVLVDQGÀQDOO\FDXVHVFDQFHU
14, 7091-4
Arora D, Marya CM, Menon I, et al (2015). Cross sectional
Conclusions for preventing cancer
survey on association between alcohol, betel- nut, cigarette
Prospective studies have indicated a very strong link
consumption and health promoting behavior of industrial
workers in Ghaziabad. Asian Pac J Cancer Prev, 16, 139-44
between the alcohol consumption and tobacco exposure.
Banerjee S, Chattopadhyay R, Ghosh A, et al (2008). Cellular
This link can be assessed by correlating the activation of
and molecular mechanisms of cigarette smoke-induced
DNA damage repair proteins, analysing secretion levels
lung damage and prevention by vitamin C. -,QÁDPP, 5, 21
RILQÁDPPDWRU\F\WRNLQHVDQGVWDWXVRI[HQRELRWLFJHQHV
Bei CH, Bai H, Yu HP, et al (2014). Combined effects of six
polymorphism. Usually people considered alcohol intake
cytokine gene polymorphisms and SNP-SNP interactions on
as the major risk factor for the development of liver related
hepatocellular carcinoma risk in Southern Guangxi, China.
disorders. But evidence suggested that both alcohol intake
Asian Pac J Cancer Prev, 15, 6961-7
and tobacco exposure equally contribute to liver diseases
Bennett WP, Alavanja MCR, Blomeke B, et al (1999).
and also enhances the toxic potency of each other. This
Environmental tobacco smoke, genetic susceptibility, and
risk of lung cancer in never-smoking women. J Natl Cancer
review focuses on the DNA damage caused by alcohol
Inst, 91, 2009-14
DQGWREDFFRFRQVXPSWLRQULVNVWUDWLÀFDWLRQSURIHVVLRQDO
Berkovich E, Monnat RJ, Kastan MB (2007). Roles of ATM and
educational and public awareness connected with genetic
NBS1 in chromatin structure modulation and DNA doubleand environmental factors. These are the important
strand break repair. Nat Cell Biol, 9, 683-90
components of a new strategic approach to the prevention
Bhargava A, Mishra D, Banerjee S, et al (2012). Engineered
of alcohol related cirrhosis and cancers.
dendritic cells for gastrointestinal tumor immunotherapy:
In recent years, due to advancement in molecular
opportunities in translational research. J Drug Target, 21,
epidemiology, an emerging new field that combines
126-36.
H[WUHPHO\VHQVLWLYHDQGVSHFLÀFWHFKQLTXHVIRUGHWHFWLQJ Bortolami M, Kotsafti A, Cardin R, et al (2008). Fas / FasL
system, IL-1beta expression and apoptosis in chronic HBV
early damage associated with cancer, it has been possible
and HCV liver disease. J Viral Hepat, 15, 515-22
to identify risks and thwart adverse health consequences
Bray F, Ren JS, Masuyer E, et al (2012). Global estimates of
related to environmental exposures by exogenous and
cancer prevalence for 27 sites in the adult population in 2008.
endogenous compound. Therefore, this review focuses
Int J Cancer, 2012, 1133-45
on the possible relationship between inter-individual
Burim RV, Canalle R, Martinelli Ade L, et al (2004).
differences in gene structure and inducibility of enzymes
Polymorphisms in glutathione S-transferases GSTM1,
responsible for xenobiotic metabolism. This information
GSTT1 and GSTP1 and cytochromes P450 CYP2E1 and
has been used for the evaluation of increased susceptibility
CYP1A1 and susceptibility to cirrhosis or pancreatitis in
for cancer. Furthermore, this review will represent a crucial
alcoholics. Mutagenesis, 19, 291-298
Callen E, Di Virgilio M, Kruhlak MJ, et al (2013). 53BP1
step to understand the susceptibility to develop cirrhosis
mediates productive and mutagenic DNA repair through
and cancer in alcoholics and will be of importance
distinct phosphoprotein interactions. Cell, 153, 1266-80
in the social awareness to people and prevention of
&DR+;/L63:X-=HWDO
 $OFRKROGHK\GURJHQDVH
alcohol related diseases and/or the development of better
and aldehyde dehydrogenase-2 genotypes, alcohol drinking
therapies. It will be also be important to identify new
and the risk for stomach cancer in Chinese males. Asian Pac
diagnostic biomarkers in future that might allow more
J Cancer Prev, 11, 1073-7
straightforward treatment and for identifying high risk
Cen G, Wu W (2013). Association between tumor necrosis
individuals at an early stage. Hopefully, this review will
factor-alpha 857C/T polymorphism and gastric cancer: a
implement the researchers and clinicians to foster, explore
meta-analysis. Tumour Biol, 34, 3383-8
Chadda P, Yadav, JS (2011). Studies on the Genotoxicity of
and authenticate the impacts and underlying mechanisms
Gutkha. Genet, 11, 277-82
of DNA damage response (DDR) pathways in liver
Charni M, Rivlin N, Molchadsky A, et al (2014). p53 in liver
cirrhosis and cancer.
pathologies-taking the good with the bad. J Mol Med (Berl),
92, 1229-34
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Interaction of Glycyrrhizin and Glycyrrhetinic Acid with DNA
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Glycyrrhizin (GL), a molecule of glycyrrhetinic acid (GA), is an aqueous extract from licorice root. These
compounds are well known for their anti-inﬂammatory, hepatocarcinogenesis, antiviral, and interferon-inducing
activities. This study is the ﬁrst attempt to investigate the binding of GL and GA with DNA. The effect of ligand
complexation on DNA aggregation and condensation was investigated in aqueous solution at physiological
conditions, using constant DNA concentration (6.25 mM) and various ligands/polynucleotide (phosphate) ratios
of 1/240, 1/120, 1/80, 1/40, 1/20, 1/10, 1/5, 1/2, and 1/1. Fourier transform infrared and ultraviolet (UV)visible spectroscopic methods were used to determine the ligand binding modes, the binding constants, and the
stability of ligand–DNA complexes in aqueous solution. Spectroscopic evidence showed that GL and GA bind
DNA via major and minor grooves as well as the backbone phosphate group with overall binding constants of
KGL–DNA = 5.7 · 103 M - 1, KGA–DNA = 5.1 · 103 M - 1. The afﬁnity of ligand–DNA binding is in the order of GL >
GA. DNA remained in the B-family structure, whereas biopolymer aggregation occurred at high triterpenoid
concentrations.

Introduction

L

icorice, the root of Glycyrrhiza glabra, an extremely
important traditional Middle Eastern medicine, has been
widely used during the past millennia for its taste and
medical potential. Licorice extracts contain many components, including glycyrrhizin (GL), various sugars, ﬂavonoids, and saponoids. GL (Fig. 1), accounting for 10%–25% of
licorice root extract, is considered the primary ingredient
(Eisenbrand, 2006). GL (3-O-[2-O-b-d-glucopyranuronosyl-ad-glucopyranuronosyl]-18b-glycyrrhetinic acid) is hydrolyzed to 18b-glycyrrhetinic acid (GA; 3b-hydroxy-11-oxo-18b,
20b-olean-12-en-29-oic acid; Fig. 1) (Krausse et al., 2004) in vivo,
which is responsible for most of its pharmacological properties. It has been used in clinic as a remedy for the treatment of chronic hepatitis (Van Rossum et al., 1998), tumor
(Nishino et al., 1984; Lee et al., 2008), and human immunodeﬁciency virus (HIV) infection (Hattori et al., 1989;
Salvi et al., 2003). GL suppresses reproduction of some
DNA and RNA viruses, including the HIV, inactivating
herpes simplex virus particles irreversibly (Pompei et al.,
1979; Harada et al., 1999). GL inhibits liver cell injury
caused by many chemicals and is used in the treatment of
chronic hepatitis and cirrhosis in Japan. Presumably, GL
inhibits protein kinase activity (Pompei et al., 1979; Harada
et al., 1999). Several proteins have been reported to serve as
GL targets. These are mostly casein kinase II (CK-II) substrates such as lactoferrin or lipoxigenase (Shimoyama

1
2

et al., 1996; Hatomi et al., 2000). Recombinant HIV-1 reverse
transcriptase has been shown to efﬁciently bind with recombinant human CK-II and to require phosphorylation
for its normal enzymic activity (Harada et al., 1998). Acting
as a CK-II inhibitor, GL used at a high concentration
(100 mM) completely inhibits phosphorylation of reverse
transcriptase, which may account for its antiviral activity
(Harada et al., 1999).
GA is a pentacyclic triterpenoid derivative of b-amyrin.
GA is effective against chronic hepatitis but also contributes
to the side-effect aldosteronism. As only GA appears in the
blood circulation after oral administration, it is considered to
play an important role in the biological action (Oketani et al.,
1985; Ishida et al., 1989).
Understanding the mechanism of GA action may expedite
development of new drugs based on GA or its derivatives
and reduce the risk of side effects. Thus, we examined the
interaction of DNA adducts with two pentacyclic triterpenoid derivatives GL and GA in aqueous solution at pH 6–7
with ligands/DNA(P) molar ratios of 1/240 to 1/1 using
Fourier transform infrared (FTIR) and 0.005–0.1 mM by ultraviolet (UV) measurements as well as molecular modeling.
Structural analyses regarding the GL and GA binding sites,
binding constants, and DNA secondary structure were performed. Our spectroscopic results provide a major structural
analysis of triterpenoids–biopolymers interaction, which
helps to elucidate the nature of this biologically important
complexation in vitro.

Department of Chemistry, Islamic Azad University, Central Tehran Branch (IAUCTB), Tehran, Iran.
Department of Medicinal Chemistry and Radiopharmacy, Tehran University of Medical Sciences, Tehran, Iran.
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FIG. 1. Chemical structure
of GL and 18b-GA. GL, glycyrrhizin;
GA, glycyrrhetinic acid.

Materials and Methods
Materials
DNA sodium salt, GL, and GA were purchased from
Sigma Chemical and used without further puriﬁcation. To
check the protein content of DNA solutions, the absorbance
bands at 258 and 280 nm were used. The A258/A280 ratio was
2.10 for DNA, showing that DNA samples were sufﬁciently
free from protein (Marmur and Doty, 1961). Other chemicals
were of reagent grade and used without further puriﬁcation.
Preparation of stock solutions
DNA was dissolved to 0.5% (w/v; 0.0125 M) polynucleotide (phosphate) (pH 7) in NaCl solution for 24 h with occasional stirring to ensure the formation of a homogeneous
solution. The ﬁnal concentration of the DNA solution was
spectrophotometrically determined at 258 nm using molar
extinction coefﬁcient e258 = 9250 cm - 1 M - 1 (DNA) (expressed
as molarity of phosphate groups) (Vijalakshmi et al., 2000).
GL and GA (0.05–12.5 mM) were dissolved in water and
added dropwise to DNA solution (12.5 mM) to attain the
desired ligand/DNA(P) molar ratios (r) of 1/240, 1/120, 1/80,
1/40, 1/20, 1/10, 1/5, 1/2, and 1/1 with a ﬁnal DNA(P)
concentration of 6.25 mM. The pH values of solutions were
adjusted at 7.0 – 0.2 using NaCl solution. The infrared spectra
were recorded at 2 h after mixing GL and GA with DNA
solution. For UV measurements, ligand concentrations of
0.005–0.1 mM were used with a constant DNA concentration
of 0.5 mM.
FTIR spectroscopy measurements
Infrared spectra were recorded on a Nicolet FTIR spectrometer (Magna 550) equipped with a liquid nitrogen–
cooled HgCdTe (MCT) detector and a KBr beam splitter. The
spectra of ligands/DNA solutions were recorded using a cell
assembled with ZnSe windows. Spectra were recorded and
treated using the OMNIC software supplied by the manufacturer of the spectrophotometer. The spectra of the solutions were recorded after 2 h incubation of ligands with DNA
solution, using ZnSe windows. The bands were measured in
triplicates (three individual samples of the same DNA and
ligand concentrations). For each spectrum, 100 scans were

recorded with a resolution of 4 cm - 1. The difference spectra
([polynucleotide solution + ligand solution] - [polynucleotide
solution]) were obtained using a sharp DNA band at
968 cm - 1 as internal reference (Kanakis et al., 2005, 2007).
This band, which is due to sugar C-C and C-O stretching
vibrations, exhibited no spectral change (shifting or intensity
variation) upon ligand–DNA complexation and was cancelled out upon spectral subtraction.
The intensity ratios of the bands due to several DNA inplane vibrations related to A-T and G-C base pairs and the
PO2 stretching vibrations were measured with respect to the
reference bands at 968 cm - 1 (DNA) as a function of ligand
concentrations with an error of – 3%. Similar intensity variations have been used to determine the ligand binding to
DNA bases and backbone phosphate groups (Arakawa et al.,
2000).
The plots of the relative intensity (R) of several peaks of
DNA in-plane vibrations related to A-T and G-C base pairs
and the PO2 stretching vibrations such as 1712 (guanine),
1662 (thymine), 1612 (adenine), 1490 (cytosine), and
1226 cm - 1 (PO2 groups) versus ligand concentrations were
obtained after peak normalization using Ri = Ii/I968, where Ii
is the intensity of the absorption peak for pure DNA in the
complex with i as the ligand concentration, and I968 is the
intensity of the 968 cm - 1 peak (DNA internal reference). The
plot of intensity was drawn from r = 1/240 to 1/20 for GLDNA and from r = 1/240 to 1/40 for GA-DNA. At higher
ligand concentrations (r = 1/40 to 1/1), monitoring the intensity changes of DNA bands was not possible because of
the overlapping of the GL and GA absorption bands with
DNA vibrations. Therefore, the intensity changes shown are
from r = 1/240 to r = 1/20 for GL-DNA and from r = 1/240 to
r = 1/40 for GA-DNA complexes.
Absorption spectroscopy
The absorption spectra were recorded on a LKB model
4054 UV–visible spectrometer; quartz cuvettes of 1 cm were
used and the absorption spectra were recorded with ligand
concentrations of 0.005–0.1 mM and constant polynucleotide
concentration of 0.5 mM. The binding constants of the
ligand–DNA complexes were calculated as previously reported (Connors, 1987). It is assumed that the interaction
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FIG. 2. Fourier transform
infrared spectra in the region
of 1800–600 cm - 1 for calf
thymus DNA, and (A) GL
and (B) GA adducts in aqueous solution at pH = 7. DNA
and two complexes spectra
obtained at various GL and
GA-DNA (phosphate) molar
ratios (top three spectra);
ligand and two difference
spectra (bottom three
spectra).

between the ligand [L] and the substrate [S] is 1:1; for this
reason, a single complex SL (1:1) is formed. It was also assumed that the sites (and all the binding sites) are independent and the Beer’s law is followed by all species. A
wavelength is selected at which the molar absorptivities eS
(molar absorptivity of the substrate) and e11 (molar absorptivity of the complex) are different. Then, at total concentration St of the substrate, in the absence of ligand and with
the light path length b = 1 cm, the solution absorbance is
Ao ¼ eS bSt

(1)

In the presence of ligand at total concentration Lt, the
absorbance of a solution containing the same total substrate
concentration is

AL ¼ eS b[S] þ eL b[L] þ e11 b[SL]

(2)

where [S] is the concentration of the uncomplexed substrate,
[L] is the concentration of the uncomplexed ligand, and [SL]
is the concentration of the complex. This combined with the
mass balance on S and L gives
AL ¼ eS bSt þ eL bLt þ De11 b[SL]

(3)

where De11 = e11 - eS - eL (eL is the molar absorptivity of the
ligand). By measuring the solution absorbance against a
reference containing ligand at the same total concentration
Lt, the measured absorbance becomes
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K11 ¼

intercept
slope

(8)

Molecular modeling and docking

FIG. 3. Intensity ratio variations for several DNA in-plane
vibrations as a function of (A) GL and (B) GA concentration.
Intensity ratios for the DNA bands at 1712 (G, T), 1662 (T, G,
A, C), 1612 (A), 1490 (C, G), and 1226 (PO2 asymmetric)
referenced to the DNA band at 968 cm - 1.
A ¼ eS bSt þ De11 b[SL]

(4)

Combining equation (4) with the stability constant deﬁnition
K11 = [SL]/[S][L] gives
DA ¼ K11 De11 b[S][L]

(5)

where DA = A – Ao. From the mass balance expression St =
[S] + [SL], we get [S] = St/(1 + K11[L]), which is equation (5),
giving equation (6) at the relationship between the observed
absorbance change per centimeter and the system variables
and parameters.
DA St K11 De11 [L]
¼
b
1 þ K11 [L]

(6)

Equation (6) is the binding isotherm, which shows the
hyperbolic dependence on free ligand concentration.
The double-reciprocal form of plotting the rectangular
hyperbola 1y ¼ df  1x þ de is based on the linearization of equation (6) according to the following equation:
b
1
1
þ
¼
DA St K11 De11 [L] St De11

(7)

Thus, the double-reciprocal plot of 1/DA versus 1/[L] is
linear and the binding constant can be estimated from the
following equation:

The crystal structures of DNA–ligand complex were selected from the protein databank (Web address: www
.rcsb.org; PDB ID: 1D30) (Larsen et al., 1989).
We docked GL and GA onto the oligonucleotide extracted
from the crystal structures. For every individual model, the
correlation between calculated binding and experimental
values was analyzed to determine the most representative
model.
To determine the preferred binding sites on DNA, docking
studies were performed by AutoDock 4.2.3 software (Huey
et al., 2007) (Web address: http://autodock.scripps.edu).
The ligand structures were extracted from Pubchem (CID
16213697, 10114) ﬁles. To use the structures for docking, the
universal force ﬁeld (for ligands) (Rappe et al., 1992) and
Merck molecular force ﬁeld 94 (for macromolecule) (Halgren,
1996) were minimized.
Docking to macromolecule was carried out using the Lamarckian genetics algorithm. For the local search, the socalled pseudo-Solis and Wets algorithm was applied using a
maximum of 300 iterations per local search (Solis and Wets,
1981).
In AutoDock, the overall docking energy of a given ligand
molecule in its active site is expressed as follows:
!
!
Aij Bij
Cij Dij
DG ¼ DGvdW + 12  6 þ DGhbond + 12  10 þEhbond
rij
rij
i, j rij
i, j rij
qi  qj
2
2
þ DGtor Ntor þ DGsol + Si Vj e(  rij =2r )
þ DGelec +
e(r
)r
ij
ij
i, j
ic , j
(9)
In equation (9), DGvdW, DGhbond, DGelec, DGtor, and DGsol
are free energy coefﬁcients of van der Waals, hydrogen bond,
electrostatic interactions, torsional term, and desolvation
energy of oligonucleotide–ligand complex, respectively. rij, Aij,
Bij, Cij, and Dij represent the interatomic distance, the depths of
energy well, and the equilibrium separations between the two
atoms, respectively. The ﬁrst three terms are in vacuo force
ﬁeld energies for intermolecular interactions. The fourth term
accounts for the internal steric energy of the ligand molecule.
The energies used and reported by AutoDock should be
distinguished: there are docked energies, which include the
intermolecular and intramolecular interaction energies and
are used during dockings, and predicted free energies, which
include the intermolecular energy and the torsional free energy and are only reported at the end of a docking (Morris
et al., 1998; Ali et al., 2010).
We converted between the binding constant, Kbinding, and
the binding free energy change of binding, DGbinding, using
the following equation:
DGbinding ¼  RT ln Kbinding

(10)

where R is the gas constant, 1.987 cal K - 1 mol - 1 and T is the
absolute temperature, assumed to be room temperature,
298.15 K.
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To analyze and display docking results, we used AutoDock Tools 1.5.4 (Sanner, 1999; Web address: http://
mgltools.scripps.edu) and UCSF Chimera 1.5 (Couch et al.,
2006; Web address: www.cgl.ucsf.edu/chimera).
Results and Discussion
FTIR spectra of GL-DNA adducts
The IR spectral features of the GL-DNA interaction are
presented in Fig. 2A. At r = 1/240, no major GL-DNA interaction was observed as a result of minor spectral changes
(intensity and shifting) of the guanine at 1712, thymine at
1660, adenine at 1612, cytosine at 1490, and the PO2 band at
1226 cm - 1 (asymmetric stretch) (Theophanides and Tajmir
Riahi, 1985; Taillandier and Liquier, 1992; Loprete and
Hartman, 1993; Andrushchenko et al., 2001; Dovbeshko
et al., 2002; Ouameur and Tajmir-Riahi, 2004). At higher
concentrations (r = 1/120), the guanine band at 1712 shifted
to 1706 cm - 1, the thymine band at 1660 shifted to 1664 cm - 1,
the adenine band at 1612 shifted to 1608 cm - 1, and phosphate asymmetric band at 1226 shifted to 1234 cm - 1. The
shifting was accompanied by intensity increase, mainly for
guanine and thymine bands. The observed spectral changes
can be related to GL interaction with guanine, adenine N7,
thymine O2 bases and backbone phosphate group.
At r = 1/80, decrease in the intensity of bases bands can be
related to DNA stabilization upon GL interaction. At a higher
GL concentration (r = 1/40), the guanine band at 1712 shifted
to 1700 cm - 1, the thymine band at 1660 shifted to 1664 cm - 1,
the adenine band at 1612 shifted to 1608 cm - 1, and the
phosphate asymmetric band at 1226 shifted to 1230 cm - 1.
Major intensity increase was observed for the guanine,
thymine, adenine, and phosphate at this concentration
(Figs. 2A and 3A). The observed spectral changes are due to
major interaction of GL with bases and phosphate at this
concentration. In the difference spectrum of GL-DNA (r = 1/
40), the positive features at 1702, 1657, 1605, 1236, and
1091 cm - 1 are due to an increase in intensity of the
DNA vibrations as a result of GL interaction with the G and
A-T base pairs and phosphate backbone group (Fig. 2A,
diff.; Fig. 3A).
At r = 1/20, a major decrease in intensity was observed for
the bases and phosphate vibrations, which is attributed to
DNA aggregation in the presence of high GL concentrations
(Fig. 3A).
It should be noted that GL-PO2 binding occurred at all
concentrations. Evidence for this comes from major shifting
of the PO2 asymmetric vibration from 1226 to 1230–1234 cm - 1
(r = 1/240 to 1/20) (Fig. 3A). The observed shifting was
accompanied by the variations in the intensity of the phosphate band at all concentrations (r = 1/240 to 1/40). The
major intensity increase at r = 1/40 is related to the maximum
GL–phosphate interaction at this concentration.
In addition to a major spectral shifting of the PO2 asymmetric band, the relative intensities of the asymmetric (vas)
and symmetric (vs) vibrations were altered upon phosphate
interaction (Alex and Dupius, 1989). The vs PO2 (1088 cm - 1)
and vas PO2 (1226 cm - 1) were changed, with the ratio vs/vas
going from 1.7 (free DNA) to 1.9 (GL-DNA complexes) at a
high GL concentration (Fig. 2A). This showed that the
maximum binding of GL to backbone phosphate group occurs at r = 1/40.
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No major intensity changes were observed for the cytosine
band at 1490 cm - 1, indicating no major participation of cytosine in GL-DNA binding.
The absorption bands with medium intensity at 1653 cm - 1
in the IR spectrum of free DNA and at 1651–1654 cm - 1 in
spectra of the GL–DNA adducts and in difference spectra are
due to water deformation mode but not due to DNA vibrations (Tajmir-Riahi et al., 2009).
Absorption spectroscopy revealed that addition of the
aqueous GL to DNA solution resulted in a red shift of the
DNA band at 258 to 260–263 nm in complexes, which is
additional evidence for GL-DNA interaction (Fig. 4A).
FTIR spectra of GA-DNA adducts
At low GA concentration (r = 1/240, 1/120), major interaction was observed as a result of spectral changes in the
GA-DNA interaction at this concentration. No major shifting
was observed for the thymine band at 1662 (r = 1/240, 1/120),
whereas the adenine band at 1612 shifted to 1606 cm - 1
(r = 1/240) and 1608 (r = 1/120) and the phosphate asymmetric band at 1226 shifted to 1236 cm - 1 (r = 1/240, 1/120).
The observed shifting was accompanied by intensity increase
of the guanine, adenine, and mainly thymine and phosphate
bands upon GA complexation. A gradual increase of intensity of DNA vibrations with a maximum at r = 1/120

FIG. 4. Ultraviolet–visible results of calf-thymus DNA and
(A) GL and (B) GA complexes: spectra of free DNA (0.5 mM);
free GL, GL-DNA complex (0.03 mM); free GA, GA-DNA
complex (0.08 mM). Plot of 1/(A – A0) versus (1/ligand concentration) for GL, GA, and calf-thymus DNA complexes,
where A0 is the initial absorbance of DNA (258 nm) and A is
the recorded absorbance at different GL and GA concentrations (0.005–0.1 mM) with a constant DNA concentration of
0.5 mM at pH 7.
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indicates a major interaction of GA with DNA bases at this
concentration. No major intensity change was observed at
r = 1/80, 1/40, indicating no more interaction at higher concentrations (Figs. 2B and 3B).
Additional evidence regarding GA interaction with the
phosphate backbone group comes from the relative intensities of the asymmetric (vas) and symmetric (vs) vibrations of
the phosphate group (Alex and Dupius, 1989). The vs PO2
(1088 cm - 1) and vas PO2 (1226 cm - 1) were changed, with the
ratio vs/vas going from 1.7 (free DNA) to 1.5 (glycyrrhetinic–
DNA complexes) upon GA complexation (Fig. 2B).
Absorption spectroscopy revealed that addition of aqueous GA to DNA solution resulted in a red shift of the DNA
band at 258 to 260–263 nm in complexes, which is additional
evidence for GA-DNA interaction (Fig. 4B).
DNA conformation
No alterations of B-DNA structure were observed upon
GL and GA-DNA complexation as a result of no major
spectral changes for B-DNA marker bands at 1226 cm - 1 (PO2
stretch), 1712 cm - 1 (mainly guanine), and 836 cm - 1 (phosphodiester mode) upon GL and GA complexation (Taillandier and Liquier, 1992; Loprete and Hartman, 1993; TajmirRiahi et al., 1995) (Fig. 2).
In a B to A transition, the marker band at 836 cm - 1 shifts
toward a lower frequency at about 825–800 cm - 1, the guanine band at 1712 cm - 1 appears at 1700–1695 cm - 1, and the
phosphate band at 1226 cm - 1 shifts toward a higher frequency at 1240–1235 cm - 1 (Tajmir-Riahi et al., 1995, 2009). In
a B to Z conformational change, the sugar–phosphate band
at 836 cm - 1 appears at 800–780 cm - 1, the guanine band
displaces to 1690 cm - 1, and the phosphate band shifts to
1216 cm - 1 (Tajmir-Riahi et al., 1995, 2009).
In the GL and GA-DNA complexes, shifting of the B-DNA
marker bands at 1226 to 1230–1238 cm - 1 is indicative of
GL and GA interaction with phosphate and not due to B to

FIG. 6. Docking structure between d(CGCGAATTCGCG)2
(PDB ID: 1D30) and GA. (A) Surface representation of
d(CGCGAATTCGCG)2 complexes with GA (displayed on
side). (A’) Close-up view of d(CGCGAATTCGCG)2 complexes with GA. (B) Surface representation of d(CGC
GAATTCGCG)2 complexes with GA (displayed on top).

A-DNA conformational change (Andrushchenko et al., 2001;
Polyanichko et al., 2004; Marty et al., 2009) (Fig. 2A, B).
Stability of GL-DNA and GA-DNA complexes
The ligand binding constants were determined as described in the Materials and Methods section (UV–visible
spectroscopy). The calculations of the overall binding constants were carried out using UV spectroscopy as previously
reported (Connors, 1987). Concentrations of the complexed
ligand were determined by subtracting absorbance of the
free DNA at 258 nm from those of the complexed. Concentration of the free ligand was determined by subtraction
of the complex ligand from total ligand used in the experiment. Our data of 1/[complex ligand] almost proportionally
increased as a function of 1/[free ligand] (Fig. 4). The double
reciprocal plot of 1/(A - A0) versus 1/[ligand] is linear, and

Table 1. Comparison Between the Binding Free
Energies of Glycyrrhizin
and Glycyrrhetinic Acid Interactions
Torsional Internal Intermol
DGbindinga energy
energy
energy
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
- 5.12
- 5.06

FIG. 5. Docking structure between d(CGCGAATTCGCG)2
(PDB ID: 1D30) and GL. (A) Surface representation of
d(CGCGAATTCGCG)2 complexes with GL (displayed
on side). (A’) Close-up view of d(CGCGAATTCGCG)2
complexes with GL. (B) Surface representation of d(CGC
GAATTCGCG)2 complexes with GL (displayed on top).

- 5.43
- 3.86

4.47
0.89

- 2.24
0.16

- 9.91
- 4.75

Complex
Experimental data
GL-ctDNAb
GA-ctDNA
Calculated data
GL-1D30c
GA-1D30

a
DGbinding is the sum of intermolecular energy and torsional free
energy.
b
Calf thymus DNA.
c
d(CGCGAATTCGCG)2.
GL, glycyrrhizin; GA, glycyrrhetinic acid.
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the binding constant (K) can be estimated from the ratio of
the intercept to the slope (Fig. 4), where A0 is the initial
absorbance of the free DNA at 258 nm and A is the recorded
absorbance of DNA in the presence of different GL and GA
concentrations. The overall binding constants are estimated
to be KGL-DNA = 5.7 · 103 M - 1 and KGA-DNA = 5.1 · 103 M - 1.
Docking study
To determine the preferred binding sites on DNA, the GL
and GA were docked to DNA. The dockings results are
shown in Figures 5 and 6. The comparisons between experimental and calculated data are shown in Table 1.
The models show that GL is surrounded by G16.A, A17.B,
A18.B, T7.A, T8.A, C9.A (Fig. 5), and phosphate groups with
a binding energy of - 5.43 kcal/mol (Table 1) and GA is
surrounded by A17.B, A18.B, T19.B, T8.A, T7.A (Fig. 6), and
phosphate groups with a binding energy of - 3.86 kcal/mol
(Table 1).
Data derived from GL, GA, and 1D30 docking shows
different mood energy interactions. The structure that had
the most compatibility with the FTIR results was selected.
The FTIR and UV results showed only external binding of
GL and GA to DNA (for GL mainly with G, A, and T; for GA
with A and T). The selected docking data show minor groove
binding into oligonucleotide (1D30) with a greater tendency
to A (Figs. 5 and 6). Most known minor groove–binding
drugs preferably recognize A-T sequences. However, minor
groove binders are designed to have interaction with G-C
pairs (Goodsell et al., 1995; Kielkopf et al., 1998a, b; Dervan
and Edelson, 2003).
Conclusions
Based on our spectroscopic results and docking studies,
the following points are important: GL and GA interact with
DNA via external binding, with overall binding constants of
KGL-DNA = 5.7 · 103 M - 1, KGA–DNA = 5.1 · 103 M - 1. GL binding is via G, A, T, and PO2, whereas GA interacts with A, T,
and PO2 backbone group. The afﬁnity of ligand–DNA
binding is in the order of GL > GA. DNA remains in the Bfamily structure, whereas biopolymer aggregation occurs at
high GL and GA concentrations.
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Study on Evaluation of Hepatoprotective and Anti-Oxidant Effect of
Processed Glycyrhiza glabra fortified Ethanol (NTX) in Alcoholics Subjects
Results:
Table 1. Changes in serum ROS levels after alcohol consumption:
Time
points

Alcohol
(mean value)

NTX
(mean value)

SD-Al

SD-NTX

p value
(paired t-test)

Significance

0 hr

4.42

4.50

0.83

0.79

0.267

NS

0.5 hr
1 hr

5.22
5.33

5.06
4.81

1.65
1.40

1.81
0.78

0.370
0.030

NS
S

2 hr

5.38

5.11

1.47

1.04

0.159

NS

4 hr

5.30

4.77

1.40

1.07

0.001

S

Serum ROS levels

8.00
7.00

ROS (ng/ml)

6.00
5.00
4.00
3.00
2.00
1.00
0 hr

0.5 hr
Al (n=31)

1 hr

2 hr

4 hr

NTX (n=31)

Fig.1: Changes in serum ROS levels at different time intervals after alcohol consumption.

Table 2. Changes in serum derivatives of reactive oxygen metabolites (dROM) levels after
alcohol consumption:
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Time
points
0 Hr
0.5 Hr
1 Hr
2 Hr
4 Hr

Alcohol
(mean value)
75.39
99.17
98.80
109.05
89.19

NTX
(mean value)
76.41
95.07
95.04
93.42
86.41

SD-Al
19.89
31.03
30.43
36.39
24.43

SDNTX
16.33
26.19
32.67
26.84
19.36

p value
(paired t-test)
0.664
0.423
0.423
0.050
0.550

Significance
NS
NS
NS
S
NS

2 Hr

4 Hr

Serum dROM levels
150.00

Curr unit

125.00

100.00

75.00

50.00

25.00

0.00

0 Hr

0.5 Hr
Al (n=31)

1 Hr
NTX (n=31)

Fig.2: Changes in serum dROM levels at different time intervals after alcohol
consumption.

Table 3. Changes in serum total glutathione (GSH) levels after alcohol consumption:
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Time
points
0 hr
0.5 hr
1 hr
2 hr
4 hr

Alcohol
(mean value)
4.52
4.38
4.31
4.39
4.27

NTX
(mean value)
4.49
4.63
4.65
4.38
4.50

SD-Al
0.74
0.74
0.82
0.79
0.72

p value
SD-NTX (paired t-test) Significance
0.75
0.518
NS
0.83
0.029
S
0.72
0.009
S
0.91
0.966
NS
0.87
0.011
S

Serum GSH levels
6.00
5.50

GSh (ng/ml)

5.00
4.50
4.00
3.50
3.00
2.50
2.00
0 hr

0.5 hr

Al (n=31)

1 hr

2 hr

4 hr

NTX(n=31)

Fig.3: Changes in serum GSH levels at different time intervals after alcohol consumption.

Table 4. Changes in serum 8-Hydroxy-2-deoxyguanosine (8-OHdG) levels after alcohol
consumption:
AR-001011
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Time
points

Alcohol
(mean value)

NTX
(mean value)

p value
(paired t-test)

Significance

0 hr

58.13

58.13

6.88

6.90

1.00

NS

2 hr

69.41

67.78

17.10

11.54

0.78

NS

4 hr

74.25

64.40

14.80

11.15

0.05

S

SD-Al SD-NTX

n=15 in each arm

Serum 8-OHdG levels
100.00

8 OHdG (ng/ml)

80.00

60.00

40.00

20.00

0.00
0 hr

2 hr
Al

4 hr

NTX

Fig.4: Changes in serum 8-OHdG levels at different time intervals after alcohol
consumption.
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Table 5. Changes in serum protein carbonyl (PC) levels after alcohol consumption
Time
points

Alcohol
(mean value)

NTX
(mean value)

p value
(paired t-test)

Significance

0 hr

0.692

0.692

0.348

0.35

1

NS

2 hr

1.076

0.834

0.551

0.492

0.24

NS

4 hr

0.982

0.899

0.621

0.602

0.71

NS

SD-Al SD-NTX

n=15 in each arm

Olive Tail Moment
1.8

OTM (arbitrary unit)

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
0hr

2hr

NTX

4hr

AL

Fig.5: Changes in serum PC levels at different time intervals after alcohol consumption.
x
x
x

We will receive all CBMN data within 1-2 days and will include in the interim report.
We will receive some more comet assay scores within 2-3 days and will include in the
interim report
MDA and PC kits are still pending and as soon as these kits are available we will
estimate the samples (stored in - 80 °C) and results will be included.
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Ultraviolet-B-Induced Oxidative DNA Base Damage in
Primary Normal Human Epidermal Keratinocytes and
Inhibition by a Hydroxyl Radical Scavenger
Edward Pelle,1 Xi Huang,n Thomas Mammone, Kenneth Marenus, Daniel Maes, and Krystyna Frenkeln
Estee Lauder Research Laboratories, Melville, New York, USA; nNelson Institute of Environmental Medicine, New York University School of Medicine,
New York, USA

To evaluate the e¡ects of ultraviolet-induced environmental trauma on human skin cells, primary normal
human epidermal keratinocytes were exposed to ultraviolet-B radiation (290^320 nm).We found that relatively
low doses of ultraviolet-B (62.5^500 mJ per cm2) caused
dose-dependent increases in 8-oxo-7,8-dihydro-20 deoxyguanosine (8-oxo-dG), a biomarker of oxidative
DNA damage. Unirradiated normal human epidermal
keratinocytes contained 1.49 (7 0.11) 8-oxo-dG per 106
20 -deoxyguanosine (dG) residues in cellular DNA,
which increased linearly to as high as 6.24 (7 0.85) 8oxo-dG per 106 dG after irradiation with 500 mJ per
cm2. Further, this oxidative damage was reduced by
60.7% when the cells were pretreated with 1 mM mannitol. As hydrogen peroxide (H2O2) is known to be generated during oxidative stress, its accumulation in
ultraviolet-B-irradiated normal human epidermal keratinocytes was also assessed and correlated to 8-oxo-dG
formation. An ultraviolet-B-induced increase in H2O2

was observed in normal human epidermal keratinocytes and its production was inhibited by the addition
of catalase. Based on the ability of a neutral molecule
like H2O2 to permeate membranes, our data indicate
that, after ultraviolet-B irradiation, H2O2 migrates from
the cytosol to the nucleus where it participates in a Fenton-like reaction that results in the production of hydroxyl radicals (OH . ), which may then cause 8-oxodG formation in cellular DNA. This conclusion is supported by our data showing that OH . scavengers, such
as mannitol, are e¡ective inhibitors of oxidative DNA
base damage. Although increased levels of 8-oxo-dG
were previously found in immortalized mouse keratinocytes exposed to ultraviolet-B radiation, we now report the induction of 8-oxo-dG in normal human skin
keratinocytes at ultraviolet-B doses relevant to human
skin exposure. Key words: antioxidant/free radicals/hydrogen
peroxide/8-oxo-7,8-dihydro-20 -deoxyguanosine/ultraviolet.
J Invest Dermatol 121:177 ^183, 2003

R

homogenates by Dixit et al (1983), whereas Danno et al (1984) inhibited sunburn cell formation by pretreating mice with the
superoxide anion radical scavenger superoxide dismutase.
In average Caucasian skin, a UVB dose of approximately
40^100 mJ per cm2 can induce erythema (Hawk, 1992), an in£ammatory response causally related to the generation of ROS (Fuchs
and Packer, 1993). In addition to an acute erythemal response,
chronic actinic damage, such as immune suppression, has also
been associated with oxygen-free-radical-mediated damage
(Katiyar and Mukhtar, 2001).
At the nuclear level, DNA is susceptible to oxidative damage
(Troll et al, 1984; Frenkel, 1992; Marnett, 2000). Of the four
DNA bases, 20 -deoxyguanosine (dG) has the lowest ionization
potential and thus is the most susceptible to oxidation. One of
the positions where oxidation of dG can occur is at the C8 position, giving rise to 8-oxo-dG. The latter oxidized nucleoside exists in tautomeric equilibrium between the enol form 8-hydroxy20 -deoxyguanosine and the keto form 8-oxo-7,8-dihydro-20 deoxyguanosine (8-oxo-dG), with the oxo form greatly predominating. Although both oxidized forms are present, we shall refer here only to the 8-oxo-dG form. 8-oxo-dG is a useful
biomarker of oxidative damage in DNA. It was ¢rst assayed by
Floyd et al (1986) who used high performance liquid chromatography (HPLC) with electrochemical detection for the measurement of 8-oxo-dG coupled with UV detection for the

eactive oxygen species (ROS) are by-products of
aerobic life. Although ROS normally account for
approximately 1% of the oxidant load in aerobes,
these levels can rise to as high as 17% during times
of oxidative stress (Fridovich, 1978; 1984) and, in
humans, increased levels of ROS have been associated with cancer, atherosclerosis, and diabetes (Sies, 1985; Frenkel, 1992; Halliwell and Gutteridge, 1999). Human skin, which is constantly
exposed to environmental stresses, is vulnerable to the e¡ects of
ROS generated by exposure to ultraviolet (UV) radiation. Beginning with Pathak and Stratton (1968), who detected melanin radicals in epidermis after exposure to UVB, the e¡ects of UVB on
the generation of ROS in skin have been well established. For
example, lipid peroxidation was detected in UVB-treated epidermal

Manuscript received September 19, 2002; revised November 18, 2002;
accepted for publication February 3, 2003
1
In partial ful¢llment of the PhD requirements of the Department of
Biology, New York University, New York, NY, USA.
Reprint requests to: Dr E. Pelle, Estee Lauder Research Laboratories, 125
Pinelawn Road, Melville, NY 11747; Email: epelle@estee.com
Abbreviations: CuDIPS, copper(II)3,5-diisopropyl-salicylate hydrate;
DCFdA, 20,70 -dichlorodihydro£uorescein diacetate; dG, 20 -deoxyguanosine; 8-oxo-dG, 8-oxo-7,8-dihydro-20 -deoxyguanosine; ST DNA, salmon
testes DNA.
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measurement of the other four major nucleosides. This technique
has proved to be an extremely useful tool for measuring oxidative
DNA base damage and has been utilized by many workers in the
¢eld. For example, Kasai et al (1986) found 8-oxo-dG increased in
HeLa cell DNA after exposure to oxygen radical generators, such
as g-radiation. This early work helped to establish 8-oxo-dG as a
product of oxygen free radical reactions. Later, increased levels of
8-oxo-dG were observed in mouse skin after treatment with tumor promoters by Frenkel et al (1991) who then further demonstrated a reduction in these levels by chemopreventive agents
including ca¡eic acid phenethyl ester (Frenkel et al, 1993). Additionally, the oxidative potential of UV radiation to induce 8oxo-dG in HeLa cells was described by Zhang et al (1997).
Kuchino et al (1987) have shown that, if not repaired, this lesion, and/or the products derived from it (Ravanat et al, 1999),
may be misread by a polymerase during replication and lead to
mispairing with A. Then, during the next round of replication,
this A will correctly pair with T leading to a G-T transversion
mutation. This replication sequence demonstrates the mutagenic
nature of 8-oxo-dG (Moriya and Grollman, 1993) and underscores the importance of protecting cells against oxidative DNA
damage. Further, G-T transversions were detected in plasmidborne yeast after exposure to sunlight and UVB (Kunz and Armstrong, 1998).
Normal human epidermal keratinocytes (NHEK) are the major cells in human epidermis. Nevertheless, 8-oxo-dG has not yet
been determined in these cells after UV exposure. Previous work
by Beehler et al (1992) showed an increase in 8-oxo-dG in mouse
keratinocytes after UVB irradiation, and in another study by
Stewart et al (1996) UVB-induced 8-oxo-dG in mouse keratinocytes was inhibited byTrolox (a synthetic form of tocopherol but
without a phytyl side chain) and indicated that antioxidants could
inhibit UVB-induced 8-oxo-dG production in epidermal cells.
The objective of this study was to measure oxidative DNA base
damage in the form of 8-oxo-dG in NHEK as a result of UVB
irradiation and to induce this damage at environmentally relevant
doses comparable to normal human exposures. We chose to study
NHEK because the presence of 8-oxo-dG has not been investigated yet in normal human keratinocyte cells or at these doses.
Further, in order to understand the mechanism of 8-oxo-dG induction, NHEK were pretreated with various ROS scavengers.
Additionally, the production of hydrogen peroxide (H2O2),
which was shown to increase in NHEK after UVB exposure
(Peus et al, 1998), was correlated to UVB-induced oxidative
DNA base damage.
MATERIALS AND METHODS
0

Chemicals 2 -Deoxyribonucleosides, lithium acetate, chloroform,
isoamyl alcohol, mannitol, a-carotene, copper(II)3,5-diisopropyl-salicylate
hydrate (CuDIPS), catalase, and thiourea were obtained from Sigma (St.
Louis, MO). 8-oxo-dG was purchased from Cayman (Ann Arbor, MI)
and Optima grade methanol was obtained from Fisher (Pittsburgh, PA).
20,70 -Dichlorodihydro£uorescein diacetate (DCFdA) was purchased from
Molecular Probes (Eugene, OR). Salmon testes DNA (ST DNA) was also
from Sigma and used as a positive control at a concentration of 5 mg per
ml.
Cells Primary NHEK were obtained from Cascade (Portland, OR) as
primary culture cells isolated from fetal foreskin. Cells were cultured in 10
ml EpiLife (calcium-free) medium containing growth factors in 1%
Supplemented Serum (Cascade) using T75 Falcon culture £asks with
screw-capped HEPA ¢lters. At approximately 50% con£uency of the
third passage, there were su⁄cient numbers of cells to perform
experiments. In all cases cells were obtained with the relevant institutional
approval for experiments handling human material in accordance with the
Helsinki Principles.
UV radiation A bank of four Sylvania Sunlamp fs 40 bulbs, which
generate UVB radiation (290^320 nm), was used to irradiate cells. Before
irradiation, the culture medium was removed and the cells were rinsed in

THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

1015

Dulbecco’s phosphate-bu¡ered saline (D-PBS). Then, 6 ml D-PBS were
added to the T75 £ask and the cells were exposed to UVB radiation. Cells
were exposed through the top of the £ask and, as the £asks were made of
polystyrene, the top acted as a ¢lter that eliminated wavelengths below 300
nm. Thus, the wavelengths centered around 313 nm, which are the most
erythromogenic for human skin in natural sunlight, were used for
irradiation of the cells.
Fluences were measured with an International Light IL1400A radiometer
with a UVB probe attachment. A measurement of approximately 0.055
mW per cm2 was typically made through an empty £ask from which the
bottom had been removed so that the probe could be positioned to where
the cells would receive UVB. After exposure, D-PBS was aspirated, 2 ml
Cell Lysing Solution (Gentra) were added, and DNA was extracted as
described below.
Isolation of cellular DNA Special care was taken to isolate cellular
DNA under nonoxidative conditions and as quickly as possible (Huang
et al, 2001). Usually, two T75 £asks of cells at 50% con£uency, which
corresponds to approximately 5.5 106 cells, were used for a single sample
subjected to 8-oxo-dG analysis. For DNA extraction, cells were rinsed in
D-PBS, lyzed with 2 ml of Cell Lysis Solution, and then treated with 125
units of ribonuclease A (Roche) in a 15 ml polypropylene conical screwcapped tube. Proteins were removed by the addition of 120 units
proteinase K (Roche) and incubated for 3 h at 551C. This digestion was
followed by a protein precipitation step performed by adding 1.75 ml 2 M
sodium acetate, pH 4.5, and keeping on ice for 10 min. The precipitate was
then removed by high-speed centrifugation (IEC, MP4R, #809 rotor) at
5000g at 51C for 10 min. After centrifugation, the supernatant was
transferred to a new 15 ml polypropylene conical tube and proteins and
lipids were extracted with 3 ml chloroform/isoamyl alcohol (24:1) by
shaking and then separating the aqueous phase by low-speed
centrifugation (Beckman TJ- 6, TH-4 rotor at 1200g, ambient temperature,
10 min). The upper aqueous phase was carefully transferred to another 15
ml polypropylene tube and treated with 1 mg of RNase (DNase-free)
(Roche) at 371C for 30 min. The sample was then re-extracted with
chloroform/isoamyl alcohol (24:1), as before. After partition by
centrifugation, however, the upper phase was added to 5 ml of isopropyl
alcohol in a new 15 ml polypropylene conical tube and mixed by inversion.
In the presence of isopropyl alcohol, DNA was precipitated and collected as
a pellet after centrifugation, as before, in the high-speed IEC centrifuge.
The pellet was then washed with 2 ml 70% nondenatured ethanol and
subjected again to centrifugation at 5000g for 5 min. The 70% ethanol
was carefully removed and the tube was dried by inversion and removal
of liquid droplets with a Dacron-tipped swab and a micropipette tip. The
pellet was then resuspended in 100 ml 10 mM Tris^HCl, pH 7.4, at 551C for
a period of 15 min.
Isolation of 8-oxo-dG from DNA DNA was sequentially digested
with enzymes to the nucleoside level in preparation for HPLC analysis. 8oxo-dG was isolated from ST DNA and DNA from NHEK. The
following digestion protocol is an adaptation of the work by Frenkel et al
(1991), Huang et al (2001), and Fiala et al (1989). DNA samples were
dissolved in 10 mM Tris^HCl, pH 7.4, and subjected to the following
enzymatic treatments in 1.5 ml polypropylene capped microfuge tubes.
Approximately 40 mg DNA were digested with 40 units of
deoxyribonuclease I in 10 mM Tris^HCl, pH 7.4, containing 100 mM
NaCl and 10 mM MgCl2 (371C, 30 min). The pH was then lowered by
the addition of 30 mM sodium acetate, pH 5.3, and the samples were
digested with 1 unit of nuclease P1 (Roche) at 371C for 60 min. One unit
of alkaline phosphatase (Roche) was then added and the pH of the reaction
was raised by the addition of 100 mM Tris^HCl, pH 7.4, followed by
incubation at 371C for 60 min.
As it has been reported (Liuzzi and Paterson, 1992) that UV-irradiated
DNA is more resistant to digestion, an additional experiment was
performed in which UVB-irradiated DNA was digested with and without
snake venom phosphodiesterase (Worthington, Lakewood, NJ, USA).
Phosphodiesterase (0.05 units) was added and incubated with the samples
for an additional 30 min after digestion by alkaline phosphatase. A small
increase in the yield of 8 -oxo-dG without an e¡ect on the yield of dG
was observed in this experiment (data not shown) and phosphodiesterase
was added to all subsequent DNA digestions.
After enzymatic hydrolysis, the sample, which had an approximate
volume of 100 ml, was transferred into a Millipore ultra-free centrifugal
¢lter with a nominal molecular weight cuto¡ of 5000 Da in order to
remove proteins. The ¢lters were subjected to centrifugation in a
microcentrifuge (13,000g, 15 min) and a portion of the ¢ltrate was injected
into the HPLC system for nucleoside analysis.
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Figure 1. HPLC chromatogram of nucleoside standards. Separation of 20 -deoxyribonucleosides (dC, dG, dT, 8-oxo-dG, and dA) by HPLC/UV at a
concentration of 0.1 nmol each. Separation was achieved with a 5 mm bead, C8/C18 reverse phase column, in 100 mM lithium acetate, pH 5.3, 6% methanol
at a £ow rate of 0.6 ml per min.
8-oxo-dG analysis HPLC was used to separate the four nucleosides and
8-oxo-dG. A Solvent Delivery System 582 (ESA, Chelmsford, MA, USA)
delivered a mobile phase that consisted of 100 mM lithium acetate, pH 5.3,
in 6% methanol at a £ow rate of 0.6 ml per min. An isocratic gradient was
pumped through a YMC Basic reverse phase column (4.6  150 mm) that
was interfaced with a Lamda-Max 481 (Waters, Milford, MA, USA) UV
detector to quantitate 20 -deoxycytidine (dC), dG, thymidine (dT), and 20 deoxyadenosine (dA). Although 8-oxo-dG standards were detected by UV,
its levels in cellular DNA are too low for UV detection and therefore
electrochemical detection, which is orders of magnitude more sensitive,
was used. For electrochemical detection analysis, a CoulArray
Electrochemical Detector (ESA) was used in line with the UV detector.
Approximately 20 mg of digested DNA were injected manually into a
Rheodyne 7125 injector with a glass Hamilton £at-tipped syringe. Figure
1 shows a chromatogram of nucleoside standards at 0.1 nmol each, using
UV detection, whereas Fig 2(a) shows a chromatogram of 8-oxo-dG at
0.5 pmol using electrochemical detection, as well as 8-oxo-dG from
control and treated cells (Fig 2,b,c).
H2O2 analysis H2O2 was determined by adding DCFdA to cells, which
was a modi¢cation of the technique used by Bhimani et al (1995). For
analysis, 2  104 cells were plated into the wells of a 96 -well microtiter
plate because it was determined that this number of cells attained
approximately 50% con£uence after overnight incubation. The next day,
the medium was aspirated and 100 ml of a 10 mM DCFdA solution in DPBS were added to the cells; they were incubated at 371C for 15 min.
DCFdA was prepared by dissolving 50 mg DCFdA in 100 ml ethanol and
then adding 50 ml to 5 ml D-PBS to a ¢nal concentration of 10 mM. After
incubation with DCFdA, 100 ml 25 mM sodium azide (a catalase inhibitor)
were added at room temperature, and cells were incubated at 371C for 2 h.
Fluorescence measurements were made in a £uorescence plate reader
(Cyto£uor, PerSeptive Systems, Framingham, MA, USA) with a 485/20
nm excitation ¢lter and a 530/25 nm emission ¢lter set at a gain of 75.
Calculations Standard curves for each of the four nucleosides and 8oxo-dG were calculated using regression analysis. The concentration of
test samples was determined compared to the standards. The amount of
8-oxo-dG was expressed as a fraction of either total nucleosides or dG.
Statistical signi¢cance was determined by a Student’s t test and by ANOVA.

RESULTS
UVB irradiation of ST DNA In order to determine if UVBinduced increases in 8-oxo-dG could be detected in our
analytical system, 100 ml of 5 mg per ml (0.5 mg total) ST DNA
were placed on a piece of Para¢lm stretched across a 35 mm Petri
dish and exposed to UVB. Aliquots of 10 ml were removed at each
time point that corresponded to doses between 0 and 500 mJ per
cm2. This range of doses was used because it encompassed a
potential human exposure to UVB. The samples were then
enzymatically digested to nucleosides and assayed for the
presence of 8-oxo-dG. Figure 3 shows dose-dependent increases

in 8-oxo-dG and demonstrates that, under these experimental
conditions, oxidative damage is induced in ST DNA by UVB
and that an increase in 8-oxo-dG can be observed even at doses
as low as 50 mJ per cm2.
UVB-induced
oxidative
DNA
base
damage
in
NHEK Keratinocyte monolayers at approximately 50%
con£uency in D-PBS were irradiated in T75 £asks with
increasing doses of UVB. Cells were exposed to 0, 62.5, 125, 250,
and 500 mJ per cm2. After each dose of radiation, the cells were
harvested, and DNA was extracted, digested, and analyzed for 8oxo-dG. The results showed signi¢cant increases in 8-oxo-dG, as
evident from Table I.
The average baseline value for NHEK was 1.49 (7 0.11 SEM)
8-oxo-dG per 106 dG under these experimental conditions.
Further, once the basal levels could be reliably measured, a dose
of only 62.5 mJ per cm2 was found to induce an increase in 8oxo-dG to 2.07 (7 0.07 SEM). Moreover, a linear increase in 8oxo-dG values was observed for each successive UVB dose and
indicates that ROS are produced in NHEK in response to
relatively low levels of UVB. As shown in Fig 4, ANOVA of
the data demonstrated highly signi¢cant increases in 8-oxo-dG
with a p-valueo0.001. These data clearly indicate a correlation
between low dose UVB irradiation and oxidative DNA damage
in human keratinocytes. Having established that UVB is able to
induce 8-oxo-dG in normal keratinocytes over a range of doses,
the 125 mJ per cm2 dose was chosen as the dose used in other
experiments for two reasons: ¢rst, it produced a signi¢cant
increase in damage and, second, it was a biologically relevant
dose that could be related to UVB-generated environmental
trauma in human skin easily related to a sunburn in Caucasian
skin.
E¡ect of ROS scavengers on UVB-induced damage in
NHEK In order to understand the mechanisms of oxidative
DNA damage in normal keratinocytes caused by UVB
irradiation and to identify ROS responsible for it, several
antioxidants, which could target speci¢c ROS, were incubated
with NHEK before UVB exposure. 1 mM and 5 mM mannitol
were prepared in growth media and incubated overnight with
NHEK during its log phase of growth. The next day media
were removed and cells were washed with D-PBS and then
treated as described in Materials and Methods. In three
experiments, the average level of 8-oxo-dG per 106 dG increased
from 1.54 (7 0.11 SEM) to 3.78 (7 0.36 SEM) after UVB
exposure (125 mJ per cm2), whereas the averages of the 1 mM
and 5 mM mannitol-treated samples were 2.41 (7 0.31 SEM)
and 1.99 (7 0.13 SEM), respectively, and a 1 mM mannitoltreated unirradiated control was 1.53. Thus,AR-001016
NHEK that were
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Table I. UVB-induced increases in 8-oxo-dG in NHEK
UVB dose
(mJ per cm2 )
0
62.5
125.0
250.0
500.0

(n ¼ 11)
(n ¼ 2)
(n ¼ 9)
(n ¼ 5)
(n ¼ 4)

8-oxo-dG
per 106 dG (7SE)

D

% increase

1.49 (70.11)
2.07 (70.07)
3.82 (70.30)
4.95 (71.15)
6.24 (70.85)

0
0.58
2.33
3.46
4.75

100
138
256
332
418

Delta (D) values indicate a net increase in 8-oxo-dG per 106 dG in UVB-irradiated NHEK.

scavenges hydroxyl radicals (Halliwell and Ahluwalia, 1976), this
indicates that UVB may have initiated a reaction that led to the
generation of hydroxyl radicals in NHEK. To further strengthen
these ¢ndings, thiourea, another hydroxyl radical scavenger
(Cederbaum et al, 1979), was tested under the same experimental
conditions. Similarly to mannitol, 1 mM thiourea also reduced
the level of 8-oxo-dG in UVB-irradiated NHEK by an average
of 74.1%.
Other ROS scavengers were also utilized under the same
conditions. When b-carotene, which scavenges singlet oxygen
(Sies, 1989), was incubated with the cells, no inhibition was
detected. There may have been solubility problems, however,
because even though 1 mM b-carotene was shaken into media
over a 2 h period, some precipitation in the £asks was observed
the next day. NHEK were also preincubated with CuDIPS, a
superoxide dismutase mimetic (Leuthauser et al, 1981). At 0.1
mM, no changes in 8-oxo-dG levels were apparent; however, at
1 mM, 8-oxo-dG increased about 100-fold to 120.2 8-oxo-dG per
106 dG. This dramatic rise in 8-oxo-dG was similar to results
obtained when H2O2 was added to cells (data not shown). Thus,
any superoxide anion radicals that may have been generated by
UVB exposure may have been converted to H2O2 by this
superoxide dismutase mimetic molecule. As a result, the
increased level of H2O2 may have overwhelmed the endogenous
catalase and glutathione peroxidase enzymes, thus allowing
oxidative damage to occur. Alternatively, the presence of a
transition metal like Cu, which may have been liberated from
the CuDIPS, may have also acted as a catalyst for hydroxyl
radical formation. These results are summarized in Table II.
E¡ect of UVB on H2O2 levels in cells In order to correlate
UVB-induced oxidative DNA damage in NHEK with H2O2
levels, the e¡ect of UVB on H2O2 formation was assessed.
NHEK were exposed to a range of UVB from 20 to 100 mJ per
cm2 and then subjected to DCFdA and £uorescence analysis. As
can be seen in Fig 5, doses as low as 20 mJ per cm2 were su⁄cient
to increase H2O2 formation. Additionally, in order to show that
H2O2 was released from NHEK as a result of UVB irradiation,
10 units per ml catalase were added to the media after irradiation
and then measured for £uorescence. Figure 6 shows a marked
decrease in £uorescence in those samples treated with catalase
and indicates that the increased £uorescence observed in the
UVB-exposed cells was due to H2O2.

Figure 2. HPLC chromatogram of subpicomole levels of 8-oxo-dG.
(a) 0.5 pmol of 8-oxo-dG standard was measured by electrochemical detection that was optimized to 300 mV using the same separation conditions as
described in Fig 1; (b) 8-oxo-dG isolated from NHEK; (c) 8-oxo-dG isolated from NHEK after UVB irradiation.

pretreated with 1 mM mannitol showed a 60.7% reduction in 8oxo-dG and the 5 mM treated samples exhibited a 79.9%
decrease. These data are shown in Table II. As mannitol

DISCUSSION

Chronic exposure to sunlight is a major risk factor for photocarcinogenesis and photoaging in human skin (Matsui and DeLeo,
1995; Armstrong and Kricker, 2001). As ROS are generated in
skin as a result of UVB irradiation, our goal was to measure the
e¡ects of ROS in normal human keratinocytes at doses comparable to human exposure. As DNA damage may lead to an aberrant expression or dysregulation of gene products, we focused our
e¡orts on 8-oxo-dG because much literature exists regarding it as
a biomarker for oxidative DNA damage andAR-001017
its biologic e¡ects
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Table II. E¡ects of antioxidants on 8-oxo-dG levels induced
by UVB irradiation in NHEK DNA

30

R2 = 0.9925

% UVB-induced DNA damage

8-oxo-dG/106 dNs

25

UVB
UVB þ 1 mM mannitol
UVB þ 5 mM mannitol
UVB þ 1 mM thiourea
UVB þ 1 mM b-carotene
UVB þ 0.1 mM CuDIPS
UVB þ 1 mM CuDIPS

20

15

10

100.0
39.3 (78.2% SE)
20.1 (73.4% SE)
25.9 (725.8 SE)
100.0
100.0
10,000.0

5

10000

0
0

100

200

300

400

500

600

9000

UVB (mJ/cm2)
Figure 3. UVB-mediated dose-dependent increase in 8-oxo-dG in
ST DNA. A linear increase in 8-oxo-dG was observed when naked ST
DNA was exposed to increasing levels of UVB. Data expressed as
mean7SEM; n ¼ 2 for 50, 250, 500 mJ per cm2, n ¼ 3 for 100 mJ per cm2.
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6
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6.0

40
80
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100

4.0
3.0

Figure 5. UVB-induced H2O2 increase in NHEK. Increases in H2O2
were observed after UVB irradiation of NHEK (7 %SEM, n ¼ 10);
ANOVA po0.006.

**

2.0
1.0

9000

0.0
0

62.5

125

250

uvb
uvb + cat

500

2
UVB (mJ/cm )

(Kasai, 1997; Halliwell, 1999). To analyze 8-oxo-dG, we used an
HPLC technique with electrochemical detection that could sensitively measure subpicomole levels. Additionally, we carefully and
quickly extracted DNA under nonoxidative conditions to ensure
reproducible basal values.
In a ¢rst series of experiments, we tested our system by exposing naked ST DNA to UVB. We found a dose-dependent increase in 8-oxo-dG, which demonstrated the viability of our
analysis as well as the ability of UVB to induce oxidative DNA
base damage at low levels of exposure. Although the mechanism
for this increase is unknown, perhaps the presence of iron in
commercially prepared DNA in an oxygenated, aqueous microenvironment contributed to the formation of 8-oxo-dG. One
possibility may be a photo-oxidative reaction that generates

7000
fluorescence units

Figure 4. UVB-induced 8-oxo-dG formation in NHEK. A dose-dependent increase in 8-oxo-dG was observed in DNA extracted from
NHEK after exposure to UVB. ANOVA po0.001; npo0.01, nnpo0.002,
nnnpo0.001. Data expressed as mean7SEM; n ¼ 11, 2, 9, 5, and 4 for 0,
62.5, 125, 250, and 500 mJ per cm2, respectively.

8000
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4000
3000
2000
1000
0
0
-1000

20

40

80

2

UVB (mJ/cm )

Figure 6. Catalase-mediated inhibition of UVB-induced H2O2 formation in NHEK. Increases in H2O2 after UVB irradiation of NHEK
were inhibited in the presence of 10 units per ml catalase
(7%SEM, n ¼ 3).
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guanine peroxyl radicals, as shown by Hildenbrand and SchulteFrohlinde (1990), which might then lead to guanine hydration
and subsequent generation of 8-oxo-dG as proposed by Kasai
et al (1992). In our next series of experiments, we evaluated oxidative DNA base damage at the cellular level and observed a linear
increase in 8-oxo-dG when NHEK were exposed to increasing
doses of UVB. Although it has been shown before that UVB
could induce 8-oxo-dG in mouse keratinocytes, this is the ¢rst
demonstration of such an e¡ect in normal human keratinocytes.
Moreover, this is the ¢rst evidence of 8-oxo-dG damage induced
by UVB at environmentally relevant levels (62.5^500 mJ per
cm2). These results are signi¢cant because they show the potential
for oxidative DNA base damage in UVB-exposed human skin.
Further, they extend our understanding of UV-associated pathologies in human skin for two reasons. First, murine keratinocytes
may respond di¡erently to UVB radiation than human cells because mice are nocturnal and normally have fur and, as a result,
may not have developed a response to UVB exposure that is similar to humans. Second, these data show that signi¢cant oxidative DNA damage can occur in cells at exposures as low as 62.5
mJ per cm2 UVB and thus UVB, at a dose su⁄cient to cause a
minimum erythemal response in average Caucasian skin, may represent a signi¢cant health hazard to human skin DNA. This is
supported by Heenen et al (2001) who correlated erythema in human skin with unscheduled DNA synthesis, as well as sunburn
cell development.
NHEK were also pretreated with various ROS scavengers to
evaluate their ability to modulate UVB-induced damage. After
overnight treatment, 1 and 5 mM mannitol signi¢cantly inhibited the production of 8-oxo-dG by 60.7% and 79.9%, respectively. Thiourea also had a similar e¡ect and inhibited 8-oxo-dG
formation by 74.1%. As mannitol and thiourea scavenge OH . ,
these results indicate hydroxyl radical involvement in UVB-induced formation of 8-oxo-dG in NHEK. Nevertheless, the possibility also exists that guanine peroxyl radicals may have
contributed to 8-oxo-dG formation. Another scenario might involve singlet oxygen as 8-oxo-dG increased in cellular DNA
when an endoperoxide of N,N0 -di(2,3 -dihydroxypropyl)-1,4 naphthalenedipropanamide, which generates singlet oxygen, was
added to cells (Ravanat et al, 2000).
Additionally, an increase in H2O2 was measured in NHEK
after UVB irradiation. Thus, as oxidative stress in cells can lead
to the formation of H2O2, it is possible that H2O2, being a neutral species, can permeate the nuclear membrane, react with
DNA-associated transition metals, and participate in a Fenton reaction leading to hydroxyl radical production and oxidative
DNA base damage. Our data support the ¢ndings of Imlay and
Linn (1988) who ascribed H2O2 toxicity in bacteria, at least in
part, to the Fenton reaction. Although it has been reported
(Buchko et al, 1995) that singlet oxygen is responsible for UVmediated production of 8-oxo-dG, the experiments that were
done to support this ¢nding used UVA (320^400 nm) in the presence of a photosensitizer, which preferentially produces singlet
oxygen. Nevertheless, generation of singlet oxygen by UVA cannot be ruled out as a generalized mechanism for 8-oxo-dG production solely by UV radiation (Zhang et al, 1997). This
possibility is further underscored by the work of Bishop et al
(1994) who demonstrated, in vitro, the ability of triplet excited
states of dinucleotides to generate singlet oxygen, which was then
quenched by guanine and itself oxidized in the process. Low
doses of UVB without added photosensitizers, however, may
give more realistic information regarding oxidant generation in
keratinocytes. Additionally, determining the oxidant conditions
of the nucleus by measuring 8-oxo-dG may help to provide information regarding the redox state of the nucleus, which is critical for transcriptional regulator activity (Klein et al, 1998) and
which, in turn, contributes to cell maintenance and survival. In
conclusion, these data show UVB-induced generation of 8-oxodG in normal human keratinocytes and describe a possible oxidative mechanism involving hydroxyl radicals.
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Abstract
Lead is a pervasive environmental pollutant with no beneficial biological role and its toxicity continues to be a major health
problem due to its interference with natural environment. In the present study we have evaluated the chemopreventive effect of
glycyrrhizin on lead acetate mediated hepatic oxidative stress, toxicity and tumor promotion related alterations in rats. Lead acetate
(100 mg/kg bwt., i.p.) enhanced lipid peroxidation with concomitant reduction in glutathione, glutathione reductase, glutathioneS-transferase and glutathione peroxidase activities. There was an increase in the levels of transaminase enzymes and LDH. Lead
acetate treatment also enhanced ornithine decarboxylase (ODC) activity and [3 H] thymidine incorporation into hepatic DNA.
Pretreatment of rats orally with glycyrrhizin (150 and 300 mg/kg bwt., orally) resulted in a significant decrease in hepatic microsomal lipid peroxidation (P < 0.001) and increase in the level of GSH content (P < 0.001) and its dependent enzyme. There was
significant reduction in the levels of SGPT, SGOT and LDH (P < 0.001). A significant inhibition in ODC activity and DNA
synthesis (P < 0.001) was also observed. On the basis of the above results it can be hypothesized that glycyrrhizin is a potent
chemopreventive compound against lead acetate mediated hepatic oxidative stress, toxicity and tumor promotion related responses
in rats.
© 2005 Elsevier Ireland Ltd. All rights reserved.
Keywords: Glycyrrhizin; Lead acetate; Oxidative stress; Tumor promotion

1. Introduction
Humans are exposed to various hazardous substances.
Lead is one of the common environmental and industrial
pollutants that has been found in the environment and the
biological system. The persistence of lead in the animals
and humans is now associated with health risk [1]. Lead

∗ Corresponding author. Tel.: +91 11 26054685x5565/5566, +91 11
26089688; fax: +91 11 26059688x5555/5307.
E-mail address: sarwat786@rediffmail.com (S. Sultana).

has been found to produce wide range of biochemical and
physiological dysfunctions in humans and laboratory
animals [2]. The major source of lead is from industries where lead and lead based components are used,
such as lead acid battery manufacturing, cable and wire
products industries, rubber and plastic industries, soldering activities, in-foundry work such as casting, forging
and grinding activities [3]. Pregnant ladies, infants and
young children are mostly affected by lead exposure [4].
A pregnant lady can transfer her body burden of lead to
the growing foetus as there is no placental barrier for
a heavy metal like lead [5]. Most of the environmen-

0009-2797/$ – see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
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tal exposure occurs through inhaling air containing lead
dust, drinking water supplied through leaded pipelines
and consuming processed, preserved and stored food
[6]. Studies suggest that one of the important mechanisms associated with toxic effects of lead is oxidative
stress caused by disrupted prooxidant/antioxidant balance in animals including humans. Reduced glutathione
(GSH) levels and glutathione peroxidase (GSH-Px) and
superoxide dismutase (SOD) activities in tissues or in
blood are most commonly used to evaluate lead induced
oxidative damage. The oxidative stress has also been
implicated to contribute to lead associated tissue injury in
the liver, kidneys, brain and other organs [7,8]. Lead has
been shown to increase hydrogen peroxide production
in cells [9]. Another mechanism of free radical generation and adduct formation may involve aminolevulinic
acid (ALA), the heme precursor whose levels are elevated by lead exposure through feedback inhibition of
the enzyme ALA synthase [10]. ALA can generate free
radicals and has been shown to cause oxidative damage to
DNA in Chinese hamster ovary cells in vitro through the
formation of 8-OHdG adducts [11]. The oxidative damage to DNA in human lead toxicity has been observed
by a recent study of 7,8-dihydro-9-oxoguanine adducts
in lymphocytes collected from persons exposed environmentally to metals, including lead, chromium, cadmium
and nickel. Lead at high doses can induce proliferation,
there is some evidence that oxygen radicals, produced by
lead (especially in the presence of hydrogen peroxide)
may induce DNA adducts [12]. Reactive oxygen species
are important cytotoxic and signalling mediators in the
pathophysiology of inflammatory liver diseases [13].
Recent studies indicate that compounds with antioxidant or anti-inflammatory properties can inhibit tumor
initiation, promotion and progression in experimental
models [14]. The antioxidant system may be composed
of several endogenous and/or dietary antioxidant compounds and enzymes that interact with and inactivate
ROS [15].
Natural components from numerous plants are used
to halt or retard the carcinogenic process. Glycyrrhizin
(Fig. 1) is the major biologically active component of
liquorice. Glycyrrhizin is the calcium and potassium
salt of glycyrrhizinic acid and upon hydrolysis, the glycoside loses its sweet taste and is converted to the
aglycone glycyrrhetinic acid plus two molecules of glucuronic acid. Glycyrrhetinic acid has been shown to
inhibit the activity of tumor promoter in mouse skin
[16].
Glycyrrhizin exhibits a number of pharmacological effects, including anti-inflammation, anti-ulcer,
anti-allergy, anti-carcinogenesis and immunomodula-

Fig. 1. Molecular structure of glycyrrhizin.

tion [17–20]. It is also used as a potential therapeutic
agent for several viral diseases, including chronic hepatitis, acquired immunodeficiency syndrome and herpes
infection [21].
The present study is designed to evaluate the antioxidative and anti-proliferative activity of glycyrrhizin
against lead acetate induced early biomarkers of hepatic
tumor promotion in animal model.
2. Materials and methods
2.1. Chemicals
Reduced glutathione (GSH), oxidized glutathione
(GSSG), nicotinamide adenine dinucleotide phosphate reduced (NADPH), thiobarbituric acid (TBA),
trichloroacetic acid (TCA), bovine serum albumin
(BSA), 1,2,dithio-bis-nitrobenzoicacid (DTNB), 1chloro,2,4-dinitrobenzene (CDNB), glutathione reductase, ethylenediamine tetra acetic acid (EDTA),
pyridoxal phosphate, phenyl methylsulfonylfluoride
(PMSF), 2-mercaptoethanol, dithiothreitol, Tween 80,
Brij 35, ethanolamine, methoxyethanol, citric acid and
glycyrrhizin were obtained from Sigma Chemicals Co.
(St. Louis, MO). Ascorbic acid, hydrogen peroxide,
ferric chloride, disodium hydrogen phosphate, sodium
dihydrogen phosphate and sodium hydroxide was purchased from E. Merck, India. dl-[14 C] ornithine and
[3 H] thymidine was procured from Amersham Biosciences, Chennai, India. All other chemicals were of
the highest purity commercially available.
2.2. Animals
Female albino Wistar rats weighing 150–200 g were
procured from the Central Animal House Facility, Jamia
Hamdard and used throughout the experiment. The animals were housed in an air-conditioned room (24 ± 2 ◦ C)
and had access to a basic diet and water.
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2.3. Experimental protocol
To study the effect of pretreatment with glycyrrhizin
on lead acetate mediated hepatic oxidative stress and
serological studies, thirty female albino Wistar rats were
randomly allocated to five groups of six rats each. Group
I served as vehicle control and received only saline.
Group III received pretreatment with glycyrrhizin by
gavage (orally) once daily for 5 days at a dose of
150 mg/kg body weight and groups IV and V received
pretreatment with glycyrrhizin by gavage once daily for
5 days at a dose of 300 mg/kg body weight. Half-an-hour
after the last treatment with glycyrrhizin, the animals of
the groups III and IV received only a single intraperitoneal injection of lead acetate at a dose of 100 mg/kg
body weight. The animals of group II received single i.p.
dose of lead acetate (dose of 100 mg/kg body weight)
only on the fifth day. After 24 h of i.p. injection of lead
acetate, the animals of all the groups were sacrificed
by cervical dislocation. Just before sacrifice, blood for
separation of serum was collected from these animals
by retro-orbital sinus puncture and stored at 4 ◦ C for
estimation of serum glutamate oxaloacetate transaminase (SGOT), serum glutamate pyruvate transaminase
(SGPT) and lactate dehydrogenase (LDH).
For ODC activity study, the treatment regimen for the
animals was similar as in case of oxidative stress. After
24 h of treatment with lead acetate (100 mg/kg body
weight, i.p.), the animals were sacrificed by cervical dislocation and processed for subcellular fractionation.
For [3 H] thymidine incorporation study, similar
experimental regimen was followed and the animals were administered [3 H] thymidine (25 Ci/0.2 ml
saline/100 g of animal, i.p.) after 24 h of lead acetate
treatment. Two hours after the injection of thymidine
the animals were sacrificed. Liver sections were excised
and thoroughly rinsed with ice-cold saline and then processed for the quantification of [3 H] thymidine incorporated into hepatic DNA.
2.4. Biochemical estimations
2.4.1. Estimation of lipid peroxidation
The assay of lipid peroxidation was done according
to the method of Wright et al. [22]. The reaction mixture consisted of 0.58 ml phosphate buffer (0.1 M, pH
7.4), 0.2 ml microsome, 0.2 ml ascorbic acid (100 mM)
and 0.02 ml ferric chloride (100 mM) in a total of 1 ml.
This reaction mixture was then incubated at 37 ◦ C in a
shaking water bath for 1 h. The reaction was stopped
by the addition of 1 ml of TCA (10%). Following addition of 1.0 ml TBA (0.67%), all the tubes were placed
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in a boiling water bath for a period of 20 min. The tubes
were shifted to ice bath and then centrifuged at 2500 × g
for 10 min. The amount of malondialdehyde (MDA)
formed in each of the samples was assessed by measuring the optical density of the supernatant at 535 nm.
The results were expressed as the nmol MDA formed/h/g
tissue at 37 ◦ C by using a molar extinction coefficient of
1.56 × 105 M−1 cm−1 .
2.4.2. Estimation of glutathione reduced
The reduced glutathione (GSH) in liver was determined by the method of Jollow et al. [23]. A 1.0 ml postmitochondrial supernatant fraction (PMS) (10%) was
mixed with 1.0 ml sulphosalicylic acid (4%). The samples were incubated at 4 ◦ C for at least 1 h and then
centrifuged at 1200 × g for 15 min at 4 ◦ C. The reaction
mixture contained 0.4 ml of the filtered sample, 2.2 ml
phosphate buffer (0.1 M, pH 7.4) and 0.4 ml DTNB
(4 mg/ml) in a total volume of 3.0 ml. The yellow color
developed was read immediately at 412 nm on spectrophotometer (Milton Roy Model-21 D). The reduced
glutathione concentration was calculated as nmol GSH/g
tissue.
2.4.3. Assay for glutathione-S -transferase activity
Glutathione-S-transferase (GST) activity was assayed
by the method of Habig et al. [24]. The reaction mixture
consisted of 2.5 ml phosphate buffer (0.1 M, pH 6.5),
0.2 ml GSH (1 mM), 0.2 ml CDNB (1 mM) and 0.1 ml of
the cytosolic fraction (10%) in a total volume of 3.0 ml.
Changes in absorbance were recorded at 340 nm and
enzymatic activity was calculated as nmol CDNB conjugate formed/min/mg protein using a molar extinction
coefficient of 9.6 × 103 M−1 cm−1 .
2.4.4. Assay for glutathione reductase activity
Glutathione reductase activity was assayed by the
method of Carlberg and Mannervik [25]. The reaction
mixture consisted of 1.65 ml phosphate buffer (0.1 M,
pH 7.6), 0.1 ml EDTA (0.5 mM), 0.05 ml oxidized glutathione (1 mM), 0.1 ml NADPH (0.1 mM) and 0.1 ml
PMS (10%) in a total volume of 2.0 ml. Enzyme activity
was quantities at 25 ◦ C by measuring the disappearance of NADPH at 340 nm and was calculated as nmol
NADPH oxidized/min/mg protein using a molar extinction coefficient of 6.22 × 103 M−1 cm−1 .
2.4.5. Assay for catalase activity
Catalase activity was assayed by the method of
Claiborne [26]. Briefly, the reaction mixture consisted of 2.0 ml phosphate buffer (0.1 M, pH 7.4),
0.95 ml hydrogen peroxide (0.019 mM) and 0.05 ml
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PMS (10%) in a final volume of 3.0 ml. Changes in
absorbance were recorded at 240 nm. Catalase activity was calculated as nmol H2 O2 consumed/min/mg
protein.
2.4.6. Assay for glutathione peroxidase activity
Glutathione peroxidase activity was measured by
the method of Mohandas et al. [27]. The reaction
mixture consisted of 1.44 ml phosphate buffer (0.1 M,
pH 7.4), 0.1 ml EDTA (1 mM), 0.1 ml sodium azide
(1 mM), 0.05 ml glutathione reductase (1 IU/ml), 0.05 ml
reduced glutathione (1 mM), 0.1 ml NADPH (0.2 mM)
and 0.01 ml H2 O2 (0.25 mM) and 0.1 ml 10% PMS in
a total volume of 2 ml. The disappearance of NADPH
at 340 nm was recorded at 25 ◦ C. Enzyme activity was
calculated as nmol NADPH oxidized/min/mg protein
using a molar extinction coefficient of 6.22 × 103 M−1
cm−1 .
2.4.7. Serum oxaloacetate and pyruvate
transaminase activity (SGOT and SGPT)
SGOT and SGPT activity were determined by the
method of Reitman and Frankel [28]. Each substrate
(0.5 ml) (2 mM ␣-ketoglutarate and either 200 mM ␣-lalanine or l-aspartate) was incubated for 5 min at 37 ◦ C
in a water bath. Serum (0.1 ml) was then added and
the volume was adjusted to 1.0 ml with 0.1 M, pH 7.4phosphate buffer. The reaction mixture was incubated
for exactly 30 and 60 min at GPT and GOT, respectively.
Then to the reaction mixture, 0.5 ml of 1 mM DNPH was
added and left for another 30 min at room temperature.
Finally, the color was developed by addition of 5.0 ml of
NaOH (0.4N) and product read at 505 nm.
2.4.8. Lactate dehydrogenase (LDH) activity
LDH activity was estimated in serum by the method
of Kornberg et al. [29]. The assay mixture consisted of
serum, 0.02 M NADH, 0.01 M sodium pyruvate, 0.1 M,
pH 7.4-phosphate buffer and distilled water in a total volume of 3 ml. Enzyme activity was recorded at 340 nm and
activity was calculated as nmol NADH oxidized/min/mg
protein.
2.4.9. Assay for ornithine decarboxylase activity
ODC activity was determined using 0.4 ml hepatic
105,000 × g supernatant fraction per assay tube by measuring the release of CO2 from dl-[14 C] ornithine by
the method of O’Brien et al. [30]. The liver was homogenized in Tris–HCl buffer (pH 7.5, 50 mM) containing EDTA (0.4 mM), pyridoxal phosphate (0.32 mM),
PMSF (0.1 mM), 2-mercaptoethanol (1.0 mM), dithiothreitol (4.0 mM) and Tween 80 (0.1%) at 4 ◦ C using

a polytron homogenizer (Kinematica AGPT 3000). In
brief, the reaction mixture contained 400 l enzymes
and 0.095 ml co-factor mixture containing pyridoxal
phosphate (0.32 mM), EDTA (0.4 mM), dithiothreitol
(4.0 mM), ornithine (0.4 mM), Brij 35 (0.02%) and dl[14 C] ornithine (0.05 Ci) in total volume of 0.495 ml.
After adding buffer and co-factor mixture to blank and
others tubes, the tubes were closed immediately with
a rubber stopper containing 0.2 ml ethanolamine and
methoxyethanol mixture (2:1) in the central well and
kept in water bath at 37 ◦ C. After 1 h of incubation, the
enzyme activity was arrested by injecting 1.0 ml citric
acid solution (2.0 M) along the sides of glass tubes and
the solution was continued for 1 h to ensure complete
absorption of CO2 . Finally, the central well was transferred to a vial containing 2 ml ethanol and 10 ml toluene
based scintillation fluid. Radioactivity was counted in
liquid scintillation counter (LKB-Wallace-1410). ODC
activity was expressed as pmol CO2 released/h/mg protein.
2.4.10. Quantitation of hepatic DNA synthesis
The isolation of hepatic DNA and incorporation
of [3 H] thymidine in DNA was done by the method
employed by Smart et al. [31]. The liver tissues were
quickly excised from the animal, cleaned free of extraneous material and homogenate (20%) was prepared in
ice cold water. The precipitate thus obtained was washed
with cold trichloroacetic acid (5%) and incubated with
cold perchloric acid (10%) at 4 ◦ C for 24 h. After the
incubation it was centrifuged and the precipitate was
washed with cold perchloric acid (5%). Then the precipitate was dissolved in warm perchloric acid (5%)
followed by incubation in boiling water bath for 30 min
and filtered through a Whatman 50 paper. The filtrate was
used for [3 H] thymidine counting in liquid scintillation
counter (LKB-Wallace-1410) by adding the scintillation
fluid. The amount of DNA in the filtrate was estimated
by diphenylamine method of Giles and Mayers. The
amount of [3 H] thymidine incorporated was expressed
as dpm/g DNA.
2.4.11. Protein estimation
The protein concentration in all samples was determined by the method of Lowry et al. [32].
2.4.12. Statistical analysis
The level of significance between different groups is
based on analysis of variance test followed by Dunnett’s
t-test. The P-values of less than 0.05 have been considered significant.
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Table 1
Effect of prophylactic treatment of animals with glycyrrhizin on lead acetate mediated hepatic glutathione and glutathione-S-transferase in Wistar
rats
Treatment groups

Reduced glutathione (nmol GSH/g tissue)

Glutathione-S-transferase (nmol CDNB
conjugate formed/min/mg protein)

Saline (control)
Lead acetate (100 mg/kg body weight)
Glycyrrhizin (150 mg/kg body weight) + lead acetate
(100 mg/kg body weight)
Glycyrrhizin (300 mg/kg body weight) + lead acetate
(100 mg/kg body weight)
Only glycyrrhizin (300 mg/kg body weight)

0.54 ± 0.012
0.31 ± 0.006###
0.34 ± 0.008**

135 ± 9.97
84 ± 4.12###
88 ± 3.63*

0.42 ± 0.013***

109 ± 1.79*

0.56 ± 0.009

128 ± 4.20

Each value represents mean ± S.E. of six animals. Saline treated group served as control.
* Differ significantly from the corresponding value for rats treated with lead acetate treated control (P < 0.05).
** Differ significantly from the corresponding value for rats treated with lead acetate treated control (P < 0.01).
*** Differ significantly from the corresponding value for rats treated with lead acetate treated control (P < 0.001).
### Differ significantly from the corresponding value for saline treated control (P < 0.001).

3. Results
Table 1 shows the effect of glycyrrhizin on levels on lead acetate mediated hepatic glutathione and
glutathione-S-transferase in Wistar rats. Lead acetate
caused 56% decrease in GSH and 62% decrease in
GST when compared with control group. Treatment with
glycyrrhizin (150 and 300 mg/kg bwt., orally) caused
7–21% and 3–18% elevation in levels of GSH and GST,
respectively, when compared with lead acetate group.
Table 2 shows the effect of glycyrrhizin on levels
on lead acetate mediated hepatic glutathione peroxidase
and glutathione reductase in Wistar rats. Lead acetate
caused 67% and 79% reduction in GPx and GR, respectively, when compared with saline treated group. Treatment with glycyrrhizin (150 and 300 mg/kg bwt., orally)
caused 7–11% and 8–15% elevation in levels of GPx

and GR, respectively, when compared with lead acetate
group.
Table 3 shows the effect of glycyrrhizin on levels on
lead acetate mediated hepatic catalase and lipid peroxidation in Wistar rats. Lead acetate caused 30% reduction
in catalase and 295% elevation in LPO when compared
with saline treated group. Treatment with glycyrrhizin
(150 and 300 mg/kg bwt., orally) caused 13–39% elevation in levels of catalase and 92–116% decrease in LPO
when compared with lead acetate group.
Table 4 shows the effect of pretreatment of animals
with glycyrrhizin on lead acetate induced liver damage
markers. Lead acetate caused 237%, 273% and 147%
elevation in the levels of SGOT, SGPT and LDH, respectively, when compared saline group. Treatment with
glycyrrhizin (150 and 300 mg/kg bwt., orally) caused
34–65%, 37–103% and 16–28% reduction in the lev-

Table 2
Effect of prophylactic treatment of animals with glycyrrhizin on lead acetate mediated hepatic glutathione peroxidase and glutathione reductase in
Wistar rats
Treatment groups

Glutathione peroxidase (nmol NADPH
oxidized/min/mg protein)

Glutathione reductase (nmol NADPH
oxidized/min/mg protein)

Saline (control)
Lead acetate (100 mg/kg body weight)
Glycyrrhizin (150 mg/kg body weight) + lead acetate
(100 mg/kg body weight)
Glycyrrhizin (300 mg/kg body weight) + lead acetate
(100 mg/kg body weight)
Only glycyrrhizin (300 mg/kg body weight)

308 ± 9.87
207 ± 11.73###
229 ± 9.46*

228 ± 5.11
181 ± 2.64###
199 ± 5.25*

243 ± 8.77**

214 ± 5.27***

294 ± 8.42

240 ± 8.53

Each value represents mean ± S.E. of six animals. Saline treated group served as control.
* Differ significantly from the corresponding value for rats treated with lead acetate treated control (P < 0.05).
** Differ significantly from the corresponding value for rats treated with lead acetate treated control (P < 0.01).
*** Differ significantly from the corresponding value for rats treated with lead acetate treated control (P < 0.001).
### Differ significantly from the corresponding value for saline treated control (P < 0.001).
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Table 3
Effect of prophylactic treatment of animals with glycyrrhizin on lead acetate mediated hepatic catalase and lipid peroxidation in Wistar rats
Treatment groups

Catalase (nmol H2 O2
consumed/min/mg protein)

Lipid peroxidation (nmol
malondialdehyde formed/h/g tissue)

Saline (control)
Lead acetate (100 mg/kg body weight)
Glycyrrhizin (150 mg/kg body weight) + lead acetate
(100 mg/kg body weight)
Glycyrrhizin (300 mg/kg body weight) + lead acetate
(100 mg/kg body weight)
Only glycyrrhizin (300 mg/kg body weight)

24 ± 1.78
7 ± 0.70###
10 ± 1.34*

10 ± 0.077
31 ± 0.082###
21 ± 0.181***

17 ± 1.23***

19 ± 0.11***

18 ± 0.98

11 ± 0.092

Each value represents mean ± S.E. of six animals. Saline treated group served as control.
* Differ significantly from the corresponding value for rats treated with lead acetate treated control (P < 0.05).
*** Differ significantly from the corresponding value for rats treated with lead acetate treated control (P < 0.001).
### Differ significantly from the corresponding value for saline treated control (P < 0.001).

els of SGOT, SGPT and LDH on comparison with lead
acetate treated group.
Fig. 2 shows the effect of pretreatment of rats with
glycyrrhizin on lead acetate mediated induction of hepatic ODC activity and enhancement in the incorporation
of [3 H] thymidine into hepatic DNA. Lead acetate treatment resulted in 588% induction in the ODC activity
as compared with saline treated control. Treatment with
glycyrrhizin (at 150 and 300 mg/kg bwt., orally) caused
172–335% reduction in the ODC activity when compared with lead acetate group.
Lead acetate treatment resulted in 175% increase in
the incorporation of [3 H] thymidine into hepatic DNA
as compared with saline treated controls. Treatment with
glycyrrhizin (at 150 and 300 mg/kg bwt., orally) caused
22–59% reduction in the incorporation of [3 H] thymidine into hepatic DNA when compared with lead acetate
group.

4. Discussion
Glycyrrhizin has been shown to possess antiinflammatory [33], anti-viral [34] and anti-carcinogenic
[35] activities. It has been reported that glycyrrhizin
shows corticosteroid like action, anti-viral action, inhibition of prostaglandin E2 and suppression of superoxide
and hydroperoxides in macrophages [36]. Glycyrrhizin
also exerts inhibitory effect on neutrophils’ migration to
the site of inflammation [37].
Lead is similar in chemical structure to calcium and
competes with it for absorption in the gastrointestinal
tract and deposition in bone. Previous studies have suggested that some of the toxic effects of lead may be due
to its interference with calcium in activation of PKCs or
through production of reactive oxygen species (ROS).
PKCs play an important role in signal transduction, cell
growth and differentiation [38,39].

Table 4
Effect of prophylactic treatment of animals with glycyrrhizin on lead acetate mediated liver damage markers in serum
Treatment groups

SGPT (IU/l)

SGOT (IU/l)

LDH (nmol NADH oxidized/
min/mg protein)

Saline (control)
Lead acetate (100 mg/kg body weight)
Glycyrrhizin (150 mg/kg body weight) + lead acetate
(100 mg/kg body weight)
Glycyrrhizin (300 mg/kg body weight) + lead acetate
(100 mg/kg body weight)
Only glycyrrhizin (300 mg/kg body weight)

28 ± 3.37
77 ± 3.31###
66 ± 4.25*

34 ± 4.26
81 ± 2.29###
69 ± 4.16**

311 ± 4.25
458 ± 3.77###
409 ± 3.31***

48 ± 4.26***

58 ± 3.38***

371 ± 4.24***

42 ± 2.77

43 ± 2.39

323 ± 3.31

Each value represents mean ± S.E. of six animals. Saline treated group served as control.
* Differ significantly from the corresponding value for rats treated with lead acetate treated control (P < 0.05).
** Differ significantly from the corresponding value for rats treated with lead acetate treated control (P < 0.01).
*** Differ significantly from the corresponding value for rats treated with lead acetate treated control (P < 0.001).
### Differ significantly from the corresponding value for saline treated control (P < 0.001).
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Fig. 2. Protective effects of glycyrrhizin on lead acetate induced
hepatic ODC activity and DNA synthesis. Each value represents
mean ± S.E. of six animals. Saline treated group served as control. Values marked with daggers differ significantly from the corresponding
value for Saline treated control (# P < 0.001). Values marked with asterisks differ significantly from the corresponding value for rats treated
with Lead acetate treated control (* P < 0.05 and ** P < 0.001).

Induction of ODC and [3 H] thymidine incorporation
into the DNA are integral events of tumor promotion and
widely used as biochemical markers to evaluate tumorpromoting activity of an agent. In our study the elevation
of hepatic ODC activity and ultimately the incorporation
of [3 H] thymidine in DNA emphasize the proliferative
and tumor-promoting activity of lead acetate. However,
glycyrrhizin dose-dependently inhibited the induction of
ODC activity and [3 H] thymidine incorporation. Several inhibitors of ODC and DNA synthesis have been
reported to inhibit tumor promotion in various organs
[40].
Upon oral administration, glycyrrhizin is partly
hydrolysed by glucuronidase originating from intestinal microbes to give glycyrrhetinic acid that is absorbed
easily [36]. In one of the studies glycyrrhetinic acid
has been shown to compete with 12-O-tetradecanoyl
phorbol-13-acetate for its membrane receptor resulting
in anti-tumor-promoting activity in vivo [41].
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Several in vitro studies have shown lead to be a cocarcinogen, which interferes with DNA repair process
and takes part in the Fenton reaction to generate reactive oxygen species, which induce oxidative stress [42].
The involvement of oxidative stress has been associated
invariably with all the stages of cancer formation including tumor promotion.
The pretreatment of animals with glycyrrhizin significantly ameliorated GSH content with concomitant
decrease in MDA. It can be suggested that glycyrrhizin
has established antioxidant properties that might have
counteracted the toxic effects of lead acetate by effective scavenging and blocking the conjugation of reactive
intermediates to GSH as evident from ameliorated GSH
content and decreased MDA formation in a dose dependent manner. Lead acetate administration resulted in
concomitant decrease in GPx, GR and GST activities.
Pretreatment with glycyrrhizin and subsequent exposure
of rats with lead acetate led to significant increase in
above mentioned enzymes. It is evident from the results
that glycyrrhizin induces variety of enzymes, viz., phase
II enzyme, involved in the detoxification and excretion
of carcinogenic or toxic substances and other antioxidant enzymes responsible for maintaining a balanced
state between free radicals/oxidants and the antioxidants
within the cellular environment. Studies conducted earlier with glycyrrhizin have shown to counteract CCl4 induced hepatotoxicity with their anti-oxidative potential [36].
We suggest the possible mechanism of action of glycyrrhizin could be that it binds lead thus producing these
protective effects. There is another possibility that glycyrrhizin might have converted into glycyrrhetinic acid
and this glycyrrhetinic acid might also have a role in
binding with lead. Besides, certain other study points
out that glycyrrhetinic acid provides maximum conjugation with free radicals [43] and that might be responsible
for the protective action of glycyrrhizin.
In our study though the only glycyrrhizin treated
group showed an elevation in the levels of the markers of hepatotoxicity in the higher dose, nonetheless
surprisingly the values with the group pretreated with
glycyrrhizin (high dose) followed by lead acetate were
significantly lower as compared to the only lead acetate
treated group. Contradictory to the fact that the compound exhibited some toxicity with the markers, it
showed fairly protective properties with the parameters
of proliferation and oxidative stress.
Based on the present data we suggest that glycyrrhizin
can be an effective chemopreventive agent against lead
acetate mediated oxidative stress and hyperproliferative
activity in rats.
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Abstract. Background: To find a way to prevent the
development of hepatocellular carcinoma (HCC) from
hepatitis C virus-associated liver cirrhosis (HCV-LC), an
analysis of the HCV-LC patients who had received reduction
therapy of the alanine aminotransferase (ALT) levels was
performed. Patients and Methods: Seventy-four consecutive
HCV-LC patients of Child Stage A were followed for >10
years for the development of HCC. They were divided into two
groups: in group A, the reduction therapy for the ALT levels
was aggressively performed, while in group B, the reduction
therapy was not performed aggressively. The patients were
subdivided into three sub-groups according to their serum ALT
levels. In groups A and B, the high ALT group was comprised,
respectively, of nine and five patients whose annual average
serum ALT levels were persistently high (≥80 IU), while the
low ALT group was comprised of 19 and 20 patients whose
annual average serum ALT levels were persistently low (<80 IU).
The remaining eleven and ten patients had annual average serum
ALT levels which fluctuated and were unclassified (unclassified
group). Results: In group B, 65.7% of the patients had
developed HCC in 13 years, in contrast to only 41.0% of
group A (p=0.039). In group A, the median HCC
development time was 12.8 years, in contrast to only 3.8
years in group B (p=0.0013). Multivariate analysis
demonstrated that the mode of reduction therapy and ALT
levels were the significant factors affecting HCC
development. Conclusion: The chances of surviving for more
than ten years without developing HCC for HCV-LC patients

of Child Stage A were far more favorable in group A than
group B. These results suggest that aggressive reduction
therapy for ALT levels in HCV-LC patients could
significantly prevent HCC development.
Approximately 30 million people worldwide are estimated
to have liver cirrhosis (LC) associated with the hepatitis C
virus (HCV) (1). In addition, patients with HCV-associated
liver cirrhosis (HCV-LC) have a high risk of developing
hepatocellular carcinoma (HCC), with HCC actually
developing in 6-8% of all patients annually with HCV-LC
in Japan (2-4). Thus, 60-80% of the patients may develop
HCC in 10 years. So, prevention of HCC development in
such patients represents an urgent problem.
In a series of studies on patients with HCV-LC, we
reported that the incidence of HCC in the high alanine
aminotransferase (ALT) group was greater than in the low
ALT group, that the incidence of multiple nodule
development in the high ALT group was greater than in the
low ALT group, and that the survival period, the interval
free from recurrence and the number of recurrences after
hepatectomy were better in the low ALT group (5-9).
Aggressive reduction therapy has been conducted for
patients with HCV-LC since 1989.
In view of our reports (5-9), aggressive reduction therapy
is presumed to suppress HCC development in patients with
HCV-LC. Our reduction therapy to suppress the incidence
of development into HCC was investigated retrospectively.

Patients and Methods
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Seventy-four consecutive post-hepatitic cirrhosis patients [Child
Stage A (10)] were either HCV antibody-positive (C-100 antibody
or the second generation tests) or HCV-RNA-positive (polymerase
chain reaction). The patients were confined to Child Stage A
patients because long-term follow-up was required to observe HCC
occurrence. Habitual alcohol drinkers were omitted from the study;
patients who took more than 40 g of ethanol daily and more than
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three days a week were also excluded. Patients who had been
previously exposed to the hepatitis B virus, as well as HBs antigenpositive, HBc antibody-positive and HBs antibody-positive patients
were also excluded. Further, patients who had undergone prior
hepatic resection for HCC were excluded. All the patients had
been hospitalized at the Kanagawa Cancer Center Hospital, Japan,
between June 1, 1985 and May 31, 2000. The diagnosis of cirrhosis
was made by liver biopsy in all cases. This study was performed
according to the Declaration of Helsinki; all the subjects were
informed and consented to participate in the study and the study
protocol was approved by the Human Research Review Committee
of Kanagawa Cancer Center Hospital.
Therapeutic procedures. Sho-saiko-to (11), juzen-taiho-to and
stronger-neo minophagen C [SNMC; glycyrrhizin (12)] are herbal
medicines used in Japan to treat chronic viral liver diseases,
working by reducing inflammatory processes and controlling ALT
levels. Ursodeoxycholic acid (UDCA) and protoporphyrine are
also used to suppress elevated ALT levels in some cases. Suzuki et
al. (12) demonstrated a significant decrease in serum ALT levels
obtained by intravenous injection of SNMC for patients with
chronic hepatitis and Hirayama et al. (13) showed a significant
decrease in serum ALT levels obtained by oral administration of
Sho-saiko-to to patients with chronic active hepatitis. Bellentani
et al. (14) demonstrated a significant decrease in serum ALT
levels obtained by the oral administration of UDCA in the longterm treatment of patients with chronic hepatitis. Recently, a
significant decrease in serum ALT levels after the use of
combination therapy with these drugs was demonstrated in
patients with HCV-LC (15).
In group A, the patients were initially administered one of the
following agents: UCDA (300-600 mg/day), Sho-saiko-to (7.5 g/day)
or SNMC glycyrrhizin (≈60-100 mL, 2-3 times/week) (11, 12). When
the average ALT level was successfully maintained at <80 IU, the
single drug treatment was continued. Each drug was given for
2 months. If the average ALT level did not remain <80 IU, then the
following combinations of two agents were administered: a) UDCA
and SNMC (≈60-100 mL, 2-3 times/week), b) Sho-saiko-to and
UCDA, c) Sho-saiko-to and SNMC (≈60-100 mL, 2-3 times/week),
or d) protoporphyrine (PPP) (≈60-120 mg/day) and SNMC
(≈60-100 mL, 2-3 times/week). The treatment was maintained when
the ALT level dropped to <80 IU. If the average ALT level could
not be maintained at <80 IU with a combination of two agents, then
a combination of three agents was administered: Sho-saiko-to,
UDCA and SNMC (≈60-100 mL, 2-3 times/week), or Juzen-taihoto, UDCA and SNMC. Attempts were made to find the best
therapeutic regimen for each patient. When the ALT levels could not
be maintained at <80 IU by any means, the regimen that lowered the
ALT level the most was adopted. This regimen was adopted since the
ALT levels in many patients could not be maintained at <80 IU using
only a single drug.
The group B patients either received no drug or only a single
drug, such as UDCA, Sho-saiko-to, juzen-taiho-to or SNMC. When
the average ALT level became maintained at <80 IU, no drug
treatment was given. If the average ALT level could not be
maintained at <80 IU, then only a single drug was administered.
Each drug was given for 3 months. The treatment was maintained
when the ALT level dropped to <80 IU. If the average ALT level
could not be maintained at <80 IU with a single agent, then
another type of drug was given.
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Table I. Subjects.
group A
(n=39)

group B
(n=35)

p-value

Males/Females

20/19

17/18

p=1.000

Age (y/o)

61.2±6.7

60.5±7.4

p=0.67

Plt (x104/mm3)

10.9±3.0

9.6±3.3

p=0.93

Alb (g/dl)

4.0±0.3

4.1±0.4

p=0.131

AST (IU/l)

99.4±51.2

78.3±39.3

p=0.058

ALT (IU/l)

110.3±61.7

88.1±62.5

p=0.130

group A: received aggressive reduction therapy of ALT.
group B: received non-aggressive reduction therapy of ALT.
Plt: platelets, Alb: albumin, AST: asparate aminotransferase, ALT:
alanine aminotransferase.

The period (years) from the time of histological diagnosis of
cirrhosis to the time of detection of HCC by imaging modalities
was calculated in for the patients who developed HCC.
The ALT and aspirate aminotransferase (AST) levels in group
A were higher than those in group B. Between groups A and B,
there were no significant differences in patient gender, age or ALT,
AST, platelet (Plt), or albumin (Alb) levels (Table I).
Classification of ALT groups. It is possible that if the serum ALT
levels remained high for many years, then the necrosis of
hepatocytes might be severe and, conversely, if the ALT levels were
very low for many years, then the necrosis of hepatocytes would
subside. Actually, Zelman and Wang (16) demonstrated that
elevations in serum aminotransferase levels are a marker of liver
cell necrosis. Moreover, Schmidt et al. (17) demonstrated the close
correlation between elevated transaminases and histological
necroinflammation in biopsied specimens of chronic liver disease,
including liver cirrhosis. Subsequently, Baier et al. (18) studied the
relationship between the histological necroinflammation in the
biopsied specimens and the elevation of transaminase levels in
chronic liver diseases and found that, in liver cirrhosis, the
histological findings of necroinflammation coincided with a
significant elevation of transaminases in 53 cases out of 64 (83%),
although the tendency was not so prominent in chronic hepatitis.
This group also reported that, in chronic liver disease cases with
subsided inflammation in liver biopsy specimens, almost normal
transaminase levels were recognized in the majority of cases.
In place of repeated liver biopsy, the time-course of serum ALT
levels was monitored and it was assumed that, if the annual average
serum ALT level was persistently high (≥80 IU), then the level of
liver cell necrosis would be severe and, conversely, if it was
persistently low (<80 IU), then the level of liver cell necrosis would
be slight. Eighty IU were adopted as a cut-off level because the
annual average serum ALT level of HCV-LC patients with high
DNA synthesis activity of hepatocytes, estimated by BrdU uptake
(19) in vitro (BrdU labeling index ≥1.5%) and shown in our
previous study (20) to have a high risk of developing HCC, was
>80 IU in all the patients (5, 7, 21).
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Figure 1. High, low and unclassified ALT groups in groups A and B.
Groups A and B were subdivided into three groups (high ALT group, low
ALT group and unclassified ALT group). There was no significant
difference in the proportion of patients in the three groups between groups
A and B (p=0.606). ALT: alanine aminotransferase.

The annual average serum ALT levels, starting from the time of
liver biopsy, were calculated each year for all the patients. In
calculating the annual average of these levels, twelve measurements
were usually included. The details are reported in a previous study
(5). Groups A and B were subdivided into three groups,
respectively: those in whom the high ALT levels were highly
predominant (high ALT group), those in whom the low ALT levels
were very predominant (low ALT group), and those in whom the
high and low ALT levels were mixed (unclassified ALT group).
There was no significant difference in the proportion of patients in
the three groups between groups A and B (Figure 1). The initial
ALT level was defined as the peak value at 3 months before biopsy.
The effect of the reduction therapy on ALT levels was investigated
in groups A and B.
Statistical analyses. The Student’s t-test (Welch method), the Chisquare test (Fisher’s exact probability), the Kaplan-Meier method
(log-rank test) and the multivariate analysis were used for the
statistical analyses, with a risk ratio less than 0.05 considered
significantly different.

Figure 2. Time-course of mean ALT serum levels in groups A and B.
After reduction therapy, the ALT level was significantly high in group A
in the first year. However, there were no significant differences between the
ALT levels in groups A and B after the second year. ALT: alanine
aminotransferase.

period. The incidence of HCC development in group B
[65.7% (23/35)] was significantly higher than in group A
[41.0% (16/39)] (p=0.039). The median HCC development
time in group A (12.8 years) was significantly longer than in
group B (3.8 years) (p=0.0013) (Figure 5).
Multivariate analysis demonstrated that reduction
therapy and ALT levels were the significant factors affecting
HCC development. The incidence of HCC development in
group B was 5.8 times higher than in group A. The high and
unclassified ALT groups were 4.6 and 2.2 times,
respectively, higher than in the low ALT group (Table II).

Results
Discussion
The initial ALT levels were higher in group A than in group
B, but there was no significance. After reduction therapy,
the ALT levels were significantly high in group A in the first
year. However, there were no significant differences
between the ALT levels in groups A and B after the second
year (Figure 2).
The incidence of HCC in groups A and B was,
respectively, 77.8% and 60.0%, in the high ALT group,
26.3% and 55.0% in the low ALT group, and 36.4% and
90.0% in the unclassified ALT group. There was a
significant difference only in the unclassified ALT group
(p=0.024) (Figure 3). The incidence of HCC within 3 years
of groups A and B was 11.1% and 40.0% in the high ALT
group, 5.3% and 25.0% in the low ALT group and 0% and
40.0% in the unclassified ALT group. There was a
significant difference only in the unclassified ALT group
(p=0.004) (Figure 4).
In total, 39 patients out of 74 (52.7%) developed HCC
within 13 years from the beginning of the study, although 35
patients did not develop HCC in the same observation

It is generally accepted that approximately 70% of patients
with HCV-LC will develop HCC within 10 years of the
diagnosis of LC. Preventing the development of HCC in
these patients is, therefore, important. For that purpose, the
establishment of a low-risk group for HCC development in
HCV-LC patients seems to be essential.
Among the many hypotheses proposed to explain the
pathogenesis of carcinoma, one is that repeated
inflammation and the resulting increased proliferation
(mitotic activity) of tissue cells correlate with the
development of carcinoma, presumably by chromosomal
instability, an increased rate of random mutations (22, 23)
and promotion (24, 25). We previously examined the
correlation between DNA synthesis of hepatocytes in liver
biopsy specimens and the development of HCC in patients
with HCV-associated cirrhosis using bromodeoxyuridine
(BrdU, a thymidine analog) (19) uptake in vitro (20, 26).
HCC tended to develop or became detectable when DNA
synthesis of hepatocytes increased (20, 26). Subsequently,
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Figure 3. Incidence of HCC in groups A and B that were subdivided into the
high, low and unclassified ALT groups. The incidence of HCC of groups A
and B was, respectively, 77.8% and 60.0% in the high ALT group, 26.3% and
55.0% in the low ALT group, and 36.4% and 90.0% in the unclassified ALT
group. There was significant difference only in the unclassified ALT group
(p=0.024). HCC: hepatocellular carcinoma. ALT: alanine aminotransferase.

Figure 5. Cumulative HCC developing rate in groups A and B. The
incidence of HCC development in group B [65.7% (23/35)] was significantly
higher than in group A [41.0% (16/39)] (p=0.039)]. The median HCC
developing time in group A (12.8 years) was significantly longer than in group
B (3.8 years) (p=0.0013). HCC: hepatocellular carcinoma.

Table II. The results of multivariate analysis using proportional hazard
analysis for developing hepatocellular carcinoma (HCC).
Item

p-value

Hazard ratio

95%CI

Group A/B
ALT groups
low group
high group
unclassified group

<0.001

5.802

2.696-12.484

0.004
0.001
0.031

4.645
2.286

1.815-11.882
1.076-4.855

CI: confidence interval;
ALT: alanine aminotransferase.

Figure 4. Incidence of HCC <3 years in groups A and B that were
subdivided into high, low and unclassified ALT groups. The incidence of
HCC within 3 years in groups A and B was 11.1% and 40.0% in the high
ALT group, 5.3% and 25.0% in the low ALT group, and 0% and 40.0%
in the unclassified ALT group, respectively. There was a significant
difference only in the unclassified ALT group (p=0.004). HCC:
hepatocellular carcinoma. ALT: alanine aminotransferase.

we found that the increased DNA synthesis activity of
hepatocytes also acted as an accelerating factor in the
recurrence of HCC in hepatectomized patients with

2224

HCV-LC and HCC (27). We assume that increased DNA
synthesis in hepatocytes, which has been proven to be an
accelerating factor in HCC development, is a result of
sustained inflammatory necrosis of the hepatocytes.
Recently, Adachi et al. suggested a correlation between
postoperative intrahepatic recurrence and proliferating cell
activity or serum ALT levels, which represent liver cell
necrosis (28). More recently, we demonstrated a correlation
between the recurrence of HCC and ALT levels in
hepatectomized patients with HCV-LC and HCC (6, 7, 29).
These findings suggest a strong correlation between the
development of HCC and liver cell necrosis. To
demonstrate this hypothesis, annual biopsies of cirrhotic
liver could provide accurate information regarding the
status of inflammatory necrosis; however, these biopsies are
not allowed on ethical grounds. In place of liver biopsy, in
this study we monitored the time-course of serum ALT
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levels, a well-known marker of liver cell necrosis, over a
number of years, and whether the HCV-LC patients with
persistently low serum ALT levels belonged to the low-risk
group for HCC development was examined.
In our previous study, HCV-LC patients of Child Stage
A who had not developed HCC for ten years were analyzed.
We reported that in the high ALT group, HCC developed
in 71.4% of patients compared with 25.0% in the low ALT
group over the observation period (p<0.005). The expected
interval between the diagnosis of cirrhosis and the
development of HCC was 6.0 years in the high ALT group
and 12.7 years in the low ALT group (p<0.001) (5). There
was a significant difference between the high ALT group
and the low ALT group in the incidence of developing HCC
(p<0.001) and developing multiple nodules (p=0.006) (7).
Concerning this phenomenon, it would be expected that
patients with elevated ALT levels might have a faster
progression to the end-stage of liver cirrhosis, and that more
advanced cirrhosis is more likely to correlatete with
carcinogenesis.
On the grounds of a previous study, we presume that a
reduction of ALT level prevents development of HCC and
we performed aggressive reduction therapy of the ALT
levels. The aim of this study was to clarify whether this
reduction therapy can suppress the incidence of
development HCC.
We reported that the incidence of developing HCC was
81.8% in the high ALT group, 29.3% in the low ALT group
and 42.1% in the unclassified ALT group (7). In the present
study, the incidence of developing HCC in the high and
unclassified ALT groups was higher than that in the low
ALT group. In any case, in spite of aggressive reduction
therapy, the developing HCC cannot be suppressed and the
period of developing HCC in the high ALT group cannot
be prolonged. Some other new therapy is needed for the
high ALT group patients.
In the low and high ALT groups, there was no significant
difference between aggressive reduction therapy and nonaggressive reduction therapy regarding the incidence of
HCC. However, in the unclassified ALT group, aggressive
reduction therapy suppressed the developing HCC and
prolonged the period of HCC development significantly.
The significant difference in incidence and period of
developing HCC between the two therapies is important, in
spite of the lack of significant difference in the proportion
of the high, low and unclassified ALT groups. Differences
were observed in the total incidence of HCC and the
incidence of HCC within 3 years between the two therapies
in the unclassified group. From these results, it can be
deduced that our aggressive therapy for ALT reduces the
ALT level and suppresses HCC development, even if the
therapy does not reduce the ALT level sufficiently. In the
low ALT group, there was no significant incidence of HCC

within 3 years. In the non-aggressive reduction therapy
patients the incedence of HCC was higher than in the
aggressive reduction therapy patients. From the results of
the low and unclassified ALT group, it can be concluded
that ALT reduction therapy could suppress carcinogenesis.

Conclusion
The results demonstrated that aggressive reduction therapy
cannot suppress ALT levels, but can clearly prevent HCC
development. Our protocol of reduction therapy can
prevent the development of HCC, even if in some cases of
the high ALT group, the aggressive reduction therapy was
not effective.
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Abstract Glycyrrhizin, a major constituent of licorice
(Glycyrrhiza glabra) root, has been reported to ameliorate
insulin resistance, hyperglycemia, dyslipidemia, and obesity in rats with metabolic syndrome. Liver dysfunction is
associated with this syndrome. The objective of this study
is to investigate the effect of glycyrrhizin treatment on
metabolic syndrome-induced liver damage. After induction
of metabolic syndrome in rats by high fructose (60 %) diet
for 6 weeks, the rats were treated with glycyrrhizin
(50 mg/kg body weight, single intra-peritoneal injection).
After 2 weeks of treatment, rats were sacriﬁced to collect
blood samples and liver tissues. Compared to normal,
elevated activities of serum alanine transaminase, alkaline
phosphatase and aspartate transaminase, increased levels of
liver advanced glycation end products, reactive oxygen
species, lipid peroxidation, protein carbonyl, protein kinase
Ca, NADPH oxidase-2, and decreased glutathione cycle
components established liver damage and oxidative stress
in fructose-fed rats. Activation of nuclear factor jB,
mitogen-activated protein kinase pathways as well as signals from mitochondria were found to be involved in liver
cell apoptosis. Increased levels of cyclooxygenase-2, tumor
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necrosis factor, and interleukin-12 proteins suggested
hepatic inﬂammation. Metabolic syndrome caused hepatic
DNA damage and poly-ADP ribose polymerase cleavage.
Fluorescence-activated cell sorting using annexin V/propidium iodide staining conﬁrmed the apoptotic hepatic cell
death. Histology of liver tissue also supported the experimental ﬁndings. Treatment with glycyrrhizin reduced
oxidative stress, hepatic inﬂammation, and apoptotic cell
death in fructose-fed rats. The results suggest that glycyrrhizin possesses therapeutic potential against hepatocellular damage in metabolic syndrome.
Keywords Metabolic syndrome  Glycyrrhizin  Liver
damage  Oxidative stress  Apoptosis  Inﬂammation

Introduction
Metabolic syndrome or syndrome-X is characterized by
insulin resistance, hyperglycemia, dyslipidemia, hypertension, and obesity. The syndrome increases the risk of type 2
diabetes and cardiovascular diseases [1]. Liver damage and
non-alcoholic fatty liver disease are common in patients
with metabolic syndrome [2]. Increased fructose consumption through soft drinks, juice beverages, and prepackaged food increases the risk of this syndrome [3].
Fructose is a highly lipogenic nutrient increasing the
triglyceride level in body. Fructose-fed animals are widely
used as the experimental model of metabolic syndrome [4].
Fructose is primarily metabolized in liver through an
insulin-independent and uncontrolled pathway. Due to its
strategic position, between the intestinal bed and the systemic circulation, the liver is regarded as the buffer organ
for the regulation of metabolic ﬂuxes [5]. In pathological
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conditions, the biomarkers of oxidative stress are elevated
rapidly in the liver. For example, in hyperglycemic condition, the liver is subjected to reactive oxygen species
(ROS)-mediated injury [6]. In fructose-induced metabolic
syndrome, the burden of high levels of fructose metabolism
generates oxidative stress and inﬂammation in liver [7].
In recent years, scientists are in search of easily available, inexpensive therapeutics for the effective treatment of
diseases. For these, phytochemicals from different herbal
sources are being increasingly used [8, 9]. Glycyrrhizin, a
triterpene saponin, is the major water soluble component of
licorice (Glycyrrhiza glabra) root extract. Glycyrrhizin has
two major active metabolites, 18b-glycyrrhetinic acid and
3-monoglucuronyl-glycyrrhetinic acid [10, 11]. According
to Glavac and Kreft [12], after oral ingestion of 600 mg of
glycyrrhizin in human subjects, the metabolites appear in
urine ranging from 1.5 to 14 h and can be detected in the
urine even after 4 days. Protection of liver cells from
experimentally induced metabolic disorders and hepatocellular injury by glycyrrhizin has been reported in different publications [13–19]. Antidiabetic effect of
glycyrrhizin and its metabolite 18b-glycyrrhetinic acid has
been reported in streptozotocin-induced type 1 diabetes
mellitus in rat model [20, 21]. Eu et al. [22] and Chandramouli et al. [23] have shown that glycyrrhizin exhibits
ameliorative effect in high-fat diet and high sucrose dietinduced obese rats, respectively. In the previous study, we
have reported that glycyrrhizin treatment increases peroxisome proliferator-activated receptor c (PPARc) and glucose transporter 4 (GLUT 4) protein levels in fructose-fed
rats and improves lipid proﬁle, insulin sensitivity, and glucose homeostasis in metabolic syndrome [24]. As metabolic
syndrome is associated with inﬂammation and hepatocellular injury, we have undertaken a study to investigate the
effect of glycyrrhizin treatment against metabolic syndromeinduced liver damage in fructose-fed rats. For this, we have
examined the status of the enzymatic indices related to
hepatic damage, oxidative stress markers, glutathione cycle
components, histological changes in liver and expression of
nuclear factor jB (NF-jB), mitogen-activated protein
kinases (MAPKs), and other inﬂammatory proteins as well
as mitochondria-dependent cell death pathway.

Materials and methods
Chemicals
Collagenase type IV, 1-chloro-2, 4-dinitrobenzene
(CDNB), 2, 4-dinitrophenylhydrazine (DNPH), dithiothreitol (DTT), glycyrrhizin, reduced glutathione (GSH), 20 , 70 dichlorodihydroﬂuorescein diacetate acetyl ester (H2DCFDA), 5, 50 , 6, 60 -tetrachloro-1, 10 , 3, 30 -tetraethyl
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benzimidazolyl carbocyanine iodide dye (JC-1), 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide
(MTT), thiobarbituric acid (TBA), annexin V- ﬂuorescein
isothiocyanate (FITC)/propidium iodide (PI) apoptosis
detection kit, genomic DNA isolation kit, protease inhibitor
cocktail, and Oil Red O (ORO) dye were purchased from
Sigma-Aldrich Company (St Louis, USA). Glucose,
cholesterol, and triglyceride kits were purchased from Span
Diagnostics Ltd. (Mumbai, India). Rat insulin ELISA kit
was purchased from DRG Diagnostic (Frauenbergstr,
Germany). Primary and secondary antibodies and Western
blot Luminol reagent were purchased from Santa Cruz
Biotechnology (Texas, USA). Other chemicals used in this
study were of analytical grade and obtained from Sisco
Research Laboratory Pvt. Ltd. (Mumbai, India).
Animals
Animals were maintained in accordance with the regulations speciﬁed and monitored by the institutional animal
ethics committee of the University of Calcutta, Kolkata,
India (Registration No. 935/c/06/CPCSEA, 30.06.2009).
Male Wistar rats, body weight ranging from 100 to 110 g,
were obtained from the university approved animal supplier. The rats were housed in an animal room under
controlled conditions on a 12 h light/dark cycle at
26–28 C, 60–80 % relative humidity.
Toxicity study of glycyrrhizin
To ﬁnd the toxic effect of glycyrrhizin (dissolved in
50 mM phosphate buffer, pH 7.4) on normal rats, several
markers were studied at different time intervals. Male
Wistar rats were divided into four groups having ﬁve rats in
each group as follows:
NC group: normal control rats treated with only buffer,
NT50 group: rats treated with glycyrrhizin (50 mg/kg
body weight),
NT100 group: rats treated with glycyrrhizin (100 mg/kg
body weight),
NT200 group: rats treated with glycyrrhizin (200 mg/kg
body weight).
In each case, single dose of glycyrrhizin solution was
administered intraperitoneally (i.p). All the rats were supplied with normal diet and water ad libitum.
Blood samples (fasting) were collected from tail vein.
Red blood cells were isolated from heparinized blood for
scanning electron microscopy (SEM). Serum was separated
from the clotted blood by centrifugation at 35009g for
10 min at 4 C to estimate biochemical parameters. Fasting
blood glucose, cholesterol, and triglycerides were measured in the serum using commercial assay kits. Different
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biochemical parameters (indices of hepatic damage)
namely serum alanine transaminase (ALT), alkaline phosphatase (ALP), and aspartate transaminase (AST) activities
were assayed according to the methods of Reitman and
Frankel [25], Thambidorai and Bachawat [26], and Amador
and Wacker [27], respectively. For total GSH in liver, the
tissue was homogenized in 20 mM Tris–HCl, pH 7.4
containing 250 mM sucrose and centrifuged at
20,0009g for 30 min at 4 C to collect the supernatant.
GSH content was measured in the supernatant following
the method of Ellman [28]. Protein contents in different
samples were measured following the method of Lowry
et al. [29]. Histological studies of liver and kidney tissues
were done using hematoxylin and eosin staining.
The effect of glycyrrhizin on fructose-induced
metabolic syndrome in rats
Experimental design
Rats were divided into two groups and were maintained as
follows:
Normal control group (NC)—the animals (n = 6 rats)
received control diet (containing 60 % corn starch) and
water.
High fructose diet-fed group (HFD)—the animals
(n = 12 rats) received high fructose diet (containing 60 %
fructose) and water.
Both normal and high fructose diets contained 20 %
casein, 0.7 % methionine, 5 % groundnut oil, 10.6 %
wheat bran, 3.5 % salt, and 0.2 % vitamins. The diets were
prepared freshly following the published report of Nandhini et al. [30]. During the experimental period, same
amount of diet (10 g per day) was supplied to each rat. As
reported in a published study [24], after 6 weeks of high
fructose diet feeding in rats (HFD group), induction of
metabolic syndrome was evident from high levels of fasting blood glucose, insulin, and triglyceride and low level of
high-density lipoprotein (HDL) cholesterol.
HFD group of rats was then treated with glycyrrhizin
solution or buffer as follows:
HFD rats treated with glycyrrhizin (HFDT)—HFD rats
(n = 6 rats) were treated with single intra-peritoneal (i.p)
injection of glycyrrhizin solution in 50 mM potassium
phosphate buffer, pH 7.4, at a dose of 50 mg/kg body weight.
HFD rats (untreated group)—HFD rats (n = 6 rats)
were treated (i.p) with only buffer.
Both HFDT and HFD groups were continued feeding
with the high fructose diet for 2 weeks after administration
of glycyrrhizin solution/buffer. Blood glucose, insulin, and
serum lipids were checked once a week during this period.
The rats were then sacriﬁced by cervical dislocation and
liver tissues were collected for subsequent experiments.
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Measurement of blood glucose, insulin, serum lipids,
and enzymes
Fasting blood glucose, insulin, triglyceride, and HDL
cholesterol in serum samples were measured using commercial assay kits according to the manufacturer’s protocols. Serum ALP, ALT, and AST enzyme activities were
estimated according to the methods, as stated before.
Estimation of lipid peroxidation product and protein
carbonyl content in liver
For lipid peroxidation product, liver tissue was homogenized in 0.1 M Tris–HCl buffer, pH 7.4. TBA reactive
substance present in this homogenate was measured following the method of Buege and Aust [31]. For protein
carbonyl content, liver tissue was homogenized in 10 mM
HEPES buffer, pH 7.4 containing 137 mM NaCl, 4.6 mM
KCl, 1.0 mM KH2PO4, and 0.6 mM MgSO4, and was
centrifuged at 20,0009g for 30 min at 4 C. Carbonyl
content in the supernatant was estimated using DNPH
according to Levine et al. [32].
Determination of advanced glycation end product
(AGE) content in liver
Minced liver tissue was delipidated with chloroform and
methanol (2:1, v/v) and homogenized in 0.1 N NaOH.
After stirring for 3 h, the homogenate was centrifuged at
80009g for 15 min at 4 C. The amount of alkali-soluble
AGEs in the supernatant was estimated by measuring the
AGE ﬂuorescence at 440 nm (excitation wavelength
370 nm) [33].
Estimation of glutathione cycle components in liver
For total GSH, glutathione reductase (GR), and glutathione
peroxidase (GPx), the tissue was homogenized in 20 mM
Tris–HCl, pH 7.4 containing 250 mM sucrose and centrifuged at 20,0009g for 30 min at 4 C to collect supernatant. For glutathione S-transferase (GST), the liver
extract was prepared similarly, except 1 mM DTT was
included in homogenizing buffer. GSH content and activities of GR, GPx, and GST were measured following the
methods of Ellman [28], Carlberg and Mannervik [34],
Rotruck et al. [35], and Habig et al. [36], respectively.
Measurement of protein levels in liver by Western
blotting
Total cell lysate, nuclear extract, cytosol, and mitochondrial fraction were prepared from liver tissue following the
method of Kim et al. [37]. Western blotting experiments
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for different molecular markers except for cytochrome c
were done with total cell lysate. Cytochrome c was measured in mitochondrial and cytosolic fraction. NF-jB p65
level was also measured in nuclear extract. Proteins
(60 lg) were separated by SDS-PAGE and immunoblotting was performed with primary antibodies: mouse monoclonal antibody for b-actin, lamin B1, NF-jB p65, protein
kinase Ca (PKCa), poly-ADP ribose polymerase (PARP),
interleukin-4 (IL-4), B cell lymphoma 2 (Bcl-2), and Bcl-2
associated X protein (Bax) (dilution 1:500 in each case);
goat polyclonal antibody for inducible nitric oxide synthase
(iNOS), inhibitor of NF-jB (IjBa), interleukin-12 (IL-12),
cyclooxygenase-2 (COX-2), NADPH oxidase-2 (NOX-2 or
gp91phox), receptor of AGE (RAGE), tumor necrosis factor
a (TNFa), apoptotic protease activating factor-1 (Apaf-1),
caspase-3, complex IV and cytochrome c (dilution 1:500 in
each case); rabbit polyclonal antibody for phosphorylated
NF-jB p65 (p-NF-jB p65), MAPK p38, phosphorylated
MAPK p38 (p-MAPK p38), extracellular signal-regulated
protein kinase (ERK) 1/2, and phosphorylated ERK1/2 (pERK1/2) (dilution 1:500 in each case). Secondary antibodies donkey anti-mouse IgG-HRP or donkey anti-goat
IgG-HRP or donkey anti-rabbit IgG-HRP with dilution
1:5000 were used as appropriate. Band intensities were
quantiﬁed by densitometry using Bio-Rad GelDoc apparatus with ImageJ software.
Estimation of MTT reduction and ROS generation
in liver mitochondria
For mitochondria isolation [38], liver tissue was homogenized in a buffer containing 225 mM mannitol, 75 mM
sucrose, 5 mM HEPES, 1 mM EGTA, 1 mg/mL BSA, and
pH 7.4. The homogenate was centrifuged at 20009g for
10 min at 4 C to remove nuclei and cell debris. The
supernatant was centrifuged at 12,0009g for 10 min at
4 C. The mitochondrial pellet was washed twice with
wash buffer (225 mM mannitol, 75 mM sucrose, 5 mM
HEPES, pH 7.4) and resuspended in isotonic buffer containing 80 mM KCl, 50 mM sucrose, 5 mM NaCl, 1 mM
EGTA and 1 mM MgCl2 in 10 mM phosphate buffer, pH
7.4. Mitochondrial MTT reduction was estimated following
the method of Cohen et al. [39]. ROS generation in mitochondria was measured spectroﬂuorimetrically (excitation
wavelength 507 nm, emission wavelength 530 nm) using
H2DCF-DA [40].
Assessment of genomic DNA damage
DNA damage was assayed by electrophoresis of genomic
DNA samples, isolated from rat liver using commercial kit,
on 0.8 % agarose gel and staining by ethidium bromide
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[41]. Gel image was captured using Bio-Rad GelDoc
apparatus.
Fluorescence-activated cell sorting (FACS) analysis
of liver cells for studying apoptosis
and mitochondrial membrane potential
For isolation of liver cells [42], the tissue was irrigated in
10 mM HEPES buffer, pH 7.4 containing 3 mM KCl,
130 mM NaCl, 1 mM NaH2PO4, and 10 mM glucose and
then incubated in 5 mM CaCl2, containing 0.05 % collagenase type IV for 1 h at 37 C. After passing through 80 lm
Dacron mesh, the cells were centrifuged at 5009g for 10 min
at 4 C and the pellet was suspended in PBS, pH 7.4. For
apoptosis detection, the cells were stained with annexin
V-FITC and PI using commercial kit according to the manufacturer’s protocol. Stained cells were analyzed in a FACS
analyzer (BD Biosciences, USA) equipped with FACSDiva
Version 6.1.3 software. Mitochondrial transmembrane
potential was assessed by labeling liver cells with cationic
JC-1 dye and measuring red and green ﬂuorescence of the
dye in the FACS analyzer [43].
Histology of liver tissue
For hematoxylin and eosin staining, liver tissue was ﬁxed
in 5 % paraformaldehyde solution in 50 mM phosphate
buffer, pH 7.4, and processed for parafﬁn sectioning.
Sections of about 5 lm thickness were cut using microtome and stained with hematoxylin and eosin. For lipid
staining, frozen liver tissues were cut into sections (5 lm)
using a cryostat and stained with 0.3 % ORO in isopropanol, followed by counterstaining with hematoxylin
[44]. The pathophysiological changes are visualized under
Motic BA 400 light microscope.
Statistical analysis
Results were expressed as mean ± standard deviation (SD)
obtained for n number of rats. Statistical signiﬁcance was
determined by AcaStat 6 software using unpaired Student’s
t test, and P \ 0.05 was considered to be signiﬁcant.

Results
Results of toxicity study
Compared to normal rats, no considerable hair loss or
differences in hair color, food intake, water intake, and
behavior were observed for next 3 weeks of the administration of glycyrrhizin (50, 100, and 200 mg/kg body
weight) in normal rats. No change was found in the
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morphology of red blood cells isolated from different
groups of rat (Supplementary Fig. 1). There were no signiﬁcant differences between the groups regarding body
weight gain, fasting blood glucose, cholesterol, and
triglyceride levels (Supplementary Fig. 2). No signiﬁcant
changes were found in the indices of liver damage between
normal and treated groups of rat (Supplementary Fig. 3).
There were no considerable abnormalities in the hepatic
lobular morphology in different groups of rat (Supplementary Fig. 4). Glomerular structure was also normal with
regular capsular spaces in kidney tissue of all the groups
(Supplementary Fig. 4). These results indicate that glycyrrhizin has no toxic effect on the rats up to the dose of
200 mg/kg body weight. According to Isbrucker and Burdock [45], lethal dose 50 (LD50) of glycyrrhizin by i.p
administration is 840 mg/kg body weight in rats. The
existing reports including a previous study from our laboratory also suggest that i.p administration of glycyrrhizin in
rats at a dose of 100 mg/kg body weight causes no toxicity
[20, 46, 47]. In the present study, considerably lower dose
of glycyrrhizin (50 mg/kg body weight) was administered
in rats having fructose-induced metabolic syndrome.
Effect of glycyrrhizin on primary complications
and serum enzymes related to liver damage
in metabolic syndrome
During the experimental period (8 weeks), weight gain by
high fructose diet-fed rats was more than two folds of the
weight gain by control diet-fed animals (Table 1). Similar
weight gains (two to four fold) by feeding high fructose
diet have also been reported by other groups using
restricted supply (16 g per day per rat) [37] or ad libitum
[30, 48–50]. Excess weight gain and increased levels of
fasting blood glucose, insulin and triglyceride and
decreased levels of HDL cholesterol suggested induction of
metabolic syndrome in HFD group (Table 1). Glycyrrhizin
treatment reduced the weight gain and levels of blood
glucose, insulin and triglyceride in HFDT group of rats.
The treatment improved HDL cholesterol level in HFDT
rats. Improvement of PPARc and GLUT4 protein levels in
metabolic syndrome-induced rats by glycyrrhizin [24]
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possibly associated with the reduction of primary complications. ALT, ALP, and AST are liver-speciﬁc enzymes.
Damage of liver cells releases these enzymes in blood. A
signiﬁcant increase in activities of these enzymes in serum
of HFD rats compared to normal rats indicated hepatocellular damage in metabolic syndrome (Table 2). Treatment
with glycyrrhizin lowered the enzymes activities in HFDT
group suggesting improvement of liver condition.
Effect of glycyrrhizin on lipid peroxidation, protein
carbonyl content, ROS, and free radical-generating
protein levels in liver
Lipid peroxidation and protein carbonyl content are widely
used as markers of cell membrane damage and oxidative
modiﬁcations of proteins, respectively. In this study, lipid
peroxidation was measured by estimating its end product as
TBA reactive substance. Metabolic syndrome increased the
levels of TBA reactive substance and protein carbonylation
in HFD group of rats (Fig. 1a, b). Increased ROS is
responsible for complications in different pathophysiological conditions. Mitochondrial electron transport chain is the
major source of intracellular ROS [51]. ROS generation
increased in mitochondria isolated from liver tissue of
fructose-fed rats compared to normal (Fig. 1c). Glycyrrhizin
treatment effectively decreased these oxidative stress
markers in HFDT group. PKC and NOX family proteins
stimulate ROS production in various pathological conditions
[52, 53]. We checked the levels of two important members of
PKC and NOX family namely PKCa and NOX-2 (also
known as gp91phox), respectively, by immunoblotting. The
hepatic levels of PKCa and NOX-2 proteins were found to
increase in HFD rats, compared to those in NC rats (Fig. 1d).
Treatment with glycyrrhizin reduced the protein levels in
HFDT group. These ﬁndings suggested antioxidative role of
the herbal agent in metabolic syndrome.
Effect of glycyrrhizin on hepatic AGE and RAGE
level
Increased protein glycation in hyperglycemic condition
increases AGE formation. AGEs are important source of

Table 1 Metabolic syndrome parameters
Groups

Weight gain (g)

Blood glucose (mg/dL)

Insulin (lg/L)

Triglyceride (mg/dL)

HDL cholesterol (mg/dL)

NC

23.3 ± 3.0

84.9 ± 6.0

0.96 ± 0.08

68.2 ± 8.8

37.9 ± 5.4

HFD

53.0 ± 9.2*

168.5 ± 8.7*

1.89 ± 0.60*

167.6 ± 12.4*

15.3 ± 3.8*

HFDT

37.5 ± 6.4#

121.0 ± 5.9#

1.10 ± 0.16##

118.3 ± 8.6#

37.3 ± 3.3#

The parameters were measured after 2 weeks of glycyrrhizin treatment
The results are mean ± SD, n = 5 for insulin and n = 6 for other parameters
* P \ 0.01 versus NC;

#

P \ 0.01 versus HFD;

##

P \ 0.05 versus HFD
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Table 2 Serum enzymes related to hepatocellular damage
Groups

ALT activity (lmole of pyruvate
liberated/min/mg protein)

ALP activity (lmole of para-nitro
phenol formed/min/mg protein)

AST activity (lmole of NADH
oxidized/min/mg protein)

NC

3.68 ± 0.94

55.8 ± 11.4

0.784 ± 0.165

HFD

10.19 ± 2.21*

97.5 ± 11.6*

1.322 ± 0.097*

71.8 ± 6.6#

0.957 ± 0.122#

HFDT

5.51 ± 0.90#

The enzymes were assayed after 2 weeks of glycyrrhizin treatment
The results are mean ± SD, n = 5
* P \ 0.01 versus NC;

#

P \ 0.01 versus HFD

Fig. 1 Oxidative stress markers in liver. a TBA reactive substance,
b protein carbonyl content, and c mitochondrial ROS generation. For
TBA reactive substance and protein carbonyl content, liver homogenates (n = 6) and for ROS, liver mitochondrial preparations
(n = 5) were used. The results are mean ± SD. (D) representative
Western blots of PKCa and NOX-2 (gp91phox) in liver cell lysate.
Fold change in protein levels compared to normal (NC) is mentioned
in the bottom of the blots. e Liver AGE content. AGE levels were

measured spectroﬂuorimetrically in arbitrary units (AU) (excitation
wavelength 370 nm and emission wavelength 440 nm). The results
are mean ± SD, n = 4. *P \ 0.01 versus NC; #P \ 0.01 versus
HFD; ##P \ 0.05 versus HFD. f Representative Western blot of
RAGE in liver cell lysate. Two bands (I and II) were appeared for
RAGE within molecular weight range 40 kDa to 50 kDa. Fold change
in protein levels compared to normal (NC) are mentioned in the above
(for band I) and bottom (for band II) of the blot

free radicals [54]. AGE content in liver tissue of HFD rats
was signiﬁcantly higher than in NC rats (Fig. 1e), indicating higher extent of protein glycation and free radical
generation in metabolic syndrome. RAGE, the transmembrane receptor of AGEs, mediates the effect of AGEs [55].
We assessed the hepatic level of RAGE by Western blotting. RAGE expression increased in HFD group compared
to normal as indicated by increased protein level in band I
and II (Fig. 1f). AGE content and RAGE level were
decreased by glycyrrhizin treatment in HFDT group.

level decreases below the threshold level, the concentration
of reactive radicals becomes elevated causing oxidative
stress. The non-enzymatic antioxidant total GSH and
enzymatic antioxidants GPx, GR, and GST activities were
found to be signiﬁcantly lower in fructose-fed rats than in
normal rats (Table 3). All the components of glutathione
cycle increased signiﬁcantly by glycyrrhizin treatment in
HFDT group suggesting reduction of free radical level by
the herbal agent.
Effect of glycyrrhizin treatment on hepatic NF-jB

Effect of glycyrrhizin on glutathione cycle in liver
Glutathione cycle maintains the intracellular redox balance
by scavenging free radicals [56]. High amount of GSH is
consumed to accomplish this task. Whenever the GSH
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NF-jB is an important transcription factor regulating
oxidative stress-responsive cell signaling [57]. It can be
activated by a variety of stimulating factors relevant to
pathophysiology. Transcriptional activity of NF-jB can be
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Table 3 Glutathione cycle components in liver
Groups

GSH content
(lg/mg protein)

GR activity (lmole of NADPH
oxidized/min/mg protein)

GPx activity (lmole of GSH
oxidized/min/mg protein)

GST activity (mmole of CDNB-GSH
conjugate formed/min/mg protein)

NC

19.5 ± 2.0

113.2 ± 7.7

261.7 ± 34.0

17.6 ± 1.7

HFD
HFDT

8.4 ± 3.0*

63.1 ± 7.7*

78.6 ± 19.7*

6.9 ± 1.2*

17.5 ± 2.1#

107.6 ± 8.0#

214.7 ± 23.2#

12.1 ± 1.1#

The results are mean ± SD, n = 5
* P \ 0.01 versus NC;

#

P \ 0.01 versus HFD

Effect of glycyrrhizin treatment on MAPKs in liver

regulated by phosphorylation and degradation of its inhibitor IjBa as well as phosphorylation of its p65 subunit. In
this study, we used Western immunoblotting to determine
the involvement of NF-jB signaling in metabolic syndrome-associated hepatic damage and its prevention by
glycyrrhizin. We observed that in cell lysate, IjBa level
decreased in HFD group with elevated expression of p-NFjB p65 (Fig. 2a). Total NF-jB p65 level was unchanged in
cell lysate among these groups. NF-jB p65 level was
higher in nuclear extract isolated from fructose-fed rat liver
compared to normal suggesting increased nuclear translocation of NF-jB from cytoplasm. Glycyrrhizin treatment
was effective in preventing degradation of IjBa and
therefore inhibiting nuclear translocation and phosphorylation of NF-jB p65 in HFDT group.

MAPKs are the critical upstream signaling proteins regulating various cellular networks including apoptosis and
inﬂammation [58]. To assess the effect of metabolic
syndrome on the activation of the MAPKs and the effect
of herbal treatment, the total cell lysate from different
groups of rat was analyzed for both total and phosphorylated forms of two important MAPKs namely MAPK
p38 and ERK1/2 by Western blotting. In HFD group,
p-MAPK p38 and p-ERK1/2 levels were increased leaving their total levels almost unchanged compared to
normal (Fig. 2b). Treatment with glycyrrhizin was found
to inhibit the phosphorylation of MAPK p38 and ERK1/2
in HFDT group.

Fig. 2 Representative Western blots of proteins involved in oxidative
stress-responsive cell signaling and inﬂammation in liver. a Immunoblots showing total IjBa, total NF-jB p65, and phosphorylated
NF-jB p65 (p-NF-jB p65) in liver cell lysate. NF-jB p65 was also
measured using nuclear fraction. b Immunoblots of two important
members and their phosphorylated forms of MAPK family. Total

MAPK p38, phosphorylated MAPK p38 (p-MAPK p38), total ERK1/
2, and phosphorylated ERK1/2 (p-ERK1/2) were measured using liver
cell lysate. c Immunoblots of several proteins involved in inﬂammation. COX-2, TNFa, iNOS, IL-12, and IL-4 were measured using liver
cell lysate. Fold change in protein levels compared to normal (NC) is
mentioned in the bottom of the blots
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Effect of glycyrrhizin on hepatic levels of various
inﬂammatory proteins
NF-jB and MAPK signaling result in inﬂammation.
Hepatic levels of different inﬂammatory proteins like
COX-2, TNFa, iNOS, IL-12, and IL-4 were checked by
immunoblotting. Figure 2c shows that the levels of COX-2,
TNFa, and IL-12 increased in fructose-fed rat than the
normal indicating liver inﬂammation. Glycyrrhizin treatment effectively reduced these protein levels in HFDT
group compared to HFD group. However, there were no
considerable differences between the groups regarding the
hepatic iNOS and IL-4 protein levels.
Effect of glycyrrhizin against mitochondriadependent apoptotic pathway
Bcl-2 family proteins are upstream regulators of the
mitochondria-mediated apoptosis pathway [59]. Loss of
mitochondrial membrane potential, dehydrogenase activity
and subsequent release of cytochrome c into cytosol are the
biomarkers of cell death via mitochondria-dependent
pathway. Release of cytochrome c causes the activation of
caspases via the formation of apoptosome with Apaf-1. To
check an antiapoptotic role of glycyrrhizin, we determined
mitochondrial membrane potential, dehydrogenase activity
and studied the expression of Bcl-2 family proteins, cytochrome c, Apaf-1 and caspase-3 by Western blotting. It
was observed that metabolic syndrome upregulated
proapoptotic Bax and downregulated antiapoptotic Bcl-2
protein in liver of fructose-fed rats (Fig. 3a). Glycyrrhizin
treatment could repress the syndrome-induced alterations
in Bcl-2 family proteins. Elevated levels of Apaf-1, caspase-3 (Fig. 3a), and cytochrome c (in cytosol) (Fig. 3b1)
were observed in liver tissue isolated from HFD group, and
the levels appear to decrease by glycyrrhizin treatment. For
caspase-3, only the intact form (32–35 kDa), not the
cleaved form (activated, 17–19 kDa), was found in our
experiment.
The tetrazolium dye MTT accepts electron from mitochondrial electron transport chain. Therefore, mitochondrial MTT reduction ability gives an indirect assessment of
its electron transport chain activity and associated metabolic function [39]. The MTT reduction ability of liver
mitochondria in HFD rats was found to be decreased in
comparison with that in NC rats (Fig. 3b2), indicating loss
of mitochondrial function. Figure 3b3 shows the changes
in mitochondrial transmembrane potential. The negative
charge established by mitochondrial membrane potential
allows the lipophilic cationic JC-1 dye to enter into mitochondrial matrix, where it accumulates to form oligomer
that has red ﬂuorescence [60]. In apoptotic cells, the
mitochondrial membrane potential collapses and JC-1
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cannot accumulate within the mitochondria. In these cells,
JC-1 remains in the cytoplasm as a monomer having green
ﬂuorescence. Mitochondrial transmembrane potential
appeared to be lower in HFD rats than in normal rats, as
indicated by reduced red ﬂuorescence of the JC-1 as
measured by FACS analyzer. These ﬁndings suggested
mitochondria-dependent apoptosis of liver cells in this
pathological condition. Treatment with glycyrrhizin effectively inhibited metabolic syndrome-induced mitochondria-dependent apoptotic cell death.
Effect of glycyrrhizin treatment against hepatic
DNA damage and PARP expression
DNA fragmentation and cleavage of PARP are two hallmarks of apoptosis [61]. Metabolic syndrome caused DNA
damage as indicated by trailing of DNA samples from HFD
group in agarose gel electrophoresis in comparison with
intact DNA band in samples from normal rats (Fig. 3c).
Figure 3d shows that cleaved PARP (84 kDa) level
increased in fructose-fed rats compared to normal. However, the expression of cleaved PARP in HFD group was
not quite strong to make a considerable difference in intact
PARP (120 kDa) levels between the different groups.
Glycyrrhizin treatment reduced DNA fragmentation and
PARP cleavage in HFDT group.
Results of FACS analysis
FACS analysis of liver cells using annexin V and PI double
staining supported apoptotic cell death in metabolic syndrome. Annexin V speciﬁcally binds with the externalized
phosphatidylserine residues in cell membrane of apoptotic
cells [62]. FACS data revealed that there was increase of
annexin V-stained cells (30.4 %) in liver of HFD rats in
comparison with only 3.5 % such cells in normal rats
(Fig. 3e), indicating increased liver cell apoptosis in
induced metabolic syndrome. Late apoptotic cells, stained
with both annexin V and PI, appeared to be much higher in
liver of HFD rats (20.2 %) than in normal rats (0.4 %).
Necrotic cells, stained with only PI, were also found in
HFD rat liver (1.1 %). Treatment with glycyrrhizin showed
fewer early apoptotic (16.5 %) and late apoptotic (6.4 %)
cells as well as necrotic cells (0.6 %) suggesting its
effectiveness in lowering liver cell apoptosis in the
syndrome.
Histological assessment
Histology of liver sections is presented in Fig. 4. Hematoxylin and eosin staining showed that hepatic architecture
was clear and intact without abnormalities in the liver
tissue of normal rats. Granuloma, an indicator of
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Fig. 3 Apoptotic changes in liver. a Representative Western blots of
proteins involved in the apoptosis. Bcl-2, Bax, Apaf-1, and caspase-3
were measured using liver cell lysate. Fold change in protein levels
compared to normal (NC) is mentioned in the bottom of the blots.
b Mitochondria-dependent apoptosis signaling (b1) representative
Western blot of cytochrome c in liver mitochondrial and cytosolic
fractions (b2) Mitochondrial dehydrogenase activity as indicated by
MTT reduction assay. The results are mean ± SD, n = 5. *P \ 0.05
versus NC; #P \ 0.05 versus HFD (b3) Mitochondrial transmembrane
potential as indicated by JC-1 ﬂuorescence using FACS. Results are
shown as a representative dot plot of red ﬂuorescence (FL2-H) versus
green ﬂuorescence (FL1-H). c A representative experiment of agarose
gel (0.8 %, w/v) electrophoresis followed by ethidium bromide

staining of genomic DNA samples isolated from liver tissues. Lane 1
DNA from NC rat, Lane 2 DNA from HFD rat, Lane 3 DNA from
HFDT rat. d Representative Western blot of PARP expression in liver
showing 120 kDa intact PARP and 84 kDa cleaved PARP level in
cell lysate. Fold change in protein level of cleaved PARP (84 kDa)
and intact PARP (120 kDa) compared to normal (NC) are mentioned
in the bottom and above of the blot, respectively. e Flow cytometric
analysis of cell distribution using annexin V-FITC binding and PI
uptake. Representative dot plot of PI ﬂuorescence (PI-A) versus FITC
ﬂuorescence (FITC-A) showing percentage distribution of viable
(FITC-/PI-), early apoptotic (FITC?/PI-), late apoptotic (FITC?/
PI?), and necrotic cells (FITC-/PI?) in liver tissue

Fig. 4 Histological assessment of liver tissues. Representative picture (magniﬁcation 9100) of the hematoxylin/eosin stained liver
tissue. Granuloma formation in HFD tissue is shown by black

arrowhead, Inset Higher-magniﬁcation (9200) image of the granuloma. Small, unstained vacuole (as shown by red arrowhead)
indicates lipid deposition. (Color ﬁgure online)

inﬂammation [63], was observed in liver sections of fructose-fed rats (indicated by black arrow). Such granuloma
structure was not found in the liver section of HFDT group

of rat indicating lowering of hepatic inﬂammation by glycyrrhizin. Small, unstained vacuoles (indicated by red
arrow) suggested lipid deposition in fructose-fed rat liver.
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The herbal treatment reduced the number of lipid vacuoles
in HFDT group. Histological sections of ORO staining are
shown in Supplementary Fig. 5. ORO, a fat soluble dye,
was used for identiﬁcation of lipid droplets in tissue sections. The staining indicated lipid deposition in fructosefed rat livers, while glycyrrhizin treatment lowered the
deposition of the droplets.

Discussion
Excess weight gain and high levels of blood glucose,
insulin and triglyceride and low level of HDL cholesterol
characterize metabolic syndrome [1]. Previous reports [3,
24] as well as the present study are consistent with these
features of metabolic syndrome in fructose-fed rats
(Table 1). Increased activities of liver-speciﬁc enzymes in
blood serum suggest liver damage in this syndrome
(Table 2). Oxidative stress is suggested to play a central
role in the pathogenesis and progression of metabolic
syndrome and its associated complications [64]. In this
study, we observe that metabolic syndrome increases lipid
peroxidation, protein carbonylation, and mitochondrial
ROS generation resulting oxidative stress in liver (Fig. 1a,
b, c). The levels of PKC and NOX proteins are associated
with oxidative stress in various pathophysiological conditions [52, 53]. PKC activates several downstream kinases
resulting increased free radical generation. NOX transfers
reducing equivalents from NADPH or NADH to oxygen
resulting superoxide (O2-) generation. Elevated levels of
these proteins have been reported in hyperglycemic condition [64]. Metabolic syndrome causes elevation of hepatic PKCa and NOX-2 protein levels (Fig. 1d) which may
be related to the syndrome-induced oxidative stress.
Hyperglycemia in diabetes induces protein glycation and
AGE formation, leading to different complications [55].
High blood glucose in metabolic syndrome also increases
AGE accumulation and RAGE level in liver (Fig. 1e, f).
AGE-RAGE interaction may activate PKC and other protein kinases resulting increased free radical generation and
activation of NF-jB signaling [65]. Glycyrrhizin treatment
reduces AGE-mediated signaling in liver by lowering
blood glucose level in metabolic syndrome.
Oxidative stress, developed in this syndrome, alters both
non-enzymatic and enzymatic antioxidant defenses [66,
67]. GSH maintains intracellular redox balance by detoxifying various xenobiotics as well as scavenging free radicals [56]. Enzymes of glutathione cycle namely GST and
GPx utilize GSH during their reactions. Decrease in the
GSH content due to oxidative stress simultaneously
decreases the activities of GST and GPx, with a concomitant decrease in the activity of the GSH-regenerating
enzyme, GR. All the components of glutathione cycle

123

1082

Mol Cell Biochem (2015) 409:177–189

decreases in fructose-induced metabolic syndrome
(Table 3). The ﬁndings suggest impaired antioxidant
defense and elevated oxidative damage of liver tissue under
this pathological condition. Treatment with glycyrrhizin
decreases oxidative stress as well as augments the intracellular antioxidant defense and liver health.
NF-jB is a transcription factor that plays a central role
in inﬂammatory reactions and cellular apoptosis [57]. It is
composed of p50 and p65 subunits. In normal condition,
NF-jB exists in an inactive form in the cytosol by associating with its inhibitory protein IjBa through the p65
subunit. In pathological condition, various inducers (including ROS, AGE-RAGE interaction, etc.) cause activation of different protein kinases resulting phosphorylation
and degradation of IjBa. Free NF-jB complex then
translocates to nucleus and regulates target gene transcription including COX-2, TNFa, iNOS, IL-12, and Bcl-2
family proteins [68]. Phosphorylation at multiple serine
residues of the p65 subunit increases the transcriptional
activity of NF-jB in nucleus [69]. In this study, we observe
increased NF-jB translocation and phosphorylation of the
p65 subunit together with decreased IjBa level in liver of
rats with metabolic syndrome (Fig. 2a). These ﬁndings
suggest activation of NF-jB signaling in metabolic syndrome. Treatment with glycyrrhizin, however, reduces the
syndrome-induced disorders in IjBa/NF-jB level.
MAPKs are a family of serine/threonine kinases that are
activated by dual phosphorylation on threonine and tyrosine residues. MAPKs are found to be activated by
osmotic perturbations derived from glucose itself or by
glucose-induced oxidative stress and by AGEs via its
receptor RAGE [58]. MAPK signaling has been implicated
in the activation of NF-jB via the phosphorylation of its
inhibitor, IjBa. Again in response to TNFa, MAPKs
increase the transcriptional activity of NF-jB via phosphorylation of its p65 subunit at serine 276 residue [69].
Our ﬁndings show increased phosphorylation of two
important members of MAPK family namely MAPK p38
and ERK1/2 in metabolic syndrome indicating involvement of MAPKs in hepatic damage (Fig. 2b). Treatment
with glycyrrhizin prevents phosphorylation of MAPKs and
thus cellular damage via the MAPK signaling pathway.
COX-2 is an inducible enzyme, becoming abundant at
the sites of inﬂammation, and generates free radicals during
its reaction [70]. TNFa, a cytokine involved in systemic
inﬂammation, can activate NF-jB through binding with
TNF receptor (TNF-R) in cell membrane [57]. Elevation of
these protein levels suggests hepatic inﬂammation in
metabolic syndrome-induced rats (Fig. 2c). IL-12 is the
modulator of T helper type 1 cells (Th1)-mediated immune
response [71]. High IL-12 level in fructose-fed rat liver
suggests Th1 inﬂammatory response in this syndrome.
Lowering of these inﬂammatory protein levels in liver by
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glycyrrhizin treatment suggests the antiinﬂammatory role
of the phytochemical. Inhibition of high-mobility group
box 1 protein activity by glycyrrhizin may also be
responsible for reduction of inﬂammation [72–74]. However, iNOS and IL-4 protein levels remain almost same in
different groups (NC, HFD, and HFDT) of rat.
Apoptosis is a precisely controlled programmed cell
death pathway. Mitochondrial signal has been reported to
take a critical part in apoptosis in most pathological conditions [75]. Bcl-2 family proteins act on the mitochondria
to regulate mitochondria-dependent cell death [59]. There
are two classes of regulatory proteins in the Bcl-2 family
that confer opposite effects on apoptosis: the antiapoptotic
member (e.g., Bcl-2) protects cells against apoptosis,
whereas the proapoptotic member (e.g., Bax) promotes
programmed cell death. The proapoptotic member of the
Bcl-2 family physically interacts to form oligomer that can
move onto the mitochondrial membrane and release cytochrome c from mitochondria to cytosol. In the cytosol,
cytochrome c interacts with Apaf-1 to form the apoptosome that triggers the activation of caspase-3. Caspase-3
degrades DNA in the nucleus resulting cell death. Change
in Bcl-2 and Bax proportion has been reported in the liver
tissue of fructose-fed rats [37]. Our study also suggests that
metabolic syndrome upregulates proapoptotic Bax and
downregulates antiapoptotic Bcl-2 proteins, causing a
reduction in the mitochondrial membrane potential and
functionality (Fig. 3a, b). Release of cytochrome c in the
cytosol, increased Apaf-1 and caspase-3 level indicate
apoptotic changes which may be related to the pathological
consequences in metabolic syndrome. Treatment with
glycyrrhizin attenuates apoptotic cell death by regulating
the Bcl-2 family proteins and their effects on the mitochondria-dependent cell death pathway.
DNA damage and increased level of cleaved PARP
(84 kDa) supports liver cell apoptosis in fructose-induced
metabolic syndrome (Fig. 3c, d). Once caspase-3 is activated, it leads to DNA breakdown and cleavage of several
proteins including PARP [60]. This cleavage leads to the
inactivation of PARP that ultimately prevents the futile DNA
repair. According to another theory, PARP depletes the ATP
level of a cell in an attempt to repair the damaged DNA and
promotes apoptosis [76]. Glycyrrhizin treatment effectively
decreases metabolic syndrome-induced DNA damage and
PARP cleavage and thereby reduces liver cell apoptosis.
FACS analysis using annexin V/PI double staining (Fig. 3e)
supports the antiapoptotic effect of the herbal agent in
metabolic syndrome-induced liver damage. Liver damage in
high fructose diet-fed rats is evident from the appearance of
granulomas, which are focal collection of epithelial cells,
including macrophages, mononuclear, and other inﬂammatory cells that may fuse together to form multinucleated giant
cells, usually in response to variety of infections and
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immunologic disorders [77]. Glycyrrhizin treatment inhibits
granuloma formation and lipid deposition in fructose-fed rat
liver (Fig. 4 and Supplementary Fig. 5).
In conclusion, the results of our study suggest that
metabolic syndrome causes liver dysfunction and hepatic
cell death via the activation of oxidative stress-responsive
cell signaling pathways including signals from mitochondria. Treatment with glycyrrhizin effectively ameliorates
liver damage in this pathological condition. However, it is
not yet clear if the herbal agent controls glucose and glycation level leading to the observed ameliorative effects by
lowering AGE, ROS, etc. or it also acts at different
downstream sites of the cell signaling.
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a b s t r a c t
Glycyrrhizic acid (GA) is the main bioactive ingredient of licorice (Glycyrrhiza glabra). The object of this
study was to evaluate the protective effects of GA on tert-butyl hydroperoxide (t-BHP) induced oxidative
injury leading to apoptosis in cultured primary rat hepatocytes. Throughout the study silymarin was used
as positive control. Molecular mechanisms involved in apoptotic pathways induced in hepatocytes by
t-BHP at 250 lM were explored in detail. DNA fragmentation, activation of caspases and cytochrome c
release were demonstrated. In addition, changes in the mitochondrial membrane potential and ROS generation were detected conﬁrming involvement of mitochondrial pathway. Pre-treatment with GA (4 lg)
protected the hepatocytes against t-BHP induced oxidative injury and the results were comparable to the
pre-treatment with positive control, i.e. silymarin. The protective potential against cell death was
achieved mainly by preventing intracellular GSH depletion, decrease in ROS formation as well as inhibition of mitochondrial membrane depolarization. GA was found to modulate critical end points of oxidative stress induced apoptosis and could be beneﬁcial against liver diseases where oxidative stress is
known to play a crucial role.
 2008 Elsevier Ltd. All rights reserved.

1. Introduction
Hepatocytes make up 60–65% of the cells in the liver and play a
pivotal role in the metabolism of exogenous chemicals and toxins,
thus making liver a target for toxic substances. Reactive oxygen
and nitrogen species (ROS/RNS) are generated during detoxiﬁcation which leads to oxidative stress. These free radicals are considered critical molecules as they take part in a variety of cellular
functions (Das et al., 2004). Imbalance in the cellular redox status,

Abbreviations: DWm, mitochondrial membrane potential; AIF, apoptosis
inducing factor; APAF-1, apoptosis protease activating factor-1; CAD, caspasesactivated DNase; CMF-DA, 50 -chloromethylﬂuorescein diacetate; DCF, dichloroﬂuorescein; DCFH2, dichlorodihydroﬂuorescein; DCFH-DA, 20 ,70 -dichloroﬂuorescein
diacetate; EDTA, ethylenediaminetetraacetic acid; EGTA, ethylene glycol tetraacetic
acid; GA, glycyrrhizic acid; GSH, reduced glutathione; GSSG, oxidized glutathione;
HEPES, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; JC-1, 50 ,50 ,60 ,60 -tetrachloro-10 ,10 ,30 ,30 -tetraethylbenzamidazolcarbocyanine iodide; LDH, lactate dehydrogenase; LPO, lipid peroxidation; MDA, malonyldialdehyde; MFI, mean
ﬂuorescence intensity; MPT, mitochondrial permeability transition; MTT, 3-[4,5dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide; p-NA, p-nitro aniline;
PARP, poly ADP ribose polymerase; PBS, phosphate buffer saline; PVDF, polyvinylidene ﬂuoride; RNS, reactive nitrogen species; ROS, reactive oxygen species; SOD,
superoxide dismutase; TBA, 20 -thiobarbituric acid; TBARS, thiobarbituric acid
reactive substance; t-BHP, tert-butyl hydroperoxide; TCA, trichloroacetic acid.
* Corresponding author. Tel.: +91 0522 26213786/2627586x269; fax: +91 0522
2628227.
E-mail address: poonam_kakkar@yahoo.com (P. Kakkar).
0278-6915/$ - see front matter  2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.fct.2008.11.028

the increased levels of oxidants overwhelm the capacity of the
antioxidant defense network resulting into oxidative stress.
Involvement of ROS/RNS in the pathogenesis of certain human
diseases, including cancer, diabetes, cataract, neuronal disorders
and artherosclerosis is increasingly being recognized. Upsetting
this balance causes oxidative stress, which can lead to cell death/
injury. Natural antioxidants that can inhibit lipid peroxidation or
are able to protect the system from the damage caused by free radicals are being explored for strengthening antioxidant defense.
Current research into free radicals has conﬁrmed that foods rich
in antioxidants play an essential role in the prevention of cardiovascular diseases, used as a chemopreventive agent in cancers
and neurodegenerative disorders (Di Matteo and Esposito, 2003).
Tert-butyl hydroperoxide (t-BHP) is an organic lipid hydroperoxide analogue, used as pro-oxidant to evaluate mechanisms
involving oxidative stress in cells and tissues. t-BHP has been
shown to induce cell death in a variety of cells via apoptosis including U937 macrophages, PC-12 cells, SH-SY5Y neuroblastoma cells
and HepG2 cells (Amoroso et al., 2002; Kanupriya et al., 2007).
Two distinctive pathways are involved in the metabolism of
t-BHP in hepatocytes (Haidara et al., 2001). The ﬁrst employs
microsomal cytochrome P-450 system leading to the production
of ROS such as peroxyl and alkoxyl radicals. These radicals initiate
peroxidation of the cell membrane phospholipids and accumulation of lipid peroxides which are expected to alter the membrane
ﬂuidity and permeability, consequently leading to disruption of
membrane structure and function. The second pathway involves
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GSH peroxidase and its substrate GSH, which converts t-BHP to tbutanol and GSH to GSSG. The GSSG is then reduced to GSH by GSH
reductase, resulting in NADPH oxidation. Decreased GSH and oxidized NADPH contribute to altered Ca2+ homeostasis, which is considered to be a major event in t-BHP-induced toxicity (Shimizu
et al., 1998). It has been documented that GSH depletion and
MDA increase, events observed frequently during oxidative damage, are inducers of mitochondrial permeability transition (MPT).
Loss of DWm is directly associated with apoptosis. Apoptosis permits the removal of damaged, senescent or unwanted cells in the
multicellular organisms, without damaging the microcellular environment and can be induced by various extracellular or intracellular factors. It results in several morphological changes which are
characteristic feature of apoptosis such as cell shrinkage, membrane blebbing along with biochemical changes like DNA fragmentation, cleavage of wide variety of cellular proteins including PARP
and lamin. In apoptosis, the DWm is lost, releasing small apoptogenic molecule, cytochrome c, leading to the formation of apoptosome. Apoptosome is high in molecular weight and consists of
cytochrome c, dATP, apoptosis protease activating factor-1
(APAF-1) and procaspases-9. Once the signal is received the initiator caspase activates the downstream caspases, like caspase-3.
Caspases are synthesized as pro-enzymes, which are cleaved at
internal sites to form an active enzyme. These are group of cystein
proteases which can be either initiator (caspase-2, -8, -9, -10) or
effector (caspase-3, -6, -7).
Exogenous dietary antioxidants capable of scavenging free radicals are of great interest in combating oxidative stress induced
cell damage. Plants containing high content of polyphenols, ﬂavanoids are considered as potential antioxidants and can be used
as adjuvant therapy. These plant polyphenols and ﬂavanoids are
multifunctional and can act as reducing agents, hydrogen donors,
singlet oxygen quenchers and metal ion chelators (Gassen and
Youdim, 1999). Some hepatoprotective plants as well as formulations used in traditional medicine have been pharmacologically
evaluated for their efﬁcacy such as Andrographis panniculata
(Singh et al., 2001) and Eclipta alba (Saxena et al., 1993) to name
a few. Amongst all these medicinal plants Glycyrrhiza glabra (licorice) is a plant with a rich ethno-botanical history. The roots are
used as a folk medicine both in Europe and in Eastern countries.
The main components are the triterpene, saponins, glycyrrhizin/
glyccyrrhizic acid and glycyrrhetic acid. Glycyrrhizic acid (GA), a
biologically active constituent of licorice root with a structure
of 20b-carboxy-11-oxo-30-norolean-12en-3-b-yl-2-o-b-D-glucopyranosiduronic acid, is believed to be partly responsible for
anti-ulcer, anti-inﬂammatory, anti-diuretic, anti-epileptic, antiallergic, anti-dote, anti-tumor, anti-viral, anti-hypotensive and
several other properties of the plant (Baltina, 2003). Its hypocholesterolaemic and hypoglycemic activities have been reported
(Sitohy et al., 1991).

The aim of the present study was therefore to assess the anti-apoptotic property of GA against t-BHP induced oxidative stress in relation with mitochondria-mediated cell death process in primary
hepatocytes.
Silymarin, a known hepatoprotectant, was used as a positive
control throughout the study. It is known to have clinical applications in the treatment of toxic hepatitis, fatty liver, cirrhosis, ischemic injury, radiation toxicity, and viral hepatitis via its
antioxidative, anti-lipid peroxidative, antiﬁbrotic, anti-inﬂammatory, immunomodulating, and liver regenerating effects.

2. Materials and methods
2.1. Test substances and reagents
Tert-butyl hydroperoxide (t-BHP) (EC No. 200-915-7; CAS No. B2633-100ML)
and glycyrrhizic acid (GA) (EC No. 258-887-7; CAS No. G2137-25G) was purchased
from Sigma Chemical Co. (St. Louis, MO, USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) was procured from Calbiochem. DNA 50bp ladder was procured from Fermentas whereas agarose was obtained from GE. Mouse
polyclonal antibody against cytochrome c and horse-radish peroxidase-conjugated
secondary antibodies were obtained from Santa Cruz Biotechnology (Santa Cruz,
CA). ECL kit for detection of western blot was purchased from Amersham Biosciences. All other chemicals were purchased from Sigma (St. Louis, MO) unless otherwise mentioned.

2.2. Animals
Sprague–Dawley male rats weighing 180 ± 20 g were taken from Indian Institute of Toxicology Research (IITR) animal colony and used for the experiment. Animals were kept under standard conditions of humidity (60–70%), temperature
(25 ± 2 C) and a controlled 12 h light/dark cycle. Rats were fed Ashirwad pellet diet
and water ad libitum. All the guidelines of Institutional Animal Ethics Committee
(ITRC/IAEC/20/2006) were followed while handling the animals and chloroform
was used for euthanasia.

2.3. Primary cell-culture
Hepatocytes were isolated from liver of overnight fasted rat after subjecting it
to two-stage collagenase perfusion with HEPES buffer (Seglen, 1976). Cell viability
was checked by trypan blue dye exclusion test within an hour of cell isolation. Only
preparations with cell viability greater than 95% were used for subsequent experiments. Hepatocytes were maintained in RPMI-1640 media supplemented with
heat-inactivated 10% fetal bovine serum and 1% of 10,000 units Penicillin,10 mg
Streptomycin and 25 lg Amphotericin-B at 37 C in a 5% CO2 95% air incubator
(Thermo-forma) with controlled humidity. The cells were seeded at a density of
1.0  104 cells in 0.1% collagen pre-coated 96-well plate, and used for the drug
exposure experiments after being cultured overnight. Further treatment schedule
was followed as described.

2.4. MTT assay

Different polyphenols, which make up 1–5% of the root of G. glabra,
have been evaluated for antioxidant and anticarcinogenic properties. GA is a powerful sweetener and 50 times as potent as sucrose.
This is also used in herbal teas and in herbal formulations. A nutritive substance with additional properties such as antioxidant and
hepatoprotective can be routinely taken as a food supplement.

Cell viability was determined by a colorimetric MTT assay, as described by Mosmann (1983). MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) is a water soluble tetrazolium salt, which is converted to an insoluble
purple formazan by cleavage of the tetrazolium ring by succinate dehydrogenase,
which demonstrates functional mitochondrial dehydrogenase, i.e. functional mitochondria. Twenty four hours old hepatocytes, were exposed to various concentrations of t-BHP and glycyrrhizic acid. At the end of the incubation period, the
culture medium was removed and 0.1 ml of MTT (from a stock of 5 mg/ml) was
added to each well. After 4 h incubation the medium was removed and to each well
0.2 ml DMSO was added. Optical density (OD) was measured at 530 nm using a
Spectramax PLUS 384 microplate reader (Soft max pro version 5.1; Molecular Devices, USA). The linear relationship between OD and cell density was taken into account. The data are expressed as a percentage of control viability measurement in
untreated cells.
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2.5. GSH content
0

5 -Chloromethylﬂuoroscein diacetate was used to measure the total GSH in the
cells. The dye passes freely through the cell membrane, but once inside the cells
they are transformed into cell impermeant reaction products. CMF-DA is colourless
and nonﬂuorescent until cytosolic esterases cleave off the acetates, and the bright
ﬂuorescence coloured product is formed which is detected by ﬂowcytometer. The
treated cells were incubated with the ﬂuorescent dye (5 lg/ml) for 30 min in dark
at 37 C (Okada et al., 1996) and the analysis of treated/ control cells was carried out
using ﬂowcytometer (BD-LSR), cell quest software.
2.6. Measurement of intracellular ROS
0

0

ROS levels were determined using 2 7 -dichloroﬂuorescein diacetate (DCFHDA), which is de-estriﬁed to 20 70 -dichlorodihydroﬂuorescein (DCFH2) by cellular
esterases. This DCFH2 is further oxidized to DCF by ROS and increase in ﬂuorescence
intensity is used to quantify the generation of intracellular ROS. Control cells as well
as cells with treatment were incubated for 30 min with DCFH-DA (5 lg/ml) at 37 C
in dark. To evaluate ROS mediated oxidation of DCFH-DA to the ﬂuorescent
compound DCF, samples were analyzed at an excitation wavelength of 480 nm
and an emission wavelength of 525 nm by ﬂowcytometer (BD-LSR). Each determination is based on mean ﬂuorescence intensity of 10,000 events (Mohammad et al.,
2001).
2.7. SOD activity
SOD activity was determined spectrophotometrically by measuring inhibition
of nicotinamide adenine dinucleotide (reduced)–phenazine methosulfate–nitroblue
tetrazolium reaction system by the method of Kakkar in 1984 after adoption on
microplate. Superoxide radical is produced in situ, which is involved in the NBT
reduction leading to the formation of blue formazan, which is read at 560 nm. Fifty
percent inhibition of formazan formation in 1 min is taken as 1 unit activity/min
(Kakkar et al., 1984).
2.8. MDA determination
Thiobarbituric acid reactive substance (TBARS) formation as a product of lipid
peroxidation was estimated in pre-treated hepatocytes by using the method of
Wallin in 1993. In this method, oxidation of phospholipids and evaluation of TBARS
is achieved in single 96-well microplate. Major oxidative product of phospholipids,
i.e. malondialdehyde (MDA) was estimated by measuring the amount of MDA
formed as a breakdown product at 530 nm. The lipids were isolated by precipitating
the cell lysate with TCA and then indirectly the lipid peroxide concentration was
measured with TBA reaction. The amount of MDA formed as a breakdown product
was measured at 530 nm and 600 nm (Wallin et al., 1993).
2.9. Measurement of mitochondrial membrane potential (DWm)
Changes in the DWm in treated hepatocytes were monitored after staining
them with JC-1. 50 ,50 ,60 ,60 -Tetrachloro-10 ,10 ,30 ,30 -tetraethylbenzamidazolcarbocyanine iodide commonly known as JC-1 which is speciﬁc for mitochondria.
In cells not undergoing apoptosis, the DWm remains intact and the dye accumulates
to form an aggregate that gives red ﬂuorescence. In mitochondrial membrane
where potential is compromised the formation of JC-1 aggregate is prevented
and the ﬂuorescence shifts from red to green. Treated hepatocytes were
incubated with JC-1 for 15 min at 37 C in a CO2 incubator. After washing the
hepatocytes with PBS, change in the DWm was assessed by comparing the two
ﬂuorescence 590 nm (red)/527 nm (green) using ﬂowcytometer (BD-LSR)
(Cossarizza et al., 1996).
2.10. Preparation of cytosolic fraction
Cytosolic fractions were prepared by the method described by Zhang et al.
(1999) with some modiﬁcation. Brieﬂy, cells were harvested, washed and suspended in ice-cold buffer containing 20 mM HEPES-KOH, pH 7.5, 10 mM KCl,
1.5 mM MgCl2, 1 mM DTT, 1 mM EDTA, 1 mM EGTA and 1 mM PMSF and sonicated
for 10 s (Sartorius, Labsonic M). The lysate were now centrifuged at 800g for 4 min
at 4 C under cold conditions. The supernatant was again centrifuged at 22,000g for
15 min at 4 C in a refrigerated centrifuge (Sigma 3K18) and the resulting supernatant was used as cytosolic fraction.
2.11. Western blot analysis
The protein content corresponding to each treatment was quantiﬁed using
Lowry’s method (Lowry et al., 1951). Samples were boiled with Lammeli’s buffer
for 5 min and immediately kept in ice. 20 lg of each protein sample was separated
by SDS-polyacrylamide gel electrophoresis using 12% polyacrylamide gel and electroblotted on PVDF membrane (Amersham). After blocking non-speciﬁc sites wash-

ing was performed using PBS containing tween-20. The membrane was then
incubated for 1 h with goat polyclonal IgG antibody in dilution 1:500 (Santa Cruz
Biotechnology, Inc.). Then it was washed with PBS and incubated with horse-radish
peroxidase-conjugated rabbit anti-goat IgG secondary antibody in dilution 1:1000
at 1 h for room temperature. Again it was rewashed and the immunoblot was revealed using ECL chemiluminescent detection kit according to the manufacturer’s
instructions. b-Actin was used as internal standard. The bands obtained were analyzed using NIH software Image J version 13.2.
2.12. Caspases activity
To investigate the role of mitochondria in the cytotoxicity caused by t-BHP
caspase-3 and -9 activity were measured. Caspase activities were determined by
a colorimetric assay based on the ability of caspases-3, -9 to change acetylAsp-Glu-Val-Asp-p-nitroanilide (Ac-DEVD-pNA) and acetyl-Leu-Glu-His-Asp-pnitroanilide (Ac-LEHD-pNA) into yellow formazan product (p-Nitro aniline),
respectively. An increase in absorbance at 405 nm was used to quantify the activation of caspase activities. In brief, isolated hepatocytes were pre-incubated with GA
as well as t-BHP for speciﬁed time. After incubation, the medium was discarded and
adherent cells were harvested in PBS and sedimented by centrifugation at 600g for
3 min. The pellets were then resuspended in lysis buffer for 20–30 min on ice. The
lysed cells were centrifuged at 10,000g for 3 min and to the supernatant, reaction
mixture and buffer were added. The concentration of the p-NA released from the
substrate was calculated from the absorbance value at 405 nm using a calibration
curve.
2.13. DNA fragmentation assay
DNA was isolated from control and treated hepatocytes. After incubation, cells
were washed with PBS and lysed with lysis buffer containing 250 mM Sucrose,
5 mM Tris–HCl (pH 8.0), 1 mM EDTA, 20% SDS and incubated overnight at 37 C.
Subsequently, RNase A was added for 1 h at 37 C followed by addition of 8 M
potassium acetate. The lysate was extracted twice with an equal volume of chloroform/isoamylalcohol (24:1) and centrifuged at 1000g for 5 min. The upper aqueous
layer was taken and two volumes of absolute ethanol was added to it and incubated
at 20 C in order to precipitate the DNA. The pellet obtained after centrifugation at
14,000g for 15 min was air dried and then dissolved in Tris–EDTA buffer. DNA quantiﬁcation was done spectrophotometrically at 260/280 nm. DNA samples were ﬁnally separated on 1.8% agarose gel with Tris–Borate/EDTA buffer and analyzed
on an Alfa-innotech image analyzer (Hermann et al., 1994).
2.14. Analysis of hepatocyte nuclear morphology
Changes in the nuclear morphology were observed using bisbenzimide (Hoechst 33258) ﬂuorochrome that binds with DNA. Primary hepatocyte monolayers
were ﬁxed in ice cold methanol/acetic acid (3:1) for 5 min. Cells were stained with
Hoechst 33258 (5 lg/ml) for 10 min and washed. Cells were mounted in a solution
of 20 mM citric acid, 50 mM di sodium orthophosphate, and 50% glycerol (pH 5.5)
and examined at a wavelength of 350–460 nm using a Nikon microscope with ﬂuorescence attachment (Bayly et al., 1994).
2.15. LDH activity-based cytotoxicity assay
LDH (lactate dehydrogenase) was measured using standardized kit from Sigma–
Aldrich. LDH activity was measured both in ﬂoating dead cells and viable adherent
cells. The ﬂoating cells were collected from culture medium by centrifugation
(240g) at 4 C for 5 min and LDH content from the pellet was used as an index of
apoptotic cell death (LDHp). The LDH released in the culture medium (LDHe; extracellular LDH) was used as an index of necrotic cell death and the LDH present in the
adherent viable cells as intracellular LDH (LDHi). The percentage of apoptotic and
necrotic cell death was calculated as follows:

% Apoptosis : LDHp=ðLDHp þ LDHi þ LDHeÞ  100
% Necrosis : LDHe=ðLDHp þ LDHi þ LDHeÞ  100

2.16. Annexin V-FITC binding assay
Annexin is a 35 to 36 kDa Ca2+ dependent, phospholipid binding protein that has
high afﬁnity for phosphotidylserine and binds to cells with exposed phosphotidylserine. In the early stages of apoptosis membrane phosphotidylserine is translocated
from inner side to outer side of the plasma membrane. The annexin V assay was carried out in conjugation with PI (propidium iodide) staining in order to distinguish
between apoptosis and necrosis, because PI staining can detect DNA that has leaked
from the necrotic cells. (a) Viable hepatocytes are negative for both annexin V and PI,
(b) early apoptotic hepatocytes were labeled with annexin V while negative with PI,
(c) late apoptotic cells were labeled with both annexin V and PI, and (d) necrotic cells
were labeled with PI but negative with annexin (Liu et al., 2003).
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2.17. Statistical analysis
Data are expressed as mean ± S.E. Data were analyzed on SPSS software version
14.0 using one way ANOVA. *P < 0.05, **P < 0.01, ***P < 0.001 were used as the criterion for signiﬁcance.

3. Results
3.1. GA increased survival of t-BHP stressed primary hepatocytes
The preventive effect of GA was studied on the cytotoxicity of
t-BHP, a chemical that generates alkoxyl/peroxyl radicals leading
to oxidative stress in the cellular system. Inhibitory concentration
(IC50) was determined using MTT cytotoxicity assay. Only 95% viable primary hepatocyte population was used throughout the study
as evident from the trypan blue dye exclusion assay (data not
shown). It was observed that t-BHP at 250 lM, reduced the cell survival to 52% ± 0.12 (P < 0.001), i.e. the inhibitory concentration
(IC50) of t-BHP was found to be 250 lM (Fig. 1a). This concentration
(250 lM) of t-BHP was used for further experiments in the presence
of GA. Isolated primary rat hepatocytes were also treated with varying concentrations of GA (2–12 lg) as shown in Fig. 1b to study its
effect on cell viability. At 4 lg of GA the increase in survival was
58.18% ± 0.02 (P < 0.001) with respect to control, so for further
experiments 4 lg of GA was taken up as the selected dose for treating cells. At the same concentration (4 lg) of silymarin, a positive
control, cell survival rate was found to increase by 43.36% ± 0.05
(P < 0.001). During the pre-treatment schedule, 24 h cultivated
hepatocytes were incubated with GA (4 lg) for 30 min before subjecting them to oxidative stress of t-BHP (250 lM) for an hour. A positive correlation between dose-response in terms of viability was
seen. The cells which were pre-incubated with GA showed signiﬁcant increase in survival by 44.89% ± 0.03 (P < 0.001), when compared to control cells whereas cells treated with silymarin
showed increase by 38% ± 0.08 (P < 0.001) (Fig. 1c).
3.2. Restoration of antioxidant status in stressed rat hepatocytes by GA
treatment
3.2.1. GSH content
The ﬂuorescence intensity of CMF dye was captured using ﬂowcytometer, reﬂecting GSH content in the cellular system and the results mentioned here are the mean ﬂuorescence intensities (MFI).
Cells when stressed with t-BHP (250 lM), showed decrease in
GSH content by 0.6-folds (P < 0.05). Cells pre-treated with GA at
the selected dose (4 lg) were found to restore the GSH content by
1.58-folds (P < 0.01) or inhibited the depletion of GSH which was
comparable to control cells. Silymarin (4 lg) was also found to inhibit GSH depletion in the stressed cells (1.56-folds) as shown in Table 1. The data indicates that GA treatment is effective in abrogating
oxidative damage that further results in GSH depletion by t-BHP.
3.2.2. ROS generation
The extent of ROS generation during t-BHP induced stress in
hepatocytes, was monitored by ﬂow cytometry using DCFH-DA
dye. Hepatocytes stressed with t-BHP showed an increase in the
ROS generation by 2.3-folds as compared to untreated cells.
Whereas in the cells that were pre-treated with GA 0.51-folds decline in the ROS generation was observed as compared to t-BHP
stressed cells. The decline in ROS generation (Table 1) in pre-treated cells was very much comparable with silymarin, i.e. 0.5-folds
(positive control).
3.2.3. SOD activity
Cultured hepatocytes subjected to t-BHP stress showed SOD
activity 4.6 units/min/104 cells which was 0.7-folds less than the

Fig. 1. Effect of treatments on the viability of cultured primary rat hepatocytes: (a,
and glycyrrhizic acid
(2–
b) Different concentrations of (50–300 lM) t-BHP
12 lg) were administered to primary rat hepatocytes (1  104 cells/well of collagen
coated 96-well cell-culture plate in 100 ll of assay medium) for 1 h and 30 min,
respectively. At 250 lM concentration of t-BHP the viability of cells decreased to
51%. Viability of hepatocytes was maximum in the presence of 4 lg GA. (c)
and silymarin (4 lg)
,
Hepatocytes were pre-treated with GA (4 lg)
respectively, for 30 min and then were treated with t-BHP (250 lM) for 1 h.
Values are mean ± S.E. of 5 determinations in each case. *P < 0.05, **P < 0.01,
***
P < 0.001.
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Table 1
Antioxidant status and ROS generation under oxidative stress in hepatocytes: hepatocytes were treated with the selected concentration of t-BHP (250 lM); glycyrrhizic acid
(4 lg); silymarin (4 lg); glycyrrhizic acid + t-BHP and silymarin + t-BHP. Total cellular GSH content and intracellular ROS generation was measured by CMF-DA and DCFH-DA
ﬂuoroprobes, respectively, using ﬂow cytometry whereas antioxidant potential (SOD activity and lipid peroxidation) was measured using biochemical assays. Cells treated with
glycyrrhizic acid and silymarin alone were compared to control cells, whereas cells pre-treated with GA and silymarin followed by t-BHP treatment were compared to cells
treated with t-BHP alone. Values are mean ± S.E. of 5 determinations in each case.
Treatments

ROS (DCF mean
ﬂuorescence intensity)

GSH content
(CMF mean ﬂuorescence intensity)

SOD activity
(unit/min/104 cells)

Lipid peroxidation
(nMMDA formation/104 cells)

Control
t-BHP
Glycyrrhizic acid
Silymarin
Glycyrrhizic acid + t-BHP
Silymarin + t-BHP

100.8 ± 1.7
232.9 ± 4.9**
82.0 ± 1.4**
94.5 ± 1.6*
119.3 ± 1.9***
119.8 ± 1.5***

228.0 ± 3.1
139.7 ± 2.6*
310.0 ± 4.9***
340.0 ± 3.1***
221.0 ± 5.1**
219.0 ± 4.5**

12.4 ± 0.64
4.6 ± 0.91***
20.4 ± 0.63**
21.3 ± 0.44**
15.6 ± 0.24***
18.0 ± 0.92***

0.23 ± 0.02
0.41 ± 0.04**
0.14 ± 0.05**
0.11 ± 0.01**
0.19 ± 0.04***
0.15 ± 0.01***

*

P < 0.05.
P < 0.01.
***
P < 0.001.
**

Fig. 2. Mitochondrial membrane potential: changes in mitochondrial membrane potential (DWm) observed using mitochondria speciﬁc ﬂuorescent probe JC-1. Monomer
green ﬂuorescence increased as MMP dropped. Graph indicates percentage mitochondrial population differentiated by ﬂow cytometer, whereas, in dotplot, quadrant shows
the two populations having green ﬂuorescence (depolarized mitochondria) and red ﬂuorescence (polarized mitochondria). (For interpretation of the references to colour in
this ﬁgure legend, the reader is referred to the web version of this article.)

untreated cells. Cells that were pre-incubated with GA (4 lg)
showed 3.4-folds increase in superoxide dismutase activity (table
1) whereas cells pre-incubated with silymarin at the same concentration showed, 3.91-folds increase in superoxide quenching
capacity. Thus, effect of GA compared well with a known hepatoprotectant, i.e. silymarin.
3.2.4. LPO inhibitory potential
Oxidative stress induced in the hepatocytes by free
radical generation due to t-BHP caused 0.71 ± 0.005 (P <
0.01) nM MDA formation per 1.0  104 cells. In hepatocytes pretreated with GA, the peroxidative decomposition of phospholipids was reduced to 0.198 ± 0.036/4 lg (P < 0.001). Treatment with
silymarin reduced MDA formation to 0.15 ± 0.02/4 lg (P < 0.001),
indicating strong antioxidant action of both GA and silymarin
(Table 1).

3.3. t-BHP induced loss of DWm which is recovered by GA treatment
Generation of ROS and alteration in mitochondrial functions
are well correlated by Kakkar and Singh (2007). Disruption of
the mitochondrial membrane potential is one of the earliest indicator of induction of cellular damage. Under experimental conditions if the hepatocytes are not undergoing apoptosis, the
mitochondrial membrane remains polarized (DWm) and JC-1
dye gets accumulated and j-aggregates are formed due to which
red ﬂuorescence occurs. When the mitochondrial DWm is lowered the JC-1 aggregate dissipates into monomers and lead to
shift from red to green ﬂuorescence captured on ﬂow cytometer.
Cultivated hepatocytes when treated with 250 lM of t-BHP
showed 52.80% green ﬂuorescence as compared to control or
untreated cells with 16.80% green ﬂuorescence. In the cells pretreated with GA, there was considerableAR-001148
abolition of t-BHP
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induced lowering in DWm and the hepatocytes containing mitochondria with green ﬂuorescence were found to be only 22.22%.
GA alone did not alter DWm, conﬁrming the protective effect of
GA pre-treatment. Hence, the results indicate that mitochondrial
membrane is depolarized when treated with t-BHP and GA accords protection by preventing the mitochondrial depolarization
(Fig. 2).
3.4. GA reduced cytochrome c released by t-BHP stress

4.75-folds as compared to unstressed cells, whereas GA pre-treated
cells were observed the level decreased to 0.51-folds. The decrease
in the cytochrome c level of cells pre-treated with GA was comparable to the positive control, i.e. 0.49-folds.
3.5. GA treatment lowered caspase-activation
To investigate the involvement of different caspases in t-BHPinduced apoptosis, we focused on initiator caspase-9, in the light
of prior information that t-BHP induced pro-apoptotic events at

Cytochrome c is located between the inter-membrane spaces of
mitochondria where it assists in the production of life sustaining
ATP by participating in electron transport. Several studies have
shown that release of cytochrome c from mitochondria is associated with opening of mitochondrial permeability transition pores
(Kroemer et al., 2007). Following the exposure of cells to apoptosis
stimuli, cytochrome c is rapidly released from the mitochondria to
cytosol which further activates cell death proteases (caspases).
Thus, release of cytochrome c from mitochondria to cytosol is a
trigger in the induction of apoptosis. Level of cytochrome c release
was not so signiﬁcant in the cytosolic fraction of cells treated with
GA and silymarin (Fig. 3a). When stressed cells were analyzed
there was an increase in the level of cytochrome c release by

Fig. 3. Effect of treatments on cytochrome c release and caspases activation: (a)
cytochrome c release was assessed from oxidatively stressed hepatocytes which
and silymarin
.
were well protected by pre-treatment of glycyrrhizic acid
The sequence of samples in cytochrome c blot is (from left to right) control, t-BHP,
glycyrrhizic acid + t-BHP and silymarin + t-BHP. b-Actin was used as internal
control. Values are mean ± S.E. of 3 determinations in each case. *P < 0.05,
**
P < 0.01, ***P < 0.001. (b) Caspase-3
and Caspase-9
activity in primary
hepatocytes exposed to t-BHP, glycyrrhizic acid + t-BHP and silymarin + t-BHP.
Values are mean ± S.E. of 5 determinations in each case. *P < 0.05, **P < 0.01,
***
P < 0.001.

Fig. 4. DNA damage: (a) glycyrrhizic acid inhibits t-BHP-induced apoptosis in
primary rat hepatocytes. Cells were incubated with 250 lM t-BHP and 4 lg of
glycyrrhizic acid DNA fragmentation was measured by agarose gel electrophoresis
(M – 100bp marker, L1 – glycyrrhizic acid pre-treated, L2 – silymarin pre-treated
and C – control.). (b) Glycyrrhizic acid inhibits t-BHP-induced apoptosis in primary
rat hepatocytes. Cells were incubated with 250 lM t-BHP and 4 lg of glycyrrhizic
acid and nuclear morphology was assessed using Hoechst 33258. (i) Control
hepatocytes; (ii) cells treated with 250 lM of t-BHP for an hour; (iii) Cells preAR-001149
treated with glycyrrhizic acid; (iv) cells pre-treated with silymarin.
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the mitochondrial level (Haidara et al., 2001). Caspase-3 is also an
important effector protease, activated by cleavage as a step in certain apoptosis-signaling pathway. t-BHP caused signiﬁcant increase in caspase-3 and caspase-9 activity which was 3.4- and
5.5- (P < 0.001) folds higher when compared to control. These enzyme activities were found to decrease signiﬁcantly when GA
and silymarin treated hepatocytes were assessed, i.e. with the
pre-treatment of GA, caspase-3 and -9 activity was found to be
lowered by 2.6- and 2.2-folds, respectively. Pre-treatment with
silymarin showed results comparable with GA, i.e. 2.5- and 2.2folds lowering in activity, respectively (Fig. 3b).
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and PI positive represent population with late apoptosis (upper
right quadrant) and the cells that were negative for annexin
and positive for PI are shown in lower right quadrant. The viable
hepatocytes in oxidatively challenged cells were 59.66% that was
35% less than untreated cells. Whereas when GA and silymarin,
pre-treated cells were taken into consideration the viability observed was 89.16% and 87.78%. The number of apoptotic population also decreased from 42% (t-BHP treated) to 7.45% and 8.71%,
respectively, in GA and silymarin pre-treated cells.

4. Discussion
3.6. t-BHP caused apoptosis in hepatocytes which is prevented by GA
Morphological assessment of rat hepatocytes was done using
two methods: DNA fragmentation and condensation of nuclear
chromatin to assess the cell damage. DNA fragmentation, is an
important hallmark for apoptosis, where DNA is degraded by caspases-activated DNase (CAD), a nuclease enzyme showing characteristic ladder pattern on agarose gel. No fragmentation was
observed in control cells. Ladder pattern was observed when cells
were treated with 250 lM of t-BHP (Fig. 4a). On pre-treatment of
cells with GA no such pattern was observed.
Nuclear chromatin condensation is a morphological assessment, which is characteristic of apoptosis and can be visualized
using Hoechst 33258. Condensation of nuclear chromatin was
found in the cells treated with t-BHP. This was observed by an increase in ﬂuorescence intensity as compared to untreated cells.
Cells which were pre-treated with GA showed low intensity of
ﬂuorescence as compared to stressed cells. This indicates that
apoptosis is involved in the molecular mechanism of action of tBHP induced toxicity in rat hepatocytes which can be prevented
by glycyrrhizic acid (Fig. 4b).
3.7. LDH release in cells treated with t-BHP is prevented by GA
Cell death through oxidative stress may be accomplished by
two distinct mechanisms, necrosis or apoptosis. To further characterize the possible mechanism involved in t-BHP induced cell
death and efﬁcacy of GA as protective agent, the ratios of necrosis and apoptosis in primary hepatocytes was analyzed using
LDH activity-based assay. Intracellular LDH release was evaluated
as a result of the breakdown of plasma membrane and alteration
of its permeability. The cells were exposed to t-BHP for 1 h -and
LDH leakage was taken as the cell death indicator. As shown in
Fig. 5a, LDH leakage increased signiﬁcantly in the presence of
250 lM t-BHP and showed 51.04% (P < 0.001) apoptotic and
29.68% (P < 0.001) necrotic cells indicating apoptosis as a predominant mechanism responsible for cell death. Cells pre-incubated with GA showed decrease in the number of apoptotic
(20.23%) (P < 0.001) as well as necrotic cells (10.68%) (P < 0.001)
whereas silymarin decreased the number of apoptotic cells by
(28.99%) (P < 0.01) and necrotic (18.99%) (P < 0.01). Results indicate that 4 lg of GA/104 cells showed signiﬁcant decrease in
the number of apoptotic and necrotic cells induced by t-BHP.
3.8. Annexin V/PI staining and ﬂow cytometric analysis
t-BHP treated cells were monitored for expression of phosphotidylserine in the outer cell membrane, and percentage of
viable, early and late apoptotic and necrotic population was assessed as shown in Fig. 5b. From the dot plots (divided in four
quadrants), viable hepatocytes were negative for both annexin
V and PI (lower left quadrant). The cells that were annexin V positive and PI negative represent the population in early apoptosis
(upper left quadrant). The cells that showed annexin V positive

In this study, we demonstrated increase in ROS generation, GSH
depletion, increased MDA formation and apoptosis initiated by
mitochondria in t-BHP treated rat primary hepatocytes. Our results
collectively indicate that t-BHP induced apoptosis is dependent on
ROS production as well as GSH depletion. Involvement of mitochondrial pathway in t-BHP induced apoptosis was also investigated by measuring caspases-3, caspase-9 and cytochrome c
release along with DNA fragmentation and chromatin condensation. Rat hepatocytes, treated with t-BHP caused DNA fragmentation (laddering) conﬁrming the presence of apoptotic
phenomenon. Cytochrome c release was detected in the cytosol
after 1h treatment of t-BHP (250 lM) in rat hepatocytes. This corresponds to an early response in apoptosis. The upstream caspase9 was activated in t-BHP induced apoptosis. These ﬁnding
demonstrate that t-BHP activates the mitochondrial pathway in
hepatocytes.
Phenolic compounds, which are widely distributed in plants,
have been considered to play an important role as dietary antioxidants for the prevention of oxidative damage in living system.
GA exhibits a number of pharmacological effects including antiinﬂammatory and is used in hepatoprotective formulations. Pretreatment with GA has been reported to show protective action
against carbon tetrachloride (CCl4)-induced liver injury in rats
(Wang and Han, 1993). GA protects against aﬂatoxin-induced
oxidative stress (Chan et al., 2003). GA is also a potent inhibitor
of bile acid-induced apoptosis and necrosis (Gumpricht et al.,
2005).The results of the present study suggest that GA is capable
of ameliorating hepatocyte lipid peroxidation caused by t-BHP. It
is well established that intracellular GSH, the most important
biomolecule protecting against chemically induced oxidative
stress, can participate in the elimination of reactive intermediates by conjugation and hydroperoxide reduction. These metabolic pathways could increase cellular reactive metabolites,
which may attack membrane phospholipids, proteins, and nucleic
acids. Thus, antioxidants which can inhibit free radical generation are important in terms of protecting the liver from chemical-induced damage by stabilizing antioxidant systems in the
cell. The present study showed that treatment with t-BHP stimulates ROS overproduction, mitochondrial membrane depolarization (loss of DWm), which in turn activates caspase cascade and
cause reduction in the level of GSH. The data further showed that
cells treated with GA displayed a reduction of t-BHP-induced ROS
generation. Moreover, GSH depletion was inhibited when the
cells were pre-incubated with GA. The results strongly suggest
that the protection accorded by GA against t-BHP-induced hepatotoxicity might be related to its ability to reduce oxidative
stress.
In summary, the present study indicates the protective effect
of GA on cytotoxicity induced by t-BHP in cultured hepatocytes.
t-BHP toxicity is associated with depletion of GSH levels, elevated ROS level, lipid peroxidation, disruption of intracellular
antioxidant defense, depolarization of mitochondrial membrane,
AR-001150
DNA fragmentation, chromatin condensation
as well as release
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Fig. 5. (a) Effect of glycyrrhizic acid on t-BHP induced cell death: monolayer cultures of rat hepatocytes were exposed to t-BHP (250 lM) and 4 lg of Glycyrrhizic acid (37 C;
in cell-culture medium). The occurrence of apoptosis was assessed by the release of lactate dehydrogenase (LDH). Values are mean ± S.E. of 5 determinations in each case.
*
P < 0.05, **P < 0.01, ***P < 0.001. (b) Apoptosis determination: Dual-parameter ﬂow cytograms of FITC-labeled annexin V vs. PI staining of the control as well as treated cells.
Viable hepatocytes were negative for both annexin V and PI (lower left quadrant); early apoptotic hepatocytes were labeled by annexin V, while negative for PI (upper left
quadrant); late apoptotic hepatocytes were positive for both annexin V and PI (upper right quadrant); necrotic hepatocytes were labeled by PI, while negative for annexin V
(lower right quadrant).

of cytochrome c and caspase-activation as evident from this
study. Pre-treatment of GA protected against all these alterations
induced by t-BHP. Quenching the radical species could be one of
the mechanisms involved in its protective action. This effect was
comparable to silymarin, which was used as a positive control.
The present ﬁndings suggest that GA may be used as a natural

antioxidant to protect against oxidative cellular damage caused
by toxic chemicals.
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Interaction of Cr(VI) and ascorbate in vitro generates Cr(V), Cr(IV), Cr(III), carbon-based
alkyl radicals, COO•-, •OH, and ascorbate radicals and induces DNA interstrand cross-links
at guanines. To determine which specific Cr species and free radicals cause DNA damage, we
investigated the effects of mannitol and catalase on the formation of reactive intermediates,
Cr-DNA associations, DNA polymerase-stop sites, and 8-hydroxydeoxyguanosine (8-OHdG)
adducts induced by Cr(VI)/ascorbate in a Hepes buffer. EPR spectra showed that mannitol
trapped reactive Cr(V), forming a stable Cr(V)-diol complex, and inhibited the radicals induced
by Cr(VI)/ascorbate, whereas catalase or heat-denatured catalase enhanced the levels of Cr(V)
without altering the radical signals. Mannitol markedly inhibited the retarded gel electrophoretic mobility of supercoiled plasmids and the formation of DNA polymerase-stop sites
induced by Cr(VI)/ascorbate, but catalase did not. On the other hand, mannitol reduced only
32% of the Cr-DNA adducts induced by Cr(VI)/ascorbate, suggesting that Cr monoadducts
(possibly DNA-Cr-mannitol adducts) are the major lesions generated in the Cr(VI)/ascorbate/
mannitol/DNA solution. Native catalase but not heat-denatured catalase protected ∼25% of
the Cr-DNA adducts induced by Cr(VI)/ascorbate, suggesting that hydrogen peroxide may be
involved. Mannitol could not completely inhibit the formation of 8-OHdG adducts induced by
Cr(VI)/ascorbate, indicating that this DNA damage may be generated before the action of
mannitol to trap Cr(V) and reactive oxygen species. Alternatively, Cr-peroxide intermediates
may also lead to 8-OHdG formation to account for the incomplete prevention by mannitol.
Catalase or heat-denatured catalase partially protected the formation of 8-OHdG adducts
induced by Cr(VI)/ascorbate, suggesting an effect of proteins. Together, the results from this
study suggest that the primary species generated during the reduction of Cr(VI) by ascorbate
are hydroxyl radicals and Cr(V) species, responsible for the formation of 8-OHdG and DNA
cross-links, respectively.

Introduction
Cr exists in many oxidation states, of which hexavalent
Cr is the most effective form for inducing genotoxicity
and carcinogenicity (1, 2). Cr(VI) compounds significantly
increase the risk of respiratory tract cancers (3, 4). Cr(VI)
also induces chromosomal abnormalities, cell transformations, apoptosis, signal transductions, and gene mutations in cultured mammalian cells (5-12). However,
Cr(VI) compounds do not directly attack DNA or nuclei
in vitro (13-15). The genotoxic and carcinogenic effects
of Cr(VI) compounds are associated with their ability to
enter cells rapidly and to be activated through intercellular reduction (16, 17). The cellular components involved
in reducing Cr(VI) include ascorbate, glutathione, hydrogen peroxide, cysteine, DT-diaphorase, cytochrome
P450 reductases, and the mitochondrial electron transport chain (16-25). Upon activation of Cr(VI), several
reactive species are generated, e.g., Cr(V), Cr(IV), Cr(III),
reactive oxygen species (ROS),1 and other free radicals
(16-21). Those Cr intermediates, radicals, and ROS can
subsequently attack macromolecules and lead to DNA
* To whom correspondence should be addressed. Phone: 886-35742756. Fax: 886-3-5721746, E-mail: lsyjl@life.nthu.edu.tw.

damage, e.g., strand breaks, DNA-protein cross-links,
DNA-DNA cross-links, Cr-DNA adducts, and base
modifications in cells (10, 21, 26-30).
Ascorbate is the major reductant of Cr(VI) in rat
kidneys, liver, and lung ultrafiltrates (22). Pretreatment
of Chinese hamster V79 cells with ascorbate increases
the number of Cr(VI)-induced DNA-protein cross-links,
and decreases the number of alkali-labile sites (21).
Ascorbate decreases the clastogenicity of lead chromate
possibly due to eliminated extracellular dissolution and
Cr(VI) uptake in Chinese hamster ovary cells (31).
Interaction of Cr(VI) and ascorbate in vitro generates
Cr(V), Cr(IV), Cr(III), carbon-based alkyl radicals, COO•-,
•
OH, and ascorbate radicals (32-34). The relative amounts
of Cr species and radicals that are produced are dependent on the ratios of ascorbate to Cr(VI) and the reaction
buffer (32, 33). For example, Cr(V), COO•-, •OH, and
carbon-based alkyl radicals are induced by Cr(VI)/ascorbate at roughly equal concentrations, whereas only
1 Abbreviations: ROS, reactive oxygen species; Hepes, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; 8-OHdG, 8-hydroxydeoxyguanosine; DMPO, 5,5-dimethyl-1-pyrroline 1-oxide; ICP-MS, inductively
coupled plasma-mass spectrometer; dG, deoxyguanosine; ECD, electrochemical detection.
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ascorbate radicals are observed when the amount of
ascorbate exceeds that of Cr(VI) (32). Cr(VI)/ascorbate
in a phosphate buffer enhances DNA strand breaks (35)
and apurinic/apyrimidinic sites (36), whereas in a Hepes
buffer, Cr(VI)/ascorbate induces DNA interstrand crosslinks at guanines (37). The levels of Cr(VI)/ascorbateinduced DNA strand breaks (35) and DNA interstrand
cross-links (37) decreased when the amount of ascorbate
increased.
The reactive intermediates generated by Cr(VI)/ascorbate are considered to be the etiology for the induction
of DNA lesions. However, what Cr species and free
radicals cause specific types of DNA damage remain to
be elucidated. In this study, we examined the ability of
Cr(VI)/ascorbate to induce 8-OHdG in DNA, an important
oxidative DNA adduct leading to mutagenesis and carcinogenesis. We also investigated the effects of mannitol
and catalase on the generation of reactive intermediates,
Cr-DNA adducts, DNA polymerase-stop sites, and 8-OHdG adducts induced by Cr(VI)/ascorbate to gain more
insight into the species responsible for the DNA damage.
The results have suggested that ROS and Cr(V) may be
the primary species for inducing 8-OHdG adducts and
DNA cross-links during the interaction of Cr(VI) and
ascorbate in a Hepes buffer.

Experimental Procedures
Materials. Potassium dichromate (>99.95% pure), mannitol
(D-form), and Hepes were purchased from Merck (Darmstadt,
Germany). L-Ascorbate, 5,5-dimethyl-1-pyrroline 1-oxide (DMPO),
and calf thymus DNA (activated type XV) were purchased from
Sigma (St. Louis, MO). Plasmids pSP189 and pZ189 were
provided by M. M. Seidman (Otsuka Pharmaceuticals, Rockville,
MD). Plasmid pGEM3Zf(+) was purchased from Promega
(Madison, WI). Chelex 100 resin (200-400 mesh, sodium form)
was purchased from Bio-Rad Laboratories (Richmond, CA).
Sephadex G-50 columns and catalase were purchased from
Boehringer Mannheim GmbH (Mannheim, Germany). All of the
materials were freshly prepared in Chelex 100-treated MilliQ
water. Hepes was dissolved in MilliQ water at a concentration
of 1 M, and then passed through Chelex 100 resin twice.
EPR Spectroscopy. Mannitol (50 mM) or catalase (800
units/mL) was delivered to an aqueous solution containing 100
mM DMPO, 1 mM K2Cr2O7 [equivalent to 2 mM Cr(VI)], and 2
mM ascorbate. The reaction mixtures were kept at room
temperature for 4 min before the EPR spectra were recorded
using a Bruker ER (type EMX 10/12) spectrometer with a 100
kHz field modulation, a 20 mW microwave power, and a 100 G
scan width. The g values were calculated from calibration
against 1,1-diphenyl-2-picrylhydrazyl (g ) 2.0037) (38). All of
the materials for the EPR analysis were freshly prepared.
Agarose Gel Electrophoresis. Supercoiled plasmids
pGEM3Zf(+) (0.4-2.8 μg) were mixed with K2Cr2O7 and/or
ascorbate in 10 mM Hepes (pH 7.0) in a total volume of 25 μL.
The reaction mixture was incubated at 37 °C for 30 min. In
experiments aimed at determining the effect of ROS scavengers,
either mannitol or catalase was delivered to the DNA solution
before adding K2Cr2O7 and/or ascorbate. At the end of incubation, DNA samples were analyzed using electrophoresis in 0.8%
agarose gels containing ethidium bromide (0.5 μg/mL).
Polymerase-Stop Assay of Cr(VI)/Ascorbate-Treated
DNA. Plasmids pZ189 were treated with EcoRI and purified
as described previously (39). The DNA sample (1.7 μg) was then
treated with Cr(VI)/ascorbate in the presence of either mannitol,
catalase, or heat-denatured catalase in a total volume of 15 μL
as described above. At the end of the reaction, the DNA samples
were drop dialyzed against a 10 mM Hepes buffer for 4 h, and
used as templates for the polymerase-stop assay. The in vitro
DNA polymerase-stop assay was performed using the template,
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[γ-32P]ATP (specific activity of 5000 Ci/mmol), end-labeled
primer 5′-ACGGGGTCTGACG, Sequenase, and four deoxyribonucleotides as described previously (39).
Determination of the Amount of Cr Bound to DNA.
Immediately after treatment, plasmids pSP189 were filtered
through Sephadex G-50 columns at 2700 rpm for 4 min. The
amount of Cr bound to the plasmid was determined using an
ICP-MS (SCIEX ELAN 5000, Perkin-Elmer, Norwalk, CT). The
ICP-MS conditions were as follows: power of 5000 W, plasma
flow rate of 15 L/min, auxiliary flow rate of 0.8 L/min, and
sample flow rate of 0.8 L/min. One set of control experiments
was conducted in which DNA samples were excluded. The
number of Cr molecules bound per 1000 nucleotides was
calculated as the data obtained in the reaction mixtures
containing DNA samples subtracted from those obtained in
mixtures without DNA.
Determination of the Amounts of dG and 8-OHdG. Calf
thymus DNA (100 μg) was treated with Cr(VI)/ascorbate in the
presence of either mannitol, catalase, or heat-denatured catalase
in 10 mM Hepes (pH 7.0) in a total volume of 450 μL. The
reaction was carried out at 37 °C for 30 min and terminated
using ethanol precipitation. The DNA sample was washed once
with 70% ethanol, dried, dissolved in 10 mM Tris-HCl (pH 7.4),
and heated at 100 °C for 3 min. DNA was digested to deoxyribonucleosides, and the amounts of dG and 8-OHdG were
analyzed using HPLC with UV absorbance detection and ECD
(BAS amperometric electrochemical detector, West Lafayette,
IN) as previously described (40). The protection of Cr(VI)/
ascorbate-induced 8-OHdG formation by mannitol, catalase, or
heat-denatured catalase was determined with the equation 1
- [(Xm+a - Xc)/(Xm - Xc)], where Xm is the amount of 8-OHdG
adducts remaining after treatment with Cr(VI)/ascorbate, Xm+a
is the amount of 8-OHdG adducts remaining after treatment
with Cr(VI)/ascorbate and a ROS modulator, and Xc is the
amount of 8-OHdG adducts remaining in the untreated control.

Results
Effects of Mannitol and Catalase on the Cr(VI)/
Ascorbate-Induced EPR Spectrum. EPR spectroscopy
was used to investigate reactive intermediates such as
Cr(V) and radicals generated in an aqueous solution
containing Cr(VI)/ascorbate in the presence of either
mannitol, catalase, or heat-denatured catalase in 10 mM
Hepes buffer (pH 7.0). The spin trap DMPO was added
at a concentration of 100 mM to each reaction mixture.
The EPR spectrum obtained upon reaction of Cr(VI) and
ascorbate at a 1:1 ratio in a solution containing DMPO
showed the presence of Cr(V), DMPO-•OH, DMPOCOO•, DMPO-•C, and DMPO-R• radical adducts (Figure
1A) which confirmed previous reports (32, 34). The signal
intensities of Cr(V) and DMPO-radical adducts decreased slowly when the incubation time increased; e.g.,
the intensities observed 30 min after the reaction were
roughly 60% of those obtained at 4 min (data not shown).
A similar spectrum for Figure 1A was obtained when the
Cr(VI):ascorbate ratio increased to 2:1, whereas only the
ascorbate radical anion (g ) 2.006, AH ) 1.82 G) was
observed at a Cr(VI):ascorbate ratio of 1:2 (data not
shown). DMPO did not affect the signal intensity of the
Cr(V) or the ascorbate radical anion (data not shown).
The signal intensity of Cr(V) increased 3-fold, and the
amounts of DMPO-radical adducts were not significantly
altered by adding native or heat-denatured catalase (800
units/mL) to the 2 mM Cr(VI)/2 mM ascorbate solution
(Figure 1B,C). By contrast, mannitol (50 mM) markedly
increased (∼200-fold) the magnitude of an altered Cr(V)
signal, and inhibited the generation of DMPO-radical
AR-001154
adducts in the Cr(VI)/ascorbate solution (Figure 1D). This
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Figure 1. Effects of mannitol and catalase on the EPR
spectrum generated in the reaction mixture of Cr(VI), ascorbate
(AsA), and DMPO. EPR spectra were generated in an aqueous
solution containing 100 mM DMPO and 2 mM Cr(VI)/2 mM AsA
(spectrum A) in the presence of either mannitol (spectrum D),
catalase (spectrum B), or heat-denatured catalase (spectrum C)
in 10 mM of Hepes buffer (pH 7.0). Spectrum E was obtained
in similar solutions containing 5-fold higher concentrations of
AsA than Cr(VI). The EPR spectrometer settings were as
follows: time constant of 0.16 s, modulation amplitude of 0.5
G, scan times of 168 s, and magnetic field of 3495 ( 100 G. The
receiver gain for all of the spectra was 2 × 105 except for
spectrum D, for which it was 1 × 103. The DMPO adducts in
spectrum A were assigned as DMPO-COO•- (2; AH ) 18.8, AN
) 15.5) and DMPO-•OH (*; AH ) 14.9, AN ) 14.9); two sets of
other carbon-based DMPO-radical adducts are marked with 1
(AH ) 25.7, AN ) 15.5) and b (AH ) 22.8, AN ) 15.8) (32, 34).
The g value for all the DMPO adducts was 2.006. The Cr(V)
species in spectrum A is denoted with a g value of 1.9795.

altered Cr(V) spectrum was similar to that obtained in a
Cr(VI)/fructose system that was assigned to the Cr(V)diol complex (41). The Cr(V)-diol complex observed in
the Cr(VI)/ascorbate/mannitol solution was very stable,
e.g., the intensity remained constant after incubation for
30 min (data not shown). None of the Cr(V), DMPOradical adducts, or ascorbate radical anions were observed in the DMPO solution containing 2 mM Cr(VI)
and a 5-fold greater concentration of ascorbate (Figure
1E). Also, those EPR signals were not induced by either
Cr(VI) or ascorbate under the same conditions (data not
shown).
Effects of Mannitol and Catalase on the Electrophoretic Mobility of Cr(VI)/Ascorbate-Treated DNA.
Gel electrophoresis analysis was adopted to examine the
DNA damage ability of reactive species that generated
during Cr(VI) reduction with ascorbate, and its prevention by ROS modulators. Supercoiled plasmids were
treated with 150 μM Cr(VI)/ascorbate at a 1:1 ratio in
10 mM Hepes buffer (pH 7.0) and analyzed by electrophoresis in agarose gels. The electrophoretic mobilities
of Cr(VI)/ascorbate-treated plasmids were markedly retarded when DNA concentrations were decreased (Figure
2, lanes 1-4). This electrophoretic mobility is different
from the pattern of plasmids linearized with EcoRI
(Figure 2, lanes 5 and 11), indicating that the mobility
shift of Cr(VI)/ascorbate-treated plasmids is not at-
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tributed to DNA strand breaks. The agarose gel patterns
also showed a reduced ethidium bromide fluorescence
intensity of supercoiled plasmids treated with Cr(VI)/
ascorbate at low DNA concentrations (16 ng/μL). Mannitol (50 mM) markedly recovered the retarded gel
mobility of Cr(VI)/ascorbate-treated supercoiled plasmids,
whereas native or heat-denatured catalase did not (Figure 2, lanes 10 and 12-14). Figure 2 also shows that
treatment with neither 150 μM Cr(VI) nor 150 μM
ascorbate alters the electrophoretic mobility of supercoiled plasmids (lanes 8 and 9).
Effects of Mannitol and Catalase on PolymeraseStop Sites Induced by Cr(VI)/Ascorbate. The electrophoretic mobility of supercoiled plasmids altered by
Cr(VI)/ascorbate could be due to unwinding of the negatively supercoiled plasmids, Cr-DNA associations, or
DNA interstrand cross-links. DNA interstrand cross-links
have been implicated in arresting the DNA polymerase
processivity (37). We then adopted the polymerase-stop
assay to determine how Cr(VI)/ascorbate-treated templates interfered with DNA replication and what specific
sites were affected by ROS scavengers. Plasmid pZ189
was digested with EcoRI, purified, and treated with
Cr(VI)/ascorbate in 10 mM Hepes buffer (pH 7.0) in the
presence or absence of mannitol, catalase (500 units/mL),
or heat-denatured catalase. Unbound Cr was removed
using dialysis before the polymerase-stop assay was
carried out. Complete polymerization was verified by the
formation of a full-length, 225-base product in the DNA
sequencing gels. Figure 3 shows that Cr(VI)/ascorbatetreated (150 μM; 1:1) templates did not generate the fulllength DNA products, whereas markedly enhanced radioactivity in the loading well was observed. The enhanced
radioactive signals in the loading wells have been considered as primer-template cross-links (37). Mannitol (50
mM) inhibited the formation of primer-template crosslinks by Cr(VI)/ascorbate. Also, the full-length DNA
product was obtained by mannitol cotreatment (Figure
3). Catalase and heat-denatured catalase partially reduced the intensities of the radioactive signals in the
loading wells, but they did not increase the yield of the
full-length DNA products (Figure 3). The intensities of
radioactive signals observed in either the Cr(VI)- or
ascorbate-treated templates were the same as those
observed in untreated templates (Figure 3).
A lower degree of Cr-mediated cross-links in the
templates was generated to determine the specific polymerase-stop sites. Figure 4 shows that most of the
polymerase-stop sites found in templates (112 ng/μL)
treated with 60 μM Cr(VI)/ascorbate at a 1:1 ratio were
located at the 3′-flanking bases of guanines on the
template strand. No significant polymerase-stop site was
observed in Cr(VI)- or ascorbate-treated templates. Figure 4 also shows that templates treated with 60 μM CrCl3
generated polymerase-stop sites similar to those induced
by Cr(VI)/ascorbate. Mannitol (50 mM) markedly inhibited polymerase-stop sites induced by Cr(VI)/ascorbate
(Figure 4). In contrast, catalase (500 units/mL) and heatdenatured catalase did not significantly affect the patterns of polymerase-stop sites caused by Cr(VI)/ascorbate
(Figure 4). Strong polymerase-stop sites were also observed in an A/T-rich region (positions 132-138) of the
supF templates treated with 60 μM Cr(VI)/ascorbate or
60 μM Cr(III). These A/T-rich polymerase-stop sites were
not significant when a similar reaction was performed
AR-001155
using a higher concentration (267 ng/μL) of Cr(VI)/
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Figure 2. Effects of mannitol and catalase on the electrophoretic mobility of Cr(VI)/AsA-treated supercoiled plasmids. Supercoiled
plasmids pGEM3Zf(+) were allowed to react with 150 μM Cr(VI)/150 μM AsA and analyzed as described in Experimental Procedures
(lanes 1-4 and 10). The concentration of plasmids in all of the reaction samples was 16 ng/μL, except for the concentrations of the
samples in lanes 2-4 which were 48, 80, and 112 ng/μL, respectively. The amount of plasmids per lane was 400 ng. Lanes 6 and 7
contained untreated plasmids. Lanes 8 and 9 contained plasmids treated with Cr(VI) (150 μM) and AsA (150 μM), respectively.
Lanes 5 and 11 contained plasmids linearized using EcoRI (one cut). Lanes 12-14 contained plasmids treated with 150 μM Cr(VI)/
150 μM AsA in the presence of either mannitol (50 mM), catalase (40 units/mL), or heat-denatured catalase.

Figure 3. Effects of mannitol and catalase on the primertemplate cross-link formation and inhibition of DNA synthesis
by Cr(VI)/AsA. Linear double-stranded DNA (112 ng/μL) was
treated with 150 μM Cr(VI)/150 μM AsA in the presence of either
mannitol, catalase, or heat-denatured catalase, and subjected
to the polymerase-stop assay as described in Experimental
Procedures. Complete DNA synthesis was verified by the
observation of a full-length, 225-base product in DNA sequencing gels. The enhanced radioactive signals in the loading wells
obtained in Cr(VI)/AsA-treated DNA represent primer-template
cross-links. C represents data obtained from the untreated
control plasmids.

ascorbate-treated (data not shown) or Cr(III)-treated
templates (39), although the majority of polymerase-stop
sites still occurred at guanine residues in DNA templates.
Effects of Mannitol and Catalase on the Formation of 8-OHdG Adducts Induced by Cr(VI)/Ascorbate. 8-OHdG is an important oxidative DNA adduct
leading to mutagenesis and carcinogenesis. The ability
of Cr(VI)/ascorbate to induce 8-OHdG formation in calf
thymus DNA in 10 mM Hepes buffer (pH 7.0) was
determined using HPLC/UV/ECD. Figure 5A shows that
the amount of 8-OHdG adducts in the DNA markedly
increased when an equal ratio of the Cr(VI) and ascorbate
concentrations was increased (150 μM to 2 mM, in a
1:1 ratio). The amounts of 8-OHdG adducts generated
in Cr(VI)/ascorbate-treated DNA at 150 μM and 2 mM
(1:1 ratio) were 18/105 dG bases and 146/105 dG bases,
respectively. Control experiments with 2 mM Cr(VI) or
ascorbate alone did not enhance 8-OHdG formation in
the DNA at the background level (6.5/105 dG bases).
Coadministrating 50 mM mannitol protected approximately 55 and 28% of the 8-OHdG adducts induced by

150 μM Cr(VI) and 500 μM ascorbate (1:1 ratio), respectively (Figure 5B). Mannitol (50-200 mM) also exhibited
a dose-dependent protection on the 8-OHdG adducts
induced by 1 mM Cr(VI)/ascorbate (Figure 5B). Similarly,
catalase (500-5000 units/mL) and heat-denatured catalase protected 32-54% of the 8-OHdG adducts induced
by 1 mM Cr(VI)/ascorbate (Figure 5B), suggesting that
the prevention of 8-OHdG formation may be due to the
proteins’ effect but not due to the catalase enzymatic
activity.
Effects of Mannitol and Catalase on the Formation of Cr Adducts Induced by Cr(VI)/Ascorbate.
The effects of mannitol and catalase on the formation of
Cr adducts induced by Cr(VI)/ascorbate were determined
using the ICP-MS. Plasmids pSP189 were treated with
various concentrations of Cr(VI) and/or ascorbate in 10
mM Hepes buffer (pH 7.0). Following removal of unbound
Cr ions by Sephadex G-50 gel filtration, the amounts of
Cr bound to plasmids were assayed by the ICP-MS, and
calculated as described in Experimental Procedures. As
shown in Figure 6, the amount of Cr adducts in plasmid
increased linearly when Cr(VI)/ascorbate concentrations
at a 1:1 ratio were increased. Cr adducts formed by 150
μM Cr(VI)/ascorbate were decreased approximately 32%
by adding 50 mM mannitol. Catalase (500 units/ml)
reduced 25% of the Cr adducts formed by 150 μM Cr(VI)/
ascorbate, whereas heat-denatured catalase did not affect
the amounts of Cr(VI)/ascorbate-induced Cr adducts
(Figure 6), suggesting that hydrogen peroxide may be
generated in the reaction mixture and contributes to the
formation of Cr adducts.

Discussion
EPR spectroscopic results have confirmed that Cr(VI)
reduction by ascorbate at stoichiometric ratios can induce
reactive Cr(V) and radicals, including carbon-based,
COO•-, •OH, and ascorbate radicals (32, 34). In the study
presented here, we also demonstrated that interaction
of Cr(VI) with ascorbate generates ROS-related 8-OHdG
adducts in DNA. The highly reactive •OH may be the
primary species produced in the Cr(VI)/ascorbate solution
and then attacks ascorbate to generate ascorbate-derived
AR-001156
COO•- and carbon-based radicals. This could account for
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Figure 5. Effects of mannitol and catalase on the 8-OHdG
adducts induced by Cr(VI)/AsA. (A) Calf thymus DNA (222 ng/
μL) was allowed to react with Cr(VI) and AsA at a 1:1 ratio in
10 mM Hepes buffer (pH 7.0) at 37 °C for 30 min. (B) Mannitol,
catalase, or heat-denatured catalase was added to the DNA
solutions containing Cr(VI) before the addition of AsA. The DNA
sample was precipitated by ethanol and digested to the nucleoside level for the 8-OHdG analysis. The degree of protection was
calculated as described in Experimental Procedures. Results
were obtained from two to eight experiments, and the bars
represent the SEM.

Figure 4. Effects of mannitol and catalase on the polymerasestop sites generated in Cr(VI)/AsA-treated templates. Linear
double-stranded DNA (112 ng/μL) was treated with 60 μM
Cr(VI)/60 μM AsA in the presence of either mannitol, catalase,
or heat-denatured catalase, and subjected to the polymerasestop assay as described in Experimental Procedures. The
polymerase-stop assay was also performed using a DNA template treated with 60 μM CrCl3. The numbers shown on the left
side of lane 1 are the positions of the supF gene coding region.
M represents markers obtained from the DNA sequencing
reaction of untreated plasmids using dideoxycytosine triphosphate and four deoxyribonucleotides (lane 2). C represents data
obtained from the untreated control plasmids (lane 9).

the fact that the intensity of DMPO-•OH observed in
Cr(VI)/ascorbate is much lower than that of carbon-based
DMPO-radical adducts. We further demonstrated that
mannitol induces a stable Cr(V)-diol signal at a marked
high intensity and inhibits the DMPO-radical adducts
generated during Cr(VI) reduction by ascorbate in the
Hepes buffer. Here, mannitol may act as a Cr(V) trapper
more efficiently than as a ROS scavenger, and prevents
Cr(V) from participating in the subsequent redox cycle.
Mannitol inhibits only 32% of Cr adducts formed by
Cr(VI)/ascorbate, whereas it inhibits markedly the formation of DNA cross-links and polymerase-stop sites,
suggesting that Cr monoadducts are the major DNA
lesions generated in the Cr(VI)/ascorbate/mannitol/DNA
solution. During Cr(VI) reduction by ascorbate, the
reactive Cr(V) may associate with DNA and mannitol,
forming DNA-Cr(V)-mannitol monoadducts that do not
generate further DNA cross-links. The speculation also
agrees with the notion that Cr monoadducts do not
induce polymerase-stop sites (39). Mannitol exhibits dosedependent inhibition of the 8-OHdG adducts generated
AR-001157
in Cr(VI)/ascorbate-treated DNA; however, ∼30-40% of
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Figure 6. Effects of mannitol and catalase on the Cr adducts
formed in Cr(VI)/AsA-treated plasmids. Plasmids pSP189 (112
ng/μL) were treated with various concentrations of Cr(VI) and/
or AsA in the presence of either mannitol, catalase, or heatdenatured catalase. The reaction was performed at 37 °C for
30 min in 10 mM Hepes buffer (pH 7.0). The samples were
purified, and the amount of Cr bound to the plasmid was
determined using the ICP-MS as described in Experimental
Procedures. Results were obtained from two or three experiments, and the bars represent the SEM.

these adducts still existed even when very high amounts
of mannitol were used. This finding suggests that 8-OHdG adducts may be generated before the action of
mannitol to trap Cr(V) and reactive oxygen species
induced by Cr(VI)/ascorbate. Alternatively, Cr-peroxide
intermediates may also lead to 8-OHdG formation to
account for the incomplete prevention by mannitol.
On the other hand, catalase or heat-denatured catalase
increases the intensity of the reactive Cr(V) signal
without altering the intensities of DMPO-radical adducts induced by Cr(VI)/ascorbate, suggesting that hydrogen peroxide is not involved in the generation of
radicals in this solution. Catalase or heat-denatured
catalase protects 32-54% of the 8-OHdG adducts formed
by Cr(VI)/ascorbate, suggesting that proteins may partially inhibit the formation of this ROS adduct. Cr is
known to induce DNA-protein complexes (26, 28, 30).
Native or heat-denatured catalase may bind to the
reactive Cr species, forming Cr-mediated DNA-protein
complexes that could decrease the accessibility of •OH
generated during Cr(VI) reduction by ascorbate, thereby
partially preventing the formation of 8-OHdG. However,
native or heat-denatured catalase does not decrease the
level of formation of DNA polymerase-stop sites, suggesting that Cr-mediated DNA-protein complexes may
also arrest DNA replication and generate DNA polymerase-stop sites. The native form of catalase can reduce
25% of Cr-DNA associations induced by Cr(VI)/ascorbate, but heat-denatured catalase does not. These results
suggest that hydrogen peroxide may be partially involved
in the formation of Cr monoadducts.
The formation of DNA polymerase-stop sites by Cr(VI)/
ascorbate in a Hepes buffer agrees with a previous report
by Bridgewater et al. (37), indicating that Cr-mediated
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DNA cross-links occur at guanine residues in DNA
templates. This specificity is consistent with the fact that
Cr has a high affinity for guanine (13, 14). The polymerase-stop sites are possibly not derived from the
8-OHdG lesions because these nonbulky adducts permit
efficient bypass synthesis both in vitro (42) and in vivo
(43). Additionally, high ratios of ascorbate to Cr(VI)
significantly blocked the formation of reactive Cr(V) and
radicals, and decreased the level of DNA cross-links,
whereas the total number of Cr residues in DNA remained unchanged (37) or slightly increased.2 This
observation may be attributed to excess ascorbate that
causes more of the Cr(VI) to be reduced by a two-electron
process (33), and suggests that Cr(V) may be the primary
species inducing polymerase-stop sites in the Cr(VI)/
ascorbate solution. Excess ascorbate could act as a radical
scavenger and may coordinate with Cr monoadducts, and
thereby suppress the formation of DNA cross-links. A
scenario is proposed in which the reactive Cr(V) may
associate with DNA particularly at guanines during
Cr(VI) reduction by ascorbate, and then redox centers
and radicals are generated in situ, resulting in base
damage, such as 8-OHdG. Also, the different oxidative
states of Cr, i.e., Cr(V), Cr(IV), and Cr(III), associated
with DNA guanines are produced through redox cycles.
This model may also account for the spectrum of DNA
polymerase-stop sites generated by Cr(VI)/ascorbate that
is similar to that induced by Cr(III) (Figure 4). Although
Cr(III) induces DNA polymerase-stop sites, it is a stable
species in the presence of ascorbate because the amounts
of •OH radicals and 8-OHdG adducts induced by Cr(III)/
hydrogen peroxide are significantly reduced by ascorbate
(40, 44).
Interestingly, in a phosphate buffer, Cr(VI)/ascorbate
does not significantly alter the electrophoretic mobility
of plasmids,2 although the EPR signals of reactive Cr(V)
and radicals are the same as those observed in a Hepes
buffer (32). Previously, we have shown that buffer
environments affect the types of Cr(III)-DNA associations; i.e., DNA polymerase-stop sites are observed in
templates treated with Cr(III) in Tris but not phosphate
buffers (39). Cr monoadducts are able to form DNA crosslinks in Hepes or Tris buffers. However, the formation
of DNA cross-links may be suppressed when Cr monoadducts are coordinated with phosphate ions present in the
buffers because Cr also has a high affinity for phosphate
(13-15). Conversely, single-strand DNA breaks were not
significantly induced by Cr(VI)/ascorbate in a Hepes
buffer (Figure 2), although these lesions can be generated
in plasmids treated with Cr(VI)/ascorbate in a phosphate
buffer2 (35). Hepes may scavenge the reactive species,
leading to the formation of DNA strand breaks.
In conclusion, we have demonstrated that mannitol
forms a stable complex with Cr(V) that could inhibit the
generation of radicals through the Cr(V) redox center,
and thereby significantly reduces the level of formation
of DNA cross-links, and 8-OHdG adducts in DNA induced
by Cr(VI)/ascorbate. The results suggest that the primary
species induced by Cr(VI) reduction with ascorbate are
•OH and Cr(V) that lead to the formation of 8-OHdG
adducts and DNA cross-links, respectively. Results of
catalase studies suggest that hydrogen peroxide may not
participate in the formation of radicals, Cr(V), DNA crosslinks, and 8-OHdG adducts induced by Cr(VI)/ascorbate,
2

Unpublished results.
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whereas it may be involved in the formation of Cr
monoadducts. Native or heat-denatured catalase partially
prevents the formation of 8-OHdG adducts, but they do
not decrease the levels of radicals generated by Cr(VI)/
ascorbate, suggesting that Cr-mediated DNA-protein
complexes are less accessible for ROS. However, these
Cr-mediated DNA-protein complexes may generate polymerase-stop sites. Together, this study suggests that
8-OHdG adducts and DNA cross-links could be the major
adducts induced by Cr(VI)/ascorbate, leading to mutagenesis and carcinogenesis.

Acknowledgment. This work was supported by
Grant NSC86-2113-M007-006 from the National Science
Council, Republic of China.

References
(1) De Flora, S., Bagnasco, M., Serra, D., and Zanacchi, P. (1990)
Genotoxicity of chromium compounds. A review. Mutat. Res. 238,
99-172.
(2) Snow, E. T. (1992) Metal carcinogenesis: mechanistic implications. Pharmacol. Ther. 53, 31-65.
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ADMINISTRATIVE SUMMARY
The purpose of the study was to evaluate the role of the NTX study product in supporting
healthy liver parameters during alcohol consumption.
The results of the study suggest that the study product may play a protective role in supporting
improved liver health during alcohol consumption. This is supported by statistically significant
increases in markers of acute liver injury in the Placebo group only, as well as increases in
glutathione levels in the Active group that were over 10-fold higher than the changes in the
Placebo group. In conclusion, these results suggest that consumption of NTX during alcohol
consumption may support improved liver health compared to drinking alcohol alone.
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STUDY SYNOPSIS
PROTOCOL CODE

CHIG1000

PROTOCOL TITLE

Hepatoprotective effects of a Proprietary Product During Alcohol Consumption

STUDY DESIGN

A randomized, double-blind, placebo-controlled, crossover, adaptive-design study.

STUDY PURPOSE

This study was designed to evaluate the role of the proprietary NTX product in liver
protection during alcohol consumption.

CLINICAL PHASE

II

NUMBER OF CENTERS

1
The study duration was up to 60 days for each subject.
ARM 1
ARM 2
V1 – Screening Visit (Day -7)
V13.75
V2 – Overnight 1
V14 – Overnight 1
V3 – Overnight 2
V15 – Overnight 2
V4 – Overnight 3
V16 – Overnight 3
V5 – Overnight 4
V17 – Overnight 4
V6 – Overnight 5
V18 – Overnight 5
V7 – Overnight 6
V19 – Overnight 6
V8 – Overnight 7
V20 – Overnight 7
V9 – Overnight 8
V21 – Overnight 8
V10 – Overnight 9
V22 – Overnight 9
V11 – Overnight 10
V23 – Overnight 10
V12 – Overnight 11
V24 – Overnight 11
V13 – Overnight 12 – End of Arm 1
V25 – Overnight 12 – End of Arm 2
V13.5 – Follow-up Visit
V25.5 – Follow-up Visit – End of Study
x Healthy volunteers 21 and 50 years of age.
x Body Mass Index (BMI) 23 and 29 kg/m2
x Subjects who are social drinkers
o Subjects who consume alcohol on at least 1-2 occasions per week
x Judged by the Investigator to be in general good health on the basis of medical
history.
x Females of child bearing potential must agree to use appropriate birth control
methods during the entire study period.
x Agree not to initiate any new exercise or diet programs during the entire study period.
x Agree not to change their current diet or exercise program during the entire study
period.
x Understands the study procedures and signs forms providing informed consent to
participate in the study and authorization for release of relevant protected health
information to the study investigator.
x Subjects who are pregnant and/or lactating
x Subjects with any liver condition including hepatitis, fatty liver, liver disease
x Subjects with history or record of aggressive or violent behavior
NONE

STUDY PERFORMANCE

INCLUSION CRITERIA

EXCLUSION CRITERIA
RESCUE MEDICATION
INVESTIGATIONAL
PRODUCTS

x NTX Product
x Placebo
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PRIMARY ENDPOINT

The primary objective was to evaluate the hepatoprotective properties of the NTX
Product during alcohol consumption.
x Liver Function Tests
x Change in glutathione levels
x Comprehensive Metabolic Panel

PRIMARY
ENDPOINT
MEASURED VIA

x In-Clinic Laboratory Assessments

PRIMARY OBJECTIVE

SAMPLE SIZE

This study enrolled a total of 12 subjects
o n=6 males
o n=6 females
Due to the crossover nature of the study, the effective sample size was n=24 subjects
who completed the study.
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1. ETHICS
1.1. IRB APPROVAL
Initial IRB approval of the protocol was granted on December 20, 2013 by the MaGil IRB
(Rockville, MD). All recruitment materials were approved by the IRB prior to use.

1.2. PROTOCOL AMENDMENT
The protocol was amended two (2) times. Dates and changes of protocol were as follows:
AMENDMENT 1 ±JANUARY 21, 2014
x
x
x
x
x

Date of Protocol Changed to January 13, 2014
Added V13.5 and V25.5 to the Protocol Summary
Modified the Study Flow Chart.
Laboratory Tests: CMP ± No longer being dUDZQ³[´EXW³[´LQVWHDG
$GGHG³6WXG\3URGXFW'LVSHQVLQJ´DQG³%UHDWKDO\]HU´WRWKHYLVLWVLQWKH9LVLWVDQG6FKHGXOH
These were already part of the study, but were left out of the Visits and Schedule.
x Visits V13.5 and V25.5 were added to the Visits and Schedule.
x Investigational Study Product instructions have been modified 7R ³The alcohol will be premixed with the study product.´

AMENDMENT 2 ±FEBRUARY 18, 2014
x Date of Protocol Changed to February 17, 2014
x Added V13.75 to serve the same as V1; To check liver function test (via CMP) and Urine
pregnancy test.
x Additional blood at V2, V13.5, V14 and V25 were added tobe stored for long term -80C
freezer storage.
x  &RQFRPLWDQW 0HGLFDWLRQ ³'UXJV OLNH DFHWDPLQRSKHQ LEXSURIHQ RU DQ\ PHGLFDWLRQ
should be takHQRQO\DIWHUFRQVXOWDWLRQZLWKWKH3ULQFLSDO,QYHVWLJDWRU´
x Amount of blood was adjusted to include the added visit.
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1.3. ETHICAL CONDUCT OF THE STUDY
This study followed accepted ethical, scientific and medical standards that protect the rights of
participants. Prior to initiation of any study procedures, the study required informed consent from
all study participants, and the review and approval of study protocols, by an independent ethics
committee. As part of the consent process, clinical study participants were informed about the
risks and benefits of participating in a study.
Before starting the study clinical investigators and site medical staff were trained on the protocol,
ethical standards and good clinical practice obligations. Pre-study assessments of the clinical
research facilities were conducted to determine their ability to conduct the studies to GCP
standards and in accordance with our internal procedures.
Monitoring of studies was performed by clinical research monitors, who assessed whether
investigators are following the protocol for the study, international good clinical practice
requirements, local regulatory requirements, and company policies and procedures.
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2. ADMINISTRATIVE STRUCTURE
This study was conducted under the sponsorship of Chigurupati Technologies Private Limited
.The study design and protocol writing were collaborative efforts between Chigurupati Technologies
Private Limited and Medicus Research LLC, the Contract Research Organization (CRO) chosen to
run the clinical operations of this study.
The protocol was approved by the MaGil IRB (Rockville, MD) prior to the initiation of any study
related procedures.
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3. INTRODUCTION
3.1. OVERVIEW
Alcohol metabolism is a two-step process. Alcohol dehydrogenase metabolizes alcohol to
acetaldehyde then aldehyde dehydrogenase (ALDH) and glutathione metabolizes acetaldehyde
to acetate. When large amounts of alcohol are consumed, the supply of glutathione quickly runs
out causing acetaldehyde to build up as the liver synthesizes more glutathione. At high
concentrations, acetaldehyde causes toxic effects including rapid pulse, sweating, skin flushing,
nausea, and vomiting[1].
Additionally, excess alcohol results to inhibition of glutamine production, a naturally occurring
stimulant in the body. Upon cessation of drinking, the body overproduces glutamine and this
increased production of glutamine can lead to the stimulation of the brain, contributing to a
restless night and feelings of fatigue and anxiety[2].
*OXWDWKLRQHLVRQHRIWKHERG\¶VPRVWLPSRUWDQWDQWLR[LGDQWSOD\LQJDQLPSRUWDQWUROHLQDOFRKRO
detoxification. The supply of glutathione in the liver may be exhausted from binding to
metabolites produced during alcohol detoxification in the liver. Therefore, it is important to have
sufficient amounts of glutathione in the body for other regulatory processes aside from alcohol
metabolism [3]. In an in vitrostudy on rats, it was demonstrated that glutathione-enriched yeast
reduced the blood concentrations of alcohol and acetaldehyde by modulating alcoholmetabolizing enzymes as well as exhibiting antioxidant activity[4].
This randomized, double-blind, placebo-controlled, crossover, adaptive-design study aims to
use evaluate the role of the NTX study product in supporting healthy liver parameters during
alcohol consumption. The study enrolled 12 subjects and, given the crossover nature of the
study, resulted in an effective sample size of 24.
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4. STUDY OBJECTIVE
This study was designed to evaluate the role of the proprietary NTX study product on protective
the liver from injury during alcohol consumption.

4.1. PRIMARY OBJECTIVE
The primary objective was to evaluate the hepatoprotective properties of the NTX Product
during alcohol consumption.
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5. INVESTIGATIONAL PLAN
5.1. STUDY DESIGN AND PLAN
This was a sixty (60) day randomized, double-blind, placebo-controlled, crossover, adaptivedesign study. The research was expected to generate pilot data from which future effect size
calculations would be made. The study was conducted at the StayWell Research clinical
research site located in Northridge, CA.

5.2. RECRUITMENT AND ENROLLMENT
The following recruitment methodologies were implemented to identify subjects for the study.
A. 2QOLQH5HFUXLWPHQW
x 2QOLQHDGYHUWLVLQJZDVUDQDOPRVWGDLO\WKURXJKRXWWKHVWXG\UHFUXLWPHQWSHULRG
B. 'DWDEDVH
x 5HFUXLWPHQWGDWDEDVHZDVVHDUFKHGWRLGHQWLI\SRWHQWLDOO\HOLJLEOHVXEMHFWV

5.3. SELECTION OF STUDY POPULATION
Healthy subjects  DQG  years of age were recruited for the study in the usual manner
(databases, advertisements, etc.). The subjects were phone-screened prior to scheduling a
screening visit.
5.3.1.
x
x
x
x
x
x
x
x
x

5.3.2.
x
x
x

INCLUSION CRITERIA:

+HDOWK\YROXQWHHUVDQG\HDUVRIDJH
%RG\0DVV,QGH[ %0, DQGNJP
Subjects who are social drinkers
Subjects who consume alcohol on at least 1-2 occasions per week
Judged by the Investigator to be in general good health on the basis of medical
history.
Females of child bearing potential must agree to use appropriate birth control
methods during the entire study period.
Agree not to initiate any new exercise or diet programs during the entire study
period.
Agree not to change their current diet or exercise program during the entire study
period.
Understands the study procedures and signs forms providing informed consent
to participate in the study and authorization for release of relevant protected
health information to the study investigator.
EXCLUSION CRITERIA:

Subjects who are pregnant and/or lactating
Subjects with any liver condition including hepatitis, fatty liver, liver disease
Subjects with history or record of aggressive or violent
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5.4. STUDY PROCEDURES
The study duration for an individual was sixty (60)days and a total of 28 visits for this study.
5.4.1.

VISIT 1 ± (DAY-7) ± ARM 1

Subjects arrived at the clinic fasted for 10 hours
Informed Consent: At this initial Screening Visit (V1) all potential subjects received a
written Informed Consent Document (ICD) to review and discuss with clinic staff and
their families. Prior to any screening procedures, all potential subjects signed the ICD
and were given a copy of the form. Subjects were reminded that study participation was
voluntary.
Inclusion / Exclusion Criteria: Subjects who agreed to participate in the Study and
who signed the ICD were screened and were determined if they met the Eligibility
Criteria.
Demographic Data: Baseline characteristics including Age, Sex, Race, and Marital
Status were obtained.
Medical History: Subjects were interviewed regarding prior medical history, date of
onset of smoking history, status of health, including a verbal review of systems.
Prior and Concomitant Medications: Subjects were interviewed regarding their
complete history of all medications ever taken. Subjects were instructed regarding
permitted and prohibited concomitant medications.
Physical Examination: A general physical examination including all major organ
systems was performed.
Vital Signs: Vital signs were assessed including heart rate, respiratory rate, blood
pressure, and temperature.
Anthropometric Measures: Subjects were measured to obtain information on their
Height, Weight, and BMI.
Randomization: Subjects who met all of the study inclusion criteria and none of the
exclusion criteria were assigned a randomization number.
Laboratory Assessments: The following laboratory assessments were conducted at
this visit. (Total amount of blood drawn at this visit is 8 mL or 0.5 tablespoons):
x Urine Collection: Urine pregnancy test (Females of Child Bearing Potential)
x Blood Collection: CMP (Including Liver Function Tests)
5.4.2.

VISIT 2 ± (OVERNIGHT 1) ± ARM 1

Intercurrent Medical History and Concomitant Medication History: Subjects were
interviewed by the clinic staff to determine whether there had been any changes in their
medical history, whether they had started taking any new medications.
Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
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VitalSigns: Vital signs were assessed including heart rate, respiratory rate, blood
pressure, and temperature.
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Laboratory Assessments: The following laboratory assessments were conducted at
this visit (Total amount of blood drawn at this visit was 68 mL or 4.6 tablespoons):
x Glutathione (GSH)
x CMP (Including Liver Enzymes: AST, ALT, GGT, Alkaline Phosphatase)
Cognitive Function Assessments: Subjects conducted
Assessments every hour for 4 hours after subjects wake up.

Cognitive

Function

Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
Visit Schedule: Below was the schedule for visit.
First and Last
Night of Each
Arm²
Visit Schedule
Dispense
Standardized
Dinner
Dispense Study
Product or
Commercially
Available Alcohol
Blood Draw for
Liver Enzymes
Blood Draw for
Glutathione

Time= Time=
Time=
Time=
Time=0
Time=1
Time=2 Time=10 Time=11 Time=12 Time=13
(-1)
(-0.5)
0.5
1.5
Hours
Hour
Hours Hours Hours Hours Hours
Hour Hours
Hours
Hours
x

x

x
x

Breathalyzer
Scales and
Questionnaires
Cognitive Function
Assessments

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

1

Note : Subjects will consume alcohol until blood alcohol level reaches 0.12%
Note2: Termination of alcohol consumption when blood alcohol level reaches 0.12% — at approximately 2-hours after onset of
alcohol consumption
Note3: After reaching 0.12% blood alcohol level, subjects will be allowed to sleep
Note4: Subjects must remain in the clinic the following morning until their blood alcohol level reaches 0.0%
* Include reserve serum and plasma samples for long term -80C freezer storage
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5.4.3.

VISIT 3 ± (OVERNIGHT 2) ± ARM 1

Intercurrent Medical History and Concomitant Medication History: Subjects were
interviewed by the clinic staff to determine whether there had been any changes in their
medical history, whether they had started taking any new medications.
Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
Visit Schedule: Below was the schedule for visit.
Visit 3 to 6 ±
Visit Schedule
Dispense
Standardized
Dinner
Dispense Study
Product or
Commercially
Available Alcohol

Time= Time=
Time=
Time=
Time=0
Time=1
Time=2 Time=10 Time=11 Time=12 Time=13
(-1)
(-0.5)
0.5
1.5
Hours
Hour
Hours Hours Hours Hours Hours
Hour Hours
Hours
Hours
x

x

Breathalyzer
Scales and
Questionnaires

x

x

x

x

x

x

x
x

x
x

x

x

1

Note : Subjects consumed alcohol until blood alcohol level reaches 0.12%
Note2: Termination of alcohol consumption when blood alcohol level reaches 0.12% — at approximately 2-hours after onset of
alcohol consumption
Note3: After reaching 0.12% blood alcohol level, subjects were allowed to sleep
Note3: Subjects remained in the clinic the following morning until their blood alcohol level reaches 0.0%

5.4.4.

VISIT 4 ± (OVERNIGHT 3) ± ARM 1

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
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Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
5.4.5.

VISIT 5 ± (OVERNIGHT 4) ± ARM 1

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
5.4.6.

VISIT 6 ± (OVERNIGHT 5) ± ARM 1

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
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x

Sleep Quality Scales and Questionnaires

5.4.7.

VISIT 7 ± (OVERNIGHT 6) ± ARM 1

Intercurrent Medical History and Concomitant Medication History: Subjects were
interviewed by the clinic staff to determine whether there had been any changes in their
medical history, whether they had started taking any new medications.
Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
VitalSigns: Vital signs were assessed including heart rate, respiratory rate, blood
pressure, and temperature.
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Laboratory Assessments: The following laboratory assessments were conducted at
this visit (Total amount of blood drawn at this visit was 68 mL or 4.6 tablespoons):
x Glutathione (GSH)
x CMP (Including Liver Enzymes: AST, ALT, GGT, Alkaline Phosphatase)
Cognitive Function Assessments: Subjects conducted
Assessments every hour for 4 hours after subjects wake up.

Cognitive

Function

Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
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Visit Schedule: Below was the schedule for visit.
First and Last
Night of Each
Arm²
Visit Schedule
Dispense
Standardized
Dinner
Dispense Study
Product or
Commercially
Available Alcohol
Blood Draw for
Liver Enzymes
Blood Draw for
Glutathione

Time= Time=
Time=
Time=
Time=0
Time=1
Time=2 Time=10 Time=11 Time=12 Time=13
(-1)
(-0.5)
0.5
1.5
Hours
Hour
Hours Hours Hours Hours Hours
Hour Hours
Hours
Hours
x

x

x

x

x

Breathalyzer

x

Scales and
Questionnaires
Cognitive Function
Assessments

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

1

Note : Subjects consumed alcohol until blood alcohol level reaches 0.12%
Note2: Termination of alcohol consumption when blood alcohol level reaches 0.12% — at approximately 2-hours after onset of
alcohol consumption
Note3: After reaching 0.12% blood alcohol level, subjects were allowed to sleep
Note3: Subjects remained in the clinic the following morning until their blood alcohol level reaches 0.0%
* Include reserve serum and plasma samples for long term -80C freezer storage

5.4.8.

VISIT 8 ± (OVERNIGHT 7) ± ARM 1

Intercurrent Medical History and Concomitant Medication History: Subjects were
interviewed by the clinic staff to determine whether there had been any changes in their
medical history, whether they had started taking any new medications.
Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
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Visit Schedule: Below was the schedule for visit.
First and Last
Night of Each
Arm²
Visit Schedule
Dispense
Standardized
Dinner
Dispense Study
Product or
Commercially
Available Alcohol

Time= Time=
Time=
Time=
Time=0
Time=1
Time=2 Time=10 Time=11 Time=12 Time=13
(-1)
(-0.5)
0.5
1.5
Hours
Hour
Hours Hours Hours Hours Hours
Hour Hours
Hours
Hours
x

x

Breathalyzer
Scales and
Questionnaires

x

x

x

x

x

x

x
x

x
x

x

x

1

Note : Subjects consumed alcohol until blood alcohol level reaches 0.12%
Note2: Termination of alcohol consumption when blood alcohol level reaches 0.12% — at approximately 2-hours after onset of
alcohol consumption
Note3: After reaching 0.12% blood alcohol level, subjects were allowed to sleep
Note3: Subjects remained in the clinic the following morning until their blood alcohol level reaches 0.0%

5.4.9.

VISIT 9 ± (OVERNIGHT 8) ± ARM 1

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
5.4.10. VISIT 10 ± (OVERNIGHT 9) ± ARM 1

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
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Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
5.4.11. VISIT 11 ± (OVERNIGHT 10) ± ARM 1

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
5.4.12. VISIT 12 ± (OVERNIGHT 11) ± ARM 1

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
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5.4.13. VISIT 13 ± (OVERNIGHT 12) ± ARM 1

Intercurrent Medical History and Concomitant Medication History: Subjects were
interviewed by the clinic staff to determine whether there had been any changes in their
medical history, whether they had started taking any new medications.
Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
VitalSigns: Vital signs were assessed including heart rate, respiratory rate, blood
pressure, and temperature.
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Laboratory Assessments: The following laboratory assessments were conducted at
this visit (Total amount of blood drawn at this visit was 68 mL or 4.6 tablespoons):
x Glutathione (GSH)
x CMP (Including Liver Enzymes: AST, ALT, GGT, Alkaline Phosphatase)
Cognitive Function Assessments: Subjects conducted
Assessments every hour for 4 hours after subjects wake up.

Cognitive

Function

Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
5.4.14. VISIT 13.5 ± (OVERNIGHT 1) ± ARM 2

This visit was scheduled between 44 to 52 hours after departing the clinic at V13.
Laboratory Assessments: The following laboratory assessments were conducted at
this visit (Total amount of blood drawn at this visit was 68 mL or 4.6 tablespoons):
x Glutathione (GSH)
x CMP (Including Liver Enzymes: AST, ALT, GGT, Alkaline Phosphatase)
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5.4.15. WASHOUT PERIOD

There were a four-week washout between ARM 1 and ARM 2.
5.4.16. VISIT 13.75

Subjects arrived at the clinic fasted for 10 hours
Laboratory Assessments: The following laboratory assessments were conducted at
this visit. (Total amount of blood drawn at this visit is 8 mL or 0.5 tablespoons):
x Urine Collection: Urine pregnancy test (Females of Child Bearing Potential)
x Blood Collection: CMP (Including Liver Function Tests)
5.4.17. VISIT 14 ± (OVERNIGHT 1) ± ARM 2

Intercurrent Medical History and Concomitant Medication History: Subjects were
interviewed by the clinic staff to determine whether there had been any changes in their
medical history, whether they had started taking any new medications.
Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
VitalSigns: Vital signs were assessed including heart rate, respiratory rate, blood
pressure, and temperature.
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Laboratory Assessments: The following laboratory assessments were conducted at
this visit (Total amount of blood drawn at this visit was 68 mL or 4.6 tablespoons):
x Glutathione (GSH)
x CMP (Including Liver Enzymes: AST, ALT, GGT, Alkaline Phosphatase)
Cognitive Function Assessments: Subjects conducted
Assessments every hour for 4 hours after subjects wake up.

Cognitive

Function

Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
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Visit Schedule: Below was the schedule for visit.
First and Last
Night of Each
Arm²
Visit Schedule
Dispense
Standardized
Dinner
Dispense Study
Product or
Commercially
Available Alcohol
Blood Draw for
Liver Enzymes
Blood Draw for
Glutathione

Time= Time=
Time=
Time=
Time=0
Time=1
Time=2 Time=10 Time=11 Time=12 Time=13
(-1)
(-0.5)
0.5
1.5
Hours
Hour
Hours Hours Hours Hours Hours
Hour Hours
Hours
Hours
x

x

x
x

Breathalyzer
Scales and
Questionnaires
Cognitive Function
Assessments

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

1

Note : Subjects consumed alcohol until blood alcohol level reaches 0.12%
Note2: Termination of alcohol consumption when blood alcohol level reaches 0.12% — at approximately 2-hours after onset of
alcohol consumption
Note3: After reaching 0.12% blood alcohol level, subjects were allowed to sleep
Note3: Subjects remained in the clinic the following morning until their blood alcohol level reaches 0.0%
* Include reserve serum and plasma samples for long term -80C freezer storage

5.4.18. VISIT 15 ± (OVERNIGHT 2) ± ARM 2

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
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Visit Schedule: Below was the schedule for visit.
First and Last
Night of Each
Arm²
Visit Schedule
Dispense
Standardized
Dinner
Dispense Study
Product or
Commercially
Available Alcohol

Time= Time=
Time=
Time=
Time=0
Time=1
Time=2 Time=10 Time=11 Time=12 Time=13
(-1)
(-0.5)
0.5
1.5
Hours
Hour
Hours Hours Hours Hours Hours
Hour Hours
Hours
Hours
x

x

Breathalyzer
Scales and
Questionnaires

x

x

x

x

x

x

x
x

x
x

x

x

1

Note : Subjects consumed alcohol until blood alcohol level reaches 0.12%
Note2: Termination of alcohol consumption when blood alcohol level reaches 0.12% — at approximately 2-hours after onset of
alcohol consumption
Note3: After reaching 0.12% blood alcohol level, subjects were allowed to sleep
Note3: Subjects remained in the clinic the following morning until their blood alcohol level reaches 0.0%

5.4.19. VISIT 16 ± (OVERNIGHT 3) ± ARM 2

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
5.4.20. VISIT 17 ± (OVERNIGHT 4) ± ARM 2

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
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Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
5.4.21. VISIT 18 ± (OVERNIGHT 5) ± ARM 2

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
5.4.22. VISIT 19 ± (OVERNIGHT 6) ± ARM 2

Intercurrent Medical History and Concomitant Medication History: Subjects were
interviewed by the clinic staff to determine whether there had been any changes in their
medical history, whether they had started taking any new medications.
Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
VitalSigns: Vital signs were assessed including heart rate, respiratory rate, blood
pressure, and temperature.
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
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Laboratory Assessments: The following laboratory assessments were conducted at
this visit (Total amount of blood drawn at this visit was 68 mL or 4.6 tablespoons):
x Glutathione (GSH)
x CMP (Including Liver Enzymes: AST, ALT, GGT, Alkaline Phosphatase)
Cognitive Function Assessments: Subjects conducted
Assessments every hour for 4 hours after subjects wake up.

Cognitive

Function

Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
Visit Schedule: Below was the schedule for visit.
First and Last
Night of Each
Arm²
Visit Schedule
Dispense
Standardized
Dinner
Dispense Study
Product or
Commercially
Available Alcohol
Blood Draw for
Liver Enzymes
Blood Draw for
Glutathione

Time= Time=
Time=
Time=
Time=0
Time=1
Time=2 Time=10 Time=11 Time=12 Time=13
(-1)
(-0.5)
0.5
1.5
Hours
Hour
Hours Hours Hours Hours Hours
Hour Hours
Hours
Hours
x

x

x
x

Breathalyzer
Scales and
Questionnaires
Cognitive Function
Assessments

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

1

Note : Subjects consumed alcohol until blood alcohol level reaches 0.12%
Note2: Termination of alcohol consumption when blood alcohol level reaches 0.12% — at approximately 2-hours after onset of
alcohol consumption
Note3: After reaching 0.12% blood alcohol level, subjects were allowed to sleep
Note3: Subjects remained in the clinic the following morning until their blood alcohol level reaches 0.0%
* Include reserve serum and plasma samples for long term -80C freezer storage
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5.4.23. VISIT 20 ± (OVERNIGHT 7) ± ARM 2

Intercurrent Medical History and Concomitant Medication History: Subjects were
interviewed by the clinic staff to determine whether there had been any changes in their
medical history, whether they had started taking any new medications.
Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
Visit Schedule: Below was the schedule for visit.
First and Last
Night of Each
Arm²
Visit Schedule
Dispense
Standardized
Dinner
Dispense Study
Product or
Commercially
Available Alcohol

Time= Time=
Time=
Time=
Time=0
Time=1
Time=2 Time=10 Time=11 Time=12 Time=13
(-1)
(-0.5)
0.5
1.5
Hours
Hour
Hours Hours Hours Hours Hours
Hour Hours
Hours
Hours
x

x

Breathalyzer
Scales and
Questionnaires

x

x

x

x

x

x

x
x

x
x

x

x

Note1: Subjects consumed alcohol until blood alcohol level reaches 0.12%
Note2: Termination of alcohol consumption when blood alcohol level reaches 0.12% — at approximately 2-hours after onset of
alcohol consumption
Note3: After reaching 0.12% blood alcohol level, subjects were allowed to sleep
Note3: Subjects remained in the clinic the following morning until their blood alcohol level reaches 0.0%

5.4.24. VISIT 21 ± (OVERNIGHT 8) ± ARM

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
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Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
5.4.25. VISIT 22 ± (OVERNIGHT 9) ± ARM 2

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
5.4.26. VISIT 23 ± (OVERNIGHT 10) ± ARM 2

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
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x
x

Scales and Questionnaires
Sleep Quality Scales and Questionnaires

5.4.27. VISIT 24 ± (OVERNIGHT 11) ± ARM 2

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
5.4.28. VISIT 25 ± (OVERNIGHT 12) ± END OF ARM 2

Adverse Event Review: Subjects were asked open and standardized questions to
obtain comparable documentation on Adverse Event(s).
VitalSigns: Vital signs were assessed including heart rate, respiratory rate, blood
pressure, and temperature.
Standardized Food Provision: Subjects were provided with a low-fat standardized
dinner and a standardized amount of snacks and fluid. Vodka shots were provided with a
juice or soda chaser.
Study Product Dispensing: Subjects either consumed study product or commercially
available drink according to randomization assignments, at the onset of alcohol
consumption.
Breathalyzer: This device was administered to estimate blood alcohol content from a
breath sample.
Laboratory Assessments: The following laboratory assessments were conducted at
this visit (Total amount of blood drawn at this visit was 68 mL or 4.6 tablespoons):
x Glutathione (GSH)
x CMP (Including Liver Enzymes: AST, ALT, GGT, Alkaline Phosphatase)
Cognitive Function Assessments: Subjects conducted
Assessments every hour for 4 hours after subjects wake up.

Cognitive

Function
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Scales and Questionnaires: The following scales and questionnaires were completed
at this visit:
x Scales and Questionnaires
x Sleep Quality Scales and Questionnaires
Visit Schedule: Below was the schedule for visit.
First and Last
Night of Each
Arm²
Visit Schedule
Dispense
Standardized
Dinner
Dispense Study
Product or
Commercially
Available Alcohol
Blood Draw for
Liver Enzymes
Blood Draw for
Glutathione

Time= Time=
Time=
Time=
Time=0
Time=1
Time=2 Time=10 Time=11 Time=12 Time=13
(-1)
(-0.5)
0.5
1.5
Hours
Hour
Hours Hours Hours Hours Hours
Hour Hours
Hours
Hours
x

x

x
x

Breathalyzer
Scales and
Questionnaires
Cognitive Function
Assessments

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

1

Note : Subjects consumed alcohol until blood alcohol level reaches 0.12%
Note2: Termination of alcohol consumption when blood alcohol level reaches 0.12% — at approximately 2-hours after onset of
alcohol consumption
Note3: After reaching 0.12% blood alcohol level, subjects were allowed to sleep
Note3: Subjects remained in the clinic the following morning until their blood alcohol level reaches 0.0%
* Include reserve serum and plasma samples for long term -80C freezer storage

5.4.29. VISIT 25.5 ± FOLLOW-UP VISIT ± ARM 2 ± END OF STUDY

This visit was scheduled between 44 to 52 hours after departing the clinic at V13.
Laboratory Assessments: The following laboratory assessments were conducted at
this visit (Total amount of blood drawn at this visit was 68 mL or 4.6 tablespoons):
x Glutathione (GSH)
x CMP (Including Liver Enzymes: AST, ALT, GGT, Alkaline Phosphatase)
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6. TREATMENTS
6.1. INVESTIGATIONAL PRODUCTS
The sponsor of the study provided the investigational study product. The product was NTX
product. This product was pre-mixed with 1 shot (1.5 fluid ounces) of vodka in the clinic. The
ingredients were listed in the table below.
6.1.1.

NTX PRODUCT

INSTRUCTION: Consume 1.5 fluid ounces (1 shot) of Vodka pre-mixed with Proprietary NTX Product.
INGREDIENTS:VODKA, PROPRIETARY NTX PRODUCT.
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6.2. PRODUCT DISPENSING
Product was dispensed from the CRO to the research site. A CRO Product Accountability Log
was utilized to track all dispensing of the product to the study site.
Product was dispensed from the study site to the subjects and all dispensing was recorded in
the Site Product Dispensing Log and in the CRF.

6.3. CONCOMITANT MEDICATIONS AND INTERVENTIONS
6.3.1.

PROHIBITED MEDICATIONS AND INTERVENTIONS

The following products and interventions were not permitted while the subject was on the
Study:
x

x
6.3.2.

+DQJRYHU
27&
3URGXFWV
DQG
'LHWDU\
6XSSOHPHQWV6RE¶U-K
HangoverStopper, Chaser, RU- )LUVW &DOO /LYHU*DUG  %X]] 'ULQNHUV
Champion, Hangover Relief, Alcohol Hangover Relief, Morning Glory, Zeo,
HangoverMagic 6REHU 8S ;2 +DQJRYHU .RPEDW 'U +DUULV¶ +DQJRYHU
Defense, HPF: Hangover prevention formula, Drink-Ease, Notox, Hangover
UHOLHISLOOVE\$OND6HOW]HU8QFOH5XPPLH¶V+DQJRYHU+HOSHU5DYLYH6REHUX, BeerNeutralizer, Rebound, GoodbyeHangovers, Hangover Helper,
Pinnacle ± BoozEase, Cheers [Herb Energy Drink], Pregame Hangover Pill,
PreToxx Dietary supplement, Milk thistle, Tolfenamic Acid (TA), Vitamin B6,
Chlormethiazole, Opuntia ficus-indica, Pedialyte, Hair of the dog,
Acetylcysteine, Acetyl-leucine
Drugs like acetaminophen, ibuprofen or any medication should be taken only
after consultation with the Principal Investigator.

ALLOWED MEDICATIONS AND INTERVENTIONS

All medications and non-medicinal interventions were recorded during the entire study
period.
The following products were permitted during the study and were recorded on the
appropriate Study Case Report Form(s):
x

Hormonal Contraception, including oral, patch, or devices
(e.g., hormonal rings or IUDs)

o

At each visit, new concomitant medications or changes of concomitant medicationswere
documented.

6.4. STUDY DRUG ACCOUNTABILITY
The sponsor shipped the study drug to the CRO (Medicus Research, LLC ± Agoura Hills,
California).The CRO shipped the study drug to the clinical site. All study drugs were stored
appropriately, and kept in a secure place until dispensed.Access was restricted to the study
investigator and designated personnel.Study drug was used for this study, and was dispensed
to subjects who were registered on this study and who, per protocol, were scheduled to receive
the study drug.
The clinical research site maintained inventory records of the study drug.
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All investigational study drugs shipped to the clinical site for this clinical trial returned to the
CRO.All used investigational study product (empty containers), as well as all unused study
product were returned to:
Medicus Research
Attn: Inventory Department
28720 Roadside Drive, Suite 310
Agoura Hills, CA 91301
818-882-9442

6.5. COMPLIANCE MONITORING
Compliance was examined by the following:
o

Assessment of compliance with in-clinic dosing,concomitant medications, interim
medical history, and adverse events were assessed.
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7. EFFICACY AND SAFETY ENDPOINTS
7.1. PRIMARY EFFICACY ENDPOINTS
The primary objective was to evaluate the Hepatoprotective properties of the NTX Product
during alcohol consumption.
The primary endpoints included:
x
x
x

Liver Function Tests
Change in glutathione levels
Comprehensive Metabolic Panel
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7.2. SAFETY ENDPOINTS
7.2.1.

SAFETY AND TOLERABILITY WAS ASSESSED BY REVIEWING VITAL SIGNS AND
ADVERSE EVENT REPORTS

7.2.2.

VITAL SIGNS

Blood pressure
Systolic and diastolic blood pressures were PHDVXUHGLQµPP+J¶DWHDFKYLVLW
Heart rate
6XEMHFW¶V KHDUW rate (radial pulse) was measured as beats per minute [bpm] at
each visit.
Body temperature
Body temperature was measured as °F (degrees Fahrenheit) at each visit.
Respiratory Rate
Respiratory rate was measured at each visit as breaths per minute [bpm].
Vital Signs were documented in the CRFs.
7.2.3.

ADVERSE EVENTS (AE)

Frequency and intensity of AE and serious AE were recorded in detail, based on the
interviews during each visit.
To obtain comparable documentation on AEs, the investigator asked the subject the
following open, standard, questions at each visit.
“Have you been seen by any type of doctor (MD, Dentist, Podiatrist, Chiropractor, etc),
gone to an Urgent Care Center or Emergency Room, or experienced any change in your
health since the last visitYes1No2
If Yes, record dates, reasons, etc., in AE Log for this subject.
“Have you started taking any new medications including prescriptions, over the counter,
dietary supplements, herbs, or vitamins since your last visit?”Yes1No2
If Yes, record medications, herbs, supplements, and reasons for taking them in the Concomitant
Medication Log for this subject.
“Have you been taking your study medication as directed every day?”Yes1No2
If No, record dates missed and reasons:
“Do you have any questions at this time?”Yes1No2
If Yes, record questions and answers/follow up:
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8. DATA QUALITY ASSURANCE
Sponsor and the CRO were responsible for implementing and maintaining quality assurance
and quality control systems with written SOPs according to the Guidelines of Good Clinical
Practice (CPMP/ICH/135/95). Quality control was applied to each stage of data handling.
The adherence to quality standards may be inspected by means of independent audits.
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9. DATA ANALYSIS AND STATISTICAL METHODS
9.1. RANDOMIZATION / ENROLLMENT
There were a balanced randomization process in which subjects were randomized in a 1:1 ratio
to either active or placebo.

9.2. BLINDING
The blinding code was created by the statistician and was sealed in 2 envelopes, one of which
will remain with the statistician and one of which was sent to the investigator for use in
emergency unblinding only.

9.3. DATA MANAGEMENT
Data were recorded onto case report forms (CRFs) by clinic staffs. Data derived from diaries,
clinical assessments, questionnaires and other relevant assessments were entered into
([FHOVDIHZRUNVKHHWV3DUDOOHOGXDOGDWD entries were done by data management personnel
across all endpoints. Data validation and reconciliation of parallel entry occurred after the dual
data entry process. The monitoring team compared the values on the original CRFs or source
documents, correcting any discrepancies found. Data files were password-protected by the data
management team for data integrity and confidentiality purposes prior to any analyses made by
the Biostatisticians.

9.4. EXAMINATION OF DATA
All data elements were screened for reasonableness, and all missing, suspicious, or impossible
values were referred back to the monitoring team for query generation and resolution. All
numerical variables were tested for normality, and data found to be substantially non-normally
distributed were analyzed by appropriate non-parametric methods.

9.5. DATALOCK AND UNBLINDING
After all suspicious entries in the database have been resolved; a data lock form was signed by
the Head of Scientific Data Management and Analysis Team to formally lock the database.
Locked database were free from any changes on the data sources and data entries. Data
unlock form should be issued and signed if there were changes needed to reflect or integrate on
the database. The biostatistician then distinguish the product assignments from the
randomization or blinding code and merged them into the database and data tables for
unblinding the data.

9.6. DESCRIPTIVE SUMMARIZATION
Descriptive measures such as n, means, standard deviations, and standard errors of means
were processed for each numeric endpoint on all visits. Percentage changes were used to
quantify increase or decrease of endpoints from baseline for each arm. On the other hand,
categorical endpoints were presented as frequency tables, with corresponding percentages.

9.7. STATISTICAL ANALYSIS
Efficacy Analysis
A Modified per Protocol (Mod PP) analysis was performed to assess the efficacy variables of
the study. Subjects with at least one post-dose Visit completed were included in the analysis.
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All efficacy endpoints were analyzed depending on the level of measurement of the endpoint.
The study had two arms (Active - NTX Product and Placebo), and differences within time
periods for each arm (within group test) and differences between two arms for each time point
(between group test) were analyzed at each endpoint.
For each endpoint in ordinal scale, the differences in the medians within time periods for each
arm were tested for nominal significance using non-parametric test (Wilcoxon Signed Rank Test
or Sign Test).
For each endpoint in the interval/ratio scale and follows normal distribution (or have semblance
to normality), within and across overnight visit for each arm was tested for nominal significance
using paired Student t-test. If the data was found to violate assumptions on normality, nonparametric Wilcoxon Signed Ranks test or Sign Test will be used.
For continuous variable at each time point, the difference between means of different arms was
assessed for significance either using the Paired T-test (for endpoints satisfying parametric
assumptions) or the non-parametric Wilcoxon Signed Ranks test or Sign Test.
Lastly in longitudinal data, the dependent variable was measured at several time points for each
subject and were analyzed by Linear Mixed Model. In the analysis, the NTX Product and
Placebo were the factor, the value of the efficacy variable at every visit was modeled as a
function of treatment group (response variable of interest), and of the value of that efficacy
variable readings in every time points (covariate).
The Linear Mixed Model procedure expands the general linear model so that the error terms
and random effects are permitted to exhibit correlated and non-constant variability. The linear
mixed model, therefore, provides the flexibility to model not only the mean of a response
variable, but its covariate structure as well. Categorical predictors were selected as factors in
the model. Each level of a factor can have different linear effect on the value of the dependent
variable. Scale predictors were selected as covariates in the model. Within combinations of
factors levels, values of covariates were assumed to be linearly correlated with values of the
dependent variable. Repeated effects variables were variables whose values in the data set can
be considered as markers of multiple observations of a single subject. Subject variables define
the individual subjects of the repeated measurement. In addition, the model used in the OneWay ANOVA procedure is equivalent to fitting a linear mixed model with one fixed factor.
All tests of hypotheses were done at alpha=0.05.
Safety Analysis
To obtain comparable documentation on AEs, the investigator asked the subject the following
open, standardized, questions at each visit. Frequency and intensity of AEs and serious AEs
were UHFRUGHGLQGHWDLOEDVHGRQWKHVXEMHFW¶VLQWHUYLHZVGXULQJHDFKYLVLW5HFRUGHG$(Vwere
grouped by general type of event (body system). Differences in AE patterns between product
groups were assessed by McNemar Change Test.

9.8. CONTROL OF INFERENCE ERRORS
Hypothesis testing for each of the efficacy endpoints under investigation were tested at
alpha=0.05. In terms of interpreting statistical results, for each specific endpoint, there was a 5%
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chance of rejecting the null hypothesis when in fact the null hypothesis (no significant
difference) was true. In this case, we may have a false positive result which indicates that even
in the absence of true efficacy with respect to a particular endpoint, probability of achieving
nominal significance increased.

9.9. ANALYTICAL POPULATIONS
The Modified per Protocol (Mod PP) population consists of all subjects randomly assigned to
one of the treatments will be analyzed together, regardless of whether or not they completed the
whole study duration. It ignores non-compliance, protocol deviations, withdrawal, and anything
that happens after randomization.

9.10. FINAL REPORT AND FINAL RESEARCH CLOSEOUT BINDER
Final CSR was prepared which discussed the study procedures, treatments, efficacy and safety
endpoints, data management and the statistical method used. Results were presented in the
form of summary tables and graphs (line or bar charts), with significance levels and
interpretations.
All essential documents which includes CRFs, study materials, adverse event pages for each
subject, protocol deviations, database, and the Final report were enclosed in a Final Research
Closeout binder. The binder serves as a repository of the overall study process.
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Table 1: EARLY TERMINATION TABLE
SUBJECT_ID

INITIALS

1007

OL

1008

DRM

1016

CJM

1021

JMB

1022

SV

1024

JC

1025

LAP

1026

EA

1028

NC

1029

CIH

STATUS
Early
Termination
Early
Termination
Early
Termination
Early
Termination
Early
Termination
Early
Termination
Early
Termination
Early
Termination
Early
Termination
Early
Termination

NOTES

MISSED VISIT(S)

Not interested to continue

Visit 3 - Visit 25.5

Not interested to continue

Visit 7 - Visit 25.5

Not interested to continue
Subject took
contraindicated medication
Not interested to continue
Not interested to continue
Not interested to continue
Not interested to continue

Visit 5 - Visit 25.5
Visit 14 - Visit 25.5
Visit 4 - 6 , Visit 8 , Visit 12 Visit 25.5
Visit 12 , Visit 14 - Visit 25.5
Visit 3 - 4 , Visit 8 - 9 , Visit
12 - Visit 25.5
Visit 3 - 5 , Visit 8 - Visit 25.5

Not interested to continue
Not interested to continue

Visit 3 - Visit 25.5
Visit 3 - Visit 25.5
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10. DESCRIPTIVE SUMMARIZATION
10.1. PRIMARY EFFICACY ANALYSES
10.1.1. GLUTATHIONE LEVELS
10.1.1.1. UNIT OF MEASURE
The unit of measure for Glutathione level is ug/mL.
10.1.1.2. NORMAL RANGE
The normal range for Glutathione level is 225-386 ug/mL.
10.1.1.3. INTERPRETATION
No statistically significant changes were noted in Glutathione levels in either
the active or placebo groups.
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10.1.1.4. FIGURES
Figure 1: AVERAGE GLUTATHIONE LEVEL
(OVERNIGHT 1)

Average Glutathione Level
(Overnight 1)

360.00
340.00
320.00

ug/mL

300.00
280.00

298.17

296.00

299.17

268.75

267.42

267.08

0.5 Hour

1 Hour

293.83

302.00

Active
296.33

Placebo

260.00
240.00

269.67

270.33

2 Hours

10 Hours

263.00

220.00
200.00
Baseline

1.5 Hours
n=12

Figure 2: AVERAGE GLUTATHIONE LEVEL
(OVERNIGHT 6)

Average Glutathione Level
(Overnight 6)
360.00
340.00
316.50

304.83
320.00

ug/mL

317.92

316.67

300.00
301.50

299.92

280.00

317.25
298.25

291.58

283.75

323.42

292.17

Active
Placebo

260.00
240.00
220.00
200.00
Baseline

0.5 Hour

1 Hour

1.5 Hours

2 Hours

10 Hours

n=12
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Figure 3: AVERAGE GLUTATHIONE LEVEL

Average Glutathione Level
(Overnight 12)
340.00
320.00

307.42

309.00
293.08

298.33

293.42

ug/mL

300.00
280.00

318.08
295.33
286.75

260.00

Active

290.75
284.08

289.50

1 Hour

1.5 Hours

283.08

Placebo

240.00
220.00
200.00
Baseline

0.5 Hour

2 Hours

10 Hours

n=12
(OVERNIGHT 12)

Figure 4: AVERAGE GLUTATHIONE LEVEL
(FOLLOW-UP VISIT)

Average Glutathione Level
(Follow - Up Visit)
360.00
340.00

299.83

320.00
286.00
ug/mL

300.00
280.00
260.00
240.00
220.00
200.00
Active

Placebo
n=12
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TABLES
Table 2: GLUTATHIONE LEVEL ± COMPARISON BETWEEN ACTIVE AND PLACEBO
GLUTATHIONE LEVEL
Baseline
0.5 Hour

Overnight 1
(Visit 2 and Visit
14)

1 Hour

1.5 Hours
2 Hours

10 Hours

0 Hour
0.5 Hour

Overnight 6
(Visit 7 and Visit
19)

1 Hour

1.5 Hours
2 Hours

10 Hours

0 Hour

0.5 Hour

Overnight 12
(Visit 13 and
Visit 25)

1 Hour

1.5 Hours

2 Hours

10 Hours
Follow-Up Visit
(Visit 13.5 and
Visit 25.5)

-

Product

n

Mean

Std.
Deviation

Std. Error
Mean

Active

12

268.75

33.770

9.748

Placebo

12

298.17

30.412

8.779

Active

12

267.42

41.322

11.929

Placebo

12

296.00

29.802

8.603

Active

12

267.08

41.921

12.102

Placebo

12

299.17

40.152

11.591

Active

12

263.00

44.333

12.798

Placebo

12

293.83

38.395

11.084

Active

12

269.67

34.471

9.951

Placebo

12

302.00

33.737

9.739

Active

12

270.33

38.679

11.166

Placebo

12

296.33

33.293

9.611

Active

12

301.50

31.768

9.171

Placebo

12

304.83

49.763

14.365

Active

12

283.75

36.397

10.507

Placebo

12

316.67

59.370

17.139

Active

12

299.92

42.286

12.207

Placebo

12

316.50

29.789

8.599

Active

12

291.58

33.187

9.580

Placebo

12

317.92

46.723

13.488

Active

12

298.25

42.921

12.390

Placebo

12

317.25

35.422

10.226

Active

12

292.17

48.662

14.047

Placebo

12

323.42

36.405

10.509

Active

12

295.33

42.656

12.314

Placebo

12

309.00

26.084

7.530

Active

12

293.08

43.291

12.497

Placebo

12

286.75

50.582

14.602

Active

12

284.08

40.392

11.660

Placebo

12

298.33

37.845

10.925

Active

12

293.42

41.421

11.957

Placebo

12

289.50

49.830

14.385

Active

12

290.75

43.206

12.472

Placebo

12

307.42

46.186

13.333

Active

12

283.08

38.764

11.190

Placebo

12

318.08

41.489

11.977

Active

12

286.00

26.502

7.651

Placebo

12

299.83

47.816

13.803

Sig.
0.010*
0.034*

0.003**

0.039*
0.006**

0.033*

0.799
0.019*

0.122

0.052
0.066

0.009**

0.118

0.687

0.166

0.825

0.180

0.007**

0.195

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test except for 1.5 hours at Overnight 1 which used Sign Test.
*Significant at alpha level=0.05
**Significant at alpha level=0.01
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Table 3: GLUTATHIONE LEVEL ± DELTA COMPARISON BETWEEN ACTIVE AND PLACEBO
GLUTATHIONE LEVEL

Overnight 1
(Visit 2 and Visit
14)

Overnight 6
(Visit 7 and Visit
19)

Overnight 12
(Visit 13 and Visit
25)

Product

n

Mean

Std.
Deviation

Std.
Error
Mean

Change from Baseline
to 0.5 Hour

Active

12

-1.33

22.701

6.553

Placebo

12

-2.17

30.172

8.710

Change from Baseline
to 1 Hour

Active

12

-1.67

26.620

7.684

Placebo

12

1.00

30.846

8.904

Change from Baseline
to 1.5 Hours

Active

12

-5.75

31.238

9.018

Placebo

12

-4.33

27.881

8.048

Change from Baseline
to 2 Hours

Active

12

0.92

26.082

7.529

Placebo

12

3.83

27.990

8.080

Change from Baseline
to 10 Hours

Active

12

1.58

17.926

5.175

Placebo

12

-1.83

29.759

8.591

Change from 0 Hour
to 0.5 Hour

Active

12

-17.75

18.226

5.262

Placebo

12

11.83

34.826

10.054

Change from 0 Hour
to 1 Hour

Active

12

-1.58

22.937

6.621

Placebo

12

11.67

49.513

14.293

Change from 0 Hour
to 1.5 Hours

Active

12

-9.92

27.780

8.019

Placebo

12

13.08

23.279

6.720

Change from 0 Hour
to 2 Hours

Active

12

-3.25

33.062

9.544

Placebo

12

12.42

50.190

14.488

Change from 0 Hour
to 10 Hours

Active

12

-9.33

28.350

8.184

Placebo

12

18.58

37.020

10.687

Change from Baseline
to 0.5 Hour

Active

12

-2.25

28.240

8.152

Placebo

12

-22.25

49.867

14.395

Change from Baseline
to 1 Hour

Active

12

-11.25

24.842

7.171

Placebo

12

-10.67

31.026

8.956

Change from Baseline
to 1.5 Hours

Active

12

-1.92

21.030

6.071

Placebo

12

-19.50

52.195

15.067

Change from Baseline
to 2 Hours

Active

12

-4.58

33.165

9.574

Placebo

12

-1.58

33.552

9.686

Change from Baseline
to 10 Hours

Active

12

-12.25

23.117

6.673

Placebo

12

9.08

26.535

7.660

Sig.

0.937

0.795

0.895

0.777

0.748

0.003**

0.359

0.061

0.371

0.090

0.182

0.955

0.280

0.842

0.091

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
**Significant at alpha level=0.01
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Table 4: GLUTATHIONE LEVEL ± DELTA COMPARISON BETWEEN ACTIVE AND Placebo
GLUTATHIONE LEVEL

0 Hour

0.5 Hour

1 Hour

1.5 Hours

2 Hours

10 Hours

Product

Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12
Change from
Overnight 1 to
Follow-Up Visit
Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12
Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12
Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12
Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12
Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12

n

Mean

Std.
Deviatio
n

Std.
Error
Mean

Sig.

Active

12

32.75

28.967

8.362

Placebo

12

6.67

34.911

10.078

Active

12

26.58

34.629

9.997

Placebo

12

10.83

31.304

9.037

Active

12

17.25

28.314

8.173

Placebo

12

1.67

46.170

13.328

Active

12

16.33

16.903

4.879

Placebo

12

20.67

50.148

14.476

Active

12

25.67

42.466

12.259

Placebo

12

-9.25

64.135

18.514

Active

12

32.83

32.232

9.304

Placebo

12

17.33

47.763

13.788

Active

12

17.00

44.483

12.841

Placebo

12

-0.83

34.669

10.008

Active

12

28.58

32.887

9.494

Placebo

12

24.08

44.508

12.848

Active

12

30.42

32.216

9.300

Placebo

12

-4.33

67.375

19.449

Active

12

28.58

28.783

8.309

Placebo

12

15.25

31.646

9.135

Active

12

21.08

36.592

10.563

Placebo

12

5.42

35.505

10.250

Active

12

21.83

27.996

8.082

Placebo

12

27.08

36.877

10.645

Active

12

12.75

27.687

7.993

Placebo

12

21.75

30.675

8.855

0.061

0.253

0.338

0.789

0.150

0.173

0.274

0.712

0.388

0.388

0.313

0.774

0.563

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test except for Change from Overnight 1 to 12 at 1.5 Hours and
Change from Overnight 1 to Overnight 6 at 2 and 10 Hours which used Sign Test.
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Table 5: GLUTATHIONE LEVEL ± LONGITUDINAL COMPARISON BETWEEN ACTIVE AND Placebo
GLUTATHIONE LEVEL

Product

n

Mean

Std.
Deviation

Std. Error
Mean

Overnight 1
(Visit 2 and Visit 14)

Active

72

267.71

37.943

4.472

Placebo

72

297.58

33.376

3.933

Overnight 6
(Visit 7 and Visit 19)

Active

72

294.53

38.717

4.563

Placebo

72

316.10

42.855

5.050

Overnight 12
(Visit 13 and Visit 25)

Active

72

289.96

40.439

4.766

Placebo

72

301.51

42.782

5.042

Sig.

 

0.001*

0.041*

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Linear Mixed Model.
*Significant at alpha level=0.05
**Significant at alpha level=0.01
a. p-value = <0.0001
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Table 6: GLUTATHIONE LEVEL : TEST OF WITHIN-SUBJECTS EFFECTS OF ACTIVE (WITHIN
OVERNIGHT VISIT)

GLUTATHIONE LEVEL

Pair 1

Pair 2
Overnight 1
(Visit 2 and
Visit 14)

Pair 3

Pair 4

Pair 5

Pair 6

Pair 7
Overnight 6
(Visit 7 and
Visit 19)

Pair 8

Pair 9

Pair 10

Pair 11

Pair 12
Overnight
12
(Visit 13 and
Visit 25)

Pair 13

Pair 14

Pair 15

Std.
Deviation

Std.
Error
Mean

Timepoints

n

Mean

Baseline

12

268.75

33.770

9.748

0.5 Hour

12

267.42

41.322

11.929

Baseline

12

268.75

33.770

9.748

1 Hour

12

267.08

41.921

12.102

Baseline

12

268.75

33.770

9.748

1.5 Hours

12

263.00

44.333

12.798

Baseline

12

268.75

33.770

9.748

2 Hours

12

269.67

34.471

9.951

Baseline

12

268.75

33.770

9.748

10 Hours

12

270.33

38.679

11.166

0 Hour

12

301.50

31.768

9.171

0.5 Hour

12

283.75

36.397

10.507

0 Hour

12

301.50

31.768

9.171

1 Hour

12

299.92

42.286

12.207

0 Hour

12

301.50

31.768

9.171

1.5 Hours

12

291.58

33.187

9.580

0 Hour

12

301.50

31.768

9.171

2 Hours

12

298.25

42.921

12.390

0 Hour

12

301.50

31.768

9.171

10 Hours

12

292.17

48.662

14.047

0 Hour

12

295.33

42.656

12.314

0.5 Hour

12

293.08

43.291

12.497

0 Hour

12

295.33

42.656

12.314

1 Hour

12

284.08

40.392

11.660

0 Hour

12

295.33

42.656

12.314

1.5 Hours

12

293.42

41.421

11.957

0 Hour

12

295.33

42.656

12.314

2 Hours

12

290.75

43.206

12.472

0 Hour

12

295.33

42.656

12.314

10 Hours

12

283.08

38.764

11.190

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.842

-0.50%

0.832

-0.62%

0.537

-2.14%

0.905

0.34%

0.765

0.59%

0.006**

-5.89%

0.815

-0.53%

0.242

-3.29%

0.740

-1.08%

0.278

-3.10%

0.788

-0.76%

0.145

-3.81%

0.758

-0.65%

0.642

-1.55%

0.094

-4.15%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
**Significant at alpha level=0.01
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Table 7: GLUTATHIONE LEVEL ± TEST OF WITHIN-SUBJECTS EFFECTS OF Placebo (WITHIN
OVERNIGHT VISIT)

GLUTATHIONE LEVEL

Pair 1

Pair 2
Overnight 1
(Visit 2 and
Visit 14)

Pair 3

Pair 4

Pair 5

Pair 6

Pair 7
Overnight 6
(Visit 7 and
Visit 19)

Pair 8

Pair 9

Pair 10

Pair 11

Pair 12
Overnight 12
(Visit 13 and
Visit 25)

Pair 13

Pair 14

Pair 15

Std.
Deviation

Std.
Error
Mean

Timepoints

n

Mean

Baseline

12

298.17

30.412

8.779

0.5 Hour

12

296.00

29.802

8.603

Baseline

12

298.17

30.412

8.779

1 Hour

12

299.17

40.152

11.591

Baseline

12

298.17

30.412

8.779

1.5 Hours

12

293.83

38.395

11.084

Baseline

12

298.17

30.412

8.779

2 Hours

12

302.00

33.737

9.739

Baseline

12

298.17

30.412

8.779

10 Hours

12

296.33

33.293

9.611

0 Hour

12

304.83

49.763

14.365

0.5 Hour

12

316.67

59.370

17.139

0 Hour

12

304.83

49.763

14.365

1 Hour

12

316.50

29.789

8.599

0 Hour

12

304.83

49.763

14.365

1.5 Hours

12

317.92

46.723

13.488

0 Hour

12

304.83

49.763

14.365

2 Hours

12

317.25

35.422

10.226

0 Hour

12

304.83

49.763

14.365

10 Hours

12

323.42

36.405

10.509

0 Hour

12

309.00

26.084

7.530

0.5 Hour

12

286.75

50.582

14.602

0 Hour

12

309.00

26.084

7.530

1 Hour

12

298.33

37.845

10.925

0 Hour

12

309.00

26.084

7.530

1.5 Hours

12

289.50

49.830

14.385

0 Hour

12

309.00

26.084

7.530

2 Hours

12

307.42

46.186

13.333

0 Hour

12

309.00

26.084

7.530

10 Hours

12

318.08

41.489

11.977

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.808

-0.73%

0.913

0.34%

0.388

-1.45%

0.644

1.29%

0.835

-0.61%

0.264

3.88%

0.432

3.83%

0.078

4.29%

0.410

4.07%

0.110

6.10%

0.150

-7.20%

0.259

-3.45%

0.222

-6.31%

0.873

-0.51%

0.261

2.94%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test except for Baseline vs 1.5 hours at Overnight 1 which used
Sign Test.
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Table 8: GLUTATHIONE LEVEL ± TEST OF WITHIN-SUBJECTS EFFECTS OF ACTIVE (ACROSS
OVERNIGHT VISIT)

GLUTATHIONE LEVEL

Pair 1

0 Hour

Pair 2

Pair 3

Pair 4
0.5 Hour
Pair 5

Pair 6
1 Hour
Pair 7

Pair 8
1.5 Hours
Pair 9

Pair 10
2 Hours
Pair 11

Pair 12
10 Hours
Pair 13

Std.
Deviation

Std.
Error
Mean

Timepoints

n

Mean

Overnight 1

12

268.75

33.770

9.748

Overnight 6

12

301.50

31.768

9.171

Overnight 1

12

268.75

33.770

9.748

Overnight 12

12

295.33

42.656

12.314

Overnight 1
Follow-Up
Visit

12

268.75

33.770

9.748

12

286.00

26.502

7.651

Overnight 1

12

267.42

41.322

11.929

Overnight 6

12

283.75

36.397

10.507

Overnight 1

12

267.42

41.322

11.929

Overnight 12

12

293.08

43.291

12.497

Overnight 1

12

267.08

41.921

12.102

Overnight 6

12

299.92

42.286

12.207

Overnight 1

12

267.08

41.921

12.102

Overnight 12

12

284.08

40.392

11.660

Overnight 1

12

263.00

44.333

12.798

Overnight 6

12

291.58

33.187

9.580

Overnight 1

12

263.00

44.333

12.798

Overnight 12

12

293.42

41.421

11.957

Overnight 1

12

269.67

34.471

9.951

Overnight 6

12

298.25

42.921

12.390

Overnight 1

12

269.67

34.471

9.951

Overnight 12

12

290.75

43.206

12.472

Overnight 1

12

270.33

38.679

11.166

Overnight 6

12

292.17

48.662

14.047

Overnight 1

12

270.33

38.679

11.166

Overnight 12

12

283.08

38.764

11.190

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.002**

12.19%

0.022*

9.89%

0.059

6.42%

0.007**

6.11%

0.060

9.60%

0.005**

12.29%

0.212

6.37%

0.012*

10.87%

0.007**

11.57%

0.006**

10.60%

0.071

7.82%

0.021*

8.08%

0.139

4.72%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
*Significant at alpha level=0.05
**Significant at alpha level=0.01
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Table 9: GLUTATHIONE LEVEL ± TEST OF WITHIN-SUBJECTS EFFECTS OF Placebo (ACROSS
OVERNIGHT VISIT)

GLUTATHIONE LEVEL

Pair 1

0 Hour

Pair 2

Pair 3

Pair 4
0.5 Hour
Pair 5

Pair 6
1 Hour
Pair 7

Pair 8
1.5 Hours
Pair 9

Pair 10
2 Hours
Pair 11

Pair 12
10 Hours
Pair 13

Std.
Deviation

Std.
Error
Mean

Timepoints

n

Mean

Overnight 1

12

298.17

30.412

8.779

Overnight 6

12

304.83

49.763

14.365

Overnight 1

12

298.17

30.412

8.779

Overnight 12

12

309.00

26.084

7.530

Overnight 1
Follow-Up
Visit

12

298.17

30.412

8.779

12

299.83

47.816

13.803

Overnight 1

12

296.00

29.802

8.603

Overnight 6

12

316.67

59.370

17.139

Overnight 1

12

296.00

29.802

8.603

Overnight 12

12

286.75

50.582

14.602

Overnight 1

12

299.17

40.152

11.591

Overnight 6

12

316.50

29.789

8.599

Overnight 1

12

299.17

40.152

11.591

Overnight 12

12

298.33

37.845

10.925

Overnight 1

12

293.83

38.395

11.084

Overnight 6

12

317.92

46.723

13.488

Overnight 1

12

293.83

38.395

11.084

Overnight 12

12

289.50

49.830

14.385

Overnight 1

12

302.00

33.737

9.739

Overnight 6

12

317.25

35.422

10.226

Overnight 1

12

302.00

33.737

9.739

Overnight 12

12

307.42

46.186

13.333

Overnight 1

12

296.33

33.293

9.611

Overnight 6

12

323.42

36.405

10.509

Overnight 1

12

296.33

33.293

9.611

Overnight 12

12

318.08

41.489

11.977

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.522

2.24%

0.256

3.63%

0.903

0.56%

0.181

6.98%

0.627

-3.13%

0.235

5.79%

0.935

-0.28%

0.146

8.20%

1.000

-1.47%

0.123

5.05%

0.608

1.79%

0.027*

9.14%

0.032*

7.34%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test except for all tests at 1.5 hours which used Sign Test.
*Significant at alpha level=0.05
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11. SAFETY EVALUATION
11.1. SERIOUS ADVERSE EVENTS
There were no serious adverse events for this study.

11.2. ADVERSE EVENTS
There were no adverse events for this study.
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11.3. VITALS SIGNS
11.3.1. BODY TEMPERATURE
11.3.1.1. UNIT OF MEASURE
The unit of measure for Body Temperature is degree Fahrenheit (°F).
11.3.1.2. NORMAL RANGE
The normal range for Body Temperature is 97.8 ± 99.1 qF.
11.3.1.3. INTERPRETATION
The average Temperature was within the normal range throughout the study.
Moreover, no differences were found to be statistically or clinically significant.
In additon, within-subject analysis for Active and Placebo group showed that
there were no significant change in the average Temperature.
11.3.1.4. FIGURE
Figure 5: AVERAGE BODY TEMPERATURE
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11.3.1.5. TABLES
Table 10: BODY TEMPERATURE ± COMPARISON BETWEEN TEST ACTIVE AND PLACEBO

BODY TEMPERATURE

Product

n

Mean

Std.
Deviation

Std. Error
Mean

Overnight 1
(Visit 2 and Visit 14)

Active

12

98.167

.2535

.0732

Placebo

12

98.342

.3423

.0988

Overnight 6
(Visit 7 and Visit 19)

Active

12

98.150

.3729

.1077

Placebo

12

97.975

.1712

.0494

Overnight 12
(Visit 13 and Visit 25)

Active

12

98.308

.3370

.0973

Placebo

12

98.050

.4359

.1258

Sig.

0.158

0.508

0.109

Note1 : n represents the number of subjects having complete pairs for the time points in comparison.
Note2 : Significant testing was performed using Sign Test except for Ovenight 1 which used Paired sample t-Test.

Table 11: BODY TEMPERATURE ± TEST OF WITHIN-SUBJECTS EFFECTS OF ACTIVE
BODY
TEMPERATURE

Pair 1

Pair 2

Mean

Std.
Deviatio
n

Std.
Error
Mean

Timepoints

n

Overnight 1

12

98.167

.2535

.0732

Overnight 6

12

98.150

.3729

.1077

Overnight 1

12

98.167

.2535

.0732

Overnight 12

12

98.308

.3370

.0973

Sig.

Percent Change
(Other timepoint
versus
Baseline)

0.872

-0.02%

0.226

0.14%

Note1 : n represents the number of subjects having complete pairs for the time points in comparison.
Note2 : Significant testing was performed using Sign Test for Pair 1 while Paired sample t-Test was used for Pair 2.

Table 12: BODY TEMPERATURE ± TEST OF WITHIN-SUBJECTS EFFECTS OF PLACEBO
BODY
TEMPERATURE

Pair 1

Pair 2

Mean

Std.
Deviatio
n

Std.
Error
Mean

Timepoints

n

Overnight 1

12

98.342

.3423

.0988

Overnight 6

12

97.975

.1712

.0494

Overnight 1

12

98.342

.3423

.0988

Overnight 12

12

98.050

.4359

.1258

Sig.

Percent Change
(Other timepoint
versus
Baseline)

0.065

-0.37%

0.453

-0.30%

Note1 : n represents the number of subjects having complete pairs for the time points in comparison
Note2 : Significant testing was performed using Sign Test.

.
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11.3.2. SYSTOLIC BLOOD PRESSURE
11.3.2.1. UNIT OF MEASURE
The unit of measure for Systolic Blood Pressure is mmHg.
11.3.2.2. NORMAL RANGE
The normal range for Systolic Blood Pressure is 90 ± 139 mmHg.
11.3.2.3. INTERPRETATION
Systolic blood pressure (SBP) is the blood pressure when the heart muscle
contracts. It is measured for each subject during each visit in this study.
The average Systolic Blood Pressure was within the normal range throughout
the study. Moreover, the differences Active group and Placebo group were not
found to be clinically or statistically significant.
11.3.2.4. FIGURE
Figure 6: AVERAGE SYSTOLIC BLOOD PRESSURE
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11.3.2.5. TABLES
Table 13 : SYSTOLIC BLOOD PRESSURE ± COMPARISON BETWEEN ACTIVE AND PLACEBO
SYSTOLIC BLOOD
PRESSURE

Product

n

Mean

Std.
Deviation

Std. Error
Mean

Overnight 1
(Visit 2 and Visit 14)

Active

12

121.42

7.692

2.221

Placebo

12

125.50

6.802

1.964

Overnight 6
(Visit 7 and Visit 19)

Active

12

126.25

8.047

2.323

Placebo

12

128.25

9.845

2.842

Overnight 12 (Visit 13 and
Visit 25)

Active

12

127.92

9.821

2.835

Placebo

12

126.25

11.748

3.391

Sig.

.143

.582

.479

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-test.

Table 14 : SYSTOLIC BLOOD PRESSURE ± TEST OF WITHIN-SUBJECTS EFFECTS OF ACTIVE
SYSTOLIC
BLOOD
PRESSURE
Pair 1

Pair 2

Std.
Deviation

Std.
Error
Mean

Timepoints

n

Mean

Overnight 1

12

121.42

7.692

2.221

Overnight 6

12

126.25

8.047

2.323

Overnight 1

12

121.42

7.692

2.221

Overnight 12

12

127.92

9.821

2.835

Sig.

Percent Change
(Other timepoint
versus Baseline)

0.200

3.98%

0.068

5.35%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-test.

Table 15 : SYSTOLIC BLOOD PRESSURE ± TEST OF WITHIN-SUBJECTS EFFECTS OF PLACEBO
SYSTOLIC
BLOOD
PRESSURE
Pair 1

Pair 2

Std.
Deviation

Std.
Error
Mean

Timepoints

n

Mean

Overnight 1

12

125.50

6.802

1.964

Overnight 6

12

128.25

9.845

2.842

Overnight 1

12

125.50

6.802

1.964

Overnight 12

12

126.25

11.748

3.391

Sig.

Percent Change
(Other timepoint
versus Baseline)

0.420

2.19%

0.799

0.60%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-test.

Confidential Internal Document
CHIG1000 CLINICAL STUDY REPORT

Page 64 of 106

AR-001231

Case 1:17-cv-02538-JEB Document 37-3 Filed 06/26/19 Page 168 of 273
1232

CHIG1000
CLINICAL STUDY REPORT
JUL 08, 2014

11.3.3. DIASTOLIC BLOOD PRESSURE
11.3.3.1. UNIT OF MEASURE
The unit of measure for Diastolic Blood Pressure is mmHg.
11.3.3.2. NORMAL RANGE
The normal range for Diastolic Blood Pressure is 60 ± 89 mmHg.
11.3.3.3. INTERPRETATION
The blood pressure when the heart muscle is relaxed is the Diastolic blood
pressure (DBP).
The average Diastolic Blood Pressure was within the normal range throughout
the study. Moreover, the differences Active group and Placebo group were not
found to be clinically or statistically significant . In additon, within-subject
analysis for Active and Placebo group showed that there were no significant
change in the average DBP.
11.3.3.4. FIGURE
Figure 7: AVERAGE DIASTOLIC BLOOD PRESSURE
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11.3.3.5. TABLES
Table 16: DIASTOLIC BLOOD PRESSURE ± COMPARISON BETWEEN ACTIVE AND PLACEBO
DIASTOLIC BLOOD
PRESSURE

Product

n

Std.
Deviation

Mean

Std. Error
Mean

Overnight 1
(Visit 2 and Visit 14)

Active

12

76.33

9.049

2.612

Placebo

12

77.42

7.166

2.069

Overnight 6
(Visit 7 and Visit 19)

Active

12

76.42

9.060

2.615

Placebo

12

80.75

6.824

1.970

Overnight 12
(Visit 13 and Visit 25)

Active

12

76.75

9.697

2.799

Placebo

12

78.00

8.739

2.523

Sig.

0.765

0.163

0.617

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.

Table 17: DIASTOLIC BLOOD PRESSURE ± TEST OF WITHIN-SUBJECTS EFFECTS OF ACTIVE
DIASTOLIC
BLOOD
PRESSURE
Pair 1

Pair 2

Mean

Std.
Deviation

Std.
Error
Mean

Timepoints

n

Overnight 1

12

76.33

9.049

2.612

Overnight 6

12

76.42

9.060

2.615

Overnight 1

12

76.33

9.049

2.612

Overnight 12

12

76.75

9.697

2.799

Sig.

Percent Change
(Other timepoint
versus Baseline)

0.982

0.11%

0.897

0.55%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.

Table 18: DIASTOLIC BLOOD PRESSURE ± TEST OF WITHIN-SUBJECTS EFFECTS OF PLACEBO
DIASTOLIC
BLOOD
PRESSURE
Pair 1

Pair 2

Mean

Std.
Deviation

Std.
Error
Mean

Timepoints

n

Overnight 1

12

77.42

7.166

2.069

Overnight 6

12

80.75

6.824

1.970

Overnight 1

12

77.42

7.166

2.069

Overnight 12

12

78.00

8.739

2.523

Sig.

Percent Change
(Other timepoint
versus Baseline)

0.364

4.31%

0.852

0.75%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
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11.3.4. PULSE RATE
11.3.4.1. UNIT OF MEASURE
The unit of measure for Pulse Rate is beats per minute (bpm).
11.3.4.2. NORMAL RANGE
The normal range for Pulse Rate is 60 ± 100 bpm.
11.3.4.3. INTERPRETATION
The average Pulse Rate was within the normal range throughout the study.
Moreover, no differences were found to be clinically or statistically significant .
In additon, within-subject analysis for Active and Placebo group showed that
there were no significant change in the average Pulse Rate.
11.3.4.4. FIGURE
Figure 8: AVERAGE PULSE RATE

Average Pulse Rate
82.00
80.00
78.00

77.25

bpm

76.00

77.08

75.67
74.82

74.00

73.45

74.25

Active

72.00

Placebo

70.00
68.00
66.00
Overnight 1

Overnight 6

Overnight 12

n = 11 n = 12 n = 12
Time Points

Confidential Internal Document
CHIG1000 CLINICAL STUDY REPORT

Page 67 of 106

AR-001234

Case 1:17-cv-02538-JEB Document 37-3 Filed 06/26/19 Page 171 of 273
1235

CHIG1000
CLINICAL STUDY REPORT
JUL 08, 2014

11.3.4.5. TABLES
Table 19: PULSE RATE ± COMPARISON BETWEEN ACTIVE AND PLACEBO

PULSE RATE

Product

n

Mean

Std.
Deviation

Std. Error
Mean

Overnight 1 (Visit 2 and
Visit 14)

Active

11

74.82

7.985

2.408

Placebo

11

73.45

11.953

3.604

Overnight 6 (Visit 7 and
Visit 19)

Active

12

74.25

8.823

2.547

Placebo

12

75.67

8.370

2.416

Overnight 12 (Visit 13
and Visit 25)

Active

12

77.25

9.372

2.706

Placebo

12

77.08

8.185

2.363

Sig.

0.756

1.000

0.927

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Sign Test.

Table 20: PULSE RATE ± TEST OF WITHIN-SUBJECTS EFFECTS OF ACTIVE

PULSE RATE

Pair 1

Pair 2

Mean

Std.
Deviation

Sig.

Percent Change
(Other timepoint
versus
Baseline)

1.000

0.22%

0.113

4.27%

Std.
Error
Mean

Timepoints

n

Overnight 1

12

74.08

8.028

2.317

Overnight 6

12

74.25

8.823

2.547

Overnight 1

12

74.08

8.028

2.317

Overnight 12

12

77.25

9.372

2.706

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Sign Test.

Table 21: PULSE RATE ± TEST OF WITHIN-SUBJECTS EFFECTS PLACEBO

PULSE RATE

Pair 1

Pair 2

Mean

Std.
Deviation

Sig.

Percent Change
(Other timepoint
versus
Baseline)

0.485

3.96%

0.231

6.31%

Std.
Error
Mean

Timepoints

n

Overnight 1

11

73.45

11.953

3.604

Overnight 6

11

76.36

8.406

2.534

Overnight 1

11

73.45

11.953

3.604

Overnight 12

11

78.09

7.765

2.341

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
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11.3.5. RESPIRATORY RATE
11.3.5.1. UNIT OF MEASURE
The unit of measure for Respiratory Rate is breaths per minute (bpm).
11.3.5.2. NORMAL RANGE
The normal range for Respiratory Rate is 12 ± 20 bpm.
11.3.5.3. INTERPRETATION
Respiratory Rate is the number of breaths taken within a set amount of time,
typically 60 seconds.
Average Respiratory Rate at all time points were observed to be within the
normal limits.
The comparison on the average Respiratory Rate between Active and Placebo
shows no significant results. In addition, within-group comparison reveals no
significant changes from Baseline to any time point for the Active group.
For the Placebo group, significant changes was observed from Overnight 1 to
Overnight 6 (p-value= 0.031, 7.41% increase) and from Overnight 1 to
Overnight 12 (p-value= 0.008, 9.26% increase). However, these changes were
not clinically significant.
11.3.5.4. FIGURE
Figure 9: AVERAGE RESPIRATORY RATE
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17.00
16.50

16.33

16.09

16.08
16.08

16.00

bpm

15.83
15.50
15.00

Active

14.73

Placebo

14.50
14.00
13.50
Overnight 1

Overnight 6

Overnight 12

n = 11 n = 12 n = 12
Time Points

Confidential Internal Document
CHIG1000 CLINICAL STUDY REPORT

Page 69 of 106

AR-001236

Case 1:17-cv-02538-JEB Document 37-3 Filed 06/26/19 Page 173 of 273
1237

CHIG1000
CLINICAL STUDY REPORT
JUL 08, 2014

11.3.5.5. TABLES
Table 22: RESPIRATORY RATE ± COMPARISON BETWEEN ACTIVE AND PLACEBO

RESPIRATORY RATE

Product

n

Mean

Std.
Deviation

Std. Error
Mean

Overnight 1 (Visit 2 and
Visit 14)

Active

11

16.09

0.831

0.251

Placebo

11

14.73

1.421

0.428

Overnight 6 (Visit 7 and
Visit 19)

Active

12

16.33

0.651

0.188

Placebo

12

15.83

0.835

0.241

Overnight 12 (Visit 13 and
Visit 25)

Active

12

16.08

0.515

0.149

Placebo

12

16.08

1.084

0.313

Sig.

0.125

0.375

1.000

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Sign Test.

Table 23: RESPIRATORY RATE ± TEST OF WITHIN-SUBJECTS EFFECTS OF ACTIVE
RESPIRATORY
RATE

Pair 1

Pair 2

Mean

Std.
Deviation

Std.
Error
Mean

Timepoints

n

Overnight 1

12

16.08

0.793

0.229

Overnight 6

12

16.33

0.651

0.188

Overnight 1

12

16.08

0.793

0.229

Overnight 12

12

16.08

0.515

0.149

Sig.

Percent Change
(Other timepoint
versus Baseline)

0.250

1.55%

1.000

0.00%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Sign Test.

Table 24:RESPIRATORY RATE ± TEST OF WITHIN-SUBJECTS EFFECTS PLACEBO
RESPIRATORY
RATE

Pair 1

Pair 2

Mean

Std.
Deviation

Std.
Error
Mean

Timepoints

n

Overnight 1

11

14.73

1.421

0.428

Overnight 6

11

15.82

0.874

0.263

Overnight 1

11

14.73

1.421

0.428

Overnight 12

11

16.09

1.136

0.343

Sig.

Percent Change
(Other timepoint
versus Baseline)

0.031*

7.41%

0.008**

9.26%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Sign Test.
*Significant at alpha level = 0.01
*Significant at alpha level = 0.05
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11.4. SAFETY LABORATORY TESTING
11.4.1. CMP: ALKALINE PHOSPHATASE
11.4.1.1. UNIT OF MEASURE
The unit of measure for Alkaline Phosphatase is U/L.
11.4.1.2. NORMAL RANGE
The normal range for Alkaline Phosphatase is 33-141U/L.
11.4.1.3. INTERPRETATION
Alkaline Phosphatase (ALP) is an ezyme occuring secreted primarily by the
liver and bones. Levels of ALP in the blood often rise in response to liver and
bone injury.
Average Alkaline Phosphatase readings were within the normal range of 33 to
141 IU/L at all time points for both groups.
No significant differences in Average ALP levels between the Active and the
Placebo group were observed at any time point. However, it was observed that
the Active group generally has lower ALP levels compared to that of the
Placebo group at Overnight 6 and Overnight 12.
Delta comparison showed that Change from Baseline to 10 Hours at Overnight
1 (p-value=0.068) demonstrated nearly significant difference between the
groups. Subsequently, Changes from Overnight 1 to Overnight 6 (pvalue=0.016) at Baseline showed a significant difference between the groups,
favoring the Active group.
Longitudinal Comparison between groups demonstrated nearly significant
difference in ALP levels at Overnight 6 (p-value=0.074) and Overnight 12 (pvalue=0.068), favoring the Active group.
Furthermore, within-Overnight Visits analysis in the Active group exhibited
statistically significant decreases in Average Alkaline Phosphatase levels
between Baseline and 10 hours at Overnights 1, 6 and 12 (p-values=0.007,
0.016, 0.017 respectively). The same analysis on the Placebo group described
statistically significant decreases between Baseline and 10 Hours at Overnight
6 (p-value=0.0016) and at Overnight 12 (p-value=0.000). A nearly statistically
significant decrease was also noted between Baseline and 10 Hours at
Overnight 1 (p-value=0.087).
Analysis across visits of the Active group also showed nearly statistically
significant decreases at 10 Hours from Overnight 1 to Overnights 6 (pvalue=0.065, 5.84% reduction). At all time points, ALP levels were shown to
decrease from Baseline. However, for the Placebo group, the general trend
was an increase in ALP levels. Analysis of Baseline vs. Peak Hours of the
Active group demonstrated significant decreases from Baseline to Overnight 610 Hours (p-value=0.005), and to Overnight 12-10 Hours (p-value=0.035).
Despite significant decreases in the Placebo group within Overnight Visits, no
statistically significant decreases were observed upon further analyses across
Overnight Visits and between Baseline and Peak Hours.
(Note: *Lower ALP-Favorable; *Higher ALP-Not Favorable)
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11.4.1.4. FIGURES
Figure 10: AVERAGE ALKALINE PHOSPHATASE LEVEL (OVERNIGHT 1)
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Figure 11: AVERAGE ALKALINE PHOSPHATASE LEVEL (OVERNIGHT 6)
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Figure 12: AVERAGE ALKALINE PHOSPHATASE LEVEL (OVERNIGHT 12)
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Figure 13: AVERAGE ALKALINE PHOSPHATASE LEVEL (FOLLOW-UP VISIT)

Average Alkaline Phosphatase Level
(Follow-Up Visit)
80.00
70.00
60.00
U/L

U/L

66.33
50.00

50.00
40.00

63.83

64.92

Active

Placebo

30.00
20.00

n= 12

Confidential Internal Document
CHIG1000 CLINICAL STUDY REPORT

Page 73 of 106

AR-001240

Case 1:17-cv-02538-JEB Document 37-3 Filed 06/26/19 Page 177 of 273
1241

CHIG1000
CLINICAL STUDY REPORT
JUL 08, 2014

11.4.1.5. TABLES
Table 25: CMP : ALKALINE PHOSPHATASE± COMPARISON BETWEEN ACTIVE AND PLACEBO
ALKALINE PHOSPHATASE

Product

n

Mean

Std.
Deviation

Std. Error
Mean

Active

12

68.83

18.542

5.352

Placebo

12

64.83

13.169

3.802

Active

12

64.33

19.171

5.534

Placebo

12

63.00

15.112

4.362

Active

12

65.08

23.039

6.651

Placebo

12

68.75

19.056

5.501

Active

12

60.58

19.547

5.643

Placebo

12

64.33

17.890

5.164

Active

12

66.33

20.362

5.878

Placebo

12

69.75

20.942

6.045

Active

12

62.75

19.809

5.718

Placebo

12

65.83

21.762

6.282

Active

12

63.83

21.829

6.302

Placebo

12

64.92

17.661

5.098

0.166

Baseline
Overnight 1
(Visit 2 and
Visit 14)

0.617

10 Hours

0.313

Baseline
Overnight 6
(Visit 7 and
Visit 19)

0.108

10 Hours

0.167

Baseline
Overnight 12
(Visit 13 and
Visit 25)

0.296

10 Hours
Follow - Up
Visit
(Visit 13.5 and
Visit 25.5)

Sig.

0.700

-

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.

Table 26: CMP : ALKALINE PHOSPHATASE ± DELTA COMPARISON BETWEEN ACTIVE AND
PLACEBO
ALKALINE PHOSPHATASE
Overnight 1
(Visit 2 and Visit 14)
Overnight 6
(Visit 7 and Visit 19)
Overnight 12
(Visit 13 and Visit
25)

Change from
Baseline to 10
Hours
Change from
Baseline to 10
Hours
Change from
Baseline to 10
Hours

n

Mean

Std.
Deviation

Active

12

-4.50

4.719

Std.
Error
Mean
1.362

Placebo

12

-1.83

3.380

0.976

Active

12

-4.50

5.469

1.579

Placebo

12

-4.42

5.384

1.554

Active

12

-3.58

4.420

1.276

Placebo

12

-3.92

1.881

0.543

Product

Sig.

0.068
1.000
0.549

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Sign Test except for Overnight 6 and 12 which used Paired Sample t-Test.
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Table 27: CMP : ALKALINE PHOSPHATASE ± DELTA COMPARISON BETWEEN TEST ACTIVE AND
PLACEBO
ALKALINE PHOSPHATASE

Baseline

10 Hours

Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12
Change from
Overnight 1 to
Follow-Up Visit
Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12

n

Mean

Std.
Deviation

Active

12

-3.75

9.910

Std.
Error
Mean
2.861

Placebo

12

3.92

8.702

2.512

Active

12

-2.50

8.785

2.536

Placebo

12

4.92

12.767

3.685

Active

12

-5.00

10.063

2.905

Placebo

12

0.08

6.653

1.921

Active

12

-3.75

6.326

1.826

Placebo

12

1.33

8.585

2.478

Active

12

-6.08

8.754

2.527

Placebo

12

1.00

13.464

3.887

Product

Sig.

0.016*
0.146
0.154
0.117
1.000

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test except for Change from Overnight 1 to 12 of both Baseline
and 10 hours.
*Significant at alpha level=0.05

Table 28: CMP : ALKALINE PHOSPHATASE ± LONGITUDINAL COMPARISON BETWEEN TEST
ACTIVE AND PLACEBO
ALKALINE
PHOSPHATASE
Overnight 1
Overnight 6
Overnight 12

Product

n

Mean

Std.
Deviation

Std. Error
Mean

Active

24

66.58

18.587

3.794

Placebo

24

63.92

13.894

2.836

Active

24

62.83

21.021

4.291

Placebo

24

66.54

18.216

3.718

Active

24

64.54

19.731

4.028

Placebo

24

67.79

20.982

4.283

Sig.
0.142
0.074
0.068

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Linear Mixed Model.
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Table 29: CMP : ALKALINE PHOSPHATASE ± TEST OF WITHIN-SUBJECTS EFFECTS OF ACTIVE
(WITHIN OVERNIGHT VISIT)
ALKALINE
PHOSPHATASE

Overnight 1
(Visit 2 and
Visit 14)
Overnight 6
(Visit 7 and
Visit 19)
Overnight 12
(Visit 13 and
Visit 25)

Pair 1

Pair 2

Pair 3

Mean

Std.
Deviatio
n

Std.
Error
Mean

Timepoints

n

Baseline

12

68.83

18.542

5.352

10 Hours

12

64.33

19.171

5.534

Baseline

12

65.08

23.039

6.651

10 Hours

12

60.58

19.547

5.643

Baseline

12

66.33

20.362

5.878

10 Hours

12

62.75

19.809

5.718

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.007**

-6.54%

0.016*

-6.91%

0.017*

-5.40%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test
**Significant at alpha level=0.01
*Significant at alpha level=0.05

Table 30: CMP : ALKALINE PHOSPHATASE ± TEST OF WITHIN-SUBJECTS EFFECTS OF
PLACEBO (WITHIN OVERNIGHT VISIT)
ALKALINE
PHOSPHATASE

Overnight 1
(Visit 2 and
Visit 14)
Overnight 6
(Visit 7 and
Visit 19)
Overnight 12
(Visit 13 and
Visit 25)

Pair 1

Pair 2

Pair 3

Timepoints

n

Mean

Std.
Deviatio
n

Std.
Error
Mean

Baseline

12

64.83

13.169

3.802

10 Hours

12

63.00

15.112

4.362

Baseline

12

68.75

19.056

5.501

10 Hours

12

64.33

17.890

5.164

Baseline

12

69.75

20.942

6.045

10 Hours

12

65.83

21.762

6.282

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.087

-2.83%

0.016*

-6.42%

0.000**

-5.62%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
**Significant at alpha level=0.01
*Significant at alpha level=0.05
a. p-value = 0.0000272037317320898
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Table 31: CMP : ALKALINE PHOSPHATASE ± TEST OF WITHIN-SUBJECTS EFFECTS OF ACTIVE
(ACROSS OVERNIGHT VISIT)
ALKALINE
PHOSPHATASE

Pair 1

Baseline

Pair 2

Pair 3

Pair 4
10 Hours
Pair 5

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1

12

68.83

18.542

5.352

Overnight 6

12

65.08

23.039

6.651

Overnight 1

12

68.83

18.542

5.352

Overnight 12

12

66.33

20.362

5.878

Overnight 1
Follow-Up
Visit

12

68.83

18.542

5.352

12

63.83

21.829

6.302

Overnight 1

12

64.33

19.171

5.534

Overnight 6

12

60.58

19.547

5.643

Overnight 1

12

64.33

19.171

5.534

Overnight 12

12

62.75

19.809

5.718

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.217

-5.45%

0.345

-3.63%

0.113

-7.26%

0.065

-5.83%

0.510

-2.46%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.

Table 32 : CMP : ALKALINE PHOSPHATASE ± TEST OF WITHIN-SUBJECTS EFFECTS OF Placebo
(ACROSS OVERNIGHT VISIT)
ALKALINE
PHOSPHATASE

Pair 1

Baseline

Pair 2

Pair 3

Pair 4
10 Hours
Pair 5

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1

12

64.83

13.169

3.802

Overnight 6

12

68.75

19.056

5.501

Overnight 1

12

64.83

13.169

3.802

Overnight 12

12

69.75

20.942

6.045

Overnight 1
Follow-Up
Visit

12

64.83

13.169

3.802

12

64.92

17.661

5.098

Overnight 1

12

63.00

15.112

4.362

Overnight 6

12

64.33

17.890

5.164

Overnight 1

12

63.00

15.112

4.362

Overnight 12

12

65.83

21.762

6.282

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.147

6.04%

0.209

7.58%

0.966

0.13%

0.601

2.12%

0.483

4.50%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
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Table 33: CMP : ALKALINE PHOSPHATASE ± TEST OF WITHIN-SUBJECTS EFFECTS OF ACTIVE
(BASELINE VS. PEAK HOURS)
ALKALINE
PHOSPHATASE

Pair 1

Pair 2

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1 -Baseline

12

68.83

18.542

5.352

Overnight 6- 10 Hours

12

60.58

19.547

5.643

Overnight 1 -Baseline

12

68.83

18.542

5.352

Overnight 12- 10
Hours

12

62.75

19.809

5.718

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.005**

-11.99%

0.035*

-8.84%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
**Significant at alpha level=0.01
*Significant at alpha level=0.05

Table 34 : CMP : ALKALINE PHOSPHATASE ± TEST OF WITHIN-SUBJECTS EFFECTS OF Placebo
(BASELINE VS. PEAK HOURS)
ALKALINE
PHOSPHATASE

Pair 1

Pair 2

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1 -Baseline

12

64.83

13.169

3.802

Overnight 6- 10 Hours

12

64.33

17.890

5.164

Overnight 1 -Baseline

12

64.83

13.169

3.802

Overnight 12- 10
Hours

12

65.83

21.762

6.282

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.839

-0.77%

0.802

1.54%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
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11.4.1. CMP: SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (SGOT(AST))
11.4.1.1. UNIT OF MEASURE
The unit of measure for Serum Glutamic Oxaloacetic Transaminase
(SGOT(AST)) is U/L.
11.4.1.2. NORMAL RANGE
The normal range for
(SGOT(AST)) is 6-36 U/L.

Serum

Glutamic

Oxaloacetic

Transaminase

11.4.1.3. INTERPRETATION
Serum Glutamic Oxaloacetic Transaminase (SGOT), also referred to as
aspartate aminotransferase (AST), is an enzyme found in the liver, heart,
muscle, kidney, and brain. In case of damage to these organs, AST is released
into the bloodstream. AST levels in the blood, in comparison to other hepatic
enzymes, aids in initial screening for liver conditions and problems.
Average AST readings were within the normal range of 6 to 36 IU/L at all time
points for the Active group.
The Average AST levels were statistically significantly different between the
Active and Placebo groups at Baseline (p-value=0.039) and at 10 Hours (pvalue=0.039) of Overnight 12, and nearly significantly different between the
Follow-up Visits (p-value=0.063). Moreover, it was observed that the Active
group generally had lower Average AST levels compared to that of the Placebo
group at all time points.
Analysis across visits of the Active group also showed no significant changes
from Hour 0 to Hour 10 or across visits. The Placebo group, however, was
noted to have a statistically significant increase in mean AST from 22.75 at the
baseline visit (Overnight Visit 1, Hour 0) to 53.50 at Hour 10 of the final
overnight visit (p=0.012). Additionally,evaluation at follow-up 48 hours after
completing the 12 days of alcohol consumption demonstrated a significant
increase in AST among the Placebo group only (22.0 U/L to 53.5 U/L;
p=0.006). No significant changes in AST were noted in the Active group.
These results suggest a potential protective role of the Active product, as AST
levels were found to increase only in the Placebo group
(Note: *Lower SGOT- Favorable; *Higher SGOT - Not Favorable)
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11.4.1.4. FIGURES
Figure 14: AVERAGE SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (AST)
(OVERNIGHT 1)
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Figure 15: AVERAGE SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (AST)
(OVERNIGHT 6)
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Figure 16: AVERAGE SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (AST)
(OVERNIGHT 12)
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Figure 17: AVERAGE SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (AST)
(FOLLOW-UP VISIT)
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11.4.1.5. TABLES
Table 35: CMP : SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (AST) ± COMPARISON
BETWEEN Active AND Placebo
SERUM GLUTAMICOXALOACETIC
TRANSAMINASE (AST)
0 Hours

Overnight 1
(Visit 2 and
Visit 14)

10 Hours
0 Hours

Overnight 6
(Visit 7 and
Visit 19)

10 Hours
0 Hours

Overnight 12
(Visit 13 and
Visit 25)

10 Hours

Follow - Up
Visit
(Visit 13.5 and
Visit 25.5)

n

Mean

Std.
Deviation

Std. Error
Mean

Active

12

21.67

6.140

1.772

Placebo

12

22.75

5.545

1.601

Active

12

21.33

4.868

1.405

Placebo

12

22.00

5.752

1.661

Active

12

21.33

4.097

1.183

Placebo

12

21.67

5.598

1.616

Active

12

20.42

3.605

1.041

Placebo

12

22.00

4.411

1.273

Active

12

20.58

4.944

1.427

Placebo

12

55.00

100.908

29.130

Active

12

21.08

4.641

1.340

Placebo

12

53.50

90.100

26.010

Active

12

24.67

3.822

1.103

Placebo

12

42.50

53.057

15.316

Product

Sig.

0.539

0.667
0.826
0.135
0.039*
0.039*

-

0.109

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test except for Baseline and 10 Hours at Overnight 12 which used
Sign Test.

*Significant at alpha level=0.05

Table

36:

CMP : SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE
COMPARISON BETWEEN ACTIVE AND PLACEBO

(AST)

Overnight 1
(Visit 2 and Visit 14)

Change from 0 to
10 Hours

Active

12

-0.33

3.420

Std.
Error
Mean
0.987

Placebo

12

-0.75

2.701

0.780

Overnight 6
(Visit 7 and Visit 19)

Change from 0 to
10 Hours

Active

12

-0.92

2.109

0.609

Placebo

12

0.33

4.271

1.233

Overnight 12
(Visit 13 and Visit
25)

Change from 0 to
10 Hours

Active

12

0.50

2.505

0.723

Placebo

12

-1.50

11.966

3.454

SERUM GLUTAMIC-OXALOACETIC
TRANSAMINASE (AST)

Product

n

Mean

Std.
Deviation

±

DELTA

Sig.

0.739
0.388

0.549

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Sign Test except for the Change from Baseline to 10 Hours at Overnight 1 which
used Paired Sample t-Test.
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Table

37:

CMP : SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE
COMPARISON BETWEEN TEST ACTIVE AND PLACEBO

SERUM GLUTAMIC-OXALOACETIC
TRANSAMINASE (AST)

0 Hours

10 Hours

Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12
Change from
Overnight 1 to
Follow-Up Visit
Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12

(AST)

n

Mean

Std.
Deviation

Active

12

-0.33

6.005

Std.
Error
Mean
1.734

Placebo

12

-1.08

6.487

1.873

Active

12

-1.08

7.366

2.127

Placebo

12

32.25

99.227

28.644

Active

12

3.00

6.267

1.809

Placebo

12

6.17

7.334

2.117

Active

12

-0.92

5.125

1.479

Placebo

12

0.00

4.328

1.249

Active

12

-0.58

6.345

1.832

Placebo

12

30.75

88.460

25.536

Product

±

DELTA

Sig.

0.388

0.388

0.325

0.675

0.227

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Sign Test except for Change from Overnight 1 to Follow-up Visit at Baseline and
from Overnight 1 to Overnight 6 which used Paired Sample t-Test.

Table 38: CMP : SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (AST) ± LONGITUDINAL
COMPARISON BETWEEN TEST ACTIVE AND PLACEBO
SERUM GLUTAMICOXALOACETIC
TRANSAMINASE
(AST)
Overnight 1
Overnight 6
Overnight 12

Product

n

Mean

Std.
Deviation

Std. Error
Mean

Active

24

21.50

5.421

1.107

Placebo

24

22.38

5.539

1.131

Active

24

20.88

3.803

.776

Placebo

24

21.83

4.931

1.007

Active

24

20.83

4.697

.959

Placebo

24

54.25

93.557

19.097

Sig.

0.390
0.279
0.055

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Linear Mixed Model.
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Table 39: CMP : SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (AST) ± TEST OF WITHINSUBJECTS EFFECTS OF ACTIVE (WITHIN OVERNIGHT VISIT)
SERUM GLUTAMICOXALOACETIC
TRANSAMINASE (AST)
Overnight 1
(Visit 2 and
Visit 14)
Overnight 6
(Visit 7 and
Visit 19)
Overnight 12
(Visit 13 and
Visit 25)

Pair 1

Pair 2

Pair 3

Mean

Std.
Deviatio
n

Std.
Error
Mean

Timepoints

n

0 Hours

12

21.67

6.140

1.772

10 Hours

12

21.33

4.868

1.405

0 Hours

12

21.33

4.097

1.183

10 Hours

12

20.42

3.605

1.041

0 Hours

12

20.58

4.944

1.427

10 Hours

12

21.08

4.641

1.340

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.742

-1.54%

0.160

-4.30%

0.504

2.43%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test

Table 40: CMP : SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (AST) ± TEST OF WITHINSUBJECTS EFFECTS OF PLACEBO (WITHIN OVERNIGHT VISIT)
SERUM GLUTAMICOXALOACETIC
TRANSAMINASE (AST)
Overnight 1
(Visit 2 and
Visit 14)
Overnight 6
(Visit 7 and
Visit 19)
Overnight 12
(Visit 13 and
Visit 25)

Pair 1

Pair 2

Pair 3

Mean

Std.
Deviatio
n

Std.
Error
Mean

Timepoints

n

0 Hours

12

22.75

5.545

1.601

10 Hours

12

22.00

5.752

1.661

0 Hours

12

21.67

5.598

1.616

10 Hours

12

22.00

4.411

1.273

0 Hours

12

55.00

100.908

29.130

10 Hours

12

53.50

90.100

26.010

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.357

-3.30%

0.792

1.54%

0.774

-2.73%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
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Table 41: CMP : SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (AST) ± TEST OF WITHINSUBJECTS EFFECTS OF ACTIVE (ACROSS OVERNIGHT VISIT)
SERUM GLUTAMICOXALOACETIC
TRANSAMINASE (AST)

Pair 1

0 Hours

Pair 2

Pair 3

Pair 4
10 Hours
Pair 5

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1

12

21.67

6.140

1.772

Overnight 6

12

21.33

4.097

1.183

Overnight 1

12

21.67

6.140

1.772

Overnight 12

12

20.58

4.944

1.427

Overnight 1

12

21.67

6.140

1.772

Follow-Up Visit

12

24.67

3.822

1.103

Overnight 1

12

21.33

4.868

1.405

Overnight 6

12

20.42

3.605

1.041

Overnight 1

12

21.33

4.868

1.405

Overnight 12

12

21.08

4.641

1.340

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.851

-1.54%

0.621

-5.00%

0.125

13.85%

0.548

-4.30%

0.864

-1.17%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
*Significant at alpha level=0.05

Table 42 : CMP : SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (AST) ± TEST OF WITHINSUBJECTS EFFECTS OF Placebo (ACROSS OVERNIGHT VISIT)
SERUM GLUTAMICOXALOACETIC
TRANSAMINASE (AST)

Pair 1

0 Hours

Pair 2

Pair 3

Pair 4
10 Hours
Pair 5

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1

12

22.75

5.545

1.601

Overnight 6

12

21.67

5.598

1.616

Overnight 1

12

22.75

5.545

1.601

Overnight 12

12

55.00

100.908

29.130

Overnight 1
Follow-Up
Visit

12

22.75

5.545

1.601

12

28.92

8.062

2.327

Overnight 1

12

22.00

5.752

1.661

Overnight 6

12

22.00

4.411

1.273

Overnight 1

12

22.00

5.752

1.661

Overnight 12

12

38.08

36.403

10.509

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.575

-4.76%

0.039*

141.76%

0.006*

86.81%

1.000

0.00%

0.039*

143.18%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test except for Pairs 3 and 5 which used Sign Test.
*Significant at alpha level=0.05
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Table 43: CMP : SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (AST) ± TEST OF WITHINSUBJECTS EFFECTS OF ACTIVE (BASELINE VS. PEAK HOURS)
SERUM
GLUTAMICOXALOACETIC
TRANSAMINAS
E (AST)

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1 - 0 Hours

12

21.67

6.140

1.772

Overnight 6- 10 Hours

12

20.42

3.605

1.041

Overnight 1 ± 0 Hours

12

21.67

6.140

1.772

Overnight 12- 10 Hours

12

21.08

4.641

1.340

Pair 1

Pair 2

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.478

-5.77%

0.756

-2.69%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.

Table 44 : CMP : SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (AST) ± TEST OF WITHINSUBJECTS EFFECTS OF Placebo (BASELINE VS. PEAK HOURS)
SERUM
GLUTAMICOXALOACETIC
TRANSAMINAS
E (AST)
Pair 1

Pair 2

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1 -Baseline

12

22.75

5.545

1.601

Overnight 6- 10 Hours

12

22.00

4.411

1.273

Overnight 1 -Baseline

12

22.75

5.545

1.601

Overnight 12- 10
Hours

12

53.50

90.100

26.010

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.611

-3.30%

0.012*

135.16%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
*Significant at alpha level=0.05
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11.4.2. CMP: SERUM GLUTAMIC PYRUVIC TRANSAMINASE (SGPT (ALT))
11.4.2.1. UNIT OF MEASURE
The unit of measure for Serum Glutamic Pyruvic Transaminase (SGPT(ALT))
is U/L.
11.4.2.2. NORMAL RANGE
The normal range for Serum Glutamic Pyruvic Transaminase (ALT) is <48 U/L.
11.4.2.3. INTERPRETATION
Serum Glutamic Pyruvic Transaminase (SGPT), also known as alanine
transaminase (ALT), is an enzyme that is mainly found in the liver. In case of
liver inflammation due to drug intake or disease, it is released into the
bloodstream. ALT levels in the blood provide an indirect measure of liver
function.
Average ALT readings were within the normal range of <48 U/L at all time
points for both groups.
Statistically significant differences in the Average ALT levels between Active
and Placebo groups were observed at 10 Hours (p-value=0.039) of Overnight
12 and at the Follow-Up Visit (p-value=0.016).
Additionally, the Placebo group was noted to have a near-significant 81%
increase in ALT levels from 23.50 U/L at the Baseline measurement (Overnight
1, Hour 0) to 42.58 U/L at the follow-up visit (p=0.065).
Longitudinal Comparison between groups demonstrated a statistically
significant difference in Average ALT levels at Overnight 12 (p-value=0.021)
and a nearly significant difference at Overnight 1 (p-value=0.068), with values
lower for the Active group.
These results suggest a potential protective role of the Active product, as ALT
levels were found to increase only in the Placebo group

(Note: *Lower SGPT- Favorable; *Higher SGPT - Not Favorable)

Confidential Internal Document
CHIG1000 CLINICAL STUDY REPORT

Page 87 of 106

AR-001254

Case 1:17-cv-02538-JEB Document 37-3 Filed 06/26/19 Page 191 of 273
1255

CHIG1000
CLINICAL STUDY REPORT
JUL 08, 2014

11.4.2.4. FIGURES
Figure 18: AVERAGE SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) (OVERNIGHT 1)
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Figure 19: AVERAGE SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) (OVERNIGHT 6)
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Figure 20: AVERAGE SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) (OVERNIGHT 12)
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Figure 21: AVERAGE SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) (FOLLOW-UP VISIT)
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11.4.2.5. TABLES
Table 45: CMP : SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) ± COMPARISON BETWEEN
Active AND Placebo
SERUM GLUTAMIC PYRUVIC
TRANSAMINASE (ALT)
Overnight 1
(Visit 2 and
Visit 14)

Overnight 6
(Visit 7 and
Visit 19)

Overnight 12
(Visit 13 and
Visit 25)

0 Hours

10 Hours
0 Hours
10 Hours
0 Hours
10 Hours

Follow - Up
Visit
(Visit 13.5 and
Visit 25.5)

Product

n

Mean

Std.
Deviation

Std. Error
Mean

Active

12

20.58

6.598

1.905

Placebo

12

23.50

9.596

2.770

Active

12

20.08

7.366

2.127

Placebo

12

23.42

8.723

2.518

Active

12

21.17

6.631

1.914

Placebo

12

22.75

6.398

1.847

Active

12

21.50

6.446

1.861

Placebo

12

22.08

7.342

2.119

Active

12

20.75

6.877

1.985

Placebo

12

36.00

36.947

10.666

Active

12

21.08

6.473

1.869

Placebo

12

38.08

36.403

10.509

Active

12

24.75

8.750

2.526

Placebo

12

42.58

33.709

9.731

0 Hours

Sig.
0.309

0.230
0.234
0.594
0.146
0.039*

0.065*

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.

*Significant at alpha level=0.05

Table 46: CMP : SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) ± DELTA COMPARISON
BETWEEN ACTIVE AND PLACEBO

Overnight 1
(Visit 2 and Visit 14)

Change from 0 to
10 Hours

Active

12

-0.50

2.023

Std.
Error
Mean
0.584

Placebo

12

-0.08

3.204

0.925

Overnight 6
(Visit 7 and Visit 19)

Change from 0 to
10 Hours

Active

12

0.33

2.270

0.655

Placebo

12

-0.67

3.257

0.940

Overnight 12
(Visit 13 and Visit
25)

Change from 0 to
10 Hours

Active

12

0.33

2.146

0.620

Placebo

12

2.08

4.144

1.196

SERUM GLUTAMIC PYRUVIC
TRANSAMINASE (ALT)

Product

n

Mean

Std.
Deviation

Sig.

0.661
0.180

0.239

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Sign Test except for Overnight 6 and 12 which used Paired Sample t-Test.
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Table 47: CMP : SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) ± DELTA COMPARISON
BETWEEN TEST ACTIVE AND PLACEBO
SERUM GLUTAMIC PYRUVIC
TRANSAMINASE (ALT)

Baseline

10 Hours

Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12
Change from
Overnight 1 to
Follow-Up Visit
Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12

n

Mean

Std.
Deviation

Active

12

0.58

3.655

Std.
Error
Mean
1.055

Placebo

12

-0.75

7.979

2.303

Active

12

0.17

6.617

1.910

Placebo

12

12.50

36.391

10.505

Active

12

4.17

9.898

2.857

Placebo

12

12.42

16.681

4.815

Active

12

1.42

3.528

1.018

Placebo

12

-1.33

6.583

1.900

Active

12

0.50

6.571

1.897

Placebo

12

14.58

36.155

10.437

Product

Sig.

0.641

0.774

0.118

0.774

0.388

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test except for Change from Overnight 1 to 12 of both Baseline

Table 48: CMP : SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) ± LONGITUDINAL
COMPARISON BETWEEN TEST ACTIVE AND PLACEBO
SERUM GLUTAMIC
PYRUVIC
TRANSAMINASE
(ALT)
Overnight 1
Overnight 6
Overnight 12

Product

n

Mean

Std.
Deviation

Std. Error
Mean

Active

24

20.33

6.844

1.397

Placebo

24

23.46

8.968

1.831

Active

24

21.33

6.397

1.306

Placebo

24

22.42

6.743

1.376

Active

24

20.92

6.534

1.334

Placebo

24

37.04

35.886

7.325

Sig.

0.068
0.186
0.021*

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Linear Mixed Model.
**Significant at alpha level=0.01
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Table 49: CMP : SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) ± TEST OF WITHINSUBJECTS EFFECTS OF ACTIVE (WITHIN OVERNIGHT VISIT)
SERUM GLUTAMIC
PYRUVIC TRANSAMINASE
(ALT)
Overnight 1
(Visit 2 and
Visit 14)
Overnight 6
(Visit 7 and
Visit 19)
Overnight 12
(Visit 13 and
Visit 25)

Pair 1

Pair 2

Pair 3

Mean

Std.
Deviatio
n

Std.
Error
Mean

Timepoints

n

0 Hours

12

20.58

6.598

1.905

10 Hours

12

20.08

7.366

2.127

0 Hours

12

21.17

6.631

1.914

10 Hours

12

21.50

6.446

1.861

0 Hours

12

20.75

6.877

1.985

10 Hours

12

21.08

6.473

1.869

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.410

-2.43%

0.621

1.57%

0.601

1.61%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test

Table 50: CMP : SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) ± TEST OF WITHINSUBJECTS EFFECTS OF PLACEBO (WITHIN OVERNIGHT VISIT)
SERUM GLUTAMIC
PYRUVIC TRANSAMINASE
(ALT)
Overnight 1
(Visit 2 and
Visit 14)
Overnight 6
(Visit 7 and
Visit 19)
Overnight 12
(Visit 13 and
Visit 25)

Pair 1

Pair 2

Pair 3

Mean

Std.
Deviatio
n

Std.
Error
Mean

Timepoints

n

0 Hours

12

23.50

9.596

2.770

10 Hours

12

23.42

8.723

2.518

0 Hours

12

22.75

6.398

1.847

10 Hours

12

22.08

7.342

2.119

0 Hours

12

36.00

36.947

10.666

10 Hours

12

38.08

36.403

10.509

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.930

-0.35%

0.493

-2.93%

0.344

5.79%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
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Table 51: CMP : SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) ± TEST OF WITHINSUBJECTS EFFECTS OF ACTIVE (ACROSS OVERNIGHT VISIT)
SERUM GLUTAMIC
PYRUVIC
TRANSAMINASE (ALT)

Pair 1

0 Hours

Pair 2

Pair 3

Pair 4
10 Hours
Pair 5

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1

12

20.58

6.598

1.905

Overnight 6

12

21.17

6.631

1.914

Overnight 1

12

20.58

6.598

1.905

Overnight 12

12

20.75

6.877

1.985

Overnight 1

12

20.58

6.598

1.905

Follow-Up Visit

12

24.75

8.750

2.526

Overnight 1

12

20.08

7.366

2.127

Overnight 6

12

21.50

6.446

1.861

Overnight 1

12

20.08

7.366

2.127

Overnight 12

12

21.08

6.473

1.869

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.591

2.83%

0.932

0.81%

0.173

20.24%

0.192

7.05%

0.607

4.98%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.

Table 52 : CMP : SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) ± TEST OF WITHINSUBJECTS EFFECTS OF Placebo (ACROSS OVERNIGHT VISIT)
SERUM GLUTAMIC
PYRUVIC
TRANSAMINASE (ALT)

Pair 1

0 Hours

Pair 2

Pair 3

Pair 4
10 Hours
Pair 5

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1

12

23.50

9.596

2.770

Overnight 6

12

22.75

6.398

1.847

Overnight 1

12

23.50

9.596

2.770

Overnight 12

12

36.00

36.947

10.666

Overnight 1
Follow-Up
Visit

12

23.50

9.596

2.770

12

42.58

33.709

9.731

Overnight 1

12

23.42

8.723

2.518

Overnight 6

12

22.08

7.342

2.119

Overnight 1

12

23.42

8.723

2.518

Overnight 12

12

38.08

36.403

10.509

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.751

-3.19%

0.344

53.19%

0.065*

81.21%

0.497

-5.69%

0.065

62.63%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
*Significant at alpha level=0.05
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Table 53: CMP : SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) ± TEST OF WITHINSUBJECTS EFFECTS OF ACTIVE (BASELINE VS. PEAK HOURS)
SERUM
GLUTAMIC
PYRUVIC
TRANSAMINAS
E (ALT)
Pair 1

Pair 2

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1 -Baseline

12

20.58

6.598

1.905

Overnight 6- 10 Hours

12

21.50

6.446

1.861

Overnight 1 -Baseline

12

20.58

6.598

1.905

Overnight 12- 10
Hours

12

21.08

6.473

1.869

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.407

4.45%

0.797

2.43%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
**Significant at alpha level=0.01
*Significant at alpha level=0.05

Table 54 : CMP : SERUM GLUTAMIC PYRUVIC TRANSAMINASE (ALT) ± TEST OF WITHINSUBJECTS EFFECTS OF Placebo (BASELINE VS. PEAK HOURS)
SERUM
GLUTAMIC
PYRUVIC
TRANSAMINAS
E (ALT)
Pair 1

Pair 2

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1 -Baseline

12

23.50

9.596

2.770

Overnight 6- 10 Hours

12

22.08

7.342

2.119

Overnight 1 -Baseline

12

23.50

9.596

2.770

Overnight 12- 10
Hours

12

38.08

36.403

10.509

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.506

-6.03%

0.227

62.06%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
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11.4.3. CMP: GAMMA-GLUTAMYL TRANSPEPTIDASE
11.4.3.1. UNIT OF MEASURE
The unit of measure for Gamma-Glutamyl Transpeptidase is mU/ml.
11.4.3.2. NORMAL RANGE
The normal range for Gumma-Glutamyl transpeptidase is 0-51 mU/ml.
11.4.3.3. INTERPRETATION
Gamma-glutamyl transpeptidase (GGT) is an enzyme found in many body
tissues but exists in high amounts in the liver and gallbladder. Serum GGT is
produced from the liver; hence, GGT levels assess extent of liver damage
related to intake of toxic substances or alcohol abuse.
Average GGT readings were within the normal range of 0-51 mU/mL at all time
points for both groups.
Nearly statistically significant differences in Average GGT levels between
Active and Placebo groups were observed at Baseline of Overnight 1 (pvalue=0.065), and at Baseline (p-value=0.039) and 10 Hours (p-value=0.065)
of Overnight 12, and at Follow-up visit (p-value=0.021) In addition, changes in
Average GGT levels from Baseline to any time points were found to be not
significant. Average GGT levels for the Active group were constantly lower
compared to that of the Placebo group at all time points.
Longitudinal Comparison between groups showed nearly statistically significant
and statistically significant differences in Overnight 6 (p-value=0.070) and at
Overnight 12 (p-value=0.035). On the other hand, there was no statistically
significant decrease in the Average GGT readings at all Overnights on the
within-subjects analyses of Active and the Placebo groups.
These results suggest a potential protective role of the Active product, as GGT
levels were found to increase only in the Placebo group
(Note: *Lower GGT - Favorable ; *Higher GGT - Not favorable)
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11.4.3.4. FIGURES
Figure 22: AVERAGE GAMMA-GLUTAMYL TRANSPEPTIDASE (OVERNIGHT 1)
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Figure 23: AVERAGE GAMMA-GLUTAMYL TRANSPEPTIDASE (OVERNIGHT 6)
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Figure 24: AVERAGE GAMMA-GLUTAMYL TRANSPEPTIDASE (OVERNIGHT 12)
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Figure 25:AVERAGE GAMMA-GLUTAMYL TRANSPEPTIDASE (FOLLOW-UP VISIT)
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11.4.3.5. TABLES
Table 55: CMP : GAMMA-GLUTAMYL TRANSPEPTIDASE ± COMPARISON BETWEEN Active AND
Placebo
GAMMA-GLUTAMYL
TRANSPEPTIDASE
Overnight 1
(Visit 2 and
Visit 14)

Overnight 6
(Visit 7 and
Visit 19)

Overnight 12
(Visit 13 and
Visit 25)

Product

Baseline

10 Hours
Baseline
10 Hours
Baseline
10 Hours

Follow - Up
Visit
(Visit 13.5 and
Visit 25.5)

n

Mean

Std.
Deviation

Std. Error
Mean

Active

12

22.08

14.519

4.191

Placebo

12

24.25

16.543

4.775

Active

12

22.25

14.827

4.280

Placebo

12

23.75

15.743

4.545

Active

12

21.25

11.725

3.385

Placebo

12

25.50

17.516

5.056

Active

12

20.58

12.102

3.493

Placebo

12

24.92

16.412

4.738

Active

12

23.83

11.700

3.377

Placebo

12

35.92

36.973

10.673

Active

12

24.17

12.684

3.661

Placebo

12

34.92

32.284

9.320

Active

12

24.83

14.077

4.064

Placebo

12

39.42

36.926

10.660

-

Sig.
0.065

0.344
0.774
0.146
0.039*
0.065

0.021*

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.

*Significant at alpha level=0.05

Table 56: CMP : GAMMA-GLUTAMYL TRANSPEPTIDASE ± DELTA COMPARISON BETWEEN
ACTIVE AND PLACEBO
GAMMA-GLUTAMYL TRANSPEPTIDASE
Overnight 1
(Visit 2 and Visit 14)
Overnight 6
(Visit 7 and Visit 19)
Overnight 12
(Visit 13 and Visit
25)

Change from
Baseline to 10
Hours
Change from
Baseline to 10
Hours
Change from
Baseline to 10
Hours

n

Mean

Std.
Deviation

Active

12

0.17

1.586

Std.
Error
Mean
0.458

Placebo

12

-0.50

1.931

0.557

Active

12

-0.67

1.371

0.396

Placebo

12

-0.58

1.929

0.557

Active

12

0.33

1.875

0.541

Placebo

12

-1.00

6.661

1.923

Product

Sig.

0.354

1.000

0.774

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Sign Test except for Overnight 6 and 12 which used Paired Sample t-Test.
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Table 57: CMP : GAMMA-GLUTAMYL TRANSPEPTIDASE ± DELTA COMPARISON BETWEEN TEST
ACTIVE AND PLACEBO
GAMMA-GLUTAMYL TRANSPEPTIDASE

Baseline

10 Hours

Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12
Change from
Overnight 1 to
Follow-Up Visit
Change from
Overnight 1 to
Overnight 6
Change from
Overnight 1 to
Overnight 12

n

Mean

Std.
Deviation

Active

12

-0.83

4.549

Std.
Error
Mean
1.313

Placebo

12

1.25

3.306

0.954

Active

12

1.75

9.790

2.826

Placebo

12

11.67

22.076

6.373

Active

12

2.75

8.024

2.316

Placebo

12

15.17

28.402

8.199

Active

12

-1.67

3.750

1.082

Placebo

12

1.17

3.486

1.006

Active

12

2.08

10.149

2.930

Placebo

12

10.67

17.301

4.994

Product

Sig.

0.148

0.549

0.754

0.050

0.774

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test except for Change from Overnight 1 to 12 of both Baseline

Table 58: CMP : GAMMA-GLUTAMYL TRANSPEPTIDASE ± LONGITUDINAL COMPARISON
BETWEEN TEST ACTIVE AND PLACEBO
GAMMA-GLUTAMYL
TRANSPEPTIDASE
Overnight 1
Overnight 6
Overnight 12

Product

n

Mean

Std.
Deviation

Std. Error
Mean

Active

24

22.17

14.352

2.930

Placebo

24

24.00

15.795

3.224

Active

24

20.92

11.658

2.380

Placebo

24

25.21

16.603

3.389

Active

24

24.00

11.935

2.436

Placebo

24

35.42

33.949

6.930

Sig.
0.438
0.070
0.035*

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Linear Mixed Model.
**Significant at alpha level=0.01
*Significant at alpha level=0.05

Confidential Internal Document
CHIG1000 CLINICAL STUDY REPORT

Page 99 of 106

AR-001266

Case 1:17-cv-02538-JEB Document 37-3 Filed 06/26/19 Page 203 of 273
1267

CHIG1000
CLINICAL STUDY REPORT
JUL 08, 2014

Table 59: CMP : GAMMA-GLUTAMYL TRANSPEPTIDASE ± TEST OF WITHIN-SUBJECTS EFFECTS
OF ACTIVE (WITHIN OVERNIGHT VISIT)
GAMMA-GLUTAMYL
TRANSPEPTIDASE

Overnight 1
(Visit 2 and
Visit 14)
Overnight 6
(Visit 7 and
Visit 19)
Overnight 12
(Visit 13 and
Visit 25)

Pair 1

Pair 2

Pair 3

Mean

Std.
Deviatio
n

Std.
Error
Mean

Timepoints

n

Baseline

12

22.08

14.519

4.191

10 Hours

12

22.25

14.827

4.280

Baseline

12

21.25

11.725

3.385

10 Hours

12

20.58

12.102

3.493

Baseline

12

23.83

11.700

3.377

10 Hours

12

24.17

12.684

3.661

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

1.000

0.75%

0.120

-3.14%

0.551

1.40%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test

Table 60: CMP : GAMMA-GLUTAMYL TRANSPEPTIDASE ± TEST OF WITHIN-SUBJECTS EFFECTS
OF PLACEBO (WITHIN OVERNIGHT VISIT)
GAMMA-GLUTAMYL
TRANSPEPTIDASE

Overnight 1
(Visit 2 and
Visit 14)
Overnight 6
(Visit 7 and
Visit 19)
Overnight 12
(Visit 13 and
Visit 25)

Pair 1

Pair 2

Pair 3

Mean

Std.
Deviatio
n

Std.
Error
Mean

Timepoints

n

Baseline

12

24.25

16.543

4.775

10 Hours

12

23.75

15.743

4.545

Baseline

12

25.50

17.516

5.056

10 Hours

12

24.92

16.412

4.738

Baseline

12

35.92

36.973

10.673

10 Hours

12

34.92

32.284

9.320

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

1.000

-2.06%

1.000

-2.29%

1.000

-2.78%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
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Table 61: CMP : GAMMA-GLUTAMYL TRANSPEPTIDASE ± TEST OF WITHIN-SUBJECTS EFFECTS
OF ACTIVE (ACROSS OVERNIGHT VISIT)
GAMMA-GLUTAMYL
TRANSPEPTIDASE

Pair 1

Baseline

Pair 2

Pair 3

Pair 4
10 Hours
Pair 5

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1

12

22.08

14.519

4.191

Overnight 6

12

21.25

11.725

3.385

Overnight 1

12

22.08

14.519

4.191

Overnight 12

12

23.83

11.700

3.377

Overnight 1

12

22.08

14.519

4.191

Follow-Up Visit

12

24.83

14.077

4.064

Overnight 1

12

22.25

14.827

4.280

Overnight 6

12

20.58

12.102

3.493

Overnight 1

12

22.25

14.827

4.280

Overnight 12

12

24.17

12.684

3.661

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.754

-3.77%

1.000

7.92%

0.227

12.45%

0.227

-7.49%

0.754

8.61%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.

Table 62 : CMP : GAMMA-GLUTAMYL TRANSPEPTIDASE ± TEST OF WITHIN-SUBJECTS EFFECTS
OF Placebo (ACROSS OVERNIGHT VISIT)
GAMMA-GLUTAMYL
TRANSPEPTIDASE

Pair 1

Baseline

Pair 2

Pair 3

Pair 4
10 Hours
Pair 5

Mean

Std.
Deviati
on

Std.
Error
Mean

Timepoints

n

Overnight 1

12

24.25

16.543

4.775

Overnight 6

12

25.50

17.516

5.056

Overnight 1

12

24.25

16.543

4.775

Overnight 12

12

35.92

36.973

10.673

Overnight 1
Follow-Up
Visit

12

24.25

16.543

4.775

12

39.42

36.926

10.660

Overnight 1

12

23.75

15.743

4.545

Overnight 6

12

24.92

16.412

4.738

Overnight 1

12

23.75

15.743

4.545

Overnight 12

12

34.92

32.284

9.320

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.549

5.15%

0.065

48.11%

0.146

62.54%

1.000

4.91%

0.065

47.02%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
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Table 63: CMP : GAMMA-GLUTAMYL TRANSPEPTIDASE ± TEST OF WITHIN-SUBJECTS EFFECTS
OF ACTIVE (BASELINE VS. PEAK HOURS)
GAMMAGLUTAMYL
TRANSPEPTIDASE

Pair 1

Pair 2

Timepoints

Overnight 1 Baseline
Overnight 6- 10
Hours
Overnight 1 Baseline
Overnight 12- 10
Hours

n

Mean

Std.
Deviati
on

Std.
Error
Mean

12

22.08

14.519

4.191

12

20.58

12.102

3.493

12

22.08

14.519

4.191

12

24.17

12.684

3.661

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

0.344

-6.79%

1.000

9.43%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.

Table 64 : CMP : GAMMA-GLUTAMYL TRANSPEPTIDASE ± TEST OF WITHIN-SUBJECTS EFFECTS
OF Placebo (BASELINE VS. PEAK HOURS)
GAMMAGLUTAMYL
TRANSPEPTIDASE

Pair 1

Pair 2

Timepoints

Overnight 1 Baseline
Overnight 6- 10
Hours
Overnight 1 Baseline
Overnight 12- 10
Hours

n

Mean

Std.
Deviati
on

Std.
Error
Mean

12

24.25

16.543

4.775

12

24.92

16.412

4.738

12

24.25

16.543

4.775

12

34.92

32.284

9.320

Sig.

Percent
Change
(Other
timepoint
versus
Baseline)

1.000

2.75%

0.039*

43.99%

Note1 : n represents the number of subjects having complete pairs for both time points in comparison.
Note2: Significance testing was performed using Paired Sample t-Test.
*Significant at alpha level=0.05
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12. DISCUSSION
The purpose of the study was to determine the effects of NTX study product in mitigating the negative
effects of alcohol on symptomatology and liver health.
Healthy subjects between the ages of 21 and 50 years with a Body Mass Index (BMI) within 23 to 29
2
kg/m were recruited into the study. These subjects were required to be social drinkers who consume
alcohol on at least 1-2 occasions per week. A total of 12 subjects (6 males and 6 females) completed the
study. Due to the crossover nature of the study, this resulted in an effective sample size of n=24. The
primary objective was to evaluate the Hepatoprotective role of the NTX product throughout a 2-week
course of alcohol consumption.
Metabolism of alcohol in the body (Figure 1) is largely associated with liver function, but can also occur in
the brain. Once alcohol is consumed, it is absorbed from the walls of the small intestine to the veins that
connect to the liver. Hepatic enzymes act catabolically on alcohol through both an oxidative and
nonoxidative, yet minimal, pathways. The former breaks down ethanol through the action of alcohol
dehydrogenase (ADH), producing acetaldehyde. A surplus of electrons from this reaction is passed on to
an intermediate carrier, nicotinamide adenine dinucleotide (NAD+), which is then reduced to NADH [5].
Upon higher alcohol consumption, other enzymes in the liver as well as in the brain, such as catalase in
the presence of hydrogen peroxide, and cytochrome P450 (CYP450), yield acetaldehyde that is reacted
upon by aldehyde dehydrogenase 2 to form acetate. Under normal concentrations, acetaldehyde and
consequently, acetate, are used in respiration as both can be converted to acetic acid that results to
carbon dioxide and water following the citric acid cycle [6].
Consequently, byproducts of alcohol metabolism include reactive hydrogen species (ROS) which, in
excess levels, inactivate essential liver enzymes and induce oxidative stress resulting in the attenuation
of fat metabolism. Ethanol-induced oxidative stress, therefore, can further increase the production of
ROS, leading to enhanced risk to alcohol-induced liver injury and diseases [7].
ROS effects are mitigated by endogenous antioxidants. Gluctathion (GSH) is a key antioxidant used in
the neutralization of reactive oxygen species[8]. Our study found significant within-group increases in
glutathione levels from baseline to almost all time points among the Active group (p-YDOXH IRU all
time points). The same was not observed in the Placebo group. Additionally, delta analysis found an
increase in GSH levels by 17.25ug/mL from Baseline to the Follow-up visit, whereas GSH levels in the
placebo group demonstrated only a 1.67 ug/mL increase. The lack of statistical significance is likely
related to the small sample size of the study.
Alcohol has been shown to reduce the levels of GSH in the liver. Acetaldehyde, the product of alcohol
breakdown, can bind to GSH through cysteine, thereby removing active GSH from liver cells. In addition,
alcohol itself inhibits the production of GSH. Both increased ROS production and GSH depletion results in
the abnormal breakdown of fat molecules, in a process known as lipid peroxidation, leading to damaged
liver cells. Oxidative stress can be decreased by ensuring that cells have adequate levels of antioxidants,
specifically GSH, that can capture ROS and break them down to less harmful molecules [7]. Glutathione
exists in both reduced (GSH) and oxidized (GSSG) states wherein the former can donate a reducing
equivalent to other unstable molecules, such as ROS. After donating an electron, GSH itself reacts with
another reactive GSH to form GSSG. The ratio between the reduced and oxidized states of glutathione
indicates the level of oxidative stress. When cells are exposed to increased levels of oxidative stress,
GSSG will accumulate and the ratio of GSH to GSSG will decrease [9].
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Figure 1. Metabolism of alcohol in the body.
The depletion of GSH levels plays a significant role in alcoholic liver injury and thus, it is important to
increase levels of GSH in the liver. However, it cannot be administered directly due to the large size of the
molecule which inhibits it from penetrating into liver cells. Alternatively, GSH precursors and other
antioxidants that can capture ROS along with mechanisms that will increase the GSH levels in liver cells
can be utilized to prevent liver damage due to alcohol metabolism [7].
To evaluate hepatic condition and monitor degree of alcohol-induced oxidative stress in the liver, subjects
were required to undertake Liver Function Tests (LFT), which are laboratory tests used to evaluate the
presence of any active liver injury. Included in the LFTs are the measurement of major liver enzymes
alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), and
gamma-glutamyl transferase (GGT) [10]. Elevated levels of these enzymes outside of their normal range
concentrations in blood serum are typically suggestive of acute liver damage, particularly in the presence
of alcohol consumption. Alcoholic hepatitis, for instance, is characterized by moderately increased levels
of ALP, ALT and AST, where AST usually at least twice the concentration of ALT. High GGT levels
accompanied by elevated ALP concentrations confirm that ALP increase is more likely due to liver
damage [11].
In this study, the Active group was observed to have generally lower average concentrations of all
enzymes at nearly all time points compared to Placebo groups. Despite significant differences in the
average ALP, AST, ALT, and GGT levels between groups at some time points, results suggest that the
Active study may be have a hepatoprotective effect, as within-group analysis found significant increases
in AST, ALT, and GGT in the Placebo group only. These are encouraging features of the NTX study
product particularly as it pertains to the hepatoprotective effects during alcohol consumption.
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13. CONCLUSION
In conclusion, the results of the study suggest that the study product may play a protective role in
supporting improved liver health during alcohol consumption. This is supported by statistically significant
increases in markers of acute liver injury in the Placebo group only. In conclusion, these results suggest
that consumption of NTX during alcohol consumption may support improved liver health compared to
drinking alcohol alone.
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11808 WOLF RUN LANE
CLIFTON, VA 20124
3210 S. GILBERT ROAD
SUITE 4
CHANDLER, AZ 85286
(602) 388-8899 | FAX (602) 393-4361
1050 SEVENTEENTH STREET, N.W.
SUITE 600
WASHINGTON, D.C. 20036
(202) 466-6937 | FAX (202) 466-6938

November 1, 2016
VIA UPS NEXT DAY AIR AND E-MAIL:
Amy R. Greenberg
Amy.Greenberg@ttb.gov
Lisa Gesser
Lisa.Gesser@ttb.gov
Regulations and Rulings Division
Alcohol, Tobacco, Tax and Trade Bureau
1310 G Street, N.W., Box 12
Washington, D.C. 20005
Re:

Jonathan W. Emord, Esq.
(703) 755-8202
jemord@emord.com

Supplement to Petition for Health Related Statements for Bellion Vodka with
NTX®

Dear Ms. Greenberg and Ms. Gesser:
Please find enclosed two (2) hardcopies of Bellion Spirts, L.L.C.’s and Chigurupati
Technologies Private Ltd.’s supplement to their April 12, 2016 petition for health-related
statements concerning the effect of NTX® in distilled spirits and/or other alcoholic beverages
(“Petition”). This supplement includes five (5) Exhibits, 1 described below. The five exhibits are
relevant to Sections IV.C and IV.D of the Petition. In sum, the exhibits provide additional and
compelling evidence, including a peer-reviewed article and two new human clinical studies,
confirming the hepatoprotective and DNA protective effects of NTX®.
Exhibit A is the peer-reviewed Article entitled Hepatoprotective Effects of a Proprietary
Glycyrrhizin Product during Alcohol Consumption: A Randomized, Double-Blind, PlaceControlled, Crossover Study, authored by Harsha Chigurupati, Biswajit Auddy, M. Biyani, and
Sidney J. Stohs, and published in PHOTOTHERAPY RESEARCH (2016). We previously provided
you with the Clinical Study Report underlying this peer-reviewed article. See Petition at Exh. 5,
1

Bellion submits its confidential and proprietary scientific data “Confidential” under 5 U.S.C. § 552(B)(4).
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at pp. 860–965. The study was accepted for publication in the peer-reviewed journal on July 22,
2016.
Exhibit B is a White Paper entitled NTX®---DNA and Tissue Protective Effects in
Association with Alcohol Consumption, authored by Dr. Sidney J. Stohs. Dr. Stohs’s White
Paper discusses three clinical trials which demonstrate the protective effects of NTX®. The first
such study, which was a randomized, double-blind, placebo-controlled, and crossover study,
forms the basis for the peer-reviewed article attached as Exhibit A. See also Petition at Exh. 5, at
pp. 860–965 (Clinical Study Report forming the basis for the peer-reviewed article). The second
study is a randomized, double-blind, placebo-controlled, crossover study involving 50 healthy
subjects and evaluates the effect of NTX® in modulating alcohol-induced oxidative stress on the
liver. The underlying Final Report documenting that study is attached as Exhibit C. The third
study, involving 25 human subjects, is a crossover, double-blind, randomized, two-group study
that assessed the effects of NTX® on alcohol-induced DNA damage. The underlying Final
Report documenting that study is attached as Exhibit D.
Dr. Stohs’s curriculum vitae is attached as Exhibit E.
Your letter dated October 7, 2016 promised a decision by November 10, 2016. We
expect that decision to encompass the supplemental exhibits attached hereto because they are
relevant and supportive of Bellion’s pending petition and, as such, should be included within the
administrative record. See Larita-Martinez v. I.N.S., 220 F.3d 1092, 1095 (9th Cir. 2000) (due
process requires that the agency “review all relevant evidence”). Supplementing the record with
timely and relevant information is necessary to ensure a full and complete record for decision at
the administrative level.
Please do not hesitate to contact us with any questions.

Sincerely,
y

Jonathan
Jonathan W. Emord
Peter A. Arhangelsky
Bethany R. Kennedy
Eric J. Awerbuch
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Hepatoprotective Effects of a Proprietary
Glycyrrhizin Product during Alcohol
Consumption: A Randomized, Double-Blind,
Placebo-Controlled, Crossover Study
Harsha Chigurupati,1 Biswajit Auddy,1 M. Biyani1 and Sidney J. Stohs2*
1

Chigurupati Technologies Private Limited, Hyderabad, India
Creighton University, 7068 Maumee Valley Court, Frisco, TX 75034, USA

2

Traditionally, licorice has been used to treat liver problems. Glycyrrhizin, the primary active compound, has been
shown to suppress elevations in liver enzymes that occur when the liver becomes diseased or damaged. This
randomized, double-blind, placebo-controlled, crossover study evaluated the hepatoprotective effects of a
proprietary glycyrrhizin product during alcohol consumption. Twelve healthy individuals (six male and six female
subjects) in a clinic setting consumed vodka nightly for 12 days with the glycyrrhizin product or placebo
(blank control), achieving a blood alcohol level of 0.12%. Liver function enzymes including alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), and alkaline phosphatase
and serum reduced glutathione were measured at overnight visits 1, 6, and 12. In the alcohol only group, AST,
ALT, and GGT significantly increased from baseline (overnight visit 1) to overnight visit 12. In the active group,
no statistically significant increases were observed for AST, ALT, and GGT, while alkaline phosphatase significantly decreased and plasma glutathione decreased relative to the alcohol control group. These results suggest
that consumption of the proprietary glycyrrhizin study product during alcohol consumption may support
improved liver health compared with drinking alcohol alone. Copyright © 2016 John Wiley & Sons, Ltd.
Keywords: alcohol; glycyrrhizin; D-mannitol; hepatoprotection; glutathione; AST, ALT; GGT.

INTRODUCTION
The detrimental effects of chronic and/or heavy alcohol
consumption are well established, and alcohol is considered a risk factor or cause of numerous diseases. The US
Center for Disease Control estimates that there are approximately 88,000 alcohol related deaths annually
(www.cdc.gov/alcohol/onlinetools.htm, 2015). The most
common problem associated with chronic alcohol consumption is alcoholic liver disease, which is defined by
histological lesions on the liver that range from hepatic
steatosis to more advanced stages as alcoholic
steatohepatitis, cirrhosis, hepatocellular carcinoma, and
liver failure due to necrosis or apoptosis (programmed
cell death) (O’Shea et al., 2010; Kim et al., 2016).
The mechanisms associated with alcohol toxicity and
the induction of alcoholic liver disease can be summarized as follows: metabolism of alcohol to highly toxic
acetaldehyde and free radical species, production of reactive oxygen species (ROS) and reactive nitrogen species with resulting oxidative stress, release of
inflammatory cytokines as tumor necrosis factor-alpha
(TNF-α) and interleukin-6 (IL-6), abnormal lipid metabolism including formation of the lipid peroxidation
product malondialdehyde (MDA), oxidative DNA
damage, formation of protein and DNA adducts with
* Correspondence to: Sidney J. Stohs, Dean Emeritus, Creighton University,
7068 Maumee Valley Court, Frisco, TX 75034, USA.
E-mail: sid.stohs9@gmail.com

Copyright © 2016 John Wiley & Sons, Ltd.

metabolites of alcohol and acetaldehyde, and ultimately
induction of apoptosis or necrosis with subsequent multisystem organ failure (Bruha et al., 2012; Lierena et al.,
2015; Dhanda and Collins, 2015; Li et al., 2015; Han
et al., 2016).
Biomarkers are biological indicators of the state of
health of an organ or tissue. Various common
biomarkers useful in assessing the existence,
progression, and pathogenesis of alcoholic liver disease
include measurements of the blood serum levels of the
enzymes aspartate aminotransferase (AST), gammaglutamyltransferase (GGT), alanine aminotransferase
(ALT), and alkaline phosphatase (ALP) (Deshpande
et al., 2014; Li et al., 2015; Kim et al., 2015; Qureshi
et al., 2015). Elevations of the serum levels of these enzymes occur when the liver is damaged as is the case
with alcoholic liver disease. Conversely, decreases in
the serum levels of these enzymes occur as the liver begins to heal.
Glutathione (GSH) is one of the primary intracellular
antioxidants and chemoprotectants in human tissues.
Decreases in GSH content occur in blood and
tissues as it reacts with and neutralizes ROS and free
radicals. Therefore, a decrease in hepatic GSH is associated with an increase in oxidative stress as occurs in the
case of alcoholic liver disease (Deshpande et al., 2014; Li
et al., 2015; Kim et al., 2015; Qureshi et al., 2015; Han
et al., 2016).
In individuals with alcohol-associated steatosis, studies indicate that approximately 20% will develop cirrhosis within 10 years (Lierena et al., 2015), and it is
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estimated that 20% of heavy drinkers will develop acute
alcoholic hepatitis (Mathurin and Lucey, 2012). The two
primary approaches for successful prevention and reversal of liver damage are abstinence from alcohol and appropriate nutritional support. Realistically, one cannot
expect the vast majority of alcohol consumers to abstain.
Therefore, there is a pressing need to develop safer
strategies for alcohol consumption and treatment in
order to reduce alcohol-associated morbidity and mortality, and the high cost to society because of health care
costs and lost productivity.
The high morbidity and mortality rate of alcoholic
liver disease is attributed to the sequence of events described previously, which can ultimately culminate in
multisystem organ failure and death (Mathurin and
Lucey, 2012; Li et al., 2015). Systems designed to
prevent and treat alcohol-induced liver toxicity and alcoholic liver disease must therefore focus on disrupting,
inhibiting, and/or reversing these pathological
pathways. As a consequence, a new category of
alcoholic beverages called Functional Spirits has been
created, and a product has been patented (US Patent
9,149,491 B1) that prevents and/or ameliorates the hepatotoxic effects of alcohol while retaining its desired
characteristics.
Han et al. (2016) have reviewed the relationships
between alcoholic liver disease, antioxidants, and
antioxidant enzymes. Glycyrrhizin (glycyrrhizic acid;
glycyrrhizinic acid; 18β-glycyrrhizin) is a triterpenoid
saponin glycoside (C42H61016NH4) derived from
Glycyrrhiza glabra L. (licorice) root. It is Generally
Recognized as Safe by the US Food and Drug Administration. Various studies have demonstrated the hepatoprotective, antioxidant, and antiinflammatory effects of
glycyrrhizin (Hou et al., 2014, Hsiang et al., 2015; Gong
et al., 2014; Gu et al., 2014; Sil et al., 2015). The ability
of glycyrrhizin to protect against the hepatotoxic effects
of alcohol in humans has not been previously studied.
In an animal study, a licorice extract predominantly
containing glycyrrhizin has been shown to inhibit alcohol induced increases in TNF-α, lipid accumulation in
liver (steatosis), and decreases in the antioxidant GSH
(Jung et al., 2016). The hepatoprotective effect was
confirmed histologically. In animals, glycyrrhizin also
inhibits alcohol-induced increases in the inflammatory
cytokine NF-kB and increases in MDA as well as
serum lipids while preventing liver injury and cirrhosis
(Wang et al., 1999; Quan et al., 2009).
In a number of animal experiments, glycyrrhizin has
been shown to decrease the production of the inflammatory cytokines TNF-α, IL-1 and IL-6 (Gong et al., 2012;
Gong et al., 2014; Gu et al., 2014; Sil et al., 2015), decrease lipid peroxidation (MDA) (Jeong and Kim,
2003; Gong et al., 2014; Sil et al., 2015; Liang et al.,
2015), and increase hepatic GSH content (Jeong and
Kim, 2003; Lee et al., 2007). Glycyrrhizin provides protection against acetaminophen-induced liver damage
by reversing fatty acid metabolism (Yu et al., 2014).
Glycyrrhizin also provides protection against nephrotoxic drugs (Wu et al., 2015) as well as experimental
acute pancreatitis in rats (Yildirim et al., 2013). In the
latter case, glycyrrhizin decreased concentrations of
the inflammatory cytokines TNF-α, IL-1 and IL-6 and
also decreased MDA production. The protective effects
of glycyrrhizin in rats were corroborated histologically
(Yildirim et al., 2013).
Copyright © 2016 John Wiley & Sons, Ltd.

Glycyrrhizin has been shown to ameliorate liver
damage associated with high fructose intake in rats
(Sil et al., 2015) which is characterized by oxidative
tissue damage and inflammation. Glycyrrhizin administration significantly decreased levels of AST, ALT,
ROS, carbonyl protein, TNF-α, lipid peroxidation
(MDA), and apoptosis, all characteristic of liver
damage. The antioxidant, antiinflammatory, and
hepatoprotective effects of the glycyrrhizin in rats were
affirmed histologically (Sil et al., 2015).
Various in vitro studies have demonstrated the antioxidant and free radical scavenging ability of glycyrrhizin
(Ablise et al., 2004; Gandhi et al., 2004; Cheel et al.,
2010; Gong et al., 2012; Kaur et al., 2012). In cell culture
experiments, glycyrrhizin has been shown to inhibit inflammatory TNF-α secretion (Ishida et al., 2012; Wang
et al., 2013) and MDA production (lipid peroxidation)
(Lecomte et al., 1994; Hu et al., 2001; Tripathi et al.,
2009; Hou et al., 2014), while enhancing the antioxidant
and tissue protectant GSH (Tripathi et al., 2009; Hou
et al., 2014; Hsiang et al., 2015). A licorice triterpene
has also been shown to induce autophagy activation
and exhibit antiviral activity (Laconi et al., 2014).
The immunomodulatory activity of glycyrrhizin has
been studied in mice with allergic rhinitis (Li and Zhou,
2012). Glycyrrhizin in a dose-dependent manner significantly reduced blood immunoglobulin E (IgE),
interleukin-4 (IL-4), interleukin-5 (IL-5), IL-6, nitrous
oxide, TNF-α and nitrous oxide synthase, while concurrently enhancing blood levels of immunoglobulin A
(IgA), immunoglobulin M (IgM), immunoglobulin G
(IgG), interleukin-2 (IL-2), and interleukin-12 (IL-12).
The authors concluded that glycyrrhizin improved immune function in this animal model.
Another study has looked at the effect of glycyrrhizin
injection on liver function and cellular immunity in children with infectious mononucleosis complicated liver
impairment (Cao et al., 2006). After 2 weeks of treatment with the glycyrrhizin product, cellular immune
function as determined by measuring T lymphocyte subsets significantly improved relative to untreated control
children. In addition, liver function also improved as determined by significant decreases in serum levels of
AST, ALT and total bilirubin. These results indicate that
glycyrrhizin improved immune function and promoted
recovery of liver function in children with infectious
mononucleosis.
The second of the two primary components of the
study product is D-mannitol. D-Mannitol is a sugar alcohol found in many plants (Patel and Williamson, 2016).
The amount of D-mannitol naturally present in licorice
has not been reported. Its antioxidant and free radical
scavenging abilities are well known (Patel and
Williamson, 2016). Several human studies have demonstrated the antioxidant and tissue protective effects of
D-mannitol. D-Mannitol has been shown to exhibit tissue protective effects in acute ischemic-reperfusion injuries (Shah et al., 1996) and antioxidant and free radical
scavenging properties in conjunction with cardiopulmonary bypass (England et al., 1996). D-Mannitol is used as
an antiinflammatory and antioxidant in tissue baths associated with kidney transplants (Cosetino et al., 2013).
In a study in rats, D-mannitol provided protection
against alcohol-induced gastric mucosal damage because of its antioxidant and antiinflammatory properties
(Gharzouli et al., 2001). D-Mannitol has also been shown
Phytother.
Res. (2016)
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to exhibit antiinflammatory and antioxidant activity in
rats after traumatic brain injury (Yilmaz et al., 2007).
D-Mannitol decreased production of MDA and normalized the levels of antioxidant enzymes.
NTX® is a novel patented product composed of the
primary ingredients glycyrrhizin (glycyrrhizic acid) and
D-mannitol. It also contains potassium sorbate as an antioxidant, preservative and antimicrobial. This study was
designed to assess the hepatoprotective effects of the
combination of glycyrrhizin and D-mannitol (NTX®)
in alcohol-consuming human subjects.

METHODS
Background. The primary objective was to evaluate the
hepatoprotective properties of the study product during
alcohol consumption. Endpoints included liver function
tests involving the enzymes GGT, ALT, AST, and
ALP, and changes in GSH serum levels.
The study product (NTX®) was a proprietary blend
of glycyrrhizin (licorice) and D-mannitol with and potassium sorbate as a product stabilizer. The study product
was provided by Chigurupati Technologies Private Limited, Hyderabad, India, and was Good Manufacturing
Practice (GMP) certified. Based on the US Patent
(9,149,491 B1), the product contains glycyrrhizin preferably in the range of 0.1–0.3% and D-mannitol preferably
in the range of 1.0–2.5%. The concentrations of
glycyrrhizin and D-mannitol were based on animal

studies described in the patent. The glycyrrhizin was
derived from the plant source, Glycyrrhiza glabra L.
The study product was pre-mixed with vodka (40%
ethanol) and was consumed in the clinic. The blank control group consumed the alcohol without any additive.
Because this was a crossover study, all subjects who
completed the study participated in both arms of the
study. All subjects consumed for 12 consecutive nights
an amount of alcohol with or without the study product
to achieve a blood alcohol level of 0.12%. The amount
of glycyrrhizin/D-mannitol product consumed was proportional to the amount of alcohol consumed.
Subjects. Twelve healthy subjects between 21 and
50 years of age, with a body mass index between 23
and 29 kg/m2, and who were social drinkers consuming
alcohol at least 1 to 2 occasions per week, completed
the study. Subjects were recruited from the general population by online recruiting, advertising, and available
clinical trial databases. Subjects were screened by telephone prior to scheduling a screening visit. Subjects
had to be willing not to change their current exercise
and diet programs throughout the study period. Subjects
who were pregnant, had any liver condition including
hepatitis, fatty liver or liver disease, and who had a history or record of aggressive or violent behavior were excluded from the study.
Study design. This study was a randomized, doubleblind, placebo-controlled, crossover study (Fig. 1).
Group allocations were made by a statistician and

Figure 1. Flow Chart.
Copyright © 2016 John Wiley & Sons, Ltd.
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placed in individually numbered envelopes to maintain
blinding of all individuals. The subjects as well as the
clinical staff, data management staff, and statistical analysis staff were unaware of the study groups. Medicus
Research was the contract research organization for this
study. Institutional review board approval was received
from MaGil institutional review board (Rockville,
MD) prior to the initiation of any study-related
activities.
An in-clinic screening visit was conducted 7 days prior
to the baseline overnight visit (visit 1) where subjects
underwent the informed consent process and were
screened for the presence of all inclusion criteria and
the absence of all exclusion criteria. In addition, the
screening process included a detailed medical history interview, physical examination, vital signs, and anthropometric measurements, as well as urine collection for
pregnancy tests and blood collection for liver function
tests.
Subjects returned to the clinic at overnight visit 1
(visit 2, baseline) for a review of medication history, adverse events reporting, and vital signs assessments. Subjects were also provided with a low-fat dinner and a
standardized amount of snacks and fluid. Vodka alcohol
with juice or soda chaser was offered to each subject and
based on preference was provided during both arms of
the study. At the onset of alcohol consumption, subjects
either consumed the study product in the commercially
available vodka alcohol drink or the control alcohol
drink, which contained no study product according to
the randomization assignment.
Analytical. Blood samples were drawn at 0.5, 0.5, 1,
1.5, 2 and 10 h for assessments of serum GSH levels, and
at 0.5 and 10 h for liver function tests (serum AST,
ALT, GGT and ALP). Subjects were also administered
a breathalyzer test at 0, 0.5, 1, 1.5, 2, and 10 h to estimate
blood alcohol concentrations each night.
The subjects consumed the alcohol for 12 consecutive
nights with and without the study product (Fig. 1).
Blood samples were drawn on overnight visits 6 (V7)
and 12 (V13) according to the same schedule as overnight visit 1. At overnight visits 2, 3, 4, 5, 7, 8, 9, 10,
and 11 no blood samples were drawn. After a total of
12 overnight visits, subjects returned to the clinic for
follow-up visit on day 13 to measure serum GSH and
liver function enzymes. All subjects underwent a 4-week
washout period between ARM 1 and ARM 2 of this
double-blind crossover study. At the conclusion of the
study, subjects could not identify which vodka was the
blank control and which contained the glycyrrhizin/Dmannitol study product (Fig. 1).
Serum GSH was estimated using commercial ELISA
kits (NeoScience, NeoBioLab, Woburn, MA, USA),
while AST, ATL, GGT, and ALP were determined
using standard commercially available kits (SigmaAldrich, St. Louis, MO USA) (Deshpande et al., 2014).
Data analysis. Parallel dual data entry was performed
by data management personnel across all endpoints.
Data validation and reconciliation of parallel entry occurred after the dual data entry process. The database
was formally locked after all suspicious entries in the database were resolved. The product assignments were
Copyright © 2016 John Wiley & Sons, Ltd.

then distinguished from the randomization or blinding
codes and merged into the database and data tables.
Descriptive measures such as N, means, standard deviations, and standard errors of means were processed
for each numeric endpoint on all visits. Percentage
changes were used to quantify increase or decrease of
endpoints from baseline for each arm.
All efficacy endpoints were analyzed depending on
the level of measurement of the endpoint. For each endpoint in ordinal scale, the differences in the medians
within time periods for each arm were tested for nominal significance using a nonparametric test (Wilcoxon
Signed Rank Test). For each endpoint in the
interval/ratio scale within and across, overnight visits
for each arm was tested for nominal significance using
the paired Student’s t-test. For continuous variable at
each time point, the difference between means of different arms was assessed for significance either using the
paired Student’s t-test or the nonparametric Wilcoxon
Signed Ranks Test. Lastly, with respect to longitudinal
data, the dependent variables were measured at the selected time points for each subject and were analyzed
by the Linear Mixed Model. All tests of hypotheses
were done at α = 0.05.

RESULTS
A total of 22 subjects were enrolled in the study, with 12
subjects (six male and six female subjects) completing
the study. Because this was a crossover study with all
12 subjects completing both arms of the study, the effective sample size was n = 24. The primary objective of this
study was to evaluate the hepatoprotective properties of
the glycyrrhizin/D-mannitol product during alcohol consumption by assessing blood liver function enzymes and
serum GSH content. Breathalyzer tests were conducted
during each overnight visit to ensure that all subjects
had consumed the alcohol and had achieved a blood
level of 0.12%. The 12-day average daily vodka consumption to achieve this blood alcohol level for male
subjects was 366 mL and 245 mL for female subjects in
the blank control (alcohol only) arm of the study and
339 mL for male subjects and 247 mL for female subjects
in the active glycyrrhizin/D-mannitol arm of the study.
In the blank control (alcohol only) group, alcohol
(vodka) without the addition of the glycyrrhizin/D-mannitol was consumed daily for 12 days. In this arm of the
study, increases occurred in the liver biomarker function
test enzymes AST (Table 1), GGT (Table 2), and ALT
(Table 3). In particular, AST statistically significantly increased by 30.75 U/L (135.16%, p = 0.012) from baseline
(overnight visit 1, hour 0.5) to overnight visit 12 (hour
10) (Table 1). GGT significantly increased by 10.67 U/L
(43.99%, p = 0.039) (Table 2), while ALT nonsignificantly increased by 14.58 U/L (62.06%, p = 0.227)
from baseline (overnight visit 1) to overnight visit 12
(hour 10) (Table 3).
In the blank control (alcohol only) group, ALP did
not change significantly (1.54%, p = 0.802) between
baseline (overnight visit 1, hour 0.50) and overnight
visit 12 (hour 10), or between baseline and the followup visit on day 13 (1.42 U/L; p = .0826) (Table 4). However, noteworthy is the observation that AST (Table 1)
and ALT (Table 3) were significantly elevated by 19.75
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Table 1. Changes in aspartate aminotransferase—comparison between active and blank control
Serum aspartate aminotransaminase
Overnight 1 (visits 2 and 16)

0h
10 h

Overnight 6 (visits 7 and 21)

0h
10 h

Overnight 12 (visits 13 and 27)

0h
10 h

Follow-up visit (visits 14 and 28)

—

Product

N

Mean (U/L)

Standard deviation

Standard error of the mean

Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control

12
12
12
12
12
12
12
12
12
12
12
12
12
12

21.67
22.75
21.33
22.00
21.33
21.67
20.42
22.00
20.58
55.00
21.08
53.50
24.67
42.50

6.140
5.545
4.868
5.752
4.097
5.598
3.605
4.411
4.944
100.908
4.641
90.100
3.822
53.057

1.772
1.601
1.405
1.661
1.183
1.616
1.041
1.273
1.427
29.130
1.340
26.010
1.103
15.316

Significance
0.539
0.667
0.826
0.135
0.039*
0.039*
0.109

N represents the number of subjects having complete pairs for both time points in comparison.Significance testing was performed using
paired sample t-test except for baseline and 10 h at Overnight 12, which used Sign Test.
*Significant at alpha level = 0.05.

Table 2. Gamma-glutamyl transpeptidase—comparison between active and blank control
Gamma-glutamyl transpeptidase
Overnight 1 (visits 2 and 16)

Baseline
10 h

Overnight 6 (visit 7 and 21)

Baseline
10 h

Overnight 12 (visits 13 and 27)

Baseline
10 h
—

Follow-up visit (visits 14 and 28)

Product

N

Mean (U/L)

Standard deviation

Standard error of the mean

Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control

12
12
12
12
12
12
12
12
12
12
12
12
12
12

22.08
24.25
22.25
23.75
21.25
25.50
20.58
24.92
23.83
35.92
24.17
34.92
24.83
39.42

14.519
16.543
14.827
15.743
11.725
17.516
12.102
16.412
11.700
36.973
12.684
32.284
14.077
36.926

4.191
4.775
4.280
4.545
3.385
5.056
3.493
4.738
3.377
10.673
3.661
9.320
4.064
10.660

Significance
0.065
0.344
0.774
0.146
0.039*
0.065
0.021*

N represents the number of subjects having complete pairs for both time points in comparison. Significance testing was performed using
paired sample t-test.
*Significant at alpha level = 0.05.

Table 3. Alanine transaminase—comparison between active and blank control
Serum alanine transaminase
Overnight 1 (visits 2 and 16)

0
10 h

Overnight 6 (visits 7 and 21)

0h
10 h

Overnight 12 (visits 13 and 27)

0h
10 h

Follow-up visit (visits 14 and 28)

0h

Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control

N

Mean (U/L)

Standard deviation

Standard error of the mean

12
12
12
12
12
12
12
12
12
12
12
12
12
12

20.58
23.50
20.08
23.42
21.17
22.75
21.50
22.08
20.75
36.00
21.08
38.08
24.75
42.58

6.598
9.596
7.366
8.723
6.631
6.398
6.446
7.342
6.877
36.947
6.473
36.403
8.750
33.709

1.905
2.770
2.127
2.518
1.914
1.847
1.861
2.119
1.985
10.666
1.869
10.509
2.526
9.731

Significance
0.309
0.230
0.234
0.594
0.146
0.039*
0.065*

N represents the number of subjects having complete pairs for both time points in comparison. Significance testing was performed using
paired sample t-test.
*Significant at alpha level = 0.05.
Copyright © 2016 John Wiley & Sons, Ltd.
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Table 4. Alkaline phosphatase—comparison between active and blank control
Alkaline phosphatase

Product

N

Baseline Active
Control
10 h
Active
Control
Overnight 6 (visit 7 and visit 21)
Baseline Active
Control
10 h
Active
Control
Overnight 12 (visit 13 and visit 27)
Baseline Active
Control
10 h
Active
Control
Follow-up visit (visit 14 and visit 28)
—
Active
Control

12
12
12
12
12
12
12
12
12
12
12
12
12
12

Overnight 1 (visit 2 and visit 16)

Mean (U/L) Standard deviation Standard error of the mean Significance
68.83
64.83
64.33
63.00
65.08
68.75
60.58
64.33
66.33
69.75
62.75
65.83
63.83
64.92

18.542
13.169
19.171
15.112
23.039
19.056
19.547
17.890
20.362
20.942
19.809
21.762
21.829
17.661

5.352
3.802
5.534
4.362
6.651
5.501
5.643
5.164
5.878
6.045
5.718
6.282
6.302
5.098

0.166
0.617
0.313
0.108
0.167
0.296
0.700

N represents the number of subjects having complete pairs for both time points in comparison. Significance testing was performed using
paired sample t-test.

and 19.08 U/L from baseline to the follow-up visit on
day 13 (86.81%, p = 0.006; 81.21%, p = 0.065, respectively). GGT was non-significantly elevated by 15.17
U/L (p = 0.227) at this time point relative to baseline at
the follow-up visit (Table 2).
In the active group, which received alcohol plus the
glycyrrhizin/D-mannitol product (NTX®), there were
no statistically significant increases in the liver function
enzymes GGT (Table 2) and ALT (Table 3) from baseline to overnight visit 12 (hour 10) and the follow-up
visit. In addition, ALP significantly decreased by 8.25
and 6.08 U/L from baseline to overnight visits 6
(11.99%, p = 0.005) and 12 (hour 10) (8.84%, p = 0.035)
(Table 4), and AST non-significantly decreased by 0.58
U/L (2.69%, p = 0.756) from baseline to overnight 12
(hour 10) (Table 1).
The changes in the serum GSH content across the
overnight visits for the blank control (alcohol only) cohort are presented in Table 5. Alcohol consumption
did not alter serum levels of GSH from baseline up to
the 2-h time point on overnight visits on days 6 and 12.
However, at the 10-h time point, serum GSH demonstrated significant increases of 27.09 and 21.75 μg/mL
from baseline on overnight visits 6 and 12, respectively
(Table 5), which represented 9.14% (p = 0.027) and
7.34% (p = 0.032) increases over baseline, respectively.
In the active group receiving alcohol plus the
glycyrrhizin/D-mannitol product (NTX®) (Table 5),
serum GSH levels demonstrated statistically significant
increases from baseline to overnight day 6 at all time
points (hour 0.5, hour 1, hour 1.5, hour 2, and hour 10)
and from baseline to overnight day 12 at the 1.5-h time
point. At the 1.5-h time point on days 6 and 12, the
serum GSH levels increased by 10.87% (p = 0.012) and
11.57% (p = 0.007), respectively, while at the 10-h time
point, the increases were 8.08% (p = 0.021) and 4.72%
(p = 0.139), respectively (Table 5).
When comparisons were made between the alcohol
only (blank control) group and the alcohol plus
glycyrrhizin/D-mannitol product (active) group with respect to serum GSH levels, the GSH levels in the placebo group were approximately 20–30 μg/mL higher
than the active group at each point (Table 5). For example, at the 10-h time point for overnight visit 12, the
Copyright © 2016 John Wiley & Sons, Ltd.

serum GSH level was an average 25 μg/mL higher for
the alcohol only (blank control) group as compared with
the active group, representing a 7.9% higher level for
the control group.
With respect to vital signs, which were assessed daily,
no clinically or statistically significant differences were
observed between the alcohol only group and the active
group, which also received the glycyrrhizin/D-mannitol
product with respect to pulse rate, systolic blood pressure, diastolic blood pressure, and body temperature at
any time point (data not shown). No observed or reported adverse effects or events occurred in either the
blank control group or the active group at any time
point, and no effects were observed in the active group
that did not occur in the control group.

DISCUSSION
This study evaluated the hepatoprotective effects of a
product containing glycyrrhizin and D-mannitol in conjunction with alcohol ingestion. To our knowledge, this
study represents the first clinical trial evaluating the
hepatoprotective effects of a proprietary product
premixed/infused with the alcohol during human
consumption. The results of this study found that the
concurrent consumption of the glycyrrhizin/D-mannitol
product with alcohol during 12 consecutive overnight
clinic visits as compared with a control (alcohol only)
protected against alcohol-induced liver toxicity based
on liver function tests.
When subjects in the blank control (alcohol only)
group consumed the alcoholic drink, increases in the
liver enzymes AST, ALT, and GGT occurred as
compared with baseline (Tables 1–3). Increases in levels
of these enzymes serve as biomarkers of liver damage
and compromised liver health (Deshpande et al., 2014;
Li et al., 2015; Kim et al., 2015; Qureshi et al., 2015).
However, when the subjects consumed the
glycyrrhizin/D-mannitol product in combination with
the alcohol (active group), no significant increases in
liver enzymes were observed, suggesting protection
against alcohol-induced liver damage (Tables 1–3).
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Table 5. Glutathione levels—comparison between active and blank control
Glutathione levels
Overnight 1 (visit 2 and visit 16)

Product N Mean (μg/mL) Standard deviation Standard error of the mean Significance
Baseline
0.5 h
1h
1.5 h
2h
10 h

Overnight 6 (visit 7 and visit 21)

0h
0.5 h
1h
1.5 h
2h
10 h

Overnight 12 (visit 13 and visit 27)

0h
0.5 h
1h
1.5 h
2h
10 h

Follow-up visit (visit 14 and visit 28)

—

Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control
Active
Control

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

268.75
298.17
267.42
296.00
267.08
299.17
263.00
293.83
269.67
302.00
270.33
296.33
301.50
304.83
283.75
316.67
299.92
316.50
291.58
317.92
298.25
317.25
292.17
323.42
295.33
309.00
293.08
286.75
284.08
298.33
293.42
289.50
290.75
307.42
283.08
318.08
286.00
299.83

33.770
30.412
41.322
29.802
41.921
40.152
44.333
38.395
34.471
33.737
38.679
33.293
31.768
49.763
36.397
59.370
42.286
29.789
33.187
46.723
42.921
35.422
48.662
36.405
42.656
26.084
43.291
50.582
40.392
37.845
41.421
49.830
43.206
46.186
38.764
41.489
26.502
47.816

9.748
8.779
11.929
8.603
12.102
11.591
12.798
11.084
9.951
9.739
11.166
9.611
9.171
14.365
10.507
17.139
12.207
8.599
9.580
13.488
12.390
10.226
14.047
10.509
12.314
7.530
12.497
14.602
11.660
10.925
11.957
14.385
12.472
13.333
11.190
11.977
7.651
13.803

0.010*
0.034*
0.003**
0.039*
0.006**
0.033*
0.799
0.019*
0.122
0.052
0.066
0.009**
0.118
0.687
0.166
0.825
0.180
0.007**
0.195

N represents the number of subjects having complete pairs for both time points in comparison. Significance testing was performed using
paired sample t-test except for 1.5 h at overnight 1, which used sign test.
*Significant at alpha level = 0.05.
**Significant at alpha level = 0.01.

The mechanism of alcohol-induced hepatotoxicity
involves a cascading series of events that include
production of free radicals and ROS as well as release
of inflammatory cytokines with resultant tissue damage
(Bruha et al., 2012; Lierena et al., 2015; Dhanda and
Collins, 2015; Li et al., 2015; Han et al., 2016). GSH is
a prominent antioxidant in the liver and other tissues
and reflects tissue antioxidant status. GSH is a
tripeptide that is synthesized in the hepatic cytosol,
and alcohol induces loss/efflux of GSH from the
hepatocytes (Pierson and Mitchell, 1986; Lauterburg
and Velez, 1988; Hansen et al., 2009). This efflux of
GSH concomitantly decreases intrahepatic GSH
content (Adams et al., 1983). The restoration of hepatic
injuries induced by alcohol consumption is regulated by
antioxidant status and GSH content.
In this study, the alcohol only (blank control) group
exhibited higher serum levels of GSH than the group
Copyright © 2016 John Wiley & Sons, Ltd.

receiving alcohol plus the glycyrrhizin/D-mannitol product (Table 5) from baseline to overnight visits 6 and 12.
Various other studies in humans have shown that acute
alcohol ingestion results in increases in serum GSH
(Vendemiale et al., 1989; Jerca et al., 1993; Michelet
et al., 1995; Nagamma et al., 2012). Alcohol induces
hepatic membrane damage with leakage of cellular
contents as evidenced by increases in blood levels of
AST, ALT, and GGT. Similar efflux of GSH from the
liver into the blood can also be expected to occur
because of its relatively small size, accounting for the
increase in plasma GSH, with a concomitant decrease
in hepatic GSH, which is well-documented in animal
studies (Wang et al., 2016; Jung et al., 2016).
The reason for the lower blood levels of GSH
(Table 5) as well as AST (Table 1), GGT (Table 2),
and ALT (Table 3) associated with coadministration of
the glycyrrhizin/D-mannitol product with alcohol
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relative to the alcohol only (blank control) group at all
day and time points can be attributed to decreased hepatic membrane damage, and therefore less leakage of
these constituents from the liver.
It should also be noted that various studies have demonstrated a decrease in blood GSH levels in cases of
chronic alcohol consumption and abuse and alcoholic
liver disease (Lauterburg et al., 1984; Lauterburg and
Velez, 1988; Loquercio et al., 1997, 1999; Lee et al.,
2004; Pemberton et al., 2005; Sripradha et al., 2010).
Thus, differences in human blood GSH levels have been
demonstrated when comparing acute and chronic alcohol consumption. Long-term alcohol consumption results in a depletion of GSH from liver and blood
because of a decrease in GSH synthesis (Lauterburg
et al., 1984), while transient increases in blood GSH because of the initial GSH efflux from the liver may occur
following acute alcohol exposure.
Elevated levels of the liver enzymes GGT, AST, and
ALT not only predict disease status but also directly reflect various aspects of liver damage, fatty liver, and oxidative stress. In general, the serum activities of these
enzymes increase proportionally to the chronic rate of
alcohol consumption (Nyblom et al., 2004; Hietala
et al., 2005; Alatalo et al., 2009; Whitfield et al., 2013;
Danielsson et al., 2014; Pisa et al., 2015). AST and
GGT serum levels increase markedly following acute alcohol consumption, although ALT and ALP activities
may not change significantly (Nemesanszky et al., 1988;
Alatalo et al., 2009; Whitfield et al., 2013). The results
of this study are consistent with these published observations, where AST (Table 1) and GGT (Table 2) were
significantly increased by alcohol consumption. ALT
(Table 3) was increased but not significantly, and ALP
was unchanged (Table 4).
GGT is highly correlated with liver disease (Hietala
et al., 2005; Thomes et al., 2013), is a sensitive marker
of hepatobiliary disease, and is also a marker of oxidative stress (Bansal et al., 2012) and fatty liver
(Cederbaum and Dicker, 1983). Alcohol consumption
can increase the ratio of AST to ALT by at least 2:1,
measurements that can be used to support a diagnosis
of alcohol-induced liver damage and alcoholism
(Reinke et al., 1987). In a randomized controlled trial,
chronic alcohol drinkers had markedly higher AST and
GGT levels compared with their nondrinking counterpart (Ikeda et al., 1995). Similarly, a study of 100 alcoholics reported that GGT and AST are sensitive
markers of hepatotoxicity as these enzymes show progressive increases with increased alcohol consumption
(Zelickson et al., 2011). ALT levels, on the other hand,
may lie within the normal range even in subjects with severe alcoholic liver disease (Reinke et al., 1987).
Licorice-derived glycyrrhizin has been shown in
animal and human studies to possess antioxidant,
antiinflammatory, immunoregulatory, and hepatoprotective properties. Li et al. (2015) have provided an
excellent literature review of the treatment of liver diseases as chronic hepatitis and viral hepatitis using
glycyrrhizin. Thus, glycyrrhizin, one of the active constituents used in the study product, has been shown in
a number of clinical studies to significantly reduce and
normalize serum enzyme activities as AST and ALT in
patients with hepatitis (Li et al., 2015).
A study in rats has examined the inhibitory effects of
glycyrrhizin on alcohol plus carbon tetrachlorideCopyright © 2016 John Wiley & Sons, Ltd.

induced liver cirrhosis (Wang et al., 1999). The alcohol
plus carbon tetrachloride significantly increased serum
ALT and the inflammatory marker NF-kB, and histologically, liver steatosis and fibrosis were severe. Cotreatment with a glycyrrhizin product markedly improved the steatosis and fibrosis, significantly reduced
the serum ALT levels, and returned the NF-kB levels
to near normal. The authors concluded that the
glycyrrhizin protected the liver from hepatotoxininduced liver injury and cirrhosis (Wang et al., 1999).
Glycyrrhizin ameliorates oxidative liver damage associated with high fructose intake in rats (Sil et al., 2015).
Glycyrrhizin administration significantly normalized
levels of AST, ALT, ALP, ROS, carbonyl protein, lipid
peroxidation (MDA), and apoptosis, all characteristic
of oxidative liver damage. The tissue effects of the
glycyrrhizin and normalization of liver function were affirmed histologically (Sil et al., 2015).
Glycyrrhizin has also been shown to exhibit protection against acetaminophen-induced liver damage by reversing fatty acid metabolism (Liu et al., 1994). Similar
findings were observed when licorice root extracts were
used to treat cadmium chloride-induced toxicity in rats
(Hu et al., 2001) and titanium dioxide nanoparticleinduced hepatotoxicity in mice (Orazizadeh et al., 2014).
The mechanisms mediating the hepatoprotective effects of glycyrrhizin have been well studied (Li et al.,
2015). Glycyrrhizin has been shown to act as an antioxidant inhibiting ROS formation and MDA (lipid peroxidation) production (Hu et al., 2001; Tripathi et al., 2009;
Hou et al., 2014) and inhibit secretion of cytokines such
as TNF-α, IL-1, IL-6, and NF-kB (Ishida et al., 2012;
Wang et al., 2013).
D-Mannitol is a plant-derived sugar alcohol and is the
second ingredient in the study product. D-Mannitol has
been shown to exhibit tissue protective effects and exhibits antioxidant, free radical scavenging, and
antiinflammatory properties (England et al., 1996;
Cosetino et al., 2013). In rats, D-mannitol was shown to
protect against alcohol-induced gastric mucosal damage
because of its antioxidant and antiinflammatory properties (Gharzouli et al., 2001). The effects of D-mannitol
are believed to be complementary to those of
glycyrrhizin because both exhibit antioxidant and
antiinflammatory effects but do so by different mechanisms (Li et al., 2015; Patel and Williamson, 2016; US
Patent No. 9,149,491 B2).
Natural products used for the prevention and treatment of adverse effects of alcohol have been reviewed
by Wang et al. (2016). Most of the studies that were
reviewed focused on the lowering of blood alcohol
levels and suppression of alcohol consumption. Several
studies in rats and mice have shown that products derived from the plants Pueraria lobata (Willd.), Ohwi
(kudzu), Hovenia dulcis Thunb., and Diospyros kaki L.
provided hepatoprotective effects against alcohol. In a
recent study (Zhang et al., 2016), consumption of juices
from fruits of Averrhoa carambola Linn., Citrus limon
L. (yellow), and Musa nana Lour. was shown to prevent
alcohol-induced elevations of AST in mice, therefore offering hepatoprotection.
Various other studies in rats and mice have demonstrated hepatoprotective effects of plant-derived
products against alcohol toxicity including Garcinia
indica L. fruit rind (Panda et al., 2012), noni (Morinda
citrifolia L.) juice (Chang et al., 2013), oils from Zingiber
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officinale Roscoe. (ginger) and Curcuma longa L.
(turmeric) (Nwozo et al., 2014), Dendrobium
huoshanense polysaccharide (Wang et al., 2015b), and
geniposide from Gardenia jasminoides Ellis (Wang
et al., 2015a). However, no similar human studies with
these plant products have been conducted.
No adverse effects were reported or observed for either the alcohol only group or the alcohol plus
glycyrrhizin/D-mannitol group. Licorice abuse is known
to be associated with a cortisol-induced mineralocorticoid effect with a tendency towards an elevation in
blood pressure and blood sodium levels and a reduction
in potassium levels. These effects are primarily due to
the presence of glycyrrhetic acid (glycyrrhetinic acid,
enoxolone) (Omar et al., 2012), which is not present in
the study product, although glycyrrhetic acid is a metabolite of glycyrrhizin. No dropouts from the study were
due to these types of effects.
Of the 22 subjects that initially qualified for the study,
five subjects elected not to participate following the initial overnight baseline visit and prior to consumption of
either alcohol-containing product (Fig. 1). Five additional subjects dropped out of the study after completing the first arm of the study that involved 13 visits
with alcohol consumption for 12 consecutive nights.
These dropouts were due to the amount of alcohol that
was required to be consumed. The data reflect only
those subjects that completed both arms of the study.
Approximately 8.3% less alcohol was required to be
consumed to achieve a blood alcohol level of 0.12% by
the active glycyrrhizin/D-mannitol group than by the
blank control alcohol only group for the male subjects,
while no difference existed for the female subjects. This
minor difference may reflect absorption of alcohol into
the blood and tissues as well as the impact of the
glycyrrhizin/D-mannitol on the hepatic metabolism of
the alcohol in the male subjects (Hurley et al., 2002).
In general, approximately 30% total (active plus control) less alcohol was consumed by the female participants as compared with the male participants in order
to achieve a blood alcohol level of 0.12%, which is a reflection of lower body weight and blood volume as well
as decreased gastric oxidation and increased alcohol
bioavailability (Frezza et al., 1990). For each participant,
the amount of alcohol required to reach a blood alcohol
level of 0.12% throughout each arm of the study was relatively constant.
The strengths of this study include its placebocontrolled, double-blinded, crossover design. Furthermore, it may represent the first human clinical trial
assessing the hepatoprotective properties of a dietary
product in conjunction with alcohol consumption. The

liver function tests used in the study are widely
accepted, and the glycyrrhizin and D-mannitol that comprise the product exhibit a high degree of safety. The
weaknesses of the study include the small number of
subjects and the use of only a single endpoint of blood
alcohol (0.12%) per night. Furthermore, the study
involved healthy nonalcoholic subjects who consumed
alcohol for 12 days, and as a consequence, the long term
effects are not known.
The results of this study provide preliminary evidence
regarding the potential protective effects of the
proprietary glycyrrhizin/D-mannitol product against
ethanol-induced hepatotoxicity. Larger, randomized,
placebo-controlled clinical studies are required to further determine the effects of the product on liver protection during acute and chronic alcohol consumption.
Such studies should adhere to the CONSORT reporting
standards and ensure that appropriate methods of randomization, allocation, blinding and the handling of
withdrawals are used as highlighted by Izzo et al. (2016).

CONCLUSIONS
The results of this study indicate that the proprietary
glycyrrhizin/D-mannitol product may be hepatoprotective during alcohol consumption. Consumption of a
prescribed course of alcohol for 12 days resulted in
increases in the liver injury markers AST, GGT, and
ALT. However, when study participants consumed the
proprietary active study product in addition to an identical alcohol course, no alcohol-induced increases in
these hepatic biomarkers occurred. These results
suggest that consumption of the study product during alcohol consumption may support improved liver health
as compared with drinking alcohol alone.
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NTX®---DNA AND TISSUE PROTECTIVE EFFECTS IN
ASSOCIATION WITH ALCOHOL CONSUMPTION
Chigurupati Technologies Private Limited
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SUMMARY
Human and animal studies have demonstrated that NTX®, a proprietary combination of
glycyrrhizin and D-mannitol, can protect against oxidative stress and tissue damage, including
damage to DNA, associated with heavy and chronic alcohol consumption. NTX® is a unique
product that can attenuate the adverse effects of alcohol while retaining the desired
characteristics. This review summarizes the human clinical as well as animal and in vitro studies
that demonstrate and support the use and beneficial effects of NTX® when used in conjunction
with alcohol consumption.

INTRODUCTION
Heavy alcohol consumption is a major risk factor for numerous diseases. According to the U.S.
Center for Disease Control (CDC), approximately 88,000 alcohol related deaths occur annually
with alcoholic liver disease being the most commonly observed health-related issue
(www.cdc.gov/alcohol/onlinetools.htm, 2015). Alcoholic liver disease is associated with liver
histological lesions that range from hepatic steatosis to more advanced stages as cirrhosis,
alcoholic steatohepatitis, hepatocellular carcinoma and ultimately liver failure (O’Shea et al.,
2010; Kim et al., 2016). Approximately 20% of heavy alcohol drinkers develop acute alcoholic
hepatitis (Mathurin & Lucey, 2012) while about 20% will develop cirrhosis within 10
years (Lierena et al., 2015).
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Mechanistically, alcohol toxicity and liver disease are associated with the metabolism of alcohol
to acetaldehyde and free radical species, production of reactive oxygen species (ROS) and
reactive nitrogen species (RNS), release of inflammatory cytokines as tumor necrosis factoralpha (TNF-ɲͿĂŶd interleukin-6 (IL-6), oxidative DNA damage and lipid metabolism as well as
the formation of DNA and protein adducts with metabolites of alcohol (Qureshi et al., 2015).
These events ultimately result in tissue damage leading to multi-system organ failure (Bruha et
al., 2012; Lierena et al., 2015; Dhanda & Collins, 2015; Li et al., 2015; Han et al., 2016).
Biomarkers are biological indicators that are used in assessing the existence, progression and
pathogenesis of physiological and toxicological events, including the effects associated with
alcohol consumption. Common biomarkers of oxidative stress include the measurement of
serum and tissue levels of ROS (Deshpande et al., 2014; Han et al., 2016) and derivatives of
reactive oxidative metabolism (dROM) (Trotti et al., 2001), reduced glutathione (GSH) levels ,
lipid peroxidation products as malondialdehyde (MDA), oxidative damage to proteins as
protein carbonyls (PC), and various indicators of DNA damage (Cederbaum, 2001; Wu &
Cederbaum, 2003; Cooke, 2003).
Appropriate nutritional support and abstinence from alcohol are the primary approaches for
successful prevention and reversal of the damaging effects of alcohol. However, the vast
majority of alcohol consumers does not abstain, and cannot be realistically expected to do so.
Thus, there is a pressing need to develop products and strategies to be used in conjunction with
alcohol consumption to reduce the morbidity and mortality, and associated high costs to
society due to lost productivity and health care.
Therefore, a new category of alcoholic beverages called Functional Spirits has been created and
a product (NTX®) has been patented (US Patent 9,149,491 B1) that modulates the effects of
alcohol while retaining it desired characteristics (Chigurupati et al., 2015). The primary
ingredients in this product are glycyrrhizin and D-mannitol. This review summarizes the human
clinical, animal and in vitro studies supporting the use and beneficial effects of NTX®.

MECHANISMS
'ůǇĐǇƌƌŚŝǌŝŶ;ϭϴɴ-glycyrrhizin; glycyrrhizic acid; glycyrrhizinic acid) is a triterpenoid saponin
glycoside (C 42 H 61 0 16 NH 4 ) from the roots of Glycyrrhiza glabra L. (licorice), and is a primary
constituent of NTX™. Glycyrrhizin is Generally Recognized as Safe (GRAS) by the U.S. Food and
Drug Administration (FDA). Various animal, human and in vitro studies have demonstrated the
antioxidant, tissue-protective and anti-inflammatory properties of glycyrrhizin (Ishida et al.,
2012; Gong et al., 2012, 2014; Gu et al., 2014; Hou et al.,2014; Hsiang et al., 2015; Sil et al.,
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2015). In an animal study, glycyrrhizin, was shown to inhibit alcohol induced increases in the
inflammatory cytokine tumor necrosis factor-ɲ;TNF-ɲ), as well as lipid accumulation in liver
(steatosis), and the hepatoprotective ability of glycyrrhizin was confirmed histologically (Jung et
al., 2016).
Glycyrrhizin has also been shown to inhibit alcohol-induced increases in the inflammatory
cytokine NF-ʃ and increases in lipid peroxidation products as well as serum lipids, while at the
same time preventing cirrhosis and liver injury in animals (Wang et al., 1999; Quan et al., 2009).
Furthermore, glycyrrhizin was shown in a study in rat hippocampal-entorhinal cortex brain slice
cultures to inhibit high-mobility protein B1 (HMGB1), act as a toll-like receptor 4 (TLR4)
antagonist, and inhibit microglial activation, all of which are involved in blocking ethanolinduced expression of the pro-inflammatory cytokines IL-ϭɴĂŶĚdE&-ɲ;ŽƵΘƌĞǁƐ͕ϮϬϭϰͿ͘
Thus, glycyrrhizin exhibits multiple mechanisms of action in its ability to modulate the tissue
damaging effects of alcohol.
D-Mannitol is the second of the two primary components of NTX®, and is a sugar alcohol found
in many plants. The antioxidant and free radical scavenging abilities of D-mannitol are well
known (Patel & Williamson, 2016). D-Mannitol exhibits antioxidant and tissue protective effects
in acute ischemic-reperfusion injuries (Shah et al., 1996), and antioxidant and free radical
scavenging properties in conjunction with cardiopulmonary bypass (England et al., 1996). DMannitol is used as an antioxidant and anti-inflammatory in tissue baths associated with kidney
transplants (Cosetino et al., 2013).
D-Mannitol prevents DNA and tissue damage produced by a variety of free radical sources. DMannitol provided protection against alcohol-induced gastric mucosal damage due to its
antioxidant and anti-inflammatory properties in rats (Gharzouli et al., 2001). D-Mannitol has
been shown to prevent oxygen radical (Sarker et al., 1995) and photosensitized tetracyclinecopper complex induced DNA strand breaks (Khan et al., 2003) in cell free systems, as well as
cadmium (Hsu et al., 2013) and UV radiation induced DNA damage (Lu et al., 2004).
The above studies provide support for the results of the clinical studies whereby the
combination of glycyrrhizin and D-mannitol (NTX®) provides protection against the DNA, lipid
and protein damaging effects of alcohol.

HUMAN CLINICAL STUDIES
Three separate studies involving human subjects have demonstrated the protective effects of
NTX® against the tissue damaging properties of heavy alcohol consumption. A randomized,
placebo-controlled, double-blinded, crossover study evaluated the hepato-protective effects of
AR-001392
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NTX® during heavy alcohol consumption (Chigurupati et al., 2016a). As per the patent, NTX®
contains glycyrrhizin preferably in the range of 0.1-0.3 % and D-mannitol preferably in the
range of 1.0-2.5 %.
Twelve healthy individuals (6 males; 6 females) in a clinic setting consumed vodka nightly for 12
days with the NTX® or placebo (blank control), achieving a blood alcohol level of 0.12%.
Because of the crossover design, this provided an effective subject sample size of 24. The 12
day average daily vodka consumption to achieve this blood alcohol level for males was 366 mL
and 245 mL for females in the blank control (alcohol only) arm of the study, and 339 mL for
males and 247 ml for females in the active alcohol plus NTX® arm of the study. The amount of
NTX® consumed was proportional to the amount of alcohol consumed. A four week washout
was employed between the two arms of the study. No adverse effects were reported or
observed regarding NTX® ingestion by any of the study participants.
The liver function enzymes alanine aminotransferase (ALT), aspartate aminotransferase (AST)
and gamma-glutamyl transferase (GGT) as well as alkaline phosphatase (ALP) and serum
reduced glutathione (GSH) were measured at overnight visits 1, 6, and 12. In the alcohol only
group, AST, ALT and GGT significantly increased from baseline (overnight Visit 1) to overnight
visit 12. For example, AST significantly increased by 135 %, GGT increased by 44 %, while ALT
increased by 62 % from baseline (overnight visit 1) to overnight visit 12. When the study
subjects received NTX® in conjunction with the alcohol, no statistically significant increases
were observed for AST, ALT, and GGT while ALP significantly decreased and plasma GSH
decreased relative to the alcohol control group (Chigurupati et al., 2016a). The addition of NTX®
provided hepato-protection as evidenced by decreases of approximately 90 % in the alcohol
induced increases in AST, ALT and GGT. The results strongly indicate that consumption of the
NTX® during alcohol consumption may support improved liver health compared to drinking
alcohol alone.
A second randomized, double-blind, placebo-controlled, crossover study involving 50 healthy
subjects evaluated the ability of NTX® to modulate alcohol-induced oxidative stress and tissue
damage (Chigurupati et al., 2016b). Because of the crossover design, the effective subject
sample size was 100. Alcohol consumption at 1.58 grams/kg in the form of vodka (40 %
alcohol) within an hour caused elevations in serum reactive oxygen species (ROS) and
derivatives of reactive oxygen metabolites (dROM), increases in lipid peroxidation and protein
carbonyls, and DNA damage in peripheral lymphocytes. A seven day washout was employed
between the two arms of the study.
When alcohol containing NTX® was consumed, these biomarkers of oxidative stress and tissue
damage resulted in significant decreases in DNA damage as assessed by three assay techniques,
and decreases in lipid and protein oxidative damage. In the presence of NTX® the alcohol
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induced production of ROS decreased by 76 % (p<0.001) and serum protein carbonyl levels
decreased by about 51 % (p<0.022) at the 60 minute time point. The NTX® decreased the serum
levels of the alcohol-induced increases in dROM at the 120 minute time point by 66 %
(p<0.002). With respect to alcohol-induced serum lipid peroxidation, NTX® decreased alcoholinduced increases by 41 % (p<0.005) and 31 % (p<0.019) at the 30 and 240 minute time points,
respectively (Chigurupati et al., 2016b).
With respect to DNA damage, when NTX® was consumed with the alcohol as compared to
alcohol consumption alone, at the 120 minute time point the peripheral lymphocyte DNA
comet score decreased by 31 % (p<0.004) while the number of micronuclei in the peripheral
lymphocytes decreased by about 27 % (p<0.013). Furthermore, the consumption of NTX®
decreased the serum concentration of the DNA breakdown product 8-hydroxyguanosine by
about 38 % at the 240 minute time point (p<0.001). Thus, three assay techniques demonstrated
the protective effects of NTX® against alcohol induced DNA damage. No adverse effects were
reported or observed with respect to NTX® consumption by any of the study participants
(Chigurupati et al., 2016b).
A third human crossover, double-blinded, randomized, two-group study has assessed the
effects of NTX® on alcohol-induced DNA damage (manuscript in preparation). Because of the
crossover design, the effective subject sample size was 50. The study involved 13 male and 12
female subjects ages 21-50 in good general physical health. Alcohol intake was adjusted for
each individual based on 1.275 grams/kg body weight for men and 1.020 grams/kg body weight
for women to be drunk in the form of vodka in about one hour. NTX® consumption for the
active group was proportional to the amount of alcohol consumed.

The study’s primary endpoint, the comet DNA assay which measures DNA damage in eukaryotic
cells, was determined at 120 minutes after the alcohol consumption in the absence and
presence of NTX®. Blood alcohol concentrations were monitored at 15 minute intervals during
the hour of drinking and at 20 minute intervals for the next six hours. The consumption of
alcohol alone resulted in a significant increase in comet tail DNA, while a small non-significant
increase in comet tail DNA occurred in the presence of NTX®. The results demonstrated that the
co-consumption of NTX® with alcohol significantly decreased the extent of DNA damage as
compared to consumption of alcohol alone by approximately 83 % (p=0.02). As with previous
human studies, no adverse effects were reported or observed with respect to NTX®
consumption by any of the study participants.
The mechanism for DNA damage following exposure to acute or chronic alcohol operates via
production of reactive oxygen species (ROS) with a concomitant drop in the level or activity of
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antioxidants, as previously observed in the above studies. This oxidative stress exerts a
detrimental effect on the repair of damaged complex molecules as DNA, with potential genetic
and epigenetic mutations that can increase susceptibility to a number of diseases known to
occur in association with heavy and chronic alcohol consumption.

ANIMAL AND IN VITRO STUDIES
An extensive series of animal studies have assessed the antioxidant and tissue protective
effects of NTX® as well as its individual components glycyrrhizin and D-mannitol (Chigurupati et
al., 2015). The hepato-protective effects were investigated and demonstrated in rats that
received 2.5 grams of alcohol orally per gram body weight for 28 days. Subacute alcohol toxicity
is induced under these conditions. Glycyrrhizin and D-mannitol alone and in various
combinations were used in conjunction with the alcohol, and their protective effects assessed.
For example, the results demonstrated that when glycyrrhizin/ D-mannitol were combined to
produce a 3.5 % solution in aqueous alcohol which was administered to the rats as compared to
alcohol alone, the glycyrrhizin/D-mannitol provided the following approximate degrees of
hepato-protection as indicated by various biomarkers: 40 % protection based on decreases in
ALT, AST and ALP activity levels; 60 % protection based on increases in superoxide, catalase and
glutathione peroxidase activity levels; 48 % protection based on increases in hepatic GSH
content; 86 % protection based on decreases in hepatic lipid peroxidation (malondialdehyde
content); and 51 % protection based on decreases in the inflammatory cytokine TNF-ɲ͘
When the effects of the two individual components were assessed relative to the combination,
the 3.5 % combination of glycyrrhizin/D-mannitol (NTX®) clearly provided greater hepatoprotective effects than the sum of D-mannitol and glycyrrhizin alone. Thus, synergistic effects
were observed with respect to these biomarkers when the two ingredients were used together
where the observed effect was greater than the sum of the individual parts. The per cent
synegy for the 3.5 % combination of glycyrrhizin and D-mannitol when added to the alcohol
with respect to superoxide dismutase was 27 %, with respect to GSH content 38 %, with respect
to hepatic lipid peroxidation (MDA) was 28 %, and with respect to TNF-ɲǁĂƐϮϵй͕ĂŶĚǁŝƚŚ
respect to ALT was 11 %. These results clearly demonstrate that the combination of glycyrrhizin
and D-mannitol (NTX®) offer greater protection of tissues (synergy) than either ingredient alone
or the simple sum of the effects of the two ingredients.
Other combinations of glycyrrhizin and D-mannitol were also used in conjunction with alcohol
in these rat studies, and the hepato-protective effects are reported (Chigurupati et al., 2015).
The studies demonstrated that selected concentrations of the two ingredients resulted in
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optimal results with respect to hepato-protection, and indicated that synergistic effects can be
produced.
Various in vitro studies have demonstrated the antioxidant and free radical scavenging ability of
glycyrrhizin (Ablise et al., 2004; Gandhi et al., 2004; Cheel et al., 2010; Gong et al., 2012; Kaur et
al., 2012). For example, in in vitro systems, glycyrrhizin has been shown to inhibit the
generation of ROS, inhibit lipid peroxidation, inhibit release of the inflammatory cytokine NTFɲ͕ĂŶĚĂƚƚĞŶƵĂƚĞĂƉŽƉƚŽƐŝƐ͘In cell culture experiments, glycyrrhizin has been shown to inhibit
inflammatory TNF-ɲƐĞĐƌĞƚŝŽŶ (Ishida et al., 2012; Wang et al., 2013) and lipid peroxidation
(Lecomte et al., 1994; Hu et al., 2001; Tripathi et al., 2009; Hou et al., 2014), while enhancing
the antioxidant and tissue protectant GSH (Tripathi et al., 2009; Hou et al., 2014; Hsiang et al.,
2015).
Various in vitro studies have also demonstrated the antioxidant, free radical and DNA
protective effects of D-mannitol (Hall et al., 1988; Sahu & Washington, 1991; Tsou et al., 1999;
Sarker et al., 1995; Kim & Kang 2005). These studies demonstrated that D-mannitol could
prevent oxidative damage to DNA associated with iron, chromium (VI) and copper mediated
reactive oxygen species generating systems as well as against hydrogen peroxide.
The above animal and in vitro studies provide extensive evidence of the free radical scavenging,
antioxidant and tissue protective effects of glycyrrhizin and D-mannitol.

DISCUSSION
The results from both human and animal studies have demonstrated that NTX®, a proprietary
combination of glycyrrhizin and D-mannitol, can protect against the oxidative stress and tissue
damage induced by heavy alcohol consumption. The consumption of ethanol in the form of
vodka over a period of approximately one hour by human subjects results in oxidative stress as
indicated by various biomarkers in serum. Two human studies have shown that alcohol
consumption caused oxidative DNA damage as evidenced by increased DNA comet scores,
increased numbers of micronuclei, and increased serum levels of the DNA oxidation product 8OHdG. Furthermore, alcohol alone (blank control) resulted in time dependent increases in
serum reactive oxygen species (ROS), increased derivatives of reactive oxygen metabolites
(dROM), increased lipid peroxidation (MDA formation), and increased oxidative protein
damage. The alcohol consumption alone also increased serum levels of AST, GGT and ALT,
markers of hepatic toxicity and damage.
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When the alcohol was pre-mixed with NTX®, all indicators of alcohol induced oxidative stress
and tissue damage were significantly modulated toward normal. The results of these studies
affirm and support the results of other human and animal studies that have demonstrated
individually the hepato-protective, antioxidant, and anti-inflammatory effects of the
glycyrrhizin and D-mannitol. The results of the animal studies described above provided the
optimal concentrations of glycyrrhizin and D-mannitol to be used, and the amounts that result
in synergistic effects, amounts incorporated into NTX® (Chigurupati et al., 2015).
No differences were reported by the study participants with respect to the effects of the
alcohol in the presence and absence of NTX®. The subjects were exposed to an acute amount
of alcohol with resulting characteristic effects. Furthermore, no long term effects were
reported by any of the subjects with respect to NTX® consumption.
In summary, the results of these studies indicate that ingestion of NTX® during alcohol
consumption provides protection against alcohol-induced oxidative stress and tissue damage,
including damage to DNA.
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Quality Assurance
The
Th study was conducted in accordance with good clinical practice guidelines and
conformed
to the Declaration of Helsinki. The biochemical parameters were determined in
confo

C

State
certified laboratory.
tate government
gove
The trial was assessed
for compliance with the project proposal. The Quality assurance unit
a

O

periodically
inspected the study or the test facilities. A quality assurance statement will be
eriodically inspec
ins
included
luded in the report
report.

N

Amendment
ment Procedures

FI

This protocol can
n be amended at the ddiscretion of the study director and/or in consultation
with the sponsor. Changes
anges or revisions of
o this project protocol will be documented stating
reasons, signed by the study
dy director.

D

Deviation from project protocol
ol

E

No deviation of the protocol was observed during the trial peri
period
period.

N

Archiving

T

The following records were stored in the scientific archivess of J. B. Roy State A
Ayurvedic
Medical College and Hospital, Kolkata according to GLP regulations:
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ations:
Copy of the project protocol

ii)

All raw data generated during study period

iii)

A signed copy of final report

iv)

All correspondence with the sponsor

v)

Record of samples

vi)

Samples will be discarded three months after release of the report

L

IA
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1. Introduction
It is reported that about 60 types of diseases may be manifested due to alcoholism. Alcohol
consumption induced oxidative stress and is considered as the most important factor of
alcohol related disorders. Ethanol being soluble both in water and lipids can absorb rapidly
alco
appears in blood, expired air and in urine. It is not stored in the body and metabolized
and
nd ap
appe
in the liver and
a could produce free radicals that affect the antioxidant system. The major
pathways
athways of alc
aalcohol metabolism responsible for the generation of ROS are alcohol
dehydrogenase
ehydrogenase in the
th cytosol, microsomal ethanol oxidizing system in the endoplasmic
reticulum
ulum
lum and aldehyde ooxidase in the mitochondria (Lieber CS, 1997 & 1998; Mira L et
al., 1995). Concomitant changes
are seen in the NADH levels and NADH/NAD+ redox
chan
ratios (Cederbaum,
Vasudevan, 2007; Mantle and Preedy, 1999). Exposure to
baum,
um, 1991; Das & V
acute or chronic alcohol
production of reactive oxygen species (ROS) with
lcohol triggers pr
concomitant drop in the
he level orr activity of antioxidants that can eliminate ROS results in a
comprehensive oxidative stress condition. T
This imbalance between pro-oxidants and
antioxidants may lead to the oxidative
biomolecules, such as lipids, proteins and
xidative
dative damage of bbi
DNA (Knecht et al., 1990; Tsukamoto
moto and Lu, 2001).
2001). Interaction of ROS with DNA can
alter normal repair mechanism of damaged
raises the possibility of genetic and
ged
d DNA which rais
epigenetic mutations and potentially increase
easee susceptibility to a number of diseases
eas
including cancer and neurodegenerative. Chronic
consumption as well as binging
ic alcohol consump
consumpt
has been shown to result in DNA damage (Wu and Cederbaum,
ederbaum, 2003).

2. Objective of the study
The primary objective of the study will be to evaluate levels of ROS
S and other related
rela
oxidative stress markers and extent of DNA damage from blood after oral consumption
sumption of
two different alcohol formulations.
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3. Summary
Consumption of alcohol at a dose of around 1.5 gm/kg within an hour caused a transient
eelevation in serum ROS (11-18%) and ROS metabolites (dROM) levels by (16-27%).
Alcohol
Alcoh containing NTX showed lower ROS generation both in terms of direct ROS (4-

C

12%)
2%) and ROS metabolites (9-21%). A significant (p<0.05) drop (5-8%) in ROS levels
were observed at 1 and 4 hour. Levels of ROS metabolites (as judged by dROM test) also

O

significantly
decreased at 2 hour (14%) indicating that NTX could dampen the
gnificantly (p<0.05)
(p
(p<0.
serum
rum ROS level.

N

A slight
ght increase in serum
ser
seru GSH level was observed throughout the post alcohol
consumption
compared with baseline level (‘0 hr’). Similar increase
on period (4-14%)
(4-14%) when
(4w
in serum GSH levels
in NTX group but the extent of augmentation was
evels were also observed
obse

FI

less (2-9%). However,
ver, this difference ((at all time points) was not found to be significant
among the groups. Serum
um levels
vels off oxidized
oxidize glutathione (GSSG) were increased in only
alcohol (21-32%) as well ass alcohol
alcohol containin
containing NTX (13-26%) groups. At 4 hour time

D

point, serum GSSG level was significantly
gnificant
nificantly
ly
y (p<0.05) lower (8%) in NTX group.
Throughout the study period, the increase
level was found to be less
ncrease
ncr
ease in serum MDA
M

E

pronounced in NTX group, particularly
y 30 minute and 4 hour time points, where the
difference (5-9%) between groups was statistically
ically
cally significant
significant.

N

Serum protein carbonyl level showed initial transient
nsient
sient rise in both
both the
tth groups. However,
serum level of PC in NTX group was significantlyy reduced
educed (11%)
%) at 1 hour (p<0.05)

T

compared to only alcohol group at same time point. However,
levels of both the
ever,
ver, serum PC lev
level
groups slowly coming down to near baseline value at the end off 4 ho
hours.

IA

DNA protecting effects of NTX were evaluated by estimating single
gle cell comet assay and
cytokinesis-block micronucleus (CBMN) assay from peripheral lymphocytes
ocytes and serum 8hydroxy-2-deoxyguanosine (8 OH-dG) assay. A transient rise in olive tail mom
moment
ent (comet

score) was observed in both the groups at two hour time point compared to the
he base line

L

value. Alcohol containing NTX showed significant slower increase (113%) compared
ared to

that of only alcohol group (190%). The similar observation was noted in micronucleus
eus
scores. However, at 4 hour time points both the groups showed similar values. The findings

indicated that NTX could able to prevent, at least to a certain extent, the initial damaging
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effects of alcohol. 8 OH-dG level of alcohol group was increased by 21-22% throughout
the post alcohol consumption period whereas the increase of 8 OH-dG levels in NTX group
significantly came down to 13% after 4 hours. In long run, NTX could be helpful in
preventing
alcohol induced degenerative disorders which are related with DNA damage.
pr
pre
The ppr
present phase II clinical study indicates the probable contribution of NTX in reducing

C

ROS
OS level
leve and related oxidative markers level in alcohol drinkers with concomitant
damage as judged by comet assay and CBMN assay from peripheral
protection of DNA
D

O

8OH-dG assay. All these findings suggested that NTX could be
lymphocytes
ymphocytes and serum
sse
effective
induced pathophysiological changes for a protracted period of
ective in reducing alcohol
alc

N

time.

FI

4. Pre-clinical experimental animal
an
study
A detail pharmacological
al study on acute and sub-acute toxicity of NTX as well as

D

hepatoprotective efficacy of individual
ndividual and com
combined
comb
ingredients was performed in Wister
rats at the West Bengal University
rsity of Animal and
an Fishery Sciences after obtaining
necessary permission from Institutional
Committee for animal experimentation on
nal
al Ethics Committe

E

the basis of the CPCSEA (No.Pharma/IAEC/141).
EC/141). NTX at the
th doses of 0.75, 1.5, 2.25 and
3 g kg-1 were selected on the basis of the conventional
onventional pharma
pharmacological guideline and

N

dissolved in distilled water and administered at the dose of 10 ml kg-11 bb.w. In acute toxicity
toxicity and CNS
study no mortality was observed up to the dose of 3 g kg--11 b.w. Acute to

T

effect of the animals treated with above doses were also
o observed
served for 14 ddays and no
toxicity was found. Sub-chronic toxicity of NTX was carried out
ut in Wister rats for
f 228 days

IA

at the dose level selected on the basis of ALD 50 value (0.50 gm kg-1, 0.75 gm kg-11 and 1.0
gm kg-1 body weight). Observation were made on the basis of the parameters
etters like change
chang of

body weight (g), RBC counts (x 106/l), haemoglobin (gm %), PCV counts
untss (%),WBC

L

counts (per cmm), DC of WBC counts (%) , clotting time (min), BUN (mg/dl),
l),
), alkaline
phosphatase (IU/L), SGOT (IU/L), SGPT (IU/L), Sodium (mEq/L), Potassium (mEq/L),
Eq/L),

creatinine (mg/dl0 and serum protein (gm/dl). Based on the results, it was concluded that
att
there was “No Observable Adverse Effect Level” (NOAEL) of Oral NTX formulation in
rats exposed over 28 days through oral route at mentioned doses.
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Efficacy of NTX formulation in combination with alcohol (40%) was performed
accordingly for evaluating hepatoprotective activity in animal model after obtaining results
of acute and sub-chronic study. This experimentation on Wistar rats with NTX fortified
40%
ethanol/ alcohol (vodka) was performed at the doses of 1, 2 and 3 g kg-1 b.w. and
4
40
compa
comp
compared with alcohol of same concentration of same dose for 28 days. A parallel group of

C

untrea
untreated
ccontrol prepared with distilled water was also performed. Effects were evaluated
on the basis of
o hepatic parameters like ALT, AST, ALP along with hepatic anti-oxidant

O

parameters
arameters like
lik rreduced glutathione (GSH), malondialdehyde (MDA), superoxide
dismutase
mutase (SOD),
(SOD),
(SOD
), catalase
c
cat
(CAT) and histological studies. Results showed mild to

N

moderate
te protection
protection agains
against alcohol induced changes.

FI

5. Materials and Methods

5.1. Characterization of test item
tem

The trial drug and information
test item were provided by sponsor.
onn concerning the te
tes

D

Name:

NTX (Glycyrrhizin
Mannitol + Potassium sorbate)
Glycyrrhizin + Mann

E

CTPL/CL/01/2015
31/12/2015
1/2015 dated 31/12/

Expiry date:

November 2018

Purpose:

Hepato-DNA-oxidative
ive stress protective formulation

Color:

Colorless

Physical state:

Dissolved in base alcohol (40%)
0%)

Storage:

Stored in RT and protected from light

Comparator:

Base alcohol (40%)

L

5.2. Study details-Subject visits

IA

T

N

Batch No.:

This is a double blind, randomized cross over trial. Total 60 subjects having history
ory
ry of
occasional alcohol drinking were pre-screened by the principal investigator (PI) or project

coordinator (PC) from field worker. The qualified subjects were described about the
objective of the study, safety aspects, and brief study procedure (screening visit 1). PI or
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PC also discussed in details about the consent form, financial compensation and other
requirements in order to complete the study. The subjects were given ample time to review
the consent form. The PI or the PC clinically inspected and screened the subjects asking
health questionnaire. Blood samples were obtained from the subjects in order to further
he
qualif based on normal complete metabolic panel (CMP) values.
qualify

C

Finally, acc
according to the results of complete metabolic panel and inclusion criteria, the 53
Finall
subjects were aasked to come to the study site (Visit 2) for the trial. The subjects again

O

returned
return
turned too the trial
tria site (Visit 3) for the cross over part of the study after one week. On
Visit
it 2 subjects
subjects were
wer randomly divided in two groups. One group was served with

N

formulated
alcohol)
alcohol (designated as NTX group) and other group was
tedd (NTX + base al
alc
served with
(designated as Alcohol group), depending on their group
h base alcohol (des
(de
assignment. After
er seven days washout
washo
washou period NTX group was served with base alcohol and

D
FI

Alcohol group was served
erved with formulated
formulate (NTX + base alcohol) alcohol. Total 50 subjects
formula
completed the crossover study
dy and 3 subjects dropped out from the study by due to lost to
follow-up, unrelated with any
y adverse event, bu
but due to loss of interest (unwilling to allow
multiple blood withdrawal). The subjects
ubjects were monito
monit
monitored for safety during the study period
and two-four hours after the end of thee study.

i) Male subjects
ii) Subjects aged between 20- 40

N

E

5.2.1. Inclusion criteria

T

iii)Subjects experienced with occasional alcoholism

iv)Subjects having no serious systemic diseases particularly
arly cardiovascular
cardiovascul diseases
d

IA

like myocardial infarction, valvular heart diseases, Ischaemic
Diseases,
haemic
emic Heart Disea
Diseas
Coronary Heart Disease, Congestive heart failure, stroke, etc;
tc;
c; type 2 Diab
Diabetes
Mellitus; chronic renal diseases; hepatic disorders; other endocrinal
rinal
al disorders;

v) Subjects who have not exposed to recent infectious diseases

L

hypertension; obesity & over weight; cancer; etc.

vi)Subjects who are willing to participate in the study by signing the ICF
5.2.2. Exclusion criteria
i)

Subjects having no experience in alcohol intake or heavy drinker
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ii) Subjects having serious systemic diseases particularly cardiovascular diseases
like myocardial infarction, valvular heart diseases, ischaemic Heart Diseases,
Coronary Heart Disease, Congestive heart failure, stroke, etc; type 2 Diabetes
Mellitus; chronic renal diseases; hepatic disorders; other endocrinal disorders;
hypertension; obesity & over weight; cancer; etc.

C

iii) Subjects receiving drugs which may interact with alcohol
who have exposed to recent infectious diseases
iv) Subjects
Subj
Subje

O

v) Subjects who
w are not willing to participate in the study by signing the ICF

5.2.3.

Informed consent
consen

N

Subjects judged
udged
dged eligible by the
th inclusion and exclusion criteria were formally informed
about the studyy of the objectives and
aan methods and those who were ready to give written

FI

consent after completion
enrolled.
etion
eti
on would be enro
enrol
5.2.4. Withdrawal from study
tudy

D

Subjects were free to withdraw from the study, at an
aany time, without having to assign any
reason for doing so. Subjects might have been removed from the study by the attending

E

investigators or the principal investigator to protect their healt
health or the integrity of the study,
if circumstances so demanded

N

5.2.5. Ethical Clearance

Ethical clearance was taken from institutional ethical
thical committee (vide Ref.No.

T

JBR/IEC/19/2015 dated 24/11/2015) after receiving recommendation
ommendation
mmendation from ddepartmental
research committee. The study was conducted in accordance with good clinical
clinica practice

IA

guidelines and conformed to the Declaration of Helsinki.

This study followed accepted ethical, scientific and medical standards that
hat
at protect the rights
of participants. Prior to initiation of any study procedures, the study required
uired
ed informed

L

consent from all study participants, and the review and approval of study protocols,
cols, by aan

independent ethics committee. As part of the consent process, clinical study participants
cipants
were informed about the risks and benefits of participating in a study.
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Before starting the study clinical investigators and site medical staff were trained on the
protocol, ethical standards and good clinical practice obligations. Pre-study assessments of
the clinical research facilities were conducted to determine their ability to conduct the
studies to GCP standards and in accordance with our internal procedures.
stu

C

Monit
Monitorin
Monitoring
of studies was performed by clinical research monitors, who assessed whether
investigators are following the protocol for the study, international good clinical practice

O

requirements,
quirements, local
loca
lo regulatory requirements, and company policies and procedures.

N

5.3. Study
udyy procedure
x All subjects
subjects were
were asked to maintain their normal life style and were advised not to
have excess
cess food, cold drinks,
drink
drin coffee and avoid heavy physical exercise during the

FI

study period.
d
x

Subjects were served
rved light
ght breakfast in
i the morning of Visits 2 and 3, 0.5-1.0 hour prior
to the study at the trial
to trial testing.
all site and no alcohol prior
p

D

x

The alcohol was provided
d in separate bottle aand the amount was adjusted so that the
alcohol intake would be around
weight (around 225-350 ml vodka).
nd 1.5 gm/kg bbody
ody w

E

The subjects were allowed to drink
nkk with water with llight snacks within a period of
1.0 hours.

N

x

Blood will be collected at following intervals:
als:
ls:

o Before drinking initiated (mentioned as 0 hr)

o 60 min after the completion of drinking

o 120 min after the completion of drinking and
o 240 min after the completion of drinking
x

The study has been conducted in day time (between 10.00 a.m. to 6.00
00 p.m.) during
December-August 2015-16.

L

x

IA

T

o 30 min after the completion of drinking

The subjects were allowed to have a light lunch after collection of 2 hours blood.
ood.
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5.4. Biochemical parameters
Following biochemical markers were evaluated to screen oxidative stress and extent of
DNA damage:
5
5.
5.4.1.
Markers of oxidative stress
a.

Serum reactive oxygen species (ROS) was estimated by ELISA kit using

C

sandwich-ELISA as the method where the wells were pre-coated with an antibody
san
specific to ROS. Following incubation, a biotinylated detection antibody specific

O

for ROS and Avidin-HRP conjugate is added to each micro plate well successively
and incubated.
incubated The
T optical density (OD) is measured by ELISA plate reader at a

N

wavelength
avelength of 450 nnm. The OD value is proportional to the concentration of ROS
and can be calculated by comparing the OD of the samples to the standard curve
(Jing Z ett al, 2014).

FI

b.

Serum derivatives
atives of reactive
reactive oxygen metabolites (dROM) was estimated
spectrophotometrically,
(DEPPD)
ically,
ly, in which N,N-diethyl-para-phenylendiamine
N

D

was used as chromogen.
en. The alkoxy and pperoxy radicals formed in the degradation
of hydroperoxides brought
htt about by transition
transitio metals in acidic conditions covert
DEPPD to its corresponding radical cation DEPPD·+
; which
DE

can then be

E

quantified at 505 or 549 nm. Thee concentration of the colored dye is directly
proportional to the concentration of hydroperoxides. The
Th test was performed

N

according to kinetic analysis (Trotti et al, 2001).
001).
c.

d.

L

IA

T

Serum MDA was estimated by ELISA using sandwich
the wells
ndwich
dwich technology where
w
were pre-coated with MDA monoclonal antibody.
y. After incubation anti-MDA
antibodies labeled with biotin was added to unite with
streptavidin-HRP,
thh strepta
stre vidindin-HRP
HR which
forms immune complex. The shades of solution and the concentration
ntration of Human
Hu
Malondialdehyde (MDA) are positively correlated.
Serum protein carbonyl content was estimated by ELISA using sandwich
sandw
technology where the wells were pre-coated with PC monoclonal antibody.
ntibody.
ody. After
incubation anti-PC antibodies labeled with biotin was added to unite with
streptavidin-HRP, which forms immune complex. The shades of solution and
nd the
concentration of Human PC are positively correlated (Salanoubat M et al 2002).
Serum GSH and GSSG were estimated by ELISA kits using competitive-ELISA as

e.

the method. The microtiter plate provided in this kit has been pre-coated with GSH
or GSSG. During the reaction, GSH or GSSG in the sample or standard competes
AR-001418
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with a fixed amount of GSH or GSSG on the solid phase supporter sites on the
Biotinylated Detection Ab specific to human GSH or GSSG. Excess conjugate and
unbound sample or standard are washed from the plate, and Avidin-HRP was
added to each microplate well and incubated. Then a TMB substrate solution was
added to each well. The concentration of GSH or GSSG in the samples was

C

determined by comparing the OD of the samples to the standard curve.
dete

N
E
D
FI
N
O
5.4.2.
4.2. Markers
arkers of DNA damage

a. Single cell gel electrophoresis
(SCGE, the Comet assay): Peripheral lymphocytes were
elect
el
fixed in
in agarose on a microscope slide are lysed with detergent and high salt.
Electrophoresis
phoresis at alkaline ppH results in structures close to comets, when observed by
fluorescencee microscopy. The intensity of the comet tail relative to the head presents
the number of DNA
NA breaks. The pr
probable basis for this is that loops containing a break
lose their super coiling and become free to extend toward the anode. This is followed
by visual analysis with staining
taining of DNA and
an calculating fluorescence to determine the
extent of DNA damage. This was performed usin
using imaging software CaspLab version
1.2.3.beta 1 (Collin AR, 2004).

b. Cytokinesis-Block Micronucleus (CBMN)
points): CBMN assay is
MN)
N) Assay (selected
(selec
based on assessment of micronuclei in nucleated
eated
ated cells that have
hav completed only one
nuclear division. Human peripheral lymphocytess were
for 72 hours. Blood
ere cultivated fo

T

lymphocytes are stimulated with phytohemagglutinin
cytokinesis is blocked
n and their cytokines
cytokine
by cytochalasin B. After cultivation, cultures are hypotonically
dropped onto
nically treated, dro
drop

IA

glass slides and stained with Giemsa. Slides are evaluated by
total of
y microscope.
microscop A to
tot
100 binucleated cells are evaluated for the frequency of appearance
nce of micronucl
micronucleus
(Pejchal J et al, 2011).

L

c. 8-hydroxy-2-deoxyguanosine was estimated (8-OHdG) by ELISA kit us
using
ing

competitive-ELISA as the method. The microtiter plate has been pre-coated with 88-OHdG. 8-OHdG in the sample or standard competes with a fixed amount of 8-OHdG
on the solid phase supporter for sites on the Biotinylated Detection Ab specific to 8OHdG. Excess conjugate and unbound sample or standard were washed from the
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plate, and Avidin conjugated to Horseradish Peroxidase (HRP) is added to each
microplate well. After incubation a TMB substrate solution is added to each well.
The enzyme-substrate reaction is terminated by the addition of a sulphuric acid
solution and the color change was measured plate reader at a wavelength of 450 nm ±
2 nm. The concentration of 8-OHdG in the samples was then determined by

C

comparing
the OD of the samples to the standard curve.
c
compa

O

5.5.
analysis
5. Statistical
tistical an
Paired
ired ‘student’s t-test’
t-test
tte was carried out between the values of each time points of two

6.

N

groups (alcohol
cohol and NTX) and p < 0.05 was considered statistically significant.

Resultss

FI

6.1. Demographic pattern
attern of the participants:
parti
partici
In Table 1 demographic information of the
participants (height, weight,
were captured (Visit 1- Screening).
ght, BMI, age, etc) w

IA
T
N
E
D

Table 1. Demographic pattern off the participant
participantss
Age (Year)

31.48 ± 7.32

Body weight (Kg)

61.38 ± 10.
10.41

Height (cm)

1.65 ± 0.0
0.05

BMI (Kg/m2)

22.65 ± 3.82

Al-consumed (ml)

231.7
7 ± 28.
28.51

Al consumed (gm/kg,b.w.) 1.52 ± 0.13
13
Sys-BP (mm Hg)

121.9 ± 9.8

Dia-BP (mm Hg)

77.4 ± 6.4

Pulse rate (beats/min)

72.5 ± 7.8

Drinking time (min)

59.32 ± 12.23

L

Values are mean ± SD , n= 50 who completed the study.

6.2. Complete metabolic panel of the participants: Blood samples of the participants
ants

were analyzed for complete metabolic panel to ensure normal health status (Visit 1Screening) and were mentioned in the Table 2.
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Table 2. Complete metabolic panel of the participants
MEAN
15.09
6996
4.96
46.82
0.72
7.64
4.64
3.00
99.49
36.23
36.05
31.14
3.32
166.3
137.7
100.8
42.
42.8
42.84
22.66
4.037
2.475
2.475
93.82
22.55
0.95
5

SD
1.65
1606
0.52
4.90
0.47
0.38
0.25
0.32
28.32
16.24
15.34
18.64
3.46
33.2
76.16
28.8
10.77
8.48
1.02
0.
0.86
13.38
4.87
87
0.12
.12

T

N
E
D
FI
N

Parameters
Haemoglobin (gm/dl)
WBC (per cmm)
RBC (mill/cmm)
Hematocrit ( %)
Total bilirubin ( mg/dl)
Total protein (g/dl)
Albumin (g/dl)
A
Al
Globulin (g/dl)
Globu
Alkaline pphosphatise (U/L)
SGPT (U/L)
(U/L
U/L))
SGOT (U/L)
(U/L
U/L))
GGT (U/L
(U/L)
U/L))
Alpha
pha feto protein (ng/m
(ng/ml)
ng/m
Total C
Cholesterol
holesterol ((mg/dl)
mg/dl))
mg/dl
Triglyceride
de ((mg/dl)
de
mg/dl))
mg/dl
LDL (mg/dl)
HDL (mg/dl)
VLDL (mg/dl)
T.Cholesterol:HDL
LDL:HDL
FBS (mg/dl)
Urea (mg/dl)
Creatinine (mg/dl)

Values are mean of 50 participants who completed the stu
study.

6.3. Oxidative stress markers
6.3.1. Changes in serum reactive oxygen species (ROS) level (ng/ml): The following
ollowing
llowing
changes were observed at different time intervals of the oral intake alcohol with or without
hout
NTX groups and were compared in table 3 and Figure 1A & B.
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Table 3. Changes in serum ROS (ng/ml) levels after alcohol consumption
Alcohol1
(mean value)
4.64

NTX1
(mean value)
4.73

SD-Al
1.12

SD-NTX
1.07

p value
(paired t-test)
0.120

Sig.2
NS

0.5 hr
h

5.16

5.16

1.22

1.39

0.987

NS

1 hhr

C

5.35

4.90

1.11

1.04

0.001

S

2 hr

5.46

5.31

1.34

1.15

0.289

NS

4 hr

5.19
5.

4.95

1.18

1.23

0.032

S

N
O

Time
points
0 hr

Note
ote1 : n= 50 subjects in
i each arm completed the study.
2
Notee : Significance testing
test was performed using Paired Sample t-Test, p value <0.05 is considered
nificant
nt
as significant

IA

T

N

E

D

FI
Fig.1A. Changes in serum ROS levels at different time intervals
als after alco
alcohol
consumption

L
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C
FI

N

O
D

Fig.1B. Trend line of serum
m ROS levels at
a different time intervals after alcohol
consumption

E

6.3.2. Changes in serum derivatives off reactive oxygen metabolites
(dROM) (CURR)
m
levels: Changes were observed at different
nt time intervals of the oral consumption of

N

alcohol with or without NTX groups and were compared
ompared
mpared in table 4 an
aand Figure 2A & B.

of reactivee oxygen metabol
metabolites (dROM)
metaboli

SD-Al
33.88
45.84
39.07
40.78
34.79

L
IA
T

Table 4. Changes in serum derivatives
(CURR) levels after alcohol consumption
Time
Alcohol1
NTX1
points
(mean value) (mean value)
0 Hr
92.32
94.36
0.5 Hr
116.98
113.71
1 Hr
112.87
109.05
2 Hr
119.52
103.40
4 Hr
106.83
103.02

SD-NTX
33.20
36.94
38.44
35.27
29.70

p value
(paired tt-test))
0.270
0.270
0.450
0.330
30
0.002
0.253

S
Sig.2
NS
N
NS
N
NS
S
S
NS

Note1 : n= 50 subjects in each arm completed the study.
Note2: Significance testing was performed using Paired Sample t-Test, p value <0.05 is considered
red
as significant
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C
FI

N

O
Fig.2A. Changes in serum dROM levels
lev
leve
at different time intervals after alcohol
consumption

L

IA

T

N

E

D
Fig.2B. Trend line of serum dROM levels at different time intervals after alcohol
consumption
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6.3.3. Changes in serum GSH (g/ml) levels: Changes were observed at different time
intervals of the oral consumption of alcohol with or without NTX groups and were
compared in table 5 and Figure 3A & B.
com

C

FI
N
O

in serum GSH (g/ml) levels after alcohol consumption
Table
able 5. Changes
C
Alcohol1
Time
NTX1
p value
points
((mean
me value)
mean
(mean value)
SD-Al SD-NTX (paired t-test)
0 hr
24.52
24.84
6.96
7.02
0.247
0.55 hr
26.60
2
26.
26.82
10.53
8.20
0.750
1 hr
27.83
7.83
27.10
11.43
9.17
0.428
2 hr
26.12
25.27
10.34
7.03
0.467
4 hr
25.37
26.24
10.12
8.36
0.323

Sig.2
NS
NS
NS
NS
NS

Note1 : n= 50 subjects
ects in each arm comp
ects
completed the study.
Note2: Significance testing
sting was performed using
u
Paired Sample t-Test, p value <0.05 is considered
as significant

L

IA

T

N

E

D
Fig.3A. Changes in serum GSH levels at different time intervals after alcohol
consumption
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C
FI

N

O
D

Fig.3B. Trend line of serum
um GSH levels at
a different time intervals after alcohol
consumption

E

6.3.4. Changes in serum GSSG (pg/ml)) levels:
observed at different time
levelss: Changes
level
Changes were
w
intervals of the oral consumption of alcohol
NTX groups and were
hol with or without
withou
with

N

compared in table 6 and Figure 4 A & B.

Time
points
0 hr
0.5 hr
1 hr
2 hr
4 hr

Alcohol1
(mean value)
12.79
16.17
16.89
15.53
16.25

NTX1
(mean value)
12.96
15.70
16.28
14.62
14.95

SD-Al
5.28
7.00
8.51
7.83
7.45

L
IA
T

Table 6. Changes in serum GSSG levels (pg/ml) after alcohol
coholl consumption

p value
SD-NTX (paired
paired
aired t-test)
t st)
5.45
0.362
0.362
6.81
0.2566
7.26
0.331
6.85
0.113
6.54
0.018

Si
Sig.2
NS
N
NS
S
NS
NS
S

Note1 : n= 50 subjects in each arm completed the study.
Note2: Significance testing was performed using Paired Sample t-Test, p value <0.05 is considered
as significant
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Fig.4A. Changes in serum GSSG levels at different time intervals after alcohol
consumption

C
L

IA

T

N

E

D

FI

N

O
Fig.4B. Trend line of serum GSSG levels at different time intervals after alcohol
consumption
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6.3.5. Changes in serum malondialdehyde (MDA) (nmol/L) levels:

Changes were

observed at different time intervals of the oral consumption of alcohol with or without
NTX groups and were compared in table 7 and Figure 5A & B.
NT
N

C

Table 7.
in serum MDA levels (nmol/L) after alcohol consumption
7. Changes
Ch
Alcohol
A
lco 1
((mean
mean val
vvalue)
a
10.47
13.67
12.85
12.78
12.53
533

NTX1
(mean value)
10.49
12.39
12.31
12.54
12
11.91

FI
N
O

Time
Tim
points
0 hr
0.5 hr
1 hr
2 hr
4 hr

SD-Al
4.37
8.24
7.52
7.29
6.75

p value
SD-NTX (paired t-test)
4.34
0.858
7.61
0.005
7.09
0.223
7.41
0.612
7.46
0.019

Sig.2
NS
S
NS
NS
S

Note1 : n= 50 subjects inn each arm completed the study.
Note2: Significance testing was performed using P
Paired Sample t-Test, p value <0.05 is considered
as significant

L

IA

T

N

E

D
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Fig.5A. Changes in serum MDA levels at different time intervals after alcohol
consumption

C
D

FI

N

O
Fig..5B. Trend line of serum MDA levels at different
dif
di
time intervals after alcohol
consumption

E

6.3.6. Changes in serum protein carbonyl (PC) (ng/ml) levels:
lev s Changes were observed
level

N

at different time intervals of the oral consumption
onn of alcohol with or
o without NTX groups
and were compared in table 8 and Figure 6A & B.

L
IA
T

Table 8. Changes in serum PC levels (ng/ml) after alcoholl consumption
onsumption
Time
points
0 hr
0.5 hr
1 hr
2 hr
4 hr

Alcohol1
(mean value)
125.18
171.15
161.97
147.20
142.95

NTX1
(mean value)
125.98
158.63
143.62
153.64
139.76

SD-Al
51.58
68.84
56.34
75.36
65.76

p value
SD-NTX (paired
aired t-test)
t test)
49.25
0.636
636
70.04
0.062
56.93
0.022
66.90
0.389
53.33
0.484

Sig
Si
Sig.2
NS
NS
S
NS
NS

Note1 : n= 50 subjects in each arm completed the study.
Note2: Significance testing was performed using Paired Sample t-Test, p value <0.05 is considered
as significant
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C
D

FI

N

O
Fig.6A. Changes in serum PC levels at different
dif
time intervals after alcohol
consumption

L

IA

T

N

E
Fig.6B. Trend line of serum PC levels at different time intervals after alcohol
consumption
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6.4. DNA damage study
6.4.1. Single cell comet assay of peripheral lymphocytes: Changes were observed at
ddifferent time intervals of the oral consumption of alcohol with or without NTX groups and
were ccompared in table 9 and Figure 7A & B.

C

in DNA comet score (olive tail moment) after alcohol consumption
Table 9. Changes
Cha
Alcohol1
Time
NTX1
p value

FI
N
O
points

(mean value)

(mean value)

SD-Al

SD-NTX

(paired t-test)

Sig.2

0 hr

4.6
4.63

4.56

4.10

3.96

0.679

NS

2 hr

13.44

10.62

12.71

9.77

0.004

S

4 hr

9.85
9.85

9.
9.73

11.83

9.94

0.922

NS

Note1 : n= 50 subjects inn each arm completed
complet the study.
Note2: Significance testingg was performed using Paired Sample t-Test, p value <0.05 is considered
as significant

L

IA

T

N

E

D
Fig.7A. Changes in comet assay at different time intervals after alcohol consumption
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C
FI

N

O
Fig.7B. Trend line of comet
mett assay at differen
different time intervals after alcohol consumption

D

6.4.2. Cytokinesis-Block Micronucleus
Assay of peripheral lymphocytes:
leus (CBMN) Assa

E

Changes were observed at different time intervals
ntervals of the oral cconsumption of alcohol with
or without NTX groups and were compared in table 10 and Figure 88A & B.

N

Table 10. Changes in micronucleus score (%) after alcohol
cohol consumption
Alcohol1

NTX1

points

(mean value)

(mean value)

SD-Al

0 hr

3.56

3.46

1.93

2 hr

7.28

6.16

4.08

4 hr

5.14

4.9

2.81

L
IA
T

Time

p value

SD-NTX

(paired
paired tt-test))

Sig.2

1.85

0.403
0.403

NS

3.43

0.013

S

2.57

0.497

NS

Note1 : n= 50 subjects in each arm completed the study.
Note2: Significance testing was performed using Paired Sample t-Test, p value <0.05 is considered
as significant
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C
FI

N

O
Fig. 8A. Changes in comet
omet assay
say at different
differ
time intervals after alcohol consumption

L

IA

T

N

E

D
Fig. 8B. Trend line of comet assay at different time intervals after alcohol
hol
consumption
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6.4.3. Serum 8-hydroxy-2-deoxyguanosine (8OH-dG) (ng/ml) assay: Changes were
observed at different time intervals of the oral consumption of alcohol with or without
NTX groups and were compared in table 11 and Figure 9 A & B.

C

Table
able 11. Changes in serum 8-hydroxy-2-deoxyguanosine (ng/ml) after alcohol
consumption
consumpti
consumptio
Time
Alcohol1
NTX1
p value
((mean
m
mean
value)

(mean value)

SD-Al

SD-NTX

(paired t-test)

Sig.2

0 hr

60.5
60.52

60.44

16.71

15.26

0.913

NS

2 hr

73.61

70.75

21.19

17.13

0.071

NS

4 hr

73.2
73.23

668.34
68

16.96

15.83

0.001

S

FI
N
O

points
poi

Note1 : n= 50 subjectss in each arm complet
completed the study.
Note2: Significance testing
ng was performed using
usin Paired Sample t-Test, p value <0.05 is considered
as significant

L

IA

T

N

E

D
Fig. 9A. Changes in serum 8-hydroxy-2-deoxyguanosine assay at different time
me
intervals after alcohol consumption
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C
FI

N

O
Fig.9B. Trend line of serum
erum 8OH-dG
8OH-dG at
a different time intervals after alcohol
consumption

E

1.

D

7. Discussion

Exposure of alcohol, both acute and chronic,
hronic, increases pro
pproduction of ROS, modifies

N

lipids, proteins, and DNA has been well established
(Cederbaum 2001, Bondy 1992,
tablished (Cederbau
Nordman et al. 1992). The key factors identified
peroxidation and oxidative
d are lipid peroxida
stress in alcohol toxicity. Again, quite a few pathways
suggested that may
ays have been sugge

T

contribute oxidative stress which include changes in redox
during alcohol
edox
ox potential durin
metabolism, ethanol-induced hypoxia as oxygen is utilized
alcohol,
d to metabolize
metabol
alc

IA

ethanol effects on the immune system and altered cytokine production,
ethanol-induced
ction, ethanol-induce
ethanol
-induc

increase endotoxin titre with subsequent activation of Kupffer cells,
ells,
lls, induction of
CYP2E1, effects on antioxidant enzymes and chemicals particularly mitochondrial
chondrial
ondrial and

L

cytosolic glutathione. Thus, monitoring alcohol induced oxidative stress markers
rkers
kers an
and

evaluating the effects of active formulations in human systems are clearly important
rtant

areas of research, particularly because such information may be of major therapeutic and
preventive significance.
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2.

In the present study consumption of alcohol at a dose of 1.5 gm/kg within a period of
40-60 minutes showed transient rise in oxidative stress which could be manifested in
several oxidative stress markers of serum. However, the degree of changes, and time
required for changes varied in different parameters. Inter subject and intra subject
vari
var
variations are also present. In the present phase-II trial it has been observed that alcohol

C

containing NTX showed slightly lower serum ROS (5-8% at 1 and 4 hour, p<0.05) and
containi
con
concentration (14% at 2 hour, p<0.05).
ROS metabolites
metabo
metab

O
3.
3

(GSH), an omnipresent thiol, is a crucial intra-extra cellular
Reduced glutathione
glutath
antioxidant. GSH, in addition to other functions, protects the cells by
protective antioxidan
antioxi

N

reducing
those are generated during detoxifying process of most of the
cing
ng the oxidants
oxidants tth
xenobiotics.
antioxidant, directly reacting with ROS, RNS, and
ics. GSH is an important
impo
imp
other reactivee species, resulting iin the formation of GSSG. GSSG is also produced in

FI

reactions catalyzed
may be either excreted from the cell as irreversible
ed
d by GPx. GSSG m
loss, or mostly reducedd to GSH by glutathione
reductase at the expense of NADPH.
glutath
glutathi

D

GSH is synthesized mainly
ly
y in the hepatic cytosol and distributed to different
intracellular organelles and create
pools to maintain cellular redox status.
te independent pool

E

Glutathione can be transported across
membrane, into the blood and thereby
ss the cell membran
able to establish inter organ GSH distribution
1979; Ookhtens et
ution (Griffith and Meister,
M

N

al 1994). Since, the concentrations of extracellular
several folds lower than
cellular GSH are se
intracellular levels, correct redox ratios are often
determine (Hansen et al,
n difficult to determ
2009). Under normal conditions, levels of ROS aree counterbalanced bby antioxidant

T

systems mostly by GSH. However, in oxidative stress conditions,
metabolism
of
ditions
tions,, such as meta
m
et
alcohol, the steady-state ROS level increases leading to an imbalance
oxidants
balance
ce between
betw
ox

IA

and antioxidants (Sies, 1997).

Acute alcohol consumption leads to a temporary increase in serum levels of G
GSH.
GSH.

Several reasons have been proposed for such changes which includes: a) Efflux
fflux
flux of GSH

L

from the liver (Speisky et al. 1985) due to higher rate of oxidative utilization
zation
ation iin
peripheral tissues; b) an enhanced liver blood flow (lsrael, et al. 1983), which could
ouldd
oul
facilitates GSH efflux GSH from the liver; c) a direct effect of ethanol on the hepatocyte
membrane (Vendemiale et al. 1989) and decreased synthesis of GSH (Speisky et al.
1985). In the present clinical study, subjects received only alcohol showed higher level
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of serum GSH compared to that of subjects having NTX in their alcohol. Serum levels
of oxidized glutathione (GSSG) were found to be higher in only alcohol compared to
that of alcohol containing NTX group. The higher levels of GSSG indicates higher rate
of oxidation of reduced glutathione by reactive oxygen species.
4
4.

Th increase in serum MDA level was found to be less pronounced in NTX group,
The

C

particularly
30 minute and 4 hour time points (p<0.05). Serum protein carbonyl (PC)
par
particula
showed initial transient rise in both the groups. However, serum level of PC in
level showe

O

NTX group was
wa significantly reduced at 1 hour (p<0.05) compared to only alcohol
group.
roup.

A temporary
mporary
porary rise in oliv
olive tail moment was observed which is reversible in nature in both

N

5.

the groups
compared to the base line value. Alcohol containing
ps at two hour time point
p
NTX showed
decrease in rate of change compared to that of only alcohol
d significant decrea
decreas

FI

group. Similar observation
servation was noted
note in micronucleus scores. However, at 4 hour time
points both the groupss showed
The findings indicated that NTX could
howed similar values.
va

6.

D

prevent, at least to a certain
effects of alcohol.
n extent, the initial damaging
d
As a biomarker of oxidative DNA damage, 8-OHdG
levels directly reflect the average
8-OHd
8OH
rate of oxidative DNA damage (Floyd,
level of alcohol group was
Floyd,
loyd, 1999). 8 OH-dG
OH

E

continually increased throughout the post alcohol consu
consumption period where as the
consum
increase of 8 OH-dG levels in NTX group
p was flattened after 2 hours. In long run it

N

could be helpful in preventing alcohol induced degenerative disorders
disorde which are related
with DNA damage.

Human peripheral lymphocytes have the similar capability
ethanol like the
ty to metabolize etha

T

7.

other somatic cells. In fact, alcohol and acetaldehyde dehydrogenase
rogenase
ogenase (ADH and
an ALDH)
A

IA

are present in the human peripheral lymphocytes (Dyck, 1990).
damage
). Thus, DNA dam
dama
may be induced by the oxidative products of ethanol metabolism
m and may ca
cause

dysfunction of human peripheral lymphocytes and the peripheral immune
mmune
une system.

L

Present findings indicated that DNA damage induced by ethanol could be auto-repaired
to--repaired
to
in lymphocytes and intracellular 8-OHdG levels decreased as time progressed.
d.. This
suggests that a DNA repair pathway was activated when DNA damage was induced in

human peripheral lymphocytes. However, although DNA damage could be autorepaired, it should be kept in mind that potential mutations and cancer development
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might increase as a result of the error-prone repair process (Kido et al., 2006). Thus, a
decreased rate of DNA damage, as observed in NTX group, will also diminish the
chances of mutation and its adverse pathophysiology.

8 Conclusion
8.
Co

C

The presen
present phase II clinical study indicates the probable contribution of NTX in reducing
ROS level and
an related oxidative markers level in alcohol drinkers with concomitant

O

protection
rotection of DNA damage as judged by comet assay and CBMN assay from peripheral
lymphocytes
8OH-dG assay. All these findings suggested that NTX could be
phocytes and serum
ser

N

effectivee inn reducing alcohol
alcoho induced pathophysiological changes for a protracted period of
time.

D

FI
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10.

Schematic representation of study design

Assessed for eligibility (social drinker)

Screening (visit 1)
x Clinical inspection
x Blood withdrawn for CMP

Eligible participants
enrolled

N

FI

Randomization, 0 hr blood
withdrawn
for OS & DNA study, test
withdra
sample A/N
A (@1.5 g/kg, per oral) [visit 2]

x Heparinized blood for DNA study
x Serum stored at -80°C for OS study

N
E
D

Blood
lood withdrawn:
withdraw
0
x for OS markers 0.5,1,2
& 4 hrs
x for DNA markers 2 & 4 hrs

x Heparinized blood for DNA study
x Serum stored at -80°C for OS study

One week washout period

0 hr blood withdrawn for OS
S study,
l)[vi 3]
test sample A/N (@1.5 g/kg, per oral)[visit

x Ser
Serum stored at -80°C
for OS study
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T

Blood withdrawn:
x for OS markers 0.5,1,2 & 4 hrs
x for DNA markers 2 & 4 hrs

Dropouts
Reason 1:
Reason 2:
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Study completion
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Heparinized blood for D
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^dhz/E&KZDd/KE



&ŝŶĂŶĐŝĂů^ƵƉƉŽƌƚ͗

Chigurupati Technologies, Private Limited
FZE, P.O.Box ± 330205,
Ras Al Khaimah, UAE

,͘EŽ͘ϱϭϮͬD͕ZŽĂĚEŽ͘ϯϭ
:ƵďŝůĞĞ,ŝůůƐ͕,ǇĚĞƌĂďĂĚϱϬϬϬϯϯ/ŶĚŝĂ
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WƌŝŶĐŝƉĂů/ŶǀĞƐƚŝŐĂƚŽƌ͗
ŶĐŝƉĂů/ŶǀĞƐƚŝŐĂƚŽƌ
ĐŝƉĂů/ŶǀĞƐƚŝŐĂƚŽƌ͗͗

^ŝŽŶEŽďĞů͕D͘͘
DŝƐƐŝŽŶ,ŝůůƐDĞĚŝĐĂůĞŶƚĞƌͬ'ůŽďĂůůŝŶŝĐĂůƐ͕/ŶĐ͘
ϭϬϯϬϲE͘^ĞƉƵůǀĞĚĂůǀĚ͘
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dĂďůĞŽĨŽŶƚĞŶƚƐ
WZKdKK>^zEKW^/^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϱ
ϭ͘yhd/s^hDDZz͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϳ

C

ϭ͘ϭ<'ZKhEǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ
ϭ͘ϭ
͘ϭ

ϭ͘ϮWhZWK
ϭ͘ϮWhZWK^ǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ
ϭ͘ϯ^/'EǤǤǤ
ϭ͘ϯ^/'E
ϭ͘ϯ^/'EǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ
ϭ͘ϰZ^h>d
ϭ͘ϰZ^h>d^Θ
ϭ͘ϰZ^h>d^Θ/^h^^/KEǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ

Ϯ͘/EdZKhd/KE͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϵ
Ϯ͘/EdZKhd/KE

O

ϯ͘DdZ/>^EDd,K^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϬ
DdZ/>^ED
dZ/>^E


FI

N

ϯ͘ϭ^h:d^E^dhz^/'E
ǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤͳͲ
:d^E^dhz
:d^E^dhz
dhzEWK/Ed^ ..........................................................................................................................................................
........
ϯ͘ϭ͘ϭ^dhzEWK/Ed^
10
d^E^h:d^
d^E^h:d^
ϯ͘ϭ͘Ϯ^h:d^E^h:d^>d/KEZ/dZ/
..................................................................................................... 11 
WZKhd^......................
WZKhd^
......................
ϯ͘ϭ͘ϯ^dhzWZKhd^
............................................................................................................................................................
12
dhZZ^
ZZ^ ...........................................................................................................................................................
...........................
............................
ϯ͘ϭ͘ϰDEh&dhZZ^
13
D/E/^dZd/KE..............
D/E/^dZd/KE
.........
ϯ͘ϭ͘ϱWZKhdD/E/^dZd/KE
.......................................................................................................................................
13
d/KE
/KE .....................................................................................................................................................
.................................
..................................
ϯ͘ϭ͘ϲ^DW>K>>d/KE
14
.........................................
.............
ϯ͘Ϯ^dd/^d/>E>z^/^^ .......................................................................................................................................................
15

T

N

E

D

ϰ͘Z^h>d^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϱ
͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘
͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘

ϰ͘ϭ^dhz^h:d&>KtǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ
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d>ϰKDW>dDdK>/WE>;DWͿʹs/^/dϯ;KEd/EhͿǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤʹͺ
d>ϱ͗KDdE^^zǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ͵ͳ
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C

d>ϲ͗zdK</E^/^>K<D/ZKEh>h^^^z;DEͿǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ͵ʹ
d>ϳ͗ĚZKD^^^zǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ͵͵
d>ϴ͗'^,ͬ'^^'^^zǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ͵Ͷ
d>ϵ͗D^^zǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ͵ͷ
>
d>ϭϬ͗W^^z
ǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ͵
d>ϭ
d>ϭϭ͗ZK^^^zǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ͵
d>ϭϮ͗
d>ϭϮ͗
d>ϭϮ͗^/&&d^ǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ͵ͺ
&/'hZϭ͗
&/'hZϭ͗K
&/'hZϭ͗KDdE^^zǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ͵ͻ

ϴ͘WWE/^͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϬ
ϴ͘WWE/^͘
ϴ͘WWE/^
͘

WWE/yϭ͗EWK/Edd/>^^zWZKhZ^ǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤǤ
ͶͲ 
WWE/yϭ͗
WWE/yϭ͗E
EWK/
WK
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WZKdKK>^zEKW^/^
ŚŝŐƵƌƵƉĂƚŝdĞĐŚŶŽůŽŐŝĞƐ͕WƌŝǀĂƚĞ>ŝŵŝƚĞĚ
&͕W͘K͘ŽǆʹϯϯϬϮϬϱ͕ZĂƐů<ŚĂŝŵĂŚ͕h

ŽŶƚƌĂĐƚZĞƐĞĂƌĐŚ
ŽŶƚƌĂ
KƌŐĂŶŝǌĂƚŝŽŶ;ZKͿ͗
KƌŐĂŶŝǌĂƚ

'>K>>/E/>^͕/E͘
ϲϱϮϬWůĂƚƚǀĞŶƵĞ͕ηϯϬϱ͕tĞƐƚ,ŝůů͕͕ϵϭϯϬϳ
ǁǁǁ͘'ůŽďĂůůŝŶŝĐĂůƐ͘ĐŽŵ

C

^ƚƵĚǇ^ƉŽŶƐŽƌ͗

EdyWƌŽƚĞĐƚŝǀĞĨĨĞĐƚƐĨƌŽŵůĐŽŚŽů/ŶĚƵĐĞĚZK^ĂŶĚ'ĞŶŽƚŽǆŝĐŝƚǇ

WƌŽƚŽĐŽůEƵŵďĞƌ͗
WƌŽƚŽĐŽůEƵŵďĞƌ͗

ϮϵϳϴϵϮͲϲͲϭϭϭϱ

EĂŵĞŽĨWƌŽĚƵĐƚƐ͗
ĂŵĞŽĨWƌŽĚƵĐƚ
ĞŽĨWƌŽĚƵĐƚƐƐ͗

EdyΡŝĞƚĂƌǇƐƵƉƉůĞŵĞŶƚ

dĞƐƚWƌŽĚƵĐƚƐ͕ZŽƵƚĞ
ƌŽĚƵĐƚƐ͕ZŽƵƚĞ
ƌŽĚƵĐƚƐ͕ZŽƵƚĞ
ĂŶĚƵƌĂƚŝŽŶ͗
ƚŝŽŶ͗

dŚĞƚĞƐƚƉƌŽĚƵĐƚǁĂƐĂĚŵŝŶŝƐƚĞƌĞĚƚǁŝĐĞŽƌĂůůǇ͕ĨŽůůŽǁŝŶŐďĂƐĞůŝŶĞĞŶĚƉŽŝŶƚŵĞĂƐƵƌĞƐ
dŚ
ǁŝƚŚŽƌǁŝƚŚŽƵƚĂůĐŽŚŽů;ĐƌŽƐƐŽǀĞƌĚĞƐŝŐŶͿ͕ϲϬŵŝŶƵƚĞƐƉƌŝŽƌƚŽƚŚĞĐŽůůĞĐƚŝŽŶŽĨƉŽƐƚ
ǁ
ǁŝƚŚŽ
ĂĚŵŝŶŝƐƚƌĂƚŝŽŶĞŶĚƉŽŝŶƚŵĞĂƐƵƌĞƐ
ĂĚŵŝŶŝƐƚ

ĞƐŝŐŶ͗

^ŝŶŐůĞĐĞŶƚĞƌ͕ĐƌŽƐƐŽǀĞƌ͕ĚŽƵďůĞďůŝŶĚ͕ƌĂŶĚŽŵŝǌĞĚ͕ƚǁŽŐƌŽƵƉƐƚƵĚǇ
^ŝŶŐůĞĐĞŶƚĞƌ

EƵŵďĞƌŽĨ^ƵďũĞĐƚƐ͗

Ϯϱ
Ϯϱ

T
N
E
D
FI
N
O

^ƚƵĚǇdŝƚůĞ͗
^ƚƵĚǇdŝƚůĞ͗

x

KďũĞĐƚŝǀĞƐĂŶĚ
ŶĚƉŽŝŶƚƐ͗

x
x

YƵĞƐƚŝŽŶŶĂŝƌĞƐ͗

^ƚƵĚǇZĞůĂƚĞĚĐƚŝǀŝƚŝĞƐ͗

^ƵďũĞĐƚWŽƉƵůĂƚŝŽŶ͗

dŚĞƉƌŝŵĂƌǇŽďũĞĐƚŝǀĞŽĨƚŚĞƐƚƵĚǇǁĂƐƚŽĞǀĂůƵĂƚĞĂůĐŽŚŽůŝŶĚƵĐĞĚE
dŚĞƉƌŝŵĂ
dŚĞƉƌŝŵĂƌǇ
ĚĂŵĂŐĞĂŶĚĐŚĂŶŐĞƐŝŶZK^ĂŶĚŽƚŚĞƌƌĞůĂƚĞĚŽǆŝĚĂƚŝǀĞƐƚƌĞƐƐŵĂƌŬĞƌƐŝŶ
ĚĂŵĂŐĞĂŶĚĐŚ
ĚĂŵĂŐĞĂŶĚ
ĐŚ
ďůŽŽĚŝŶƚŚĞƉƌĞƐĞŶĐĞĂŶĚĂďƐĞŶĐĞŽĨEdy
ďůŽŽĚŝŶƚŚĞƉƌĞƐĞ
ŝŶƚŚĞƉƌĞƐĞ
dŽĞǀĂůƵĂƚĞƐĂĨĞƚǇǀŝĂŵŽŶŝƚŽƌŝŶŐ͕ĞǆĂŵ͕ƐŝĚĞĞĨĨĞĐƚƐ
dŽĞǀĂůƵĂƚĞƐĂĨĞƚǇǀŝĂ
ŽĞǀĂůƵĂƚĞƐĂĨĞƚǇǀŝĂ
^ƵďũĞĐƚƐ^ŝĚĞĨĨĞĐƚƐ&Žƌŵ
^ƵďũĞĐƚƐ^ŝĚĞĨĨĞĐƚƐ&Žƌ
ƵďũĞĐƚƐ^ŝĚĞĨĨĞĐƚƐ&Ž

x ůŽŽĚĐŽůůĞĐƚŝŽŶĨŽƌůĂďŽƌĂƚŽƌǇĐŚĞŵŝƐƚƌǇ
ĚĐŽůůĞĐƚŝŽŶĨŽƌ
ĐŽůůĞĐƚŝŽŶĨŽƌůĂďŽƌĂƚŽ
ůĂďŽ
x ŽůůĞĐƚĚĂƚĂͬŽŶůŝŶĞƉĂƚŝĞŶƚůŽŐŝŶͬĚĂƚĂĞŶƚƌǇ
ĚĂƚĂͬŽŶůŝŶĞƉĂƚŝĞŶƚůŽŐ
ĚĂƚĂͬŽ
ŶůŝŶĞƉĂƚŝĞŶƚůŽŐ
x ůůĚĂƚĂĐŽůůĞĐƚĞĚƉƌŽƉĞƌƚǇŽĨƚŚĞ^ƉŽŶƐŽƌ
ůĞĐƚĞĚƉƌŽƉĞƌƚǇŽĨƚŚĞ^
ĞĐƚĞĚƉƌŽƉĞƌƚǇŽĨƚŚĞ^
DĂůĞĂŶĚĨĞŵĂůĞĂĚƵůƚƐ͕ϮϭͲϱϬǇĞĂƌƐŽĨĂŐĞ͕ŝŶŐŽŽĚŐĞŶĞƌĂůŚĞĂůƚŚǁŚŽŵĞĞƚ^ƚƵĚǇ
͕ϮϭͲϱϬǇĞĂƌƐŽĨĂŐĞ
ϱϬǇĞĂƌƐŽĨĂŐĞ͕ŝŶŐ
͕ŝŶ
WƌŽƚŽĐŽů/ŶĐůƵƐŝŽŶͬǆĐůƵƐŝŽŶĐƌŝƚĞƌŝĂ͘
ŽŶĐƌŝƚĞƌŝĂ͘
ŶĐƌŝƚĞƌŝĂ͘

DĞƚŚŽĚŽĨ^ƵďũĞĐƚ
ƐƐŝŐŶŵĞŶƚ͗

dĞůĞƉŚŽŶĞƉƌĞƐĐƌĞĞŶƉƌŝŽƌƚŽƐĐŚĞĚƵůŝŶŐƐŝƚĞǀŝƐŝƚĂŶĚDĞǆĂŵ͘ZĂŶĚŽŵŝǌĞĚ
ĐŚĞĚƵůŝŶŐƐŝƚĞǀŝƐŝƚĂ
ĐŚĞĚƵůŝŶŐƐŝƚĞǀŝƐŝƚĂŶĚ
ĞŶƌŽůůŵĞŶƚŝŶƚŽŽŶĞŽĨƚǁŽŐƌŽƵƉƐ
Ɛ
^ŝŐŶĞĚ/ŶĨŽƌŵĞĚŽŶƐĞŶƚ͕ŝůůŽĨZŝŐŚƚƐ͕ĂŶĚDĞĚŝĐĂů,ŝƐƚŽƌǇ
ƚƐ͕ĂŶĚDĞĚŝĐĂů,ŝƐƚŽƌǇ

/ŶĐůƵƐŝŽŶƌŝƚĞƌŝĂ͗

dŽďĞĞůŝŐŝďůĞĨŽƌƚŚŝƐƐƚƵĚǇ͕ƐƵďũĞĐƚƐŵƵƐƚŵĞĞƚĂůůŽĨƚŚĞĨŽůůŽǁŝŶŐĐƌŝƚĞƌŝĂ͘^ƵďũĞĐƚƐ
ƚŵĞĞƚ
ŵĞĞƚĂůů
Ăůů ŽĨƚŚĞĨŽůůŽǁŝ
ŵƵƐƚ͗;ĂĚĚŝƚŝŽŶĂůĚĞƚĂŝůƐƉĞƌ^ƚƵĚǇWƌŽƚŽĐŽůͿ

A
L

ǆĐůƵƐŝŽŶƌŝƚĞƌŝĂ͗

x DĂůĞΘĨĞŵĂůĞǀŽůƵŶƚĞĞƌƐǁŚŽŚĂǀĞŚĂĚĂůĐŽŚŽůƉƌĞǀŝŽƵƐůǇĂŶĚ
ĚĂůĐŽŚŽůƉƌĞǀŝŽƵƐůǇĂŶĚ
ĐŽŚŽůƉƌĞǀŝŽƵƐůǇĂŶ
ƌĞĐŽŐŶŝǌĞŝƚƐĞĨĨĞĐƚƐ
x ŐĞƐďĞƚǁĞĞŶϮϭĂŶĚϱϬǇĞĂƌƐ
x /ŶŐŽŽĚŐĞŶĞƌĂůŚĞĂůƚŚ͘
x EŽƌŵĂůǀĂůƵĞƐŽŶĐŽŵƉůĞƚĞŵĞƚĂďŽůŝĐƉĂŶĞů
x DƵƐƚďĞĂďůĞƚŽƌĞĂĚ͕ƵŶĚĞƌƐƚĂŶĚ͕ĂĐĐĞƉƚĂŶĚƐŝŐŶƚŚĞŝŶĨŽƌŵĞĚĐŽŶƐĞŶƚ
ŝŶĨŽƌŵĞĚĐŽŶƐĞŶƚ
ŶĨŽƌŵĞĚĐŽŶƐĞŶ
ĚŽĐƵŵĞŶƚ
x D/ƌĂŶŐĞŽĨϮϰͲϮϵ͘ϵ
^ƵďũĞĐƚƐǁŝůůďĞĞǆĐůƵĚĞĚŝĨƚŚĞǇŵĞĞƚĂŶǇŽĨƚŚĞĞǆĐůƵƐŝŽŶĐƌŝƚĞƌŝĂ͕ĂƐƉĞƌƚŚĞ^ƚƵĚǇ
ƚŚĞ^ƚƵĚǇ
ƚŚĞ^ƚƵĚǇ
WƌŽƚŽĐŽů;ƐĞĞŵĂŝŶďŽĚǇŽĨƚŚŝƐƌĞƉŽƌƚͿ

^ƚƵĚǇƵƌĂƚŝŽŶ͗

^ƵďũĞĐƚƐǁĞƌĞŝŶƐƚƵĚǇĨŽƌƵƉƚŽƚǁŽǁĞĞŬƐ͘^ĐƌĞĞŶŝŶŐ͗ϭĚĂǇdƌĞĂƚŵĞŶƚ͗ϮĚĂǇƐ͖
tĂƐŚŽƵƚƉĞƌŝŽĚ͕&ŽůůŽǁͲƵƉ͗Eͬ
dŚƌĞĞǀŝƐŝƚƐʹ;^ĐƌĞĞŶͬĂƐĞůŝŶĞ͕sŝƐŝƚϮĂŶĚϯʹĨŽƌĐƌŽƐƐŽǀĞƌͿ
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ĂƚĂŽůůĞĐƚŝŽŶƚŽ
^ƉŽŶƐŽƌ͗

^ƚĂƚŝƐƚŝĐĂůDĞƚŚŽĚƐ͗
^ƚĂƚŝƐƚŝ

C
ŽŵƉůŝĂŶĐĞ͗
ŽŵƉůŝĂŶĐĞ͗

x
x
x
x
x

^ƚĂƚŝƐƚŝĐĂůĂŶĂůǇƐĞƐ
'ƌĂƉŚƐĂŶĚƚĂďůĞƐ
ZĞŐƵůĂƚŽƌǇƉĂƉĞƌǁŽƌŬ;/ZͿ
Z&Ɛ
&ŝŶĂůZĞƉŽƌƚ

FI
N
O

x dͲƚĞƐƚ
x tŝůĐŽǆŽŶZĂŶŬ^Ƶŵ͕ŚŝͲ^ƋƵĂƌĞ
x &ŝƐŚĞƌ͛ƐǆĂĐƚƚĞƐƚƐ
x dĞůĞƉŚŽŶĞĐŽŶƚĂĐƚ
x WƌŽĚƵĐƚĂĚŵŝŶŝƐƚƌĂƚŝŽŶ
x ^ŝƚĞǀŝƐŝƚƐ
x DŽŶŝƚŽƌŝŶŐ
^ŝƚĞǀŝƐŝƚ͕ƚĞůĞƉŚŽŶĞƐĐƌĞĞŶĂŶĚĨŽůůŽǁƵƉ͕ŽŶůŝŶĞŝŶƉƵƚ͕ƉƌŽĚƵĐƚĂĚŵŝŶůŽŐ͕ůĂďƌĞƐƵůƚƐ͕
^ŝƚ
^ŝƚĞ
ƐƚĂƚƐ͕Z&Ɛ͕ĞƚĐ͘
ƐƚĂƚƐ͕
ƐƚĂƚƐ͕

ĂƚĂŽůůĞĐƚŝŽŶ͗
ŽůůĞĐƚŝŽŶ͗

^ƵďũĞĐƚŽŵƉĞŶƐĂƚŝŽŶ͗
ĞŶƐĂƚŝŽŶ
ŶƐĂƚŝŽŶ͗

hƉƚŽΨϱϬϬ͘ϬϬh^ĞĂĐŚ
hƉƚŽΨϱ
hƉƚŽΨϱϬϬ
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ϭ͘yhd/s^hDDZz





dŚĞƉƌĞƐĞŶƚƐƚƵĚǇ͛ƐƉƌŝŵĂƌǇŽďũĞĐƚŝǀĞǁĂƐƚŽĞǀĂůƵĂƚĞĂůĐŽŚŽůŝŶĚƵĐĞĚEĚĂŵĂŐĞ͕
dŚĞƉƌĞƐĞŶƚƐƚƵĚǇ͛Ɛ
dŚĞƉƌĞƐĞŶƚƐƚƵĚǇ
ĂŶĚĐŚĂŶŐĞƐŝŶZK^ĂŶĚŽƚŚĞƌƌĞůĂƚĞĚŽǆŝĚĂƚŝǀĞƐƚƌĞƐƐŵĂƌŬĞƌƐŝŶďůŽŽĚŝŶƚŚĞƉƌĞƐĞŶĐĞ
ĚĐŚĂŶŐĞƐŝŶZK^ĂŶĚ
ĂŶŐĞƐŝŶZK^ĂŶĚ
ĂŶĚĂďƐĞŶĐĞŽĨEdy͘
ďƐĞŶĐĞŽĨEdy͘
ƐĞŶĐĞŽĨEdy͘ ^ĂĨĞƚǇǁĂƐĂƐƐĞƐƐĞĚĂŶĚǀŝĂǀŝƚĂůƐĚĞƚĞƌŵŝŶĂƚŝŽŶĂŶĚĂĚǀĞƌƐĞĞǀĞŶƚ
^ĂĨĞƚ
^ĂĨĞƚǇ
ŵŽŶŝƚŽƌŝŶŐ͘
ŶŐ͘

ϭ͘ϯ^/'E

C


ϭ͘ϭ<'ZKhE

ZĞĂĐƚŝǀĞKǆǇŐĞŶ^ƉĞĐŝĞƐ;ZK^ͿŝŶƚĞƌĂĐƚŝŽŶƐǁŝƚŚEĐĂŶĐĂƵƐĞŐĞŶĞƚŝĐĂŶĚĞƉŝŐĞŶĞƚŝĐ
ŵƵƚĂƚŝŽŶƐĂŶĚŝŶƚĞƌĨĞƌĞǁŝƚŚEƌĞƉĂŝƌ͕ƉŽƚĞŶƚŝĂůůǇŝŶĐƌĞĂƐŝŶŐƐƵƐĐĞƉƚŝďŝůŝƚǇƚŽĂ
ŵ
ŵƵ
ŶƵŵďĞƌŽĨĚŝƐĞĂƐĞƐŝŶĐůƵĚŝŶŐĐĂŶĐĞƌĂŶĚŶĞƵƌŽĚĞŐĞŶĞƌĂƚŝǀĞ͘ŚƌŽŶŝĐĂůĐŽŚŽů
ŶƵ
ŶƵŵď
ĐŽŶƐƵŵƉƚŝŽŶ͕ďƵƚĂůƐŽďŝŶŐŝŶŐŚĂǀĞďĞĞŶƐŚŽǁŶƚŽƌĞƐƵůƚŝŶEĚĂŵĂŐĞ͘
ĐŽŶƐƵŵ
ĐŽŶƐƵŵƉ

ϭ͘ϮWhZWK^
ϭ͘Ϯ
WK^

FI

N

O

^ŝŶŐůĞĐĞŶƚĞƌ͕ĚŽƵďůĞďůŝŶĚ͕ƌĂŶĚŽŵŝǌĞĚĐƌŽƐƐŽǀĞƌƐƚƵĚǇ
ďůŝŶĚ͕ƌĂŶĚŽŵŝǌĞĚĐ
Ě͕ƌĂŶĚŽŵŝǌĞĚĐ



D

ϭ͘ϰZ^h>d^Θ/^h^^/KE
E

Comet DNA Assay
ssay
d DNA Dama
D
NTX Reduces Alcohol Induced
Damage

͵ǤͶ

ʹǤͺ

Tail DNA %

͵Ǥʹ
͵

L
IA
T
N
E

dŚĞƐƚƵĚǇ͛ƐƉƌŝŵĂƌǇĞŶĚƉŽŝŶƚ͕ƚŚĞŽŵĞƚEĂƐƐĂǇǁŚŝĐŚŵĞĂƐƵƌĞƐEĚĂŵĂŐĞŝŶĞƵŬĂƌǇŽƚŝĐ
ƚEĂƐƐĂǇǁŚŝĐŚŵ
EĂƐƐĂǇǁŚŝĐŚŵ
ĐĞůůƐ͕ǁĂƐƐŝŐŶŝĨŝĐĂŶƚŝŶĨĂǀŽƌŽĨƚŚĞEdyƚƌĞĂƚŵĞŶƚ͕ŝŶĚŝĐĂƚŝŶŐĂƉƌŽƚĞĐƚŝǀĞĞĨĨĞĐƚŽĨƚŚŝƐĚŝĞƚĂƌǇ
ĂƚŵĞŶƚ͕ŝŶĚŝĐĂƚŝŶŐĂ
ŵĞŶƚ͕ŝŶĚŝĐĂƚŝŶŐĂ
ƐƵƉƉůĞŵĞŶƚŝŶďŝŶŐĞĚƌŝŶŬŝŶŐ͘


3.16

P= 0.02
2
2.79

ʹǤ
PLACEBO

2 Hr Post NTX

ACTIVE




dŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚĞĨĨĞĐƚƐŝŶƚŚĞǀĂƌŝŽƵƐŽǆŝĚĂƚŝǀĞƐƚƌĞƐƐŵĂƌŬĞƌƐ͘dŚŝƐůĂĐŬŽĨ
ƐŝŐŶŝĨŝĐĂŶĐĞƐŚŽƵůĚŶŽƚďĞŝŶƚĞƌƉƌĞƚĞĚƚŽŶĞŐĂƚĞƚŚĞŵĞĐŚĂŶŝƐŵĨŽƌƚŚĞEĚĂŵĂŐĞĨŝŶĚŝŶŐŝŶ
ƚŚŝƐƐƚƵĚǇ͘dŚĞƌĞĐŽƵůĚďĞĂŶƵŵďĞƌŽĨĞǆƉůĂŶĂƚŝŽŶƐĨŽƌƚŚŝƐ͕ƚŚĞŵŽƐƚƉĂƌƐŝŵŽŶŝŽƵƐŽŶĞŽĨ
ǁŚŝĐŚŝƐƚŚĂƚĂŶƵŵďĞƌŽĨŽǆŝĚĂƚŝǀĞƐƚƌĞƐƐŵĂƌŬĞƌƐĐŽŶƚƌŝďƵƚŝŶŐƚŽƚŚĞŝŵďĂůĂŶĐĞďĞƚǁĞĞŶZK^
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C

ƉƌŽĚƵĐƚŝŽŶĂŶĚƌĞŵŽǀĂůƚŚĂƚŝŶĚŝǀŝĚƵĂůůǇĂƌĞŶŽƚƐŝŐŶŝĨŝĐĂŶƚ͕ƚŽŐĞƚŚĞƌƉƌŽĚƵĐĞĂŶŽǀĞƌĂůů
ĐĂƐĐĂĚĞƚŚĂƚĚĂŵĂŐĞƐE͘

dŚĞƐƚƵĚǇƉƌĞƉĂƌĂƚŝŽŶǁĂƐǁĞůůƚŽůĞƌĂƚĞĚĂŶĚƚŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞƐďĞƚǁĞĞŶ
ĂĐƚŝǀĞ
ĂĐƚŝǀĞĂŶĚĐŽŶƚƌŽůŐƌŽƵƉƐĂĐƌŽƐƐƐŝĚĞĞĨĨĞĐƚƐŽƌŝŶƚŚĞŝƌƚŽƚĂůŶƵŵďĞƌ͕ǁŝƚŚŽŶĞƐŝĚĞĞĨĨĞĐƚďǇ
ƚŚĞƐĂŵĞ
ƚŚĞƐĂŵĞƐƵďũĞĐƚƵŶĚĞƌĞĂĐŚƚƌĞĂƚŵĞŶƚ͕ŝŶǀŽůǀŝŶŐĚŝǌǌŝŶĞƐƐ͕ŶĂƵƐĞĂĂŶĚĚƌŽǁƐŝŶĞƐƐ͘dŚĞĨĂĐƚ
ƚŚĂƚŝƚŽĐĐ
ƚŚĂƚŝƚŽĐĐƵƌ
ƚŚĂƚŝƚŽĐĐƵƌƌĞĚƵŶĚĞƌďŽƚŚƉůĂĐĞďŽĂŶĚĂĐƚŝǀĞƚƌĞĂƚŵĞŶƚƐ͕ƐƵŐŐĞƐƚƐƚŚĂƚĂůĐŽŚŽůĂŶĚŶŽƚEdy
ǁĂƐƌĞƐƉŽ
ǁĂƐƌĞƐƉŽŶƐŝďů
ǁĂƐƌĞƐƉŽŶƐŝďůĞ͘
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Ϯ͘/EdZKhd/KE

C


dŚĞŵĂũŽƌƉĂƚŚǁĂǇƐŽĨĂůĐŽŚŽůŵĞƚĂďŽůŝƐŵƌĞƐƉŽŶƐŝďůĞĨŽƌƚŚĞŐĞŶĞƌĂƚŝŽŶŽĨZĞĂĐƚŝǀĞKǆǇŐĞŶ
^ƉĞĐŝĞƐ;ZK^ͿĂƌĞĂůĐŽŚŽůĚĞŚǇĚƌŽŐĞŶĂƐĞŝŶƚŚĞĐǇƚŽƐŽů͕ŵŝĐƌŽƐŽŵĂůĞƚŚĂŶŽůŽǆŝĚŝǌŝŶŐƐǇƐƚĞŵŝŶ
ƚŚĞĞŶĚŽƉůĂƐŵŝĐƌĞƚŝĐƵůƵŵĂŶĚĂůĚĞŚǇĚĞŽǆŝĚĂƐĞŝŶƚŚĞŵŝƚŽĐŚŽŶĚƌŝĂ;ϭ͕ϮͿ͘ZK^ĂĐĐƵŵƵůĂƚŝŽŶ
ƚŚĞĞŶ
ƚŚĞĞŶĚ
ĐŽŶƚƌŝďƵƚĞƐƚŽĂůĐŽŚŽůͲŝŶĚƵĐĞĚƐǇŶĚƌŽŵĞŝŶĐůƵĚŝŶŐůŝǀĞƌŝŶũƵƌǇ;ϯͿ͘dŚĞŝŶƚĞƌĂĐƚŝŽŶŽĨZK^ǁŝƚŚ
ĐŽŶƚƌŝďƵƚ
ĐŽŶƚƌŝďƵƚĞ
ďŝŽͲŵŽůĞĐƵůĞƐǁŚŝĐŚůĞĂĚƐƚŽĂůĐŽŚŽůŝŶĚƵĐĞĚƚŽǆŝĐŝƚǇŝŶĐůƵĚĞƐĞŶŚĂŶĐĞĚůŝƉŝĚƉĞƌŽǆŝĚĂƚŝŽŶ͕
ďŝŽͲŵŽůĞĐ
ďŝŽͲŵŽůĞĐƵůĞ
ƉƌŽƚĞŝŶĐĂƌďŽŶǇůĨŽƌŵĂƚŝŽŶ͕ĚĞĐƌĞĂƐĞƐŝŶŚĞƉĂƚŝĐĂŶƚŝŽǆŝĚĂŶƚĚĞĨĞŶƐĞĞƐƉĞĐŝĂůůǇ'^,;ϰ͕ϱͿ͘
ƉƌŽƚĞŝŶĐĂƌďŽŶǇ

ǆƉŽƐƵƌĞƚŽĂĐƵƚĞŽƌĐŚƌŽŶŝĐĂůĐŽŚŽůƚƌŝŐŐĞƌƐƉƌŽĚƵĐƚŝŽŶŽĨƌĞĂĐƚŝǀĞŽǆǇŐĞŶƐƉĞĐŝĞƐ;ZK^ͿǁŝƚŚ
ǆƉŽƐƵƌĞƚŽĂĐƵƚĞŽƌĐ
ƵƌĞƚŽĂĐƵƚĞŽ
ĐŽŶĐŽŵŝƚĂŶƚĚƌŽƉŝŶƚŚĞůĞǀĞůŽƌĂĐƚŝǀŝƚǇŽĨĂŶƚŝŽǆŝĚĂŶƚƐ͘dŚŝƐƌĞƐƵůƚƐĂŶŝŵďĂůĂŶĐĞďĞƚǁĞĞŶZK^
ŽŵŝƚĂŶƚĚƌŽƉŝŶƚŚĞ
ŵŝƚĂŶƚĚƌŽƉŝŶƚŚĞ
ƉƌŽĚƵĐƚŝŽŶĂŶĚƌĞŵŽǀĂů͘dŚŝƐŽǆŝĚĂƚŝǀĞƐƚƌĞƐƐĐŽŶĚŝƚŝŽŶŚĂƐĂĚĞƚƌŝŵĞŶƚĂůĞĨĨĞĐƚŽŶƚŚĞƌĞƉĂŝƌ
ŝŽŶĂŶĚƌĞŵŽǀĂů͘
ŝŽŶĂŶĚƌĞŵŽǀĂů͘dŚ
ŽĨĚĂŵĂŐĞĚĐŽŵƉůĞǆŵŽůĞĐƵůĞƐ͕ƐƵĐŚĂƐE͘ZK^ŝŶƚĞƌĂĐƚŝŽŶƐǁŝƚŚEĐĂŶĐĂƵƐĞŐĞŶĞƚŝĐĂŶĚ
ĚĐŽŵƉůĞǆŵŽůĞĐƵůĞ
ŵƉůĞǆŵŽůĞĐƵůĞ
ĞƉŝŐĞŶĞƚŝĐŵƵƚĂƚŝŽŶƐĂŶĚŝŶƚĞƌĨĞƌĞǁŝƚŚEƌĞƉĂŝƌ͕ƉŽƚĞŶƚŝĂůůǇŝŶĐƌĞĂƐŝŶŐƐƵƐĐĞƉƚŝďŝůŝƚǇƚŽĂ
ƵƚĂƚŝŽŶƐĂŶĚŝŶƚĞƌĨĞƌ
ƚĂƚŝŽŶƐĂŶĚŝŶƚĞƌĨĞƌ
ŶƵŵďĞƌŽĨĚŝƐĞĂƐĞƐŝŶĐůƵĚŝŶŐĐĂŶĐĞƌĂŶĚŶĞƵƌŽĚĞŐĞŶĞƌĂƚŝǀĞ;ϲ͕ϳͿ͘ŚƌŽŶŝĐĂůĐŽŚŽů;ϲͿ
ƐĞƐŝŶĐůƵĚŝŶŐĐĂŶĐĞƌ
ŝŶĐůƵĚŝŶŐĐĂŶĐĞƌ
ĐŽŶƐƵŵƉƚŝŽŶďƵƚĂůƐŽďŝŶŐŝŶŐ;ϴͿŚĂǀĞďĞĞŶƐŚŽǁŶƚŽƌĞƐƵůƚŝŶEĚĂŵĂŐĞ͘
ƐŽďŝŶŐŝŶŐ;ϴͿŚĂǀĞď

dŚĞƉƌĞƐĞŶƚƐƚƵĚǇ͛ƐƉƌŝŵĂƌǇŽďũĞĐƚŝǀĞǁĂƐƚŽĞǀĂůƵĂƚĞĂůĐŽŚŽůŝŶĚƵĐĞĚEĚĂŵĂŐĞ͕ĂŶĚ
ƌǇŽďũĞĐƚŝǀĞǁĂƐƚŽ
ƌǇŽďũĞĐƚŝǀĞǁĂƐƚŽĞ
ĐŚĂŶŐĞƐŝŶZK^ĂŶĚŽƚŚĞƌƌĞůĂƚĞĚŽǆŝĚĂƚŝǀĞƐƚƌĞƐƐŵĂƌŬĞƌƐŝŶďůŽŽĚŝŶƚŚĞƉƌĞƐĞŶĐĞĂŶĚĂďƐĞŶĐĞ
ĂƚĞĚŽǆŝĚĂƚŝǀĞƐƚƌĞƐƐ
ĚŽǆŝĚĂƚŝǀĞƐƚƌĞƐ
ŽĨEdy͘^ĂĨĞƚǇǁĂƐĂƐƐĞƐƐĞĚĂŶĚǀŝĂǀŝƚĂůƐĚĞƚĞƌŵŝŶĂƚŝŽŶĂŶĚĂĚǀĞƌƐĞĞǀĞŶƚŵŽŶŝƚŽƌŝŶŐ͘
ĚǀŝĂǀŝƚĂůƐĚĞƚĞƌŵŝŶĂ
ǀŝĂǀŝƚĂůƐĚĞƚĞƌŵŝŶ
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ϯ͘DdZ/>^EDd,K^




ϯ͘ϭ^h:d^E^dhz^/'E

C

dŚĞƉƌĞƐĞŶƚƚǁĞŶƚǇĨŝǀĞƐƵďũĞĐƚƐŝŶŐůĞĐĞŶƚĞƌ͕ĚŽƵďůĞďůŝŶĚ͕ƌĂŶĚŽŵŝǌĞĚĐƌŽƐƐŽǀĞƌƐƚƵĚǇ
ǁĂƐĚĞƐŝŐŶĞĚƚŽŝŶǀĞƐƚŝŐĂƚĞƚŚĞĂůĐŽŚŽůŝŶĚƵĐĞĚĐŚĂŶŐĞƐŝŶZK^ĂŶĚŽƚŚĞƌƌĞůĂƚĞĚ
ǁ
ŽǆŝĚĂƚŝǀĞƐƚƌĞƐƐŵĂƌŬĞƌƐ͕ĂŶĚEĚĂŵĂŐĞŝŶďůŽŽĚ;ƐĞĞ͞ƐƚƵĚǇĞŶĚƉŽŝŶƚƐ͟ƐĞĐƚŝŽŶ
Žǆ
ŽǆŝĚĂ
ďĞůŽǁͿŝŶƚŚĞƉƌĞƐĞŶĐĞĂŶĚĂďƐĞŶĐĞŽĨEdyĚŝĞƚĂƌǇƐƵƉƉůĞŵĞŶƚ͘^ĂĨĞƚǇǁĂƐĂƐƐĞƐƐĞĚ
ďĞůŽǁͿŝ
ďĞůŽǁͿŝŶ
ďǇŵĞĂƐƵƌŝŶŐƌĞƐƚŝŶŐŚĞĂƌƚƌĂƚĞ͕ďůŽŽĚƉƌĞƐƐƵƌĞ͕ďůŽŽĚĐŚĞŵŝƐƚƌǇĂŶĚŵŽŶŝƚŽƌŝŶŐƐŝĚĞ
ďǇŵĞĂƐƵƌŝ
ďǇŵĞĂƐƵƌŝŶ
ĞĨĨĞĐƚƐƚŚƌŽƵŐŚƐƵďũĞĐƚŝǀĞƋƵĞƐƚŝŽŶŶĂŝƌĞƐ͘
ĞĨĨĞĐƚƐƚŚƌŽ
ĞĨĨĞĐƚƐƚŚƌŽƵŐŚ

dŚĞƚĞƐƚƉƌŽĚƵĐƚǁĂƐĂĚŵŝŶŝƐƚĞƌĞĚƚǁŝĐĞŽƌĂůůǇ͕ĨŽůůŽǁŝŶŐďĂƐĞůŝŶĞĞŶĚƉŽŝŶƚŵĞĂƐƵƌĞƐ
dŚĞƚĞƐƚƉƌŽĚƵĐƚǁ
dŚĞƚĞƐƚƉƌŽĚƵĐƚǁĂƐ
ǁŝƚŚŽƌǁŝƚŚŽƵƚĂůĐŽŚŽů;ĐƌŽƐƐŽǀĞƌĚĞƐŝŐŶͿ͕ϲϬŵŝŶƵƚĞƐƉƌŝŽƌƚŽƚŚĞĐŽůůĞĐƚŝŽŶŽĨƉŽƐƚ
ŚŽƌǁŝƚŚŽƵƚĂůĐŽŚŽů
ǁŝƚŚŽƵƚĂůĐŽŚŽů
ĂĚŵŝŶŝƐƚƌĂƚŝŽŶĞŶĚƉŽŝŶƚŵĞĂƐƵƌĞƐ͘
ŝƐƚƌĂƚŝŽŶĞŶĚƉŽŝŶƚŵ
ƐƚƌĂƚŝŽŶĞŶĚƉŽŝŶƚŵ

ŽŶƐĞŶƚŝŶŐĞůŝŐŝďůĞŵĂůĞĂŶĚĨĞŵĂůĞƐƵďũĞĐƚƐ͕ŵĞĞƚŝŶŐƚŚĞŝŶĐůƵƐŝŽŶͬĞǆĐůƵƐŝŽŶĐƌŝƚĞƌŝĂ͕
ĞůŝŐŝďůĞŵĂůĞĂŶĚĨĞŵ
ǁĞƌĞƌĞƋƵŝƌĞĚƚŽǀŝƐŝƚƚŚĞƐƚƵĚǇƐŝƚĞƚŚƌĞĞƚŝŵĞƐĨŽƌƐĐƌĞĞŶŝŶŐ͕ǀŝƐŝƚϮĂŶĚϯ;ĐƌŽƐƐŽǀĞƌ
ŽǀŝƐŝƚƚŚĞƐƚƵĚǇƐŝƚĞ
ĚĂǇͿĂĐƚŝǀŝƚŝĞƐ͘dŚĞƌĞǁĂƐĂŽŶĞǁĞĞŬǁĂƐŚŽƵƚƉĞƌŝŽĚďĞƚǁĞĞŶǀŝƐŝƚƐϮĂŶĚϯ͘dŚĞƌĞ
ĞƌĞǁĂƐĂŽŶĞǁĞĞŬ
ǁĞƌĞĂƚŽƚĂůŽĨƚǁĞŶƚǇĨŝǀĞƐƵďũĞĐƚƐĞŶƌŽůůĞĚ͕ƌĂŶĚŽŵůǇĂƐƐŝŐŶĞĚƚŽƚǁŽŐƌŽƵƉƐĨŽƌǀŝƐŝƚ
ǇĨŝǀĞƐƵďũĞĐƚƐĞŶƌŽůů
ĞƐƵďũĞĐƚƐĞŶƌŽů
Ϯ͕ ƵƐŝŶŐĂ^^ͲďĂƐĞĚĐŽŵƉƵƚĞƌͲŐĞŶĞƌĂƚĞĚƌĂŶĚŽŵŝǌĂƚŝŽŶƐĐŚĞŵĞĚĞǀĞůŽƉĞĚďǇƚŚĞ
ŵƉƵƚĞƌͲŐĞŶĞƌĂƚĞĚƌ
ŵƉƵƚĞƌͲŐĞŶĞƌĂƚĞĚƌĂ
ƐƚƵĚǇĚĂƚĂŵĂŶĂŐĞŵĞŶƚƉƌŽǀŝĚĞƌ͕ĂŶĚĐƌŽƐƐĞĚŽǀĞƌĨƌŽŵƐƵƉƉůĞŵĞŶƚŽƌƉůĂĐĞďŽŽŶĚĂǇ
ŽǀŝĚĞƌ͕
ǀŝĚĞƌ͕ĂŶĚĐƌŽƐƐĞĚŽ
ĂŶĚĐƌŽƐƐĞĚ
ϯ͘^ƚƵĚǇƚƌĞĂƚŵĞŶƚƐǁĞƌĞĂĚŵŝŶŝƐƚĞƌĞĚĂƐŝŶĚŝĐĂƚĞĚďĞůŽǁƵŶĚĞƌ͞ƉƌŽĚƵĐƚƵƐĞ͘͟
ŝŶŝƐƚĞƌĞĚĂƐŝŶĚŝĐĂƚĞ
ŝŶŝƐƚĞƌĞĚ
ĂƐŝŶĚŝĐĂƚĞ

ƵƌŝŶŐƚŚĞƐĐƌĞĞŶŝŶŐǀŝƐŝƚƚŽƚŚĞƐƚƵĚǇƐŝƚĞ͕/ŶĨŽƌŵĞĚŽŶƐĞŶƚĂŶĚŝůůŽĨZŝŐŚƚƐĨŽƌŵƐ
ĚǇƐŝƚĞ͕/ŶĨŽƌŵĞĚŽŶ
ƐŝƚĞ͕/ŶĨŽƌŵĞĚŽŶ
ǁĞƌĞƐŝŐŶĞĚďǇƐƵďũĞĐƚƐĂĨƚĞƌĂƚŚŽƌŽƵŐŚƌĞǀŝĞǁǁŝƚŚƚŚĞW/ŽƌZ͘^ƵďũĞĐƚƐŵƵƐƚŚĂǀĞ
ŚƌĞǀŝĞǁǁŝƚŚƚŚĞW
ŚƌĞǀŝĞǁǁŝƚŚƚŚĞW/
ďĞĞŶĂďůĞƚŽƌĞĂĚ͕ƵŶĚĞƌƐƚĂŶĚ͕ĂĐĐĞƉƚ͕ĂŶĚƐŝŐŶƚŚĞ/ŶĨŽƌŵĞĚŽŶƐĞŶƚĨŽƌŵ͘^ƵďũĞĐƚƐ
ĚƐŝŐŶƚŚĞ/ŶĨŽƌŵĞĚ
ĚƐŝŐŶƚŚĞ/ŶĨŽƌŵĞĚ
ĐŽŵƉůĞƚĞĚĂƐĐƌĞĞŶŝŶŐŚĞĂůƚŚƋƵĞƐƚŝŽŶŶĂŝƌĞĂŶĚƵŶĚĞƌǁĞŶƚĂďƌŝĞĨƉŚǇƐŝĐĂůĞǆĂŵŝŶĂƚŝŽŶ
ŶĚƵŶĚĞƌǁĞŶƚĂďƌŝĞ
ĚƵŶĚĞƌǁĞŶƚĂďƌŝĞ
ďǇƚŚĞW/͘ƵƌŝŶĞƉƌĞŐŶĂŶĐǇƚĞƐƚǁĂƐĐĂƌƌŝĞĚŽƵƚĨŽƌĨĞŵĂůĞƉĂƚŝĞŶƚƐũƵƐƚƉƌŝŽƌƚŽƚŚĞ
ĨŽƌĨĞŵĂůĞƉĂƚŝĞŶƚƐ
ĨŽƌĨĞŵĂůĞƉĂƚŝĞŶƚƐ
ƐƚĂƌƚŽĨƚŚĞƐƚƵĚǇ͘ŽŵƉůĞƚĞŵĞƚĂďŽůŝĐƉĂŶĞůďůŽŽĚĐŚĞŵŝƐƚƌǇǁĂƐĐĂƌƌŝĞĚŽƵƚƚŽŵĂŬĞ
ĚĐŚĞŵŝƐƚƌǇǁĂƐĐĂƌ
ƐƵƌĞĂůůƐƵďũĞĐƚƐŚĂĚŶŽƌŵĂůǀĂůƵĞƐďĞĨŽƌĞĞŶƚĞƌŝŶŐƚŚĞƐƚƵĚǇ͘
ĞƐƚƵĚǇ͘
ƐƚƵĚǇ͘

^ƵďũĞĐƚƐƐĞůĞĐƚĞĚƚŽƉĂƌƚŝĐŝƉĂƚĞŝŶƚŚĞƐƚƵĚǇǁĞƌĞƉƌŽǀŝĚĞĚǁŝƚŚŝŶƐƚƌƵĐƚŝŽŶƐŽŶ
ǁŝƚŚŝŶƐƚƌƵĐƚŝŽŶƐ
ǁŝƚŚŝŶƐƚƌƵĐƚŝŽŶƐŽŶ
ĐŽŵƉůĞƚŝŶŐƚŚĞǀĂƌŝŽƵƐĨŽƌŵƐƌĞůĂƚĞĚƚŽƚŚĞƐƚƵĚǇĞŶĚƉŽŝŶƚƐĂŶĚƐƚƵĚǇƉƌŽĐĞĚƵƌĞƐ͕ĂŶĚ
ĚƐƚƵĚǇƉƌŽĐĞĚƵƌĞƐ͕
ƐƚƵĚǇƉƌŽĐĞĚƵƌĞƐ͕
ǁĞƌĞŝŶƐƚƌƵĐƚĞĚƚŽĐŚĞĐŬǁŝƚŚƚŚĞ/ŶǀĞƐƚŝŐĂƚŽƌƐŽƌůŝŶŝĐĂůZĞƐĞĂƌĐŚŽŽƌĚŝŶĂƚŽƌ;ZͿŝĨ
ŚŽŽƌĚŝŶĂƚŽƌ;Z
ŚŽŽƌĚŝŶĂƚŽƌ;ZͿ
ƚŚĞǇŚĂĚĂŶǇƋƵĞƐƚŝŽŶƐ͘
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L

^ŝĚĞĞĨĨĞĐƚƐǁĞƌĞŵŽŶŝƚŽƌĞĚƵƐŝŶŐĂƋƵĞƐƚŝŽŶŶĂŝƌĞ͘^ƚƵĚǇĂĐƚŝǀŝƚŝĞƐĂƌĞƐŚŽǁŶŝŶdĂďůĞϭ
ǁŶŝŶ dĂďůĞϭ
ǁŶŝŶ
dĂďůĞϭ
ʹ^ƚƵĚǇ^ĐŚĞĚƵůĞŽĨǀĞŶƚƐ͘


ϯ͘ϭ͘ϭ^dhzEWK/Ed^

dŚĞĨŽůůŽǁŝŶŐĞŶĚƉŽŝŶƚƐǁĞƌĞĞǀĂůƵĂƚĞĚĂƚǀĂƌŝŽƵƐŝŶƚĞƌǀĂůƐĂƐŝŶĚŝĐĂƚĞĚ 

ďĞůŽǁ;ĂůƐŽƐĞĞdĂďůĞϭʹ^ƚƵĚǇ^ĐŚĞĚƵůĞŽĨǀĞŶƚƐĂŶĚƉƉĞŶĚŝǆϭĨŽƌĞƚĂŝů

ĂƐƐĂǇƉƌŽĐĞĚƵƌĞƐͿ͗
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ĨĨŝĐĂĐǇDĞĂƐƵƌĞŵĞŶƚƐ



x

C

O

x

WƌŝŵĂƌǇĨĨŝĐĂĐǇŶĚƉŽŝŶƚ

ŽŵĞƚEĂƐƐĂǇͲĂƐĞůŝŶĞ;ƉƌĞĂůĐŽŚŽůŝŶƚĂŬĞͿĂŶĚϮŚƌ͘ƉŽƐƚĂůĐŽŚŽůŝŶƚĂŬĞ͘

^ĞĐŽŶĚĂƌǇĨĨŝĐĂĐǇŶĚƉŽŝŶƚƐ

ZĞĂĐƚŝǀĞKǆǇŐĞŶ^ƉĞĐŝĞƐ;ZK^ͿͲĂƐĞůŝŶĞ͕Ϭ͘ϱ͕ϭ͕Ϯ͕ĂŶĚϰŚƌ͘ƉŽƐƚĂůĐŽŚŽů
Z
ZĞ
ŝŶƚĂŬĞ͘
ŝŶƚĂŬ
ĞƚĞƌŵŝŶĂƚŝŽŶŽĨZĞĂĐƚŝǀĞKǆǇŐĞŶDĞƚĂďŽůŝƚĞƐ;ĚZKDƐͿͲĂƐĞůŝŶĞ͕Ϭ͘ϱ͕ϭ͕Ϯ
ĞƚĞƌŵ
ĞƚĞƌŵŝŶ
ĂŶĚϰŚƌ͘ƉŽƐƚĂůĐŽŚŽůŝŶƚĂŬĞ͘
ĂŶĚϰŚƌ͘ƉŽ
'ůƵƚĂƚŚŝŽŶĞ;'^,ͿΘ'^^'ƐƐĂǇͲĂƐĞůŝŶĞ͕Ϭ͘ϱ͕ϭ͕Ϯ͕ĂŶĚϰŚƌ͘ƉŽƐƚĂůĐŽŚŽů
'ůƵƚĂƚŚŝŽŶĞ;'
ŝŶƚĂŬĞ͘
ŶƚĂŬĞ͘
DĂůŽŶĚŝĂůĚĞŚǇĚĞ;DͿͲĂƐĞůŝŶĞ͕Ϭ͘ϱ͕ϭ͕Ϯ͕ĂŶĚϰŚƌ͘ƉŽƐƚĂůĐŽŚŽůŝŶƚĂŬĞ͘
DĂůŽŶĚŝĂůĚĞŚǇĚĞ;D
WƌŽƚĞŝŶĐĂƌďŽŶǇůůĞǀĞůƐ;WͿͲĂƐĞůŝŶĞ͕Ϭ͘ϱ͕ϭ͕Ϯ͕ĂŶĚϰŚƌ͘ƉŽƐƚĂůĐŽŚŽůŝŶƚĂŬĞ͘
ĞŝŶĐĂƌďŽŶǇůůĞǀĞůƐ;
ŝŶĐĂƌďŽŶǇůůĞǀĞůƐ;
DŝĐƌŽŶƵĐůĞƵƐĂƐƐĂǇʹĂƐĞůŝŶĞĂŶĚϮŚƌ͘ƉŽƐƚĂůĐŽŚŽůŝŶƚĂŬĞ͘
ƵĐůĞƵƐĂƐƐĂǇʹʹĂƐĞů
ƵĐůĞƵƐĂƐƐĂǇ
ŽŵƉůĞƚĞDĞƚĂďŽůŝĐWĂŶĞů;DWͿͲĂƐĞůŝŶĞĂŶĚϰŚƌ͘ƉŽƐƚĂůĐŽŚŽůŝŶƚĂŬĞ͘
DĞƚĂďŽůŝĐWĂŶĞů;D
ƚĂďŽůŝĐWĂŶĞů;D

x

x
x
x
x




^ĂĨĞƚǇDĞĂƐƵƌĞŵĞŶƚƐ
ƚƐ



ϯ͘ϭ͘Ϯ^h:d^E^h:d^>d/KEZ/dZ/
Z/








^ƵďũĞĐƚƐǁĞƌĞƌĞĐƌƵŝƚĞĚĨƌŽŵƚŚĞĐůŝŶŝĐĂůƉƌŝǀĂƚĞƉƌĂĐƚŝĐĞƐĞƚƚŝŶŐ͕ŽŶůŝŶĞ

ŝĐĞƐĞƚƚŝŶŐ͕ŽŶ
ŝĐĞƐĞƚƚŝŶŐ͕ŽŶůŝŶĞ
ĂĚƐ͕ůŽĐĂůŶĞǁƐƉĂƉĞƌĂĚƐ͕ĂŶĚǁŽƌĚŽĨŵŽƵƚŚ͘ůŝŐŝďŝůŝƚǇǁĂƐĂƐƐĞƐƐĞĚƚŚƌŽƵŐŚ
ǁĂƐĂƐƐĞƐƐĞĚƚŚƌŽƵŐ
ĂƐĂƐƐĞƐƐĞĚƚŚƌŽƵŐ
ƚĞůĞƉŚŽŶĞƉƌĞͲƐĐƌĞĞŶŝŶŐ͘dŚĞƐƚƵĚǇƉƌŽƚŽĐŽůĂŶĚĐŽŶƐĞŶƚĨŽƌŵǁĞƌĞĂƉƉƌŽǀĞĚ
ŽƌŵǁĞƌĞĂƉƉƌŽǀĞĚ
ƌŵǁĞƌĞĂƉƉƌŽǀĞ
ďǇ^ƚĞƌůŝŶŐ/Z͕ϲϯϬϬWŽǁĞƌƐ&ĞƌƌǇZŽĂĚ͕ƚůĂŶƚĂ͕'ĞŽƌŐŝĂ͕ϯϬϯϯϵ͘
ϯϵ͘
ϯϵ͘

/ŶĐůƵƐŝŽŶƌŝƚĞƌŝĂ

T




x
x
x
x

L




IA





N



Breathalyzer blood alcohol
ohol concentration (B
(BAC)
Subject subjective adversee event monitoring fo
form.
Vitals: HR, BP.
Physical exam.
Medical history.
Complete Metabolic Panel (CMP)

E

x
x
x
x
x
x

D





FI

N

x

DĂůĞΘĨĞŵĂůĞǀŽůƵŶƚĞĞƌƐǁŚŽŚĂǀĞŚĂĚĂůĐŽŚŽůƉƌĞǀŝŽƵƐůǇĂŶĚƌĞĐŽŐŶŝǌĞŝƚƐ
ŝǌĞŝƚƐ
ǌĞŝƚƐ
ĞĨĨĞĐƚƐ
ŐĞƐďĞƚǁĞĞŶϮϭĂŶĚϱϬǇĞĂƌƐ͘
/ŶŐŽŽĚŐĞŶĞƌĂůŚĞĂůƚŚ͘
EŽƌŵĂůǀĂůƵĞƐŽŶĐŽŵƉůĞƚĞŵĞƚĂďŽůŝĐƉĂŶĞů͘
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x
x

DƵƐƚďĞĂďůĞƚŽƌĞĂĚ͕ƵŶĚĞƌƐƚĂŶĚ͕ĂĐĐĞƉƚĂŶĚƐŝŐŶƚŚĞŝŶĨŽƌŵĞĚĐŽŶƐĞŶƚ
ĚŽĐƵŵĞŶƚ͘
D/ƌĂŶŐĞŽĨϮϰͲϮϵ͘ϵ͘DƵƐƚďĞĂďůĞƚŽƌĞĂĚ͕ƵŶĚĞƌƐƚĂŶĚ͕ĂĐĐĞƉƚ͕ĂŶĚƐŝŐŶƚŚĞ
ŝŶĨŽƌŵĞĚĐŽŶƐĞŶƚĚŽĐƵŵĞŶƚ͘


ǆĐůƵƐŝŽŶƌŝƚĞƌŝĂ

C










ϯ͘ϭ͘ϯ^dhzWZKhd^



IA

T

N

E
D

FI

N

O

^ƵďũĞĐƚƐǁŚŽŵĞƚĂŶǇŽĨƚŚĞĨŽůůŽǁŝŶŐĐŽŶĚŝƚŝŽŶƐŽƌŵĞĚŝĐĂůŚŝƐƚŽƌǇǁĞƌĞ
ĞǆĐůƵĚĞĚ͗
Ğ
x ǆĐĞĞĚŽŶƚŚĞĂǀĞƌĂŐĞƚǁŽĚƌŝŶŬƐƉĞƌĚĂǇ

ǆĐĞ
x WƌŝŽƌŚŝƐƚŽƌǇŽĨĂĚǀĞƌƐĞƌĞĂĐƚŝŽŶƐƚŽĂŶǇŽĨƚŚĞŝŶŐƌĞĚŝĞŶƚƐŝŶƚŚĞƐƚƵĚǇ
WƌŝŽƌŚŝ
ƌŝŽƌŚ
ƉƌĞƉĂƌĂƚŝŽŶƐ͘
ƉƌĞƉĂƌ
ƉƌĞƉĂƌĂƚŝŽ
x ŽŶĐŽŵŝƚĂŶƚŵĞĚŝĐĂƚŝŽŶĚĞĞŵĞĚďǇƚŚĞĐůŝŶŝĐĂůŝŶǀĞƐƚŝŐĂƚŽƌƚŽƉŽƚĞŶƚŝĂůůǇ
ŽŶĐŽŵŝƚĂŶƚ
ŽŶĐŽŵŝƚĂŶƚ
ŝŶƚĞƌĨĞƌĞǁŝƚŚŽƌĐŽŶĨŽƵŶĚƚŚĞƐƚƵĚǇƌĞƐƵůƚƐ͕ŝŶĐůƵĚŝŶŐůŝŵŝƚĂƚŝŽŶƐŽŶƚŚŽƐĞ
ŝŶƚĞƌĨĞƌĞǁŝƚŚŽƌ
ƚĞƌĨĞƌĞǁŝƚŚŽ
ǁŝƚŚƉŽƚĞŶƚŝĂůůŝǀĞƌƚŽǆŝĐŝƚǇĞ͘Ő͘ĂĐĞƚĂŵŝŶŽƉŚĞŶ͘
ǁŝƚŚƉŽƚĞŶƚŝĂůůŝǀĞƌ
ǁŝƚŚƉŽƚĞŶƚŝĂůůŝǀĞƌ
x ŶǇŵĞƚĂďŽůŝĐĚŝƐŽƌĚĞƌŝŶĐůƵĚŝŶŐŬŶŽǁŶĞůĞĐƚƌŽůǇƚĞĂďŶŽƌŵĂůŝƚŝĞƐƚŚĂƚĂƌĞ
ŶǇŵĞƚĂďŽůŝĐĚŝƐŽƌĚĞ
ǇŵĞƚĂďŽůŝĐĚŝƐŽƌĚ
ŶŽƚƚƌĞĂƚĞĚĂŶĚƐƚĂďůĞ͘
ƌĞĂƚĞĚĂŶĚƐƚĂďůĞ͘
ĞĂƚĞĚĂŶĚƐƚĂďůĞ͘
x ,ĞĂƌƚĚŝƐĞĂƐĞ͕ĂƌƌŚǇƚŚŵŝĂƐ͕ĚŝĂďĞƚĞƐ͕ƚŚǇƌŽŝĚĚŝƐĞĂƐĞ͕ĂŚŝƐƚŽƌǇŽĨ
ƐĞĂƐĞ͕ĂƌƌŚǇƚŚŵŝĂƐ͕Ě
ƌƌŚǇƚŚŵŝĂƐ͕
ŚǇƉĞƌƚĞŶƐŝŽŶ͕ŚĞƉĂƚŽƌĞŶĂů͕ĂƵƚŽŝŵŵƵŶĞ͕ŽƌŶĞƵƌŽůŽŐŝĐĚŝƐĞĂƐĞ͕ŽƌŚŝƐƚŽƌǇŽĨ
ŽŶ͕ŚĞƉĂƚŽƌĞŶĂů͕ĂƵƚŽ
͕ŚĞƉĂƚŽƌĞŶĂů͕ĂƵƚ
ŵĂůŝŐŶĂŶĐŝĞƐƚŚĂƚĂƌĞŶŽƚƚƌĞĂƚĞĚĂŶĚƐƚĂďůĞ͘
ŚĂƚĂƌĞŶŽƚƚƌĞĂƚĞĚ
ŚĂƚĂƌĞŶŽƚƚƌĞĂƚĞĚĂ
x ƵƌƌĞŶƚŽƌŚŝƐƚŽƌǇŽĨĐŚƌŽŶŝĐĂůĐŽŚŽůĂŶĚͬŽƌĚƌƵŐĂďƵƐĞ͘
ǇŽĨĐŚƌŽŶŝĐĂůĐŽŚŽůĂ
ŽĨĐŚƌŽŶŝĐĂůĐŽŚŽůĂ
x hŶĐŽŶƚƌŽůůĞĚƉƐǇĐŚŝĂƚƌŝĐĚŝƐŽƌĚĞƌ͘
ĂƚƌŝĐĚŝƐŽƌĚĞƌ͘
ƚƌŝĐĚŝƐŽƌĚĞƌ͘
x WĂƌƚŝĐŝƉĂƚŝŽŶŝŶĂŶŽƚŚĞƌĐůŝŶŝĐĂůƐƚƵĚǇǁŝƚŚŝŶƚŚĞƉĂƐƚϯϬĚĂǇƐ͘
ĐůŝŶŝĐĂůƐƚƵĚǇǁŝƚŚŝŶ
ĐĂůƐƚƵĚǇǁŝƚŚŝŶ
ŝŶĂŶŽƚŚĞƌĐůŝŶŝĐĂůƚ
ŝŶĂŶŽƚŚĞƌĐůŝŶŝĐĂůƚƌ
x ^ŝŵƵůƚĂŶĞŽƵƐƉĂƌƚŝĐŝƉĂƚŝŽŶŝŶĂŶŽƚŚĞƌĐůŝŶŝĐĂůƚƌŝĂů͘
ƉŝŶŝŽŶŽĨƚŚĞŝŶǀĞƐƚŝŐ
ŝŶŝŽŶŽĨƚŚĞŝŶǀĞƐ
x ŶǇĐŽŶĚŝƚŝŽŶǁŚŝĐŚ͕ŝŶƚŚĞŽƉŝŶŝŽŶŽĨƚŚĞŝŶǀĞƐƚŝŐĂƚŽƌ͕ŵĂŬĞƐƚŚĞƐƵďũĞĐƚ

ƵŶƐƵŝƚĂďůĞĨŽƌŝŶĐůƵƐŝŽŶ͘

ƉƌĞŐŶĂŶĐǇƚĞƐƚďĞĨŽƌ
ĞŐŶĂŶĐǇƚĞƐƚďĞĨŽƌ
ůůĨĞŵĂůĞƐƵďũĞĐƚƐƵŶĚĞƌǁĞŶƚĂƵƌŝŶĞƉƌĞŐŶĂŶĐǇƚĞƐƚďĞĨŽƌĞĞŶƌŽůůŝŶŐŝŶƚŚĞ
ŽƌƐƵƌŐŝĐĂůůǇƐƚĞƌŝůŝǌĞ
ŽƌƐƵƌŐŝĐĂůůǇƐƚĞƌŝůŝǌĞĚ
ƐƚƵĚǇƵŶůĞƐƐƚŚĞǇǁĞƌĞƉŽƐƚͲŵĞŶŽƉĂƵƐĂůŽƌƐƵƌŐŝĐĂůůǇƐƚĞƌŝůŝǌĞĚ͘/ĨƉŽƐŝƚŝǀĞ
ƌĞŐŶĂŶĐǇƚĞƐƚǁŝůůďĞ
ŐŶĂŶĐǇƚĞƐƚǁŝůůď
ƚŚĞǇǁĞƌĞĞǆĐůƵĚĞĚĨƌŽŵƚŚĞƐƚƵĚǇ͘ƵƌŝŶĞƉƌĞŐŶĂŶĐǇƚĞƐƚǁŝůůďĞ
ĂĚŵŝŶŝƐƚĞƌĞĚƉƌŝŽƌƚŽƐƚĂƌƚŝŶŐsŝƐŝƚƐϮĂŶĚϯ͘

dŚĞĨŽůůŽǁŝŶŐǁĂƐƚŚĞĐŽŵƉŽƐŝƚŝŽŶŽĨƚŚĞƚĞƐƚƉƌŽĚƵĐƚƐ͗


L



ĐƚŝǀĞ

ϭ͘Edy
ĐƚŝǀĞ/ŶŐƌĞĚŝĞŶƚƐ
x 'ůǇĐǇƌƌŚŝǌŝĐĂĐŝĚ
x WŽƚĂƐƐŝƵŵ^ŽƌďĂƚĞ
x DĂŶŶŝƚŽů
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ď͘/ŶĂĐƚŝǀĞ/ŶŐƌĞĚŝĞŶƚƐ͗

Eͬ
Ϯ͘ůĐŽŚŽů
ĐƚŝǀĞ/ŶŐƌĞĚŝĞŶƚƐ




C

x sŽĚŬĂϰϬйĂůĐŽŚŽůĐŽŶƚĞŶƚ
/ŶĂĐƚŝǀĞ/ŶŐƌĞĚŝĞŶƚƐ

Eͬ

FI
N
O

dŚĞEdyƉƌŽĚƵĐƚǁĂƐƉƌĞͲŵŝǆĞĚĂƚƚŚĞĂƉƉƌŽƉƌŝĂƚĞĐŽŶĐĞŶƚƌĂƚŝŽŶŝŶƚŚĞďŽƚƚůĞŽĨ
dŚ
ĂůĐŽŚŽů;sŽĚŬĂͿ
ĂůĐŽ
ĂůĐŽŚ

WůĂĐĞďŽ
WůĂĐĞďŽǁĂƐƚŚĞĂůĐŽŚŽůĚĞƐĐƌŝďĞĚĂďŽǀĞǁŝƚŚŽƵƚƚŚĞEdyƉƌŽĚƵĐƚ͘
W
WůĂĐĞďŽǁĂƐƚŚĞ
ůĂĐĞďŽǁĂƐƚŚĞ



ϯ͘ϭ͘ϰDEh&dhZZ^
ϭ͘ϰDEh&dhZ
DEh&dhZ









^ƚƵĚǇƚƌĞĂƚŵĞŶƚƐǁĞƌĞƉƌŽǀŝĚĞĚďǇƚŚĞ^ƉŽŶƐŽƌǁŚŽŝŶĚŝĐĂƚĞĚƚŚĞĨŽůůŽǁŝŶŐ
ƚƌĞĂƚŵĞŶƚƐǁĞƌĞƉ
ƚƌĞĂƚŵĞŶƚƐǁĞƌĞƉƌŽ
ŵĂŶƵĨĂĐƚƵƌĞƌǁĂƐŝŶǀŽůǀĞĚŝŶƚŚŝƐƉƌŽĐĞƐƐ͗&ƌĂŶŬͲ>ŝŶŝƐƚŝůůĞƌƐ͕&ĂŝƌĨŝĞůĚ͕
ƚƵƌĞƌǁĂƐ
ƵƌĞƌǁĂƐŝŶǀŽůǀĞĚŝŶ
ŝŶǀŽůǀĞĚŝ


ϯ͘ϭ͘ϱWZKhdD/E/^dZd/KE
dD/E/^dZd/KE
D/E/^dZd/KE



ǀĞŶƚͬDŝŶ

L
IA
T
N

E

x

D

x

ĚĞƚĂŝůĚĞƐĐƌŝƉƚŝŽŶŽĨƚŚĞĂĚŵŝŶŝƐƚƌĂƚŝŽŶƉƌŽĐĞƐƐŝƐƉƌŽǀŝĚĞĚďĞůŽǁ͗
ŽĨƚŚĞĂĚŵŝŶŝƐƚƌĂƚŝŽ
ĨƚŚĞĂĚŵŝŶŝƐƚƌĂ
^ƵďũĞĐƚƐǁĞƌĞŝŶƐƚƌƵĐƚĞĚĂƚĂŶĞĂƌůŝĞƌƚŝŵĞƚŽŵĂŝŶƚĂŝŶƚŚĞŝƌŶŽƌŵĂůůŝĨĞƐƚǇůĞĂŶĚ
ĞĚĂƚĂŶĞĂƌůŝĞƌƚŝŵĞ
ĞĚĂƚĂŶĞĂƌůŝĞƌƚŝŵĞ
ŶŽƚŚĂǀĞĞǆĐĞƐƐĨŽŽĚ͕ƐŽĨƚĚƌŝŶŬƐ͕ĐŽĨĨĞĞĂŶĚĂǀŽŝĚŚĞĂǀǇƉŚǇƐŝĐĂůĞǆĞƌĐŝƐĞĚƵƌŝŶŐ
ƚĚƌŝŶŬƐ͕ĐŽĨĨĞĞĂŶĚĂ
ĚƌŝŶŬƐ͕ĐŽĨĨĞĞĂŶĚĂ
ƚŚĞƐƚƵĚǇ͘
ŵĞĂůŽŶĞŚŽƵƌƉƌŝŽƌ
ŵĞĂůŽŶĞŚŽƵƌƉƌŝŽƌƚ
^ƵďũĞĐƚƐǁĞƌĞĂƐŬĞĚƚŽŚĂǀĞĂŵĞĂůŽŶĞŚŽƵƌƉƌŝŽƌƚŽƐŝƚĞǀŝƐŝƚ͘ůŝŐŚƚŵĞĂůϮŚŽƵƌƐ
ůŝŶƚĂŬĞŽŶsŝƐŝƚƐϮĂ
ŝŶƚĂŬĞŽŶsŝƐŝƚƐϮĂ
ĨŽůůŽǁŝŶŐƚŚĞĐŽŵƉůĞƚŝŽŶŽĨĂůĐŽŚŽůŝŶƚĂŬĞŽŶsŝƐŝƚƐϮĂŶĚϯǁĂƐƉƌŽǀŝĚĞĚ͘dŚĞƚĂďůĞ
ŽĂůĐŽŚŽůŝŶƚĂŬĞ͘ůƐ
ĂůĐŽŚŽůŝŶƚĂŬĞ͘
ďĞůŽǁŝŶĚŝĐĂƚĞƐƚŚĞŵĞĂůƐŝŶƌĞůĂƚŝŽŶƚŽĂůĐŽŚŽůŝŶƚĂŬĞ͘ůƐŽƐĞĞǀĞŶƚdĂďůĞĨŽƌ
^ƚƵĚǇsŝƐŝƚƐϮĂŶĚϯďĞůŽǁ͗
ͲϭϮϬ
ϮϬ ͲϲϬƚŽϬ
ͲϲϬƚŽϬ

ϭϮϬ

ϮϰϬ

ŵĞĂůďĞĨŽƌĞĂůĐŽŚŽůŝŶƚĂŬĞ;ͲϭϮϬĂƉƉƌŽǆ͘Ϳ
ůĐŽŚŽůͬEdyĚŵŝŶŝƐƚƌĂƚŝŽŶ
>ŝŐŚƚŵĞĂůĨŽůůŽǁŝŶŐĐŽŵƉůĞƚŝŽŶŽĨĂůĐŽŚŽůŝŶƚĂŬĞ

zz
E
E

E
E
zz
E
E

z
z
E
E
zz

E
E
E
E

ŶĚŽĨƐƚƵĚǇ

E

E
E

E
E

zz

x
x
x

EŽĂůĐŽŚŽůƉƌŝŽƌƚŽƚĞƐƚŝŶŐ͘
^ƵďũĞĐƚƐǁĞƌĞƉƌĞƐĞŶƚĞĚǁŝƚŚĂůĐŽŚŽů;ǀŽĚŬĂͿ͕ĐŽŶƚĂŝŶŝŶŐĞŝƚŚĞƌEdyŽƌŶŽƚ͕
ŶŽƚ͕
ĚĞƉĞŶĚŝŶŐŽŶƚŚĞŝƌŐƌŽƵƉĂƐƐŝŐŶŵĞŶƚ͘
ůĐŽŚŽůŝŶƚĂŬĞǁĂƐĂĚũƵƐƚĞĚĨŽƌĞĂĐŚŝŶĚŝǀŝĚƵĂůďĂƐĞĚŽŶϭ͘ϮϳϱŐƌͬŬŐďŽĚǇǁĞŝŐŚƚ
ŝŐ
ĨŽƌŵĞŶĂŶĚϭ͘ϬϮϬŐƌͬŬŐďŽĚǇǁĞŝŐŚƚĨŽƌǁŽŵĞŶ͕ŽĨϭϬϬйĂůĐŽŚŽů͖ĂƉƉƌŽǆŝŵĂƚĞůǇ
ϮϱϬŵůĨŽƌĂŶϴϬŬŐŵĂůĞ͕ƚŽďĞĚƌƵŶŬŝŶĂďŽƵƚŽŶĞŚŽƵƌ͘sŽĚŬĂǁĂƐƵƐĞĚ͕ǁŚŝĐŚŝƐ
ϰϬйĂůĐŽŚŽů͘
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C

O

x

 dŚĞĂŵŽƵŶƚŽĨĂůĐŽŚŽůǁĂƐĐĂůĐƵůĂƚĞĚĂƐĨŽůůŽǁƐ͗tĞŝŐŚƐƵďũĞĐƚŽŶĂ<ŐƐĐĂůĞ
;ŽƌŝĨŝŶƉŽƵŶĚƐĚŝǀŝĚĞƌĞƐƵůƚďǇϮ͘ϮͿ͘dŚĞŶŵƵůƚŝƉůŝĞĚƚŚĞŶƵŵďĞƌŽĨŬŐďǇϭ͘Ϯϳϱ
ĨŽƌŵĞŶŽƌϭ͘ϬϮϬĨŽƌǁŽŵĞŶƚŽŐĞƚƚŚĞŶƵŵďĞƌŽĨŵůĨŽƌƚŚĂƚƐƵďũĞĐƚ͘&ŝŶĂůůǇ͕
ĚŝǀŝĚĞƚŚŝƐƌĞƐƵůƚďǇϬ͘ϰ;ƚŽĂĚũƵƐƚƚŽϭϬϬйĂůĐŽŚŽů͘&ŽƌĞǆĂŵƉůĞ͕ŝĨĂŵĂůĞ
ǁĞŝŐŚƐϴϬŬŐ;сϭϳϲůď͘Ϳ͕ƚŚĞĂŵŽƵŶƚŽĨĂůĐŽŚŽůǁŝůůďĞϴϬǆϭ͘ϱсϭϬϮŵů͕ĚŝǀŝĚĞĚ
ďǇϬ͘ϰсϮϱϱ͘/ĨƚŚĂƚƐĂŵĞƐƵďũĞĐƚǁĂƐĂĨĞŵĂůĞƚŚĞĂŵŽƵŶƚǁŽƵůĚďĞϴϬǆ
ϭ͘ϬϮϬсϴϭ͘ϲŵů͕ĚŝǀŝĚĞĚϬ͘ϰсϮϬ͘

^ƵďũĞĐƚƐĚƌƵŶŬƚŚĞĂůĐŽŚŽůǁŝƚŚĂŶŽŶͲĐĂƌďŽŶĂƚĞĚĚƌŝŶŬ͕ǁŚŝĐŚǁŝůůďĞŵĂĚĞ
^Ƶďũ
^ƵďũĞĐ
ĂǀĂŝůĂďůĞƚŽƚŚĞŵ͘
ĂǀĂŝůĂďůĞ
ůŽŽĚůĐŽŚŽůŽŶĐĞŶƚƌĂƚŝŽŶ;ͿǁĞƌĞŵŽŶŝƚŽƌĞĚĂƚϭϱŵŝŶŝŶƚĞƌǀĂůƐĚƵƌŝŶŐƚŚĞ
ůŽŽĚůĐŽ
ůŽŽĚůĐŽŚ
ŚŽƵƌŽĨĚƌŝŶŬŝŶŐĂŶĚĂƚϮϬŵŝŶƵƚĞŝŶƚĞƌǀĂůƐĨŽƌƚŚĞƌĞŵĂŝŶĚĞƌŽĨƚŚĞƚĞƐƚĚĂǇ͘
ŚŽƵƌŽĨĚƌŝŶŬŝŶ
ŚŽƵƌŽĨĚƌŝŶŬŝŶŐ
/ƚǁĂƐĂƐƐƵƌĞĚƚŚĂƚǁĂƐĂƚϬ͘Ϭϰй͕ďĞůŽǁƚŚĞƐƚĂƚĞůĞŐĂůůŝŵŝƚŽĨϬ͘Ϭϴй͕ƉƌŝŽƌƚŽ
/ƚǁĂƐĂƐƐƵƌĞĚƚŚĂ
/ƚǁĂƐĂƐƐƵƌĞĚƚŚĂƚ
ƌĞůĞĂƐŝŶŐƐƵďũĞĐƚƐĨƌŽŵƐŝƚĞ͘^ƵďũĞĐƚƐŵƵƐƚŚĂǀĞŚĂĚƌŝĚĞŽƌĂĐĐĞƉƚĞĚĂƌŝĚĞŚŽŵĞ͕
ĞůĞĂƐŝŶŐƐƵďũĞĐƚƐĨƌŽ
ŽƚŚĞƌǁŝƐĞƐƚĂǇŽŶƐŝƚĞƵŶƚŝůǁĂƐϬ͘Ϭй͘
ĞƌǁŝƐĞƐƚĂǇŽŶƐŝƚĞƵŶ
ƌǁŝƐĞƐƚĂǇŽŶƐŝƚĞƵ

x

FI



N

x

ϯ͘ϭ͘ϲ^DW>K>>d/KE
W>K>>d/KE


ǀĞŶƚͬDŝŶ

ĂƐĞůŝŶĞ
DĞĂƐƵƌĞŵĞŶƚƐ
ůĐŽŚŽůͬEdy
ĚŵŝŶŝƐƚƌĂƚŝŽŶ
&ŝŶŝƐŚůĐŽŚŽů
/ŶƚĂŬĞ
sŝƚĂůƐ;,Z͕WͿ

L
IA
T
N
E

D

ůŽŽĚĐŽůůĞĐƚŝŽŶƚŝŵĞƐĨŽƌƚŚĞǀĂƌŝŽƵƐĞŶĚƉŽŝŶƚƐĂŶĚŽƚŚĞƌĂĐƚŝǀŝƚŝĞƐĂƌĞůŝƐƚĞĚŝŶƚŚĞ
ƚŝŵĞƐĨŽƌƚŚĞǀĂƌŝŽƵ
ǀĞŶƚdĂďůĞĨŽƌ^ƚƵĚǇsŝƐŝƚƐϮĂŶĚϯďĞůŽǁ͗
ĚǇsŝƐŝƚƐϮĂŶĚϯďĞ
ĚǇsŝƐŝƚƐϮĂŶĚϯ


ǀĞŶƚƐĨŽƌ^ƚƵĚǇsŝƐŝƚƐϮĂŶĚϯ
ĂŶĚϯ
ĂƐĞͲ ͲϲϬ Ͳϰϱ ͲϯϬ Ͳϭϱ ϬΎ ϮϬ
ϮϬ
Ϭ ϯϬ
ϯϬ
Ϭ ϰϬ
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E
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zz

E
E

E

ůŽŽĚůĐŽŚŽů
ŽŶĐĞŶƚƌĂƚŝŽŶ
DŝĐƌŽŶƵĐůĞƵƐƐƐĂǇ
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ZĞĂĐƚŝǀĞKǆǇŐĞŶ
^ƉĞĐŝĞƐ
ZĞĂĐƚŝǀĞKǆǇŐĞŶ
DĞƚĂďŽůŝƚĞƐ
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z
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DĂůŽŶĚŝĂůĚĞŚǇĚĞ

z
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E

z

WƌŽƚĞŝŶĂƌďŽŶǇů
Ă
ƐƐĂǇ
Ǉ

ŽŵƉůĞƚĞ
ŵƉůĞƚĞ
DĞƚĂďŽůŝĐWĂŶĞů
DĞƚĂďŽůŝĐWĂŶĞů
ĞƚĂďŽůŝĐWĂŶĞ
ĚǀĞƌƐĞǀĞŶƚ
ĚǀĞƌƐĞǀĞŶƚ
DŽŶŝƚŽƌŝŶŐ
ŶŝƚŽƌŝŶŐ

z

E
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E

E

E

z
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z

C

'^,Θ'^^'ƐƐĂǇ

N
O

ΎůĐŽŚŽůŝŶƚĂŬĞĐŽŵƉůĞƚĞĚ
ŝŶƚĂŬĞĐŽŵƉůĞƚĞĚ
ĞĐŽŵƉůĞƚĞĚ
η>ŝŐŚƚŵĞĂůƉƌŽǀŝĚĞĚƚŽƐƵďũĞĐƚƐĂƚϭϮϬŵŝŶ
ƉƌŽǀŝĚĞĚƚŽƐƵďũĞĐƚƐĂƚ
ŽǀŝĚĞĚƚŽƐƵďũĞĐƚƐĂƚ

E

D


ϰ͘Z^h>d^


FI


ϯ͘Ϯ^dd/^d/>E>z^/^
Ϯ ^dd/^d/>E
ƌĂŶĚŽŵŝǌĞĚƚƌĞĂƚŵĞŶƚůŝƐƚǁĂƐŐĞŶĞƌĂƚĞĚĨŽƌĂƐƐŝŐŶŝŶŐĞĂĐŚƐƵďũĞĐƚƚŽŽŶĞŽĨƚǁŽ
ĚŽŵŝǌĞĚƚƌĞĂƚŵĞŶƚ
ŽŵŝǌĞĚƚƌĞĂƚŵĞŶ
ƚƌĞĂƚŵĞŶƚŽƌĚĞƌŐƌŽƵƉƐ;ƚƌĞĂƚŵĞŶƚŽƌĚĞƌͬŽƌƚƌĞĂƚŵĞŶƚŽƌĚĞƌͬͿ͘&ŽƌĐŽŶƚŝŶƵŽƵƐ
ŶƚŽƌĚĞƌŐƌŽƵƉƐ;ƚƌĞ
ǀĂƌŝĂďůĞƐ͕ŵĞĂŶƐĂŶĚƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶƐǁĞƌĞƌĞƉŽƌƚĞĚ͘WĂŝƌĞĚƚͲƚĞƐƚƐǁĞƌĞƵƐĞĚƚŽ
ŵĞĂŶƐĂŶĚƐƚĂŶĚĂƌĚ
ĞĂŶƐĂŶĚƐƚĂŶĚĂƌĚ
ƚĞƐƚĨŽƌǁŝƚŚŝŶŐƌŽƵƉƚƌĞĂƚŵĞŶƚĚŝĨĨĞƌĞŶĐĞƐĨŽƌĐŽŶƚŝŶƵŽƵƐŵĞĂƐƵƌĞƐĂŶĚŝŶĚĞƉĞŶĚĞŶƚ
ŐƌŽƵƉƚƌĞĂƚŵĞŶƚĚŝ
ŐƌŽƵƉƚƌĞĂƚŵĞŶƚĚŝĨ
ƐĂŵƉůĞƐƚͲƚĞƐƚƐǁĞƌĞƵƐĞĚƚŽĐŽŵƉĂƌĞŵĞĂŶƐďĞƚǁĞĞŶƚƌĞĂƚŵĞŶƚŐƌŽƵƉƐ͕&ŝƐŚĞƌ͛ƐǆĂĐƚ
ǁĞƌĞƵƐĞĚƚŽĐŽŵƉĂƌ
ĞƌĞƵƐĞĚƚŽĐŽŵƉĂ
ƚĞƐƚƐǁĞƌĞƵƐĞĚĨŽƌĐĂƚĞŐŽƌŝĐĂůǀĂƌŝĂďůĞƐ͘^^;^^/ŶƐƚ͕ĂƌǇEͿǁĂƐƵƐĞĚĨŽƌĂůů
ĐĂƚĞŐŽƌŝĐĂůǀĂƌŝĂďůĞƐ
ƌŝĐĂůǀĂƌŝĂďůĞƐ
ĂŶĂůǇƐĞƐĂŶĚƚŚĞĂĐĐĞƉƚĞĚůĞǀĞůŽĨƐŝŐŶŝĨŝĐĂŶĐĞǁĂƐɲсϬ͘Ϭϱ͘
ƚĞĚůĞǀĞůŽĨƐŝŐŶŝĨŝĐĂ
ĞĚůĞǀĞůŽĨƐŝŐŶŝĨŝĐĂ



L

IA

T

N

ϰ͘ϭ^dhz^h:d&>Kt

dŚĞƌĞǁĞƌĞĂƚŽƚĂůŽĨƚǁĞŶƚǇĨŝǀĞƐƵďũĞĐƚƐĞŶƌŽůůĞĚ͕ƌĂŶĚŽŵůǇĂƐƐŝŐŶĞĚƚŽƚǁŽŐƌŽƵƉƐĨŽƌ
ŶƌŽůůĞĚ͕ƌĂŶĚŽŵůǇĂƐƐ
ƌŽůůĞĚ͕ƌĂŶĚŽŵůǇĂƐ
ǀŝƐŝƚϮĂŶĚĐƌŽƐƐĞĚŽǀĞƌĨƌŽŵƐƵƉƉůĞŵĞŶƚƚŽƉůĂĐĞďŽŽƌǀŝĐĞĂǀĞƌƐĂŽŶǀŝƐŝƚϯ͘dĂďůĞϮͲ
ĂĐĞďŽŽƌǀŝĐĞĂǀĞƌƐĂ
ĐĞďŽŽƌǀŝĐĞĂǀĞƌƐĂ
^ƚƵĚǇ^ƵďũĞĐƚ&ůŽǁŚĂƌƚƐƵŵŵĂƌŝǌĞƐƐƚƵĚǇƐƵďũĞĐƚĨůŽǁŝŶĨŽƌŵĂƚŝŽŶ͘
ĐƚĨůŽǁŝŶĨŽƌŵĂƚŝŽŶ͘
ĨůŽǁŝŶĨŽƌŵĂƚŝŽŶ͘

ϰ͘ϮDK'ZW,/^͕KzD^hZDEd^Es/d>^
>^

ĞŵŽŐƌĂƉŚŝĐƐ͕ďŽĚǇŵĞĂƐƵƌĞŵĞŶƚƐĂŶĚǀŝƚĂůƐŝŐŶƐĨŽƌďĂƐĞůŝŶĞĂŶĚǀŝƐŝƚƐϮĂŶĚϯĂƌĞ
ĞĂŶĚǀŝƐŝƚƐϮĂŶĚϯĂ
ĚǀŝƐŝƚƐϮĂŶĚϯĂ
ƌĞƉŽƌƚĞĚŝŶdĂďůĞϯͲĞŵŽŐƌĂƉŚŝĐƐ͕ŽĚǇŵĞĂƐƵƌĞŵĞŶƚƐĂŶĚsŝƚĂůƐͲsŝƐŝƚϭͬĂƐĞůŝŶĞ
sŝƚĂůƐͲsŝƐŝƚϭͬĂƐĞůŝŶ
ŝƚĂůƐͲsŝƐŝƚϭͬĂƐĞůŝ
ĂŶĚdĂďůĞϯͲĞŵŽŐƌĂƉŚŝĐƐĂŶĚsŝƚĂůƐͲsŝƐŝƚϮ͕ϯΘĐŽŵďŝŶĞĚϮĂŶĚϯ͘ƚďĂƐĞůŝŶĞ͕ŶŽ
Ěϯ
ϯ͘͘ƚďĂƐĞůŝŶĞ͕ŶŽ
ƚďĂƐĞůŝŶĞ
ƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞƐǁĞƌĞĨŽƵŶĚďĞƚǁĞĞŶƚƌĞĂƚŵĞŶƚŐƌŽƵƉƐĨŽƌĂŐĞ͕ŐĞŶĚĞƌ͕ŚĞŝŐŚƚ͕
ŐĞŶĚĞƌ͕ŚĞŝŐŚƚ͕
ĞŶĚĞƌ͕ŚĞŝŐŚƚ͕
tĞŝŐŚƚ͕D/͕ĂŶĚǀŝƚĂůƐŝŐŶƐ;ƐǇƐƚŽůŝĐĂŶĚĚŝĂƐƚŽůŝĐƉƌĞƐƐƵƌĞĂŶĚƉƵůƐĞͿ͘dŚĞƌĞǁĂƐĂ
ĞƌĞǁĂƐĂ
ĞǁĂƐĂ
ƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞĨŽƌƐǇƐƚŽůŝĐďůŽŽĚƉƌĞƐƐƵƌĞĂƚƚŚĞƐƚĂƌƚŽĨƚŚĞƚĞƐƚŝŶŐďĞƚǁĞĞŶ
ǁĞĞŶ
ŐƌŽƵƉƐ;ƉфϬ͘ϬϰͿ͘dŚŝƐĚŝĨĨĞƌĞŶĐĞŝƐŽĨŶŽĐůŝŶŝĐĂůƐŝŐŶŝĨŝĐĂŶĐĞ͕ŚŽǁĞǀĞƌ͕ƐŝŶĐĞƚŚĞǀĂůƵĞƐ
ǀĂůƵĞƐ
ĂƌĞǁŝƚŚŝŶŶŽƌŵĂůƌĂŶŐĞƐ͘
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ϰ͘ϯKDW>dDdK>/WE>

C

dĂďůĞƐϰƚŽʹŽŵƉůĞƚĞDĞƚĂďŽůŝĐWĂŶĞů;DWͿ͕ĨŽƌĂƐĞůŝŶĞͬǀŝƐŝƚϭ͕ǀŝƐŝƚϮĂŶĚǀŝƐŝƚϯ
ĂŶĚϮĂŶĚϯĐŽŵďŝŶĞĚ͕ƌĞƐƉĞĐƚŝǀĞůǇ͕ƐŚŽǁƚŚĞƐĞƌĞƐƵůƚƐĂŶĚĐŚĂŶŐĞƐĨƌŽŵďĂƐĞůŝŶĞ͘ƚ
ďĂƐĞůŝŶĞͬǀŝƐŝƚϭƚŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚƚƌĞĂƚŵĞŶƚĚŝĨĨĞƌĞŶĐĞƐĨŽƌĂŶǇŽĨƚŚĞďůŽŽĚ
ĐĐŚĞŵŝƐƚƌǇƉĂƌĂŵĞƚĞƌƐ͘

KŶ
KŶsŝƐŝƚ
KŶsŝƐŝƚϮƚŚĞƌĞǁĞƌĞƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞƐĨŽƌ'ůŽďƵůŝŶĂƚďĂƐĞůŝŶĞ;ƉфϬ͘ϬϮĂŶĚĐŚĂŶŐĞ
ĨƌŽŵďĂƐĞ
ĨƌŽŵďĂƐĞůŝŶĞ;WфϬ͘ϬϱͿ͘dŚĞƐĞĚŝĨĨĞƌĞŶĐĞƐĂƌĞŽĨŶŽĐůŝŶŝĐĂůƐŝŐŶŝĨŝĐĂŶĐĞ͕ŚŽǁĞǀĞƌ͕ƐŝŶĐĞ
ĂůůƚŚĞǀĂůƵĞ
ĂůůƚŚĞǀĂůƵĞƐ
ĂůůƚŚĞǀĂůƵĞƐĂƌĞǁŝƚŚŝŶŶŽƌŵĂůƌĂŶŐĞƐ͘

KŶsŝƐŝƚϯƚŚĞƌĞǁ
KŶsŝƐŝƚϯƚŚĞƌĞǁĞ
KŶsŝƐŝƚϯƚŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞƐŝŶĂŶǇŽĨƚŚĞďůŽŽĚĐŚĞŵŝƐƚƌǇ
ƉĂƌĂŵĞƚĞƌƐ͘
ƌĂŵĞƚĞƌƐ͘
ĂŵĞƚĞƌƐ͘

&ŽƌƚŚĞĐŽŵďŝŶĞĚĚĂƚĂĨŽƌsŝƐŝƚϮĂŶĚϯƚŚĞƌĞǁĞƌĞƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞƐĨŽƌůŬĂůŝŶĞ
ĐŽŵďŝŶĞĚĚĂƚĂĨŽƌs
WŚŽƐƉŚĂƚĂƐĞĂƚďĂƐĞůŝŶĞ;ƉфϬ͘ϬϱĂŶĚĐŚĂŶŐĞĨƌŽŵďĂƐĞůŝŶĞ;WфϬ͘ϬϰͿ͘dŚĞƐĞĚŝĨĨĞƌĞŶĐĞƐ
ƐĞĂƚďĂƐĞůŝŶĞ;ƉфϬ͘Ϭ
ĞĂƚďĂƐĞůŝŶĞ;ƉфϬ͘Ϭ
ĂƌĞŽĨŶŽĐůŝŶŝĐĂůƐŝŐŶŝĨŝĐĂŶĐĞ͕ŚŽǁĞǀĞƌ͕ƐŝŶĐĞĂůůƚŚĞǀĂůƵĞƐĂƌĞǁŝƚŚŝŶŶŽƌŵĂůƌĂŶŐĞƐ͘
ĐĂůƐŝŐŶŝĨŝĐĂŶĐĞ͕ŚŽǁ
ĂůƐŝŐŶŝĨŝĐĂŶĐĞ͕ŚŽǁ

FI

N

O


ϰ͘ϰKDd^^z



E

D

dĂďůĞϱĂŶĚ&ŝŐƵƌĞϭʹŽŵĞƚEĂƐƐĂǇ͕ƐŚŽǁƚŚĞƐĞĚĂƚĂĨŽƌĂƐĞůŝŶĞ͕ϮŚŽƵƌƐĂŶĚ
ŵĞƚEĂƐƐĂǇ͕͕ƐŚŽǁ
ŵĞƚEĂƐƐĂǇ
ƐŚ
ĐŚĂŶŐĞĨƌŽŵďĂƐĞůŝŶĞ͘dŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞƐďĞƚǁĞĞŶƚƌĞĂƚŵĞŶƚƐĨŽƌƚĂŝů
ǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚĚ
ůĞŶŐƚŚ͘dŚĞƌĞǁĂƐĂƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞĨŽƌdĂŝůEйĂƚϮŚŽƵƌƐƉŽƐƚEdy
ŝĨĨĞƌĞŶĐĞĨŽƌdĂŝůE
ĨĨĞƌĞŶĐĞĨŽƌdĂŝůE
ĂĚŵŝŶŝƐƚƌĂƚŝŽŶ;ƉсϬ͘ϬϮͿ
^^z;DEͿ
^^z;DEͿ
ϰ͘ϱzdK</E^/^>K<D/ZKEh>h^^^z;DEͿ

N

IA

T

;DEͿƐƵŵŵĂƌŝǌĞ
;DEͿ
ƐƵŵŵĂƌŝǌĞ
dĂďůĞϲͲǇƚŽŬŝŶĞƐŝƐůŽĐŬDŝĐƌŽŶƵĐůĞƵƐƐƐĂǇ;DEͿƐƵŵŵĂƌŝǌĞƐƚŚĞĚĂƚĂĨŽƌƚŚŝƐ
ŶŐƌŽƵƉƐĂƚĂŶǇŽĨƚŚ
ŐƌŽƵƉƐĂƚĂŶǇŽĨƚŚ
ƚĞƐƚ͘dŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞƐďĞƚǁĞĞŶŐƌŽƵƉƐĂƚĂŶǇŽĨƚŚĞƚŝŵĞƉŽŝŶƚƐ
;ƉхϬ͘ϬϱͿ͘

ϰ͘ϲĚZKD^^^z
ĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚ
dĂďůĞϳͲĚZŽŵƐƐƐĂǇƐƵŵŵĂƌŝǌĞƐƚŚĞĚĂƚĂĨŽƌƚŚŝƐƚĞƐƚ͘dŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚ
ĚŝĨĨĞƌĞŶĐĞƐďĞƚǁĞĞŶŐƌŽƵƉƐĂƚĂŶǇŽĨƚŚĞƚŝŵĞƉŽŝŶƚƐ;ƉхϬ͘ϬϱͿ͘


L

ϰ͘ϳ'^,ͬ'^^'^^z

dŚŝƐƐĞƚŽĨĚĂƚĂǁĂƐƚƌĂŶƐĨŽƌŵĞĚƚŽйŽĨďĂƐĞůŝŶĞďĞĐĂƵƐĞĂƚĞƐƚĨŽƌŶŽƌŵĂůŝƚǇƌĞǀĞĂůĞĚ
ǀĞĂůĞĚ
ƚŚĂƚƚŚĞĚĂƚĂǁĞƌĞŶŽƚŶŽƌŵĂůůǇĚŝƐƚƌŝďƵƚĞĚ͘ƚĞƐƚĨŽƌŶŽƌŵĂůŝƚǇĨŽůůŽǁŝŶŐйďĂƐĞůŝŶĞ
ŶĞ
ŶĞ
ƚƌĂŶƐĨŽƌŵĂƚŝŽŶƌĞǀĞĂůĞĚƚŚĂƚƚŚĞĚĂƚĂǁĞƌĞƐƚŝůůŶŽƚŶŽƌŵĂůůǇĚŝƐƚƌŝďƵƚĞĚ͘ƐĂƌĞƐƵůƚĂ
ŶŽŶͲƉĂƌĂŵĞƚƌŝĐƐƚĂƚŝƐƚŝĐ;tŝůĐŽǆŽŶƌĂŶŬƐƵŵƚĞƐƚĂŶĚ^ŝŐŶĞĚƌĂŶŬƚĞƐƚͿǁĂƐƵƐĞĚƚŽ
ĂŶĂůǇǌĞƚŚĞƐĞĚĂƚĂ͘dĂďůĞϴʹ'^,ͬ'^^'ƐƐĂǇƐƵŵŵĂƌŝǌĞƐƚŚĞĚĂƚĂĨŽƌƚŚŝƐƚĞƐƚĂƐ
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DĞĚŝĂŶƐ;/ŶƚĞƌƋƵĂƌƚŝůĞZĂŶŐĞͲ/YZͿ͘dŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞƐďĞƚǁĞĞŶ
ŐƌŽƵƉƐĂƚĂŶǇŽĨƚŚĞƚŝŵĞƉŽŝŶƚƐ;ƉхϬ͘ϬϱͿ͘
ϰ͘ϴD^^z

C

/Ŷ
/ŶŽƌĚĞƌƚŽĐŽƌƌĞĐƚĨŽƌďĂƐĞůŝŶĞĚŝĨĨĞƌĞŶĐĞƐƚŚĞĚĂƚĂĨƌŽŵƚŚŝƐĂƐƐĂǇǁĞƌĞƌĞĐĂůĐƵůĂƚĞĚ
ĂŶ
ĂŶĚ
ĂŶĚĂƌĞĞǆƉƌĞƐƐĞĚĂƐйŽĨďĂƐĞůŝŶĞ͘dĂďůĞϵʹDƐƐĂǇƐƵŵŵĂƌŝǌĞƐƚŚĞĚĂƚĂĨŽƌƚŚŝƐ
ƚĞ
ƚĞƐƚ͘dŚ
ƚĞƐƚ͘dŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞƐďĞƚǁĞĞŶŐƌŽƵƉƐĂƚĂŶǇŽĨƚŚĞƚŝŵĞƉŽŝŶƚƐ
;ƉхϬ͘ϬϱͿ͘
;ƉхϬ͘ϬϱͿ͘

ϰ͘ϵW^^
ϰ͘ϵW^^z

ďůĞ ϭ ʹWƐƐĂǇ
ďůĞϭϬ
WƐƐ ƐƵ
dĂďůĞϭϬʹWƐƐĂǇƐƵŵŵĂƌŝǌĞƐƚŚĞĚĂƚĂĨŽƌƚŚŝƐƚĞƐƚ͘dŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚ
ĚŝĨĨĞƌĞŶĐĞƐďĞƚǁĞĞŶŐƌŽƵƉƐĂƚĂŶǇŽĨƚŚĞƚŝŵĞƉŽŝŶƚƐ;ƉхϬ͘ϬϱͿ͘
ƌĞŶĐĞƐďĞƚǁĞĞŶŐƌŽƵ
ŶĐĞƐďĞƚǁĞĞŶŐƌŽ

ϰ͘ϭϬZK^^^z
^^z
^z

FI

N

O


D



dĂďůĞϭϭʹZK^ƐƐĂǇƐƵŵŵĂƌŝǌĞƐƚŚĞĚĂƚĂĨŽƌƚŚŝƐƚĞƐƚ͘dŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚ
ƐƐĂǇ ƐƵŵŵĂƌŝǌĞƐƚŚĞ
ŵŵĂƌŝǌĞƐƚŚ
ĚŝĨĨĞƌĞŶĐĞƐďĞƚǁĞĞŶŐƌŽƵƉƐĂƚĂŶǇŽĨƚŚĞƚŝŵĞƉŽŝŶƚƐ;ƉхϬ͘ϬϱͿ͘
ŶŐƌŽƵƉƐĂƚĂŶǇŽĨƚŚ
ƉƐĂƚĂŶǇŽĨƚŚ

ϰ͘ϭϭZKWKhd^
dŚĞƌĞǁĞƌĞŶŽĚƌŽƉŽƵƚƐĨƌŽŵƚŚĞƐƚƵĚǇ͘
ĞƐƚƵĚǇ͘

E



^
ϰ͘ϭϮ^h:dZWKZd^/&&d^



L

IA



T

N

ŵŵĂƌŝǌĞƐƚŚĞƐŝĚĞĞ
dĂďůĞϭϮʹ^ƵďũĞĐƚZĞƉŽƌƚĞĚ^ŝĚĞĨĨĞĐƚƐ͕ƐƵŵŵĂƌŝǌĞƐƚŚĞƐŝĚĞĞĨĨĞĐƚƐĨŽƌĞĂĐŚŐƌŽƵƉĂƚ
ŶĐĞƐďĞƚǁĞĞŶŐƌŽƵƉ
ǀŝƐŝƚƐϮĂŶĚϯ͘dŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞƐďĞƚǁĞĞŶŐƌŽƵƉƐĂĐƌŽƐƐƐŝĚĞĞĨĨĞĐƚƐ
WхϬ͘ϬϱͿ͘dŚĞƌĞǁĞƌĞ
Ϭ͘ϬϱͿ͘dŚĞƌĞǁĞƌĞ
ŽƌŝŶƚŽƚĂůŶƵŵďĞƌŽĨƐŝĚĞĞĨĨĞĐƚƐ͕ĨŽƌďŽƚŚǀŝƐŝƚƐ͕;WхϬ͘ϬϱͿ͘dŚĞƌĞǁĞƌĞƚǁŽƐŝĚĞĞĨĨĞĐƚƐ
ŶǀŽůǀŝŶŐĚŝǌǌŝŶĞƐƐ͕Ŷ
ŽŶĞĨŽƌĞĂĐŚƚƌĞĂƚŵĞŶƚĐŽŶĚŝƚŝŽŶ͘ŽƚŚƐŝĚĞĞĨĨĞĐƚƐ͕ŝŶǀŽůǀŝŶŐĚŝǌǌŝŶĞƐƐ͕ŶĂƵƐĞĂĂŶĚ
ĂĐĞďŽĂŶĚĂĐƚŝǀĞƚƌĞ
ĞďŽĂŶĚĂĐƚŝǀĞƚƌĞ
ĚƌŽǁƐŝŶĞƐƐ͕ǁĞƌĞƌĞƉŽƌƚĞĚďǇƚŚĞƐĂŵĞƐƵďũĞĐƚƵŶĚĞƌƉůĂĐĞďŽĂŶĚĂĐƚŝǀĞƚƌĞĂƚŵĞŶƚƐ͕
ƐƵŐŐĞƐƚŝŶŐƚŚĂƚĂůĐŽŚŽůĂŶĚŶŽƚEdyǁĂƐƌĞƐƉŽŶƐŝďůĞ͘
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ϱ͘/^h^^/KE

C


dŚĞƉƌĞƐĞŶƚƐƚƵĚǇ͛ƐƉƌŝŵĂƌǇŽďũĞĐƚŝǀĞǁĂƐƚŽĞǀĂůƵĂƚĞĂůĐŽŚŽůŝŶĚƵĐĞĚEĚĂŵĂŐĞĚƵƌŝŶŐ
ďŝŶŐĞĚƌŝŶŬŝŶŐ͕ĂƐǁĞůůĂƐĐŚĂŶŐĞƐŝŶZK^ĂŶĚŽƚŚĞƌƌĞůĂƚĞĚŽǆŝĚĂƚŝǀĞƐƚƌĞƐƐŵĂƌŬĞƌƐŝŶďůŽŽĚ͕ŝŶ
Ő
ƚŚĞƉƌĞƐĞŶĐĞĂŶĚĂďƐĞŶĐĞŽĨEdy͘
ƚŚĞƉƌĞ

dŚĞƉƌĞƐƵŵĞĚŵĞĐŚĂŶŝƐŵĨŽƌƚŚŝƐEĚĂŵĂŐĞĨŽůůŽǁŝŶŐĞǆƉŽƐƵƌĞƚŽĂĐƵƚĞŽƌĐŚƌŽŶŝĐĂůĐŽŚŽů
dŚĞƉƌĞƐƵ
dŚĞƉƌĞƐƵŵĞ
ŽƉĞƌĂƚĞƐǀŝĂƉƌŽĚƵĐƚŝŽŶŽĨZĞĂĐƚŝǀĞKǆǇŐĞŶ^ƉĞĐŝĞƐ;ZK^ͿǁŝƚŚĐŽŶĐŽŵŝƚĂŶƚĚƌŽƉŝŶƚŚĞůĞǀĞůŽƌ
ŽƉĞƌĂƚĞƐǀŝĂƉƌŽ
ĂĐƚŝǀŝƚǇŽĨĂŶƚŝŽǆŝĚĂŶƚƐ;ϴͿ͘dŚŝƐŽǆŝĚĂƚŝǀĞƐƚƌĞƐƐĐŽŶĚŝƚŝŽŶŚĂƐĂĚĞƚƌŝŵĞŶƚĂůĞĨĨĞĐƚŽŶƚŚĞƌĞƉĂŝƌ
ĂĐƚŝǀŝƚǇŽĨĂŶƚŝŽǆŝĚ
ĂĐƚŝǀŝƚǇŽĨĂŶƚŝŽǆŝĚĂ
ŽĨĚĂŵĂŐĞĚĐŽŵƉůĞǆŵŽůĞĐƵůĞƐ͕ƐƵĐŚĂƐE͕ǁŝƚŚƉŽƚĞŶƚŝĂůŐĞŶĞƚŝĐĂŶĚĞƉŝŐĞŶĞƚŝĐŵƵƚĂƚŝŽŶƐ
ĨĚĂŵĂŐĞĚĐŽŵƉůĞǆ
ŵĂŐĞĚĐŽŵƉůĞ
ƚŚĂƚĐĂŶŝŶĐƌĞĂƐĞƐƵƐĐĞƉƚŝďŝůŝƚǇƚŽĂŶƵŵďĞƌŽĨĚŝƐĞĂƐĞƐ;ϲ͕ϳͿ
ĐĂŶŝŶĐƌĞĂƐĞƐƵƐĐĞƉƚ
ĂŶŝŶĐƌĞĂƐĞƐƵƐĐĞƉ

dŚĞƐƚƵĚǇ͛ƐƉƌŝŵĂƌǇĞŶĚƉŽŝŶƚ͕ƚŚĞŽŵĞƚEĂƐƐĂǇǁŚŝĐŚŵĞĂƐƵƌĞƐEĚĂŵĂŐĞŝŶĞƵŬĂƌǇŽƚŝĐ
ƐƉƌŝŵĂƌǇĞŶĚƉŽŝŶ
ŵĂƌǇĞŶĚƉŽŝŶƚ͕ƚ
ƚ͕
ĐĞůůƐ͕ǁĂƐƐŝŐŶŝĨŝĐĂŶƚŝŶĨĂǀŽƌŽĨƚŚĞEdyƚƌĞĂƚŵĞŶƚ͕ŝŶĚŝĐĂƚŝŶŐĂƉƌŽƚĞĐƚŝǀĞĞĨĨĞĐƚŽĨƚŚŝƐĚŝĞƚĂƌǇ
ŝĨŝĐĂŶƚŝŶĨĂǀŽƌŽĨƚŚ
ƐƵƉƉůĞŵĞŶƚŝŶďŝŶŐĞĚƌŝŶŬŝŶŐ͘
ŶŐĞĚƌŝŶŬŝŶŐ͘
ĞĚƌŝŶŬŝŶŐ͘

dŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚĞĨĨĞĐƚƐŝŶƚŚĞǀĂƌŝŽƵƐŽǆŝĚĂƚŝǀĞƐƚƌĞƐƐŵĂƌŬĞƌƐ͘dŚŝƐůĂĐŬŽĨ
ŶƚĞĨĨĞĐƚƐŝŶƚŚĞǀĂƌ
ƐŝŐŶŝĨŝĐĂŶĐĞƐŚŽƵůĚŶŽƚďĞŝŶƚĞƌƉƌĞƚĞĚƚŽŶĞŐĂƚĞƚŚĞŵĞĐŚĂŶŝƐŵĨŽƌƚŚĞEĚĂŵĂŐĞĨŝŶĚŝŶŐŝŶ
ŝŶƚĞƌƉƌĞƚĞĚƚŽŶĞŐĂ
ƚŚŝƐƐƚƵĚǇ͘dŚĞƌĞĐŽƵůĚďĞĂŶƵŵďĞƌŽĨĞǆƉůĂŶĂƚŝŽŶƐĨŽƌƚŚŝƐ͕ƚŚĞŵŽƐƚƉĂƌƐŝŵŽŶŝŽƵƐŽŶĞŽĨ
ďĞƌŽĨĞǆƉůĂŶĂƚŝ
ǁŚŝĐŚŝƐƚŚĂƚĂŶƵŵďĞƌŽĨŽǆŝĚĂƚŝǀĞƐƚƌĞƐƐŵĂƌŬĞƌƐĐŽŶƚƌŝďƵƚŝŶŐƚŽƚŚĞŝŵďĂůĂŶĐĞďĞƚǁĞĞŶZK^
ƚŝǀĞƐƚƌĞƐƐŵĂƌŬĞƌƐ
ƉƌŽĚƵĐƚŝŽŶĂŶĚƌĞŵŽǀĂůƚŚĂƚŝŶĚŝǀŝĚƵĂůůǇĂƌĞŶŽƚƐŝŐŶŝĨŝĐĂŶƚ͕ƚŽŐĞƚŚĞƌƉƌŽĚƵĐĞĂŶŽǀĞƌĂůů
ƵĂůůǇĂƌĞŶŽƚƐŝŐŶŝĨ
ĐĂƐĐĂĚĞƚŚĂƚĚĂŵĂŐĞƐE͘

dŚĞƐƚƵĚǇƉƌĞƉĂƌĂƚŝŽŶǁĂƐǁĞůůƚŽůĞƌĂƚĞĚĂŶĚƚŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĨŝĐĂŶƚĚŝĨĨĞƌĞŶĐĞƐďĞƚǁĞĞŶ
ŶĚƚŚĞƌĞǁĞƌĞŶŽƐŝŐŶ
ƚŚĞƌĞǁĞƌĞŶŽƐŝŐ
ŝŶƚŚĞŝƌƚŽƚĂůŶƵŵď
ŝŶƚŚĞŝƌƚŽƚĂůŶƵŵďĞ
ĂĐƚŝǀĞĂŶĚĐŽŶƚƌŽůŐƌŽƵƉƐĂĐƌŽƐƐƐŝĚĞĞĨĨĞĐƚƐŽƌŝŶƚŚĞŝƌƚŽƚĂůŶƵŵďĞƌ͕ǁŝƚŚŽŶĞƐŝĚĞĞĨĨĞĐƚ
Ŷƚ͕ŝŶǀŽůǀŝŶŐĚŝǌǌŝŶĞ
Ŷƚ͕ŝŶǀŽůǀŝŶŐĚŝǌǌŝŶĞƐ
ƌĞƉŽƌƚĞĚďǇƚŚĞƐĂŵĞƐƵďũĞĐƚƵŶĚĞƌĞĂĐŚƚƌĞĂƚŵĞŶƚ͕ŝŶǀŽůǀŝŶŐĚŝǌǌŝŶĞƐƐ͕ŶĂƵƐĞĂĂŶĚ
ĞďŽĂŶĚĂĐƚŝǀĞƚƌĞĂƚ
ďŽĂŶĚĂĐƚŝǀĞƚƌĞĂƚ
ĚƌŽǁƐŝŶĞƐƐ͘dŚĞĨĂĐƚƚŚĂƚŝƚŽĐĐƵƌƌĞĚďŽƚŚƵŶĚĞƌƉůĂĐĞďŽĂŶĚĂĐƚŝǀĞƚƌĞĂƚŵĞŶƚƐƐƵŐŐĞƐƚƐƚŚĂƚ
ĂůĐŽŚŽůĂŶĚŶŽƚEdyǁĂƐƌĞƐƉŽŶƐŝďůĞ͘
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ϲ͘Z&ZE^

ϭ͘

Ϯ͘

<ŶĞĐŚƚ<d͕ƌĂĚĨŽƌĚh͕DĂƐŽŶZW͕dŚƵƌŵĂŶZ';ϭϵϵϬͿ/ŶǀŝǀŽĨŽƌŵĂƚŝŽŶŽĨĂĨƌĞĞƌĂĚŝĐĂů
ŵĞƚĂďŽůŝƚĞŽĨĞƚŚĂŶŽů͘DŽůWŚĂƌŵĂĐŽů͕ϯϴ͗ϮϲʹϯϬ͘
>ŝĞďĞƌ^;ϭϵϵϳͿƚŚĂŶŽůŵĞƚĂďŽůŝƐŵ͕ĐŝƌƌŚŽƐŝƐĂŶĚĂůĐŽŚŽůŝƐŵůŝŶŚŝŵĐƚĂ͕Ϯϱϳ͗ϱϵʹϴϰ͘
>ŝĞďĞ

C
ϯ͘

O

DŝƌĂ>͕DĂŝĂ>͕ĂƌƌĞŝƌĂ>͕DĂŶƐŽ&;ϭϵϵϱͿǀŝĚĞŶĐĞĨŽƌƌĂĚŝĐĂůŐĞŶĞƌĂƚŝŽŶĚƵĞƚŽE,
DŝƌĂ>͕DĂŝ
ƌĂ>͕DĂ
ŽǆŝĚĂƚŝŽŶďǇĂůĚĞŚǇĚĞŽǆŝĚĂƐĞĚƵƌŝŶŐĞƚŚĂŶŽůŵĞƚĂďŽůŝƐŵ͘ƌĐŚŝŽĐŚĞŵŝŽƉŚǇƐ͕ϯϭϴ͗ϱϯʹ
ŽǆŝĚĂƚŝŽŶďǇĂ
ϱϴ͘
ϱϴ͘
ϴ͘

ϰ͘



L

IA

T

N



E

ϴ͘

D

ϳ͘

FI

ϲ͘

N

ϱ͘

ZĞŝŶŬĞ>͕>Ăŝ<͕ƵŽƐĞD͕DĐĂǇW;ϭϵϴϳͿZĞĂĐƚŝǀĞĨƌĞĞƌĂĚŝĐĂůŐĞŶĞƌĂƚŝŽŶŝŶǀŝǀŽŝŶ
ŶŬĞ>͕>Ăŝ<͕Ƶ
ŶŬĞ>͕>Ăŝ<͕ƵŽ
ŚĞĂƌƚĂŶĚůŝǀĞƌŽĨĞƚŚĂŶŽůͲĨĞĚƌĂƚƐ͗ĐŽƌƌĞůĂƚŝŽŶǁŝƚŚƌĂĚŝĐĂůĨŽƌŵĂƚŝŽŶŝŶǀŝƚƌŽ͘WƌŽĐEĂƚů
ĂŶĚůŝǀĞƌŽĨĞƚŚĂŶŽůͲ
ŝǀĞƌŽĨĞƚŚĂŶŽů
ĐĂĚ^Đŝh^͕ϴϰ͗ϵϮϮϯʹϵϮϮϳ͘
h^͕ϴϰ͗ϵϮϮϯʹʹϵϮϮϳ
h^͕ϴϰ͗ϵϮϮϯ

dƐƵŬĂŵŽƚŽ,͕>Ƶ^;ϮϬϬϭͿƵƌƌĞŶƚĐŽŶĐĞƉƚƐŝŶƚŚĞƉĂƚŚŽŐĞŶĞƐŝƐŽĨĂůĐŽŚŽůŝĐůŝǀĞƌŝŶũƵƌǇ͘
>Ƶ^;ϮϬϬϭͿƵƌƌĞŶƚ
Ƶ^;ϮϬϬϭͿƵƌƌĞŶƚ
&^:͕ϭϱ͗ϭϯϯϱʹϭϯϰϵ͘
ϭϯϰϵ͘
ϯϰϵ͘

ƌŽŽŬƐW:;ϭϵϵϳͿEĚĂŵĂŐĞ͕EZĞƉĂŝƌ͕ĂŶĚĂůĐŽŚŽůƚŽǆŝĐŝƚǇͲƌĞǀŝĞǁ͘ůĐŽŚŽůůŝŶǆƉ
ĂŵĂŐĞ͕EZĞƉĂŝƌ͕
ŐĞ͕EZĞƉĂŝƌ͕
ZĞƐ͕Ϯ͗ϲ͗ϭϬϳϯͲϴϮ͘

ŶŶĂǇǇĂZ͕ZĞƐƚƌĞƉŽZ:͕<ƵƐƵŵ<<͕^ŚŝǀĞŶĚƌĂ^;ϮϬϭϰͿƉŝŐĞŶĞƚŝĐŚŝƐƚŽŶĞŵŽĚŝĨŝĐĂƚŝŽŶƐ
<<͕^ŚŝǀĞŶĚƌĂ^;Ϯ
<<͕^ŚŝǀĞŶĚƌĂ^;ϮϬ
ŝŶĂĐůŝŶŝĐĂůůǇƌĞůĞǀĂŶƚƌĂƚŵŽĚĞůŽĨĐŚƌŽŶŝĐĞƚŚĂŶŽůͲďŝŶŐĞͲŵĞĚŝĂƚĞĚůŝǀĞƌŝŶũƵƌǇ͘
ŚƌŽŶŝĐĞƚŚĂŶŽůͲďŝŶŐ
ŚƌŽŶŝĐĞƚŚĂŶŽůͲďŝŶŐĞ
^ƵƉƉůĞŵĞŶƚ/ƐƐƵĞ͗>W,ĞƉĂƚŽůŽŐǇ/ŶƚĞƌŶĂƚŝŽŶĂůϴ͗^ƵƉƉů͘Ϯ͗ϰϮϭͲϰϯϬ
ƚĞƌŶĂƚŝŽŶĂůϴ͗^ƵƉƉů͘
ƌŶĂƚŝŽŶĂůϴ͗^ƵƉƉů͘

ZĞŶĚſŶͲZĂŵşƌĞǌ͕ŽƌƚĠƐͲŽƵƚŽD͕DĂƌƚşŶĞǌͲZŝǌŽ͕DƵŹŝǌͲ,ĞƌŶĄŶĚĞǌ^͕sĞůĄǌƋƵĞǌͲ
ǌͲZŝǌŽ͕DƵŹŝǌͲ,Ğ
&ĞƌŶĄŶĚĞ:;ϮϬϭϯͿ͞KǆŝĚĂƚŝǀĞĚĂŵĂŐĞŝŶǇŽƵŶŐĂůĐŽŚŽůĚƌŝŶŬĞƌƐ͗ƉƌĞůŝŵŝŶĂƌǇƐƚƵĚǇ͘
ĂůĐŽŚŽůĚƌŝŶŬĞƌƐ͗
ĂůĐŽŚŽůĚƌŝŶŬĞƌƐ͗Ɖ
ůĐŽŚŽů͕ϰϳ͗ϳ͗ϱϬϭͲϰ͘
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ϳ͘d>^E&/'hZ^

d>ϭ͗^dhz^,h>K&sEd^
ǀĞŶƚͬdŝŵĞ
ǀĞŶƚͬdŝŵ

C

sŝƐŝƚϮ ϭtĞĞŬ
^ƚƵĚǇ tĂƐŚ
ͲŽƵƚ
E
E
E
E
E
E
z
E
z
E
z
E
z
E
z
E
z
E
z
E
z
E
z
E

sŝƐŝƚϯ
ƌŽƐƐͲ
ŽǀĞƌ
E
E
E
z
z
z
z
z
z
z
z
z

IA
T
N
E
D
FI
N
O

/ŶĨŽƌŵĞĚŽŶƐĞŶƚ
/ŶĨŽƌŵĞĚŽŶƐĞŶƚ
DĞĚŝĐĂů,ŝƐƚŽƌǇ
ĞĚŝĐĂů,ŝƐƚŽƌǇ
ĐĂů,ŝƐƚŽƌǇ
WŚǇƐŝĐĂůǆĂŵ
ĂůǆĂŵ
sŝƚĂůƐ;,Z͕WͿ͕D/
Z͕WͿ͕D/
ŽŵĞƚEĂƐƐĂǇΎ
ĂƐƐĂǇΎ
ůĐŽŚŽůĂĚŵŝŶŝƐƚƌĂƚŝŽŶ
ƐƚƌĂƚŝŽŶ
EdyĂĚŵŝŶŝƐƚƌĂƚŝŽŶ
ůŽŽĚůĐŽŚŽůŽŶĐĞŶƚƌĂƚŝŽŶ;ͿΎΎ
ƚƌĂƚŝŽŶ;ͿΎΎ
ƚƌĂƚŝŽŶ;ͿΎΎ
DŝĐƌŽŶƵĐůĞƵƐĂƐƐĂǇΎ
ZĞĂĐƚŝǀĞKǆǇŐĞŶ^ƉĞĐŝĞƐ;ZK^ͿΎΎΎ
K^ͿΎΎΎ
ZĞĂĐƚŝǀĞKǆǇŐĞŶDĞƚĂďŽůŝƚĞƐ;ĚZKDƐͿΎΎΎ
ĚZKDƐͿΎΎΎ
ZKDƐͿΎΎΎ
'ůƵƚĂƚŚŝŽŶĞƐƐĂǇ;'^,ͿǁŝƚŚ'^^'
'
ĚĞƚĞƌŵŝŶĂƚŝŽŶΎΎΎ
DĂůŽŶĚŝĂůĚĞŚǇĚĞ;DͿΎΎΎ
WƌŽƚĞŝŶĐĂƌďŽŶǇůůĞǀĞůƐ;WͿΎΎΎ
ŽŵƉůĞƚĞŵĞƚĂďŽůŝĐƉĂŶĞů;DWͿΎΎΎΎ
ĚǀĞƌƐĞǀĞŶƚDŽŶŝƚŽƌŝŶŐ
^ŝƚĞsŝƐŝƚ

sŝƐŝƚϭ
^ĐƌĞĞŶŝŶŐ

z
z
z
z
E
E
E
E
E
E
E
E
E
E
E
E
E
zz
E
E
zz

z
z
zz
zz
zz

E
E
E
z
E

z
z
z
z
z

ΎĂƐĞůŝŶĞĂŶĚϮŚƌ͘ƉŽƐƚĂůĐŽŚŽůŝŶƚĂŬĞŽŶƚĞƐƚĚĂǇƐ;ǀŝƐŝƚƐϮΘϯͿ
ΎΎDŽŶŝƚŽƌĞĚĂƚϭϱŵŝŶŝŶƚĞƌǀĂůƐĚƵƌŝŶŐƚŚĞŚŽƵƌŽĨĚƌŝŶŬŝŶŐĂŶĚĂƚϮϬŵŝŶƵƚĞŝŶƚĞƌǀĂůƐĨŽƌƚŚĞƌĞŵĂŝŶĚĞƌŽĨ
ĂƚϮϬŵŝŶƵƚĞŝŶƚĞƌǀĂůƐĨŽ
ϮϬŵŝŶƵƚĞŝŶƚĞƌǀĂůƐĨŽ
ƚŚĞƚĞƐƚĚĂǇ
ΎΎΎĂƐĞůŝŶĞ͕Ϭ͘ϱ͕ϭ͕ϮĂŶĚϰŚƌ͘ƉŽƐƚĂůĐŽŚŽůŝŶƚĂŬĞŽŶƚĞƐƚĚĂǇƐ
ΎΎΎΎƚƐĐƌĞĞŶŝŶŐĨŽƌĞŶƚƌǇ͕ĂŶĚĂƚĂƐĞůŝŶĞĂŶĚϰŚƌ͘ŽŶƚĞƐƚĚĂǇƐ








L
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d>Ϯ͗^dhz^h:d&>Kt,Zd
EdyΡ^ƚƵĚǇ
WƌŽƚŽĐŽůηϮϵϳϴϵϮͲϲͲϭϭϭϱ
ĂƚĞ͗
ĂƚĞ͗

ϬϯͬϭϱͬϮϬϭϲ
Ϯϱ

^ĐƌĞĞŶŝŶŐǀŝƐŝƚ͗
^ĐƌĞĞŶŝŶŐǀŝƐŝƚ
^ĐƌĞĞŶŝŶŐǀŝƐŝƚ͗

Ϯϴ

sŝƐŝƚϮ
sŝƐŝƚ
sŝƐŝƚϮ
Ϯ

Ϯϱ

sŝƐŝƚϯ
ŝƚϯ

Ϯϱ

ƌŽƉKƵƚƐ͗
KƵƚƐ͗
ƵƚƐ͗

Ϭ

^ĐƌĞĞŶ&ĂŝůƵƌĞƐ;YͬW/Ϳ͗
ůƵƌĞƐ;YͬW/Ϳ͗
;YͬW/Ϳ͗

ϯ

DĂůĞƐ͗

ϭϯ

&ĞŵĂůĞƐ͗

ϭϮ

C

ŶƌŽůůĞĚ͗
ŶƌŽůůĞĚ͗

FI
N
O
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d>ϯ͗DK'ZW,/^͕KzD^hZDEd^Es/d>^ʹs/^/dϭͬ
^>/E
WĂƌĂŵĞƚĞƌ


C

'ĞŶĚĞƌ͕Ŷй
'ĞŶĚĞƌ͕Ŷй
DĂůĞƐ
DĂůĞƐ

ůĞƐ
&ĞŵĂůĞƐ
&ĞŵĂůĞƐ

&ĞŵĂůĞƐ

ŐĞ͕ǇĞĂƌƐΎΎ
͕ǇĞĂƌƐΎΎ
ĞĂƌƐΎ

WůĂĐĞďŽͬĐƚŝǀĞΎΎ
ŽƌĚĞƌ
ŶсϭϮ

ƉͲǀĂůƵĞΎ


ϲ;ϰϲйͿ
ϳ;ϱϰйͿ

ϯϭ͘ϳ;ϴ͘ϳͿ
ϮϭƚŽϰϳ
ϲϳ͘Ϭ;ϰ͘ϲͿ
ϭϳϯ͘Ϭ;ϯϱ͘ϲͿ
Ϯϲ͘ϴ;ϭ͘ϵͿ
ϭϮϭ͘ϱ;ϴ͘ϰͿ
ϳϲ͘ϱ;ϳ͘ϮͿ
ϳϬ͘ϳ;ϭϯ͘ϱͿ
ϳϬ


ϳ;ϱϴйͿ
ϱ;ϰϮйͿ

ϯϬ͘ϭ;ϲ͘ϱͿ
ϮϮƚŽϰϯ
ϲϲ͘Ϭ;ϯ͘ϰͿ
ϭϲϬ͘ϲ;ϭϳ͘ϰͿ
Ϯϱ͘ϵ;ϭ͘ϯͿ
ϭϮϱ͘ϰ;ϭϬ͘ϭͿ
ϴϬ͘Ϯ;ϳ͘ϬͿ
ϳϮ͘ϭ;ϭϲ͘ϮͿ

Ϭ͘ϱϰ

FI
N
O

ĐƚŝǀĞͬWůĂĐĞďŽΎΎ
ŽƌĚĞƌ
Ŷсϭϯ

,ĞŝŐŚƚ͕ŝŶ
tĞŝŐŚƚ͕ůďƐ͘
D/
^ǇƐƚŽůŝĐďůŽŽĚƉƌĞƐƐƵƌĞ͕ŵŵ,Ő
ƵƌĞ͕ŵŵ,Ő
ŵŵ,Ő
ŝĂƐƚŽůŝĐďůŽŽĚƉƌĞƐƐƵƌĞ͕ŵŵ,Ő
Ğ͕ŵŵ,Ő
WƵůƐĞ͕ďŵƉ




Ϭ͘ϲϭ
Ϭ͘ϱϱ
Ϭ͘Ϯϴ
Ϭ͘ϭϱ
Ϭ͘ϯϭ
Ϭ͘ϮϮ
Ϭ͘ϴϮ

ΎŚŝͲƐƋƵĂƌĞĨŽƌŐĞŶĚĞƌĂŶĚŝŶĚĞƉĞŶĚĞŶƚƐĂŵƉůĞƐƚͲƚĞƐƚƐĨŽƌĐŽŶƚŝŶƵŽƵƐǀĂƌŝĂďůĞƐ͘
ĚŝŶĚĞƉĞŶĚĞŶƚƐĂŵƉůĞ
ŝŶĚĞƉĞŶĚĞŶƚƐĂŵƉů
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶͿĨŽƌĐŽŶƚŝŶƵŽƵƐǀĂƌŝĂďůĞƐ
ĨŽƌĐŽŶƚŝŶƵŽƵƐǀĂƌŝĂďů
ƚŝŶƵŽƵƐǀĂƌŝĂďů
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d>ϯ͗DK'ZW,/^Es/d>^Ͳs/^/dϮ͕ϯΘKD/EϮEϯ
sŝƐŝƚϮ


C

^ǇƐƚŽů
^ǇƐƚŽůŝĐďůŽŽĚƉƌĞƐƐƵƌĞ͕ŵŵ,Ő
Ǉ
^ƚĂƌƚ
^ƚĂƌƚ

^ƚĂƌƚ
ŶĚ

ŶĚ
ŶĚ
ŚĂŶŐĞ;ĞŶĚʹƐƚĂƌƚͿ
ŚĂŶŐĞ;ĞŶĚ
ĂŶŐĞ
ŝĂƐƚŽůŝĐďůŽŽĚƉƌĞƐƐƵƌĞ͕ŵŵ,Ő
ŝĂƐƚŽůŝĐďůŽŽĚƉƌĞ
^ƚĂƌƚ

^ƚĂƌƚ
^ƚĂƌƚ
ŶĚ
ŶĚ
Ě
ŚĂŶŐĞ;ĞŶĚʹƐƚĂƌƚͿ
ŚĂŶŐĞ;ĞŶĚ
ŶŐĞ;ĞŶĚʹʹ ƐƚĂƌƚͿ
ƐƚĂƌƚ
WƵůƐĞ͕ďŵƉ
ďŵƉ
^ƚĂƌƚ
ŶĚ
ŚĂŶŐĞ;ĞŶĚʹƐƚĂƌƚͿ
ƐƚĂƌ
ƐƚĂƌƚͿ

WůĂĐĞďŽ;ŶсϭϮͿΎΎ

ƉͲǀĂůƵĞΎ


ϭϭϳ͘ϱ;ϭϱ͘ϮͿ
ϭϭϬ͘ϭ;ϭϰ͘ϲͿ
Ͳϳ͘ϱ;ϭϵ͘ϮͿ

ϳϮ͘ϭ;ϭϬ͘ϲͿ
ϳϬ͘ϴ;ϳϭ͘ϬͿ
Ͳϭ͘Ϯ;ϭϮ͘ϮͿ

ϳϱ͘Ϭ;ϵ͘ϭͿ
ϳϱ͘ϴ;ϵ͘ϳͿ
Ϭ͘ϴ;ϳ͘ϲͿ


ϭϮϴ͘ϴ;ϭϵ͘ϭͿ
ϭϭϵ͘ϯ;ϭϭ͘ϵͿ
Ͳϵ͘ϱ;Ϯϭ͘ϱͿ

ϴϬ͘ϰ;ϴ͘ϱͿ
ϳϲ͘Ϭ;ϳ͘ϳͿ
Ͳϰ͘ϰ;ϲ͘ϵͿ

ϳϳ͘ϰ;ϭϱ͘ϯͿ
ϳϴ͘ϭ;ϭϴ͘ϲͿ
Ϭ͘ϳ;ϭϰ͘ϮͿ


Ϭ͘ϭϭ
Ϭ͘ϭϬ
Ϭ͘ϰϰ

Ϭ͘Ϭϰ
Ϭ͘ϭϭ
Ϭ͘ϴϬ

Ϭ͘ϲϯ
Ϭ͘ϳϬ
Ϭ͘ϵϴ

ĐƚŝǀĞ;ŶсϭϯͿΎΎ

WůĂĐĞďŽ;ŶсϭϮͿΎΎ

ƉͲǀĂůƵĞΎ


ϭϮϯ͘ϱ;ϵ͘ϳͿ
ϭϮϯ͘ϱ;
ϭϭϵ͘ϲ;ϵ͘ϰͿ
ϭϭϵ͘ϲ;ϵ͘ϰ
ͲͲϯ͘ϵ;ϵ͘ϮͿ
ϯ͘ϵ;ϵ͘ϮͿ

ϳϳ͘ϴ;ϴ͘ϰͿ
ϳϳ͘ϴ;ϴ͘ϰͿ
ϳϲ͘Ϯ;ϳ͘ϯͿ
ϳϲ͘Ϯ;ϳ͘ϯͿ
Ͳϭ͘ϳ;ϳ͘ϴͿ
ϭ͘ϳ;ϳ͘ϴͿ
͘ϳ;ϳ͘ϴͿ

ϳϰ͘ϰ;ϭϳ͘ϭͿ
͘ϭͿ
ϭͿ
ϳϰ͘Ϭ;ϵ͘ϴͿ
ͲϬ͘ϰ;ϭϯ͘ϮͿ


ϭϮϯ͘Ϭ;Ϯϭ͘ϱͿ
ϭϮϯ͘ϳ;Ϯϳ͘ϳͿ
Ϭ͘ϳ;ϭϮ͘ϲͿ

ϳϱ͘Ϭ;ϭϮ͘ϲͿ
ϳϬ͘ϴ;ϲϵ͘ϬͿ
Ͳϰ͘Ϯ;ϭϭ͘ϴͿ

ϳϯ͘Ϯ;ϭϯ͘ϮͿ
ϳϯ
ϳϯ͘Ϯ
ϳϰ͘ϲ;ϵ͘ϳͿ
ϳϰ ;ϵ
ϳϰ͘ϲ
ϭ͘ϱ;ϭϮ͘ϮͿ
ϭ͘ϱ;ϭϮ͘Ϯ
ϭ͘ϱ;ϭϮ͘ϮͿ


Ϭ͘ϵϰ
Ϭ͘ϱϱ
Ϭ͘ϯϭ

Ϭ͘ϱϮ
Ϭ͘Ϭϵ
Ϭ͘ϱϯ

Ϭ͘ϴϰ
Ϭ͘ϴϴ
Ϭ͘ϳϭ

ĐƚŝǀĞ;ŶсϮϱͿΎΎ

WůĂĐĞďŽ;ŶсϮϱͿΎΎ
WůĂĐĞďŽ;ŶсϮϱ

ƉͲǀĂůƵĞΎ


ϭϮϬ͘ϰ;ϭϯ͘ϬͿ
ϭϭϰ͘ϲ;ϭϯ͘ϭͿ
Ͳϱ͘ϴ;ϭϱ͘ϭͿ

ϳϰ͘ϴ;ϵϴ͘ϵͿ
ϳϯ͘ϰ;ϳ͘ϵͿ
Ͳϭ͘ϰ;ϭϬ͘ϮͿ

ϳϰ͘ϳ;ϭϯ͘ϮͿ
ϳϰ͘ϵ;ϵ͘ϲͿ
Ϭ͘Ϯ;ϭϬ͘ϱͿ


ϭϮϱ͘ϴ;ϮϬ͘ϬͿ
ϭϮϱ͘ϴ;ϮϬ͘ϬͿ
ϴ;ϮϬ͘ϬͿ
ϭϮϭ͘ϲ;ϭϳ͘ϰͿ
͘ϲ;ϭϳ͘ϰ
͘ϲ;ϭϳ͘ϰͿ
Ͳϰ͘Ϯ;ϭϳ͘ϴͿ
ϭϳ
ϭϳ͘ϴͿ

ϳϳ͘ϲ;ϭϬ͘ϵͿ
ϳϯ͘ϯ;ϴ͘ϬͿ
Ͳϰ͘ϯ;ϵ͘ϲͿƉсϬ͘Ϭϯ

ϳϱ͘Ϯ;ϭϰ͘ϭͿ
ϳϲ͘ϯ;ϭϰ͘ϰͿ
ϭ͘ϭ;ϭϮ͘ϵͿ


Ϭ͘Ϯϯ
Ϭ͘ϭϭ
Ϭ͘ϳϱ
Ϭ͘ϳ

Ϭ͘ϮϮ
Ϭ͘ϮϮ
Ϭ͘ϵϰ
Ϭ͘ϵϰ
Ϭ͘ϯϭ
Ϭ͘ϯϭ

Ϭ͘ϴϱ
Ϭ
Ϭ͘ϴϱ
͘ϴϱ
Ϭ͘ϲϱ
ϲϱ
Ϭ͘ϴϭ

L
IA
T
N
E
D
FI
N
O

ĐƚŝǀĞ;ŶсϭϯͿΎΎ

sŝƐŝƚϯ


^ǇƐƚŽůŝĐďůŽŽĚƉƌĞƐƐƵƌĞ͕ŵŵ,Ő
ŵ,Ő
^ƚĂƌƚ
ŶĚ
ŚĂŶŐĞ;ĞŶĚʹƐƚĂƌƚͿ
ŝĂƐƚŽůŝĐďůŽŽĚƉƌĞƐƐƵƌĞ͕ŵŵ,Ő
^ƚĂƌƚ
ŶĚ
ŚĂŶŐĞ;ĞŶĚʹƐƚĂƌƚͿ
WƵůƐĞ͕ďŵƉ
^ƚĂƌƚ
ŶĚ
ŚĂŶŐĞ;ĞŶĚʹƐƚĂƌƚͿ

sŝƐŝƚϮΘϯ


^ǇƐƚŽůŝĐďůŽŽĚƉƌĞƐƐƵƌĞ͕ŵŵ,Ő
^ƚĂƌƚ
ŶĚ
ŚĂŶŐĞ;ĞŶĚʹƐƚĂƌƚͿ
ŝĂƐƚŽůŝĐďůŽŽĚƉƌĞƐƐƵƌĞ͕ŵŵ,Ő
^ƚĂƌƚ
ŶĚ
ŚĂŶŐĞ;ĞŶĚʹƐƚĂƌƚͿ
WƵůƐĞ͕ďŵƉ
^ƚĂƌƚ
ŶĚ
ŚĂŶŐĞ;ĞŶĚʹƐƚĂƌƚͿ

Ύ/ŶĚĞƉĞŶĚĞŶƚƐĂŵƉůĞƐƚͲƚĞƐƚƐ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶͿ
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d>ϰ͗KDW>dDdK>/WE>;DWͿʹs/^/dϭͬ^>/E
ůŽŽĚŚĞŵŝƐƚƌǇWĂƌĂŵĞƚĞƌ

C


ůŬĂůŝŶĞWŚŽƐƉŚĂƚĂƐĞ͕hͬ>
ůŬĂůŝŶĞWŚ
ůŬĂůŝŶĞWŚŽƐ
ůďƵŵŝŶ͕ŐͬĚ>
ůďƵŵŝŶ͕ŐͬĚ>
ůďƵŵŝŶ͕ŐͬĚ>
hƌĞĂEŝƚƌŽŐĞŶ;hEͿ͕ŵŐͬĚ>
hƌĞĂEŝƚƌŽŐĞŶ;hE
hEͬƌĞĂƚŝŶŝŶĞƌĂƚŝŽ
hEͬƌĞĂƚŝŶŝŶĞƌĂƚŝŽ
ĂƌďŽŶŝŽǆŝĚĞ͕ŵŵŽůͬ>
ƌďŽŶŝŽǆŝĚĞ͕ŵŵŽůͬ>
ŶŝŽǆŝĚĞ͕ŵŵŽ
ĂůĐŝƵŵ͕ŵŐͬĚ>
ŵ͕ŵŐͬĚ>
ŚůŽƌŝĚĞ͕ŵŵŽůͬ>
ŵŵŽůͬ>
ŵŵŽůͬ>
ƌĞĂƚŝŶŝŶĞ͕ŵŐͬĚ>
ŵŐͬĚ>
Ě>
'ůŽďƵůŝŶ͕ŐͬĚ>


'ůƵĐŽƐĞ͕ŵŐͬĚ>


WŽƚĂƐƐŝƵŵ͕ŵŵŽůͬ>


^'Kd^d͕hͬ>
^'Wd>d͕hͬ>
^ŽĚŝƵŵ͕ŵŵŽůͬ>
ŝůŝƌƵďŝŶ͕ƚŽƚĂů͕ŵŐͬĚ>
WƌŽƚĞŝŶ͕ƚŽƚĂů͕ŐͬĚ>
ůďƵŵŝŶͬ'ůŽďƵůŝŶZĂƚŝŽ
Ύ/ŶĚĞƉĞŶĚĞŶƚƐĂŵƉůĞƐƚͲƚĞƐƚƐ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶͿ

WůĂĐĞďŽͬĐƚŝǀĞΎΎ
ŽƌĚĞƌ
EсϭϮ

ϱϰ͘ϯ;ϭϵ͘ϮͿ
ϰ͘ϰ;Ϭ͘ϯͿ
ϭϰ͘ϴ;ϯ͘ϰͿ
ϭϴ͘ϭ;ϯ͘ϯͿ
Ϯϲ͘ϴ;Ϯ͘ϰͿ
ϵ͘ϱ;Ϭ͘ϯͿ
ϭϬϯ͘ϰ;Ϯ͘ϬͿ
͘ϴ;͘ϮͿ
Ϯ͘ϲ;Ϭ͘ϯͿ
ϴϲ͘ϵ;ϭϰ͘ϳͿ
ϰ͘Ϯ;Ϭ͘ϯͿ
ϮϮ͘ϳ;ϴ͘ϰͿ
Ϯ
ϮϮ
ϭϵ͘ϭ;ϳ͘ϲͿ
ϭϵ͘ϭ
ϭϵ͘ϭ
ϭϯϳ͘ϱ;Ϯ͘ϭͿ
ϭϯϳ͘ϱ;Ϯ
ϭϯϳ͘ϱ;Ϯ͘
Ϭ͘ϲϲ;Ϭ͘ϱϭͿ
Ϭ͘ϲϲ;Ϭ͘ϱϭͿ
͘ϲϲ;Ϭ͘ϱϭͿ
ϳ͘Ϭ;Ϭ͘ϰͿ
ϳ͘Ϭ;Ϭ͘ϰͿ
ϭ͘ϳ;Ϭ͘ϯͿ
ϭ͘ϳ;Ϭ͘ϯͿ

ϱϴ͘ϱ;ϭϭ͘ϳͿ
ϰ͘ϱ;Ϭ͘ϭͿ
ϭϯ͘Ϯ;ϱ͘ϳͿ
ϭϲ͘Ϭ;ϱ͘ϴͿ
Ϯϲ͘ϭ;ϭ͘ϴͿ
ϵ͘ϲ;Ϭ͘ϭͿ
ϭϬϰ͘ϴ;Ϯ͘ϬͿ
Ϭ͘ϴ;Ϭ͘ϮͿ
Ϯ͘ϳ;Ϭ͘ϰͿ
ϴϳ͘Ϭ;ϴ͘ϵͿ
ϰ͘ϭ;Ϭ͘ϰͿ
ϮϬ͘ϲ;ϵ͘ϲͿ
ϭϴ͘ϱ;ϴ͘ϱͿ
ϭϯϴ͘ϭ;ϭ͘ϴͿ
Ϭ͘ϱϴ;Ϭ͘ϯϯͿ
ϳ͘Ϯ;Ϭ͘ϰͿ
ϭ͘ϳ;Ϭ͘ϯͿ

ƉͲǀĂůƵĞΎ

Ϭ͘ϱϮ
Ϭ͘ϳϳ
Ϭ͘ϰϬ
Ϭ͘Ϯϴ
Ϭ͘ϰϯ
Ϭ͘ϲϬ
Ϭ͘ϭϬ
Ϭ͘ϵϰ
Ϭ͘ϯϳ
Ϭ͘ϵϵ
Ϭ͘ϯϴ
Ϭ͘ϱϲ
Ϭ͘ϴϲ
Ϭ͘ϰϰ
Ϭ͘ϲϲ
Ϭ͘ϯϱ
Ϭ͘ϱϭ

N
E
D
FI
N
O

ĐƚŝǀĞͬWůĂĐĞďŽΎΎ
ŽƌĚĞƌ
Eсϭϯ



L

IA

T
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d>ϰ͗KDW>dDdK>/WE>;DWͿʹs/^/dϮ
ůŽŽĚŚĞŵŝƐƚƌǇ
WĂƌĂŵĞƚĞƌ

ůŬĂůŝŶĞWŚŽƐƉŚĂƚĂƐĞ͕hͬ>
ůŬĂůŝŶ
hͬ>
hͬ>
hͬ>

C

ůďƵŵŝŶ͕ŐͬĚ>
ůďƵŵŝŶ͕ŐͬĚ>
ŵŝŶ͕Ő

ĐƚŝǀĞ;ŶсϭϯͿΎΎ

WůĂĐĞďŽ;ŶсϭϮͿΎΎ

ƉͲǀĂůƵĞΎ

ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ϰ
ŚĂŶŐĞ
ŚĂŶ
ĂƐĞůŝŶĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ŚĂŶŐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ĂƐĞůŝŶĞ
ĞůŝŶĞ
ϰŚŽƵƌƐ
ϰŚŽƵƌƐ
ŽƵƌƐ
ŚĂŶŐĞ
ŚĂŶŐĞ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ĞůŝŶĞ
Ğůŝ
ϰŚŽƵƌƐ
Ɛ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ

ϱϬ͘ϴ;ϭϲ͘ϱͿ
ϱϰ͘ϰ;ϭϴ͘ϬͿ
ϯ͘ϱ;ϵ͘ϲͿ
ϰ͘Ϯ;Ϭ͘ϰͿ
ϰ͘Ϯ;Ϭ͘ϯͿ
Ϭ͘Ϭ;Ϭ͘ϰͿ
ϭϯ͘Ϯ;ϰ͘ϱͿ
ϭϯ͘ϯ;ϰ͘ϲͿ
Ϭ͘Ϯ;ϰ͘ϰͿ
ϭϱ͘ϵ;ϰ͘ϬͿ
ϭϲ͘ϱ;ϰ͘ϴͿ
Ϭ͘ϱ;ϰ͘ϴͿ
Ϯϱ͘Ϯ;ϯ͘ϲͿ
Ϯϲ͘ϱ;Ϯ͘ϭͿ
ϭ͘Ϯ;ϯ͘ϴͿ
ϵ͘Ϭ;Ϭ͘ϱͿ
ϵ͘Ϯ;Ϭ͘ϰͿ
Ϭ͘Ϯ;Ϭ͘ϲͿ
Ϭ͘
Ϭ͘Ϯ
ϭϬϰ͘ϱ;ϯ͘ϰͿ
ϭϬϰ͘
ϭϬϰ͘ϱ;ϯ
ϭϬϯ͘ϵ;ϯ͘ϭͿ
ϭϬϯ͘ϵ;ϯ͘ϭ
ϭϬϯ͘ϵ;ϯ͘ϭͿ
ͲͲϬ͘ϱ;Ϯ͘ϵͿ
Ϭ͘ϱ;Ϯ͘ϵͿ
Ϭ͘ϴ;Ϭ͘ϮͿ
Ϭ͘ϴ;Ϭ͘ϮͿ
Ϭ͘ϴ
;Ϭ͘ϮͿ
Ϭ͘ϴ;Ϭ͘ϭͿ
Ϭ͘ϴ;Ϭ͘ϭͿ
Ϭ͘Ϭ;Ϭ͘ϭͿ
Ϭ͘Ϭ;Ϭ͘ϭͿ
Ϯ͘ϱ;Ϭ͘ϯͿ
͘ϱ;Ϭ͘ϯͿ
Ϯ͘ϱ;Ϭ͘ϯͿ
Ϭ͘ϯͿ
Ϭ͘ϭ;Ϭ͘ϮͿ
Ϳ
ϴϭ͘Ϭ;Ϯϰ͘ϲͿ
ϳϰ͘ϵ;ϭϵ͘ϱͿ
Ͳϰ͘ϯ;ϯϭ͘ϵͿ
ϯ͘ϵ;Ϭ͘ϱͿ
ϰ͘Ϭ;Ϭ͘ϲͿ
Ϭ͘ϭ;ϭ͘ϬͿ
Ϯϭ͘ϳ;ϭϬ͘ϱͿ
ϮϮ͘ϱ;ϲ͘ϱͿ
Ϭ͘ϴ;ϱ͘ϲͿ
ϭϳ͘ϴ;ϱ͘ϬͿ
ϭϴ͘ϭ;ϱ͘ϱͿ
Ϭ͘ϯ;ϭ͘ϴͿ
ϭϯϵ͘Ϯ;Ϯ͘ϳͿ
ϭϯϴ͘ϰ;Ϯ͘ϰͿ
ͲϬ͘ϴ;ϯ͘ϯͿ
Ϭ͘ϱϴ;Ϭ͘ϰϲͿ
Ϭ͘ϱϳ;Ϭ͘ϯϯͿ
ͲϬ͘Ϭϭ;Ϭ͘ϮϵͿ

ϱϵ͘ϭ;ϭϰ͘ϲͿ
ϱϯ͘ϱ;ϭϬ͘ϯͿ
Ͳϱ͘ϲ;ϭϮ͘ϯͿ
ϰ͘ϯ;Ϭ͘ϱͿ
ϰ͘Ϯ;Ϭ͘ϯͿ
ͲϬ͘ϭ;Ϭ͘ϰͿ
ϭϮ͘Ϭ;ϰ͘ϱͿ
ϭϮ͘ϭ;ϯ͘ϴͿ
Ϭ͘ϭ;ϯ͘ϭͿ
ϭϱ͘ϭ;ϲ͘ϳͿ
ϭϱ͘ϯ;ϰ͘ϱͿ
Ϭ͘Ϯ;ϯ͘ϴͿ
Ϯϱ͘ϳ;Ϯ͘ϴͿ
Ϯϱ͘ϯ;Ϯ͘ϴͿ
ͲϬ͘ϰ;ϯ͘ϰͿ
ϴ͘ϵ;Ϭ͘ϴͿ
ϵ͘Ϭ;Ϭ͘ϱͿ
Ϭ͘ϭ;ϭ͘ϬͿ
ϭϬϯ͘ϳ;ϯ͘ϱͿ
ϭϬϰ͘ϯ;ϯ͘ϯͿ
Ϭ͘ϳ;ϰ͘ϭͿ
Ϭ͘ϴ;Ϭ͘ϮͿ
Ϭ͘ϴ;Ϭ͘ϮͿ
Ϭ͘Ϭ;Ϭ͘ϭͿ
Ϯ͘ϳ;Ϭ͘ϯͿ
Ϯ͘ϱ;Ϭ͘ϰͿ
ͲͲϬ͘Ϯ;Ϭ͘ϯͿ
Ϭ͘
Ϭ͘Ϯ
ϴϲ͘ϯ;ϭϰ͘ϰͿ
ϴϲ͘ϯ;ϭ
ϴϭ͘ϵ;ϭϮ͘ϬͿ
ϴϭ͘ϵ;ϭϮ͘Ϭ
ͲͲϰ͘ϰ;ϮϬ͘ϲͿ
ϰ͘ϰ;ϮϬ͘ϲͿ
ϯ͘ϲ;Ϭ͘ϰͿ
ϯ
ϯ͘ϲ;Ϭ͘ϰͿ
ϲ ;Ϭ ϰ
ϯ͘ϴ;Ϭ͘ϱͿ
ϯ͘ϴ;Ϭ͘ϱͿ
Ϭ͘ϱͿ
Ϭ͘Ϯ;Ϭ͘ϴͿ
Ϭ͘Ϯ;Ϭ͘ϴͿ
Ϯ;Ϭ͘ϴͿ
Ϯϰ͘ϵ;ϭϳ͘ϯͿ
ϰ͘ϵ;ϭϳ͘ϯͿ
͘ϵ;ϭϳ͘
Ϯϯ͘ϯ;ϭϯ͘ϳͿ
;ϭϯ͘ϳͿ
ϯ͘ϳͿ
Ͳϭ͘ϳ;ϰ͘ϴͿ
ϴͿ
Ϯϭ͘Ϯ;ϭϬ͘ϵͿ
ϮϬ͘ϯ;ϵ͘ϯͿ
ͲϬ͘ϴ;ϯ͘ϯͿ
ϭϰϬ͘ϲ;ϰ͘ϵͿ
ϭϯϳ͘ϯ;Ϯ͘ϰͿ
Ͳϯ͘ϯ;ϱ͘ϰͿ
Ϭ͘ϰϰ;Ϭ͘ϭϰͿ
Ϭ͘ϱϳ;Ϭ͘ϭϵͿ
Ϭ͘ϭϯ;Ϭ͘ϮϬͿ

Ϭ͘ϮϬ
Ϭ͘ϴϴ
Ϭ͘Ϭϱ
Ϭ͘ϱϲ
Ϭ͘ϳϵ
Ϭ͘ϯϴ
Ϭ͘ϱϯ
Ϭ͘ϰϳ
Ϭ͘ϵϲ
Ϭ͘ϳϬ
Ϭ͘ϱϮ
Ϭ͘ϴϯ
Ϭ͘ϳϰ
Ϭ͘Ϯϰ
Ϭ͘Ϯϲ
Ϭ͘ϴϯ
Ϭ͘ϰϬ
Ϭ͘ϳϱ
Ϭ͘ϱϳ
Ϭ͘ϳϱ
Ϭ͘ϰϬ
Ϭ͘ϵϴ
Ϭ͘ϵϵ
Ϭ͘ϴϭ
Ϭ͘Ϭϳ
Ϭ͘ϵϮ
Ϭ͘Ϭϯ
Ϭ͘ϱϮ
Ϭ͘ϯϬ
Ϭ͘ϵϵ
Ϭ͘ϮϮ
Ϭ͘Ϯϵ
Ϭ͘ϵϭ
Ϭ͘ϱϴ
Ϭ
Ϭ͘ϴϳ
Ϭ͘ϴϳ
Ϭ͘Ϯϰ
Ϭ͘Ϯϰ
Ϯϰ
Ϭ͘ϯϮ
Ϭ͘ϯϮ
Ϭ͘ϰϲ
Ϭ͘ϰϲ
Ϭ͘Ϯϵ
Ϭ
Ϭ͘Ϯϵ
Ϭ͘ϯϳ
Ϭ͘ϯ
Ϭ͘ϯϳ
Ϭ͘Ϯϴ
Ϭ͘Ϯϴ
Ϭ͘ϭϳ
Ϭ͘ϯϰ
Ϭ͘ϵϴ
Ϭ͘Ϯϭ

L
IA
T
N
E
D
FI
N
O

hƌĞĂEŝƚƌŽŐĞŶ;hEͿ͕ŵŐͬĚ>
ƌĞĂEŝƚƌŽŐĞŶ;hEͿ͕ŵŐ
EŝƚƌŽŐĞŶ;hEͿ͕

dŝŵĞ
ƉŽŝŶƚ

hEͬƌĞĂƚŝŶŝŶĞƌĂƚŝŽ
ƚŝŶŝŶĞƌĂƚŝŽ
ƌĂƚŝŽ

ĂƌďŽŶŝŽǆŝĚĞ͕ŵŵŽůͬ>
Žůͬ>
ͬ>

ĂůĐŝƵŵ͕ŵŐͬĚ>

ŚůŽƌŝĚĞ͕ŵŵŽůͬ>

ƌĞĂƚŝŶŝŶĞ͕ŵŐͬĚ>

'ůŽďƵůŝŶ͕ŐͬĚ>

'ůƵĐŽƐĞ͕ŵŐͬĚ>

WŽƚĂƐƐŝƵŵ͕ŵŵŽůͬ>

^'Kd^d͕hͬ>

^'Wd>d͕hͬ>

^ŽĚŝƵŵ͕ŵŵŽůͬ>

ŝůŝƌƵďŝŶ͕ƚŽƚĂů͕ŵŐͬĚ>
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d>ϰ͗KDW>dDdK>/WE>;DWͿʹs/^/dϮ;KEd/EhͿ
WƌŽƚĞŝŶ͕ƚŽƚĂů͕ŐͬĚ>

ůďƵŵŝŶͬ'ůŽďƵůŝŶZĂƚŝŽ
ůďƵŵŝ

C

ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ

ϲ͘ϳ;Ϭ͘ϱͿ
ϲ͘ϴ;Ϭ͘ϰͿ
Ϭ͘ϭ;Ϭ͘ϰͿ
ϭ͘ϳ;Ϭ͘ϯͿ
ϭ͘ϳ;Ϭ͘ϮͿ
Ϭ͘Ϭ;Ϭ͘ϯͿ

ϳ͘Ϭ;Ϭ͘ϲͿ
ϲ͘ϳ;Ϭ͘ϰͿ
ͲϬ͘ϯ;Ϭ͘ϲͿ
ϭ͘ϲ;Ϭ͘ϮͿ
ϭ͘ϳ;Ϭ͘ϯͿ
Ϭ͘ϭ;Ϭ͘ϮͿ

Ϭ͘ϭϱ
Ϭ͘ϴϬ
Ϭ͘Ϭϴ
Ϭ͘Ϯϴ
ϭ͘ϬϬ
Ϭ͘Ϯϭ

Ύ/ŶĚĞƉĞŶĚĞŶƚƐĂŵ
Ύ/ŶĚĞƉĞŶĚĞŶƚƐĂŵƉůĞƐƚͲƚĞƐƚƐ
Ύ/ŶĚĞƉĞŶĚĞŶƚƐĂ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶͿ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞ

L

IA

T

N

E

D

FI

N
O
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d>ϰKDW>dDdK>/WE>;DWͿʹs/^/dϯ
ůŽŽĚŚĞŵŝƐƚƌǇ
WĂƌĂŵĞƚĞƌ
ůŬĂůŝŶĞWŚŽƐƉŚĂƚĂƐĞ͕hͬ>
ůŬĂůŝŶ

C

ůďƵŵŝŶ͕ŐͬĚ>
ůďƵŵŝŶ͕ŐͬĚ>
ŵŝŶ͕Ő

ĐƚŝǀĞ;ŶсϭϯͿΎΎ

WůĂĐĞďŽ;ŶсϭϮͿΎΎ

ƉͲǀĂůƵĞΎ

ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ϰ
ϰŚ
ŚĂŶŐĞ
ŚĂŶŐ
ĂƐĞůŝŶĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ĂƐĞůŝŶĞ
ů
ϰŚŽƵƌƐ
ϰŚŽƵƌƐ
ƵƌƐ
ŚĂŶŐĞ
ŚĂŶŐĞ
ĂŶŐĞ
ĂƐĞůŝŶĞ
ŝŶ
ŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ

ϱϵ͘ϱ;ϭϮ͘ϵͿ
ϱϳ͘ϭ;ϭϭ͘ϱͿ
ͲϮ͘ϰ;ϯ͘ϮͿ
ϰ͘ϰ;Ϭ͘ϯͿ
ϰ͘ϰ;Ϭ͘ϭͿ
ͲϬ͘ϭ;Ϭ͘ϮͿ
ϭϯ͘ϵ;ϰ͘ϭͿ
ϭϮ͘ϰ;ϯ͘ϮͿ
Ͳϭ͘ϱ;Ϯ͘ϯͿ
ϭϲ͘ϰ;ϰ͘ϲͿ
ϭϱ͘ϴ;ϱ͘ϲͿ
ͲϬ͘ϲ;Ϯ͘ϴͿ
Ϯϱ͘ϯ;Ϯ͘ϲͿ
Ϯϰ͘ϱ;Ϯ͘ϮͿ
ͲϬ͘ϴ;ϯ͘ϭͿ
ϵ͘ϯ;Ϭ͘ϰͿ
ϵ͘Ϭ;Ϭ͘ϯͿ
ϵ͘
ͲͲϬ͘ϯ;Ϭ͘ϱͿ
Ϭ͘ϯ;
Ϭ͘ϯ;Ϭ
ϭϬϰ͘ϱ;Ϯ͘ϮͿ
ϭϬϰ͘ϱ;Ϯ͘Ϯ
Ϭϰ͘ϱ;
ϭϬϰ͘ϴ;Ϯ͘ϬͿ
ϭϬϰ͘ϴ;Ϯ͘ϬͿ
Ϭ͘ϯ;Ϯ͘ϵͿ
Ϭ͘ϯ;Ϯ͘ϵͿ
Ϭ͘ϵ;Ϭ͘ϮͿ
Ϭ͘ϵ;Ϭ͘ϮͿ
ϵ;Ϭ͘ϮͿ
Ϭ͘ϴ;Ϭ͘ϮͿ
Ϭ͘ϴ;Ϭ͘ϮͿ
ͲϬ͘Ϭϱ;Ϭ͘ϭϭͿ
͘Ϭϱ;Ϭ͘ϭϭͿ
Ϯ͘ϴ;Ϭ͘ϰͿ
;Ϭ͘ϰͿ
Ϯ͘ϳ;Ϭ͘ϯͿ
ϯͿ
Ϭ͘Ϭ;Ϭ͘ϮͿ
ϴϮ͘ϲ;ϵ͘ϴͿ
ϳϳ͘Ϯ;ϭϯ͘ϯͿ
Ͳϱ͘ϰ;ϭϲ͘ϰͿ
ϰ͘ϯ;Ϭ͘ϲͿ
ϯ͘ϵ;Ϭ͘ϯͿ
ͲϬ͘ϯ;Ϭ͘ϴͿ
Ϯϰ͘ϴ;ϲ͘ϵͿ
Ϯϯ͘ϴ;ϳ͘ϰͿ
Ͳϭ͘Ϭ;ϲ͘ϳͿ
Ϯϭ͘ϯ;ϵ͘ϯͿ
ϮϬ͘ϯ;ϴ͘ϴͿ
Ͳϭ͘Ϭ;ϭ͘ϲͿ
ϭϯϳ͘ϵ;ϭ͘ϬͿ
ϭϯϴ͘Ϯ;Ϯ͘ϬͿ
Ϭ͘ϯ;Ϯ͘ϭͿ
Ϭ͘ϲϬ;Ϭ͘ϰϮͿ
Ϭ͘ϰϴ;Ϭ͘ϮϴͿ
ͲϬ͘ϭϮ;Ϭ͘ϮϭͿ

ϱϲ͘ϳ;ϭϲ͘ϬͿ
ϱϯ͘ϳ;ϭϱ͘ϮͿ
Ͳϯ͘Ϭ;ϯ͘ϵͿ
ϰ͘ϰ;Ϭ͘ϰͿ
ϰ͘ϯ;Ϭ͘ϯͿ
ͲϬ͘ϭ;Ϭ͘ϯͿ
ϭϱ͘ϴ;ϯ͘ϳͿ
ϭϯ͘ϯ;ϯ͘ϬͿ
ͲϮ͘ϱ;Ϯ͘ϯͿ
ϭϵ͘ϴ;ϱ͘ϯͿ
ϭϳ͘Ϯ;ϱ͘ϯͿ
ͲϮ͘ϱ;ϯ͘ϰͿ
Ϯϲ͘ϱ;ϭ͘ϲͿ
Ϯϰ͘ϴ;ϭ͘ϰͿ
Ͳϭ͘ϴ;ϭ͘ϴͿ
ϵ͘ϰ;Ϭ͘ϰͿ
ϵ͘Ϭ;Ϭ͘ϰͿ
ͲϬ͘ϰ;Ϭ͘ϰͿ
ϭϬϰ͘Ϯ;Ϯ͘ϱͿ
ϭϬϰ͘ϵ;ϭ͘ϵͿ
Ϭ͘ϴ;Ϯ͘ϴͿ
Ϭ͘ϴ;Ϭ͘ϮͿ
Ϭ͘ϴ;Ϭ͘ϭͿ
ͲϬ͘ϬϮ;Ϭ͘ϬϵͿ
Ϯ͘ϲ;Ϭ͘ϰͿ
Ϯ͘ϲ;Ϭ͘ϰͿ
Ϯ͘ϲ
Ϭ͘Ϭ;Ϭ͘ϮͿ
Ϭ͘Ϭ;Ϭ
Ϭ͘Ϭ;Ϭ͘
ϵϭ͘ϴ;ϭϱ͘ϬͿ
ϵϭ͘ϴ;ϭϱ͘ϬͿ
ϴ;ϭϱ͘ϬͿ
ϴϬ͘Ϯ;ϭϲ͘ϱͿ
ϴϬ͘Ϯ;ϭϲ͘ϱͿ
Ϯ;ϭϲ͘ϱͿ
Ͳϭϭ͘ϲ;ϭϴ͘ϮͿ
Ͳϭϭ͘ϲ;ϭϴ͘ϮͿ
ϭϭ͘ϲ;ϭϴ͘ϮͿ
ϰ͘Ϯ;Ϭ͘ϯͿ
ϰ͘Ϯ;Ϭ
ϰ͘Ϯ;Ϭ͘ϯͿ
ϯ͘ϴ;Ϭ͘ϯͿ
ϯ
ϯ͘ϴ;Ϭ͘ϯͿ
ͲϬ͘ϰ;Ϭ͘ϰͿ
͘ϰ;Ϭ͘ϰͿ
Ϭ͘ϰͿ
Ϯϭ͘Ϯ;ϰ͘ϳͿ
;ϰ͘ϳͿ
ϰ͘ϳͿ
ϮϮ͘Ϯ;ϰ͘ϱͿ
ϱͿ
Ϭ͘ϵ;ϯ͘ϮͿ
ϭϲ͘ϴ;ϰ͘ϵͿ
ϭϲ͘ϲ;ϱ͘ϬͿ
ͲϬ͘Ϯ;ϭ͘ϮͿ
ϭϯϴ͘ϯ;ϭ͘ϱͿ
ϭϯϴ͘ϰ;Ϯ͘ϭͿ
Ϭ͘ϭ;ϭ͘ϵͿ
Ϭ͘ϲϵ;Ϭ͘ϰϴͿ
Ϭ͘ϱϬ;Ϭ͘ϯϯͿ
ͲϬ͘ϭϵ;Ϭ͘ϮϮͿ

Ϭ͘ϲϰ
Ϭ͘ϱϰ
Ϭ͘ϲϵ
Ϭ͘ϴϰ
Ϭ͘ϰϵ
Ϭ͘ϲϯ
Ϭ͘Ϯϰ
Ϭ͘ϰϴ
Ϭ͘ϯϬ
Ϭ͘ϭϭ
Ϭ͘ϱϯ
Ϭ͘ϭϰ
Ϭ͘ϭϳ
Ϭ͘ϳϮ
Ϭ͘ϯϲ
Ϭ͘ϰϯ
Ϭ͘ϴϰ
Ϭ͘ϯϵ
Ϭ͘ϳϭ
Ϭ͘ϴϯ
Ϭ͘ϲϱ
Ϭ͘ϱϳ
Ϭ͘ϳϴ
Ϭ͘ϱϭ
Ϭ͘ϯϬ
Ϭ͘ϱϭ
Ϭ͘ϯϬ
Ϭ͘Ϭϵ
Ϭ͘ϲϯ
Ϭ͘ϯϴ
Ϭ͘ϳϲ
Ϭ͘ϯϵ
Ϭ͘ϴϭ
Ϭ
Ϭ͘
Ϭ͘ϭϱ
Ϭ͘ϭϱ
Ϭ͘ϱϭ
Ϭ͘ϱ
Ϭ͘ϱϭ
Ϭ͘ϯϲ
Ϭ͘
Ϭ͘ϯϲ
Ϭ͘ϭϰ
Ϭ͘ϭϰ
Ϭ͘ϮϬ
Ϭ͘ϮϬ
Ϭ͘ϭϴ
Ϭ͘ϭϴ
Ϭ͘ϰϲ
Ϭ͘ϰϲ
Ϭ͘ϴϬ
Ϭ
Ϭ͘ϴϯ
Ϭ͘ϲϭ
Ϭ͘ϴϵ
Ϭ͘ϯϴ

L
IA
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N
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hƌĞĂEŝƚƌŽŐĞŶ;hEͿ͕ŵŐͬĚ>
ƌĞĂEŝƚƌŽŐĞŶ;hEͿ͕ŵŐ
EŝƚƌŽŐĞŶ;hEͿ͕

dŝŵĞ
ƉŽŝŶƚ

hEͬƌĞĂƚŝŶŝŶĞƌĂƚŝŽ
ƚŝŶŝŶĞ ƌĂƚŝŽ

ĂƌďŽŶŝŽǆŝĚĞ͕ŵŵŽůͬ>
Žůͬ>
ͬ>

ĂůĐŝƵŵ͕ŵŐͬĚ>

ŚůŽƌŝĚĞ͕ŵŵŽůͬ>

ƌĞĂƚŝŶŝŶĞ͕ŵŐͬĚ>

'ůŽďƵůŝŶ͕ŐͬĚ>

'ůƵĐŽƐĞ͕ŵŐͬĚ>

WŽƚĂƐƐŝƵŵ͕ŵŵŽůͬ>

^'Kd^d͕hͬ>

^'Wd>d͕hͬ>

^ŽĚŝƵŵ͕ŵŵŽůͬ>

ŝůŝƌƵďŝŶ͕ƚŽƚĂů͕ŵŐͬĚ>
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d>ϰKDW>dDdK>/WE>;DWͿʹs/^/dϯ;KEd/EhͿ
WƌŽƚĞŝŶ͕ƚŽƚĂů͕ŐͬĚ>

ůďƵŵŝŶͬ'ůŽďƵůŝŶZĂƚŝŽ
ůďƵŵŝ

C

ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ

ϳ͘Ϯ;Ϭ͘ϰͿ
ϳ͘ϭ;Ϭ͘ϯͿ
ͲϬ͘ϭ;Ϭ͘ϯͿ
ϭ͘ϲ;Ϭ͘ϯͿ
ϭ͘ϲ;Ϭ͘ϮͿ
Ϭ͘Ϭ;Ϭ͘ϮͿ

ϳ͘Ϭ;Ϭ͘ϲͿ
ϲ͘ϵ;Ϭ͘ϲͿ
ͲϬ͘ϭ;Ϭ͘ϯͿ
ϭ͘ϳ;Ϭ͘ϯͿ
ϭ͘ϲ;Ϭ͘ϮͿ
ͲϬ͘ϭ;Ϭ͘ϭͿ


Ϭ͘ϯϮ
Ϭ͘ϯϳ
Ϭ͘ϴϲ
Ϭ͘ϯϲ
Ϭ͘ϴϭ
Ϭ͘ϭϲ

Ύ/ŶĚĞƉĞŶĚĞŶƚƐĂŵƉůĞƐƚͲƚĞƐƚƐ
Ύ/ŶĚĞƉĞŶĚĞŶƚƐĂŵƉůĞ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂ
DĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶͿ

N
O




L

IA

T

N

E

D

FI
AR-001470

Case 1:17-cv-02538-JEB Document 37-4 Filed 06/26/19 Page 29 of 236
1471

d>ϰ͗KDW>dDdK>/WE>;DWͿʹs/^/dϮΘϯ
ůŽŽĚŚĞŵŝƐƚƌǇ
WĂƌĂŵĞƚĞƌ
Ăƌ
ůŬĂůŝŶĞWŚŽƐƉŚĂƚĂƐĞ͕hͬ>
ůŬĂůŝŶĞW

C

ůďƵŵŝŶ͕ŐͬĚ>
ůďƵŵŝŶ͕ŐͬĚ>

ĐƚŝǀĞ;ŶсϮϱͿΎΎ

WůĂĐĞďŽ;ŶсϮϱͿΎΎ

ƉͲǀĂůƵĞΎ

ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
Ă
ĂƐ
ϰŚŽƵƌƐ
ϰŚŽƵ
ŚŽƵ
ŚĂŶŐĞ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ϰŚŽƵƌ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ŚĂŶŐĞ
ŶŐ
ĂƐĞůŝŶĞ

ĂƐĞůŝŶĞ
ŝŶĞ
ϰŚŽƵƌƐ
ŚŽƵƌƐ
ŚĂŶŐĞ
ŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ

ϱϱ͘Ϭ;ϭϱ͘ϮͿ
ϱϱ͘ϳ;ϭϱ͘ϬͿ
Ϭ͘ϳ;ϳ͘ϳͿ
ϰ͘ϯ;Ϭ͘ϰͿ
ϰ͘ϯ;Ϭ͘ϮͿ
Ϭ͘Ϭ;Ϭ͘ϯͿ
ϭϯ͘ϱ;ϰ͘ϮͿ
ϭϮ͘ϵ;ϯ͘ϵͿ
ͲϬ͘ϲ;ϯ͘ϱͿ
ϭϲ͘Ϯ;ϰ͘ϮͿ
ϭϲ͘Ϯ;ϱ͘ϭͿ
Ϭ͘Ϭ;ϰ͘ϬͿ
Ϯϱ͘ϯ;ϯ͘ϭͿ
Ϯϱ͘ϱ;Ϯ͘ϰͿ
Ϭ͘Ϯ;ϯ͘ϲͿ
ϵ͘ϭ;Ϭ͘ϱͿ
ϵ
ϵ͘
ϵ͘ϭ;Ϭ͘ϰͿ
ϵ͘ϭ;
ϵ͘ϭ;Ϭ
Ϭ͘Ϭ;Ϭ͘ϲͿ
Ϭ͘Ϭ;Ϭ
Ϭ͘Ϭ;Ϭ͘ϲ
ϭϬϰ͘ϱ;Ϯ͘ϴͿ
ϭϬϰ͘ϱ;Ϯ͘ϴͿ
ϭϬϰ͘ϯ;Ϯ͘ϲͿ
ϭϬϰ͘ϯ;Ϯ͘ϲͿ
ͲϬ͘Ϯ;Ϯ͘ϵͿ
ͲϬ͘Ϯ;Ϯ͘ϵͿ
Ϭ͘Ϯ;Ϯ͘ϵͿ
Ϭ͘ϴϱ;Ϭ͘ϭϵͿ
Ϭ͘ϴϱ;Ϭ͘ϭϵͿ
Ϭ͘ϴϭ;Ϭ͘ϭϰͿ
͘ϴϭ;Ϭ͘ϭϰͿ
Ϭ͘Ϭ;Ϭ͘ϭͿ
;Ϭ͘ϭͿ
Ϯ͘ϲ;Ϭ͘ϰͿ
ϰͿ
ϰͿ
Ϯ͘ϲ;Ϭ͘ϯͿ
Ϭ͘Ϭ;Ϭ͘ϮͿ
ϴϭ͘ϴ;ϭϴ͘ϯͿ
ϳϳ͘Ϭ;ϭϲ͘ϰͿ
Ͳϰ͘ϴ;Ϯϰ͘ϴͿ
ϰ͘ϭ;Ϭ͘ϲͿ
ϰ͘Ϭ;Ϭ͘ϱͿ
ͲϬ͘ϭ;Ϭ͘ϵͿ
Ϯϯ͘Ϯ;ϴ͘ϵͿ
Ϯϯ͘ϭ;ϲ͘ϴͿ
Ϭ͘Ϭ;ϲ͘ϭͿ
ϭϵ͘ϱ;ϳ͘ϰͿ
ϭϵ͘Ϯ;ϳ͘ϮͿ
ͲϬ͘ϯ;ϭ͘ϴͿ
ϭϯϴ͘ϲ;Ϯ͘ϭͿ
ϭϯϴ͘ϯ;Ϯ͘ϮͿ
ͲϬ͘ϯ;Ϯ͘ϳͿ
Ϭ͘ϱϵ;Ϭ͘ϰϯͿ
Ϭ͘ϱϯ;Ϭ͘ϯϬͿ
ͲϬ͘Ϭϲ;Ϭ͘ϮϲͿ

ϱϳ͘ϴ;ϭϱ͘ϭͿ
ϱϯ͘ϲ;ϭϮ͘ϴͿ
Ͳϰ͘Ϯ;ϴ͘ϴͿ
ϰ͘ϰ;Ϭ͘ϰͿ
ϰ͘ϯ;Ϭ͘ϯͿ
ͲϬ͘ϭ;Ϭ͘ϯͿ
ϭϰ͘Ϭ;ϰ͘ϰͿ
ϭϮ͘ϳ;ϯ͘ϰͿ
Ͳϭ͘Ϯ;Ϯ͘ϵͿ
ϭϳ͘ϱ;ϲ͘ϰͿ
ϭϲ͘ϯ;ϰ͘ϵͿ
Ͳϭ͘Ϯ;ϯ͘ϴͿ
Ϯϲ͘ϭ;Ϯ͘ϯͿ
Ϯϱ͘Ϭ;Ϯ͘ϮͿ
Ͳϭ͘ϭ;Ϯ͘ϳͿ
ϵ͘ϭ;Ϭ͘ϲͿ
ϵ͘Ϭ;Ϭ͘ϱͿ
ͲϬ͘Ϯ;Ϭ͘ϴͿ
ϭϬϯ͘ϵ;Ϯ͘ϵͿ
ϭϬϰ͘ϲ;Ϯ͘ϲͿ
Ϭ͘ϳ;ϯ͘ϰͿ
Ϭ͘ϴϮ;Ϭ͘ϭϴͿ
Ϭ͘ϴϬ;Ϭ͘ϭϴͿ
Ϭ͘Ϭ;Ϭ͘ϭͿ
Ϯ͘ϲ;Ϭ͘ϰͿ
Ϯ͘ϲ
Ϯ͘ϲ;Ϭ͘ϰͿ
Ϯ͘ϲ;Ϭ
ͲϬ͘ϭ;Ϭ͘ϯͿ
ͲϬ͘ϭ;Ϭ͘ϯͿ
Ϭ͘ϭ;Ϭ͘ϯͿ
ϴϵ͘Ϯ;ϭϰ͘ϳͿ
ϴϵ͘Ϯ;ϭϰ͘ϳͿ
Ϯ;ϭϰ͘ϳͿ
ϴϭ͘ϭ;ϭϰ͘ϯͿ
ϴϭ͘ϭ;ϭϰ͘ϯͿ
ͲͲϴ͘Ϯ;ϭϵ͘ϯͿ
ϴ͘Ϯ;ϭ
ϴ͘Ϯ;ϭϵ͘ϯͿ
ϯ͘ϵ;Ϭ͘ϱͿ
ϯ͘
ϯ͘ϵ;Ϭ͘ϱͿ
ϯ͘ϴ;Ϭ͘ϰͿ
͘ϴ;Ϭ͘ϰͿ
ϰͿ
ͲϬ͘ϭ;Ϭ͘ϳͿ
;Ϭ͘ϳͿ
Ϭ͘ϳͿ
Ϯϯ͘Ϭ;ϭϮ͘ϯͿ
ϯͿ
ϮϮ͘ϳ;ϵ͘ϴͿ
ͲϬ͘ϯ;ϰ͘ϮͿ
ϭϴ͘ϵ;ϴ͘ϱͿ
ϭϴ͘ϰ;ϳ͘ϰͿ
ͲϬ͘ϱ;Ϯ͘ϰͿ
ϭϯϵ͘ϰ;ϯ͘ϳͿ
ϭϯϳ͘ϵ;Ϯ͘ϯͿ
Ͳϭ͘ϱ;ϰ͘ϮͿ
Ϭ͘ϱϳ;Ϭ͘ϯϳͿ
Ϭ͘ϱϯ;Ϭ͘ϮϳͿ
ͲϬ͘Ϭϰ;Ϭ͘ϮϳͿ

Ϭ͘ϭϬ
Ϭ͘ϯϵ
Ϭ͘Ϭϯ
Ϭ͘ϱϳ
Ϭ͘ϯϲ
Ϭ͘Ϯϳ
Ϭ͘ϱϳ
Ϭ͘ϴϰ
Ϭ͘ϱϲ
Ϭ͘ϭϵ
Ϭ͘ϵϮ
Ϭ͘ϯϮ
Ϭ͘ϭϵ
Ϭ͘ϯϰ
Ϭ͘ϭϱ
Ϭ͘ϳϴ
Ϭ͘ϯϴ
Ϭ͘ϰϵ
Ϭ͘ϯϲ
Ϭ͘ϲϱ
Ϭ͘ϯϭ
Ϭ͘Ϯϭ
Ϭ͘ϲϬ
Ϭ͘ϰϵ
Ϭ͘ϱϵ
Ϭ͘ϰϭ
Ϭ͘ϭϴ
Ϭ͘ϭϯ
Ϭ͘ϮϬ
Ϭ͘ϲϳ
Ϭ͘ϰϬ
Ϭ͘Ϯϯ
Ϭ
Ϭ͘ϵϳ
Ϭ͘ϵϳ
Ϭ͘ϵϱ
Ϭ͘ϵϱ
Ϭ͘ϳϭ
Ϭ͘
Ϭ͘ϳϭ
Ϭ͘ϳϵ
Ϭ
Ϭ͘ϳϵ
Ϭ͘ϳϰ
Ϭ
͘ϳϰ
Ϭ͘ϲϬ
Ϭ͘ϲϬ
Ϭ͘ϳϱ
Ϭ͘ϳϱ
Ϭ͘ϯϰ
ϰ
Ϭ͘ϰϲ
Ϭ͘Ϯϱ
Ϭ͘ϴϭ
Ϭ͘ϵϱ
Ϭ͘ϳϵ

L
IA
T
N
E
D
FI
N
O

dŝŵĞ
ƉŽŝŶƚ

hƌĞĂEŝƚƌŽŐĞŶ;hEͿ͕ŵŐͬĚ>
ĂEŝƚƌŽŐĞŶ;hEͿ͕ŵŐͬĚ>
EŝƚƌŽŐĞŶ;hEͿ͕ŵŐͬĚ

hEͬƌĞĂƚŝŶŝŶĞƌĂƚŝŽ
ŝŶĞƌĂƚŝŽ
ĞƌĂƚŝŽ

ĂƌďŽŶŝŽǆŝĚĞ͕ŵŵŽůͬ>
ͬ>
>

ĂůĐŝƵŵ͕ŵŐͬĚ>

ŚůŽƌŝĚĞ͕ŵŵŽůͬ>

ƌĞĂƚŝŶŝŶĞ͕ŵŐͬĚ>

'ůŽďƵůŝŶ͕ŐͬĚ>

'ůƵĐŽƐĞ͕ŵŐͬĚ>

WŽƚĂƐƐŝƵŵ͕ŵŵŽůͬ>

^'Kd^d͕hͬ>

^'Wd>d͕hͬ>

^ŽĚŝƵŵ͕ŵŵŽůͬ>

ŝůŝƌƵďŝŶ͕ƚŽƚĂů͕ŵŐͬĚ>
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d>ϰ͗d>ϰKDW>dDdK>/WE>;DWͿʹs/^/dϮΘϯ;KEd/EhͿ
WƌŽƚĞŝŶ͕ƚŽƚĂů͕ŐͬĚ>

ůďƵŵŝŶͬ'ůŽďƵůŝŶZĂƚŝŽ
ůďƵŵ

C

ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ
ĂƐĞůŝŶĞ
ϰŚŽƵƌƐ
ŚĂŶŐĞ


ϲ͘ϵ;Ϭ͘ϱͿ
ϲ͘ϵ;Ϭ͘ϰͿ
Ϭ͘Ϭ;Ϭ͘ϯͿ
ϭ͘ϳ;Ϭ͘ϯͿ
ϭ͘ϳ;Ϭ͘ϮͿ
Ϭ͘Ϭ;Ϭ͘ϮͿ

ϳ͘Ϭ;Ϭ͘ϲͿ
ϲ͘ϴ;Ϭ͘ϱͿ
ͲϬ͘Ϯ;Ϭ͘ϱͿ
ϭ͘ϳ;Ϭ͘ϯͿ
ϭ͘ϲ;Ϭ͘ϮͿ
Ϭ͘Ϭ;Ϭ͘ϮͿ

Ϭ͘ϱϮ
Ϭ͘ϯϮ
Ϭ͘ϭϮ
Ϭ͘ϴϰ
Ϭ͘ϴϮ
Ϭ͘ϳϲ

Ύ/ŶĚĞƉĞŶĚĞŶƚƐĂŵ
Ύ/ŶĚĞƉĞŶĚĞŶƚƐĂŵƉůĞƐƚͲƚĞƐƚƐ
Ύ/ŶĚĞƉĞŶĚĞ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶͿ

L

IA

T

N

E

D

FI

N

O
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d>ϱ͗KDdE^^z
WĂƌĂŵĞƚĞƌ
ΘdŝŵĞƉŽŝŶƚ

C

dĂŝůůĞŶŐƚŚ;ƵDͿ
dĂŝůůĞ
ĂƐĞůŝŶĞ
ĂƐĞůŝ

ĂƐĞůŝ
ϮŚŽƵƌƐ
ϮŚŽƵƌƐ
ŚŽƵƌ
ŚĂŶŐĞ;ϮŚŽƵƌƐʹďĂƐĞůŝŶĞͿ
ŚĂŶŐĞ;ϮŚŽ
ŚĂŶŐĞ;Ϯ
dĂŝůEй
dĂŝůEй
ĂƐĞůŝŶĞ
ĂƐĞůŝŶĞ
ƐĞůŝŶĞ
ϮŚŽƵƌƐ
ϮŚŽƵƌƐ
ŚŽƵƌ
ŚĂŶŐĞ;ϮŚŽƵƌƐʹďĂƐĞůŝŶĞͿ
ĂŶŐĞ;ϮŚŽƵƌƐ ʹ ďĂƐĞůŝ
ĂŶŐĞ;ϮŚŽƵƌƐ
ďĂƐĞ

WůĂĐĞďŽ;ŶсϮϱͿΎΎ

ƉͲǀĂůƵĞΎ


Ϭ͘ϱϴ;Ϭ͘ϭϳͿ
Ϭ͘ϱϳ;Ϭ͘ϭϳͿ
ͲϬ͘Ϭϭ;Ϭ͘ϭϱͿ

Ϯ͘ϳϱ;Ϭ͘ϱϯͿ
Ϯ͘ϳϵ;Ϭ͘ϰϲͿ
Ϭ͘Ϭϲ;Ϭ͘ϰϳͿ


Ϭ͘ϱϳ;Ϭ͘ϮϬͿ
Ϭ͘ϱϴ;Ϭ͘ϮϭͿ
Ϭ͘ϬϮ;Ϭ͘ϮϯͿ

Ϯ͘ϵϮ;Ϭ͘ϱϱͿ
ϯ͘ϭϲ;Ϭ͘ϳϰͿ
Ϭ͘Ϯϯ;Ϭ͘ϲϰͿ


Ϭ͘ϳϲ
Ϭ͘ϴϴ
Ϭ͘ϲϮ

Ϭ͘Ϯϭ
Ϭ͘ϬϮ
Ϭ͘Ϯϱ

FI
N
O

ĐƚŝǀĞ;ŶсϮϱͿΎΎ

ΎĞƉĞŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂŵƉůĞƐƚͲƚĞƐƚƐ
Ŷƚ;ƉĂŝƌĞĚͿƐĂŵƉůĞƐƚͲƚĞƐ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶͿ
ĚĂƌĚĚĞǀŝĂƚŝŽŶͿ
ĚĚĞǀŝĂƚŝŽŶͿ





L

IA

T

N

E

D
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d>ϲ͗zdK</E^/^>K<D/ZKEh>h^^^z;DEͿ
WĂƌĂŵĞƚĞƌ
ΘdŝŵĞƉŽŝŶƚ

C

DE
DE
ĂƐĞůŝŶĞ
ĂƐĞůŝ

ĂƐĞůŝ
ϮŚŽƵƌƐ
ϮŚŽƵƌƐ
ŚŽƵƌ
ŚĂŶŐĞ;ϮŚŽƵƌƐʹďĂƐĞůŝŶĞͿ
ŚĂŶŐĞ;ϮŚŽ
ŚĂŶŐĞ;Ϯ

ĐƚŝǀĞ;ŶсϮϱͿΎΎ

WůĂĐĞďŽŶсϮϱͿΎΎ

ƉͲǀĂůƵĞΎΎ


ϯ͘ϯϬ;Ϭ͘ϵϱͿ
ϯ͘ϱϱ;ϭ͘ϬϯͿ
Ϭ͘Ϯϱ;ϭ͘ϭϯͿ


ϯ͘ϱϭ;ϭ͘ϭϳͿ
ϯ͘ϯϱ;Ϭ͘ϵϰͿ
ͲϬ͘ϭϲ;Ϭ͘ϴϱͿ


Ϭ͘ϰϵ
Ϭ͘ϯϰ
Ϭ͘ϭϭ

ΎĞƉĞŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂŵƉůĞƐƚͲƚĞƐƚƐ
ΎĞƉĞŶĚĞŶƚ;ƉĂŝƌĞĚͿ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶͿ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂ
DĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀ

L

IA

T

N

E

D

FI

N
O
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d>ϳ͗ĚZKD^^^z
WĂƌĂŵĞƚĞƌ

ĚZKD^
Ě
ZKD

C

dŝŵĞ
ƉŽŝŶƚ

ĐƚŝǀĞ;ŶсϮϱͿΎΎ

WůĂĐĞďŽ;ŶсϮϱͿΎΎ

ƉͲǀĂůƵĞΎ

ĂƐĞůŝŶĞ
ϯϬŵŝŶ
ϭŚƌ͘
ϮŚƌ͘
ϰŚƌ͘

ϯϮϬ͘ϲ;ϳϵ͘ϰͿ
ϯϯϰ͘ϱ;ϳϳ͘ϵͿ
ϯϮϵ͘ϲ;ϳϯ͘ϲͿ
ϯϮϭ͘ϱ;ϴϳ͘ϰͿ
ϯϯϯ͘ϲ;ϲϱ͘ϲͿ

ϯϮϯ͘ϳ;ϳϲ͘ϮͿ
ϯϭϱ͘ϰ;ϳϬ͘ϲͿ
ϯϭϯ͘ϴ;ϲϰ͘ϱͿ
ϯϮϲ͘ϳ;ϲϰ͘ϱͿ
ϯϭϯ͘ϱ;ϳϬ͘ϴͿ

Ϭ͘ϴϬ
Ϭ͘ϮϮ
Ϭ͘ϭϲ
Ϭ͘ϳϰ
Ϭ͘ϮϬ

L

IA

T

N

E

D

FI

N
O

ΎĞƉĞŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂŵƉůĞƐƚͲƚĞƐƚƐ
ĞƉĞŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂŵ
ŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶͿ
DĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶ
Ŷ;ƐƚĂŶĚĂƌĚĚĞǀŝ



AR-001475

Case 1:17-cv-02538-JEB Document 37-4 Filed 06/26/19 Page 34 of 236
1476

d>ϴ͗'^,ͬ'^^'^^z
dŝŵĞ
ƉŽŝŶƚ

ĐƚŝǀĞ;ŶсϮϱͿΎΎ

WůĂĐĞďŽ;ŶсϮϱͿΎΎ

ƉͲǀĂůƵĞΎ

'^,ͬ'^^'
'^,ͬ'

ĂƐĞůŝŶĞ
ϯϬŵŝŶ
ϭŚƌ͘
ϮŚƌ͘
ϰŚƌ͘

ϭϬϬ
ϴϭ͘ϵ;ϱϱ͘ϵ͕ϭϭϭ͘ϱͿ
ϵϬ͘ϰ;ϲϯ͘ϴ͕ϭϯϱ͘ϳͿ
ϭϭϯ͘ϳ;ϲϱ͘ϴ͕ϭϴϴ͘ϳͿ
ϴϳ͘ϵ;ϲϴ͘ϴ͕ϭϲϱ͘ϰͿ

ϭϬϬ
ϴϵ͘ϱ;ϲϳ͘Ϯ͕ϭϭϬ͘ϳͿ
ϴϱ͘Ϯ;ϳϲ͘ϵ͕ϭϭϭ͘ϬͿ
ϴϱ͘ϵ;ϲϭ͘Ϯ͕ϭϯϱ͘ϱͿ
ϭϬϲ͘ϭ;ϱϵ͘ϯ͕ϭϳϰ͘ϯͿ


Ϭ͘ϳϲ
Ϭ͘ϵϯ
Ϭ͘ϵϵ
Ϭ͘ϰϳ

C

WĂƌĂŵĞƚĞƌ


N
O

ΎtŝůĐŽǆŽŶƌĂŶŬƐƵŵƚĞƐƚĂŶĚ^ŝŐŶĞĚƌĂŶŬƚĞƐƚ
tŝůĐŽǆŽŶƌĂŶŬƐƵŵƚĞƐƚ
ǆŽŶƌĂŶŬƐƵŵƚĞ
ΎΎDĞĚŝĂŶƐ;/ŶƚĞƌƋƵĂƌƚŝůĞZĂŶŐĞͲ/YZͿ
DĞĚŝĂŶƐ;/ŶƚĞƌƋƵĂƌƚŝůĞZĂ
ŝĂŶƐ;/ŶƚĞƌƋƵĂƌƚŝ






L
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T

N

E

D
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d>ϵ͗D^^z
WĂƌĂŵĞƚĞƌ

D
D

C

dŝŵĞ
ƉŽŝŶƚ

ĐƚŝǀĞ;ŶсϮϱͿΎΎ

WůĂĐĞďŽ;ŶсϮϱͿΎΎ

ƉͲǀĂůƵĞΎ

ĂƐĞůŝŶĞ
ϯϬŵŝŶ
ϭŚƌ͘
ϮŚƌ͘
ϰŚƌ͘

ϭϬϬ͘ϬϬ;ϬϬ͘ϬϬͿ
ϵϬ͘ϱϰ;ϮϬ͘ϮϳͿ
ϴϴ͘ϯϴ;Ϯϯ͘ϳϵͿ
ϵϱ͘ϰϮ;ϮϮ͘ϭϴͿ
ϵϲ͘ϭϯ;Ϯϳ͘ϰϬͿ

ϭϬϬ͘ϬϬ;ϬϬ͘ϬϬͿ
ϵϲ͘ϱϬ;Ϯϴ͘ϲϬͿ
ϵϴ͘ϰϮ;Ϯϴ͘ϮϲͿ
ϭϬϰ͘ϰϱ;Ϯϳ͘ϭϬͿ
ϭϬϭ͘ϴϮ;Ϯϴ͘ϲϳͿ


Ϭ͘ϰϯ
Ϭ͘ϮϬ
Ϭ͘ϭϱ
Ϭ͘ϱϰ

N
O

ΎĞƉĞŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂŵƉůĞƐƚͲƚĞƐƚƐ
ĞƉĞŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂŵ
ŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂ
ΎΎйŽĨďĂƐĞůŝŶĞ͖DĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶͿ
ŽĨďĂƐĞůŝŶĞ͖DĞĂŶ;ƐƚĂŶ
ďĂƐĞůŝŶĞ͖DĞĂŶ





L

IA

T

N

E

D
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d>ϭϬ͗W^^z
WĂƌĂŵĞƚĞƌ

W
W

C

dŝŵĞ
ƉŽŝŶƚ

ĐƚŝǀĞ;ŶсϮϱͿΎΎ

WůĂĐĞďŽ;ŶсϮϱͿΎΎ

ƉͲǀĂůƵĞΎ

ĂƐĞůŝŶĞ
ϯϬŵŝŶ
ϭŚƌ͘
ϮŚƌ͘
ϰŚƌ͘

Ϭ͘ϭϮ;Ϭ͘ϬϱͿ
Ϭ͘ϭϮ;Ϭ͘ϬϱͿ
Ϭ͘ϭϯ;Ϭ͘ϬϱͿ
Ϭ͘ϭϯ;Ϭ͘ϬϱͿ
Ϭ͘ϭϯ;Ϭ͘ϬϱͿ

Ϭ͘ϭϯ;Ϭ͘ϬϱͿ
Ϭ͘ϭϯ;Ϭ͘ϬϲͿ
Ϭ͘ϭϮ;Ϭ͘ϬϱͿ
Ϭ͘ϭϯ;Ϭ͘ϬϲͿ
Ϭ͘ϭϯ;Ϭ͘ϬϱͿ

Ϭ͘ϳϱ
Ϭ͘ϴϴ
Ϭ͘ϴϰ
Ϭ͘ϴϴ
Ϭ͘ϴϴ

N
O

ΎĞƉĞŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂŵƉůĞƐƚͲƚĞƐƚƐ
ĞƉĞŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂŵ
ŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶͿ
DĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶ
Ŷ;ƐƚĂŶĚĂƌĚĚĞǀŝ
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d>ϭϭ͗ZK^^^z
WĂƌĂŵĞƚĞƌ

ZK^
ZK^

C

dŝŵĞ
ƉŽŝŶƚ

ĐƚŝǀĞ;ŶсϮϱͿΎΎ

WůĂĐĞďŽ;ŶсϮϱͿΎΎ

ƉͲǀĂůƵĞΎ

ĂƐĞůŝŶĞ
ϯϬŵŝŶ
ϭŚƌ͘
ϮŚƌ͘
ϰŚƌ͘

ϵϳ͘ϭ;ϯϯ͘ϰͿ
ϵϯ͘ϳ;ϯϭ͘ϱͿ
ϴϱ͘Ϭ;ϯϭ͘ϲͿ
ϵϭ͘Ϭ;Ϯϳ͘ϱͿ
ϴϴ͘Ϭ;Ϯϵ͘ϮͿ

ϵϳ͘ϭ;Ϯϰ͘ϯͿ
ϴϴ͘ϵ;Ϯϵ͘ϱͿ
ϴϱ͘Ϯ;Ϯϳ͘ϬͿ
ϴϴ͘Ϭ;ϮϬ͘ϵͿ
ϵϳ͘ϯ;ϯϰ͘ϵͿ

ϭ͘ϬϬ
Ϭ͘ϱϳ
Ϭ͘ϵϴ
Ϭ͘ϲϳ
Ϭ͘ϮϮ

O

ΎĞƉĞŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂŵƉůĞƐƚͲƚĞƐƚƐ
ĞƉĞŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂŵ
ŶĚĞŶƚ;ƉĂŝƌĞĚͿƐĂ
ΎΎDĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶͿ
DĞĂŶ;ƐƚĂŶĚĂƌĚĚĞǀŝĂƚŝŽŶ
Ŷ;ƐƚĂŶĚĂƌĚĚĞǀŝ
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d>ϭϮ͗^/&&d^
WĂƌĂŵĞƚĞƌ
ZĞƉŽƌƚĞĚ^ŝĚĞĨĨĞĐƚƐ
ZĞƉŽƌ

C

sŝƐŝƚϮ;Ŷс
sŝƐŝƚϮ;Ŷсϭϯ͕ϭϮͿ
sŝƐŝƚϮ;Ŷ
sŝƐŝƚϯ;ŶсϭϮ͕ϭϯͿ
sŝƐŝƚϯ;ŶсϭϮ͕
ϯ;Ŷс

WůĂĐĞďŽ;ŶсϮϱͿΎΎ

ƉͲǀĂůƵĞΎ







Ϭ
ϭ;ϴ͘ϯϯйͿ

ϭ;ϴ͘ϯϯйͿ
Ϭ

Ϭ͘ϰϴ
Ϭ͘ϰϴ



L

IA

T

N

E

D

FI

N
O

Ύ &ŝƐŚĞƌ͛ƐǆĂĐƚƚĞƐƚ
&ŝƐŚĞƌ͛ƐǆĂĐƚƚĞƐ
ΎΎ zĞƐ͕Ŷ;йͿ


ĐƚŝǀĞ;ŶсϮϱͿΎΎ
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&/'hZϭ͗KDdE^^z

Comet DNA Assay
NTX Reduces Alcohol Induced DNA Damage
͵ǤͶ

C
͵
͵Ǥ͵

͵
ʹ
͵Ǥʹ

N
E
D
FI
N
O
͵

ʹǤͻ

3.16

Tail DNA %

͵Ǥͳ

P= 0.02

ʹǤͺ

2.79

ʹǤ
ʹǤ

PLACEBO

ACTIVE

2 Hr Post NTX
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ϴ͘WWE/^
WWE/yϭ͗EWK/Edd/>^^zWZKhZ^
ϭ͘ ZK^>/^
ZK^

C

Description:
Descript
escr

O

dŚŝƐĂƐƐĂǇĞŵƉůŽǇƐĂƉƌŽƉƌŝĞƚĂƌǇĨůƵŽƌŽŐĞŶŝĐƉƌŽďĞ͕&,͘/ŶƚŚĞƉƌĞƐĞŶĐĞŽĨZK^ĂŶĚZE^͕ƚŚĞ
dŚŝƐĂƐƐĂǇĞŵ
&,ŝƐƌĂƉŝĚůǇŽ
&,ŝƐƌĂƉŝĚůǇŽǆŝĚŝǌĞĚƚŽƚŚĞŚŝŐŚůǇĨůƵŽƌĞƐĐĞŶƚ&͕ǁŚŝĐŚĐĂŶďĞĚĞƚĞĐƚĞĚĂŶĚĂŶĂůǇǌĞĚƵƐŝŶŐ
ĨůƵŽƌĞƐĐĞŶĐĞƉůĂƚĞƌ
ŽƌĞƐĐĞŶĐĞƉůĂƚ
ĨůƵŽƌĞƐĐĞŶĐĞƉůĂƚĞƌĞĂĚĞƌ͘
x

Ϯ͘ ͲZKDĂƐƐĂǇ

FI

N

x
x

Measures total reacti
rea
reactive oxygen species and reactive nitrogen species, including hydrogen
oxide,
de, nitric oxide, pperoxyl radical, and peroxynitrite anion
peroxide,
Suitable
le for use with plasm
plasma.
Detectionn sensitivity
nsitivity limit of 10 pM for DCF and 40 nM for hydrogen peroxide

x
x

DĞĂƐƵƌĞƐƚŚĞďůŽŽĚĐŽŶĐĞŶƚƌĂƚŝŽŶŽĨŚǇĚƌŽƉĞƌŽǆŝĚĞƐ;ZKK,Ϳ͕ĂĐůĂƐƐŽĨĐŚĞŵŝĐĂůŽǆŝĚĂŶƚ
ŽĨĐŚĞŵŝĐĂůŽǆŝĚĂŶƚ
ĨĐŚĞŵŝĐĂůŽǆŝĚĂŶƚ
ƐƉĞĐŝĞƐďĞůŽŶŐŝŶŐƚŽƚŚĞǁŝĚĞĨĂŵŝůǇŽĨZĞĂĐƚŝǀĞKǆǇŐĞŶDĞƚĂďŽůŝƚĞƐ;ZKDƐͿ͘
KDƐͿ͘
^ƵŝƚĂďůĞĨŽƌƉůĂƐŵĂ;ŚĞƉĂƌŝŶŝƐƚŚĞŽŶůǇĂŶƚŝĐŽĂŐƵůĂŶƚĐĂŶďĞƵƐĞĚͿ
^ĞŶƐŝƚŝǀŝƚǇϭϬZZh;ϭZZhсϬ͘ϬϴŵŐ,ϮKϮͬϭϬϬŵůсϬ͘ϬϮϯŵD,ϮKϮͿ͘dŚĞĚͲZKDƐƚĞƐƚ
ŚĞĚͲZKDƐƚĞƐƚ
ĚͲZKDƐƚĞƐƚ
ǁĂƐƉĞƌĨŽƌŵĞĚŽŶϱ͕ϬϬϬŚĞĂůƚŚǇƐƵďũĞĐƚƐ͕ĞƐƚĂďůŝƐŚŝŶŐŶŽƌŵĂůǀĂůƵĞƐĨŽƌƚŚĞĚͲZKDƐƚĞƐƚĂƐ
KDƐƚĞƐƚĂƐ
DƐƚĞƐƚĂƐ
ďĞƚǁĞĞŶϮϱϬĂŶĚϯϬϬZZh͘

L

ϯ͘ D>/^

IA

x

T

N

E

D

Description:
The d-ROMs test, developed
world-renowned Italian biochemist Mauro Carratelli, is a
ed
d by world-renown
photometric test for measurement
of hydroperoxides (ROOH) in
ment of the concentration
concent
concentra
biological samples.
The d-ROMs test usHVWKHSULQFLSOHRI)HQWRQ¶VUHDFWLRQ
RI)HQWRQ¶VUHDFWLRQ
1 A) R-OOH + Fe2+ = R-O* + Fe3+ + OH
OH1 B) R-O* + A-NH2 = R-O- + [A-NH2*]+
+
2 A)R-OOH + Fe3+ = R-OO* + Fe2+ + H+
2 B)R-OO* + A-NH2 = R-OO- + [A-NH2*]+
± R,OOH is a generic hydroperoxide
id
ide
± R,O* is the alkoxyl radical of a generic hydroperoxide
HUR[LGH
UR[LGH
± 522LVWKHK\GURSHUR[\OUDGLFDORIDJHQHULFK\GURSHUR[LGH
n))
± A,NH2 is N, N,diethyl,paraphenylendiamine (chromogen)
an
n be detected and analyzed)
a
± >$1+@LVWKHFRORUHGUDGLFDOFDWLRQRIWKHFKURPRJHn (can

Description:
MDA ELISA provides a convenient tool for sensitive detection of malondialdehyde (MDA)
present in a variety of samples. MDA is an end product of lipid peroxidation, which can be
used to assess oxidative stress in pathophysiological process. The free MDA present in the
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sample reacts with Thiobarbituric Acid (TBA) to generate a MDA-TBA adduct, which can
be detected and analyzed by fluorescence plate reader.
x
x
x

DĞĂƐƵƌĞƐƚŚĞĐŽŶĐĞŶƚƌĂƚŝŽŶŽĨŵĂůŽŶĚŝĂůĚĞŚǇĚĞ;DͿƉƌŽƚĞŝŶ͕ĂŶĞŶĚƉƌŽĚƵĐƚŽĨŽǆŝĚĂƚŝǀĞ
ƐƚƌĞƐƐ͘
^ƵŝƚĂďůĞĨŽƌƉůĂƐŵĂ
^Ğ
^ĞŶ
^ĞŶƐŝƚŝǀŝƚǇϭŶDD

C

O

WƌŽƚĞŝŶĂƌďŽ
ϰ͘ WƌŽƚĞŝŶĂƌďŽŶǇů>/^

ĞƐĐƌŝƉ
ĞƐĐƌŝƉƚŝŽŶ͗

DĞĂƐƵƌĞƐƚŚĞĐŽŶĐĞŶƚƌĂƚŝŽŶŽĨWƌŽƚĞŝŶĂƌďŽŶǇů͕ĂƉƌŽĚƵĐƚŽĨƉƌŽƚĞŝŶŽǆŝĚĂƚŝŽŶ͘
ŶĐĞŶƚƌĂƚŝŽŶŽĨWƌŽƚĞŝŶ
ĐĞŶƚƌĂƚŝŽŶŽĨWƌŽƚĞŝŶ
^ƵŝƚĂďůĞĨŽƌƉůĂƐŵĂ
^ĞŶƐŝƚŝǀŝƚǇϭƵŐͬŵů

IA
T
N
E
D
FI

x
x
x

N

Protein
rotein
otein Carbonyl ELISA
ELIS
ELI
provides a rapid, efficient method for the detection of protein
carbonyl
onyl residues, which
wh are the most common products of protein oxidation. The protein
carbonyls
sample can form DNP hydrazone by reaction with DNPH. DNP
yls present in the sam
hydrazone ccan
with anti-DNP antibody, followed by an HRP conjugated
an be detected wit
secondary antibody.
tibody.
ody.

ϱ͘ '^,ͬ'^^'ƌĂƚŝŽĂƐƐĂǇ

Description:
The Glutathione Assay utilizes a carefully optimized enzyma
enzymatic recycling method for the
quantification of glutathione. Glutathione Reductase
eductase reduces ox
oxidized glutathione (GSSG) to
UHGXFHGJOXWDWKLRQH *6+ 7KHVXOIK\GU\OJURXSRI*6+UHDFWVZLWK'71%
XSRI*6+UHDFWVZL
¶Ǧ ithiobisǦ
2Ǧ nitrobenzoic acid) to produce a yellow colored 5Ǧ thio
thioǦ 2Ǧ nitroben
nitrobenzoic acid (TNB)
which can be detect at 405 or 414 nm. The rate of TNB
NB production is dire
directly proportional to
the concentration of glutathione in the samples. In the same
me 96 well plate, the
th concentration
of GSH and GSSG will be determined separately followed bby
y ratio calculation
calculation. Abcam:
GSH/GSSG Ratio Detection Assay Kit (Fluorometric - Green) (ab138881).
(ab1388
x
x
x

DĞĂƐƵƌĞƐƚŚĞĐŽŶĐĞŶƚƌĂƚŝŽŶŽĨ'^,ĂŶĚƌĂƚŝŽŽĨ'^,ͬ'^^,
^ƵŝƚĂďůĞĨŽƌƉůĂƐŵĂ
^ĞŶƐŝƚŝǀŝƚǇϲ͘ϮϱƉŵŽůĞƐͬǁĞůů;ƌĂŶŐĞϭϮ͘ϱͲϭϬϬƉŵŽůĞƐͬǁĞůůͿ

L
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ϲ͘ ŽŵĞƚĂƐƐĂǇ

C

Description:
The Comet assay, a gel electrophoresis-based method to measure DNA damage in eukaryotic
cells. It can measure changes caused by double strand breaks, single strand breaks, crosslinks, base damage and AP sites. In Comet assay, the cells are lysed after embedded in
link
agarose gel on a microscope slide. DNA is unwound and electrophoresed under alkaline
agaro
agaros
condition.
During electrophoresis, the damaged DNA migrates away from the nucleus, which
condition
ndit
detected using a fluorescent dye. The extent of DNA liberating from the head of the
can be detec
comet is directly
directl proportional to the DNA damage.
pictures of comet assay using fluorescence microscope, the tail DNA% is
After
fter taking pic
pictur
determined
termined using image
ima analyze software. Tail DNA%= 100 x Tail DNA Intensity / Cell
DNA
A Intensity. The ta
tail length as well as intensity will all be measure and calculated. The tail
DN fragments while intensity will tell us how much DNA was
length will tell us small DNA
damaged.

N

O

ĂŶƵƐĞĚƚŽĚĞƚĞĐƚEĚĂŵĂŐĞŝŶŝŶĚŝǀŝĚƵĂůĐĞůů
ĚĞƚĞĐƚEĚĂŵĂŐĞŝŶ
ĞƚĞĐƚEĚĂŵĂŐĞŝŶ
ďƌĞĂŬƐ
ĞĂŬƐ
^ĞŶƐŝƚŝǀŝƚǇхϱϬďƌĞĂŬƐ

FI

x
x

ƵĐůĞƵƐ;DEͿĂƐƐĂǇ
;DEͿĂƐƐĂǇ
ϳ͘ ǇƚŽŬŝŶĞƐŝƐͲďůŽĐŬDŝĐƌŽŶƵĐůĞƵƐ;DEͿĂƐƐĂǇ

x

ĂŶƵƐĞĚƚŽĚĞƚĞĐƚŵŝĐƌŽŶƵĐůĞƵƐŝŶхϮϬ͕ϬϬϬĐĞůůƐ

L

IA

T

N

E

D

Description:
Human whole blood with heparin
in
n anticoagulant will be used to isolate PBMCs and add PHA
to triger cell cycle. PHA treated PBMCs
BMCs will be incuba
incubated at 37oC, 5% CO2 at a density of 2
million cells/well. Cytochalasin B will
well at around 44hrs post PHA
lll be added to each w
treatment. PBMCs will be harvested 72hr
treatment and be subjected to MN assay
hr post PHA treatmen
d on the scoring of ex
eextranuclear chromatinby flow cytometry, cytogenetic assay based
containing structures in actively dividing cell populations. Flow cy
cytometry-based MN
cedure. At the time oof harvest, ethidium
scoring utilizes a dual dye sequential staining procedure.
monoazide bromide (EMA) or propidium iodide (PI)) is used to stain the necrotic and
eicc acid dye SYTOX Green, which
apoptotic cells. Then cells are lysed and stain with nucleic
MA- or PI- chromati
chromatin
provides pan-DNA staining. MN scoring is achieved in EMAchromatin.
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Sidney J. Stohs, Ph.D.
RPh, FACN, CNS, ATS, FAPHA

Biographical Sketch

Dr. Sidney (Sid) J. Stohs received his B. S. Degree in Pharmacy and M. S. Degree in
Pharmacognosy (Natural Medicinal Products) from the University of Nebraska and his Ph. D.
Degree in Biochemistry from the University of Wisconsin. He conducted sabbatical studies
and research in the Department of Forensic Medicine at Karolinska Institute in Stockholm,
Sweden, and the National Institute of Environmental Health, Research Triangle Park, NC, in
pharmacology, toxicology and nutrition.
Dr. Stohs served as a faculty member in the College of Pharmacy at the University of
Nebraska Medical Center (UNMC) for over 22 years (1967-1989). He rose to the rank of
Professor in 1974, one of the youngest in the history of the University. He served as a
Department Chair (Biomedicinal Chemistry) for 18 years, and as an Assistant Dean for three
years. He was involved in the development of the graduate program, extensive pharmacy
curriculum revisions, and the Doctor of Pharmacy degree as the sole professional degree
(third in the nation). He also held an appointment as Professor in the Eppley Cancer Institute
at UNMC.
Dr. Stohs served as Dean of Pharmacy and Health Professions at Creighton University for 13
years (1990-2003) and was responsible for doctoral programs in pharmacy, physical therapy,
and occupational therapy as well as programs in health services administration and
emergency medical services, and clinics in pharmacy, physical therapy and occupational
therapy. He also maintained a research laboratory in toxicology and nutrition funded
through various federal and industrial contracts and foundation support. He was also
Professor of Pharmacology in the School of Medicine at Creighton University. He is currently
Dean Emeritus of the Creighton University Health Sciences Center School of Pharmacy and
Health Professions, Omaha, NE.
At Creighton University, Dr. Stohs lead the development of the Doctor of Pharmacy degree as
the sole professional degree, a distance learning Doctor of Pharmacy pathway for
practitioners holding the B.S. degree, and the Nation’s first web-based entry level Doctor of
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Pharmacy pathway. He also lead the development of a M. S. in Pharmaceutical Sciences, a
Pharm. D./MBA pathway, a Master of Health Services Administration program, a B.S. in
Health Sciences for students in the Doctors of Pharmacy, Physical Therapy and Occupational
therapy programs, and the first entry-level Doctor of Physical Therapy and Doctor of
Occupational Therapy programs in the country, as well as distance learning pathways for the
Doctor of Physical Therapy and Doctor of Occupational Therapy for practitioners holding the
B.S. or M. S. degrees.
He served as Sr. Vice President of Research and Development (retired) for AdvoCare
International, Carrollton, TX, a nutrition and wellness company (2003-2009), and was
responsible for the formulation of over 25 commercial products and reformulation of over 40
products. He was responsible for research studies on a variety of AdvoCare products, and the
presentation and publication of the results of these studies. He received two patents for
products developed and being marketed. He served as Chair of the AdvoCare Scientific and
Medical Advisory Board until 2015. During 2014 he was the Vice President for Scientific
Affairs at AdvoCare.
Dr. Stohs has published over 400 peer reviewed articles in scientific and professional journals
and books, and has made over 500 presentations at international, national and regional
scientific and professional meetings. He was been the recipient of numerous grants and
contracts for over 40 years to support his research studies.
He has received various honors and awards, including the American Academy of
Pharmaceutical Sciences Research Achievement Award in Pharmacodynamics, the American
Association of Colleges of Pharmacy Teacher of the Year Award, the Nebraska Pharmacists
Outstanding Service Award, the Sigma Xi Outstanding Research Award, the John Doull Award
in Toxicology, the Mark Bieber Industry Award from the American College of Nutrition, and
was the holder of the Gilbert F. Taffe Endowed Chair in Pharmaceutical Sciences at Creighton
University.
Based on his credentials, he has been elected into fellowship of the American College of
Nutrition (FACN), the Academy of Toxicological Sciences (ATS), the Association of Schools of
Allied Health Professions (FASAHP) and the American Pharmacists Association (FAPHA). He is
also a Certified Nutrition Specialist (CNS), and is the immediate Past-President of the
Certification Board for Nutrition Specialists. He has served on a wide range of boards and
committees for the National Institutes of Health, Environmental Protection Agency, and the
U. S. Pharmacopeial Convention, as well as national, regional and international organizations
in pharmacy, nutrition, toxicology, and allied health. He serves on a number of Scientific and
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Medical Advisory Boards, as well as Editorial Boards for various scientific journals. He is the
past-chair of the Publications Committee for the Journal of the American College of Nutrition.
Since 2009 Dr. Stohs has served as a consultant in association with Kitsto Consulting which
specializes in research design, product formulation and development, nutrition and wellness,
toxicology and organizational analysis. He has written extensively with respect to book
chapters, review articles, scientific research articles, and product and ingredient analysis.
Address:
7068 Maumee Valley Court, Frisco, TX 75034
Phone: 214-215-6655
Email: sid.stohs9@gmail.com
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From:
To:
Cc:
Subject:
Date:
Attachments:

Neely, James R.
"Ma, Yinqing"
Sisler, Sandra L.; Slattery, Jeanette N.; Aboyme, Matthew B.
NTX Health Claim Petition
Tuesday, April 26, 2016 10:51:26 AM
2016-04-26 NTX Letter to FDA.PDF

Good Morning Yinqing,
Please see the attached letter which requests that the FDA assist in the review of eight healthrelated claims submitted to TTB by Bellion Spirits, LLC and Chigurupati Technologies. Specifically,
TTB is forwarding this petition, including the exhibits, for a determination on whether the use of any
of the eight health-related claims set forth in the petition would violate the provisions of the FFDCA
with regard to drug claims. If any of the claims do not constitute drug claims, we would appreciate
FDA’s views on whether the scientific data submitted in the exhibits to the petition adequately
substantiate the proposed claims.
In addition, I will be sending you additional documentation via Secure File Transfer. The additional
documentation will include the “Petition for Health Claims Under 27 CFR 70.701 & 7.54(e),” five
exhibits associated with that petition, and a spreadsheet showing ten label submissions made on
April 18th, 2016 which contain the health-related claims in question. In the letter, we ask that you
please respond within 30 days. If you would like a meeting after your initial review within the next
few weeks, please let me know and I will schedule some time for TTB and FDA to discuss. As always,
if you have any questions with any of this, please don’t hesitate to let me know.
TTB is transmitting this letter, the petition, the exhibits to the petition, and the information
regarding the applications for certificates of label approval to FDA under a request of confidentiality.
These documents include confidential trade secrets that are protected from unauthorized disclosure
by the Trade Secrets Act. As we are disclosing them to you for an official purpose, as described in
the regulations at 27 CFR 5.42(b)(8), the disclosure to you is permissible under the “authorized by
law” provision in the Trade Secrets Act. However, FDA is cautioned to protect this information from
unauthorized disclosure and to use it only for official purposes. If you receive any requests for this
information under the Freedom of Information Act or otherwise, we ask that you coordinate with
TTB prior to making any public disclosure.
Thanks,
Jim Neely

James Neely
Program Manager
ALFD – Market Compliance Office
Office Phone: 202-453-2035
Cell Phone: 202-997-7381
Fax: 202-453-2589

This e-mail may contain information that is privileged and/or protected from further disclosure by
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Federal law. If you are not the intended recipient, please contact the sender immediately.

This message was secured by ZixCorp©.
To reach ZixCorp, go to: http://www.zixcorp.com/info/zixmail
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April 26, 2016

Yinqing Ma, Ph.D.
Branch Chief, Beverages Branch
Division of Plant Products and Beverages
Office of Food Safety (HFS-317)
Center for Food Safety and Applied Nutrition
U.S. Food and Drug Administration
5100 Paint Branch Parkway
College Park, MD 20740
Dear Dr. Ma,
On April 13, 2016, the Alcohol and Tobacco Tax and Trade Bureau (TTB) received a petition
filed by Mr. Jonathan Emord, as counsel for Bellion Spirits, LLC and Chigurupati Technologies
(collectively “petitioners”). The petition seeks TTB’s approval of labeling and advertising health
claims regarding “NTX®.” In 2015, TTB issued a certificate of label approval for a distilled
spirits label that included the following claim: “Infused with NTX® [a proprietary blend of
glycyrrhizin, mannitol, and potassium sorbate] Bellion® changes vodka forever.” On April 18,
2016, TTB received 10 applications for certificates of label approval for a distilled spirits
product containing NTX®. Nine of the applications include at least one of the petitioned-for
health claims.
Petition
According to the petition, “NTX®” is a proprietary blend of glycyrrhizin, mannitol, and
potassium sorbate. The petition claims that “when NTX® is infused into alcoholic beverages, it
renders them safer, i.e., less toxic, than counterparts that do not contain NTX®. NTX®
reduces the adverse effects of alcohol on the liver and on DNA. Thus, NTX® lessens certain
deleterious effects caused from consumption of alcohol.” Petition, p. 1. The petition requests
that TTB “declare, via rulemaking or through the exercise of enforcement discretion, that the
use of the Petitioners’ proposed health-related statements concerning the hepatoprotective
and DNA-protective effects of NTX® in the labeling and advertising of wines, distilled spirits,
and malt beverages is permissible.” Id.
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The petition (p. 7) requests that “TTB rule that alcoholic spirit beverages that contain NTX®
may bear one or more of the following health-related statements in its labeling, advertising, or
promotional speech:
x
x
x
x
x
x
x
x

NTX® provides antioxidant and anti-inflammatory support;
NTX® helps protect against, i.e., reduces, alcohol-induced oxidative damage to the
liver;
NTX® helps maintain normal liver enzyme production and function;
NTX® supports normal liver defenses and regenerative mechanisms;
NTX® reduces the risk of alcohol-induced liver diseases, including fibrosis and cirrhosis;
NTX® helps maintain normal liver functions;
NTX® helps protect DNA from alcohol-induced damage; and
NTX® reduces alcohol-induced DNA damage.”

The petition (p. 8) also sets forth the following disclaimer that would be included in labeling,
advertising or promotional claims:
NTX® does not protect against all health risks associated with moderate and
heavy levels of alcohol consumption, including, but not limited to, motor vehicle
accidents, high blood pressure, stroke, cancer, birth defects, psychological
problems, and alcohol dependency. Do not consume alcohol if: you are younger
than the legal drinking age; you are pregnant or may become pregnant; you are
taking medicine that can interact with alcohol; you have a medical condition for
which alcohol is contraindicated; you plan to drive; or you cannot restrict your
drinking to moderate levels. If you consume alcohol, only consume it in
moderation. “Moderation” means up to one drink per day for women and up to
two drinks per day for men.
Law and Regulations
The Federal Alcohol Administration Act provides TTB with authority to issue regulations with
respect to the labeling of wine, distilled spirits, and malt beverages. See 27 U.S.C.
§ 205(e). The regulations are intended to prevent deception of the consumer, to provide the
consumer with adequate information as to the identity and quality of the product, and to
prohibit false or misleading statements. Additionally, the law provides TTB with the authority to
prohibit, irrespective of falsity, statements relating to age, manufacturing processes, analyses,
guarantees, and scientific or irrelevant matters that are likely to mislead the consumer.
With regard to distilled spirits, the implementing regulations at 27 CFR 5.42(a)(1) prohibit the
use of labeling statements that are false or untrue in any particular. The regulations also
prohibit, irrespective of falsity, statements that directly, or by ambiguity, omission, or inference,
or by the addition of irrelevant, scientific, or technical matter, tend to create a misleading
impression. The regulations also prohibit the use of false or misleading health-related
statements, including specific health claims. Any such health claims must meet the standards
forth in 27 CFR 5.42(b)(8).
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The definition of a specific health claim includes any statement that “expressly or by
implication, characterizes the relationship of the distilled spirits, alcohol, or any substance
found within the distilled spirits, to a disease or health-related condition. Implied specific health
claims include statements, symbols, vignettes, or other forms of communication that suggest,
within the context in which they are presented, that a relationship exists between distilled
spirits, alcohol, or any substance found within the distilled spirits, and a disease or healthrelated condition.” See 27 CFR 5.42(b)(8).
Specific health claims are prohibited on distilled spirits labels and in distilled spirits
advertisements unless they meet the strict conditions set forth in the regulations. Among other
things, the regulations provide that TTB will consult with the U.S. Food and Drug
Administration (FDA), as needed, on the use of a specific health claim on labels. If FDA
determines that the use of a labeling claim is a drug claim that is not in compliance with the
requirements of the Federal Food, Drug, and Cosmetic Act (FFDCA), TTB will not approve the
use of that specific health claim on a distilled spirits label. See 27 CFR 5.42(b)(8)(ii)(B)(1).
The regulations further provide that TTB will approve the use of a specific health claim on a
distilled spirits label “only if the claim is truthful and adequately substantiated by scientific or
medical evidence; sufficiently detailed and qualified with respect to the categories of
individuals to whom the claim applies; adequately discloses the health risks associated with
both moderate and heavier levels of alcohol consumption; and outlines the categories of
individuals for whom any levels of alcohol consumption may cause health risks. This
information must appear as part of the specific health claim.” See 27 CFR 5.42(b)(8)(ii)(B)(2).
Review of Petition
Based on the specific provisions of the TTB regulations in 27 CFR 5.42(b)(8)(ii)(B)(1), TTB is
forwarding this petition, including the exhibits, to FDA for a determination on whether the use
of any of the eight health-related claims set forth in the petition would violate the provisions of
the FFDCA with regard to drug claims.
If any of the claims do not constitute drug claims, we would appreciate FDA’s views on
whether the scientific data submitted in the exhibits to the petition adequately substantiate the
proposed claims.
TTB is also forwarding a spreadsheet with embedded links to PDF versions of the 10 pending
applications for label approval. All of these documents will be sent by separate email, in a
secure file transfer.
Confidentiality
Mr. Emord has specifically requested confidentiality for certain studies within the unredacted
Exhibit 5 to the petition. It is not clear whether he expects confidentiality for any of the other
information in the petition or exhibits, so we will seek further clarification from him on this issue.
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Pursuant to TTB regulations, pending applications for certificates of label approval are treated
as confidential proprietary information unless the applicant provides written authorization to
release such information. See 27 CFR 13.61. If applications are approved, they become
publicly available.
Accordingly, pending clarification of this issue from the petitioners, TTB is transmitting this
letter, the petition, the exhibits to the petition, and the information regarding the applications for
certificates of label approval to FDA under a request of confidentiality. These documents
include confidential trade secrets that are protected from unauthorized disclosure by the Trade
Secrets Act. As we are disclosing them to you for an official purpose, as described in the
regulations at 27 CFR 5.42(b)(8), the disclosure to you is permissible under the “authorized by
law” provision in the Trade Secrets Act. However, FDA is cautioned to protect this information
from unauthorized disclosure and to use it only for official purposes. If you receive any
requests for this information under the Freedom of Information Act or otherwise, we ask that
you coordinate with TTB prior to making any public disclosure.
Time Frame for Action
TTB regulations provide that, in general, TTB must notify an applicant for label approval
whether the application has been approved or denied within 90 days from the date of receipt.
TTB has the option to extend this deadline once, by an additional 90 days, if it finds that
unusual circumstances require additional time to consider the issues presented by an
application. See 27 CFR 13.21(b).
Because of the sensitivity of this issue, we would appreciate a response from FDA within 30
days of the date of this letter. If you have questions, please feel free to contact James Neely
at (202) 453-2035. TTB would be happy to meet with you during this time period to discuss
the issues presented in more detail.
Sincerely,

Sandra L. Sisler
Assistant Director
Advertising, Labeling and Formulation Division
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION
DIVISION OF GASTROENTEROLOGY AND INBORN ERRORS PRODUCTS
Medical Officer Consult Reply and Responses to Questions
Consult Requested by:

Drug:
Drug Class:
Sponsor:
Form:
Proposed Health Claim:
Consult Due Date:
Requested Due Date:
Date review Completed:
Minor revisions completed:
Clinical Reviewer:
Team Leader:
Associate Division Director:
Project Manager:

Paula Trumbo, CSFAN - ONFL/Nutrition Programs
(who is consulting for TTB [Alcohol and Tobacco
Tax and Trade Bureau])
NTX
(glycyrrhizin, mannitol, Potassium sorbate)
Food Ingredient
Bellion Sprits
Additive to alcoholic beverages
Reducing the risk of alcohol-induced liver disease,
including fibrosis and cirrhosis.
5/5/2016
5/26/2016
8/29/2016
9/23/2016
Lara Dimick-Santos, MD
Stephanie O. Omokaro, MD
Dragos Roman, MD
Kevin Bugin, TL

1 Background
A health claim of reduction of the risk of alcohol-induced liver disease, including
fibrosis and cirrhosis, has been submitted by Bellion Spirts to Alcohol and Tobacco
Tax and Trade Bureau (TTB), for NTX (glycyrrhizin, mannitol, potassium sorbate).
CFSAN is assisting TTB in this review. The CFSAN consult includes reports of three
studies that evaluate the effect of NTX on enzymes and metabolites claimed to be
associated with liver disease.
CFSAN is requesting input on whether the enzymes (e.g., ALT/AST) and metabolites
(e.g., glutathione and reactive oxygen species [ROS]) measured in these studies are
surrogate endpoints of liver disease risk. Surrogate endpoints of disease risk (qualified
risk biomarkers) are required for substantiating a health claim.
The following questions were added to the consult via e-mail communication:
A) For the following endpoints measured in the 3 studies 1) Reactive oxygen species (ROS), 2)
derivatives of reactive oxygen metabolites (d-ROM), 3) glutathione (GSH), 4) malondialdehyde
(MDA), 5) protein carbonyl (PC), 6) 8-Hydroxy-2-deoxyguanosine (8-OHdG), 7) Alkaline
phosphatase (ALP), 8) glutamic-oxaloacetic transaminase (AST), 9) glutamic pyruvic
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transaminase (ALT), and 10) gamma-glutamyl transpeptidase, are any of these considered to
be surrogate endpoints for liver disease risk?
B) Are alkaline phosphatase (ALP), glutamic-oxaloacetic transaminase (AST), glutamic pyruvic
transaminase (ALT), or gamma-glutamyl transpeptidase measures of normal liver function?

2 Introduction
The sponsor submitted the results of 3 small clinical trials and a brief justification for
why the results should be considered significant and meaningful for the proposed
claim. This review will briefly discuss the design and results of the 3 trials and the data
presented to support the claim that the changes seen in liver chemistries and other
biomarkers in the clinical trials would likely predict a reduction in the risk of
progression to alcohol-induced liver disease, including fibrosis and cirrhosis.
There was no Chemistry Manufacturing and Control or nonclinical data submitted with
the consult to DGIEP, other than the list of ingredients in the NTX drug product
(glycyrrhizin, mannitol, and potassium sorbate). Therefore this consultation will
address only the clinical study results.

3 Review of Clinical Trial Results
Only Trial #3 had a statement that it was performed under Good Clinical Practices
(GCP). Notably, the level of detail in some of these reports would not be acceptable to
support a marketing application for a drug review.
Trial #1 - Chigurupati – Evaluation of Reactive Oxygen Species1
A comparative, double-blind, pilot clinical trial in 24 healthy adult males comparing in a
crossover design (12 in each arm) two orally administered alcohol formulations (with
and without NTX), to evaluate reactive oxygen species (ROS) in blood at different time
intervals
Subjects were given alcohol at approximately 1.5 gm/kg over 1 hour with snacks and
other liquids. Lab collections pre-alcohol ingestion and at time 0, 30, 60, 120, 240 min
were performed.
Endpoints:
Changes in reactive oxygen species (ROS):
Treatment group (NTX) had 20% lower ROS at 1 hour and 14% at 4 hours relative to
alcohol alone. Less reduction in ROS was observed at all other timepoints.
MO Comment:
1

Chigurupati - Evaluation of reactive oxygen species (ROS) from blood at different time intervals after
oral consumption of two different alcohol formulations: A comparative, double blind, crossover, pilot
clinical trial. Unpublished
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The sponsor states these changes in ROS are statistically significant; however no
information is given on the analysis method or the assumptions underlying the
analysis. There does not appear to be any multiplicity adjustment2. I see no definition
of ROS given and no information regarding the assays used for measuring ROS
(including assay performance information); therefore, it is difficult to determine exactly
which ROS were being measured and how the changes observed relate to the
variability in measurements due to the measuring instrument itself. In addition, in
Figure 1, entitled “Changes in serum ROS levels at different time intervals after
alcohol consumption,” while there is a separation in the mean values over time, there
is significant overlap between treatment arms in what appear to be standard
deviations (the Figure legend description is not complete), arguing against significant
difference between treatments.
Derivative ROS (dROS):
“Statistically significant” changes in dROS (12% lower for NTX relative to alcohol
alone) were noted at 0 and 2 hours.
MO Comment:
No definition of dROS is given. The same comments made above regarding statistical
analyses and the graphic representation of the data applies to this endpoint as well.
Glutathione (GSH)
An 11% and 12% increase were noted at 0.5 and 1 hour in the NTX group relative to
alcohol alone (both “statistically significant”). In Figure 3 entitled “Changes in serum
GSH levels at different time intervals after alcohol consumption,” the concentration vs.
time profiles is barely distinguishable over the 4 hours of the study assessments.
Malondialdehyde (MDA), serum protein carbonyl (PC) levels showed small differences
between groups at a few timepoints.
MO Comment:
While glutathione is known to be important in protecting the liver from toxicity, such as
acetaminophen induced liver injury, there is no convincing evidence to indicate that
the changes seen here are clinically meaningful in the setting of protecting the liver
from alcohol induced liver injury from moderate alcohol consumption. The changes
noted appear to be small, transient and the clinical meaningfulness of the differences
noted across the different biomarkers in the treatment and control groups is not
addressed. For most comparisons, the differences were not statistically significant and
in addition there was no multiplicity adjustment. Information on the assumptions
underlying the analysis is not given and therefore the p-values3 are uninterpretable.
2

Multiplicity adjustments in the statistical analysis ensure that all important ‘claims’ have overall Type I
error control. See FDA Guidance for Industry - E9 Statistical Principles for Clinical Trials at:
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm073137.
pdf.
3
The p-value, or calculated probability, is the level of marginal significance within a statistical
hypothesis test representing the probability of the occurrence of a given event. The p-value is used as
an alternative to rejection points to provide the smallest level of significance at which the null hypothesis

3
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Study 2 - Pandit --Study on Evaluation of Hepatoprotective and Anti-Oxidant
Effect
Study 2 was entitled: Study on Evaluation of Hepatoprotective and Anti-Oxidant Effect
of Processed Glycyrhiza glabra fortified Ethanol (NTX) in Alcoholics Subjects. It
included 12 patients and had a crossover design. No other data were given on study
design, dose of alcohol, or demographics.
Study 2 shows a similar pattern as Study 1 above, with decreases in “ROS” and
“dROS” and increases in glutathione at various timepoints in the treatment group
relative to control. The duration of assessments was 4 hours.

MO Comment:
As seen in Study 1, the treatment differences were small and of unclear significance.
There was no control for multiplicity in “statistical analyses.” Further interpretation of
the data is hindered by the lack of a protocol and information on study design and
population as well as the lack of information on statistical methods.
Study 3 - Udani – Hepatoprotective Effects of a Proprietary Product during
Alcohol Consumption4
Hepatoprotective effects of a Proprietary Product during Alcohol Consumption: A
randomized, double-blind, placebo-controlled, crossover, adaptive-design study
12 subjects, 6 males, 6 females – duration 60 days
Primary endpoint - Liver Function Tests, Change in glutathione levels, Comprehensive
Metabolic Panel
MO Comment:
The study design is not well described, however it appears from the data that patients
were periodically admitted overnight to a facility, and given alcohol (1.5 ounces vodka)
and then serial blood samples for biomarkers were performed. Each patient was
treated with alcohol/NTX or alcohol/placebo multiple times. The study protocol had a
prespecified statistical plan. Because the consulting division did not request a
statistical consult, the data will be discussed primarily descriptively in this consult.
10 subjects discontinued during the trial mostly secondary to personal reasons.
No AEs or SAEs were reported to have occurred in this trial.
MO Comment:
The Sponsor presents individual patient data which are difficult to interpret, however
there appears to be larger increases in glutathione levels in the NTX arm in this study
than in Study 1 or 2.
would be rejected. A smaller p-value means that there is stronger evidence in favor of the alternative
hypothesis.
4
Udani J. - Study on Evaluation of Hepatoprotective and Anti-Oxidant Effect of Processed Glycyrhiza
glabra fortified Ethanol (NTX) in Alcoholics Subjects. Unpublished

4
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The sponsor stated in the summary: “A statistically significant within-group increases
in glutathione levels from baseline at almost all timepoints among the treatment group
(p-value  0.05, for all time points). The same was not observed in the placebo group.
Additionally, delta analysis found an increase in GSH levels by17.25 ug/mL from
baseline to the follow-up visit, whereas GSH levels in the placebo group demonstrated
only a 1.67 ug/mL increase. The lack of statistical significance is likely related to the
small sample size of the study.”
MO Comment:
I am unable to interpret this statement as it seems to contradict itself and I cannot find
a summary of the analysis of the GSH levels, only the tables with the results.
This study also evaluated several hepatic biomarkers. No significant differences in
average alkaline phosphatase (ALP) levels between the treatment and the placebo
groups were observed at any timepoint.
The mean AST levels were statistically significantly different between the Active and
Placebo groups at baseline (p-value=0.039) and at 10 Hours (p- value=0.039) of
Overnight 12, and nearly significantly different between the Follow-up Visits (pvalue=0.063). The Active group generally had lower mean AST levels compared to
that of the Placebo group at all time points. Additionally, evaluation at follow-up 48
hours after completing the 12 days of alcohol consumption showed a significant
increase in AST for the Placebo group only (22.0 U/L to 53.5 U/L; p=0.006).
No significant changes in AST were noted in the Active group.
Mean ALT readings were within the normal range of <48 U/L at all time points for both
groups. Mean GGT readings were within the normal range of 0-51 mU/mL at all time
points for both groups. Nearly statistically significant differences in mean GGT
levels between Active and Placebo groups were observed at Baseline of Overnight 1
(p- value=0.065), and at Baseline (p-value=0.039) and 10 Hours (p-value=0.065) of
Overnight 12, and at Follow-up visit (p-value=0.021) In addition, changes in mean
GGT levels from Baseline to any time points were found to be not significant. Mean
GGT levels for the Active group were constantly lower compared to that of the
Placebo group at all time points.

MO Comment:
These data do show some favorable short term changes in the chosen biomarkers,
however, the clinical meaningfulness of these short-term changes in biomarkers after
alcohol consumption is not addressed and no literature is provided to support the
assumptions made.
In addition, it should be noted that alkaline phosphatase, glutamic-oxaloacetic
transaminase, glutamic pyruvic transaminase, or gamma-glutamyl transpeptidase are
not measures of normal liver function but rather measures of current liver injury or,
5
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more precisely, injury to liver cells with leakage of enzymes into the blood stream. It is
well documented that alcohol intake can cause transient increases in transaminases
and that excessive alcohol intake over time can cause permanent liver injury and
affect liver function. However, alcohol intake under a certain level does not cause
permanent liver injury and some studies have shown that light to moderate intake of
alcohol can increase life-span. Therefore, the changes in liver chemistries that the
sponsor has shown in these trials is supportive of a decrease in short term liver injury
secondary to the additive but has not shown a connection between these transient
changes in liver chemistries and long term liver injury.
The actual function of the liver is measured by bilirubin, prothrombin and albumin
levels. Elevations in bilirubin levels, or increased prothrombin time (as measured by
INR), or decrease in albumin levels can all be indicators of decrease in the function of
the liver, however, all three of these can also be affected by other processes in the
body.

4

Summary and Conclusions

With these three studies, the sponsor has failed to provide conclusive evidence that:
1) short-term reductions in ROS or dROS, 2) short-term increases in glutathione,
and/or 3) differences in elevations in transaminases observed in NTX treated subjects
relative to controls are “hepatoprotective” as claimed. Specifically, the sponsor did not
submit any convincing information that there is a quantitative link between the small
changes in the biomarkers measured in the above-described studies and a reduction
in risk of alcohol-induced liver disease, including long-term progression to liver fibrosis
and cirrhosis. A potential benefit of an “additive” benefit due to repeat use of NTX over
time remains theoretical at this point, and a hypothesis that requires confirmation.
None of the biomarkers evaluated in the NTX studies has been validated as surrogate
endpoints for liver disease and, as already mentioned, the sponsor has not submitted
adequate scientific justification to support that the short-term changes in these
biomarkers will predict risk for disease progression over time.
In conclusion, it is our opinion that the sponsor has not submitted adequate clinical
data and evidence to support a formal claim that NTX plays a “protective role in
supporting improved liver health during alcohol consumption.” We note that the actual
claim is that NTX “may play” such a role. The comments made in this consult reflect
the standard that would be required to support a labeling claim for a drug or biologic.
Whether the sponsor meets the proposed claim for a food product is outside the area
of expertise for our Division.

______________________________________________
Medical Reviewer - Lara Dimick-Santos,
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______________________________________________
Team Leader – Stephanie O Omokaro, MD

______________________________________________
Associate Director – Roman Dragos, MD
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION
DIVISION OF GASTROENTEROLOGY AND INBORN ERRORS PRODUCTS
Medical Officer Memo:
Addendum to consult of 8/29/2016 (revised 9/23/2016)
Consult Requested by:

Drug:
Drug Class:
Sponsor:
Form:
Proposed Health Claim:
Consult Due Date:
Requested Due Date:
Date review Completed:
Minor revisions completed:
Addendum date:
Clinical Reviewer:
Team Leader:
Associate Division Director:
Project Manager:

Paula Trumbo, CSFAN - ONFL/Nutrition Programs
(who is consulting for TTB [Alcohol and Tobacco Tax
and Trade Bureau])
NTX
(glycyrrhizin, mannitol, Potassium sorbate)
Food Ingredient
Bellion Spirits
Additive to alcoholic beverages
Reducing the risk of alcohol-induced liver disease,
including fibrosis and cirrhosis.
5/5/2016
5/26/2016
8/29/2016
9/23/2016
10/31/2016
Lara Dimick-Santos, MD
Stephanie Omokaro, MD
Dragos Roman, MD
Kevin Bugin, TL

This addendum provides the following corrections to our consultation:
Study 1: Chigurupati (also referred to as “Trial 1” in the consultation)
Page 2 of the consultation incorrectly reported as a population of 24 male patients. While the sponsor
does not explicitly state that this is a cross-over study with 12 in each arm, the diagram on page 9 of the
document (page 118 of 1066 of the report), Figure 6: Schematic of study design; indicates that this was a
cross-over design of a total of 14 patients with 2 dropouts with 12 patients completing both arms of the
trial. I had assumed that figure 6 belonged to Study 2 as it appears between these two reports.
However, it appears that it belongs to Study 1.
Study 2: Pandit
Page 4 of the consultation incorrectly reported as a population of 12 patients and a crossover design as
was reported in Figure 6.
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For Study 2 the trial design is not stated, nor is the population defined. It appears from the legend of the
Tables that there were 31 patients in each arm. If you assumed a cross-over design, it would be a total of
31 patients, if you assumed a parallel design it would be 62 patients.
Study 3 – Udani
Page 4 of the consultation; MO Comment, states the patients were given 1.5 oz of vodka. However, to
clarify, the legend of the Visit Schedule Table on page 21 of 106 of the document reviewed (page 880 of
1066 of the original submission) states that:
1

Note : Subjects will consume alcohol until blood alcohol level reaches 0.12%
2

Note : Termination of alcohol consumption when blood alcohol level reaches 0.12% — at approximately
2-hours after onset of alcohol consumption
3

Note : After reaching 0.12% blood alcohol level, subjects will be allowed to sleep

Page 4 of the consultation, footnote 4 incorrectly identifies the title of the Udani study. The correct title
is “Hepatoprotective Effects of a Proprietary Product during Alcohol Consumption”.

Lara Dimick-Santos, MD

Stephanie Omokaro, MD

Roman Dragos, MD
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Attachment 2:
Categorization of Articles

Document Author


Ablise

Glycyrrhizin (G) only, in vitro

Ambade

Review article

Arase

G only, individuals with hepatitis C

Arjumand

G only, mice

Asl

Review article

Balbo

Book chapter

Beste

Questions and answers about liver disease

Botta

Mannitol (M) only, in vitro, photoprotection

Bruha

Review article on alcohol liver disease

Centers for Disease – Alcohol

CDC report on alcohol and liver disease

Centers for Disease – Excessive

CDC report on alcohol consumption

Cheel

G only, in vitro

Chen Dan-dan
hepatitis

Abstract only, G only, individuals with

Chigurupati – Evaluation of oxidative stress

Oxidative stress in rats















Chigurupati (Confidential)– Evaluation of reactive oxygen species (ROS)- Human study on
NTX

Chigurupati – Whitepaper (Confidential)

Rats

Chigurupati – Patent

Patent, no primary evidence

Cosentino

Survey on M use with nephrectomy




Cosmetic Ingredient Review Expert Panel: Final Report

Safety assessment review


Deshpande

Evaluation of biomarkers during cirrhosis

Dhanda

Review of immune dysfunction during
hepatitis




i
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Dong

Abstract only, G only, mice

England

M only in humans

Fujioka

G only, individuals with hepatitis

Gandhi

G only, mice, in vitro

Gharzouli

M only, rats, gastric mucosal damage






Global Status Report on Alcohol and Health 2014 WHO global status report

Gong, 2012

G only, rats

Gong, 2014

G only, rats

Gu, XJ

G only, rats, brain injury

Gumpricht

G only, in vitro

Hall

M only, in vitro

Han

Review article

Heit

Book chapter

Hou

G only, in vitro

Hsiang

G only, in vitro

Hu

G only, in vitro

Ikeda, 2006

G only, injection, individuals with hepatitis

Ikeda, 2007

G only, injection, individuals with hepatitis

Ishida

G only, in vitro

Jeong

G only, in vitro

Jung

G only, mice

Kaur, 2012

G only, in vitro

Kaur, 2014

Review article on oxidative stress

Khorsandi

G only, rats

Kim, Hyun-Jin

Evaluation of biomarkers of cirrhosis






















2
AR-001534

Case 1:17-cv-02538-JEB Document 37-4 Filed 06/26/19 Page 82 of 236
1535

Kim, Moon-Sun

Review article

Kim, Nam Hoon

M only, in vitro

Kimura

G only, rats

Kruman

Review article

Kumada

G only, individuals with hepatitis C or
cirrhosis

Lee

G only, mice

Li, Jian-yuan

Review article

Li, Sha

Review article

Liang

G only, in vitro

Llerena

Review article

Ling, Q

Foreign language, G only,
individuals with hepatitis

Ling

Foreign language, G only, rats

Lum

Evaluation of Biomarkers

Mandal (Confidential)

Rats

Manns

G only, individuals with liver disease

Mansoori

Review article

Mathurin

Review article

Mayo Clinic

General information

Meena

Metabolism of M, review article

Meng

Foreign language, G only, individuals with
liver disease

Ming, JA

Foreign language, G only, individuals with
liver disease

Moore

Book chapter on renal failure

Nafisi

G only, in vitro
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Orlent

G only, individuals with hepatitis C

O'Shea

Practice guidelines



Pandit: Study on Evaluation of Hepatoprotective and Anti-Oxidant Effect- NTX in
humans-not complete- findings only

Pelle

M only, in vitro

Qin

Foreign language, G only, individuals with
hepatitis

Quan, ZY

G only, rats, abstract only

Qureshi

Evaluation of biomarkers in individuals
with liver disease

Rahman

G only, rats

Rino

Evaluation on biomarkers/metabolites in
individuals with cirrhosis

Sahu

M only, in vitro

Sarker

M only, in vitro

Shah

M only, intravenous, acute ischemia

Sil, 2015

G only, rat

Sil, 2012

G only, rat

Song

G only, treatment of cirrhosis, abstract only













State of the Science Report on the Effects of Moderate Drinking NIAAA report

Teschke

Evaluation of metabolites and biomarkers

Testoni

M only, in vitro

Til

Animal toxicity study

Torkadi

Evaluation of biomarkers in alcoholic liver
disease

Tripathi

G only, in vitro

Tsou

M only, in vitro

Tsubota

G only, individuals with hepatitis C
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Udani (Confidential)

Human study on NTX

Understanding Cirrhosis of the Liver

WebMD article

Van Rossum, 1999

G only, individuals with hepatitis C

Van Rossum, 2001

G only, individuals with hepatitis C

Veldt

G only, individuals with hepatitis C

Wang LS

Foreign language, G only, rats

Wang, Jiyao

Foreign language, G only rats

Wang, Wei

G only, in vitro

Whiteman

Information material

Wu

G only, mice, nephrotoxicity

Xianshi

G only, individuals with hepatitis

Xu, Jiaquan

CDC statistical info

Yildirim

G only, pancreatitis, rats

Yilmaz

M only, rats

Zhang

Foreign language, mice

Zhao

Foreign language, G only, individuals with
hepatitis
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From:
To:
Cc:
Subject:
Date:
Attachments:

Ma, Yinqing
Sisler, Sandra L.
Neely, James R.; Slattery, Jeanette N.; Jasperse, Carie; Trumbo, Paula; Balentine, Douglas; Hansen, Patricia A;
Goldberg, Rebecca
[EXTERNAL]RE: NTX Health Claim petition
Thursday, March 23, 2017 3:08:40 PM
image013.png
CFSAN.memo.pdf
Trumbo.memo.pdf
CDER Final NTX Consult for CFSAN.PDF
Attachment 2.pdf

Dear Sandie,
Please see the attached documents which provide FDA’s consultation in response to your request.
Regards,
Yinqing

Yinqing Ma, Ph.D.
Branch Chief, Beverages Branch
Center for Food Safety and Applied Nutrition
Office of Food Safety / Division of Plant Products and Beverages
U.S. Food and Drug Administration
Tel: 240-402-2479
Yinqing.Ma@fda.hhs.gov

From: Sisler, Sandra L. [mailto:Sandra.Sisler@ttb.gov]
Sent: Thursday, November 10, 2016 2:41 PM
To: Ma, Yinqing
Cc: Neely, James R.; Slattery, Jeanette N.
Subject: NTX Health Claim petition
This message was sent securely using ZixCorp.

Good afternoon Yinqing,
Please see the attached letter which requests that the FDA provide a scientific consultation on some
newly submitted information that TTB received as a “Supplement” to the April 12, 2016 petition
seeking TTB’s approval of labeling and advertising health claims regarding alcohol beverages
containing NTX. Also attached is a copy of the supplement, including five exhibits.
In the letter, we ask that you please respond by December 2, 2016 with an estimate of how long FDA
will need to provide the requested scientific consultation. If you would like a meeting after your
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initial review within the next few weeks, please let me know and I will schedule some time for TTB
and FDA to discuss. As always, if you have any questions with any of this, please don’t hesitate to let
me know.
TTB is transmitting this letter and the supplement to the original petition to FDA under a request of
confidentiality. These documents include confidential trade secrets that are protected from
unauthorized disclosure by the Trade Secrets Act. As we are disclosing them to you for an official
purpose, as described in the regulations at 27 CFR 5.42(b)(8), the disclosure to you is permissible
under the “authorized by law” provision in the Trade Secrets Act. However, FDA is cautioned to
protect this information from unauthorized disclosure and to use it only for official purposes. If you
receive any requests for this information under the Freedom of Information Act or otherwise, we ask
that you coordinate with TTB prior to making any public disclosure.
Thanks,

Sandie Sisler
Assistant Director, Market Compliance
Trade Investigations Division
Alcohol and Tobacco Tax and Trade Bureau
1310 G Street, NW, Box 12
Suite 200W
Washington, DC 20005
202-453-2183 (ph) / 202-453-2848 (fax)
Sandra.Sisler@ttb.gov
dŚĞŝŶĨŽƌŵĂƚŝŽŶŝŶƚŚŝƐĞŵĂŝůĂŶĚŝƚƐĂƚƚĂĐŚŵĞŶƚƐŝƐďĞŝŶŐƐŚĂƌĞĚǁŝƚŚ&ŝŶĂĐĐŽƌĚĂŶĐĞǁŝƚŚƚŚĞ
DĞŵŽƌĂŶĚƵŵŽĨhŶĚĞƌƐƚĂŶĚŝŶŐ;DKhͿĚĂƚĞĚEŽǀĞŵďĞƌϮϬ͕ϭϵϴϳƌĞŐĂƌĚŝŶŐƚŚĞĞŶĨŽƌĐĞŵĞŶƚ
ƌĞƐƉŽŶƐŝďŝůŝƚŝĞƐŽĨŽƵƌƌĞƐƉĞĐƚŝǀĞĂŐĞŶĐŝĞƐǁŝƚŚƌĞƐƉĞĐƚƚŽĂůĐŽŚŽůďĞǀĞƌĂŐĞƐ͘dŚŝƐŝŶĨŽƌŵĂƚŝŽŶ
ĐŽŶƚĂŝŶƐĐŽŶĨŝĚĞŶƚŝĂůƚƌĂĚĞƐĞĐƌĞƚƐƚŚĂƚĂƌĞƉƌŽƚĞĐƚĞĚĨƌŽŵƵŶĂƵƚŚŽƌŝǌĞĚĚŝƐĐůŽƐƵƌĞďǇƚŚĞdƌĂĚĞ
^ĞĐƌĞƚƐĐƚ͘ƐǁĞĂƌĞĚŝƐĐůŽƐŝŶŐƚŚĞŵƚŽǇŽƵĨŽƌĂŶŽĨĨŝĐŝĂůƉƵƌƉŽƐĞ͕ĂƐĚĞƐĐƌŝďĞĚŝŶƚŚĞDKh͕ƚŚĞ
ĚŝƐĐůŽƐƵƌĞƚŽǇŽƵŝƐƉĞƌŵŝƐƐŝďůĞƵŶĚĞƌƚŚĞ͞ĂƵƚŚŽƌŝǌĞĚďǇůĂǁ͟ƉƌŽǀŝƐŝŽŶŝŶƚŚĞdƌĂĚĞ^ĞĐƌĞƚƐĐƚ͘
,ŽǁĞǀĞƌ͕&ŝƐĐĂƵƚŝŽŶĞĚƚŽƉƌŽƚĞĐƚƚŚŝƐŝŶĨŽƌŵĂƚŝŽŶĨƌŽŵƵŶĂƵƚŚŽƌŝǌĞĚĚŝƐĐůŽƐƵƌĞĂŶĚƚŽƵƐĞŝƚŽŶůǇ
ĨŽƌŽĨĨŝĐŝĂůƉƵƌƉŽƐĞƐ͘
This e-mail may contain information that is privileged and/or protected from further disclosure by
Federal law. If you are not the intended recipient, please contact the sender immediately.

This message was secured by ZixCorp©.
To reach ZixCorp, go to: http://www.zixcorp.com/info/zixmail

------------------------------------------------------------------------This message was secured by ZixCorp(R).
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION
DIVISION OF GASTROENTEROLOGY AND INBORN ERRORS PRODUCTS
Medical Officer Consult Reply and Responses to Questions
Consult Requested by:

Paula Trumbo, CFSAN - ONFL/Nutrition Programs
(who is consulting for TTB [Alcohol and Tobacco
Tax and Trade Bureau])
Drug:
NTX
(glycyrrhizin, mannitol, potassium sorbate)
Drug Class:
Food Ingredient
Sponsor:
Bellion Spirits
Form:
Additive to alcoholic beverages
Proposed Health Claim:
Reducing the risk of alcohol-induced liver disease,
including fibrosis and cirrhosis.
Consult Date:
5/5/2016
Requested Due Date:
5/26/2016
Date review Completed:
8/29/2016
Minor revisions completed:
9/23/2016
Re-consult for new information:11/29/2016
Re-consult completed:
3/17/2017
Clinical Reviewer:
Lara Dimick-Santos, MD
Team Leader:
Stephanie O. Omokaro, MD
Associate Division Director:
Dragos Roman, MD
Project Manager:
Kelly Richards
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A. Background
A health claim of reduction of the risk of alcohol-induced liver disease, including
fibrosis and cirrhosis, and other liver endpoints (not specified in the consult) has been
submitted by Bellion Spirits to Alcohol and Tobacco Tax and Trade Bureau (TTB), for
NTX (glycyrrhizin, mannitol, potassium sorbate). The Center for Food Safety and
Applied Nutrition (CFSAN) ONFL/Nutrition Programs is assisting TTB in this review.
The original CFSAN consult (5/5/16) included reports of three studies that evaluated
the effect of NTX on enzymes and metabolites claimed to be predictive of liver disease
outcomes. The sponsor submitted additional data and CFSAN again consulted the
Division of Gastroenterology and Inborn Errors (11/29/2016) for review of the
additional data. This consult combines the review of the original submitted information,
as well as the additional data submitted, and the clinical significance of the results is
being discussed and interpreted, this time with greater depth.
CFSAN originally requested input on whether the enzymes (e.g., alanine
aminotransferase [ALT] and aspartate aminotransferase [AST]) and metabolites (e.g.,
glutathione and reactive oxygen species [ROS]) measured in these studies can be
considered surrogates of liver disease risk.
The following questions were added to the original consult via e-mail communication:
A) For the following endpoints measured in the 3 studies 1) Reactive oxygen
species (ROS), 2) derivatives of reactive oxygen metabolites (d-ROM), 3)
glutathione (GSH), 4) malondialdehyde (MDA), 5) protein carbonyl (PC), 6) 8Hydroxy-2-deoxyguanosine (8-OHdG), 7) Alkaline phosphatase (ALP), 8)
glutamic-oxaloacetic transaminase (AST), 9) glutamic pyruvic transaminase
(ALT), and 10) gamma-glutamyl transpeptidase, are any of these considered to
be surrogate endpoints for liver disease risk?
B) Are alkaline phosphatase (ALP), glutamic-oxaloacetic transaminase or
aspartate aminotransferase (AST), glutamic pyruvic transaminase or alanine
transaminase (ALT), or gamma-glutamyl transpeptidase (GGT) measures of
normal liver function?
In the second consult CFSAN is requesting input on whether any of the endpoints
measured in the studies (both the original studies and the ones that were submitted
subsequently) are appropriate for measuring risk of alcohol-induced liver disease,
oxidation, inflammation, liver function, and/or DNA damage.
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B. Introduction
The sponsor originally submitted the results of 3 small clinical trials and a brief
justification for why the results should be considered significant and meaningful for the
proposed claim. The sponsor had submitted other materials as well, but CFSAN’s
initial consult focused on these 3 clinical trials.
Section 1 pertains to one of the unpublished study reports reviewed in the first
submission by Chigurupati.
Section 2 includes the previously reviewed unpublished study report by Udani and the
new published article of the same study by Chigurupati.
Section 3 is the original review of the unpublished Pandit study.

Subsequently, the sponsor submitted articles and information as detailed below:
The first is a peer-reviewed article entitled “Hepatoprotective Effects of a Proprietary
Glycyrrhizin Product during Alcohol Consumption: A Randomized, Double-Blind,
Place- Controlled, Crossover Study”, which is a review of a previously submitted study
by Udani, entitled “Hepatoprotective Effects of a Proprietary Product during Alcohol
Consumption”. The review of the study report and the published article are combined
in Section 2 on page 7.
The second is a paper by Pandit, entitled “Study on Evaluation of Hepatoprotective
and Anti-Oxidant Effect of Processed Glycyrrhiza glabra fortified Ethanol (NTX) in
Alcoholic Subjects which is reviewed in Section 4 on page 17.
The sponsor also submitted an unpublished clinical trial report to support a DNA
protective effect of NTX by Nobel, entitled NTX Protective Effects from Alcohol
Induced ROS and Genotoxicity, which is reviewed in Section 5, on page 21.
CFSAN’s second consult included the above mentioned 3 articles, as well as a fourth
article by England, entitled “Influence of antioxidants (mannitol and allopurinol) on
oxygen free radical generation during and after cardiopulmonary bypass.” This article
had been part of the sponsor’s original submission, but was not part of CFSAN’s
original consult to CDER, and is reviewed in Section 6, on page 24.
This review will discuss the design and results of the trials and review the submitted
papers and the justification presented to support the claim that the changes seen in
liver chemistries and other biomarkers in the clinical trials would likely predict a
reduction in the risk of progression to alcohol-induced liver disease, including fibrosis
and cirrhosis.
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There was no Chemistry Manufacturing and Control submitted with the consult to
DGIEP, other than the list of ingredients in the NTX drug product (glycyrrhizin,
mannitol, and potassium sorbate). Therefore this consultation will address only the
clinical study results.

C. Review of Clinical Trials and Submitted Literature
Only the trial conducted by Udani (reviewed in Section 2, on page 7) had a statement
that it was performed under Good Clinical Practices (GCP). Notably, the level of detail
in these reports would not be acceptable to support a marketing application for a drug
review.

1.

Chigurupati – Evaluation of reactive oxygen species (ROS)
from blood at different time intervals after oral consumption of
two different alcohol formulations: A comparative, double
blind, crossover, pilot clinical trial (Unpublished)

A comparative, double-blind, pilot clinical trial in 14 healthy adult males comparing in a
crossover design (12 in each arm – 2 drop outs) two orally administered alcohol
formulations (with and without NTX), to evaluate reactive oxygen species (ROS) levels
in blood at different time intervals
Subjects were given alcohol at approximately 1.5 gm/kg over 1 hour with snacks and
other liquids. Lab collections pre-alcohol ingestion and at time 0, 30, 60, 120, 240 min
were performed.
MO Comment:
1.5 gm of alcohol per kg would be approximately 100 gm of alcohol for a 70 kg person.
See additional discussion below about alcohol intake and blood alcohol content.
Endpoints:
a. Changes in reactive oxygen species (ROS):
Treatment group (NTX) had 20% lower ROS blood levels at 1 hour and 14% at 4
hours relative to alcohol alone, which was not statistically significantly different. Less
reduction in ROS was observed at all other timepoints, which was not statistically
different.
MO Comment:
The sponsor states these changes in ROS are statistically significant; however no
information is given on the analysis method or the assumptions underlying the
analysis. There does not appear to be any multiplicity adjustment 1. There is no
1

Multiplicity adjustments in the statistical analysis ensure that all important ‘claims’ have overall Type I
error control. See FDA Guidance for Industry - E9 Statistical Principles for Clinical Trials at:
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information presented on the normal ranges for “ROS”. Both groups have a similar rise
in ROS, and then a similar gradual fall. The NTX group at 1 hour is lower, but the
pattern returns to one similar to the non-NTX group at 2 hours.
There is no definition of ROS given and no information regarding the assays used for
measuring ROS (including assay performance information); therefore, we are unable
to determine exactly which ROS were being measured and how the changes
observed relate to the variability in measurements due to the measuring instrument
itself. In addition, in Figure 1, entitled “Changes in serum ROS levels at different time
intervals after alcohol consumption,” while there is a separation in the mean values
over time, there is significant overlap between treatment arms in what appear to be
standard deviations (the Figure legend description is not complete), arguing against
significant difference between treatments.
b. Derivative ROS (dROS):
“Statistically significant” changes in dROS (12% lower for NTX relative to alcohol
alone) were noted at 0 and 2 hours. The pattern of change in the dROS was similar to
the non-NTX group, though slightly lower in the NTX group.
MO Comment:
No definition of dROS is given. No normal range was given for dROS levels. The
same comments made above regarding statistical analyses and the graphic
representations of the data apply to this endpoint as well.
c. Glutathione (GSH)
An 11% and 12% increase was noted at 0.5 and 1 hour in the NTX group relative to
alcohol alone (both “statistically significant”). In Figure 3 entitled “Changes in serum
GSH levels at different time intervals after alcohol consumption,” the concentration vs.
time profiles is barely distinguishable over the 4 hours of the study assessments.
d. Malondialdehyde (MDA)
A statistically significant reduction in MDA was noted in the NTX arm at 0.5 and 4
hours, but not at 1 and 2 hours.
e. Serum protein carbonyl (PC)
Serum protein carbonyl (PC) levels showed a significant reduction only at 1 hour,
there was no difference at 0.5, 2 and 4 hours.
MO Comment:
While glutathione is known to be important in protecting the liver from toxicity, such as
acetaminophen induced liver injury, there is no convincing evidence to indicate that
the changes seen here are clinically meaningful in the setting of protecting the liver
from alcohol induced liver injury from moderate alcohol consumption. The changes
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm073137.
pdf.
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noted appear to be small, transient, and the clinical meaningfulness of the differences
noted across the different biomarkers in the treatment and control groups is uncertain
and has not been addressed. For most comparisons, the differences were not
statistically significant and, in addition, there was no multiplicity adjustment.
Information on the assumptions underlying the analysis is not given and therefore the
p-values 2 are uninterpretable.

2.

Udani – Hepatoprotective Effects of a Proprietary Product
during Alcohol Consumption (unpublished)
AND
Chigurupati H, Auddy B, Biyani M, Stochs SJ. –
Hepatoprotective effects of a proprietary glycyrrhizin product
during alcohol consumption: A randomized, double-blind,
placebo-controlled, crossover study - Phytotherapy Research
2016

Raw data was presented by the sponsor in the first submission, labeled as “Udani –
Hepatoprotective Effects of a Proprietary Product during Alcohol Consumption”. In the
second submission, the sponsor submitted the published report for the study labeled
as “Chigurupati H, Auddy B, Biyani M, Stochs SJ. Hepatoprotective effects of a
proprietary glycyrrhizin product during alcohol consumption: A randomized, doubleblind, placebo-controlled, crossover study. Phytotherapy Research. 2016”. This review
combines both the unpublished data review and the published study report.
Introduction to Published Article
The article estimates the number of alcohol-related deaths based on information from
the Center for Disease Control as 88,000 annually in the US, and notes that alcoholic
liver disease is the most common disease related to alcohol intake. This number
appeared to combine deaths due to accidents (including Motor Vehicle Accidents) with
deaths secondary to liver disease.

MO Comment:
Only heavy drinkers generally develop alcohol-related disease (acute alcohol hepatitis
(AH), chronic AH, cirrhosis); moderate alcohol intake is not associated with decreased
longevity.
2

The p-value, or calculated probability, is the level of marginal significance within a statistical
hypothesis test representing the probability of the occurrence of a given event. The p-value is used as
an alternative to rejection points to provide the smallest level of significance at which the null hypothesis
would be rejected. A smaller p-value means that there is stronger evidence in favor of the alternative
hypothesis.
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In the United States, one "standard" drink contains roughly 14 grams of pure alcohol,
which is found in:
x 12 ounces of regular beer, which is usually about 5% alcohol
x 5 ounces of wine, which is typically about 12% alcohol
x 1.5 ounces of distilled spirits, which is about 40% alcohol
For determination of the upper limit of alcohol intake used in clinical trials to
discriminate between nonalcoholic steatohepatitis and alcoholic steatohepatitis 3, a
conservative alcohol consumption threshold of less than 20 grams/day for women and
30 grams/day for men for the previous 2 years is utilized. This amount is considered to
be below the threshold to induce alcohol induced steatohepatitis on liver
histopathology. The amount of alcohol intake generally associated with alcoholic
hepatitis and development of significant liver disease is much higher than that
described as “social intake” (i.e. consuming alcohol at least 1 to 2 occasions per
week). 4,5 Other factors such as type of alcohol and genetic predisposition can also
influence development of alcohol-related diseases. 6,7,9 However, in persons over 35
years of age, there is no consistent evidence that daily consumption of up to 2–3
drinks in men (28 to 42 grams), or up to 1–2 drinks in women (14 to 28
grams)increases the risk of dying.10
The true prevalence of alcohol induced liver disease is unknown; however, it is
estimated in one review article to be nearly 5 million in the US. The prevalence of
acute alcoholic hepatitis is not well estimated. 8 It is estimated that only about 10% of
“heavy” drinkers develop alcoholic hepatitis, some drinkers will develop acute
pancreatitis, others cardiomyopathy or neurologic toxicity. It is not clear what factors
make patients who drink heavily develop specific organ toxicities. 9, 10
The mechanism of alcohol toxicity on the liver is also discussed in this publication;
however, only liver damage secondary to ROS is discussed, and many salient facts
about the metabolism of alcohol are omitted.
3

Nonalcoholic steatohepatitis (a fatty liver disease associated with metabolic syndrome and diabetes)
and alcoholic steatohepatitis look very similar on histopathology.
4
Becker U, et al., Prediction of Risk of Liver Disease by Alcohol Intake, Sex, and Age: A Prospective
Population Study, Hepatology,1996;23:1025-1029.
5
Bell H, et al., Long-term Prognosis of Patients with Alcoholic Liver Cirrhosis: a 15-Year Follow-up
Study of 100 Norwegian Patients Admitted to One Unit, J Gastroenterol 2004;39:858–863.
6
Becker U, et al., Lower Risk for Alcohol-Induced Cirrhosis in Wine Drinkers, Hepatology, 2002;35:868875.
7
Whitfield JB, et al., Brief report: genetics of alcoholic cirrhosis-GenomALC multinational study. Alcohol
Clin Exp Res. 2015 May;39(5):836-42. doi: 10.1111/acer.12693.
8
Ceccanti, M. et al., Acute Alcoholic Hepatitis. Journal of Clinical Gastroenterology. Vol 40(9), October
2006, 833-841
9
Thakker, Kerstin , An Overview of Health Risks and Benefits of Alcohol Consumption, Alcoholism:
clinical and experimental research [0145-6008] yr:1998 vol:22 iss:s7 pg:285s-298s
10
Beglehole R, et al, Alcohol, cardiovascular diseases and all causes of death: a review of the
epidemiological evidence, Drug and Alcohol Review, July 1992: DOI; 10.1080/09595239200185811.
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MO Comment:
As summarized from an excellent review article,8 there are 3 different pathways
relevant for alcohol metabolism in patients with AH. Two of these are reviewed in the
article, but the third is not mentioned. In heavy drinkers, when blood alcohol content is
over 50 mg/dL (blood alcohol content of 0.05%), the amount of alcohol metabolized
through microsomal ethanol-oxidizing system (MEOS) is highly increased. This plays
a critical role in the pathogenesis of alcoholic liver disease, resulting in an increased
ratio of the reduced cofactor (NADH) to nicotinamide adenine dinucleotide (NAD)
(NADH:NAD) which is a major cause of many of the metabolic derangements affecting
alcoholics.
In addition, the review of pathophysiology of alcoholic liver disease presented by the
sponsor omits the potential role of the increase in intestinal permeability to endotoxin,
which that has been seen in animal models of AH. This leads to increase in Į-tumor
necrosis factor further leading to a self-maintaining cycle of accumulating cell damage.
While we do not dispute that ROS do play an important role in the pathogenesis of
alcoholic liver disease, we also have to recognize that this process is complex, and
the sponsor has not provided adequate and convincing evidence that NTX would be
effective in patients with heavy alcohol consumption likely to produce liver disease.
While the amount of alcohol consumed in this study is over the recommended limit for
clinical trials and safe drinking (5.57 standard drinks for women and 8.3 standard
drinks for men), we cannot conclude, that the level of alcohol intake tested in this
study would be likely to induce significant liver disease unless continued over many
years, and then as noted above alcoholic liver disease would likely to be induced in
only a percentage of heavy drinkers.
The article identifies the drug tested as having “glycyrrhizin” as the primary active
compound. Glycyrrhizin (glycyrrhizic acid; gl\F\UUKL]LQLFDFLGȕ-glycyrrhizin) is a
triterpenoid saponin glycoside (C42H61016NH4) derived from Glycyrrhiza glabra L.
(licorice) root. It is generally recognized as safe for certain uses in food (with a
maximum level of 0.1% in alcoholic beverages) per 21 CFR 184.1408. However, it is
well known that excess consumption of licorice may induce mineralocorticoid effects
and hypertension. 11,12
The article also summarizes various animal and human studies in support of the
hepatoprotective, antioxidant, and anti-inflammatory effects of glycyrrhizin. Some of
the nonclinical data were obtained in indications other than liver disease, such as
prevention of pancreatitis or acetaminophen or fructose induced liver injury. The
11

Rachman Elbaum, Shelly Severe Hypertensive Episode Associated With Excess Licorice
Consumption, Topics in clinical nutrition [0883-5691] yr:2014 vol:29 iss:2 pg:158-164
12
Apostolakos, John , Apparent Mineralocorticoid Excess Syndrome: A Case of Resistant Hypertension
From Licorice Tea Consumption, The journal of clinical hypertension [1524-6175] yr:2016 vol:18 iss:10
pg:991-993
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articles quoted in support of glycyrrhizin to prevent alcohol-induced liver injury in
animals measured biomarkers only. One human study in children with infectious
mononucleosis complicated with liver impairment, showed improvement in tlymphocytes function.
MO Comment:
A review of the multiple nonclinical studies quoted is beyond the scope or the
expertise of this reviewer. If additional review of the animal data is required, then a
nonclinical consult should be submitted.
NTX® is a novel patented product composed of the primary ingredients glycyrrhizin
(glycyrrhizic acid) and D-mannitol. It also contains potassium sorbate as an
antioxidant, preservative and antimicrobial. The second of the two primary
components of the study product is identified as D-mannitol. D-Mannitol is a sugar
alcohol found in many plants. According to the article, D-mannitol is also naturally
present in licorice; however, the amount in licorice has not been reported. The author
cites studies showing D-mannitol is an antioxidant and free radical scavenger and
noted that it is currently used in tissue baths associated with kidney transplants.
MO Comment:
Mannitol is approved by the FDA for intravenous use for “the promotion of diuresis, in
the prevention and/or treatment of the oliguric phase of acute renal failure before
irreversible renal failure becomes established; the reduction of intracranial pressure
and treatment of cerebral edema by reducing brain mass; the reduction of elevated
intraocular pressure when the pressure cannot be lowered by other means, and
promoting the urinary excretion of toxic substances”.
5% Mannitol irrigation is approved by the FDA for use as a urologic irrigation fluid for
transurethral prostatic resection and other transurethral surgical procedures.
Mannitol inhalational powder is approved for the assessment of bronchial
hyperresponsiveness in patients 6 years of age or older who do not have clinically
apparent asthma.
In a search of DARRTS there was no oral form of mannitol approved by the FDA as a
drug. Mannitol is approved for certain food additive uses under 21 CFR 180.25. The
label and labeling of food whose reasonably foreseeable consumption may result in a
daily ingestion of 20 grams of mannitol shall bear the statement "Excess consumption
may have a laxative effect".
Note: This clinical consult does not include a review by Chemistry, Manufacturing and
Controls of the drug substance or product. Also note that the dose(s) of the 3
substances in NTX is not provided.
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According to the US Patent (9,149,491 B1), the product contains glycyrrhizin
preferably in the range of 0.1–0.3% and D-mannitol preferably in the range of 1.0–
2.5%.
Study Methods
The study product was pre-mixed with vodka (40% ethanol) and was consumed in the
clinic. The blank control group consumed the alcohol without any additive. Because
this was a crossover study, all subjects who completed the study participated in both
arms of the study. All subjects consumed for 12 consecutive nights an amount of
alcohol with or without the study product to achieve a blood alcohol level of 0.12%.
The amount of glycyrrhizin/D-mannitol (NTX) product consumed was proportional to
the amount of alcohol consumed.

MO Comment:
The relation between blood alcohol levels (BAC) and clinical assessment of alcohol
intoxication (AI) is a complicated issue. People who are dependent on alcohol form a
special group due to their altered tolerance to alcohol. 13 All 50 states restrict driving to
a BAC of 0.08%
Twelve healthy subjects between 20 and 50 years of age, with a body mass index
between 23 and 29 kg/m2, and who were social drinkers, completed the study.
Subjects were recruited from the general population by online recruiting, advertising,
and available clinical trial databases. Subjects were screened by telephone prior to
scheduling a screening visit. Subjects had to be willing not to change their current
exercise and diet programs throughout the study period. Subjects who were pregnant,
had any liver condition including hepatitis, fatty liver or liver disease, and who had a
history or record of aggressive or violent behavior were excluded from the study.
This study was a randomized, double- blind, placebo-controlled, crossover study.
Subjects returned to the clinic at overnight visit 1 (visit 2, baseline) for a review of
medication history, adverse events reporting, and vital signs assessment. Subjects
were also provided with a low-fat dinner and a standardized amount of snacks and
fluid. Vodka alcohol with juice or soda chaser was offered to each subject and, based
on preference, was provided during both arms of the study. At the onset of alcohol
consumption, subjects either consumed the commercially available vodka alcohol
study product or the control alcohol drink, which contained no study product according
to the randomization assignment.
Primary endpoint - Liver Function Tests, Change in Glutathione Levels,
Comprehensive Metabolic Panel

13

Olson,KN,et al., Relationship between blood alcohol concentration and observable symptoms of
intoxication in patients presenting to an emergency department. Alcohol Alcohol. 2013 JulAug;48(4):386-9. doi: 10.1093/alcalc/agt042. Epub 2013 May 19.
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Blood samples were drawn at -0.5, 0.5, 1,1.5, 2 and 10 h for assessments of serum
GSH levels, and at -0.5 and 10 h for liver function tests (serum AST, ALT, GGT
and ALP). Subjects were also administered a breathalyzer test at 0, 0.5, 1, 1.5, 2, and
10 h to estimate blood alcohol concentrations each night.
The subjects consumed the alcohol for 12 consecutive nights with and without the
study product. Blood samples were drawn on overnight visits 6 (V7) and 12 (V13)
according to the same schedule as overnight visit 1. At overnight visits 2, 3, 4, 5, 7, 8,
9, 10, and 11, no blood samples were drawn. After a total of 12 overnight visits,
subjects returned to the clinic for follow-up visit on day 13 to measure serum GSH and
liver tests. All subjects underwent a 4-week washout period between ARM 1 and ARM
2 of this double-blind, crossover study. At the conclusion of the study, subjects could
not identify which vodka was the control drink and which contained the glycyrrhizin/Dmannitol study product.
Descriptive measures statistics such as N, means, standard deviations, and standard
errors of means were calculated for each numeric endpoint on all visits. Percentage
changes were used to quantify increase or decrease of endpoints from baseline for
each arm.
All efficacy endpoints were analyzed depending on the level of measurement of the
endpoint. For each endpoint in ordinal scale, the differences in the medians within
time periods for each arm were tested for nominal significance using a nonparametric
test (Wilcoxon Signed Rank Test). For each endpoint in the interval/ratio scale within
and across, overnight visits for each arm was tested for nominal significance using the
paired Student’s t-test. For a continuous variable at each time point, the difference
between means of different arms was assessed for significance either using the paired
Student’s t-test or the nonparametric Wilcoxon Signed Ranks Test. With respect to
longitudinal data, the dependent variables were measured at the selected timepoints
for each subject and were analyzed by the Linear Mixed Model. All testing of
hypotheses was GRQHDWĮ 
MO Comment:
The trial design was acceptable to measure transient changes in transaminases and
serum GSH levels in a small sample of social (non-alcoholic) drinkers given a
moderate amount of alcohol. The trial did not measure clinical outcomes.
Study Results
A total of 22 subjects were enrolled in the study, with 12 subjects (six male and six
female subjects) completing the study. Because this was a crossover study with all
12 subjects completing both arms of the study, the effective sample size was n = 24.
10 subjects discontinued during the trial mostly secondary to personal reasons.
Breathalyzer tests were conducted during each overnight visit to ensure that all
subjects had consumed the alcohol and had achieved a blood level of 0.12%. The 12day average daily vodka consumption to achieve this blood alcohol level for male
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subjects was 366 mL and 245 mL for female subjects in the blank control (alcohol
only) arm of the study and 339 mL for male subjects and 247 mL for female subjects
in the active glycyrrhizin/D-mannitol arm of the study.
MO Comment:
To calculate the alcohol intake in grams using the conversion factor for alcohol volume
to weight. One mL of alcohol weighs 0.7936 grams and the alcohol was 40% thus:
Control group:
Men: 366 mL average intake x 0.4 (proof conversion) x 0.7936 g/mL = 116 g alcohol
Women: 245 mL average intake x 0.4 x 0.7936 g/mL = 78 g alcohol
NTX group:
Men: 339 mL average intake x 0.4 x 0.7936 g/mL = 108 g alcohol
Women: 247 mL average intake x 0.4 x 0.7936 g/mL = 78 g alcohol
The results for AST showed minimal to no changes in either group until visit 12 (the
12th straight night of alcohol intake) when the control group showed increases in AST
at 0 hours (i.e. before alcohol consumption) to 55.0 U/L, and to 53.5 U/L at 10 hours
after alcohol consumption, which is slightly above upper limits of normal for otherwise
healthy men. The treated group did not show these elevations in AST, both before
consuming alcohol that night and after. For the Overnight 12 visit, the mean AST
levels were statistically significantly different between the Active and Placebo groups
at baseline (p-value=0.039) and at 10 Hours (p-value=0.039).This was the only visit in
which the differences in AST between treated and placebo groups were statistically
significant. Evaluation at follow-up 48 hours after completing the 12 days of alcohol
consumption showed an increase in AST for the Placebo group only (42.5 U/L;
p=0.109), which was not statistically significant.
Mean ALT readings were within the normal range of < 48 U/L at all time-points for
both groups except for Overnight visit 12 when they were minimally elevated in the
placebo group at 38 U/L at 10 hours after alcohol consumption, but remained low in
the treated group at 21 U/L.
At the 48 hour follow-up of overnight visit 12, the ALT remained minimally elevated in
the placebo group. Note that these mild elevations observed in the placebo group
were within the normal range listed for ALT (ULN 48 U/L).
MO Comment:
Note that hepatologists consider that the normal reference range for ALT listed by
laboratories is too high and consider the upper limit of normal for ALT in a healthy
male to be around 37.5 U/L. 14,15

14

Leshni, M, et al., Re-evaluation of serum Alanine Aminotransferase Upper Normal Limit and Its
Modulating Factors in a Large-Scale population, Liver International, 2006;26(4):445-450
15
Liu Z, Que S, Xu J, Peng T (2014) Alanine Aminotransferase-Old Biomarker and New
Concept: A Review. Int. J. Med. Sci.; 11: 925-935.
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While the difference between the active group and placebo at 10 hours was
statistically significant (p-value=0.039), such between-group difference was also noted
at baseline (p-value=0.039) and thus calls into question any claim that the 10 hour
difference reflects a treatment effect.”
The follow-up visit data for days 14 and 28 showed some persistent AST elevations in
the untreated group.
Mean GGT readings were within the normal range of 0-51 mU/mL at all time points for
both groups. Differences in mean GGT levels between Active and Placebo groups
were observed at Baseline with elevations in the placebo group, though the difference
was not statistically significant (p-value = 0.065). At 0 hours of Overnight 12, the GGT
was minimally elevated in the control group at 36 U/L but remained at approximately
the same level in the treated group, and the difference was statistically significant (p =
0.039). At 10 Hours of Overnight 12, again, there were minor differences in GGT
between the groups that did not reach statistical significance (p-value=0.065). At the
follow-up visit, there was a statistical difference between groups (p-value=0.021). As
noted previously, all these values remain within normal limits for GGT.
This pattern of elevation in transaminases after multiple nights of drinking in the
control group, which was not seen in the treated patients, was also consistently seen
for GGT and ALT. There was no significant change in alkaline phosphatase (ALP) with
alcohol intake in either the control group or the treated group, as would be expected;
ALP would not normally change with acute alcohol intake. 16
The author concluded that the treated group had overall lower Glutathione (GSH)
levels at multiple timepoints, which is supported by the data, however the difference
was statistically significant in random pattern.
Study Discussion
The author noted that licorice abuse is known to be associated with a cortisol-induced
mineralocorticoid effect with a tendency towards an elevation in blood pressure and
blood sodium levels and a reduction in potassium levels. These effects are primarily
due to the presence of glycyrrhetic acid (glycyrrhetinic acid enoxolone), which is not
present in the study product, although glycyrrhetic acid is a metabolite of glycyrrhizin.
No dropouts from the study were due to these types of effects.
MO Comment:
Note the duration of alcohol intake tested in these trials did appear to cause mild,
clinically insignificant elevations of some liver transaminases and decrease in
glutathione levels, however it was not of significant duration to produce clinically
significant liver disease, and therefore does not answer the question of whether the
product would prevent induction of liver disease if used over longer periods of time.
16

ALP is produced in the bile duct and is generally not elevated significantly with mild hepatocellular
injury.
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If this product were seeking approval as a drug, the sponsor would need to prove that
the high doses of their product which might occur with the level of alcohol intake a
chronic alcoholic would consume or that might be consumed with binge drinking would
be safe in both acute high doses (binge drinking) and chronic high exposure (chronic
alcoholism). We might recommend animal toxicology studies with the combination
product which would require assessment by a toxicologist. We would also require
clinical efficacy and safety studies. In addition, as many chronic alcoholics have liver
injury with decreased liver function, which then progresses to cirrhosis of the liver, the
FDA standard would require that the sponsor would perform a safety evaluation in
patients with cirrhosis. A hepatic impairment PK study would be necessary for a full
safety assessment. See the Guidance for Industry - Pharmacokinetics in Patients with
Impaired Hepatic Function: Study Design, Data Analysis, and Impact on Dosing and
Labeling.
The author states: “Approximately 8.3% less alcohol was required to be consumed to
achieve a blood alcohol level of 0.12% by the active glycyrrhizin/D-mannitol group
than by the blank control alcohol only group for the male subjects, while no difference
existed for the female subjects. This minor difference may reflect absorption of alcohol
into the blood and tissues as well as the impact of the glycyrrhizin/D-mannitol on the
hepatic metabolism of the alcohol in male subjects.”
MO Comment:
As described above, male subjects in the glycyrrhizin/D-mannitol group required less
alcohol to achieve a blood alcohol level of 0.12%, as compared to male subjects in the
placebo group. However, the author’s calculation may not be correct. The quantities in
question are an average of 116 g for male subjects in the blank control arm of the
study and 108 g for male subjects in the active arm of the study.
116-108 = 8 g. 8/116 = 6.9 percent less alcohol than the blank control arm.
Alternatively the calculation can be made; 366 mL – 339 mL = 27 mL. 27 mL/366 mL =
7.4 percent less vodka than the blank control arm.
Because this effect could lead to inadvertent inebriation, it needs further study and
clarification. If this is a persistent effect it could require that products containing NTX
have less alcohol or a warning label.
Conclusion
The sponsor concludes that “these results suggest that consumption of the study
product during alcohol consumption may support improved liver health as compared
with drinking alcohol alone”.
MO Comment:
We agree that this preliminary study suggests that one or all of the components of the
product may result in short-term, clinically insignificant changes in liver transaminases,
and glutathione and ROS associated with liver injury. However, the differences seen in
these biomarkers being transient and inconsistent are not convincing evidence to
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support a claim of protection against a clinically meaningful liver injury (i.e., a longterm reduction in development of liver disease).
In addition, it should be noted that alkaline phosphatase (ALP), aspartate
aminotransferase (AST), Alanine transaminase (ALT) and gamma-glutamyl
transpeptidase (GGT) are not measures of normal liver function but rather measures
of current liver injury or, more precisely, injury to liver cells with leakage of enzymes
into the blood stream. It is well documented that alcohol intake can cause transient
increases in transaminases and that excessive alcohol intake over time can cause
permanent liver injury and affect liver function. However, alcohol intake under a certain
level does not cause permanent liver injury and some studies have shown that light to
moderate intake of alcohol can increase life-span. Therefore, the change in liver
chemistries that the sponsor has shown in these trials is supportive of a decrease in
short-term injury to some liver cells secondary to the additive but has not shown a
connection between these transient changes in liver chemistries and a reduction of
long-term liver injury, or any other clinically meaningful outcome.
The actual function of the liver is measured by bilirubin, prothrombin and albumin
levels. Elevations in bilirubin levels, or increased prothrombin time (as measured by
INR), or decrease in albumin levels can all be indicators of decrease in the function of
the liver; however, all three of these can also be affected by other processes in the
body or by illness unrelated to the liver. Therefore, it is the combination and the
pattern of changes in various liver biochemistries along with the clinical picture of the
patient that is currently used to determine the functional status of the liver.
This small study does not provide adequate evidence that adding this drug to alcoholic
beverages consumed by all potential drinkers would be prudent or even advisable.
There is little evidence that light to moderate alcohol consumption is detrimental to all
individuals, and therefore this product would not provide a benefit to these individuals.
For persons with sufficiently high alcohol intake (alcoholism), who are at risk for liver
injury, the petitioner would need to present studies that evaluate safety and efficacy at
levels of alcohol intake and NTX intake that would be anticipated in such population.
The sponsor would need to address the potential safety concerns of both acute high
(binge) intake of NTX, the effect of chronic NTX intake on the mineralocorticoid
system, and its potential for altered alcohol metabolism.
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3.

Pandit – Study on Evaluation of Hepatoprotective and AntiOxidant Effect of Processed Glycyrhiza glabra fortified Ethanol
(NTX) in Alcoholics Subjects - Unpublished

This study included 31 patients in each arm. No other data were given on study
design, dose of alcohol, or demographics.
This study has similar results as the Chigurupati study (section 2 above), with
decreases in “ROS” and “dROS” and increases in glutathione at various timepoints in
the treatment group relative to control. The duration of assessments was 4 hours.
MO Comment:
As seen in the study described in section 2 above, the treatment differences were
small and of unclear significance. There was no control for multiplicity in “statistical
analyses.” Further interpretation of the data is hindered by the lack of a protocol and
information on study design and population as well as the lack of information on
statistical methods.

4. Pandit --Study on Evaluation of Hepatoprotective and AntiOxidant Effect of Processed Glycyrrhiza glabra fortified Ethanol
(NTX) in Alcoholic Subjects
MO Comment:
While this study and the previously reviewed study in Section 3 have the same author
and the same title, they appear to be different studies, thus, are reviewed separately.
The sponsor states that this study was conducted in accordance with good clinical
practice guidelines and conformed to the Declaration of Helsinki. The paper contains
data from a trial conducted in humans and briefly reviews results from nonclinical
studies performed with NTX.
The primary objective of the human study was to evaluate levels of ROS and other
related oxidative stress markers, and blood levels of biomarkers of DNA damage, after
oral consumption of two different alcohol formulations.
The results of nonclinical (animal) toxicity studies are described briefly, the full reports
are not included. NTX doses of 0.75, 1.5, 2.25 and 3 g/kg were selected on the basis
of the conventional pharmacological guideline, dissolved in distilled water and
administered at the dose of 10 ml/kg body weight (b.w.). In the acute toxicity study, no
mortality was observed up to the dose of 3 g/kg b.w. Acute toxicity and CNS effects in
the animals treated with the above doses were also observed for 14 days and no
toxicity was found.
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MO Comment:
The sponsor does not define “conventional pharmacological guidelines”, therefore the
meaning of this statement is not clear.
Sub-chronic toxicity of NTX was carried out in Wister rats for 28 days at the dose level
selected on the basis of ALD50 value (0.50 gm/kg, 0.75 gm/kg and 1.0 gm/kg body
weight). Observations were made on the basis of parameters including change of
body weight, RBC counts, hemoglobin, hematocrit, WBC counts, clotting time (min),
BUN, alkaline phosphatase, SGOT, SGPT, sodium, potassium, creatinine and serum
protein. Based on the results, it was concluded that there was “No Observable
Adverse Effect Level” (NOAEL) of Oral NTX formulation in rats exposed over 28 days
at the above doses.
Another study on Wistar rats with NTX fortified 40% ethanol/ alcohol (vodka) was
performed at the doses of 1, 2 and 3 g/kg b.w. and compared with alcohol alone at the
same concentration and same dose for 28 days. A parallel group of untreated control
prepared with distilled water was also performed. Effects were evaluated on the basis
of hepatic parameters like ALT, AST, and ALP along with hepatic anti-oxidant
parameters like reduced glutathione (GSH), malondialdehyde (MDA), superoxide
dismutase (SOD), catalase (CAT) and histological studies. Results showed mild to
moderate protection against alcohol-induced changes.
MO Comment:
Unfortunately the sponsor did not submit the full reports for these nonclinical studies
and it does not appear that histopathology was performed, thereby limiting the
usefulness of this information. In addition, while the sponsor lists doses for the
nonclinical study, they have not provided clarity on the doses used in the clinical trials
or that they propose to use in their commercial product, therefore it is not possible to
know if the animal studies are adequate to assure safety in humans. A nonclinical
(toxicology) consult to review this data could be performed if indicated.
Human Study Design
53 patients with a history of “occasional” alcohol consumption and normal complete
metabolic panels were enrolled, and randomly assigned to two groups. One group
received alcohol alone and the other alcohol plus NTX. After a seven day washout
period, the groups were switched (cross-over design). 50 patients completed the
study. Three patients dropped out during the trial.
Study Inclusion Criteria
i) Male subjects
ii) Subjects aged between 20- 40
iii) Subjects experienced with occasional alcoholism
iv) Subjects having no serious systemic diseases
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MO Comment:
It is not clear why they excluded females, which limits the usefulness of this data.
“Occasional alcoholism” is also not defined.
The amount of alcohol was adjusted so that the alcohol intake would be around 1.5
gm/kg body weight (around 225-350 ml vodka). The subjects were allowed to
consume alcohol with water and with light snacks within a period of 1.0 hour. Samples
were collected before alcohol consumption and at 30, 60 120 and 240 minutes after
consumption.
The following biochemical markers were evaluated to screen oxidative stress and
extent of DNA damage:
Study Markers of Oxidative Stress
x Serum reactive oxygen species (ROS) was estimated by ELISA kit using
sandwich-ELISA as the method.
x Serum derivatives of reactive oxygen metabolites (dROM) was estimated
spectrophotometrically, in which N, N-diethyl-para-phenylendiamine (DEPPD)
was used as the chromogen.
x Serum malondialdehyde (MDA) was estimated by ELISA using sandwich
technology with pre-coated wells containing MDA monoclonal antibody.
x Serum protein carbonyl content was estimated by ELISA using sandwich
technology.
x Serum GSH and GSSG were estimated by ELISA kits using competitive-ELISA
as the method.
Study Markers of DNA Changes
x Measurement of number of DNA breaks by single cell electrophoresis.
x Cytokinesis-Block Micronucleus (CBMN) Assay (selected points) based on
assessment of micronuclei in nucleated cells that have completed only one
nuclear division.
x 8-hydroxy-2-deoxyguanosine (8-OHdG) was estimated by ELISA kit.
Study Statistical Analysis
Paired ‘Student’s t-test’ was carried out between the values of each timepoints of two
groups (alcohol and NTX) and p < 0.05 was considered statistically significant.
MO Comment:
The Division cannot comment on the performance of these tests that purport to
measure DNA damage, as we do not have expertise in this DNA technology or assay
evaluation.
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Study Results:
Table 1: Changes in Serum ROS (ng/ml) Levels after Alcohol Consumption
Time
points
0 hr
0.5 hr

Alcohol1
(mean value)
4.64
5.16

NTX1
(mean value) SD-Al
4.73
1.12
5.16
1.22

SD-NTX
1.07
1.39

p value
(paired t-test) Sig.2
0.120
NS
0.987
NS

1 hr

5.35

4.90

1.11

1.04

0.001

S

2 hr

5.46

5.31

1.34

1.15

0.289

NS

4 hr

5.19

4.95

1.18

1.23

0.032

S

Note1: n= 50 subjects in each arm completed the study.
Note2: Significance testing was performed using Paired Sample t-Test, p value <0.05
is considered as significant
Table 2: Changes in SHUXP*6+ ȝJPO Levels after Alcohol Consumption
Time
points
0 hr
0.5 hr
1 hr
2 hr
4 hr

Alcohol1
(mean value)
24.52
26.60
27.83
26.12
25.37

NTX1
(mean value)
24.84
26.82
27.10
25.27
26.24

SD-Al
6.96
10.53
11.43
10.34
10.12

p value
SD-NTX (paired t-test)
7.02
0.247
8.20
0.750
9.17
0.428
7.03
0.467
8.36
0.323

Sig.2
NS
NS
NS
NS
NS

MO Comment:
While the change in ROS may be statistically significant at 1 and 4 hours, the
difference in the ROS between the treatment arms is small and less than one standard
deviation. Again it is not clear what are considered to be normal levels of ROS. The
difference at 2 hours is not statistically significant and thus there is lack of consistency.
Therefore, this difference may not be meaningful.
Similarly, the changes in serum derivatives of ROS is also small and only statistically
significant at 2 hours but not at four hours. Differences in changes of serum GSH
levels were not statistically significant and were not consistent across time. Changes
in serum GSSG levels were only statistically significant at 4 hours. Changes in serum
MDA (nmol/L) levels were statistically significant at 30 min and 4 hours, and again the
changes were less than the standard deviation. Hazard ratios were not provided.
Changes in serum protein carbonyl levels were statistically significant only at 1 hour.
DNA Damage
Single cell comet assay of peripheral lymphocytes’ comet score after alcohol
consumption were statistically significant at 2 hours but not at 4 hours.

AR-001637

Case 1:17-cv-02538-JEB Document 37-4 Filed 06/26/19 Page 174 of 236
1638

CBMN assay of peripheral lymphocytes was statically significant at 2 hours but not at
4 hours. Serum 8OH-dG (ng/ml) assay was statistically significant at 4 hours but much
less than one standard deviation.
MO Comment:
The author concludes that “these findings suggested that NTX could be effective in
reducing alcohol-induced pathophysiological changes for a protracted period of time”.
However, the actual results do not support this conclusion as the changes seen in
markers of oxidative stress and markers of damage to DNA were small and not
consistent across time. In addition, the clinical meaningfulness of these transient
changes in biomarkers remains unclear.

5. Nobel –NTX Protective Effects from Alcohol-Induced ROS and
Genotoxicity Unpublished
This study was performed by Sion Nobel, M.D. at the Mission Hills Medical
Center/Global Clinicals, Inc. in California. It is a single center, cross-over, double blind,
randomized, two group study.
Study Design
The primary objective of the study was to evaluate alcohol-induced DNA damage and
changes in ROS and other related oxidative stress markers in blood, during binge
drinking in the presence and absence of NTX and to evaluate safety via monitoring for
side effects.
MO Comment:
The sponsor submits two references to support that Comet DNA Assay measures
DNA damage in eukaryotic cells and that a high comet level is indicative of increased
DNA damage. One reference 17 from 1997 reports that DNA damage is induced by
alcohol, but it is not clear that the data presented support that the Comet assay is
sensitive and predictive of outcomes. The second reference 18 from 2014 reports
epigenetic histone modification in a rat model of ethanol liver injury. This Division does
not have the expertise to comment on the accuracy of the Comet assay for DNA
damage or the relevance of the assay results to patients and if it predicts clinically
meaningful outcomes.
Inclusion/Exclusion Criteria
x Male & female volunteers who have had alcohol previously and recognize its
effects
17

Brooks PJ, (1997) DNA damage, DNA repair, and alcohol toxicity - A review, Alcohol Clin Exp
Res, 2:6:1073-82.
18
Annayya RA, Restrepo RJ, Kusum KK, Shivendra DS (2014) Epigenetic histone modifications
in a clinically relevant rat model of chronic ethanol-binge-mediated liver injury.
Supplement Issue: ALPD Hepatology International 8 Suppl. 2:421-430
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x
x
x
x
x

Ages between 21 and 50 years
In good general health
Normal values on complete metabolic panel
Must be able to read, understand, accept and sign the informed consent
document
BMI range of 24-29.9

Subjects were presented with alcohol (vodka), containing either NTX or not,
depending on their group assignment.
Alcohol intake was adjusted for each individual at 1.275 g/kg body weight for men and
1.020 g/kg body weight for women of 100 % alcohol; approximately 250 ml for an 80
kg male, to be drunk in about one hour. Vodka, which is 40% alcohol, was used for the
study, and the adjustment in calculation was made such that the planned alcohol
intake was correct for each patient. For example, if a male weighs 80 kg (176 lb.), the
amount of alcohol will be 80 x 1.275 = 102 ml, divided by 0.4 = 255. If that same
subject was a female the amount would be 80 x 1.020= 81.6 ml, divided by 0.4 = 204.
Blood Alcohol Concentration (BAC) was monitored at 15 min intervals during the hour
of drinking and at 20 minute intervals for the remainder of the test day.
MO Comment:
It appears that the sponsor gave a 70 kg male about 40 grams of alcohol and a 70 kg
female about 33 grams of alcohol. While the sponsor states BAC was monitored via
breathalyzer, the results of breathalyzer or serum blood alcohol content was not
reported, therefore it is difficult to compare the studies.
Paired t-tests were used to test for within group treatment differences for continuous
measures and independent sample t-tests were used to compare means between
treatment groups; Fisher’s Exact tests were used for categorical variables. SAS (SAS
Inst, Cary NC) was used for all analyses and the accepted level of significance was
Į 
Study Results
There were a total of twenty five subjects enrolled, randomly assigned to two groups
for visit 2 and crossed-over from NTX supplement to placebo or vice a versa.
At baseline, no significant differences were found between treatment groups for age,
gender, height, weight, BMI, and vital signs (systolic and diastolic pressure and pulse).
Comet DNA assay data are available for Baseline and 2 hours and change from
baseline was determined. There were no significant differences between treatments
for comet DNA tail length. There was a significant difference for Tail DNA% at 2 hours
post NTX administration (p=0.02). There were no significant effects in the various
oxidative stress markers. See Table 3.
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Table 3: Comet DNA Assay
Parameter
Active(n=25)**
& Time point
Tail length (uM)
Baseline
0.58 (0.17)
0.57 (0.17)
2 hours
Change (2 hours – baseline) -0.01 (0.15)
Tail DNA %
Baseline
2.75 (0.53)
2.79 (0.46)
2 hours
Change (2 hours – baseline) 0.06 (0.47)
*Dependent (paired samples t-test)
** Mean (standard deviation)

Placebo (n=25)**

p-value*

0.57 (0.20)
0.58 (0.21)
0.02 (0.23)

0.76
0.88
0.62

2.92 (0.55)
3.16 (0.74)
0.23 (0.64)

0.21
0.02
0.25

Data from the CBMN assay showed no significant differences between groups at any
of the timepoints (p>0.05).
Data from the dRoms assay also showed no significant differences between groups at
any of the timepoints (p>0.05).
Additionally, there were no statistically significant differences between NTX and
placebo (alcohol alone) groups in any of the inflammatory markers (MDA assay, PC
assay, ROS assay).
No significant difference was seen in occurrence of adverse events.
MO Comment:
The author concludes that these results indicate that NTX has a protective effect;
however, the results for all parameters tested did not show statistical significance
except for the Tail DNA % at 2 hours. It should be noted that there was no multiplicity
adjustment in this study.
It is difficult to compare the doses of alcohol across these trials as different endpoints
for alcohol intake (e.g., calculated amount vs. BAC by breathalyzer) have been used,
however it is noted that the results do not appear to be consistent across the different
trials.
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6. England et al. (1986) Influence of antioxidants (mannitol and
allopurinol) on oxygen free radical generation during and after
cardiopulmonary bypass
England MD, Cavarocchi NC, O’Brien JF et al. Influence of antioxidants (mannitol and
allopurinol) on oxygen free radical generation during and after cardiopulmonary
bypass. Circulation 1986;74:SIII134-137.
This was a prospective trial in 45 patients undergoing coronary artery bypass or
cardiac valve replacement using cardio pulmonary bypass (CPB). Patients were
divided into 3 groups:
x Group I – 20 patients
x Group II - 15 patients with 12.5 grams of mannitol intravenously
x Group III – 10 patients with 1200mg allopurinol intravenously preoperatively
Plasma hydrogen peroxide (H2O2), red blood cell intracellular H2O2 and WBC
intracellular H2O2 were measured before CPB and at the end of the procedure.
The rise in H2O2 in group I was significantly higher than in groups II (p < 0.03). WBC
intracellular H2O2 was not significantly different between groups.
MO Comment:
The formulation used in this study appears to be intravenous, and the sponsor is
proposing an oral formulation. RBC intracellular H2O2 was significantly different
between the groups I and II at baseline and no adjustment for the baseline differences
was reported, therefore, the sponsor’s assertion that it was different at the end of
treatment is not supported by the data presented. The data presented does
demonstrate an increase in H2O2 after CPB and a reduction of this increase with the
addition of 12.5 grams of mannitol before the procedure. However, this study does not
appear directly relevant to the specific problem of liver injury secondary to alcohol
intake. Again, as we do not know the dose of mannitol in this study and the dose in the
NTX product and as the route of administration is different, interpretation of this data in
relation to the proposed route of administration and indication is impossible. We do
not find these results pertinent to the question of efficacy and safety of NTX.

D. Summary and Conclusions
With these studies, the sponsor has failed to provide conclusive evidence that: 1)
short-term reductions in ROS or dROS; 2) short-term increases in glutathione; and/or
3) differences in elevations in transaminases observed in NTX treated subjects
relative to controls are “hepatoprotective,” as claimed. Specifically, the sponsor did not
submit any convincing information that there is a quantitative link between the small
changes in the biomarkers measured in the above-described studies and a reduction
in risk of alcohol-induced liver disease, including long-term progression to liver fibrosis
and cirrhosis. The potential benefit of an “additive” such as NTX when used repeatedly
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over time remains theoretical at this point, and the submitted studies are considered
hypothesis generating and require confirmation that they actually do prevent induction
of liver disease by alcohol.
None of the biomarkers evaluated in the NTX studies has been validated as surrogate
endpoints for liver disease and, as already mentioned, the sponsor has not submitted
adequate scientific justification to support that the short-term changes in these
biomarkers will predict changes of risk for disease progression over time.
In addition, the amount of alcohol given to subjects was variable across the studies,
and the results from different studies are also not consistent. It was not clear what
amount of the active ingredients were present in the NTX given to patients in these
trials, and if it is the same as the to-be-marketed formulation. As moderate alcohol
intake does not induce liver disease in most individuals, it is doubtful that adding NTX
will significantly change the risk for liver disease in the population with moderate to
light alcohol consumption. In alcoholic patients who consume large amounts of alcohol
daily, although, there is a theoretical potential for a hepatoprotective effect, in light of
the findings of the small transient effects on biomarkers shown in these studies, it is
not at all clear that any meaningful clinical benefit would be provided by this product.
Furthermore, there could be safety concerns for exposure to high doses of NTX (e.g.,
cortisol-induced mineralocorticoid effect with a tendency towards an elevation in blood
pressure and blood sodium levels and a reduction of potassium levels), especially in
light of the fact that large amounts of alcohol can be consumed in binge drinking
settings, or over time in the case of chronic alcoholism, in which many patients
consume more than 7-8 drinks per day or at a time. This potential safety concern has
not been adequately addressed in any of the studies presented, and may have a
significant impact on the risk vs. benefit assessment of the product.
The effect that was seen of higher blood alcohol levels achieved with the same
amount of alcohol with NTX than without, could lead to inadvertent inebriation, and
therefore needs further study and clarification. If this is a persistent effect it could
require that products containing NTX have less alcohol or a warning label indicating
that higher blood alcohol levels may be achieved with lower consumption.
The nonclinical toxicology information is not interpretable without a comparison of the
dose used in the human trials to the dose used in nonclinical studies. For approval as
a drug, the standard would require review of full study reports by toxicology specialists
to clarify the potential for toxicity in the combination product. In addition, the sponsor
would need to provide nonclinical (animal) data for long-term exposures to high
amounts of the components of NTX.
In addition, clinical data on possible mineralocorticoid effects and potential induction or
worsening of hypertension in both patients with moderate and high alcohol intake,
should be obtained. At this time there is no biomarker data presented in patients with
large amounts of alcohol intake and high blood alcohol content to show that the same
differences in biomarkers would also occur in these patients. As noted in Section 2,

AR-001642

Case 1:17-cv-02538-JEB Document 37-4 Filed 06/26/19 Page 179 of 236
1643

the pathways for metabolism of alcohol differ with higher blood alcohol content and
changes in the gastrointestinal microflora and absorption of endotoxins can also affect
the pathophysiology of the induction of alcohol induced liver disease.
The goal of this memo is to provide technical consultation, based on CDER’s
experience and expertise in analyzing scientific materials and based on this Division’s
particular expertise regarding liver function. While it is our opinion that the petitioner
has not submitted adequate clinical data and evidence to support a finding that NTX
plays a protective role in supporting improved liver health during alcohol consumption,
this memo does not address the question of whether or not TTB should, under the
applicable regulations, authorize the specific statements that Bellion Spirits proposed
in their petition.

______________________________________________
Medical Reviewer - Lara Dimick-Santos, MD

______________________________________________
Team Leader – Stephanie O. Omokaro, MD

______________________________________________
Associate Director – Roman Dragos, MD
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Attachment 2:
Categorization of Articles
Document Author
Ablise

Glycyrrhizin (G) only, in vitro

Ambade

Review article

Arase

G only, individuals with hepatitis C

Arjumand

G only, mice

Asl

Review article

Balbo

Book chapter

Beste

Questions and answers about liver disease

Botta

Mannitol (M) only, in vitro, photoprotection

Bruha

Review article on alcohol liver disease

Centers for Disease – Alcohol

CDC report on alcohol and liver disease

Centers for Disease – Excessive

CDC report on alcohol consumption

Cheel

G only, in vitro

Chen Dan-dan
hepatitis

Abstract only, G only, individuals with

Chigurupati – Evaluation of oxidative stress

Oxidative stress in rats

Chigurupati (Confidential)– Evaluation of reactive oxygen species (ROS)- Human study
on NTX
Chigurupati- Hepatoprotective effects of a proprietary glycyrrhizin product during
alcohol consumption: A randomized, double-blind, placebo-controlled, crossover study –
Published human study on NTX (2016)
Chigurupati – Whitepaper (Confidential)

Rats

Chigurupati – Patent

Patent, no primary evidence

Chigurupati –White paper (10-28-16)

Summary of studies

Cosentino

Survey on M use with nephrectomy
1
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Cosmetic Ingredient Review Expert Panel: Final Report

Safety assessment review

Deshpande

Evaluation of biomarkers during cirrhosis

Dhanda

Review of immune dysfunction during
hepatitis

Dong

Abstract only, G only, mice

England

M only in humans

Fujioka

G only, individuals with hepatitis

Gandhi

G only, mice, in vitro

Gharzouli

M only, rats, gastric mucosal damage

Global Status Report on Alcohol and Health 2014 WHO global status report
Gong, 2012

G only, rats

Gong, 2014

G only, rats

Gu, XJ

G only, rats, brain injury

Gumpricht

G only, in vitro

Hall

M only, in vitro

Han

Review article

Heit

Book chapter

Hou

G only, in vitro

Hsiang

G only, in vitro

Hu

G only, in vitro

Ikeda, 2006

G only, injection, individuals with hepatitis

Ikeda, 2007

G only, injection, individuals with hepatitis

Ishida

G only, in vitro

Jeong

G only, in vitro

Jung

G only, mice

Kaur, 2012

G only, in vitro
2
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Kaur, 2014

Review article on oxidative stress

Khorsandi

G only, rats

Kim, Hyun-Jin

Evaluation of biomarkers of cirrhosis

Kim, Moon-Sun

Review article

Kim, Nam Hoon

M only, in vitro

Kimura

G only, rats

Kruman

Review article

Kumada

G only, individuals with hepatitis C or
cirrhosis

Lee

G only, mice

Li, Jian-yuan

Review article

Li, Sha

Review article

Liang

G only, in vitro

Llerena

Review article

Ling, Q

Foreign language, G only,
individuals with hepatitis

Ling

Foreign language, G only, rats

Lum

Evaluation of Biomarkers

Mandal (Confidential)

Rats

Manns

G only, individuals with liver disease

Mansoori

Review article

Mathurin

Review article

Mayo Clinic

General information

Meena

Metabolism of M, review article

Meng

Foreign language, G only, individuals with
liver disease
3
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Ming, JA

Foreign language, G only, individuals with
liver disease

Moore

Book chapter on renal failure

Nafisi

G only, in vitro

Nobel - NTX Protective Effects from Alcohol Induced ROS and Genotoxicity. Unpublished
study on NTX (Confidential)
Orlent

G only, individuals with hepatitis C

O'Shea

Practice guidelines

Pandit- Study on Evaluation of Hepatoprotective and Anti-Oxidant Effect- NTX in
humans-not complete- findings only
Pandit. Study on the Evaluation of Hepatoprotective and Anti-Oxidant Effect of processed
Glycyrrhiza glabara fortified Ethanol (NTX) in Alcoholics Subjects. Unpublished human
study on NTX (Confidential)
Pelle

M only, in vitro

Qin

Foreign language, G only, individuals with
hepatitis

Quan, ZY

G only, rats, abstract only

Qureshi

Evaluation of biomarkers in individuals
with liver disease

Rahman

G only, rats

Rino

Evaluation on biomarkers/metabolites in
individuals with cirrhosis

Sahu

M only, in vitro

Sarker

M only, in vitro

Shah

M only, intravenous, acute ischemia

Sil, 2015

G only, rat

Sil, 2012

G only, rat

Song

G only, treatment of cirrhosis, abstract only
4
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State of the Science Report on the Effects of Moderate Drinking NIAAA report
Teschke

Evaluation of metabolites and biomarkers

Testoni

M only, in vitro

Til

Animal toxicity study

Torkadi

Evaluation of biomarkers in alcoholic liver
disease

Tripathi

G only, in vitro

Tsou

M only, in vitro

Tsubota

G only, individuals with hepatitis C

Udani (Confidential)

Human study on NTX

Understanding Cirrhosis of the Liver

WebMD article

Van Rossum, 1999

G only, individuals with hepatitis C

Van Rossum, 2001

G only, individuals with hepatitis C

Veldt

G only, individuals with hepatitis C

Wang LS

Foreign language, G only, rats

Wang, Jiyao

Foreign language, G only rats

Wang, Wei

G only, in vitro

Whiteman

Information material

Wu

G only, mice, nephrotoxicity

Xianshi

G only, individuals with hepatitis

Xu, Jiaquan

CDC statistical info

Yildirim

G only, pancreatitis, rats

Yilmaz

M only, rats

Zhang

Foreign language, mice

Zhao

Foreign language, G only, individuals with
hepatitis
5
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DEPARTMENT OF THE TREASURY
Alcohol and Tobacco Tax and Trade
Bureau
27 CFR Parts 4, 5, and 7
[TTB T.D.–1; Ref: ATF Notice Nos. 884, 892,
and 896]
RIN: 1512–AB97

Health Claims and Other HealthRelated Statements in the Labeling and
Advertising of Alcohol Beverages
(99R–199P)
Alcohol and Tobacco Tax and
Trade Bureau (TTB), Treasury.
ACTION: Final rule, Treasury decision.
AGENCY:

TTB is amending the
regulations to prohibit the appearance
on labels or in advertisements of any
health-related statement, including a
specific health claim, that is untrue in
any particular or tends to create a
misleading impression. A specific
health claim on a label or in an
advertisement is considered misleading
unless the claim is truthful and
adequately substantiated by scientific
evidence; properly detailed and
qualified with respect to the categories
of individuals to whom the claim
applies; adequately discloses the health
risks associated with both moderate and
heavier levels of alcohol consumption;
and outlines the categories of
individuals for whom any levels of
alcohol consumption may cause health
risks. In addition, TTB will consult with
the Food and Drug Administration
(FDA), as needed, on the use of specific
health claims on labels. If FDA
determines that a specific health claim
is a drug claim that is not in compliance
with the requirements of the Federal
Food, Drug, and Cosmetic Act, TTB will
not approve the use of such statement
on a label.
Health-related statements that are not
specific health claims or health-related
directional statements will be evaluated
on a case-by-case basis to determine if
they tend to mislead consumers. The
final rule provides that health-related
directional statements (statements that
direct or refer consumers to a third party
or other source for information
regarding the effects on health of
alcohol consumption) will be presumed
misleading unless those statements
include a brief disclaimer advising
consumers that the statement should not
encourage consumption of alcohol for
health reasons, or some other
appropriate disclaimer to avoid
misleading consumers. TTB believes
that the final regulations will ensure

SUMMARY:

that labels and advertisements do not
contain statements or claims that would
tend to mislead the consumer about the
significant health consequences of
alcohol consumption.
DATES: This rule is effective June 2,
2003.
FOR FURTHER INFORMATION CONTACT:
William H. Foster, Regulations and
Procedures Division, Alcohol and
Tobacco Tax and Trade Bureau, 650
Massachusetts Avenue, NW.,
Washington, DC 20226 (202–927–8210).
SUPPLEMENTARY INFORMATION: Please
note: References to ‘‘ATF’’ are to the
Bureau of Alcohol, Tobacco and
Firearms as it existed before January 24,
2003. The new Alcohol and Tobacco
Tax and Trade Bureau (TTB) has taken
over the former ATF’s responsibilities
for alcohol beverage labeling
regulations.
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I. Background
The Federal Alcohol Administration
Act (FAA Act), 27 U.S.C. 205(e) and (f),
authorizes TTB to issue regulations on
the packaging, labeling and advertising
of alcohol beverages in order to prohibit
deception of the consumer, and to
prohibit, irrespective of falsity,
statements relating to analyses,
guarantees, and scientific or irrelevant
matters that are likely to mislead the
consumer. The FAA Act generally
requires bottlers and importers of
alcohol beverages to obtain certificates
of label approval prior to the bottling or
importation of alcohol beverages for sale
in interstate commerce. Pre-approval of
advertising is not required by the FAA
Act.
Regulations that implement the
provisions of section 205(e) and (f), as
they relate to the labeling and
advertising of wine, distilled spirits, and
malt beverages, are set forth in Title 27,
Code of Federal Regulations (CFR), parts
4, 5, and 7, respectively. These current
regulations prohibit the appearance on
labels or in advertisements of any
statement, design, representation,
pictorial representation, or device
representing that the use of wine,
distilled spirits, or malt beverages has
curative or therapeutic effects if the
representation is untrue in any
particular or tends to create a
misleading impression. This standard
originated more than 60 years ago with
the initial labeling and advertising
regulations issued under the FAA Act.
TTB and its predecessor agencies
have historically taken a very strict view
of the regulatory prohibition on false or
misleading curative or therapeutic
claims about alcohol beverages. This
strict interpretation is based on the view
that ‘‘distilled spirits, wines and malt
beverages are, in reality, alcoholic
beverages and not medicines of any sort,
* * *.’’ FA–129, dated January 5, 1938.
In view of the undisputed health risks
associated with alcohol consumption,
we and our predecessors have always
taken the position that statements
attributing positive effects on health to
the consumption of alcohol beverages
are misleading unless such statements
are appropriately qualified and properly
balanced. TTB views statements that
make substantive claims regarding
health benefits associated with alcohol
beverage consumption (e.g., ‘‘moderate
alcohol consumption is good for your
health’’) as making curative or
therapeutic claims. Claims that set forth
only a partial picture or representation
might be as likely to mislead the
consumer as those that are actually
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false. A claim that is supported by
scientific evidence might still mislead
the consumer without appropriate
qualification and detail. Any such claim
is considered misleading unless it is
properly qualified and balanced,
sufficiently detailed and specific, and
outlines the categories of individuals for
whom any positive effects on health
would be outweighed by numerous
negative effects on health.
II. Health Consequences of Alcohol
Consumption
The risks associated with alcohol
consumption are well documented. In
Notice No. 884, ATF summarized these
risks as set forth in an article by Charles
H. Hennekens, M.D. as follows: 1
The hazards of heavy alcohol consumption
are clear and substantial and have farreaching health and social consequences.
Alcohol is the second leading cause of
preventable deaths in the United States as
well as most industrialized countries, second
only to cigarette smoking. Drinking increases
the risk of cancer of the liver, mouth, tongue,
and esophagus and has been implicated as a
cause of 3 to 5 percent of all cancer deaths.
Heavy alcohol consumption is also
associated with increased risks of
hemorrhagic stroke and cardiomyopathy, and
it predisposes to hepatic cirrhosis, the ninth
most common cause of death in the United
States. In pregnant women, heavy alcohol
consumption is associated with fetal alcohol
syndrome. Alcohol drinking is also
implicated in over 40 percent of all fatal
traffic crashes, which are a chief cause of
premature deaths in younger people, and it
is associated with suicides, industrial
accidents, sex crimes, robberies, and
murders. It is estimated that 14 million U.S.
residents suffer from alcohol abuse and
dependence, and 76 million are affected by
its presence in a family member. (Citations
omitted).

It is true that heavier levels of alcohol
consumption cause many of these
health risks. It is also true that there are
millions of Americans with alcohol
dependency problems who find
themselves unable or unwilling to
control their consumption of alcohol.
Given the serious health risks associated
with higher levels of alcohol
consumption, and given the fact that
most medical studies agree that the
effects of moderate consumption differ
from individual to individual, it was
ATF’s longstanding, and is now our,
position that any claim associating
health benefits with moderate alcohol
consumption must be carefully
evaluated to ensure that it does not
mislead the consumer about the various
health consequences related to the
consumption of alcohol beverages.
Prior to engaging in this rulemaking,
ATF recognized that there were several
scientific studies establishing a link

between moderate alcohol consumption
and a reduced risk of coronary artery
disease (‘‘CAD’’).2 However, it was
ATF’s conclusion that there was not
significant scientific evidence to
support an unqualified conclusion that
moderate alcohol consumption has net
health benefits for all or even most
individual consumers. Some studies
have suggested that only older drinkers
will accrue any net health benefits from
moderate alcohol consumption.3 This is
because younger individuals have such
a low risk for coronary artery disease,
and are much more likely to be at risk
from alcohol consumption, even at
lower levels. This difference in risk
factors has been explained as follows:4
The net outcome of all-cause mortality
associated with a certain alcohol
consumption level therefore also depends on
the drinker’s absolute risk of dying from
these various causes. Accordingly, older
people—who are at high absolute risk of
coronary heart disease and ischemic stroke
and at low risk for injury, cirrhosis, and other
alcohol-related diseases’are most likely to
benefit from low levels of alcohol
consumption. In contrast, for men and
women under age 40, who have relatively
low absolute risk of dying from strokes, heart
disease, and alcohol-related diseases but a
high absolute risk of dying from injury, allcause mortality will increase even at
relatively low alcohol-consumption levels.
* * *. Finally, the absolute risk of death
from injury or coronary heart disease is lower
in young women than in young men, leading
to an increase in all-cause mortality even in
young women who are light drinkers (less
than two drinks every 3 days) compared with
abstainers. (Citations omitted).

Overall, the available scientific
literature establishes that there may be
serious health risks associated with
heavy as well as moderate alcohol
consumption, depending on the
individual.5
III. Industry Circular 93–8
On August 2, 1993, ATF published
Industry Circular 93–8. The circular
generally restated ATF’s longstanding
position regarding misleading curative
and therapeutic claims. ATF explained
that claims that set forth only a partial
picture, representation, or truth might
be as likely to mislead the consumer as
those that are actually false. Thus, a
statement that attributed health benefits
to the moderate consumption of alcohol
beverages, even if backed up by medical
evidence, might have an overall
misleading effect if such statement was
not properly qualified, did not give all
sides of the issue, and did not outline
the categories of individuals for whom
any such positive effect would be
outweighed by numerous negative
effects on health.
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ATF also explained that its policy
regarding health claims on labels had
been reinforced by the 1988 enactment
of the Alcoholic Beverage Labeling Act
(ABLA), 27 U.S.C. 213 et seq. The ABLA
contains a declaration of policy and
purpose which states that the Congress
finds that ‘‘the American public should
be informed about the health hazards
that may result from the consumption or
abuse of alcoholic beverages, and has
determined that it would be beneficial
to provide a clear, nonconfusing
reminder of such hazards, and that there
is a need for national uniformity in such
reminders in order to avoid the
promulgation of incorrect or misleading
information and to minimize burdens
on interstate commerce.’’ 27 U.S.C. 213.
As a result of this concern, the ABLA
requires that any alcohol beverage
container held for sale or distribution in
the United States must bear the
following statement on the label:
Government Warning: (1) According to the
Surgeon General, women should not drink
alcoholic beverages during pregnancy
because of the risk of birth defects. (2)
Consumption of alcoholic beverages impairs
your ability to drive a car or operate
machinery, and may cause health problems.

It is clear that one of the purposes of
the ABLA was to avoid confusing the
American public about the health
hazards associated with the
consumption of alcohol beverages. In
order to effectuate this goal, Congress
prescribed specific language that must
appear on the labels of alcohol beverage
containers. To the extent that the overall
message of any health claim is
inconsistent with the message of the
Government warning statement, then it
may result in label information that is
confusing and could mislead the
consumer, and would thus be
prohibited under the FAA Act.
In Industry Circular 93–8, ATF further
noted that other Federal agencies, such
as the Food and Drug Administration
and the Federal Trade Commission,
might have jurisdiction over certain
aspects of advertising and labeling
issues involving health claims. We will
address this issue further in section IV
(‘‘Role of Other Federal Agencies with
Respect to Specific Health Claims and
other Health-Related Statements’’).
ATF also stated that the distribution
of advertising materials that included
the full text of the April 1992 edition of
‘‘Alcohol Alert,’’ a publication of the
National Institute on Alcohol Abuse and
Alcoholism (NIAAA), would not be in
violation of current regulations. This
NIAAA publication provides a
comprehensive discussion of the health
consequences of moderate alcohol
consumption. The industry circular
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stated that if the advertising materials
also contained editorializing,
advertising slogans, or exhortations to
consume the product, ATF would
evaluate the additional text to determine
whether or not the advertisement
presented a balanced picture of the risks
associated with alcohol consumption. In
addition, ATF stated that the use of
buttons, shelf talkers (additional
product information placed on the retail
shelf), table tents, and similar items that
excerpt any portion of the NIAAA
publication, contain health slogans or
other inferential statements drawn from
this publication, or are based on any
other publication or article citing the
health benefits of alcohol consumption,
would be closely scrutinized to
determine if they presented a balanced
picture of the risks associated with
alcohol consumption.
ATF reminded industry members in
Industry Circular 93–8 that substantive
health claims on labels are considered
to be misleading unless they are
properly qualified, present all sides of
the issue, and outline the categories of
individuals for whom any positive
effects on health would be outweighed
by numerous negative effects on health.
Finally, ATF stated that it intended to
initiate rulemaking on this issue;
however, pending rulemaking, ATF
would continue to evaluate claims in
labeling and advertising on a case-bycase basis.
IV. Role of Other Federal Agencies
With Respect to Specific Health Claims
and Other Health-Related Statements
While TTB now has primary
jurisdiction over the labeling and
advertising of alcohol beverages, under
certain circumstances the labeling and
advertising of alcohol beverages may
also be subject to the jurisdiction of the
Food and Drug Administration (FDA) or
the Federal Trade Commission (FTC).
For example, since certain wine
products containing less than 7 percent
alcohol by volume are not wines subject
to the FAA Act, the labeling of such
products generally falls within FDA’s
jurisdiction. ATF always utilized, as
TTB does now, the scientific and public
health expertise of FDA in approving
ingredients in alcohol beverages,
requiring label disclosure of certain
substances, and identifying adulterated
alcohol beverages that are deemed
mislabeled.
By letter dated April 9, 1993, FDA
advised ATF that certain curative,
therapeutic, or disease-prevention
claims for an alcohol beverage might
place the product in the category of a
drug under the Federal Food, Drug and
Cosmetic Act (FFDC Act), 21 U.S.C.

321(g)(1)(B). FDA evaluates health
claims on food labels pursuant to its
authority under the FFDC Act, as
amended by the Nutrition Labeling and
Education Act (NLEA), Pub. L. 101–535
(1990). The law provides that a food
product is misbranded if it bears a claim
that characterizes the relationship of a
nutrient to a disease or health-related
condition, unless the claim is made in
accordance with certain procedures
mandated by FDA. 21 U.S.C.
343(r)(1)(B). FDA’s regulations provide
that FDA will approve a health claim
when it determines, ‘‘based on the
totality of publicly available scientific
evidence’’ that there is ‘‘significant
scientific agreement, among experts
qualified by scientific training and
experience to evaluate such claims, that
the claim is supported by such
evidence.’’ 21 CFR 101.14(c).
FTC’s general jurisdiction over
advertising extends to alcohol
beverages. In a policy statement
published in the Federal Register on
June 1, 1994 (59 FR 28394), FTC stated
that it is necessary to examine ‘‘whether
qualified claims are presented in a
manner that ensures that consumers
understand both the extent of the
support for the claim and the existence
of any significant contrary view within
the scientific community.’’ The FTC
policy statement stated that an
unqualified health claim in the
advertising of a food was likely to be
deceptive if the food also contained a
nutrient that increased the risk for
another disease or health-related
condition, and the risk-increasing
nutrient was closely related to the
subject health claim.
V. Fourth Edition of the Dietary
Guidelines for Americans (1995)
The Fourth Edition (1995) of the
‘‘Dietary Guidelines for Americans’’ was
published by the U.S. Department of
Agriculture (USDA) and the U.S.
Department of Health and Human
Services (HHS) in 1996. This edition of
the Guidelines contained a detailed
discussion of the health consequences
of alcohol consumption.
The 1995 Guidelines acknowledged
that ‘‘[c]urrent evidence suggests that
moderate drinking is associated with a
lower risk for coronary heart disease in
some individuals.’’ The Guidelines then
went on to discuss the ‘‘serious health
problems’’ caused by higher levels of
alcohol consumption, including
increased risk for high blood pressure,
stroke, and heart disease.
The 1995 Guidelines recommended
that if adults chose to drink alcohol
beverages, they should consume them
only in moderation. The term
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‘‘moderation’’ was defined as no more
than one drink per day for women and
no more than two drinks per day for
men. However, the 1995 Guidelines
stressed that many people should not
drink alcohol beverages at all, including
children and adolescents, women who
are trying to conceive or who are
pregnant, individuals who plan to drive
or take part in activities that require
attention or skill, and individuals using
prescription and over-the-counter
medications. Finally, the 1995
Guidelines suggested that individuals of
any age who could not restrict their
drinking to moderate levels should not
drink at all.
VI. Competitive Enterprise Institute
Petition
On May 9, 1995, the Competitive
Enterprise Institute (CEI) submitted a
petition asking ATF to issue a rule
allowing alcohol beverage labels and
advertisements to carry statements
regarding the purported benefits of
moderate alcohol consumption. More
specifically, CEI proposed that ATF
issue a rule specifically allowing the
following statement to appear on labels
and in advertisements: ‘‘There is
significant evidence that moderate
consumption of alcoholic beverages may
reduce the risk of heart disease.’’ By
letter dated November 10, 1995, CEI
submitted a survey purporting to show
that less than 42 percent of the general
public was ‘‘aware of the medical
benefits of moderate consumption.’’
By letter dated January 13, 1997, ATF
denied CEI’s rulemaking petition. ATF
determined that CEI’s proposed claim
was not appropriately qualified, in that
it did not define the categories of
individuals for whom there would be no
appreciable benefits (such as younger
individuals already at low risk of heart
disease), or individuals for whom there
would be significant risks associated
with moderate alcohol consumption
(such as recovering alcoholics and
persons otherwise at risk for alcohol
abuse, or people with certain medical
conditions). The claim was not
balanced, in that it did not explain the
significant risks associated with higher
levels of alcohol consumption, as well
as the potential risks of moderate
alcohol consumption for certain
individuals. ATF found that the claim,
taken in isolation, would tend to
mislead the consumer about the
significant health consequences of
alcohol consumption.
Before ATF had issued its denial of
CEI’s petition, CEI had filed suit
(October 29, 1996) in the United States
District Court for the District of
Columbia, challenging ATF’s delay in
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acting on its petition. In 1997, CEI
amended its complaint to challenge
ATF’s denial of the rulemaking petition.
CEI also alleged that ATF had a ‘‘de
facto’’ ban on the use of health claims,
which violated the First Amendment
and the FAA Act. In 1998, the district
court granted the Government’s motion
for summary judgment on CEI’s
challenge to the denial of its rulemaking
petition. Both parties filed motions for
summary judgment on the remaining
issues.
VII. Other Health-Related Statements
on Alcohol Beverage Labels
On February 4, 1999, ATF approved
two applications for certificates of label
approval bearing directional healthrelated statements directing consumers
to the Dietary Guidelines or their family
doctor for information about the ‘‘health
effects of wine consumption.’’ ATF
approved those labels based on its
determination that the statements were
not substantive health claims, but
instead were neutral statements
directing consumers to third parties for
additional information regarding the
effects on health of alcohol
consumption. The first approved
labeling statement read as follows:
The proud people who made this wine
encourage you to consult your family doctor
about the health effects of wine consumption.

The second labeling statement read as
follows:
To learn the health effects of wine
consumption, send for the Federal
Government’s Dietary Guidelines for
Americans, Center for Nutrition Policy and
Promotion, USDA, 1120 20th Street, NW.,
Washington, DC 20036 or visit its web site:
http://www.usda.gov/fcs/cnpp.htm.

Prior to being approved, the two
applications received a great deal of
public attention. In July of 1997, both
HHS and FTC urged ATF not to approve
the labels until a consumer survey was
conducted. In that same month,
Senators Robert Byrd and Strom
Thurmond wrote to the Secretary of the
Treasury, also raising several concerns
about the proposed labeling statements.
ATF also received several letters from
public health organizations concerned
that the labels would encourage
consumers to consume alcohol
beverages for health reasons. In view of
these concerns, ATF decided to defer
final action on the labels pending the
completion of a consumer survey by the
Center for Substance Abuse Prevention
(CSAP), a component of HHS.
In January of 1998, CSAP transmitted
to ATF the main findings from its
consumer survey. The survey found that
most subjects reported that they do not

read wine labels, and that neither of the
two labeling statements would likely
induce wine drinkers to alter their
drinking pattern, quantitatively or
otherwise. However, several members of
the focus groups reported that
information about the positive effects on
health of wine consumption from the
media had led them to increase their
wine intake.
While the CSAP survey did not
establish that the labeling statements
would influence the drinking patterns of
wine drinkers, it did indicate that heavy
drinkers may justify or increase their
consumption levels based on their
independent understanding of
information regarding the alleged health
benefits of moderate consumption.
Furthermore, the survey established that
consumers would be no more likely to
seek additional health information after
reading the proposed labeling
statements.
Based on the evidence before it,
including the consumer survey
conducted by CSAP, ATF concluded
that there was insufficient evidence in
the record to establish that the
directional statements tended to mislead
consumers about the effects on health of
alcohol consumption. Accordingly, the
labels were approved.
The approval of these labels generated
considerable interest from Federal
health officials, members of Congress,
and public advocacy groups, who
expressed concern about consumer
perception of the label statements. Of
particular note, former Surgeon General
David Satcher expressed concern that
people might draw an incorrect message
from these labels.
Moreover, ATF became aware of a
number of press accounts interpreting
the directional statements as actual
health claims about the benefits of
alcohol consumption. For example, on
February 5, 1999, the ‘‘Wall Street
Journal’’ wrote that the expected
decision to approve the labels would
allow ‘‘wine producers to put labels on
bottles that point to the potential health
benefits of their product.’’ On February
5, 1999, the Associated Press reported
the decision as follows: ‘‘Scientific
studies have suggested it, and now
winemakers finally may get a chance to
tout it through their labeling: A glass or
two of the grape each day could be good
for you.’’ On February 6, 1999, the ‘‘Los
Angeles Times’’ reported that ‘‘[t]he
federal government approved changes
Friday that will allow winemakers for
the first time to tout on labels the
connection between drinking wine and
better health.’’ That same date, the
‘‘Washington Post’’ reported that ATF
had ‘‘decided that winemakers may add
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another label to the bottle to encourage
consumers to learn more about the
possible benefits of drinking wine.’’ In
an article dated February 9, 1999, the
‘‘San Francisco Examiner’’ stated that
ATF’s decision ‘‘would allow
winemakers to carry bottle labels
suggesting consumers check with their
doctors or the government’s nutritional
guidelines on the possible health
benefits of wine.’’
VIII. Notice of Proposed Rulemaking
On October 25, 1999, ATF invited
comments on its current policy on
health claims and health-related
statements by publishing the policy as
a proposed regulation in the Federal
Register (Notice No. 884; 64 FR 57413).
As proposed, labels or advertisements
could not contain any statement, design,
representation, pictorial representation,
or device, whether explicit or implicit,
representing that consumption of
alcohol beverages has curative or
therapeutic effects if such statement is
untrue in any particular or tends to
create a misleading impression. A
substantive claim regarding health
benefits associated with the use of an
alcohol beverage would be misleading
unless such claim was properly
qualified and balanced, sufficiently
detailed and specific, and outlined the
categories of individuals for whom any
positive effects on health would be
outweighed by numerous negative
effects on health.
ATF also sought comments on
whether even balanced and qualified
health claim statements should be
prohibited because the negative
consequences of alcohol consumption
are so serious as to make any healthrelated statement on labels or in
advertisements inherently misleading.
In addition, ATF sought comments on
whether health-related directional
statements such as those approved in
February 1999 tend to mislead
consumers about the health
consequences of alcohol consumption.
The comment period for Notice No.
884, initially scheduled to close on
February 22, 2000, was extended until
June 30, 2000, pursuant to Notice No.
896. (See following section, ‘‘Notice of
Hearings.’’)
IX. Notice of Hearings
On December 9, 1999, ATF
announced in a press release that after
the close of the comment period, it
would hold public hearings on the issue
of health claims in the labeling and
advertising of alcohol beverages. ATF
stated that the hearings would provide
it with a comprehensive record on

AR-002002
VerDate Jan<31>2003

14:38 Feb 28, 2003

Jkt 200001

PO 00000

Frm 00005

Fmt 4701

Sfmt 4700

E:\FR\FM\03MRR2.SGM

03MRR2

Case 1:17-cv-02538-JEB Document 37-4 Filed 06/26/19 Page 189 of 236
10080

Federal Register / Vol. 68, No. 41 / Monday, March 3, 2003 / Rules and Regulations

which to base final regulations on
health claims.
Because it was seeking public
comments on this very issue, ATF
announced that it would suspend action
on any new applications for label
approval bearing similar health-related
directional statements pending the
completion of the rulemaking
proceeding. ATF noted that due to the
adverse consequences of alcohol
consumption, it was concerned about
any risk of misperception resulting from
the two approved statements.
On February 28, 2000, ATF published
a notice in the Federal Register
announcing the dates and locations of
five hearings that it planned to hold
concerning the proposed regulations
(Notice No. 892; 65 FR 10434). ATF
subsequently canceled the hearings that
were scheduled for Atlanta, Chicago,
and Dallas, due to the low number of
requests to present oral comments in
those locations (Notice No. 896; 65 FR
24158). In addition, the hearings
scheduled for Washington, DC and San
Francisco, California, were limited to
two days each. The hearing in
Washington, DC was held on April 25–
26, 2000, and the hearing in San
Francisco was held on May 23–24, 2000.
ATF also extended the close of the
comment period regarding Notice No.
884 from February 22, 2000, to June 30,
2000. Written comments addressing
testimony presented at the hearings
could also be submitted up until June
30, 2000.
X. Recent Developments
A. 1999 Alcohol Alert
In 1999, NIAAA published an
‘‘Alcohol Alert’’ on ‘‘Alcohol and
Coronary Heart Disease’’ (No. 45–1999).
In this publication, NIAAA reaffirmed
that ‘‘[r]esearch has revealed an
association between moderate alcohol
consumption and lower risk for CHD.’’
(Footnote omitted). However, NIAAA
cautioned that ‘‘[a]n association
between moderate drinking and lower
risk for CHD does not necessarily mean
that alcohol itself is the cause of the
lower risk. For example, a review of
population studies indicates that the
higher mortality risk among abstainers
may be attributable to shared traits other
than the participants’ nonuse of
alcohol.’’ (Footnote omitted). NIAAA
noted that ‘‘[t]he role of exercise in the
alcohol-CHD association requires
additional study.’’
NIAAA noted that ‘‘[t]he apparent
benefits of moderate drinking on CHD
mortality are offset at higher drinking
levels by increasing risk of death from
other types of heart disease; cancer;

liver cirrhosis; and trauma, including
trauma from traffic crashes. Moderate
drinking is not risk free. The trade-offs
between risks and benefits can be
exemplified by the fact that alcohol’s
anticlotting ability, potentially
protective against heart attack, may
increase the risk of hemorrhagic stroke,
or bleeding within the brain.’’
(Footnotes omitted).
In a commentary that appeared with
the Alert, NIAAA Director Enoch
Gordis, M.D., offered the following
advice with respect to the health
implications of alcohol consumption:
(1) Individuals who are not currently
drinking should not be encouraged to drink
solely for health reasons, because the basis
for health improvements has not yet been
established as deriving from alcohol itself;
(2) Individuals who choose to drink and
are not otherwise at risk for alcohol-related
problems should not exceed the one-to twodrink-per-day limit recommended by the U.S.
Dietary Guidelines; and
(3) Individuals who currently are drinking
beyond the U.S. Dietary Guidelines’
recommended limits should be advised to
lower their daily alcohol intake to these
limits.

B. Dietary Guidelines—Fifth Edition
(2000)
In the summer of 2000, USDA and
HHS published the ‘‘Dietary Guidelines
for Americans, 2000.’’ The 2000 Dietary
Guidelines contain more specific
guidance about alcohol consumption,
and summarize the current medical
evidence regarding the risks associated
with alcohol consumption as follows:
Alcoholic beverages supply calories but
few nutrients. Alcoholic beverages are
harmful when consumed in excess, and some
people should not drink at all. Excess alcohol
alters judgment and can lead to dependency
and a great many other serious health
problems. Taking more than one drink per
day for women or two drinks per day for men
* * * can raise the risk for motor vehicle
crashes, other injuries, high blood pressure,
stroke, violence, suicide, and certain types of
cancer. Even one drink per day can slightly
raise the risk of breast cancer. Alcohol
consumption during pregnancy increases risk
of birth defects. Too much alcohol may cause
social and psychological problems, cirrhosis
of the liver, inflammation of the pancreas,
and damage to the brain and heart. Heavy
drinkers are also at risk of malnutrition
because alcohol contains calories that may
substitute for those in nutritious foods. If
adults choose to drink alcoholic beverages,
they should consume them only in
moderation * * * and with meals to slow
alcohol absorption.

The 2000 Dietary Guidelines also
contain a discussion of the possible
health benefits of alcohol consumption;
however, the following excerpt from
this section emphasizes that these
benefits accrue primarily to older
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drinkers, and that there are other ways
of reducing the risk of heart disease:
Drinking in moderation may lower risk for
coronary heart disease, mainly among men
over age 45 and women over age 55.
However, there are other factors that reduce
the risk of heart disease, including a healthy
diet, physical activity, avoidance of smoking,
and maintenance of a healthy weight.
Moderate consumption provides little, if any,
health benefit for younger people. Risk of
alcohol abuse increases when drinking starts
at an early age. Some studies suggest that
older people may become more sensitive to
the effects of alcohol as they age.

The 2000 Dietary Guidelines
recommend that if adults choose to
drink alcohol beverages, they should
consume them only in moderation. The
term ‘‘moderation’’ is defined as no
more than one drink per day for women
and no more than two drinks per day for
men. The Dietary Guidelines also
conclude that for some people, even
moderate drinking is not recommended.
Thus, many people should not drink
alcohol beverages at all, including
children and adolescents; individuals of
any age who cannot restrict their
drinking to moderate levels; women
who may become pregnant or who are
pregnant; individuals who plan to drive,
operate machinery, or take part in other
activities that require attention, skill, or
coordination; and individuals taking
prescription or over-the-counter
medications that can interact with
alcohol.
C. Recent Developments in the CEI
Litigation
On June 18, 2001, the district court
granted the Government’s motion for
summary judgment on the remaining
issues in the CEI litigation. The court
ruled that the case was not ready for
judicial review given the fact that ATF
was in the middle of a rulemaking
proceeding on the very issues raised by
CEI in the litigation. The plaintiffs
appealed this decision to the Court of
Appeals. On May 10, 2002, the appellate
court upheld the district court’s ruling
that the case was not ripe (ready) for
judicial review because ATF was
nearing completion of a rulemaking
proceeding on the use of health claims.
Thereafter, the plaintiffs filed a petition
for rehearing with the Court of Appeals
that was denied.
XI. Analysis of Comments Received in
Response to Notice No. 884
In response to Notice No. 884, ATF
received 535 comments. Comments
were submitted by several United States
Senators, two Federal agencies, an
agency of a foreign government,
consumers and consumer organizations,
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medical professionals (including
physicians, nurses, and local health
departments), public health
organizations, industry members, and
others.
As previously noted, in Notice No.
884 ATF sought comments on whether
the serious health risks associated with
alcohol consumption meant that any
health claim, even a balanced and
qualified one, was inherently
misleading to consumers. In response,
approximately 45 commenters
supported the use of substantive health
claims or health-related statements in
the labeling and advertising of alcohol
beverages. On the other side,
approximately 120 commenters opposed
the use of either substantive health
claims or health-related directional
statements in the labeling or advertising
of alcohol beverages. Many of these
commenters suggested that health
statements were inherently misleading
when used to market alcohol beverages.
ATF specifically sought comments on
whether health-related directional
labeling statements such as the ones
approved in February 1999 tended to
mislead consumers about the health
consequences of alcohol consumption.
The vast majority of the commenters
focused exclusively on this issue.
Approximately 355 comments
supported the use of health-related
directional statements on alcohol
beverage labels. The major issues raised
by the commenters, as well as the
individuals who testified at the public
hearings, are summarized below.
XII. Is There a Need To Engage in
Rulemaking on This Issue?
A. Issue
Four comments either opposed ATF’s
decision to engage in rulemaking on this
issue or suggested that the notice of
proposed rulemaking be withdrawn.
These were comments submitted by the
Beer Institute, a trade association for
domestic and international brewers; the
National Association of Beverage
Importers (NABI), a trade association
representing importers of beer, wine,
and distilled spirits; the Distilled Spirits
Council of the United States (DISCUS),
a national trade association representing
producers and marketers of distilled
spirits and importers of wine; and a
comment submitted jointly by CEI and
Consumer Alert (CA).
DISCUS, the Beer Institute, and NABI
all questioned the necessity for engaging
in rulemaking on the issue of health
claims and health-related statements in
the labeling and advertising of alcohol
beverages. (Comments 530, 396, and
522). These comments suggested that

the authorization of any directional
statement on a label would be in
violation of the ABLA. TTB does not
agree with this legal analysis. This issue
will be discussed further in section XIII.
DISCUS and Beer Institute also
objected to the proposed advertising
regulations. DISCUS suggested that
ATF’s proposal was ‘‘insurmountably
vague and ambiguous. It only would
serve to interfere with the rights of
advertisers to engage in truthful, nonmisleading speech about their products
that are consumed responsibly by over
a hundred million Americans.’’ DISCUS
suggested that ‘‘[a]n advertiser could
run afoul of the provisions of BATF’s
proposed rule without making any type
of curative or therapeutic claim,’’ giving
as an example an advertisement
depicting attractive individuals relaxing
in an enjoyable setting. The Beer
Institute similarly suggested that the
requirements for labeling and
advertising should be separate, and that
the proposed regulation complicated the
existing advertising standard. The Beer
Institute suggested that the current
standard is readily understood and
straightforward, and that instead of
issuing new regulations, ATF should
adopt a more formal review process of
health statements on a case-by-case
basis.
These commenters also suggested that
large portions of the alcohol beverage
industry had no interest in using health
claims in the labeling or advertising of
their products. For example, the Beer
Institute comment suggested that there
was no need to amend the malt beverage
regulations, since to its knowledge,
none of its constituents had ever used
such claims in the past, and none had
any intention to do so in the future.
NABI raised similar concerns, and
stated that it did not support the
proposed amendment to the regulations
‘‘because any such support might imply
the industry intends to make healthrelated statements on its labels and in
its advertising.’’ The comment from
DISCUS stressed that ‘‘America’s
distillers do not recommend that
consumers drink beverage alcohol for
health reasons.’’ (Comment 530).
CEI, a pro-market public interest
group dedicated to advancing the
principles of free markets and limited
government, and CA, a free-market
consumer advocacy group, suggested
that the proposed rule should be
withdrawn because the issuance of a
regulation based on the proposal would
restrict commercial speech in a way that
violates the First Amendment.
(Comment 326). These issues will be
discussed further in section XIX.
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B. Decision
After carefully considering the record,
TTB has determined that it is important
to issue a final rule on specific health
claims and other health-related
statements in the labeling and
advertising of alcohol beverages. The
rulemaking record confirms that alcohol
abuse is an important public health
issue. The use of health claims and
health-related statements in the labeling
and advertising of alcohol beverages
requires a balance between a producer’s
First Amendment right to label and
advertise its products in a truthful and
non-misleading fashion and the public’s
right to be informed of the significant
health risks associated with alcohol
consumption. Specific regulations on
the use of health claims and other
health-related statements in the labeling
and advertising of alcohol beverages
will ensure that both the industry and
the public are aware of the restrictions
on the use of labeling and advertising
statements that might tend to mislead
the consumer about the serious health
risks associated with alcohol
consumption.
TTB recognizes that based on the
administrative record, it does not appear
that distillers and brewers are interested
in using health claims or health-related
statements in the labeling or advertising
of alcohol beverages. However, as noted
later in this preamble, both the Wine
Institute and the American Vintners
Association (AVA), two industry
associations representing hundreds of
wineries, supported ATF’s proposed
rule regarding substantive health claims.
At least one individual testifying at the
hearing, Mr. John Hinman, indicated
that there were wineries interested in
using a 664-word substantive health
claim in advertising materials. The
Wine Institute and AVA, as well as
many individual wineries, commented
in favor of allowing directional
statements in the labeling of alcohol
beverages. Thus, the record reflects that
there may be some wineries interested
in using substantive health claims in the
advertising of alcohol beverages, and
that many wineries are interested in
using directional statements on labels.
For this reason, TTB believes it is
important to issue regulations that set
forth the standards that must be met in
the event that a specific health claim or
other health-related statement is used in
the labeling or advertising of alcohol
beverages. As set forth later in section
XVII, the same standards should apply
to wines, distilled spirits, and malt
beverages, even if there is no evidence
that any members of the malt beverage
or distilled spirits industries are
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interested in using health claims or
health-related statements. The rule does
not require anyone to use such
statements; it merely sets forth the
standards that would apply in the event
that an industry member wishes to use
a specific health claim or a healthrelated statement on a label or in an
advertisement.
TTB does not agree that the proposed
regulations would inject uncertainty
with respect to the use of
advertisements that do not involve
health claims or health-related
statements, such as the example
provided by DISCUS of an
advertisement that shows people
relaxing in an attractive setting. There is
nothing in the proposed rule that would
extend the definition of a health claim
or curative or therapeutic claim to cover
such advertisements. However, we agree
that the lack of any definition of a
‘‘curative or therapeutic claim’’ or
‘‘health claim’’ in the proposed rule
might give rise to some uncertainty as
to what types of advertising claims
would be covered by the regulation.
Accordingly, the final rule includes
definitions of the terms ‘‘health-related
statement’’ (which includes statements
of a curative or therapeutic nature),
‘‘specific health claims,’’ and ‘‘healthrelated directional statements.’’ We
believe that these definitions should
resolve any concerns by the commenters
that the labeling or advertising
regulations are intended to broaden
ATF’s traditional interpretation of a
curative or therapeutic claim.
XIII. Does the ABLA Preclude the Use
of Specific Health Claims or Other
Health-Related Statements on the
Labels of Alcohol Beverages?
A. Issue
Five commenters, including Senator
Thurmond (Comment 526), DISCUS
(Comment 530), the Beer Institute
(Comment 396), NABI (Comment 522),
and Remy Amerique, Inc. (Comment
531), suggested that the use of any
health claims or other health-related
statements on alcohol beverage labels
was foreclosed by the provisions of the
ABLA. They argued that it was
Congress’ intent to foreclose the use of
any other health-related statements on
alcohol beverage labels.
B. Decision
TTB does not agree with those
commenters who suggested that the
ABLA specifically precludes the
voluntary use by industry members of
any health-related statements on alcohol
beverage labels other than the required
warning statement. The ABLA was

enacted in 1988. Pursuant to 27 U.S.C.
215, alcohol beverage containers
distributed or sold in the United States
must bear a Government warning
statement, which warns that alcohol
consumption during pregnancy may
cause birth defects; that alcohol
consumption impairs one’s ability to
drive a car or to operate machinery; and
that consumption of alcohol beverages
‘‘may cause health problems.’’
Some commenters argued that the
ABLA provided ATF with authority to
deny any statement on an alcohol
beverage label that discusses the
relationship between alcohol
consumption and health. The ABLA
provides that ‘‘[n]o statement relating to
alcoholic beverages and health, other
than the statement required by section
204 [27 U.S.C. 215] of this title, shall be
required under State law to be placed on
any container of an alcoholic beverage,
or on any box, carton, or other package,
irrespective of the material from which
made, that contains such a container.’’
This section of the law preempts State
governments from each requiring their
own version of a health warning
statement on alcohol beverage
containers. However, it in no way
precludes producers from voluntarily
placing either additional warning
statements or health claims on alcohol
beverage labels. See also 27 U.S.C. 213
(setting forth Congress’ policy to ensure
that the public is adequately reminded
about any health hazards that may be
associated with alcohol consumption or
abuse, and not impeded by ‘‘diverse,
nonuniform, and confusing
requirements for warnings or other
information on alcoholic beverage
containers with respect to any
relationship between the consumption
or abuse of alcoholic beverages and
health’’).
Some commenters argued that 27
U.S.C. 217 provides the exclusive
method for allowing additional
statements regarding alcohol
consumption and health on the label.
Section 217 provides that if the
Secretary, after consulting with the
Surgeon General, determines that there
should be a change in the mandatory
health warning statement, or if such
statement should be deleted, he shall
report such information to the Congress
together with specific recommendations
for necessary amendments to the ABLA.
After soliciting public comments on this
issue, ATF determined in 1993 that
there was no need to seek changes to the
required health warning statement.
However, this provision applies only to
the required health warning statement,
not to voluntary statements that
producers seek to place on alcohol
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beverage labels. Thus, it is clear that the
statute does not specifically preclude
the voluntary use of additional healthrelated statements on alcohol beverage
labels.
XIV. What Are the Effects on Health of
Alcohol Consumption?
A. Issue
Most of the commenters who
addressed this issue agreed that there
was a link between moderate alcohol
consumption and a reduced risk of heart
disease in certain individuals. However,
some commenters concluded that the
risks associated with alcohol
consumption greatly outweighed any
purported cardiovascular benefits, while
other commenters emphasized the
benefits associated with moderate
consumption.
CEI and CA presented a review of the
medical evidence summarized by
Michael Gough (Ph.D.), which
concluded that most adults would
benefit from moderate alcohol
consumption. Dr. Gough stated that
‘‘with the exception of those welldefined groups of people who should
avoid alcohol, there is clearly
convincing evidence for the health
benefits of moderate alcohol
consumption.’’ Dr. Gough
acknowledged that individuals in their
20s and 30s do not accrue net benefits
from consuming alcohol since they are
at low risk for heart disease; however,
he suggests that ‘‘[b]ased on
understanding of the biological basis for
the protective effects of alcohol, it is
likely that moderate alcohol
consumption in the 20s and 30s is
important to the beneficial effects seen
in later years.’’
CEI attached numerous medical
studies regarding the effects on health of
alcohol consumption. In most important
respects, the studies were consistent
with ATF’s summary of the medical
evidence in Notice No. 884. Several of
the studies reported an association
between light to moderate alcohol
consumption and a reduced risk of heart
disease. However, many of these same
studies supported the conclusion that
the health benefits of alcohol
consumption do not apply to certain
groups.
For example, the authors of one study
began by noting that ‘‘[m]en and women
who drink alcoholic beverages regularly
have, in comparison with abstainers,
higher death rates from injuries,
violence, suicide, poisoning, cirrhosis,
certain cancers, and possibly
hemorrhagic stroke, but lower death
rates from coronary heart disease and
thrombotic stroke. The net balance of
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risks and benefits is likely to differ in
different age groups and populations.’’ 6
(Footnotes omitted). One of the
conclusions of the study is that ‘‘the
balance of adverse and beneficial effects
of drinking on mortality from all causes
depends not only on the amount of
alcohol consumed but also on age and
background cardiovascular risk.’’ 7
Another article noted that it has not
yet been determined how alcohol
reduces the risk of coronary heart
disease. The authors stated that: 8
Several possible mechanisms for a
protective role of alcohol against coronary
disease have been hypothesized, including
alcohol-mediated increases in HDL
cholesterol levels. * * * Knowledge of the
basic mechanisms by which alcohol exerts a
protective effect against coronary heart
disease is critical to assessing the potential
importance of moderate alcohol consumption
to the public health, particularly if the
beneficial effects of alcohol can be achieved
through other interventions. Because heavy
consumption of alcohol has been implicated
in accidents, cirrhosis, cancer, and other
adverse outcomes, the difference between
drinking small-to-moderate quantities of
alcohol and drinking large amounts may
mean the difference between preventing and
causing disease. Any clinical
recommendations based on this
epidemiologic evidence should therefore be
cautious. (Footnotes omitted).

Among the more recent studies
submitted by CEI and CA was one that
focused on the effects on health of
alcohol consumption on women. The
authors noted that before beginning the
study, it was unclear ‘‘[w]hether the
apparent overall benefit of light-tomoderate alcohol intake among men’’
could be extrapolated to women, noting
that ‘‘[a]s compared with men, women
have a lower risk of coronary heart
disease, attain higher blood alcohol
concentrations for a given amount of
alcohol consumed, and are more
susceptible to alcoholic liver disease.
Moreover, women who consume
moderate quantities of alcohol have an
increased risk of breast cancer.’’ 9
(Footnotes omitted). The results of the
study showed that light to moderate
female drinkers had a reduced risk of
heart disease, with women who drank
one to three drinks per week having the
lowest risk of mortality.10 However, the
study concluded that ‘‘the apparent
benefit of light-to-moderate alcohol
consumption was mainly confined to
women at greater risk for coronary heart
disease, specifically older women and
women with one or more coronary risk
factors.’’ 11
The Wine Institute, representing over
500 California winery and associate
members, also submitted summaries of
several medical studies that established

a link between moderate alcohol
consumption and reduced risk of
cardiovascular disease (Comment 401).
In its summary of these studies, the
Wine Institute asserted that moderate
drinkers have a 40–50 percent reduction
in coronary artery disease risk compared
with individuals who are abstinent,
with a lower overall mortality rate as
well.
As ATF stated in Notice No. 884, the
serious health risks associated with
alcohol consumption are well
established, and ATF received many
comments from public health
organizations that focused on those
adverse consequences. The major points
made by these commenters are
summarized below.
Many of the commenters focused on
the serious public health risks
associated with alcohol abuse. The
National Council on Alcoholism and
Drug Dependence, Inc. (NCADD)
commented that ‘‘[w]hile most people
who choose to drink do so without
negative health or life consequences,
there are 13.8 million Americans over
the age of 18 who have problems with
drinking, including 8.1 million people
who are alcoholic. Millions of others,
because of a family history or the
addictive potential of alcohol, are at risk
for developing an addiction.’’ (Comment
15). NCADD noted that alcohol
contributes to 100,000 deaths annually,
making it the third leading cause of
preventable mortality in the United
States, after tobacco and diet/activity
patterns. While there are fewer deaths
from alcohol-related causes than from
cancer or heart disease, alcohol-related
deaths tend to occur at much younger
ages.
Some commenters focused on the cost
to society associated with alcohol abuse.
For example, the Center for Science in
the Public Interest (CSPI) commented
that ‘‘[a] substantial body of evidence
has shown a positive relationship
between the aggregate consumption of
alcohol in society and population rates
of alcohol-related diseases, accidents,
criminal violence, and suicide.
According to the National Institute on
Alcohol Abuse and Alcoholism
(NIAAA), alcohol abuse and alcoholism
cost society more than $166 billion
annually and each year over 110,640
deaths have alcohol-related causes.’’
(Comment 400). (Footnotes omitted).
Many of the commenters set forth the
serious risks associated with higher
levels of alcohol consumption. NCADD
noted that ‘‘[h]eavy and chronic
drinking can harm virtually every organ
and system in the body, and is the
single most important cause of illness
and death from liver disease. It is also
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associated with cardiovascular diseases
such as cardiomyopathy, hypertension,
arrhythmias and stroke.’’ The Marin
Institute identified similar health risks
associated with alcohol consumption.
(Comment 324).
Many recognized experts on the
effects on health of alcohol
consumption testified at the public
hearings held by ATF in Washington,
DC and San Francisco, California. Dr.
David Satcher, former Assistant
Secretary for Health and Surgeon
General, testified about the public
health dangers associated with alcohol
consumption as follows:
Although the majority of Americans who
consume alcoholic beverages do so safely,
alcohol is one of the nation’s leading causes
of preventable injury and premature death.
Each year, over 100,000 premature deaths
result from alcoholism and alcohol abuse.
Alcohol represents, therefore, the third
leading cause of premature death, right
behind tobacco and physical inactivity.
Traffic crashes involving alcohol killed more
than 16,000 people in 1997, and one in four
victims of violent crime report that the
offender had been drinking alcohol prior to
committing the crime. Fetal alcohol
syndrome continues to be the leading
preventable cause of mental retardation. I
think we fail to appreciate that the roots of
alcoholism and alcohol abuse have their
origins in adolescence and that children are
especially vulnerable to its dangers. Alcohol
is the nation’s number one drug problem
among youth, and it is involved in teen
automobile crashes, homicides, and suicides,
the three leading causes of teen death. (April
25, 2000; Washington, DC, pages 72–73).

Other physicians testified regarding
the effects on health of alcohol
consumption. Dr. Carlos Camargo, an
emergency room physician and alcohol
researcher, testified at the invitation of
CSPI. He stated that ‘‘there is persuasive
evidence that moderate alcohol
consumption reduces risk of coronary
heart disease in some people. There is
also persuasive evidence that even
moderate drinking carries significant
health risks for many people.’’ (April 25,
2000; Washington, DC, page 94).
Dr. Michael Criqui, a physician,
epidemiologist, and professor, also
expressed concerns regarding the use of
any health-related statement in
connection with the labeling of alcohol
beverages. Dr. Criqui stressed that when
evaluating the potential health benefits
associated with alcohol consumption, it
is important to look at the effects of
various diseases on the potential years
of life lost before age 75. He noted that
while heart disease is the single largest
cause of death in developed countries,
it usually occurs at older ages. Motor
vehicle crashes and suicides together
cause the loss of more potential years of
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life in men than heart disease, and both
are linked to alcohol use. In women,
breast cancer and motor vehicle
accidents each account for more
potential years of life lost before age 75
than heart disease. (May 23, 2000; San
Francisco, CA, pages 53–54).
Dr. Criqui also stressed the
importance of evaluating the patterns of
consumption among drinkers. He said
that in the United States, about 80% of
men and 70% of women drink alcohol,
with 50% of drinkers reporting
temporary problems with alcohol. (Id. at
page 55). About 10% of men and 5% of
women are alcoholics. Furthermore, Dr.
Criqui stated that ‘‘half of all the alcohol
consumed in the United States is
consumed by the 10% of men and the
5% of women who are alcoholdependent.’’ (Id. at page 57).
Other medical professionals stressed
the health benefits associated with
moderate drinking for persons who do
not belong in the categories of
individuals for whom alcohol
consumption is contraindicated. Dr.
Curtis Ellison, a Professor of Medicine,
testified that ‘‘science clearly indicates
that moderate drinkers have much lower
risk of coronary heart disease and
ischemic stroke. Because these are the
number one and number three causes of
death, it is not surprising that moderate
drinkers will live longer in the United
States.’’ (April 26, 2000; Washington,
DC, page 109). Dr. Ellison suggested that
‘‘if I am withholding from a patient
information that may reduce that
individual’s risk of a heart attack by 30
or 40 percent and do not tell him about
it, I am doing him a disservice.’’ (Id. at
page 110).
B. Decision
The evidence presented by the
medical experts, as well as the studies
presented with some of the comments,
indicate that there are differences of
opinion as to how the relative risks and
benefits of alcohol consumption should
be weighed. The evidence reflects a
broad consensus that heavy levels of
alcohol consumption pose serious
health risks. The record also reflects that
there is a broad consensus that certain
categories of people should not
consume any alcohol. With regard to
those individuals for whom alcohol
consumption is not contraindicated,
there was some difference among the
experts as to how to weigh the relative
risks and benefits of moderate
consumption, with some experts
stressing the protection against
cardiovascular disease, and other
experts stressing the increased risk of
injury and certain cancers.

Because TTB is not an expert on
public health issues, we (and our
predecessors) have generally deferred to
the findings of the Department of Health
and Human Services, including NIAAA,
FDA, CSAP, and the Surgeon General,
on issues related to the effects on health
of alcohol consumption. In the case at
hand, TTB finds that the evidence in the
rulemaking record supports the findings
of NIAAA’s 1999 ‘‘Alcohol Alert’’ and
the 2000 Dietary Guidelines published
by USDA and HHS. The main points of
these findings can be summarized as
follows:
• Alcohol beverages are harmful
when consumed in excess, and some
people should not drink at all. Excess
alcohol alters judgment and can lead to
dependency and many other serious
problems. Heavy levels of alcohol
consumption cause social and
psychological problems, cirrhosis of the
liver, inflammation of the pancreas, and
damage to the brain and heart.
• Taking more than one drink per day
for women or two drinks per day for
men can raise the risk for motor vehicle
accidents, other injuries, high blood
pressure, stroke, violence, suicide, and
certain types of cancer. Even one drink
per day can slightly raise the risk of
breast cancer.
• Alcohol consumption during
pregnancy increases the risk of birth
defects.
• Certain individuals should not
drink any alcohol; for these individuals,
even moderate levels of alcohol
consumption may cause health risks.
Included in this category are children
and adolescents; individuals of any age
who cannot restrict their drinking to
moderate levels; women who may
become pregnant or who are pregnant;
individuals who plan to drive, operate
machinery, or take part in other
activities that require attention, skill, or
coordination; and individuals taking
prescription or over-the-counter
medications that can interact with
alcohol.
• Moderate levels of alcohol
consumption are associated with a
reduced risk of coronary artery disease
for certain individuals, but causation
has not been conclusively established.
• To the extent that moderate
consumption is linked to a lowered risk
for coronary heart disease, the link
appears mainly among men over 45 and
women over age 55. Moderate
consumption provides little, if any,
health benefit for younger people.
• The effects on health of alcohol
consumption vary from individual to
individual, depending on the
individual’s health profile and history,
as well as the levels of consumption.
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Risk of alcohol abuse increases when
drinking starts at an early age. Some
studies suggest that older people may
become more sensitive to the effects of
alcohol as they age.
Based on the above, it is TTB’s
conclusion that the medical data still
supports ATF’s longstanding (and now
our) position that notwithstanding the
data linking moderate alcohol
consumption to a reduced risk of heart
disease in some individuals, there are
significant health risks associated with
all levels of alcohol consumption. The
medical data submitted by the
commenters, as well as the testimony
presented by experts at the public
hearings, suggest that there is a link
between moderate alcohol consumption
and a reduced risk of heart disease in
certain individuals; however, causation
has not been conclusively established.
The risk/benefit ratio varies with the
individual’s own health profile and the
level of consumption. For example,
moderate alcohol consumption confers
few, if any, benefits on people at low
risk for heart disease. The evidence also
establishes that there are serious risks
associated with higher levels of alcohol
consumption, and that even moderate
consumption poses health risks for
certain individuals. Finally, there are
certain categories of individuals for
whom any level of alcohol consumption
is not recommended.
XV. Are Health Claims and HealthRelated Statements in the Labeling and
Advertising of Alcohol Beverages
Inherently Misleading?
A. Comments in Opposition to the Use
of Health Claims and/or Health-Related
Statements
Approximately 120 comments
opposed the use of health claims and/
or health-related statements (including
directional statements) in the labeling
and advertising of alcohol beverages.
Many of these commenters, including
the American Medical Association, the
American Cancer Society, and the
Center for Science in the Public Interest,
commented in support of a complete
ban on the use of such statements in the
labeling or advertising of beverage
alcohol. The primary arguments made
by these commenters are summarized
below.
1. It Has Not Been Proven That
Moderate Alcohol Consumption Lowers
the Risk of Heart Disease
NCADD commented that the evidence
for the alleged health benefits of alcohol
consumption was ‘‘far from concrete,’’
noting that the 1999 NIAAA report
concludes that while there is ‘‘an
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association between moderate drinking
and a lower risk of CHD, science has not
confirmed that alcohol itself causes the
lower risk.’’ ‘‘Alcohol Alert,’’ National
Institute on Alcohol Abuse and
Alcoholism, No. 45, October 1999.
(Comment 15). Most other commenters,
however, acknowledged that there was
a link or association between moderate
alcohol consumption and reduced risk
of heart disease in some individuals.

(2) the health benefits of moderate alcohol
consumption do not apply universally, but
only to a discrete segment of the population;
(3) there are many groups of people who
should abstain from, or minimize, their
consumption of alcohol;
(4) allowing health claims would
undermine the Government warning label;
and
(5) explanatory statements are insufficient
to clarify a misleading health claim.
(Comment 400).

2. Because the Negative Health
Consequences of Alcohol Consumption
Outweigh the Potential Benefits, Health
Claims and Health-Related Statements
Are Inherently Misleading and Should
Be Banned

CSPI noted that researchers for the
Centers for Disease Control and
Prevention (CDC) found that, after
decreasing during the late 1980s,
alcohol consumption among pregnant
women in the United States began to
increase after 1991, and the lead author
hypothesized that the increased
consumption might be due to the media
attention to the reports on the health
benefits of moderate drinking. At the
Washington, DC hearing, Mr. George
Hacker, director of CSPI’s Alcohol
Policies Project, testified in opposition
to the use of health claims. Mr. Hacker
stressed the health risks associated with
even moderate alcohol consumption,
and stated that ‘‘[a]lcohol is a
potentially dangerous, potentially
addictive, and potentially deadly drug.
Any positive health statement about
such a drug must be presented, if at all,
only in a balanced and non-misleading
manner.’’ (April 25, 2000; Washington,
DC, page 56).
On behalf of its three million
members and supporters, Mothers
Against Drunk Driving (MADD)
commented in favor of banning any
health claims or directional statements
in the labeling and advertising of
alcohol beverages. (Comment 20).
MADD commented that ‘‘[t]he negative
consequences and the risk associated
with alcohol consumption greatly
outweigh any purported ‘health
benefits.’ ’’ MADD quoted Gen. Barry
McCaffrey, former Director of the Office
of National Drug Control Policy, as
telling an alcohol policy conference in
1997 that, ‘‘Undoubtedly, alcohol is the
principal drug abuse problem in
America today.’’
MADD also noted that in 1998, 15,935
people were killed in alcohol-related
traffic crashes and an estimated 850,000
were injured. These alcohol-related
crashes result in an annual cost of
$114,800,000 in the United States.
The National Association for Children
of Alcoholics commented that ‘‘the
health risks of alcohol far outweigh the
health benefits’’ and advocated a
complete ban on health-related claims
on alcohol beverage containers.
(Comment 29). This comment noted that
76 million Americans, about 43% of the

Many of the commenters stated that
health claims for alcohol beverages were
inherently misleading because the
health risks associated with alcohol
consumption outweigh the purported
cardiovascular benefits. For example,
the American Cancer Society
commented in favor of a ban on all
health benefit claims and health-related
statements in the labeling and
advertising of alcohol beverages.
(Comment 527). They noted that
‘‘[w]hile moderate intake of alcohol has
been shown to reduce the risk of
coronary heart disease in middle-aged
adults, 100,000 deaths each year are
attributed to alcohol-related diseases.’’
The American Medical Association
(AMA) strongly urged ATF to reject any
type of beneficial claim for alcohol
products on container labels, noting that
such claims would be misleading, and
for many persons, inaccurate. (Comment
534). AMA stated that ‘‘[w]hile some
research indicates that moderate
drinking is associated with a decreased
risk of some diseases, other research
shows that such risks actually
substantially increase for certain
people.’’
Senator Strom Thurmond opposed the
use of any health-related statements on
alcohol beverage labels. (Comment 526).
He testified that health claims were
inherently misleading because of the
serious health risks associated with
alcohol consumption; because the
supposed health benefits of moderate
drinking have not been conclusively
established; and because any
explanatory statements are simply
insufficient to clarify a misleading
health claim. (April 25, 2000;
Washington, DC, pages 14–16).
CSPI argued that health claims are
inherently misleading for five reasons:
(1) There are serious health risks associated
with alcohol consumption, even moderate
consumption;
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U.S. adult population, have been
exposed to alcoholism in the family.
Almost one in five (18%) of American
adults lived with an alcoholic while
growing up. Its comment also noted the
negative impact of alcoholism on family
and marital relationships, the
association between alcoholism and
violent crime and child abuse, and the
devastating impact of alcoholism on the
children of alcoholics.
The Marin Institute for the Prevention
of Alcohol and Other Drug Problems
(‘‘Marin Institute’’) commented in favor
of a complete ban on all health-related
statements (other than the required
warning statement) in the labeling and
advertising of alcohol beverages.
(Comment 324). The Marin Institute
commented that ‘‘[s]tatements
attributing positive health effects to the
consumption of alcoholic beverages (as
is the case with the previously approved
wine labels) are misleading and
potentially dangerous because media
and marketing messages can be
misinterpreted as public health
recommendations.’’ They stated that
‘‘[s]implistic and misleading messages
about the health effects of alcohol are
dangerous to the health and safety of
Americans and could increase the
enormous toll of alcohol-related
problems in this country. Because of the
evidence regarding the risks associated
with alcohol consumption, alcoholic
beverages should not be held to a lower
standard of accountability regarding
health messages than well-regulated
prescription drugs. Banning all health
claim-related statements on labels or in
advertising of alcoholic beverages
assures that public health information is
accurate and free of potentially harmful
misinformation.’’
Other public health organizations
strongly urged a ban on health claims.
See, Pacific Drug Policy Institute, Inc.
(Comment 34); American Council on
Alcohol Problems (Comment 37); and
West Los Angeles Alcohol Policy
Coalition (Comment 384).
Many individuals made similar
comments, noting the serious health
risks associated with alcohol
consumption. Some shared personal
experiences with alcoholism or alcohol
abuse. See comments 23, 28, and 35.
Many of the individuals testifying at
the public hearings also emphasized the
human costs associated with alcohol
abuse. For example, Barrett Duke, Ph.D.,
testified on behalf of the Ethics and
Religious Liberty Commission, the
moral concerns agency for the Southern
Baptist Convention. He shared his
concerns from the perspective of the
faith community, and noted that ‘‘[m]ost
faith communities deal with the
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devastating consequences of alcohol
abuse on a regular basis in their
churches, missions, and benevolent
ministries. * * * Families have been
destroyed. Lives have been lost. Careers
have been ruined. Men and women have
left the ministry as a direct result of
alcohol abuse. Furthermore, alcohol is
often a primary contributing component
to poverty, forcing faith communities to
use precious limited resources to assist
the alcohol abuser as well as the
abuser’s intended or unintended
victims.’’ (April 25, 2000; Washington,
DC, page 151).
Ms. Suzanne Harrington-Cole, Chair
of the Vallejo Alcohol Policy Coalition,
testified in favor of a complete ban on
the use of health claims on alcohol
beverage containers. She stated that
alcohol is present in more than 50% of
all incidents of domestic violence (May
24, 2000; San Francisco, CA, page 245),
and noted that ‘‘[w]e do not need a
government sanction on more drinking
in the name of health.’’ (Id. at page 243).
3. The Issue Is Too Complex To Be
Summarized on an Alcohol Beverage
Label Because the Effects on Health of
Alcohol Consumption Vary From
Person to Person
Many of the commenters stated that a
summary statement of health benefits on
an alcohol beverage label would mislead
consumers because the effects on health
of alcohol consumption vary from
person to person, based on various
factors. These commenters also
suggested that the issue was too
complex to be summarized on an
alcohol beverage label, rendering all
such labeling statements inherently
misleading. Thus, the American Cancer
Society noted that the potential health
impact of alcohol consumption varied
from individual to individual, and that
a ‘‘brief message on any beverage
container cannot provide a consumer
with adequate information to make an
informed decision about drinking ‘for
health related reasons.’’’ (Comment
527).
NCADD urged ATF to ‘‘prohibit labels
and advertisements that make claims
regarding potential health benefits
associated with the consumption of
alcoholic beverages, because it would be
impossible to adequately and
appropriately convey the negative
health consequences.’’ (Comment 15).
NCADD noted that elderly consumers
have special concerns, and that
NIAAA’s definition of moderate
drinking for women and men over the
age of 65 is no more than one drink a
day. They cited a study showing that
among persons older than 65, moderate
and heavy drinkers were 16 times more

likely than nondrinkers to die of
suicide.12
Senator Thurmond also testified that
the effects of alcohol consumption vary
from individual to individual, and any
clarifying statement along those lines
would ‘‘have to address factors such as
age, sex, family, medical history, diet,
weight, and activity.’’ (April 25, 2000;
Washington, DC, page 16). MADD noted
ATF’s historic policy of requiring
balance in health claims, and suggested
that in ‘‘order to ‘appropriately qualify
and balance’ the alleged health claim
benefits with the negative
consequences, the alcohol label would
have to be the size of a billboard and
advertising messages would be longer
than the State of the Union Address.’’
(Comment 20). Accordingly, MADD
suggested that to avoid misleading
consumers, such claims should be
banned entirely.
The United Communities Against
Drug & Alcohol Abuse commented that
‘‘[n]o brief message on any beverage
container can possibly provide a
consumer with adequate information to
make a decision about drinking ‘for
health-related reasons.’’’ Instead, they
suggested that in order to balance a
health message, ‘‘consumers would
need to be provided with a detailed
multi-page document (similar to those
now provided by manufacturers of
prescription medication) in order to
make [an] informed choice about
whether or not a decision to consume an
alcoholic-beverage for health reasons
would be, on balance, a good or a bad
decision.’’ (Comment 31). The Marin
Institute (Comment 324) agreed,
commenting that ‘‘[d]etailed, balanced
and cautionary information about
potential harmful effects would be
required (as it is with advertisements of
prescription drugs) in order to offset the
demonstrated confusion of the general
public about the health effects of
alcohol. The volume of information
needed could hardly be legible if it were
displayed on a bottle of wine or beer.’’
4. Even if Moderate Alcohol
Consumption Is Linked to a Reduced
Risk of Heart Disease, There Are Safer
Ways To Achieve the Same Reduction
Without the Risks Associated With
Alcohol Consumption
Many commenters suggested that
even if alcohol consumption resulted in
health benefits for certain individuals,
there were less risky ways to obtain
those benefits. For example, the Central
Nebraska Council on Alcoholism, Inc.
(Comment 14) noted that ‘‘[t]here are
simply less risky ways to attain the
same health benefits that consuming
small amounts of alcoholic beverages
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provide to a limited group of people. It
would be irresponsible for the
government to allow a health-claims
statement on alcoholic beverages that
urge the most risk laden way of
obtaining those benefits.’’
CSPI also suggested that there were
safer methods of reducing one’s risk of
heart disease, stating that the ‘‘discrete
category of people who may benefit
from moderate drinking could also
lower their risk of heart disease by other
less risky alternatives, such as quitting
smoking, reducing fat in the diet, getting
regular exercise, taking a daily low dose
aspirin, or reducing stress. All of those
methods are much less likely to cause
accidents or other health problems than
consuming alcohol, even in
moderation.’’ (Comment 400).
The Tangipahoa Alcohol and Drug
Abuse Council (Comment 24) noted that
consumers often look for ‘‘the easy way
out,’’ and that many may believe that
drinking alcohol will get the same
benefits as an overall healthy lifestyle.
The Pacific Drug Policy Institute, Inc.
commented that ‘‘smoking cessation,
good diet, exercise, and stress
management techniques provide cardiac
benefits with much lower risk of
adverse consequences. When there are
low risk ways to attain the health
benefits attributed to wine, it would
appear absurd to allow advertisement of
medicinal value in high-risk alcohol
consumption.’’ (Comment 34).
Ted Miller, PhD, an economist,
testified at the hearings that a more costeffective way to obtain the purported
benefits associated with consumption of
wine would be to walk a mile, drink a
glass of juice, or eat one cup of
vegetables every day. (April 25, 2000;
Washington, DC, pages 179–183).
5. Health Claims and Health-Related
Messages Would Be Misconstrued by
Consumers, Particularly Those With a
History of Alcoholism or Who Are
Susceptible to Alcohol Abuse Problems,
as an Endorsement To Consume or
Abuse Alcohol
Many professionals in the field of
addiction medicine commented that
health claims and health-related
messages were likely to be
misinterpreted by those most
susceptible to problem drinking. Many
of these commenters were particularly
concerned with the risk that recovering
alcoholics would use information about
the purported health benefits of alcohol
consumption to justify their continued
use of alcohol. For example, a physician
who has worked in the alcohol and
substance abuse treatment field for 18
years stated that any message about
purported health benefits sends the
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wrong message to the public, especially
the alcohol abuser or alcoholic. He
expressed concern that such a message
‘‘would only encourage the alcoholic to
drink more to ‘help his heart’’’ and
feared that ‘‘many current alcoholics
who are in total recovery and abstinence
may use this as a justification to begin
drinking alcohol again, thinking they
can control it.’’ (Comment 381). Another
doctor made a similar point, (Comment
385) as follows:
The American public has become
accustomed to warning labels on harmful
products * * *. A label touting health
benefits of use of alcoholic beverages in
controlled and low amounts, is likely to be
misinterpreted by problem drinkers,
especially by alcoholics, whose belief
systems about their drinking distort reality
with respect to the relative benefits and risks
of consumption. * * * I do not deny the
scientific validity of reports of health benefits
of consumption of one glass of wine per day
for females or two glasses of wine per day for
males. However, the risk of misinterpretation
by the drinking public is far greater than any
public health or public information benefit
that may be alleged to accrue from adding
labels to products that promote health
benefits from drinking.

The National Association for Children
of Alcoholics (Comment 29) also
suggested that health claims can lead to
confusion among children of alcoholics
about the role of alcohol, and can
reinforce and perpetuate the denial
process of the alcohol-addicted person.
6. The Use of the Term ‘‘Moderate’’ in
a Specific Health Claim Would Be
Misleading Unless the Term Is Defined
Many public health organizations
commented that the use of the term
‘‘moderate’’ in a health claim could
mislead consumers who did not
understand the definition of the term.
The United Communities Against Drug
& Alcohol Abuse noted that ‘‘moderate’’
drinking was poorly defined. It noted
that the Substance Abuse and Mental
Health Services Administration
(SAMSHA) study showed that ‘‘virtually
all drinkers define their personal level
of consumption as ‘moderate,’ whether
they consume one drink per week or
five per day.’’ (Comment 31). CSPI also
noted that consumers had varying
definitions of the term ‘‘moderate.’’
(Comment 400). Rather than
recommending moderate consumption,
CSPI suggested that any health claims
should provide specific quantities of
alcohol that constitute moderate
consumption, including a
recommendation that consumers drink
no more than one drink per day.
Nancy Piotrowski, PhD, testified that
she had been conducting research on
alcohol consumption for the past 16

years, and is in the middle of ongoing
research on the perceptions of drinkers
regarding moderate alcohol
consumption. She noted that previous
studies had shown that perceptions of
moderate drinking were clearly related
to drinkers’ current drinking patterns
and their history of problems relating to
drinking. (May 23, 2000; San Francisco,
page 37).
B. Comments in Favor of Health Claims
A few commenters specifically
supported ATF’s proposal to allow
qualified, detailed and balanced health
claims in the labeling and advertising of
alcohol beverages. One comment, from
CEI and CA, specifically supported the
use of summary health claim statements
without qualification or disclosure of
the adverse effects on health caused by
alcohol consumption. Finally,
approximately 45 commenters
supported the general use of health
claims with respect to alcohol
beverages.
1. Comments in Favor of Allowing
Balanced Health Claims, as Set Forth in
the Proposed Rule
The comments in favor of the
substantive health claim provisions of
the proposed rule generally stated that
ATF had struck an appropriate balance
in dealing with a difficult issue. For
example, the National Consumers
League (NCL), a national nonprofit
consumer advocacy organization that
was founded in 1899 to represent
consumers in the marketplace and
workplace, recognized the difficult
nature of the issue as follows:
NCL believes that the proposed rule raises
a serious public policy question for which
there is no easy answer. NCL understands
ATF’s concern as to whether health claims
should be permitted on alcoholic beverages
at all. While there is a body of research
showing that moderate consumption of
alcohol reduces the risk of coronary heart
disease (CHD), there is also evidence that
moderate drinking may increase the risk of
certain cancers. Moreover, as ATF notes,
moderate drinking is risky for certain
individuals who are prone to alcoholism,
some of whom may not realize that they are.
Excessive alcohol consumption is
unquestionably harmful. Whether a properly
qualified health claim should be permitted
on alcoholic beverage labels is a serious
policy question that has been debated by
public health experts for years.

NCL concluded that while it ‘‘has
reservations about authorizing any
health claim for alcoholic beverages, we
believe a properly qualified and
balanced claim would be of value to
many consumers. * * * A healthclaim
that includes the elements specified in
the proposed rule would provide these
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consumers with useful information.’’
(Comment 388).
Two major associations representing
the wine industry also commented in
support of the substantive health claims
provisions of the proposed rule. The
Wine Institute commented ‘‘that the
public should receive the whole story
regarding the responsible consumption
of wine and applaud[ed] ATF’s efforts,
as reflected in the additional proposed
regulation language, to refine and focus
the conditions which must be met
before any substantive claim regarding
health benefits can be made on wine
labels or in advertisements.’’ (Comment
401).
The AVA also stated it had no
objection to the proposed amendment to
the regulations to reflect current ATF
policy, noting that ‘‘[a]s our members
have been required to conform to these
policies for some years, converting them
to regulation would pose no further
hardship.’’ (Comment 417).
A comment from the Washington
Legal Foundation (WLF) focused
primarily on legal issues, noting that if
the rule was properly implemented, it
would pass muster under the First
Amendment. (Comment 390). This
comment will be discussed further
under section XIX.
2. Comment Supporting Summary
Health Claims Without Qualification or
Disclosure of Adverse Effects
Only CEI and CA specifically argued
in favor of allowing summary health
claims without qualification or
disclosure of adverse effects in the
labeling and advertising of alcohol
beverages. CEI and CA opposed ATF’s
notice on the grounds that it would
serve to suppress truthful and nonmisleading speech. (Comment 326). CEI
and CA argued that the cardiovascular
and overall health benefits associated
with moderate alcohol consumption are
amply supported by the medical
evidence, and summary statements of
these benefits are protected by the First
Amendment.
CEI and CA suggested that those
individuals who would not benefit from
moderate drinking ‘‘know who they are
and are unlikely to be misled.’’ CEI and
CA also suggested that the CSAP survey
supports a conclusion that consumers
would not be misled by directional
statements, that such statements would
not change the drinking patterns of
consumers, and that the population
studied understands the risks of
drinking, particularly that drinking is
counter-indicated during pregnancy.
CEI and CA claimed that other
Federal agencies have approved
summary health statements without the
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extensive qualifications that would be
required under ATF’s proposed rule. As
examples, they pointed to health claims
approved by FDA for diets low in
saturated fat and cholesterol and diets
low in sodium. They also suggested that
the ‘‘balance’’ ATF is ostensibly seeking
would automatically be provided by the
mandatory health warning statement on
alcohol beverage containers.
The CEI and CA comment suggested
that the proposed rule would result in
regulations that violated the First
Amendment; thus, the proposed rule
should be withdrawn. At the public
hearing, Mr. Ben Lieberman testified on
behalf of CEI and stated that CEI
believed that the rulemaking should
result in a ‘‘policy allowing a wide
range of accurate summary statements
about moderate drinking and health to
appear on alcoholic beverage labels and
ads.’’ (April 25, 2000; Washington, DC,
page 119). Mr. Lieberman also suggested
that ATF had not accurately
summarized the evidence demonstrating
the health benefits associated with
moderate alcohol consumption, but
instead spent ‘‘much of its time
identifying and somewhat exaggerating
every conceivable category of individual
who is not likely to benefit from
moderate drinking, such as adults too
young to be at risk for heart disease,
pregnant women, and recovering
alcoholics.’’ (Id. at page 120).
In response to a question from the
panel, Mr. Lieberman confirmed that it
was CEI’s belief that a health claim
regarding cardiovascular benefits, such
as ‘‘there is significant evidence that
moderate consumption of alcoholic
beverages may reduce the risk of
cardiovascular disease,’’ could appear
on a label with no disclaimer and still
not mislead consumers. He stated that
‘‘it is well known that people
understand the limitations of
advertising and labeling and that they
would be skeptical. They would also
read the government warning, which
does at least allude to the other side of
this story.’’ (April 25, 2000; Washington,
DC, pages 133–134).
3. Other Comments in Favor of Health
Claims
Approximately 45 comments
supported the use of substantive health
claims in the labeling and advertising of
alcohol beverages. However, these
commenters did not specifically support
the type of summary health claim
advocated by CEI and CA. Instead, they
commented in favor of the general
principle that health claims for alcohol
beverages are not inherently misleading.
In some cases, it was difficult to
determine whether these commenters

meant to support directional statements
only or whether they specifically
supported the use of substantive health
claims on labels or in advertisements.
Most of the comments that favored a
rule allowing the use of substantive
health claims reflected a general
perception that consumers were entitled
to information about potential health
benefits associated with moderate
alcohol consumption. For example, one
individual suggested that ‘‘consumers
have the right to know and can be
trusted to handle this scientific
information.’’ (Comment 300). Another
comment supported ‘‘the rights of
wineries to list the health benefits of
their product on the labels.’’ (Comment
277).
Some of the individuals commenting
in favor of health claims specifically
supported the concept that the claims be
balanced, although it was unclear
whether they were suggesting that the
balance would come from qualifications
in the claims or the required
Government warning statement. For
example, one individual stated that ‘‘[i]t
is only fair and proper that the labels on
the bottle contain the positive health
benefits as well as the proper health
warnings.’’ (Comment 143). Another
commenter expressed his support for
‘‘producers of wine to be able to print
both the adverse and the positive effects
of consuming wine.’’ (Comment 340).
Many of the commenters suggested
that consumers need to be made aware
of health-related information, including
the positive and negative effects of
alcohol consumption, in order to make
informed decisions regarding its use.
For example, one commenter, a
psychologist and attorney, stated that it
was ‘‘necessary to rationally accept that
alcohol has benefits as well as dangers
* * *. Since Americans can easily and
legally drink, and most in fact do so, the
need to inform them of the range of
drinking consequences and the related
drinking limits for each is both prudent
and democratic.’’ (Comment 243). A
doctor commented as follows:
It makes more sense to put more
information on the label in order for the
consumer to make a better decision. As a
physician, I implore my patients to read
labels. There are certainly some potential
health benefits to wine as well as potential
downsides in individuals. (Comment 145).

Two commenters argued that alcohol
producers have a First Amendment right
to market the health benefits of alcohol
consumption, provided that such
information is presented in a nonmisleading manner. However, neither of
these comments suggested that industry
members were entitled to use summary
health claims without any qualification
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or disclosure of adverse effects. The
First Amendment issues raised by these
commenters will be addressed
separately in section XIX.
Among the medical experts who
testified at the hearings in favor of
allowing health claims or health-related
statements on labels or in
advertisements, some specifically noted
that consumers should be made aware
of both the risks and purported benefits
of moderate alcohol consumption. For
example, Dr. Ellison suggested that an
appropriate message on a label would be
‘‘ ‘[w]hile light to moderate alcohol
consumption can be consistent with a
healthy lifestyle for most individuals
and has been shown to dramatically
reduce the risk of heart disease, certain
individuals should not drink at all.’
Then, you should go through the list of
the people that we are advising not to
drink.’’ (April 26, 2000; Washington,
DC, page 116).
Finally, Mr. John Hinman testified on
behalf of the American Wine Alliance
for Research and Education as well as
the Coalition for Truth and Balance, a
group of California wineries. Mr.
Hinman suggested that it was the
Government warning statement, rather
than the directional statements, which
misled consumers about the health
consequences of alcohol consumption.
(May 23, 2000; San Francisco, CA, page
149). Mr. Hinman was also one of the
few individuals responding to ATF’s
question about whether it was possible
to craft a balanced substantive health
claim. He noted that he had submitted
a 664-word statement to ATF for review
in 1993, entitled ‘‘Wine and Health—
Behind the French Paradox.’’ (Id. at
page 151). Mr. Hinman stated that
‘‘considering that 664 words makes for
a very wordy wine label, we seriously
doubt whether any wine maker really
has an interest in providing such a
statement on the bottle. However, the
statement can and should be available to
hand out to those customers who
request more information or are
interested in the subject matter.’’ (Id. at
page 152). Accordingly, Mr. Hinman
stated he was resubmitting the
statement to ATF for review, and later
clarified in response to a question from
the panel that he would put the
statement on an application for label
approval. (Id. at pages 152, 165).
In response to a question from the
panel, Mr. Hinman stated that neither
the American Wine Alliance nor the
Coalition for Truth and Balance was
‘‘interested, to my knowledge, in
necessarily using CEI’s proposed label.
* * * On the other hand, as a lawyer
* * * that’s an absolutely accurate
statement that CEI is using on that
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particular thing, and I would support
their First Amendment right to utilize it.
It’s going to be up to them to find people
that are, in fact, going to use it.’’ (Id. at
page 167).
C. Decision
After careful consideration of the
record, TTB finds that the comments
and testimony on this issue establish
that the use of health claims in the
labeling or advertising of alcohol
beverages has the potential to mislead
consumers as to the very serious health
consequences associated with alcohol
abuse and consumption. In particular,
TTB finds that the rulemaking record
overwhelmingly supports the
conclusion that the type of detail,
qualification, and balance required by
the proposed rule would be necessary to
avoid misleading consumers about the
serious health risks associated with
alcohol consumption.
Based on the comments on this issue,
however, TTB is adopting certain
changes to the final rule to set forth
more specifically how a substantive
health claim would comply with the
requirements of the regulation. For
example, TTB agrees with the NCADD
comment that it has not been proven
that alcohol itself lowers the risk of
heart disease in certain people; this
comment is consistent with the 1999
‘‘Alcohol Alert’’ published by NIAAA.
The 2000 Dietary Guidelines state only
that ‘‘[d]rinking in moderation may
lower risk for coronary heart disease,
mainly among men over age 45 and
women over age 55.’’ The final rule
provides that a specific health claim
would not be approved unless it is
truthful and adequately substantiated by
scientific or medical evidence. Thus,
TTB would not approve any claim
implying that alcohol consumption
itself caused a reduced risk of heart
disease in the absence of scientific or
medical evidence substantiating such a
claim.
TTB also agrees with those
commenters who suggested that the
effects on health of alcohol
consumption vary from person to
person, and that any labeling or
advertising statement that failed to take
this into account would mislead
consumers. Consistent with the 2000
Dietary Guidelines, many commenters
noted that moderate consumption
provided little, if any, health benefit for
younger people, who are at low risk of
heart disease. As noted above, the
Dietary Guidelines provide that
‘‘[d]rinking in moderation may lower
risk for coronary heart disease, mainly
among men over age 45 and women
over age 55.’’

In consideration of these comments,
the final rule specifically provides that
a claim will not be approved unless it
is sufficiently detailed and qualified
with respect to the categories of
individuals to whom the claim applies.
For example, assuming that the
evidence continues to indicate that the
potential health benefits associated with
moderate alcohol consumption are
mainly associated with men over age 45
and women over age 55, then the claim
would have to specifically set forth this
qualification. Furthermore, the concerns
expressed in the comments regarding
the definition of the term ‘‘moderate’’
would also be addressed by requiring,
where necessary, sufficient detail in the
claim itself regarding the meaning of
this term. This level of detail could
include specific information as to what
constitutes ‘‘moderate’’ levels of
consumption, possibly including
separate definitions for men, women,
and the elderly.
Many commenters suggested that
there are safer ways to reduce the risk
of heart disease without the negative
health consequences associated with
alcohol consumption. Again, this is a
point noted in the 2000 Dietary
Guidelines, which remind consumers
that ‘‘there are other factors that reduce
the risk of heart disease, including a
healthy diet, physical activity,
avoidance of smoking, and maintenance
of a healthy weight.’’ In reviewing
whether a health claim tends to mislead
consumers, TTB will certainly consider
whether the health claim misstates the
role played by these factors in reducing
one’s risk of heart disease.
Several commenters suggested that
any health claim might be
misinterpreted by alcoholics and other
abusers of alcohol as a rationalization
for their own consumption levels. TTB
recognizes the possibility that certain
consumers will selectively interpret
data regarding the health consequences
of alcohol consumption to justify their
own behavior. We believe that summary
health benefit claims that do not
disclose the adverse health
consequences of alcohol consumption
would be particularly susceptible to this
type of misinterpretation. We recognize
the possibility that certain abusers of
alcohol may use information regarding
the potential cardiovascular benefits of
alcohol consumption to justify alcohol
abuse that clearly poses significant
health risks. However, it is our
conclusion that the best way to prevent
this type of misinterpretation of a health
claim, by both alcohol abusers as well
as consumers who do not abuse alcohol,
is to require detailed information
regarding the health risks associated
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with various levels of alcohol
consumption.
Accordingly, the final rule provides
that a specific health claim must
adequately disclose the health risks
associated with both moderate and
heavier levels of alcohol consumption.
It is misleading to imply that moderate
alcohol consumption confers only
health benefits; the administrative
record establishes that there are
significant risks associated with
moderate consumption, including an
increased risk of certain cancers. Even if
a claim is made regarding only moderate
consumption, consumers should be
advised of the health risks of heavier
levels of alcohol consumption. The
record reveals that a high percentage of
the alcohol consumed in this country is
consumed at levels that exceed
‘‘moderate drinking.’’ The Marin
Institute comment states that alcohol is
consumed at heavy levels (3 or more
drinks per day, or more than 5 drinks
at one time) in 78 percent of all drinking
occasions. (Comment 324). Furthermore,
Dr. Criqui testified that half of all the
alcohol consumed in the United States
is consumed by the 10% of men and the
5% of women who are alcoholdependent. (May 23, 2000; San
Francisco, CA, page 57). Finally, a study
submitted by CEI and CA noted that
‘‘[i]n the United States, less than 10% of
the population reports drinking more
than two drinks per day, the cutoff for
‘heavy drinking’ in national survey
research. This means that ‘moderate’
drinkers, because of their much greater
numbers, probably account for well over
half of all alcohol problems, a finding
that led researchers at the Institute of
Medicine to observe in a
groundbreaking report that ‘if all the
clinically diagnosed alcoholics were to
stop drinking tomorrow, a substantial
fraction of what we understand as
alcohol problems would still
remain.’ ’’13 These statistics make it
clear that a specific health claim touting
the potential health benefits of moderate
alcohol consumption would be
misleading without a referral to the
health risks associated with both
moderate and higher levels of alcohol
consumption.
In addition, the administrative record
establishes that there are certain
categories of individuals for whom any
alcohol consumption at all is not
recommended. Accordingly, the final
rule provides that any specific health
claim must outline the categories of
individuals for whom any levels of
alcohol consumption may cause health
risks. The Beer Institute commented that
ATF’s proposed standard on this issue
made it unclear whether ‘‘disclaimers
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are required only for categories of
individuals whose potential negative
health effects are literally numerous or
whether the potential negative health
effects would be aggregated for the
purposes of performing the balancing
test envisioned by the proposed
regulation.’’ (Comment 396).
Accordingly, the final rule clarifies that
this requirement is intended to cover
the categories of individuals for whom
alcohol consumption is not
recommended (e.g., pregnant women,
individuals taking certain medications,
etc.).
We do not agree with CEI and CA that
it is unnecessary to set forth this
information in conjunction with a
health claim because these people know
who they are. For example, it is not at
all clear that most consumers know that
alcohol can interact harmfully with a
variety of prescription and over-thecounter medications. It is TTB’s
conclusion that any labeling or
advertising statement that makes a
substantive health claim regarding
alcohol consumption would mislead
consumers if it does not set forth this
important information about the adverse
consequences of alcohol consumption.
Notwithstanding the above, we find that
the rulemaking record does not support
a conclusion that health claims in the
labeling and advertising of alcohol
beverages are inherently misleading.
Nor does the record support a
conclusion that the potentially
misleading nature of such claims cannot
be cured with the appropriate use of
disclaimers and qualifying statements.
Initially, it should be noted that none
of the commenters who supported a
total ban on the use of health claims in
the labeling and marketing of alcohol
beverages presented consumer data on
the use of substantive health claims in
the labeling or advertising of alcohol
beverages. Thus, we have no consumer
data establishing that consumers would
be misled by the use of properly
qualified health claims that are
sufficiently detailed and specific, and
which disclose the adverse health
consequences of alcohol consumption.
A complete ban on the use of health
claims or health-related statements in
the labeling and advertising of alcohol
beverages would prohibit even the most
qualified, detailed, and balanced
discussion of health consequences in
advertising materials. For example, in
Industry Circular 93–8, ATF advised
industry members that the regulations
did not prohibit them from including
the entire text of NIAAA’s April 1992
edition of ‘‘Alcohol Alert’’ in
advertising materials. This NIAAA
publication presents a comprehensive

overview of the benefits and risks
associated with alcohol consumption. If
the regulations imposed a complete ban
on advertising materials that included
health-related statements, then industry
members would no longer be allowed to
include this NIAAA publication in
advertising materials. Yet TTB finds
nothing in the record to establish that
the inclusion of this type of
comprehensive discussion of effects on
health in an advertisement in any way
misleads consumers as to the health
risks of alcohol consumption.
Accordingly, we find that the record
does not support an overall ban on the
use of specific health claims and healthrelated statements in the advertising of
alcohol beverages.
A closer issue is presented by the
labeling of alcohol beverages. As ATF
noted in Industry Circular 93–8, we
believe that it would be difficult to
compose a health claim that is detailed
and specific enough to meet our
standards, yet short enough to fit on a
traditional alcohol beverage label. In
addition, TTB will not approve any
labeling health claim that contradicts
the message of the required Government
warning statement.
TTB agrees with the commenters who
suggested that a summary substantive
health claim which does not include
sufficient detail and qualification would
mislead consumers about the serious
health consequences of alcohol
consumption. However, we do not
believe that this provides a basis for
banning all substantive health claims on
alcohol beverage labels. Instead, as set
forth above, TTB is making changes to
the final rule to clearly provide that a
specific health claim will not be
allowed unless it is truthful and
adequately substantiated by scientific or
medical evidence; sufficiently detailed
and qualified with respect to the
categories of individuals to whom the
claim applies; adequately discloses the
health risks associated with both
moderate and heavier levels of alcohol
consumption; and outlines the
categories of individuals for whom any
levels of alcohol consumption may
cause health risks.
We disagree with the arguments made
by CEI and CA, the only commenters
who specifically favored allowing
industry members to make summary
statements regarding health benefits that
contained no qualification, balance, or
disclosure of adverse effects. In the first
place, the record did not establish that
there was any concrete interest on the
part of the alcohol beverage industry in
using the summary health claim
proposed in the CEI petition. Secondly,
we find that statements such as the one
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proposed by CEI would mislead
consumers by not disclosing the
significant adverse effects on health
associated with alcohol consumption,
which are set forth in great detail in this
rulemaking record.
TTB has not drafted a model health
claim for use on alcohol beverage labels
because this extensive rulemaking
record has revealed little, if any, interest
on the part of industry members in
using substantive health claims on
alcohol beverage labels. In fact, industry
members not only failed to express such
an interest, in many cases, they
specifically disavowed any interest in
using substantive health claims.
Furthermore, as discussed further in
section XVIII, any such claim might
well subject the product to regulation as
a drug under FDA regulations.
Accordingly, TTB will leave it to any
interested industry members to seek
approval of a substantive health claim
through the label approval process. The
final rule sets forth the standards that
would apply to any such labeling
statement. If an industry member wishes
to use a substantive health claim on a
label in compliance with the standards
set forth in the final rule, it should
apply for a certificate of label approval.
ATF announced in Industry Circular
93–8 that dissemination of the full text
of the April 1992 edition of ‘‘Alcohol
Alert’’ as published by NIAAA, would
not be in violation of the regulations.
The final rule does not change this
policy. Furthermore, dissemination of
the entire Dietary Guidelines as
advertising materials by industry
members, or dissemination of the two
pages from the current Guidelines
dealing with alcohol beverages (pages
36 and 37) would not violate the final
rule. Both of these materials provide a
comprehensive discussion of the health
consequences of alcohol consumption.
The information in these materials
regarding the health consequences of
alcohol consumption is truthful and
supported by scientific evidence. The
information is sufficiently detailed,
qualified and specific, and sets forth the
health risks associated with both
moderate and heavier levels of alcohol
consumption. Both of these publications
further set forth the categories of
individuals for whom any level of
alcohol consumption may pose health
risks. Accordingly, these materials
comply with the standards set forth in
the regulations.
As ATF stated in Industry Circular
93–8, we will continue to evaluate any
additional text that accompanies these
materials, such as editorializing,
advertising slogans, or exhortations to
consume the product, to determine
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whether or not the advertisement as a
whole presents truthful and nonmisleading information regarding the
risks associated with alcohol
consumption. Furthermore, the use of
any buttons, shelf talkers, table tents,
and similar items that excerpt any
portion of the NIAAA publication or the
Dietary Guidelines, or that are based on
any other publication or article about
the health consequences of alcohol
consumption, will be closely
scrutinized to determine if they tend to
mislead consumers about the serious
risks associated with alcohol
consumption.
XVI. Are Health-Related Directional
Statements Misleading?
As previously noted, the vast majority
of the commenters addressed the issue
of health-related directional statements,
such as the ones approved by ATF in
1999, rather than the issue of
substantive health claims.
Approximately 355 commenters
expressed support for the use of
directional statements on alcohol
beverage labels. Many commenters
stated that directional statements are not
substantive health claims and that they
merely refer consumers to other sources
for information about the effects on
health of alcohol consumption. As such,
the commenters maintain that
directional statements are not
misleading to consumers. On the other
hand, most of the approximately 120
comments in opposition to the use of
health claims also opposed the use of
health-related directional statements in
the labeling and advertising of alcohol
beverages.
A. Comments and Testimony in Favor of
the Use of Health-Related Directional
Statements
Most of the comments in support of
directional statements shared the view
set forth in the Wine Institute’s
comment as follows:
Directing consumers to consult with their
doctors or to refer to the Dietary Guidelines
regarding the health effects of wine
consumption constitutes a responsible and
neutral message. Far from misleading the
public, such statements are designed to
educate and empower each individual to
make fully informed choices regarding the
consumption of wine. (Comment 401).

The Wine Institute’s comment also
stated that health-related directional
statements were ‘‘certainly not
misleading because they do not
constitute substantive health claims in
the first instance.’’ They cited the CSAP
survey, which concluded that the
drinking patterns of 88.3% of the
participants would not be influenced by

directional statements, with an
additional 3.9% indicating they would
drink less.
In response to ATF’s question of
whether the negative consequences of
alcohol consumption and abuse
disqualified alcohol beverages from
entitlement to health claims or healthrelated statements, the Wine Institute
submitted extensive summaries of
scientific studies on moderate
consumption of wine and alcohol for
the Dietary Guidelines Review Process.
An updated compilation of that
submission was attached to their
comment. The Wine Institute stated that
it ‘‘fully subscribes to an open and
vigorous dialogue driven by the findings
of the scientific community on the
health effects of alcohol consumption.’’
The Wine Institute submitted a
supplemental comment in which it
stated that it wished ‘‘to underscore
how critical it is to make the distinction
between health-related statements and
those in which a substantive claim of
health benefits is advanced. A
substantial number of submissions you
have received to date appear to blur this
crucial difference and argue against
directional labels by incorrectly
classifying such labels as health
claims.’’ (Comment 401b).
Mr. John DeLuca, President and CEO
of the Wine Institute, testified at both
the Washington, DC and San Francisco,
California hearings. Mr. DeLuca stated
that he believed that wineries have a
First Amendment right to use the
directional label, and pointed to the
CSAP survey as evidence that
consumers would not increase
consumption as a result of directional
statements. (April 25, 2000;
Washington, DC, page 32). He urged the
empowerment of the public through
dissemination of information, and urged
that the public should be trusted ‘‘to
handle this information.’’ (Id. at pages
32–33).
When asked about substantive health
claims, Mr. DeLuca stated that ‘‘we are
not trying to sell wine as health food or
as a medicine.’’ (Id. at page 37). He said
that ‘‘we should be erring on the side of
making it as hard as possible for
someone to make a health claim. It
really is not the province of the industry
to be talking that way. We want thirdparty peer review journals research to be
what is presented to the public, not
what we put to the public.’’ (Id. at page
38). In response to a question about
whether the directional statements were
perceived as health claims, Mr. DeLuca
stated that the Wine Institute had
withdrawn its original label submission,
which included the phrase ‘‘health
benefits,’’ because they ‘‘knew it was
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going to lead to a cascade of criticism’’
and that the phrase ‘‘health effects’’
came from the Appropriations
Committee’s language in appropriating
funds for NIH and NIAAA to research
the effects on health of moderate
drinking. (Id. at page 40).
When asked about consumer reaction
to the directional statements, Mr.
DeLuca noted that only 17 companies
had received approval from ATF for
using directional statements before the
moratorium went into effect—5 received
approval for the Dietary Guidelines
statement, and 12 utilized the family
doctor statement. (May 23, 2000; San
Francisco, CA, pages 14–15). Mr.
DeLuca stressed that the Wine Institute
did not encourage wineries to use the
label, noting that ‘‘[w]e always thought
of this as a voluntary option for our
members. They were designed primarily
for public policy, not for public
relations, a distinction with an
enormous difference.’’ (Id. at 15).
The AVA, a trade association of
American wineries representing
approximately 600 members, also noted
that it had been involved on behalf of
one of its members in the ATF review
process for the directional statements
approved in 1999. (Comment 417). AVA
stated that it agreed with the applicant,
Mr. Patrick Campbell, that the
directional statement ‘‘makes no claim,
pro or con, therapeutic or curative, true
or false. The COLA [certificate of label
approval] makes no claim at all. It
merely (and sensibly) encourages
consumers to consult with their family
doctor about their personal use of the
product. * * * Since this COLA makes
no claim, questions about its potential
to mislead are irrelevant.’’ (Comment
417). The President of AVA, Mr. Simon
Siegl, testified at the public hearings in
support of a winery’s right to use a
directional label. (April 26, 2000;
Washington, DC, page 65).
Many winemakers also commented in
support of the use of directional
statements. Some emphasized the
neutral content of the directional
statements. The Associated Vintage
Group asked ‘‘what can be a better
message than referring them
[consumers] to our own government’s
nutritional guides or, even better,
checking with their doctors.’’ (Comment
173). Mr. Kent Rosenblum commented
that ‘‘[d]irectional labels do not
constitute health claims, and
government survey data indicate no
changes in drinking patterns would
occur.’’ (Comment 151). He then went
on to note that ‘‘[t]here is a developing
scientific consensus that moderate wine
and alcohol consumption can be part of
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a healthy diet and lifestyle for those
who choose to drink.’’
Other wineries specifically referenced
the directional statements as providing
balance to the Government warning
statement, or referring to the ‘‘benefits’’
of consumption. For example, De Rose
Vineyards commented that ‘‘[t]he U.S.
Dietary Guidelines for Americans
constitutes a responsible and neutral
message.’’ The winery also stated that
‘‘[t]here is a very substantial body of
scientific data that verifies the efficacy
and healthfulness of moderate wine
consumption. Withholding this most
helpful and beneficial information, and
instead only emphasizing the harmful
effects of wine consumption, is
ludicrous and ultimately destructive
and irresponsible. A forthright balance
of both positive and negative simply
educates an informed public and allows
them to make responsible decisions.’’
(Comment 172). Two other wine
producers made similar comments
(Comments 214 and 387).
Many commenters who did not
identify themselves as being part of the
wine industry also supported the
directional statements. Some supported
the general concept of directing
consumers to the Dietary Guidelines or
their physician for more information
about the effects on health of alcohol
consumption. One suggested that ‘‘[t]he
wording is neutral and not positive,
thereby serving as education rather than
propaganda.’’ (Comment 332). Several
commenters referred to the consumer
survey conducted by CSAP as evidence
that the statements did not mislead
consumers.
Some commenters argued that
consumers have a right to know all the
scientific information available on both
the positive and negative effects of
various levels of alcohol consumption,
and that such information allows
consumers to make informed decisions
regarding alcohol consumption. For
example, one commenter stated that
‘‘people are generally capable of making
sensible decisions, if assisted by
complete information. * * * Moreover,
the small minority who do not make
sensible decisions will not be deterred
by suppressing the presentation of
accurate, balanced information.’’
(Comment 423). An individual
suggested that ‘‘in an era when we all
are trying to eliminate governmental
control of those areas of our lives where
we can be treated as adults, it seems odd
for you to be against a neutral statement
that wine drinkers should consult their
doctors about the possible health
benefits of wine.’’ (Comment 136).
Many of the commenters suggested
that the directional statements or other

positive health-related statements were
necessary to ‘‘balance’’ the negative
information provided by the
Government warning statement. For
example, one commenter supported the
directional statements because the
warning statement should be
supplemented with ‘‘equally valid’’
information ‘‘explaining the benefits
and positive effects of responsible
consumption.’’ (Comment 296). Another
individual supported the use of
‘‘positive health related statements’’ and
stated that ‘‘[t]he wine industry deserves
to be afforded an opportunity to address
the latest beneficial health aspects of
moderate wine consumption, as
outlined in the U.S. dietary guidelines,
on its products. The entire thrust of
Government Warning labels has been
entirely negative.’’ (Comment 240).
Finally, some commenters argued that
the Government should encourage
consumers to seek the best advice
possible from the most credible sources
available on any health issue. With
respect to the consumption of alcohol
beverages, the National Association of
Beverage Retailers suggested that
‘‘[p]hysicians and the U.S. Dietary
Guidelines are among the most credible
sources available to give professional,
objective, responsible and balanced
advice on an important health issue.’’
(Comment 424).
At the hearings, several doctors
testified in support of the directional
labeling statements. Some specifically
supported the statement encouraging
consumers to consult with their
physician. For example, Dr. Michael
Apstein, a gastroenterologist and liver
doctor, testified that advice regarding
alcohol consumption should be targeted
to specific populations rather than
generalized for the entire population. He
stated that ‘‘[t]hese are complex issues
that can’t easily be summarized on a
label that goes on a wine bottle. They
need to be discussed with a person’s
physician and individualized to that
person’s situation. Therefore, I am in
favor of a directional label that advises
individuals to discuss this topic with
their physicians, because I am hopeful
that a directional label will stimulate
another kind of educational experience,
so people can use alcohol responsibly if
they so desire and avoid it if they
should be avoiding it.’’ (April 25, 2000;
Washington, DC, page 167).
Similarly, Dr. Harvey Finkel, a
physician and clinical professor of
medicine, testified that both directional
statements should be allowed, stressing
the importance of advising consumers to
consult their doctors, because the public
has a right to be fully informed about
the health consequences of alcohol
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consumption. (April 26, 2000;
Washington, DC, pages 30–33). Mr.
George Linn, a consumer, also testified
in support of the concept of referring
consumers to their physicians for more
individualized advice about alcohol
consumption. (May 24, 2000; San
Francisco, CA, page 256). On the other
hand, Dr. Paul Scholten, an associate
professor of obstetrics, gynecology,
reproductive medicine, and nursing,
testified in support of the directional
statement referring consumers to the
Dietary Guidelines, but expressed
concerns about whether doctors were
well trained to advise patients about the
health consequences of alcohol
consumption. (May 23, 2000; San
Francisco, CA, pages 170–171).
Some individuals commented in
support of the general concept of
directional statements. Dr. Dwight
Heath, a Professor of Anthropology,
testified that while he opposed the use
of substantive health claims, he favored
the use of the directional statements on
labels. (April 26, 2000; Washington, DC,
page 13). Dr. Heath suggested that the
more people know about alcohol
consumption, the less likely they are to
have alcohol-related problems. (Id. at
page 5). Similarly, Professor R.L.
Williams, of the Oenological Research
Facility of Old Dominion University,
stated that in his opinion, ‘‘the level of
scientific information regarding the
positive health effects of moderate
consumption of wine is now quite
overwhelming. * * * This information
should be made more available to the
consumers in regard to the directional
health statements.’’ (April 26, 2000;
Washington, DC, page 91). Mr. Archie
Brodsky, a senior research associate in
psychiatry and the law, testified in favor
of the use of directional statements on
alcohol beverage labels. He stated that
the CSAP survey confirmed that the
labels would have a ‘‘negligible’’
influence on consumers’’ drinking
habits. (April 26, 2000; Washington, DC,
page 171).
Mr. Patrick Campbell of Laurel Glen
Winery, who submitted the first
directional statement to ATF for
approval in 1995, testified on behalf of
the Coalition for Truth and Balance. Mr.
Campbell stated that discussion of the
health benefits or risks of alcohol
consumption was not relevant to a
discussion of the directional statements,
since ‘‘the approved messages do not
constitute health-related statements or
make substantive claims regarding
health benefits.’’ (May 23, 2000; San
Francisco, CA, page 75). He asserted
that the message encouraging consumers
to consult with their family doctors ‘‘is
neither true nor false. It makes no claim
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* * * positive or negative, therapeutic or
curative, pro or con.’’ (Id. at 76). Mr.
Campbell argued that the message was
not misleading in that it ‘‘presumes
nothing. It presupposes nothing. It in no
way directs the outcome of any
consultation the consumer may or may
not undertake with his or her family
physician. For all the winery knows, the
doctor might tell all of his or her
patients never to touch the stuff * * *.
It’s a thoroughly neutral and impartial
message.’’ (Id. at 76–77).
Mr. Campbell expressed surprise at
the controversy over the message, and
said he would have expected that
‘‘every health professional and
governmental agency in the country
would welcome it. * * * After all, if
you can’t trust your family doctor for
truthful and not misleading advice on
health issues who can you trust?’’ (Id. at
78). Mr. Campbell noted that the
American Heart Association ‘‘publishes
a section on alcohol in their dietary
guidelines that explicitly recommends
that patients consult with their personal
physician on questions of alcohol use
* * *.’’ (Id. at 80).
Mr. Campbell stated that on June 3,
1999, before the moratorium on
approving directional statements went
into effect, ATF approved a version of
the directional statement which omitted
the language about ‘‘the proud people
who made this wine’’ and instead read
as follows: ‘‘We encourage you to
consult with your family doctor about
the health effects of wine
consumption.’’ (Id. at page 74). He
stated that he now preferred this
version, since he believes that it fits
better in the label, it’s not pompous, and
it was an appropriate response to the
people who argued that the ‘‘proud
people’’ language constituted an
implicit endorsement of alcohol
consumption. (Id. at page 87).
In response to a question from the
panel, Mr. Campbell stated that he had
gotten no feedback from consumers as to
how they viewed the directional
statements. He said that ‘‘[n]obody’s
said anything, it’s unbelievable. I mean,
it cost a lot of money to put these on the
label.’’ (Id. at page 88).
Mr. Jack Stuart testified on behalf of
the Napa Valley Vintners Association.
He stated that ‘‘we think that the
directional warning is a good thing. We
don’t consider it to be a positive health
claim. If you take out the phrase ’proud
people,’ certainly it’s a neutral
statement, it’s simply a way of getting
information, and we think it’s a good
idea for anyone who is proposing to
drink, or who does drink, or who does
any other thing having to do with food,
their diet, their lifestyle, to consult their

physician about the choices they make
in that regard.’’ (May 24, 2000; San
Francisco, California, page 200). In
response to a question from the panel,
Mr. Stuart suggested that ‘‘to have a
balanced message, to me the ideal
would be to somehow combine both the
warning and the directional message.’’
(Id. at page 210).
Mr. Mark Chandler, the Executive
Director of the Lodi-Woodbridge
Winegrape Commission, also testified in
favor of the directional statements. He
stated that ‘‘[g]rowers and wineries have
no intention to market their products as
health food. But, unlike other food
products, we are prevented by
regulation from even mentioning our
product’s positive health attributes, thus
the need for directional labels.’’ (May
24, 2000; San Francisco, CA, page 250).
Mr. Gordon Murchie testified on behalf
of the Virginia Wineries Association in
favor of the use of directional
statements, calling them public service
announcements that ‘‘direct the
concerned citizen to another source of
professional non-biased, balanced
information.’’ (April 26, 2000;
Washington, DC, page 78). In response
to a question from the panel, Mr.
Murchie said his members would be
interested in using directional
statements on labels, but were reluctant
to do so until they saw that the
statements were accepted by the
Government and the public. (Id. at pages
86–87).
Dr. Ellen Mack, a physician and part
owner of a winery, testified that ‘‘[i]f
wine were considered a medication—
and I’m not at all advocating that it
should be—it would be like most other
medications, the dose is critical. Too
little may not have the desired effect,
and too much can be dangerous or even
deadly.’’ (May 23, 2000; San Francisco,
CA, page 132). Dr. Mack suggested that
‘‘the directional wine labels are effective
agents in that the sources of
information—the U.S. Dietary
Guidelines and personal physicians—
will clearly make the point that the
beneficial health effects result from
moderate consumption of alcohol, and
these sources will define moderate as no
more than one drink per day for women
and no more than two drinks per day for
men.’’ Id.
Various other individuals testified in
favor of the directional statement. For
example, Ms. Annette Shafer, author of
‘‘The Wine Sense Diet’’ testified in favor
of a ‘‘more balanced message on the
bottle,’’ suggesting that the warning
label is ‘‘very one-sided.’’ (May 24,
2000; San Francisco, CA, page 212).
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B. Comments and Testimony in
Opposition to Directional Statements
Public health organizations and other
commenters raised the following
specific objections to the use of
directional health-related statements in
the labeling and advertising of alcohol
beverages.
1. Directional Statements Are Implicit
Health Claims That Reinforce the
Inaccurate Perceptions of Consumers
About Alcohol and Health
CSPI commented that the directional
statements were actually implied health
claims. Its comment argued that the
‘‘reference to the ’health effects of wine
consumption’ offers no useful
information, but simply reinforces
existing inaccurate knowledge about the
health benefits of alcohol consumption,
as spread through the media and the
wine industry’s misleading publicity
campaign, and implies that those
benefits are substantial and universal.’’
(Comment 400).
The American Cancer Society noted
that ‘‘[w]ith the publicity in the past few
years about the health benefits of
consuming alcoholic beverages, any
less-detailed claim or reference to health
impacts or benefits might be interpreted
by the uninformed consumer as a
suggestion that people should drink
alcohol for their health. Sufficient
information is needed to allow
consumers to make a well-educated
decision regarding their risk from
consumption of this product.’’
(Comment 527). Accordingly, the
American Cancer Society concluded
that directional labels ‘‘may mislead the
general public regarding the health
benefits of alcohol consumption by
providing inadequate information
regarding the risks.’’
Senator Thurmond commented that
the directional statements were
inherently misleading. He stated that it
was unlikely that consumers who read
the directional statements would
actually send for the Dietary Guidelines
or consult their physicians. Instead,
Senator Thurmond suggested that
‘‘consumers may be left with the
impression that these statements refer to
studies that suggest drinking alcohol
may have some positive health
benefits.’’ He noted that ‘‘[t]his
impression may reinforce inaccurate
assertions about the health benefits of
alcohol consumption spread through the
media. These statements may also be
inappropriately viewed as the
government’s endorsement of drinking.
However, any suggestion that the
government endorses drinking for
health reasons is false.’’ (Comment 526).

AR-002016
VerDate Jan<31>2003

14:38 Feb 28, 2003

Jkt 200001

PO 00000

Frm 00019

Fmt 4701

Sfmt 4700

E:\FR\FM\03MRR2.SGM

03MRR2

Case 1:17-cv-02538-JEB Document 37-4 Filed 06/26/19 Page 203 of 236
10094

Federal Register / Vol. 68, No. 41 / Monday, March 3, 2003 / Rules and Regulations

2. Directional Statements Undermine
the Mandatory Government Warning
Statement and May Be in Violation of
the Alcoholic Beverage Labeling Act
NCADD’s comment stated that the
directional statements approved by ATF
in 1999 ‘‘are misleading and potentially
confusing to consumers in juxtaposition
to the federally mandated government
warning on all alcoholic beverage
containers sold in the United States.’’
(Comment 15). Similarly, MADD
commented that ‘‘[t]he public and
particularly youth are being given a
mixed message with the inclusion of
‘health messages’ in alcohol advertising
and on warning labels and the net result
is consumer confusion.’’ (Comment 20).
MADD also noted that ‘‘[w]arning labels
on alcoholic beverages were created for
a specific purpose—to make the
consumer aware of the potential harm
they could suffer as a result of the use
or abuse of the product.’’
The United Communities Against
Drug & Alcohol Abuse commented that
‘‘Congress has already required a
warning statement on alcoholicbeverage containers. Any other
reference to health impacts or benefits is
likely to confuse consumers and
undermine the impact of the existing
warning statement.’’ (Comment 31). The
American Council on Alcohol Problems
urged ATF ‘‘not to contribute to
confusion by allowing any insinuation
of health benefits from alcohol
consumption.’’ (Comment 37).
Dr. Thomas Greenfield, a
psychologist, testified in opposition to
the use of health-related statements. He
stated he was principal investigator of
the Impact of Alcoholic Beverage
Warning Labels Research Project from
1991–1997. He stated that research
showed that the mandatory Government
warning statement had ‘‘fragile but
beneficial effects’’ and that ‘‘one must
be concerned that a vague health effects
message, by implication positive, may
wipe out the small gains in reminding
the public of situational hazards of
drinking when driving or pregnant, and
also the health risks.’’ (May 24, 2000;
San Francisco, CA, pages 182–183). He
suggested that in order to be truly
neutral, a directional statement ‘‘should
have a tone that would be to look at the
health risks and health benefits, and
potential health benefits. And one
would have to do it in such a way that
it emphasized that—which is, we
believe, strongly the case—that the
health benefits [are] * * * relatively
small in comparison to the health
harms.’’ (Id. at page 191).
CSPI commented that if ATF allowed
any health claim or health-related

statement on a label, it ‘‘should be
worded and displayed in a manner that
does not overshadow, contradict, or
undermine the government warning
label. For example, the claim should
appear in the same type size and style
as the government warning label, and
should not contain any claim that
contradicts any of the statements in the
warning label.’’ (Comment 400).
Senator Thurmond testified that the
purpose of the ABLA was to provide ‘‘a
clear, non-confusing reminder of the
health hazards associated with alcohol
consumption.’’ (April 25, 2000;
Washington, DC, page 17). Senator
Thurmond suggested that ‘‘the two
directional statements which the ATF
approved last year dilutes the required
warnings and, worse, may be seen as the
government’s endorsement of drinking.
As one of the authors of the Alcohol
Beverage Labeling Act, let me stress that
the intent of the legislation was to
exclude such misleading statements.’’
Id. In response to the First Amendment
concerns raised by some individuals,
Senator Thurmond suggested that at a
minimum, ‘‘groups supporting healthrelated statements should be required to
prove beyond any reasonable doubt that
such claims are not misleading and do
not detract from the government
warning.’’ (Id. at page 18).
In addition to Senator Thurmond’s
comment, a letter signed by Senators
Thurmond, Byrd, and Helms supported
a ban on all health-related statements
and directional health statements on
labels. (Comment 526). In this comment,
the three Senators stated that the
directional statements approved by ATF
in 1999 ‘‘dilute the required government
warning and mislead consumers. In fact,
these labels might inappropriately be
seen as the government’s endorsement
of alcohol consumption.’’ The comment
also noted the difficulty of presenting a
balanced statement on the effects on
health of alcohol consumption on an
alcohol beverage label. The Senators
stated that ‘‘Congress has spoken clearly
on this important public health issue.
The purpose of the ABLA should not be
subverted.’’
3. Directional Statements Are
Misleading Because Drinkers Are
Unlikely To Seek Health Information
Many commenters suggested that the
directional statements were misleading
because the CSAP consumer survey
established that consumers who read
the directional labels were unlikely to
seek additional information from their
doctors or send for the Dietary
Guidelines. For example, CSPI argued
that ‘‘referring consumers to a
government publication which offers
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balanced information is only credible if
there is a reasonable likelihood that
such referral will in fact result.’’
(Comment 400). CSPI suggested that
‘‘according to consumer research, few
people would actually look at or write
for the Dietary Guidelines on the basis
of the label language.’’ CSPI and others
questioned whether consumers would
get complete information from either the
Dietary Guidelines or their doctors.
Similar points were raised in the
testimony of Mr. James Mosher on
behalf of the California Council on
Alcohol Policy, a nonprofit membership
organization dedicated to promoting
public health approaches to the
prevention of alcohol-related problems.
Mr. Mosher argued that the directional
labels were inherently misleading and
thus did not constitute protected
commercial speech under the First
Amendment. Because the directional
statements themselves make no claim
about the effects on health of alcohol
consumption, Mr. Mosher suggested
that the key to determining whether
they would mislead consumers depends
upon ‘‘the sources to be consulted, the
likelihood of consumers actually
consulting them, and the possibility that
the wording will lead to consumer
confusion, misleading or deceptive
impressions.’’ (May 23, 2000; San
Francisco, CA, page 92).
4. Directional Statements Are
Misleading Because Drinkers Are Likely
To Rationalize Their Consumption
Patterns
As previously mentioned, several
doctors who have been certified by the
American Society of Addiction
Medicine commented in opposition to
the use of both health claims and
health-related directional statements in
the labeling and advertising of wines.
These commenters suggested that health
claims and directional statements could
be misconstrued by problem drinkers in
order to rationalize their own levels of
consumption. For example, one doctor
suggested that these statements could be
misconstrued by consumers, because
‘‘consumers, especially those with a
vulnerability to alcoholism, may take
the message as an endorsement of
excessive drinking.’’ Accordingly, he
urged that ATF ‘‘prohibit the alcoholicbeverage industry from making these
misleading and potentially dangerous
claims.’’ (Comment 167).
Another medical doctor urged ATF to
rescind approval of the directional
labeling statements, stating that ‘‘[a]
brief message on any beverage container
will not provide consumers with
adequate information about use of
alcohol for health-related reasons. Due
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to the publicity in the past few years
about the health benefits of moderate
alcohol consumption, a brief label may
be interpreted by the uninformed
consumer as a government-authorized
statement supporting consumption of
alcohol for health benefit.’’ (Comment
410).
NCADD also cited the CSAP study as
establishing that focus group members
were ‘‘generally aware’’ of the reports on
positive effects on health of wine
consumption, and that the heavier
drinkers were more aware of the media
reports. NCADD suggested that heavy
drinkers would use these ‘‘beliefs’’
about the effects on health of wine
consumption to justify their drinking
levels. (Comment 15).
Ms. Joan Kiley, coordinator of the
Alcohol Policy Network of Alameda
County, testified in favor of a complete
ban on health claims or health-related
statements in the labeling or advertising
of alcohol beverages. She stated that the
directional statements were inherently
misleading, since they were
‘‘incomplete statements that do not put
research results in their proper context.’’
(May 24, 2000; San Francisco, CA, page
228). Ms. Kiley noted that ‘‘[c]onsumers
are not always aware of the effect that
images and attitudes promoted in
advertising have on their own desires.’’
(Id. at page 232). In response to a
question from the panel, Ms. Kiley said
that in her experience, people with
alcohol problems were ‘‘very skilled at
finding good reasons to drink. They
* * * can use a multiple number of
reasons to drink, that might just be
another one.’’ (Id. at page 239).
5. Directional Statements Could Be
Interpreted as the Government’s
Endorsement of Alcohol Consumption
The former Surgeon General, Dr.
David Satcher, testified that it was
important to ‘‘carefully consider any
action, whether it involves the health
warning or claims that could encourage
underage drinking or mislead about the
very real, adverse health consequences.’’
(April 25, 2000; Washington, DC, page
73). Dr. Satcher stated he was
‘‘concerned that references to the U.S.
dietary guidelines on the labels of
certain wine products could wrongly
lead consumers to conclude that
consumption of wine would reduce
health risks or that it was recommended
by guidelines or by family physicians.
References to alcohol in the guidelines
should not be construed as evidence of
health benefits nor encouragement that
consumers drink. * * * In fact, the
Public Health Service does not
recommend consumption of alcohol
beverages.’’ (Id. at page 74).

The Marin Institute for the Prevention
of Alcohol and Other Drug Problems
(Comment 324) suggested that the
directional statements attributed
positive effects on health to the
consumption of alcohol beverages, and
were thus ‘‘misleading and potentially
dangerous because media and marketing
messages can be misinterpreted as
public health recommendations.’’ The
Marin Institute stated that the ‘‘60
Minutes’’ report on the possible heart
protective effects of drinking red wine
led to a 44 percent increase in red wine
sales. They quoted the marketing
manager of a winery as stating in
‘‘Impact’’ magazine in 1997 that
information about health benefits was
‘‘increasing consumption more than
anything else.’’ Ms. Hilary Abramson
testified on behalf of the Marin Institute
at the San Francisco hearing that the socalled French Paradox (‘‘the apparent
coexistence in France of a low heart
disease rate and a diet rich in saturated
fat, and the belief that alcohol [red
wine] is the explanation for it’’) had
been overestimated, and the French
heart disease statistics underestimated.
She stated that after the 60 Minutes
Broadcast in November 1991 on the
French Paradox, ‘‘sales of red wine in
the United States rocketed 44%, and a
Gallup poll showed that 58% of
Americans were aware of research
linking moderate drinking to lower rates
of heart disease.’’ (May 23, 2000; San
Francisco, CA, pages 115–116).
Similarly, the Greater Spokane
Substance Abuse Council’s Prevention
Center commented that ‘‘[a]ny statement
or labeling in reference to supposed
‘health benefits’ could be construed by
an uninformed consumer population as
a government endorsement to consume
a likely harmful product.’’ (Comment
32). The American Council on Alcohol
Problems also commented that ‘‘[i]f
health claims are allowed on labels or
even implied, many uninformed
consumers would interpret this as a
government sanctioned statement
suggesting that people drink alcohol for
their health. Quite to the contrary,
research clearly shows that any measure
which increases the level of alcohol
consumption will result in increased
levels of disease and accidents.’’
(Comment 37).
6. Other Testimony Against Directional
Statements
Many of the medical experts who
testified at the public hearings
expressed concerns that the directional
statements would mislead consumers
about the effects on health of alcohol
consumption. For example, Dr. Camargo
concluded that ‘‘with all of these variety
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of factors influencing the net health
effect of alcohol, I think it is really quite
foolhardy to believe that any onesentence generic health claim about
moderate wine consumption would
serve public-health interests, or even
provide reliable consumer advice. In
addition to the gross simplification of a
complex risk/benefit analysis, the labels
will also lead to several other levels of
confusion.’’ (April 25, 2000;
Washington, DC, page 90). In particular,
he noted that few consumers would
actually consult the Dietary Guidelines
for information on the effects of alcohol
consumption, that many people who
notice the label would interpret the
phrase ‘‘health effects’’ as ‘‘healthy
effects,’’ that there is considerable
confusion about what constitutes
moderate drinking, and that if
consumers do consult their family
physician, ‘‘it is very unlikely the
physician will be in a position to
provide accurate, up-to-date information
about all of the risks and benefits of
moderate drinking.’’ (April 25, 2000;
Washington, DC, pages 91–92). Dr.
Camargo also noted that ‘‘generic health
claims are likely to be misinterpreted by
those at greatest risk of alcohol
problems, a group that would likely use
the health claim to justify continued or
increased consumption of excessive
alcohol with all of its attendant health
hazards.’’ (Id. at page 92).
Dr. Criqui also testified that because
of the negative health consequences
associated with alcohol consumption
and abuse, the directional statements
are inherently misleading. (May 23,
2000; San Francisco, CA, page 60). He
stated that the approved directional
statements appear to implicitly endorse
the value of alcohol as a
pharmacological protective agent. (Id. at
page 59). Dr. Criqui offered his opinion
that consumers interpret the approved
statements as substantive health claims,
which means that at least for most
people drinking is good and has health
benefits and that the Government
endorses this position. Because the
directional statements are recent and
come in the context of media discussion
about the possible benefits of alcohol
consumption, Dr. Criqui stated that the
statements are likely to be interpreted as
implicitly endorsing alcohol
consumption as being potentially
healthy, since they do not emphasize or
even mention the dangers of alcohol
consumption. (Id. at pages 59–60).
Some people suggested that
consumers would interpret the
directional statements as making
positive health-related claims simply
because of an assumption that the
industry would not use the statements
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unless they were positive. For example,
Dr. Duke, representing the Ethics and
Religious Liberty Commission, the
moral concerns agency for the Southern
Baptist Convention, suggested that the
directional statements were misleading
because they ‘‘create an impression of
endorsement of the health claims made
by the alcohol industry. * * * The
average person would not conclude that
the alcohol industry would direct
people to information damaging to their
claim. Consequently, the average person
will assume a doctor would agree that
drinking alcohol is good for one’s
health.’’ (April 25, 2000; Washington,
DC, 154–155).
Ms. Diana Conti testified on behalf of
the American Public Health Association
in support of a ban on all health-related
statements on labels and in
advertisements, other than the required
warning statement. Ms. Conti suggested
that the directional statement regarding
the Dietary Guidelines ‘‘provides no
specific information, no definition of
moderate drinking, and no cautions to
those who should not drink. The
message is confusing and it’s
contradictory to the warning label.’’
(May 23, 2000; San Francisco, CA, page
106). She stated that ‘‘[t]he lack of
substantive information creates the
impression that the government says
moderate wine consumption is good for
your health, and few, if any, will
actually read the guidelines for the more
complete information.’’ (Id. at page 107).
C. Decision
When ATF approved the directional
statements in 1999, it concluded that
the record did not establish that the
statements would mislead consumers
about the risks associated with alcohol
consumption. ATF relied heavily upon
the CSAP consumer survey, which
concluded that the directional
statements would not encourage most
consumers to alter their consumption
levels or patterns.
After careful consideration of the
comments and testimony on this issue,
it is TTB’s conclusion that while the
two directional statements approved in
1999 were worded in a way that was
intended to represent a neutral referral
to doctors or the Dietary Guidelines for
additional information, the statements
were capable of being interpreted in a
very different fashion. In particular, the
statements could be interpreted as
encouraging the consumption of alcohol
for health reasons.
While the CSAP survey established
that the vast majority of consumers
would not alter their consumption
patterns after exposure to the two
directional statements, it did not

explore whether consumers would
interpret the statements as encouraging
the consumption of alcohol for health
reasons. Since TTB has no consumer
data on this issue, we must rely upon
the secondary data that is available to
us, including the opinions of medical
and public health experts in the field of
alcohol and health.
Initially, TTB would note that many
media reports about approval of the
directional statements referred to these
statements as health claims or
references to health benefits. See section
VII, infra. We recognize that these
reports only indirectly reflect consumer
reactions to the directional statements,
and that they may have been influenced
by the industry’s or the public health
sector’s characterizations of the
statements. Nonetheless, to the extent
that these media reports both reflect and
shape the perceptions of consumers, we
believe that these reports are persuasive
evidence that the directional statements
are perceived by many as making a
positive claim about the effects on
health of alcohol consumption.
We are also persuaded by the
opinions of many of the foremost public
health experts in the nation. These
public health experts believe that the
allegedly neutral directional statements
in fact communicated a message that the
Government endorsed drinking for
health reasons, or that the Dietary
Guidelines or a family physician would
endorse the consumption of alcohol for
health reasons. For example, the former
United States Surgeon General testified
that he was ‘‘concerned that references
to the U.S. dietary guidelines on the
labels of certain wine products could
wrongly lead consumers to conclude
that consumption of wine would reduce
health risks or that it was recommended
by guidelines or by family physicians.’’
(April 25, 2000; Washington, DC, page
74). Similarly, the American Cancer
Society noted that ‘‘[w]ith the publicity
in the past few years about the health
benefits of consuming alcoholic
beverages, any less-detailed claim or
reference to health impacts or benefits
might be interpreted by the uninformed
consumer as a suggestion that people
should drink alcohol for their health’’
and concluded that directional labels
‘‘may mislead the general public
regarding the health benefits of alcohol
consumption by providing inadequate
information regarding the risks.’’
(Comment 527). Other commenters,
including the American Medical
Association and the Marin Institute,
supported a ban on directional
statements for similar reasons.
TTB also finds persuasive the
testimony of many of the foremost
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experts on the medical research
regarding alcohol and health. For
example, Dr. Camargo testified that in
his opinion, consumers would interpret
the phrase ‘‘health effects’’ to mean
‘‘healthy effects.’’ (April 25, 2000;
Washington, DC, pages 90–92). Dr.
Criqui offered his opinion that the
approved directional statements appear
to implicitly endorse the value of
alcohol as a pharmacological protective
agent, and that consumers interpret the
approved statements as substantive
health claims meaning that at least for
most people drinking is good and has
health benefits and that the Government
endorses this position. Because the
directional statements are recent and
come in the context of media discussion
about the possible benefits of alcohol
consumption, Dr. Criqui stated that the
statements are likely to be interpreted as
implicitly endorsing alcohol
consumption as being potentially
healthy, since they do not emphasize or
even mention the dangers of alcohol
consumption. (May 23, 2000; San
Francisco, CA, pages 59–60).
TTB does not disregard the testimony
of those medical professionals,
including Dr. Apstein, Dr. Finkel, and
Dr. Scholten, who testified in favor of
the use of directional statements. We
agree that industry members have the
right to suggest, in labels or in
advertisements, that consumers refer to
third party sources for additional
information regarding the effects on
health of alcohol consumption. The
question presented is how to make such
referrals without misleading consumers.
We would also note that many of the
comments in favor of the use of
directional statements referred to the
need to provide ‘‘balance’’ to the
negative message of the health warning
statement, and thus implicitly
recognized that the directional
statements were meant to convey a
positive message about the effects on
health of alcohol consumption. In this
regard, it is noteworthy that in a
comment submitted after the hearings
were held, Beer Institute suggested that
the position of several proponents of
directional statements that such
statements did not constitute health
claims was inconsistent with those same
proponents’ attempts ‘‘to defend the
directional statements by relying on
well-known published medical
literature that attributes certain health
benefits to the moderate consumption of
alcohol beverages. Given the history of
this issue and the evidence cited by
supporters of the directional statements,
it seems impossible to characterize the
directional statements as anything but
health claims subject to the automatic
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qualifying provisions of the proposed
new regulations.’’ (Comment 396b).
After careful consideration of the
comments and testimony in the
rulemaking record, it is TTB’s view that
the directional statements approved in
1999 may be interpreted as advocating
the consumption of alcohol beverages
for health reasons. We recognize that
producers of alcohol beverages have
contended that they have a
constitutionally protected right to
advocate that consumers drink their
products for health reasons. However, if
such a claim is made on a label or in
an advertisement, it must be made in a
truthful and non-misleading fashion.
Furthermore, such a claim would fall
within the category of a specific health
claim, and would be subject to the
requirements in the final rule applicable
to such claims. To the extent that
producers instead wish to make a
neutral referral to third parties for
additional information regarding the
effects on health of alcohol
consumption, we believe that it is
necessary to provide a disclaimer that
clarifies that the labeling or advertising
statement should not encourage
consumption of alcohol for health
reasons.
Accordingly, the final rule provides
that directional statements will not be
allowed in the labeling or advertising of
alcohol beverages unless accompanied
by a disclaimer. The final rule provides
a model disclaimer that alcohol
beverage producers may use in
conjunction with a general statement
that directs consumers in a neutral or
other non-misleading manner to a third
party for balanced information regarding
the effects on health of alcohol (wine,
distilled spirits, or malt beverage)
consumption: ‘‘This statement should
not encourage you to drink or to
increase your alcohol consumption for
health reasons.’’ It should be noted that
in some cases, an acceptable disclaimer
might be incorporated into the language
of the directional statement itself; thus,
if the directional statement makes it
clear that it is not advocating
consumption of alcohol for health
reasons, then an additional disclaimer
may not be necessary.
XVII. Should the Same Standards
Apply to Wines, Distilled Spirits, and
Malt Beverages?
A. Issue
The DISCUS comment opposed the
Bureau’s suggested ‘‘case-by-case’’
approach, noting that the effects on
health of alcohol consumption apply
across the board to all beverage alcohol
products. Accordingly, DISCUS

suggested that public policy and
regulatory policy require fair and equal
treatment for each form of beverage
alcohol, and any label statement for a
beverage alcohol container should apply
equally to each type of beverage alcohol.
(Comment 530).
B. Decision
Both the proposed and final rules
make it clear that the same standards
apply to wine, distilled spirits, and malt
beverages. The rulemaking record does
not provide a basis for setting forth
different standards for these types of
alcohol beverages. The two directional
statements approved by ATF in 1999
were both submitted by wineries, and
thus both referred to the effects on
health of ‘‘wine consumption.’’ To the
extent that a directional statement
complies with the standards set forth in
this final rule, it may be used in the
labeling of a wine, distilled spirit, or
malt beverage product.
XVIII. Should TTB Adopt the
Procedures Set Forth in FDA’s
Regulations?
A. Issue
Several commenters suggested that
ATF should adopt the substantive
standards already in place in FDA’s
regulations governing the use of health
claims in the labeling of foods. FDA also
raised several concerns about
consistency between ATF’s proposed
regulations and its own health claim
regulations.
FDA (Comment 327) commented that
it was ‘‘imperative that [ATF] regulate
these claims in a manner consistent
with the provisions of the Federal Food,
Drug, and Cosmetic Act (FFDC Act) to
ensure the meaningful and nonmisleading use of such claims.’’ FDA
pointed out that pursuant to the
Nutrition Labeling and Education Act
(NLEA), a manufacturer may make a
health claim on a food label only if FDA
determines ‘‘based on the totality of
publicly available scientific evidence
(including evidence from well-designed
studies conducted in a manner which is
consistent with generally recognized
scientific procedures and principles),
that there is significant scientific
agreement, among experts qualified by
scientific training and experience to
evaluate such claims, that the claim is
supported by such evidence.’’ 21 U.S.C.
343(r)(3)(B)(i).
FDA also noted that the use of claims
for foods that may have a negative
health impact generally is not
appropriate under the NLEA. The
statute provides that a health claim may
not be made for a food that contains, as
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determined by regulation, any nutrient
in an amount that increases to persons
in the general population the risk of a
disease or health-related condition that
is diet-related. 21 U.S.C. 343(r)(3)(A)(ii).
FDA may grant an exception to allow
foods with disqualifying nutrient levels
to bear a health claim if the claim is
accompanied by a disclosure statement
regarding the disqualifying nutrient and
FDA has determined by regulation that
such a claim would assist consumers in
maintaining healthy dietary practices.
21 U.S.C. 343(r)(3)(A)(ii) and
343(r)(2)(B). FDA requires rigorous
evidence to support a conclusion that a
health claim on a food with a
disqualifying nutrient level would assist
consumers in maintaining healthy
dietary practices.
FDA expressed the following concern
about the use of health claims on
alcohol beverage labels:
Alcohol beverages are foods for which
there is evidence of a substantial number of
undisputed negative health effects. FDA has
not evaluated the evidence supporting the
putative health benefits of alcohol beverages.
Therefore, we cannot say whether health
claims for an alcohol beverage would be
prohibited under FDA’s existing health claim
authorization process, or if not prohibited,
could be authorized with a disclosure
statement of the type required by 21 U.S.C.
343(r)(2)(B). We are concerned, however, that
the evidence for the well-known direct
causative relationships between alcohol and
numerous health risks would be a significant
hurdle to our concluding that label
information about a relationship between
consumption of alcohol and a health claim
could assist consumers in maintaining
healthy dietary practices.

FDA also noted that the absence of any
significant nutritive value of alcohol
products would be another obstacle to
FDA authorizing a health claim for
alcohol beverages.
FDA stated that it was concerned that
‘‘certain therapeutic or curative claims
sought by manufacturers of alcohol
beverages may in fact be claims that
would require regulation of the alcohol
beverages as drugs.’’ It noted that FDA
has authority and responsibility under
the FFDC Act to regulate all products
bearing drug claims, and that the term
‘‘drug’’ is defined by statute to include
an article ‘‘intended for use in the
diagnosis, cure, mitigation, treatment or
prevention of disease.’’ 21 U.S.C.
321(g)(1)(B). FDA concluded that
‘‘[a]lcohol beverages could fall within
this definition if their labeling contains
drug claims.’’
FDA expressed a concern that certain
health claims that would be allowed
under ATF’s proposed rule might render
the product a drug subject to regulation
under the FFDC Act. The FFDC Act
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provides that any drug that is not
generally recognized by qualified
experts as safe and effective for use
under the conditions prescribed,
recommended, or suggested in its
labeling, or that has not been used to a
material extent or for a material time
under such conditions, is a ‘‘new drug.’’
21 U.S.C. 321(p). A new drug may not
be legally marketed unless FDA has
approved a new drug application for
such a drug. 21 U.S.C. 331(d) and
355(a). FDA noted that the FFDC Act
requires substantial evidence of
effectiveness and evidence that the drug
is safe for its intended use before FDA
will approve a new drug application. 21
U.S.C. 355(d). FDA suggested that this
standard differed from the ‘‘not
misleading’’ standard proposed by the
ATF notice of proposed rulemaking.
FDA advised that ATF should
explicitly articulate in its regulations
the processes by which it would review
claims intended for alcohol beverages. It
stated that it was unable to determine,
based on the proposed rule, whether the
proposed process for a review of healthrelated statements would be consistent
with FDA’s statutory and regulatory
authorities. Accordingly, FDA urged
ATF to clarify the process and criteria
it intends to use to substantiate the
validity of any health claims or other
health-related statements before
finalizing the proposed rule.
The former Surgeon General, Dr.
David Satcher, also testified in support
of adopting standards ‘‘consistent with
that relied upon by the Food and Drug
Administration or for regulated health
claims for foods and drugs.’’ (April 25,
2000; Washington, DC, page 77).
Accordingly, ‘‘[c]laims should be based
on significant scientific agreement, and
they should be qualified to identify
those categories of persons for whom
the claims are relevant, as well as to
identify those for whom the negative
consequences would outweigh any
positive effect.’’ (Id. at page 78). In
response to a question from the panel,
Dr. Satcher agreed that there were
problems with consumers selfmedicating without knowing all the
facts, noting that ‘‘with alcohol, you also
have the added effect that you are
dealing with an addictive drug.’’ (Id. at
page 80). Senator Thurmond also
commented that ‘‘[a]pplication of the
FFDC Act to this issue would appear to
prohibit any health-related statements
on alcohol beverage labels. It is absurd
that the government would prevent
whole milk from making health-related
claims but allow such claims by alcohol
beverages.’’ (Comment 526).
CSAP commented that ‘‘[a]lcohol
abuse and alcoholism continue to be

among the most vexing public health
problems facing the United States.
Indeed, alcohol is the nation’s number
one drug problem among youth.’’ While
CSAP did not take a position on any of
the issues on which comment was
sought, it noted that ‘‘[o]ne of the key
issues challenging our efforts is the
mixed or misleading messages that
consumers receive from a variety of
sources. The addition of health related
information on beverage alcohol labels
must be carefully considered in relation
to the general public’s understanding of
alcohol-related health risk.’’ (Comment
430).
CSPI suggested that ATF adopt
regulations similar to FDA’s regulations
under the NLEA, noting that USDA did
so on a voluntary basis for health claims
on meat and poultry. CSPI stated that
under regulations similar to those of
FDA, health claims would be prohibited
because alcohol consumption increases
the risk of other diseases, noting that
‘‘[t]o allow health claims for alcohol,
America’s most devastating drug, while
health claims for foods such as whole
milk are prohibited, would be
indefensible and would make a mockery
of the federal government’s health-claim
regime.’’
CSPI also noted that if an alcohol
beverage label or advertisement claims
that alcohol may reduce the risk of
disease, the beverage may be regulated
as a drug by FDA. CSPI argued that,
‘‘aside from its regulatory classification,
alcohol is a drug. Depending on a
variety of factors such as dose and
schedule of use, individual metabolism,
personality factors, and situation,
alcohol is variously a stimulant and
depressant, euphorigan and soporific,
irritant and anxiety reducer. Alcohol,
like other intoxicants, can produce such
dependency phenomena as persistent
search behavior, withdrawal, relapse,
and loss of control.’’
B. Decision
After giving careful consideration to
these comments, and consulting with
FDA, TTB does not agree that its health
claim regulations should be identical to
those of FDA. FDA regulations were
promulgated pursuant to a very specific
grant of authority by Congress under the
NLEA. Because of the differences in
statutory authority, as well as the
differences in the products regulated
under these two statutes, TTB’s
regulatory scheme for health claim
labeling will differ from FDA’s
regulatory scheme.
However, TTB agrees with the FDA
comment in several respects. Most
importantly, we agree that it is
important to ensure that alcohol
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beverage producers do not violate the
new drug provisions of the FFDC Act
when seeking to use specific health
claims on alcohol beverage labels. It
would be where the use of that claim
would render the product subject to
FDA’s jurisdiction over drugs.
Furthermore, FDA’s authority over new
drugs has significant public health and
safety consequences. TTB does not wish
to create any confusion on the part of
industry members regarding their
obligations to comply with FDA’s
requirements over drug claims.
In the past, ATF merely advised
industry members that they should be
aware of the fact that the use of a health
claim on an alcohol beverage label may
subject the product to FDA’s
jurisdiction. However, after reviewing
the comments on this issue, we met
with FDA to discuss a process whereby
TTB and FDA could consult on the use
of specific health claims on alcohol
beverage labels. In this way, FDA would
have an opportunity to object to the use
of a specific health claim, based on its
jurisdiction over drugs, prior to any TTB
action.
Accordingly, the final rule now
provides that TTB will consult with
FDA, as needed, on the use of specific
health claims on labels. If FDA
determines that a specific health claim
is a drug claim that is not in compliance
with the requirements of the FFDC Act,
TTB will not approve the use of such
statement on a label. There is no similar
provision in the advertising regulations,
since advertisers are not required to
obtain prior approval from TTB. We will
of course consult with FDA, as
appropriate, if the question arises as to
whether an advertisement is in violation
of the FFDC Act.
XIX. Is the Final Rule Consistent With
the First Amendment?
A. Issue
As previously noted, many
commenters suggested that the proposed
rule did not comply with the protection
accorded truthful and non-misleading
commercial speech under the First
Amendment. CEI and CA argued that
ATF is precluded from placing any
restrictions on the dissemination of
truthful information about health
benefits in the labeling and advertising
of alcohol beverages. Beer Institute,
DISCUS, and NABI suggested that the
proposed advertising regulations would
restrict protected commercial speech.
Mr. Rex Davis, representing the
President’s Forum of the Beverage
Alcohol Industry, testified that he
believes the proposed rule violates the
First Amendment because it would
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restrict the industry from
communicating the benefits of alcohol
consumption through labels and
advertisements. (April 26, 2000;
Washington, DC, pages 133–141). Many
other commenters defended the
constitutionality of a complete ban on
the use of health-related statements in
the labeling and advertising of alcohol
beverages.
Some of the comments that (or
commentators who) addressed the First
Amendment issue suggested that while
ATF would have authority to restrict the
use of misleading health claims, a
complete ban on the use of healthrelated statements would be
unconstitutional. For example, the
Washington Legal Foundation
concluded that an outright ban on the
use of truthful health claims would be
unconstitutional, but stated that the
proposed regulations, ‘‘if properly
implemented, strike the appropriate
balance in ensuring the First
Amendment rights of industry and
consumers, and the dissemination of
important information regarding the
health benefits proven to flow from
moderate consumption of alcohol
beverages.’’ (Comment 390). A comment
submitted on behalf of the Oregon
Winegrower’s Association also stated
that a ban on the use of health claims
on labels or in advertisements would be
unconstitutional; however, the comment
stated that the agency should instead
‘‘adhere to a policy of allowing labeling
and advertising claims about such
health-related benefits to be fairly and
objectively evaluated for substantiation,
balance and qualification.’’ (Comment
380).
A comment from Mr. Erik Bierbauer
(Comment 395) attached a copy of a
note that he wrote for the New York
University Law Review as a third-year
law student, entitled ‘‘Liquid Honesty:
The First Amendment Right to Market
the Health Benefits of Moderate Alcohol
Consumption,’’ 74 N.Y.U.L. Rev. 1057
(1999). The note concludes that alcohol
producers have a First Amendment right
to market the health benefits of
moderate drinking, as long as they do so
accurately and include certain limited
disclaimers. Mr. Bierbauer suggested
that while such limited disclaimers
would be constitutionally authorized,
‘‘the sort of disclosure described in
ATF’s Industry Circular 93–8 probably
would be too burdensome to comply
with the First Amendment.’’ However,
Mr. Bierbauer’s comment suggested that
‘‘[t]he Constitution would permit the
government to require health-related
alcohol advertisements and labels to
mention lesser-known risks that are
present at moderate levels of drinking.

For example, the government might
legitimately require a disclaimer
warning consumers of the possible link
between moderate drinking and breast
cancer, and also a statement warning
certain vulnerable consumers not to
drink at all.’’ Mr. Bierbauer concluded
that ‘‘[a]ds and labels that merely direct
the consumer to other sources of
information, such as the wine labels
approved by ATF in February 1999,
clearly would enjoy First Amendment
protection.’’
B. Decision
As set forth in this final rule, TTB is
not imposing a complete ban on the use
of health claims or other health-related
statements in the labeling and
advertising of alcohol beverages.
Accordingly, it is not necessary to
consider whether such a ban would be
constitutional. Instead, the final rule
requires TTB to evaluate health claims
on a case-by-case basis to determine if
such claims would tend to mislead the
consumer.
The final rule codifies ATF’s
longstanding position that any
substantive health benefit claim is
considered misleading unless it is
truthful and adequately substantiated by
scientific or medical evidence;
sufficiently detailed and qualified with
respect to the categories of individuals
to whom the claim applies; adequately
discloses the health risks associated
with alcohol consumption; and outlines
the categories of individuals for whom
any levels of alcohol consumption may
cause health risks. The final rule
clarifies that the identified health risks
must include those associated with both
moderate and higher levels of
consumption. Thus, the rule would
require any such claim to include
appropriate qualifications and
disclaimers about the health risks
associated with alcohol consumption. In
addition, health-related directional
statements that are not substantive
health claims must nonetheless include
a disclaimer to clarify that the statement
does not advocate the consumption of
alcohol beverages for health reasons, or
some other appropriate disclaimer to
avoid misleading consumers. The rule’s
requirements for appropriate
disclaimers and qualifications in order
to avoid consumer deception about a
health issue comport completely with
the safeguards articulated by the
Supreme Court to protect nonmisleading commercial speech.
Commercial speech is defined as
speech that proposes a commercial
transaction. Virginia State Board of
Pharmacy v. Virginia Citizens Consumer
Council, Inc., 425 U.S. 748, 762 (1976).
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Information on alcohol beverage labels
is considered commercial speech. Rubin
v. Coors Brewing Co., 514 U.S. 476, 481
(1995). Commercial speech is generally
protected by the First Amendment;
however, it enjoys a more limited
measure of protection. Florida Bar v.
Went For It, Inc., 515 U.S. 618 (1995).
Nonetheless, the Government bears the
burden of justifying a restriction on
commercial speech. See Greater New
Orleans Broadcasting Ass’n v. United
States, 527 U.S. 173, 183 (1999).
In order to regulate commercial
speech, the Government must satisfy a
4-prong test. Central Hudson Gas &
Electric Corp. v. Public Serv. Comm’n,
447 U.S. 557, 563–566 (1980). First, the
expression is protected by the First
Amendment only if it concerns lawful
activity and is not misleading. Second,
the Government must establish a
substantial interest. Third, the
regulation must directly advance the
governmental interest asserted. Finally,
the regulation must be no more
extensive than necessary to serve the
interest asserted.
In two recent cases involving alcohol
beverages, the Supreme Court has struck
down bans on truthful and nonmisleading commercial speech. In
Rubin v. Coors Brewing Co., 514 U.S.
476, 491 (1995), the Supreme Court
applied the Central Hudson analysis in
striking down the FAA Act’s prohibition
against statements of alcohol content on
malt beverage labels unless required by
State law. In 44 Liquormart, Inc. v.
Rhode Island, 517 U.S. 484 (1996), the
Supreme Court struck down Rhode
Island’s ban on advertising the price of
alcohol beverages on First Amendment
grounds. More recently, in Lorillard
Tobacco Co. v. Reilly, 533 U.S. 525
(2001), the Supreme Court struck down
certain restrictions imposed by the State
of Massachusetts on the advertisement
of tobacco products on First
Amendment grounds. However, none of
these decisions restricts the
Government’s authority to regulate
misleading or potentially misleading
commercial speech.
If commercial speech is actually
misleading, then it is not protected by
the First Amendment. If commercial
speech is potentially misleading, the
Government may regulate such
commercial messages if the restrictions
are ‘‘no broader than reasonably
necessary to prevent the deception.’’ In
re R.M.J., 455 U.S. 191, 203 (1982).
Potentially misleading speech cannot be
banned ‘‘if the information also may be
presented in a way that is not
deceptive’’ through the use of
‘‘disclaimers or explanation.’’ Id.
Requirements for disclaimers have been

AR-002022
VerDate Jan<31>2003

14:38 Feb 28, 2003

Jkt 200001

PO 00000

Frm 00025

Fmt 4701

Sfmt 4700

E:\FR\FM\03MRR2.SGM

03MRR2

Case 1:17-cv-02538-JEB Document 37-4 Filed 06/26/19 Page 209 of 236
10100

Federal Register / Vol. 68, No. 41 / Monday, March 3, 2003 / Rules and Regulations

upheld as long as the disclaimers are
‘‘reasonably related to the State’s
interest in preventing deception’’ and
do not constitute an undue burden on
the advertiser. Zauderer v. Office of
Disciplinary Counsel, 471 U.S. 626,
651–53 (1985).
TTB recognizes that under the
commercial speech doctrine, there is a
preference for disclosure over
suppression. See e.g., Zauderer and
Pearson v. Shalala, 164 F.3d 650 (D.C.
Cir. 1999). In Pearson, the Court of
Appeals for the D.C. Circuit required the
Food and Drug Administration to
consider appropriate disclaimers for
health claims on dietary supplement
labels. The Court noted that ‘‘the
government’s interest in preventing the
use of labels that are true but do not
mention adverse effects would seem to
be satisfied—at least ordinarily—by
inclusion of a prominent disclaimer
setting forth those adverse effects.’’ 164
F.3d at 659.
Consistent with the Supreme Court
cases cited above, as well as the DC
Circuit’s ruling in the Pearson case, the
final rule requires any industry member
who wishes to make an explicit or
implicit health claim on a label or in an
advertisement to make a more complete
disclosure of the adverse effects on
health caused by alcohol consumption.
The final rule does not impose any
additional requirements on industry
members who do not wish to make such
claims. However, given the very serious
health risks associated with alcohol
consumption, TTB believes that the use
of health claims without such
qualifications and disclaimers would be
misleading to consumers.
The final rule is completely consistent
with the preference expressed by the
courts for disclosure over suppression
in the commercial speech arena. The
Supreme Court has held that more
speech, not less, is the preferred means
of ensuring that consumers have
sufficient information to make informed
choices in the commercial arena. In re
R.M.J., 455 U.S. at 203. The final rule
does not ‘‘ban’’ any type of speech
regarding health claims or health-related
statements in the labeling or advertising
of alcohol beverages. Instead, the rule
simply requires disclaimers for specific
health claims and health-related
directional statements.
CEI and CA suggested that there is no
need for disclaimers in connection with
health claims in the labeling or
advertising of alcohol beverages. They
point to the fact that the Government
warning statement required on alcohol
beverage containers already advises
consumers that ‘‘Consumption of
alcoholic beverages impairs your ability

to drive a car or operate machinery, and
may cause health problems.’’ CEI and
CA further suggest that consumers are
well aware of the health risks associated
with alcohol abuse, and there is no need
to remind them of such risks.
TTB does not agree with this
comment. The administrative record
contains overwhelming evidence of the
serious health risks associated with
alcohol consumption. These risks are
not merely hypothetical; they are well
documented. Among other things, the
comments established that over 8
million American adults are alcoholics;
alcohol is a known human carcinogen;
and alcohol contributes to the deaths of
more than 100,000 Americans each year.
Furthermore, alcohol abuse has
devastating effects on innocent third
parties. In 1998, 15,935 people were
killed in alcohol-related traffic crashes,
and an estimated 850,000 were injured.
Mothers Against Drunk Driving
commented that the NIH estimated that
the overall societal costs of alcohol
abuse and alcoholism in 1995 ($167
billion) were more than 50 percent
higher than the costs to society of illegal
drug use ($110 billion). The health risks
associated with alcohol consumption
are not simply hypothetical; on the
contrary, they present a serious public
health problem in this country.
Accordingly, the record supports a
conclusion that a health claim that does
not include information about these
serious health risks would tend to
mislead consumers about the health
consequences of alcohol consumption.
TTB also disagrees with the
suggestion by CEI and CA that healthrelated statements presented a necessary
‘‘balance’’ to the warning presented by
the mandatory Government warning
statement. The warning statement was
intended by Congress to present a clear
and nonconfusing reminder of the
health hazards associated with
consumption or abuse of alcohol
beverages. See 27 U.S.C. 213. The use of
health claims or other health-related
statements without qualification or
disclosure of adverse effects to
‘‘balance’’ the mandatory warning
statement not only undermines the
intent of the ABLA; it also tends to
confuse consumers about the very real
health risks associated with alcohol
consumption.
The administrative record contains
significant evidence that truthful
statements about certain health benefits
associated with moderate consumption
of alcohol beverages for certain
individuals will tend to mislead
consumers unless such statements are
truthful and adequately substantiated by
scientific or medical evidence;
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sufficiently detailed and qualified with
respect to the categories of individuals
to whom the claim applies; adequately
disclose the health risks associated with
both moderate and heavier levels of
alcohol consumption; and outline the
categories of individuals for whom any
levels of alcohol consumption may
cause health risks. Most consumers are
unable to conduct or verify health
research for themselves to determine
whether a health claim is valid as to
their own alcohol consumption, and are
ill equipped to interpret the medical
data, evaluate the potential benefits, or
identify and weigh the other medical
factors that may bear upon their
individual decision to use alcohol for
therapeutic reasons. See In re R.M.J.,
455 U.S. at 202 (the public’s
comparative lack of knowledge
regarding the product being advertised
is an important factor in determining
whether speech is misleading). A
requirement for disclaimers of this
nature in such a situation is clearly
directly related to the Government’s
interest in ensuring that consumers are
not misled by health statements on
alcohol beverage labels.
Some commenters suggested that the
types of disclaimers and qualifications
required by the proposed regulations
would overly burden industry members
who wish to make health claims about
alcohol consumption, making such
requirements unconstitutional. CEI and
CA suggested that ‘‘summary’’ health
claims for alcohol consumption are just
as truthful as other short health claims
allowed by FDA for diets low in
saturated fat and cholesterol, as well as
diets low in sodium. Other commenters
suggested that because an alcohol
beverage label is not large enough to
include the volume of information
necessary in order to give consumers a
complete picture of the effects on health
of alcohol consumption, such
statements should be banned
completely from alcohol beverage
labels.
TTB agrees that the regulations make
it difficult to present a substantive
health claim (for example, one involving
cardiovascular benefits associated with
moderate alcohol consumption) on an
alcohol beverage label, because of the
level of qualification and explanation
that would be necessary to set forth the
risks associated with such consumption.
TTB would also note that there seems to
be an overwhelming lack of interest on
the part of the alcohol beverage industry
in using such health claims on alcohol
beverage labels. The comments from
major trade associations representing
wineries, importers, brewers, and
distillers did not indicate a concrete
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interest in using substantive health
claims in the labeling or advertising of
alcohol beverages. One lawyer testified
in support of a 664-word labeling
statement regarding effects on health
and asserted that members of the wine
industry had the right to make such
statements; however, in response to
questioning, he conceded that such a
long statement would not be likely to be
used on a label.
In the absence of any concrete
indications of industry interest in using
substantive health claims on alcohol
beverage labels, there is no reason for
TTB to draft a model health claim for
use by industry members. Discussions
of whether the regulations would
unduly burden the industry’s ability to
use qualified and truthful health claims
in the labeling of alcohol beverages will
be better informed if and when industry
members submit such statements to TTB
for review. Nothing in the regulation
itself indicates that the requirements for
qualification and balance are unduly
burdensome. Furthermore, it must be
concluded that the length of any
required disclaimers and qualifications
are directly related to the serious health
risks associated with alcohol
consumption, rather than any desire by
the Government to suppress speech. In
particular, the comparison made by CEI
and CA with claims regarding diets low
in saturated fat and cholesterol or diets
low in sodium is not persuasive in the
absence of any suggestion that such
diets are associated with the types of
documented health risks associated
with alcohol consumption. Accordingly,
TTB concludes that the requirements of
the regulations do not unduly burden
speech about the effects on health of
alcohol consumption.
Because the directional statements do
not make substantive health claims, but
instead have been interpreted as
implicitly encouraging the consumption
of alcohol for health reasons, TTB does
not believe it is necessary to require the
same level of detail in the disclaimers
required to ensure that such statements
do not mislead consumers. In addition,
there clearly is interest on the part of
several industry members in using the
directional statements. Accordingly, we
have provided a model disclaimer that
may be used by industry members in
conjunction with such directional
statements in order to avoid misleading
consumers. This one-sentence
disclaimer is not overly burdensome,
and complies with the court cases
allowing the Government to mandate
disclosures necessary to prevent
consumer deception. TTB will consider
other disclaimers on a case-by-case
basis.

Accordingly, the final rule is in
accordance with the case law under the
commercial speech doctrine. Because
the rule does not ban any speech, but
merely sets forth the type of
qualification, detail, and disclosure
required in order to set forth a nonmisleading health-related statement in
the labeling or advertising of alcohol
beverages, the rule is completely
consistent with the First Amendment
protection accorded truthful and nonmisleading commercial speech. On the
other hand, the rule is also consistent
with TTB’s statutory responsibility to
protect consumers from misleading
commercial speech regarding the
serious effects on health of alcohol
consumption.
XX. Final Rule
Accordingly, this final rule amends
the regulations to provide that labels
and advertisements may not contain any
health-related statement, including a
specific health claim, that is untrue in
any particular or tends to create a
misleading impression. A specific
health claim on an alcohol beverage
label or advertisement will be
considered misleading unless it is
truthful and adequately substantiated by
scientific or medical evidence;
sufficiently detailed and qualified with
respect to the categories of individuals
to whom the claim applies; adequately
discloses the health risks associated
with both moderate and heavier levels
of alcohol consumption; and outlines
the categories of individuals for whom
any alcohol consumption poses risks.
This information must appear as part of
the specific health claim and, in the
case of advertising, must also appear as
prominent as the specific health claim.
In addition, TTB will consult with FDA,
as needed, on the use of specific health
claims on labels. If FDA determines that
a specific health claim is a drug claim
that is not in compliance with the
requirements of the FFDC Act, TTB will
not approve the use of such statement
on a label.
The final rule provides that a healthrelated statement that is not a specific
health claim or a health-related
directional statement will be allowed in
the labeling or advertising of alcohol
beverages only if TTB determines that
the claim is not untrue in any particular
and does not tend to create a misleading
impression as to the effects on health of
alcohol consumption. We will evaluate
such statements on a case-by-case basis
and may require as part of the healthrelated statement a disclaimer or other
qualifying statement to dispel any
misleading impression created by the
health-related statement.
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With regard to the ‘‘directional’’
statements approved by ATF in 1999,
we recognize that the producers of
alcohol beverages may have a protected
right under the First Amendment to
convey the message on labels and in
advertisements that consumers should
refer to their doctors or the
Government’s Dietary Guidelines for
additional information about the effects
on health of alcohol consumption, as
long as that message is conveyed in a
fashion that does not mislead
consumers about the health
consequences of alcohol consumption.
As discussed above, TTB has also
determined that without disclaimers,
the directional statements approved in
1999 tended to mislead consumers
about the health consequences of
alcohol consumption.
Accordingly, the final rule provides
that a health-related directional
statement is presumed misleading
unless it directs consumers in a neutral
or other non-misleading manner to a
third party or other source for balanced
information regarding the effects on
health of alcohol consumption and
includes as part of the health-related
directional statement a brief disclaimer
stating that the statement should not
encourage consumption of alcohol for
health reasons, or some other
appropriate disclaimer to avoid
misleading consumers.
As a clarifying change, the final rule
uses the term ‘‘health-related statement’’
instead of ‘‘curative or therapeutic
claim.’’ However, the definition of a
‘‘health-related statement’’ in the final
rule incorporates ATF’s historic
position on what constitutes a statement
of a curative or therapeutic nature, as set
forth in the preamble of it’s final rule
concerning the labeling and advertising
regulations under the FAA Act (T.D.
ATF–180, 49 FR 31667; August 8, 1984).
Accordingly, a health-related statement
includes any claim of a curative or
therapeutic nature that, expressly or by
implication, suggests a relationship
between the consumption of alcohol,
wine, distilled spirits, malt beverages, or
any substance found within the alcohol
beverage, and health benefits or effects
on health. The term ‘‘health-related
statement’’ also includes both specific
health claims and general references to
alleged health benefits or effects on
health associated with the consumption
of alcohol, wine, distilled spirits, malt
beverages, or any substance found
within the alcohol beverage, as well as
health-related directional statements.
The term also includes statements and
claims that imply that a physical or
psychological sensation results from
consuming wine, distilled spirits, or
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malt beverages, as well as statements
and claims of nutritional value.
Statements concerning caloric,
carbohydrate, protein, and fat content of
alcohol beverages are not considered
nutritional claims about the product.
However, statements of vitamin content
are considered nutritional value claims,
and will be prohibited if presented in a
fashion that tends to mislead consumers
as to the nutritional value of the
product.
The term ‘‘specific health claim’’ is
defined as a type of health-related
statement that, expressly or by
implication, characterizes the
relationship of the alcohol beverage
(e.g., wine, distilled spirits, or malt
beverage), alcohol, or any substance
found within the alcohol beverage, to a
disease or health-related condition.
Implied specific health claims include
statements, symbols, vignettes, or other
forms of communication that suggest,
within the context in which they are
presented, that a relationship exists
between the alcohol beverage (wine,
distilled spirits, or malt beverages),
alcohol, or any substance found within
the alcohol beverage, and a disease or
health-related condition.
The term ‘‘health-related directional
statement’’ is defined as a type of
health-related statement that directs or
refers consumers to a third party or
other source for information regarding
the effects on health of alcohol
consumption.
The definitions in the final rule also
clarify that TTB is not expanding its
traditional interpretation of a curative or
therapeutic claim to cover, for example,
advertisements in which people are
shown relaxing in an enjoyable setting
while consuming alcohol beverages.
Accordingly, the final rule in no way
impinges on the right of industry
members to advertise their products in
a truthful and non-misleading fashion.
XXI. Applications for and Certificates
of Label Approval
Upon the effective date of this final
rule, applications for certificates of label
approval must be in compliance with
the regulations. In accordance with the
provisions of 27 CFR 13.51 and
13.72(a)(2), upon the effective date of
this final rule, certificates of label
approval that are not in compliance
with the regulations will be revoked by
operation of regulation. Certificate
holders must voluntarily surrender all
certificates that are no longer in
compliance and submit new
applications for certificates that are in
compliance with the new requirements.

XXII. Notes Appearing in Text of
Supplementary Information
1. Hennekens, C.H., ‘‘Alcohol and Risk of
Coronary Events,’’ Research Monograph No.
31, ‘‘Alcohol and the Cardiovascular System’’
at 15 (National Institutes of Health, National
Institute on Alcohol Abuse and Alcoholism,
Bethesda, MD, 1996).
2. See, e.g., Boffetta, P. & Garfinkel, L.,
‘‘Alcohol drinking and mortality among men
enrolled in an American Cancer Society
prospective study,’’ ‘‘Epidemiology’’
1(5):342–348, 1990; Stampfer, M.J.; Colditz,
G.A.; Willett, W.C.; Speizer, F.E. &
Hennekens, C.H., ‘‘A prospective study of
moderate alcohol consumption and the risk
of coronary disease and stroke in women,’’
‘‘New England Journal of Medicine,’’
319(5):267–273, 1988; Klatsky, A.L.;
Armstrong, M.A.; and Friedman, G.D.,
‘‘Alcohol and Mortality,’’ ‘‘Annals of Internal
Medicine,’’ 117(8):646–654, 1992. See
generally National Institute on Alcohol
Abuse and Alcoholism, ‘‘Moderate
Drinking,’’ ‘‘Alcohol Alert,’’ No. 16, April
1992, at 2, and studies cited therein.
3. See, e.g., Criqui, M.H., ‘‘Moderate
Drinking: Benefits and Risks,’’ ‘‘Alcohol and
the Cardiovascular System,’’ at 117–118
(‘‘Clearly, younger persons cannot possibly
benefit much from alcohol consumption, at
least in the short term, because their risk of
ischemic CVD events is low.’’)
4. DuFour, M.C., ‘‘Risks and Benefits of
Alcohol Use Over the Life Span,’’ ‘‘Alcohol
Health & Research World,’’ Vol. 20, No.
3:145–150 at 147, 1996.
5. See, e.g., Hennekens, C.H., ‘‘Alcohol and
risk of coronary events,’’ Research
Monograph No. 31, ‘‘Alcohol and the
Cardiovascular System’’ at 20 (National
Institutes of Health, National Institute on
Alcohol Abuse and Alcoholism, Bethesda,
MD 1996) (‘‘while the health risks of
excessive drinking are clear, there may also
be hazards associated with moderate intake
that must be weighed, on an individual basis,
against the apparent protection against
CHD.’’).
6. Thun, M.J.; Peto, R.; Lopez, A.D.;
Monaco, J.H.; Henley, S.J.; Heath, C.W.; and
Doll, R; ‘‘Alcohol Consumption and Mortality
Among Middle-Aged and Elderly U.S.
Adults,’’ ‘‘The New England Journal of
Medicine,’’ 337(24):1705–1714 at 1705, 1997.
7. Id. at 1712.
8. Manson, J.E.; Tosteson, H.; Ridker, P.M.;
Satterfield, S; Hebert, P.; O’Connor, G.T.;
Buring, J.E.; and Hennekens, C.H.; ‘‘The
Primary Prevention of Myocardial
Infarction,’’ ‘‘The New England Journal of
Medicine,’’ 326(21):1406–1416 at 1412, 1992.
9. Fuchs, C.S.; Stampfer, M.J.; Colditz,
G.A.; Giovannucci, E.L.; Manson, J.E.;
Kawachi, I.; Hunter, D.J.; Hankinson, S.E.;
Hennekens, C.H.; Rosner, B; Speizer, F.E.;
and Willett, W.C.; ‘‘Alcohol Consumption
and Mortality Among Women,’’ ‘‘The New
England Journal of Medicine,’’ 332(19):1245–
1250 at 1245, 1995.
10. Id. at 1246.
11. Id. at 1249.
12. Grabbe, L; Demi, A; Camann, M.A.; et
al. ‘‘The health status of elderly persons in
the last year of life; A comparison of deaths
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by suicide, injury, and natural causes.’’
‘‘American Journal of Public Health’’
87(3):434–437, 1997.
13. Stampfer, M.J.; Rimm, E.B.; Walsh,
D.C.; ‘‘Commentary: Alcohol, the Heart, and
Public Policy,’’ ‘‘American Journal of Public
Health,’’ 83(6): 801–804 at 803, 1993.

XXIII. How This Document Complies
With the Federal Administrative
Requirements for Rulemaking
A. Executive Order 12866
TTB has determined that this final
rule is not a significant regulatory action
as defined in E.O. 12866. Therefore, a
regulatory assessment is not required.
B. Regulatory Flexibility Act
The Regulatory Flexibility Act (RFA)
requires an agency to conduct a
regulatory flexibility analysis of any rule
subject to notice and comment
rulemaking requirements unless the
agency certifies that the rule will not
have a significant economic impact on
a substantial number of small entities.
Small entities include small businesses,
small not-for-profit enterprises, and
small governmental jurisdictions. TTB
has certified that this final rule will not
have a significant economic impact on
a substantial number of small entities.
In general, the final regulations merely
clarify TTB’s existing policy concerning
the use of health claims in the labeling
and advertising of alcohol beverages and
impose no burdens on the industry.
With respect to health-related
statements, TTB believes that the
burden imposed by the additional
wording required by a disclaimer or
other qualifying statement is minimal.
Accordingly, a regulatory flexibility
analysis is not required.
C. Paperwork Reduction Act
The provisions of the Paperwork
Reduction Act of 1995, Public Law 104–
13, 44 U.S.C. Chapter 35, and its
implementing regulations, 5 CFR part
1320, do not apply to this final rule
because no requirement to collect
information is imposed.
Disclosure
Copies of the notice of proposed
rulemaking, all comments, the hearing
transcripts, and this final rule will be
available for public inspection by
appointment during normal business
hours at: TTB Public Reading Room,
Room 6480, 650 Massachusetts Avenue,
NW., Washington, DC; 202–927–7890.
Drafting Information
The originating drafter of this
document is James P. Ficaretta,
Regulations Division, Bureau of
Alcohol, Tobacco and Firearms.
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However, personnel from other offices
of the Bureau participated in developing
this Treasury decision.
List of Subjects
27 CFR Part 4
Advertising, Consumer protection,
Customs duties and inspection, Imports,
Labeling, Packaging and containers, and
Wine.
27 CFR Part 5
Advertising, Consumer protection,
Customs duties and inspection, Imports,
Labeling, Liquors, and Packaging and
containers.
27 CFR Part 7
Advertising, Consumer protection,
Customs duties and inspection, Imports,
and Labeling.
Authority and Issuance
For the reasons discussed in the
preamble, TTB amends 27 CFR Parts 4,
5, and 7 as follows:
PART 4—LABELING AND
ADVERTISING OF WINE
1. The authority citation for 27 CFR
Part 4 continues to read as follows:
Authority: 27 U.S.C. 205.

2. Section 4.39 is amended by revising
paragraph (h) to read as follows:
§ 4.39 Prohibited practices.

*

*
*
*
*
(h) Health-related statements. (1)
Definitions. When used in this
paragraph (h), terms are defined as
follows:
(i) Health-related statement means
any statement related to health (other
than the warning statement required by
§ 16.21 of this chapter) and includes
statements of a curative or therapeutic
nature that, expressly or by implication,
suggest a relationship between the
consumption of alcohol, wine, or any
substance found within the wine, and
health benefits or effects on health. The
term includes both specific health
claims and general references to alleged
health benefits or effects on health
associated with the consumption of
alcohol, wine, or any substance found
within the wine, as well as healthrelated directional statements. The term
also includes statements and claims that
imply that a physical or psychological
sensation results from consuming the
wine, as well as statements and claims
of nutritional value (e.g., statements of
vitamin content). Statements concerning
caloric, carbohydrate, protein, and fat
content do not constitute nutritional
claims about the product.

(ii) Specific health claim is a type of
health-related statement that, expressly
or by implication, characterizes the
relationship of the wine, alcohol, or any
substance found within the wine, to a
disease or health-related condition.
Implied specific health claims include
statements, symbols, vignettes, or other
forms of communication that suggest,
within the context in which they are
presented, that a relationship exists
between wine, alcohol, or any substance
found within the wine, and a disease or
health-related condition.
(iii) Health-related directional
statement is a type of health-related
statement that directs or refers
consumers to a third party or other
source for information regarding the
effects on health of wine or alcohol
consumption.
(2) Rules for labeling. (i) Healthrelated statements. In general, labels
may not contain any health-related
statement that is untrue in any
particular or tends to create a
misleading impression as to the effects
on health of alcohol consumption. TTB
will evaluate such statements on a caseby-case basis and may require as part of
the health-related statement a
disclaimer or some other qualifying
statement to dispel any misleading
impression conveyed by the healthrelated statement.
(ii) Specific health claims. (A) TTB
will consult with the Food and Drug
Administration (FDA), as needed, on the
use of a specific health claim on a wine
label. If FDA determines that the use of
such a labeling claim is a drug claim
that is not in compliance with the
requirements of the Federal Food, Drug,
and Cosmetic Act, TTB will not approve
the use of that specific health claim on
a wine label.
(B) TTB will approve the use of a
specific health claim on a wine label
only if the claim is truthful and
adequately substantiated by scientific or
medical evidence; sufficiently detailed
and qualified with respect to the
categories of individuals to whom the
claim applies; adequately discloses the
health risks associated with both
moderate and heavier levels of alcohol
consumption; and outlines the
categories of individuals for whom any
levels of alcohol consumption may
cause health risks. This information
must appear as part of the specific
health claim.
(iii) Health-related directional
statements. A statement that directs
consumers to a third party or other
source for information regarding the
effects on health of wine or alcohol
consumption is presumed misleading
unless it—
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(A) Directs consumers in a neutral or
other non-misleading manner to a third
party or other source for balanced
information regarding the effects on
health of wine or alcohol consumption;
and
(B)(1) Includes as part of the healthrelated directional statement the
following disclaimer: ‘‘This statement
should not encourage you to drink or to
increase your alcohol consumption for
health reasons;’’ or
(2) Includes as part of the healthrelated directional statement some other
qualifying statement that the
appropriate TTB officer finds is
sufficient to dispel any misleading
impression conveyed by the healthrelated directional statement.
*
*
*
*
*
3. Section 4.64 is amended by revising
paragraph (i) to read as follows:
§ 4.64 Prohibited practices.

*

*
*
*
*
(i) Health-related statements. (1)
Definitions. When used in this
paragraph (i), terms are defined as
follows:
(i) Health-related statement means
any statement related to health and
includes statements of a curative or
therapeutic nature that, expressly or by
implication, suggest a relationship
between the consumption of alcohol,
wine, or any substance found within the
wine, and health benefits or effects on
health. The term includes both specific
health claims and general references to
alleged health benefits or effects on
health associated with the consumption
of alcohol, wine, or any substance found
within the wine, as well as healthrelated directional statements. The term
also includes statements and claims that
imply that a physical or psychological
sensation results from consuming the
wine, as well as statements and claims
of nutritional value (e.g., statements of
vitamin content). Statements concerning
caloric, carbohydrate, protein, and fat
content do not constitute nutritional
claims about the product.
(ii) Specific health claim is a type of
health-related statement that, expressly
or by implication, characterizes the
relationship of the wine, alcohol, or any
substance found within the wine, to a
disease or health-related condition.
Implied specific health claims include
statements, symbols, vignettes, or other
forms of communication that suggest,
within the context in which they are
presented, that a relationship exists
between wine, alcohol, or any substance
found within the wine, and a disease or
health-related condition.
(iii) Health-related directional
statement is a type of health-related
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statement that directs or refers
consumers to a third party or other
source for information regarding the
effects on health of wine or alcohol
consumption.
(2) Rules for advertising. (i) Healthrelated statements. In general,
advertisements may not contain any
health-related statement that is untrue
in any particular or tends to create a
misleading impression as to the effects
on health of alcohol consumption. TTB
will evaluate such statements on a caseby-case basis and may require as part of
the health-related statement a
disclaimer or some other qualifying
statement to dispel any misleading
impression conveyed by the healthrelated statement. Such disclaimer or
other qualifying statement must appear
as prominent as the health-related
statement.
(ii) Specific health claims. A specific
health claim will not be considered
misleading if it is truthful and
adequately substantiated by scientific or
medical evidence; sufficiently detailed
and qualified with respect to the
categories of individuals to whom the
claim applies; adequately discloses the
health risks associated with both
moderate and heavier levels of alcohol
consumption; and outlines the
categories of individuals for whom any
levels of alcohol consumption may
cause health risks. This information
must appear as part of the specific
health claim and in a manner as
prominent as the specific health claim.
(iii) Health-related directional
statements. A statement that directs
consumers to a third party or other
source for information regarding the
effects on health of wine or alcohol
consumption is presumed misleading
unless it—
(A) Directs consumers in a neutral or
other non-misleading manner to a third
party or other source for balanced
information regarding the effects on
health of wine or alcohol consumption;
and
(B)(1) Includes as part of the healthrelated directional statement, and in a
manner as prominent as the healthrelated directional statement, the
following disclaimer: ‘‘This statement
should not encourage you to drink or
increase your alcohol consumption for
health reasons;’’ or
(2) Includes as part of the healthrelated directional statement, and in a
manner as prominent as the healthrelated directional statement, some
other qualifying statement that the
appropriate TTB officer finds is
sufficient to dispel any misleading

impression conveyed by the healthrelated directional statement.
*
*
*
*
*
PART 5—LABELING AND
ADVERTISING OF DISTILLED SPIRITS
4. The authority citation for 27 CFR
Part 5 continues to read as follows:
Authority: 26 U.S.C. 5301, 7805; 27 U.S.C.
205.

5. Section 5.42 is amended by revising
paragraph (b)(8) to read as follows:
§ 5.42 Prohibited practices.

*

*
*
*
*
(b) * * *
(8) Health-related statements. (i)
Definitions. When used in this
paragraph (b)(8), terms are defined as
follows:
(A) Health-related statement means
any statement related to health (other
than the warning statement required by
§ 16.21 of this chapter) and includes
statements of a curative or therapeutic
nature that, expressly or by implication,
suggest a relationship between the
consumption of alcohol, distilled
spirits, or any substance found within
the distilled spirits, and health benefits
or effects on health. The term includes
both specific health claims and general
references to alleged health benefits or
effects on health associated with the
consumption of alcohol, distilled
spirits, or any substance found within
the distilled spirits, as well as healthrelated directional statements. The term
also includes statements and claims that
imply that a physical or psychological
sensation results from consuming the
distilled spirits, as well as statements
and claims of nutritional value (e.g.,
statements of vitamin content).
Statements concerning caloric,
carbohydrate, protein, and fat content
do not constitute nutritional claims
about the product.
(B) Specific health claim is a type of
health-related statement that, expressly
or by implication, characterizes the
relationship of the distilled spirits,
alcohol, or any substance found within
the distilled spirits, to a disease or
health-related condition. Implied
specific health claims include
statements, symbols, vignettes, or other
forms of communication that suggest,
within the context in which they are
presented, that a relationship exists
between distilled spirits, alcohol, or any
substance found within the distilled
spirits, and a disease or health-related
condition.
(C) Health-related directional
statement is a type of health-related
statement that directs or refers
consumers to a third party or other
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source for information regarding the
effects on health of distilled spirits or
alcohol consumption.
(ii) Rules for labeling. (A) Healthrelated statements. In general, labels
may not contain any health-related
statement that is untrue in any
particular or tends to create a
misleading impression as to the effects
on health of alcohol consumption. TTB
will evaluate such statements on a caseby-case basis and may require as part of
the health-related statement a
disclaimer or some other qualifying
statement to dispel any misleading
impression conveyed by the healthrelated statement.
(B) Specific health claims. (1) TTB
will consult with the Food and Drug
Administration (FDA), as needed, on the
use of a specific health claim on a
distilled spirits label. If FDA determines
that the use of such a labeling claim is
a drug claim that is not in compliance
with the requirements of the Federal
Food, Drug, and Cosmetic Act, TTB will
not approve the use of that specific
health claim on a distilled spirits label.
(2) TTB will approve the use of a
specific health claim on a distilled
spirits label only if the claim is truthful
and adequately substantiated by
scientific or medical evidence;
sufficiently detailed and qualified with
respect to the categories of individuals
to whom the claim applies; adequately
discloses the health risks associated
with both moderate and heavier levels
of alcohol consumption; and outlines
the categories of individuals for whom
any levels of alcohol consumption may
cause health risks. This information
must appear as part of the specific
health claim.
(C) Health-related directional
statements. A statement that directs
consumers to a third party or other
source for information regarding the
effects on health of distilled spirits or
alcohol consumption is presumed
misleading unless it—
(1) Directs consumers in a neutral or
other non-misleading manner to a third
party or other source for balanced
information regarding the effects on
health of distilled spirits or alcohol
consumption; and
(2)(i) Includes as part of the healthrelated directional statement the
following disclaimer: ‘‘This statement
should not encourage you to drink or to
increase your alcohol consumption for
health reasons;’’ or
(ii) Includes as part of the healthrelated directional statement some other
qualifying statement that the
appropriate TTB officer finds is
sufficient to dispel any misleading
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impression conveyed by the healthrelated directional statement.
*
*
*
*
*
Par. 6. Section 5.65 is amended by
revising paragraph (d) to read as
follows:
§ 5.65 Prohibited practices.

*

*
*
*
*
(d) Health-related statements. (1)
Definitions. When used in this
paragraph (d), terms are defined as
follows:
(i) Health-related statement means
any statement related to health and
includes statements of a curative or
therapeutic nature that, expressly or by
implication, suggest a relationship
between the consumption of alcohol,
distilled spirits, or any substance found
within the distilled spirits, and health
benefits or effects on health. The term
includes both specific health claims and
general references to alleged health
benefits or effects on health associated
with the consumption of alcohol,
distilled spirits, or any substance found
within the distilled spirits, as well as
health-related directional statements.
The term also includes statements and
claims that imply that a physical or
psychological sensation results from
consuming the distilled spirits, as well
as statements and claims of nutritional
value (e.g., statements of vitamin
content). Statements concerning caloric,
carbohydrate, protein, and fat content
do not constitute nutritional claims
about the product.
(ii) Specific health claim is a type of
health-related statement that, expressly
or by implication, characterizes the
relationship of the distilled spirits,
alcohol, or any substance found within
the distilled spirits, to a disease or
health-related condition. Implied
specific health claims include
statements, symbols, vignettes, or other
forms of communication that suggest,
within the context in which they are
presented, that a relationship exists
between distilled spirits, alcohol, or any
substance found within the distilled
spirits, and a disease or health-related
condition.
(iii) Health-related directional
statement is a type of health-related
statement that directs or refers
consumers to a third party or other
source for information regarding the
effects on health of distilled spirits or
alcohol consumption.
(2) Rules for advertising. (i) Healthrelated statements. In general,
advertisements may not contain any
health-related statement that is untrue
in any particular or tends to create a
misleading impression as to the effects

on health of alcohol consumption. TTB
will evaluate such statements on a caseby-case basis and may require as part of
the health-related statement a
disclaimer or some other qualifying
statement to dispel any misleading
impression conveyed by the healthrelated statement. Such disclaimer or
other qualifying statement must appear
as prominent as the health-related
statement.
(ii) Specific health claims. A specific
health claim will not be considered
misleading if it is truthful and
adequately substantiated by scientific or
medical evidence; sufficiently detailed
and qualified with respect to the
categories of individuals to whom the
claim applies; adequately discloses the
health risks associated with both
moderate and heavier levels of alcohol
consumption; and outlines the
categories of individuals for whom any
levels of alcohol consumption may
cause health risks. This information
must appear as part of the specific
health claim and in a manner as
prominent as the specific health claim.
(iii) Health-related directional
statements. A statement that directs
consumers to a third party or other
source for information regarding the
effects on health of distilled spirits or
alcohol consumption is presumed
misleading unless it—
(A) Directs consumers in a neutral or
other non-misleading manner to a third
party or other source for balanced
information regarding the effects on
health of distilled spirits or alcohol
consumption; and
(B)(1) Includes as part of the healthrelated directional statement, and in a
manner as prominent as the healthrelated directional statement, the
following disclaimer: ‘‘This statement
should not encourage you to drink or
increase your alcohol consumption for
health reasons;’’ or
(2) Includes as part of the healthrelated directional statement, and in a
manner as prominent as the healthrelated directional statement, some
other qualifying statement that the
appropriate TTB officer finds is
sufficient to dispel any misleading
impression conveyed by the healthrelated directional statement.
*
*
*
*
*
PART 7—LABELING AND
ADVERTISING OF MALT BEVERAGES
7. The authority citation for 27 CFR
Part 7 continues to read as follows:
Authority: 27 U.S.C. 205.

8. Section 7.29 is amended by revising
paragraph (e) to read as follows:
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§ 7.29 Prohibited practices.

*

*
*
*
*
(e) Health-related statements. (1)
Definitions. When used in this
paragraph (e), terms are defined as
follows:
(i) Health-related statement means
any statement related to health (other
than the warning statement required by
§ 16.21 of this chapter) and includes
statements of a curative or therapeutic
nature that, expressly or by implication,
suggest a relationship between the
consumption of alcohol, malt beverages,
or any substance found within the malt
beverage, and health benefits or effects
on health. The term includes both
specific health claims and general
references to alleged health benefits or
effects on health associated with the
consumption of alcohol, malt beverages,
or any substance found within the malt
beverage, as well as health-related
directional statements. The term also
includes statements and claims that
imply that a physical or psychological
sensation results from consuming the
malt beverage, as well as statements and
claims of nutritional value (e.g.,
statements of vitamin content).
Statements concerning caloric,
carbohydrate, protein, and fat content
do not constitute nutritional claims
about the product.
(ii) Specific health claim is a type of
health-related statement that, expressly
or by implication, characterizes the
relationship of the malt beverage,
alcohol, or any substance found within
the malt beverage, to a disease or healthrelated condition. Implied specific
health claims include statements,
symbols, vignettes, or other forms of
communication that suggest, within the
context in which they are presented,
that a relationship exists between malt
beverages, alcohol, or any substance
found within the malt beverage, and a
disease or health-related condition.
(iii) Health-related directional
statement is a type of health-related
statement that directs or refers
consumers to a third party or other
source for information regarding the
effects on health of malt beverage or
alcohol consumption.
(2) Rules for labeling. (i) Healthrelated statements. In general, labels
may not contain any health-related
statement that is untrue in any
particular or tends to create a
misleading impression as to the effects
on health of alcohol consumption. TTB
will evaluate such statements on a caseby-case basis and may require as part of
the health-related statement a
disclaimer or some other qualifying
statement to dispel any misleading

AR-002028
VerDate Jan<31>2003

14:38 Feb 28, 2003

Jkt 200001

PO 00000

Frm 00031

Fmt 4701

Sfmt 4700

E:\FR\FM\03MRR2.SGM

03MRR2

Case 1:17-cv-02538-JEB Document 37-4 Filed 06/26/19 Page 215 of 236
10106

Federal Register / Vol. 68, No. 41 / Monday, March 3, 2003 / Rules and Regulations

impression conveyed by the healthrelated statement.
(ii) Specific health claims. (A) TTB
will consult with the Food and Drug
Administration (FDA), as needed, on the
use of a specific health claim on a malt
beverage label. If FDA determines that
the use of such a labeling claim is a drug
claim that is not in compliance with the
requirements of the Federal Food, Drug,
and Cosmetic Act, TTB will not approve
the use of that specific health claim on
a malt beverage label.
(B) TTB will approve the use of a
specific health claim on a malt beverage
label only if the claim is truthful and
adequately substantiated by scientific or
medical evidence; sufficiently detailed
and qualified with respect to the
categories of individuals to whom the
claim applies; adequately discloses the
health risks associated with both
moderate and heavier levels of alcohol
consumption; and outlines the
categories of individuals for whom any
levels of alcohol consumption may
cause health risks. This information
must appear as part of the specific
health claim.
(iii) Health-related directional
statements. A statement that directs
consumers to a third party or other
source for information regarding the
effects on health of malt beverage or
alcohol consumption is presumed
misleading unless it—
(A) Directs consumers in a neutral or
other non-misleading manner to a third
party or other source for balanced
information regarding the effects on
health of malt beverage or alcohol
consumption; and
(B)(1) Includes as part of the healthrelated directional statement the
following disclaimer: ‘‘This statement
should not encourage you to drink or to
increase your alcohol consumption for
health reasons;’’ or
(2) Includes as part of the healthrelated directional statement some other
qualifying statement that the
appropriate TTB officer finds is
sufficient to dispel any misleading
impression conveyed by the healthrelated directional statement.
*
*
*
*
*
9. Section 7.54 is amended by revising
paragraph (e) to read as follows:
§ 7.54 Prohibited statements.

*

*
*
*
*
(e) Health-related statements. (1)
Definitions. When used in this

paragraph (e), terms are defined as
follows:
(i) Health-related statement means
any statement related to health and
includes statements of a curative or
therapeutic nature that, expressly or by
implication, suggest a relationship
between the consumption of alcohol,
malt beverages, or any substance found
within the malt beverage, and health
benefits or effects on health. The term
includes both specific health claims and
general references to alleged health
benefits or effects on health associated
with the consumption of alcohol, malt
beverages, or any substance found
within the malt beverage, as well as
health-related directional statements.
The term also includes statements and
claims that imply that a physical or
psychological sensation results from
consuming the malt beverage, as well as
statements and claims of nutritional
value (e.g., statements of vitamin
content). Statements concerning caloric,
carbohydrate, protein, and fat content
do not constitute nutritional claims
about the product.
(ii) Specific health claim is a type of
health-related statement that, expressly
or by implication, characterizes the
relationship of the malt beverage,
alcohol, or any substance found within
the malt beverage, to a disease or healthrelated condition. Implied specific
health claims include statements,
symbols, vignettes, or other forms of
communication that suggest, within the
context in which they are presented,
that a relationship exists between malt
beverages, alcohol, or any substance
found within the malt beverage, and a
disease or health-related condition.
(iii) Health-related directional
statement is a type of health-related
statement that directs or refers
consumers to a third party or other
source for information regarding the
effects on health of malt beverage or
alcohol consumption.
(2) Rules for advertising. (i) Healthrelated statements. In general,
advertisements may not contain any
health-related statement that is untrue
in any particular or tends to create a
misleading impression as to the effects
on health of alcohol consumption. TTB
will evaluate such statements on a caseby-case basis and may require as part of
the health-related statement a
disclaimer or some other qualifying
statement to dispel any misleading
impression conveyed by the health-
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related statement. Such disclaimer or
other qualifying statement must appear
as prominent as the health-related
statement.
(ii) Specific health claims. A specific
health claim will not be considered
misleading if it is truthful and
adequately substantiated by scientific or
medical evidence; sufficiently detailed
and qualified with respect to the
categories of individuals to whom the
claim applies; adequately discloses the
health risks associated with both
moderate and heavier levels of alcohol
consumption; and outlines the
categories of individuals for whom any
levels of alcohol consumption may
cause health risks. This information
must appear as part of the specific
health claim and in a manner as
prominent as the specific health claim.
(iii) Health-related directional
statements. A statement that directs
consumers to a third party or other
source for information regarding the
effects on health of malt beverage or
alcohol consumption is presumed
misleading unless it—
(A) Directs consumers in a neutral or
other non-misleading manner to a third
party or other source for balanced
information regarding the effects on
health of malt beverage or alcohol
consumption; and
(B)(1) Includes as part of the healthrelated directional statement, and in a
manner as prominent as the healthrelated directional statement, the
following disclaimer: ‘‘This statement
should not encourage you to drink or
increase your alcohol consumption for
health reasons;’’ or
(2) Includes as part of the healthrelated directional statement, and in a
manner as prominent as the healthrelated directional statement, some
other qualifying statement that the
appropriate TTB officer finds is
sufficient to dispel any misleading
impression conveyed by the healthrelated directional statement.
*
*
*
*
*
Signed: February 13, 2003.
Arthur J. Libertucci,
Administrator.
February 25, 2003,
Timothy E. Skud,
Deputy Assistant Secretary, (Regulatory,
Tariff and Trade Enforcement).
[FR Doc. 03–4836 Filed 2–28–03; 8:45 am]
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OMB No. 1513-0020

FOR TTB USE ONLY

DEPARTMENT OF THE TREASURY
ALCOHOL AND TOBACCO TAX AND TRADE BUREAU

APPLICATION FOR AND
CERTIFICATION/EXEMPTION OF LABEL/BOTTLE
APPROVAL

TTB ID
16109001000411

1. REP. ID. NO. (If any)

CT

(See Instructions and Paperwork Reduction Act Notice on Back)

OR

PART I - APPLICATION
2. PLANT
REGISTRY/BASIC
PERMIT/BREWER'S
NO. (Required)

3. SOURCE OF
PRODUCT (Required)
క

Domestic

DSP-CA-33
4. SERIAL NUMBER
(Required)

FRANK-LIN DISTILLERS PRODUCTS, LTD.
2455 HUNTINGTON DR

Imported

5. TYPE OF PRODUCT
(Required)

16037L

FAIRFIELD CA 94533
BELLION SPIRITS (Used on label)

WINE

క

8. NAME AND ADDRESS OF APPLICANT AS SHOWN ON PLANT
REGISTRY, BASIC PERMIT OR BREWER'S NOTICE. INCLUDE APPROVED
DBA OR TRADENAME IF USED ON LABEL (Required)

DISTILLED SPIRITS
MALT BEVERAGE

6. BRAND NAME (Required)

8a. MAILING ADDRESS, IF DIFFERENT

BELLION
7. FANCIFUL NAME (If any)
NTX
9. EMAIL ADDRESS

10. GRAPE VARIETAL 11. FORMULA
(S)
(If any)
1205123
bellionvodka2016@gmail.com

12. NET CONTENTS
750 MILLILITERS
15. WINE VINTAGE DATE IF
ON LABEL

13. ALCOHOL
CONTENT
40%
16. PHONE NUMBER

14. WINE
APPELLATION IF ON
LABEL

18. TYPE OF APPLICATION
(Check applicable box(es))
CERTIFICATE OF LABEL APPROVAL

a. క

CERTIFICATE OF EXEMPTION FROM LABEL
APPROVAL
"For sale in _______ only" (Fill in State
abbreviation.)

b.

17. FAX NUMBER

(202) 466-6937

c.

DISTINCTIVE LIQUOR BOTTLE APPROVAL.
TOTAL BOTTLE CAPACITY BEFORE CLOSURE
____ _____ (Fill in amount)

d.

RESUBMISSION AFTER REJECTION
TTB ID. NO. ______

19. SHOW ANY INFORMATION THAT IS BLOWN, BRANDED, OR EMBOSSED ON THE CONTAINER (e.g., net contents) ONLY IF
IT DOES NOT APPEAR ON THE LABELS AFFIXED BELOW. ALSO, SHOW TRANSLATIONS OF FOREIGN LANGUAGE TEXT
APPEARING ON LABELS.
A COMMA OR A PERIOD MAY BE USED FOLLOWING THE BRACKET AFTER THE WORD SORBATE. PLEASE SEE BELLION
SPIRITS LLC¿S PETITION FOR HEALTH CLAIMS, FILED APRIL 13, 2016, IN CONNECTION WITH THIS LABEL APPROVAL
APPLICATION. BRAND NAME, LOGO AND GRAPHICS MAY REPEAT; LOT NUMBER(S) MAY APPEAR/CHANGE.

PART II - APPLICANT'S CERTIFICATION
Under the penalties of perjury, I declare; that all statements appearing on this application are true and correct to the best of my
knowledge and belief; and, that the representations on the labels attached to this form, including supplemental documents, truly and
correctly represent the content of the containers to which these labels will be applied. I also certify that I have read, understood and
complied with the conditions and instructions which are attached to an original TTB F 5100.31, Certificate/Exemption of Label/Bottle
Approval.
20. DATE OF 21. SIGNATURE OF APPLICANT OR AUTHORIZED AGENT
APPLICATION (Application was e-filed)
04/18/2016

22. PRINT NAME OF APPLICANT OR
AUTHORIZED AGENT
JONATHAN EMORD

AR-002080
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PART III - TTB CERTIFICATE
This certificate is issued subject to applicable laws, regulations and conditions as set forth in the instructions portion of this
form.
23. DATE ISSUED

24. AUTHORIZED SIGNATURE, ALCOHOL AND TOBACCO TAX AND TRADE BUREAU

FOR TTB USE ONLY
QUALIFICATIONS
TTB has not reviewed this label for type size, characters per inch or contrasting background. The responsible
industry member must continue to ensure that the mandatory information on the actual labels is displayed in
the correct type size, number of characters per inch, and on a contrasting background in accordance with the
TTB labeling regulations, 27 CFR parts 4, 5, 7, and 16, as applicable.

EXPIRATION DATE (If
any)

STATUS
THE STATUS IS ASSIGNED.
CLASS/TYPE DESCRIPTION

AFFIX COMPLETE SET OF LABELS BELOW
Image Type:

Brand (front)
Actual Dimensions: 1.1 inches W X 7.03 inches H
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Image Type:

Other
Actual Dimensions: 8.51 inches W X 0.59 inches H
Note: The image below has been reduced to fit the page. See actual dimensions above.

AR-002082
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Image Type:

Other
Actual Dimensions: 0.94 inches W X 0.94 inches H

Image Type:

Back
Actual Dimensions: 1.4 inches W X 6.2 inches H

AR-002083

https://int.ttbonline.gov/colasonline/viewColaDetails.do?action=publicFormDisplay&ttbid... 4/21/2016
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Image Type:

Other
Actual Dimensions: 3.6 inches W X 2.4 inches H

AR-002084
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OMB No. 1513-0020
Page 6 of 6
Case 1:17-cv-02538-JEB Document 37-4 Filed 06/26/19 Page 221 of 236
2085

TTB F 5100.31 (11/2015) PREVIOUS EDITIONS ARE OBSOLETE

AR-002085
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OMB No. 1513-0020

FOR TTB USE ONLY

DEPARTMENT OF THE TREASURY
ALCOHOL AND TOBACCO TAX AND TRADE BUREAU

APPLICATION FOR AND
CERTIFICATION/EXEMPTION OF LABEL/BOTTLE
APPROVAL

TTB ID
16109001000416

1. REP. ID. NO. (If any)

CT

(See Instructions and Paperwork Reduction Act Notice on Back)

OR

PART I - APPLICATION
2. PLANT
REGISTRY/BASIC
PERMIT/BREWER'S
NO. (Required)

3. SOURCE OF
PRODUCT (Required)
క

Domestic

DSP-CA-33
4. SERIAL NUMBER
(Required)

FRANK-LIN DISTILLERS PRODUCTS, LTD.
2455 HUNTINGTON DR

Imported

5. TYPE OF PRODUCT
(Required)

16043L

FAIRFIELD CA 94533
BELLION SPIRITS (Used on label)

WINE

క

8. NAME AND ADDRESS OF APPLICANT AS SHOWN ON PLANT
REGISTRY, BASIC PERMIT OR BREWER'S NOTICE. INCLUDE APPROVED
DBA OR TRADENAME IF USED ON LABEL (Required)

DISTILLED SPIRITS
MALT BEVERAGE

6. BRAND NAME (Required)

8a. MAILING ADDRESS, IF DIFFERENT

BELLION
7. FANCIFUL NAME (If any)
NTX
9. EMAIL ADDRESS

10. GRAPE VARIETAL 11. FORMULA
(S)
(If any)
1205123
bellionvodka2016@gmail.com

12. NET CONTENTS
750 MILLILITERS
15. WINE VINTAGE DATE IF
ON LABEL

13. ALCOHOL
CONTENT
40%
16. PHONE NUMBER

14. WINE
APPELLATION IF ON
LABEL

18. TYPE OF APPLICATION
(Check applicable box(es))
CERTIFICATE OF LABEL APPROVAL

a. క

CERTIFICATE OF EXEMPTION FROM LABEL
APPROVAL
"For sale in _______ only" (Fill in State
abbreviation.)

b.

17. FAX NUMBER

(202) 466-6937

c.

DISTINCTIVE LIQUOR BOTTLE APPROVAL.
TOTAL BOTTLE CAPACITY BEFORE CLOSURE
____ _____ (Fill in amount)

d.

RESUBMISSION AFTER REJECTION
TTB ID. NO. ______

19. SHOW ANY INFORMATION THAT IS BLOWN, BRANDED, OR EMBOSSED ON THE CONTAINER (e.g., net contents) ONLY IF
IT DOES NOT APPEAR ON THE LABELS AFFIXED BELOW. ALSO, SHOW TRANSLATIONS OF FOREIGN LANGUAGE TEXT
APPEARING ON LABELS.
A COMMA OR A PERIOD MAY BE USED FOLLOWING THE BRACKET AFTER THE WORD SORBATE. PLEASE SEE BELLION
SPIRITS LLC¿S PETITION FOR HEALTH CLAIMS, FILED APRIL 13, 2016, IN CONNECTION WITH THIS LABEL APPROVAL
APPLICATION. BRAND NAME, LOGO AND GRAPHICS MAY REPEAT; LOT NUMBER(S) MAY APPEAR/CHANGE.

PART II - APPLICANT'S CERTIFICATION
Under the penalties of perjury, I declare; that all statements appearing on this application are true and correct to the best of my
knowledge and belief; and, that the representations on the labels attached to this form, including supplemental documents, truly and
correctly represent the content of the containers to which these labels will be applied. I also certify that I have read, understood and
complied with the conditions and instructions which are attached to an original TTB F 5100.31, Certificate/Exemption of Label/Bottle
Approval.
20. DATE OF 21. SIGNATURE OF APPLICANT OR AUTHORIZED AGENT
APPLICATION (Application was e-filed)
04/18/2016

22. PRINT NAME OF APPLICANT OR
AUTHORIZED AGENT
JONATHAN EMORD

AR-002086
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PART III - TTB CERTIFICATE
This certificate is issued subject to applicable laws, regulations and conditions as set forth in the instructions portion of this
form.
23. DATE ISSUED

24. AUTHORIZED SIGNATURE, ALCOHOL AND TOBACCO TAX AND TRADE BUREAU

FOR TTB USE ONLY
QUALIFICATIONS
TTB has not reviewed this label for type size, characters per inch or contrasting background. The responsible
industry member must continue to ensure that the mandatory information on the actual labels is displayed in
the correct type size, number of characters per inch, and on a contrasting background in accordance with the
TTB labeling regulations, 27 CFR parts 4, 5, 7, and 16, as applicable.

EXPIRATION DATE (If
any)

STATUS
THE STATUS IS ASSIGNED.
CLASS/TYPE DESCRIPTION

AFFIX COMPLETE SET OF LABELS BELOW
Image Type:

Brand (front)
Actual Dimensions: 1.1 inches W X 7.03 inches H

AR-002087
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Image Type:

Back
Actual Dimensions: 1.4 inches W X 6.2 inches H

AR-002088
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Image Type:

Other
Actual Dimensions: 0.94 inches W X 0.94 inches H

Image Type:

Other
AR-002089
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Actual Dimensions: 8.51 inches W X 0.59 inches H
Note: The image below has been reduced to fit the page. See actual dimensions above.

Image Type:

Other
Actual Dimensions: 3.6 inches W X 2.4 inches H

TTB F 5100.31 (11/2015) PREVIOUS EDITIONS ARE OBSOLETE

AR-002090
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OMB No. 1513-0020

FOR TTB USE ONLY

DEPARTMENT OF THE TREASURY
ALCOHOL AND TOBACCO TAX AND TRADE BUREAU

APPLICATION FOR AND
CERTIFICATION/EXEMPTION OF LABEL/BOTTLE
APPROVAL

TTB ID
16109001000425

1. REP. ID. NO. (If any)

CT

(See Instructions and Paperwork Reduction Act Notice on Back)

OR

PART I - APPLICATION
2. PLANT
REGISTRY/BASIC
PERMIT/BREWER'S
NO. (Required)

3. SOURCE OF
PRODUCT (Required)
క

Domestic

DSP-CA-33
4. SERIAL NUMBER
(Required)

FRANK-LIN DISTILLERS PRODUCTS, LTD.
2455 HUNTINGTON DR

Imported

5. TYPE OF PRODUCT
(Required)

16038L

FAIRFIELD CA 94533
BELLION SPIRITS (Used on label)

WINE

క

8. NAME AND ADDRESS OF APPLICANT AS SHOWN ON PLANT
REGISTRY, BASIC PERMIT OR BREWER'S NOTICE. INCLUDE APPROVED
DBA OR TRADENAME IF USED ON LABEL (Required)

DISTILLED SPIRITS
MALT BEVERAGE

6. BRAND NAME (Required)

8a. MAILING ADDRESS, IF DIFFERENT

BELLION
7. FANCIFUL NAME (If any)
NTX
9. EMAIL ADDRESS

10. GRAPE VARIETAL 11. FORMULA
(S)
(If any)
1205123
bellionvodka2016@gmail.com

12. NET CONTENTS
750 MILLILITERS
15. WINE VINTAGE DATE IF
ON LABEL

13. ALCOHOL
CONTENT
40%
16. PHONE NUMBER

14. WINE
APPELLATION IF ON
LABEL

18. TYPE OF APPLICATION
(Check applicable box(es))
CERTIFICATE OF LABEL APPROVAL

a. క

CERTIFICATE OF EXEMPTION FROM LABEL
APPROVAL
"For sale in _______ only" (Fill in State
abbreviation.)

b.

17. FAX NUMBER

(202) 466-6937

c.

DISTINCTIVE LIQUOR BOTTLE APPROVAL.
TOTAL BOTTLE CAPACITY BEFORE CLOSURE
____ _____ (Fill in amount)

d.

RESUBMISSION AFTER REJECTION
TTB ID. NO. ______

19. SHOW ANY INFORMATION THAT IS BLOWN, BRANDED, OR EMBOSSED ON THE CONTAINER (e.g., net contents) ONLY IF
IT DOES NOT APPEAR ON THE LABELS AFFIXED BELOW. ALSO, SHOW TRANSLATIONS OF FOREIGN LANGUAGE TEXT
APPEARING ON LABELS.
A COMMA OR A PERIOD MAY BE USED FOLLOWING THE BRACKET AFTER THE WORD SORBATE. PLEASE SEE BELLION
SPIRITS LLC¿S PETITION FOR HEALTH CLAIMS, FILED APRIL 13, 2016, IN CONNECTION WITH THIS LABEL APPROVAL
APPLICATION. BRAND NAME, LOGO AND GRAPHICS MAY REPEAT; LOT NUMBER(S) MAY APPEAR/CHANGE.

PART II - APPLICANT'S CERTIFICATION
Under the penalties of perjury, I declare; that all statements appearing on this application are true and correct to the best of my
knowledge and belief; and, that the representations on the labels attached to this form, including supplemental documents, truly and
correctly represent the content of the containers to which these labels will be applied. I also certify that I have read, understood and
complied with the conditions and instructions which are attached to an original TTB F 5100.31, Certificate/Exemption of Label/Bottle
Approval.
20. DATE OF 21. SIGNATURE OF APPLICANT OR AUTHORIZED AGENT
APPLICATION (Application was e-filed)
04/18/2016

22. PRINT NAME OF APPLICANT OR
AUTHORIZED AGENT
JONATHAN EMORD

AR-002091

https://int.ttbonline.gov/colasonline/viewColaDetails.do?action=publicFormDisplay&ttbid... 4/21/2016

OMB No. 1513-0020
Page 2 of 5
Case 1:17-cv-02538-JEB Document 37-4 Filed 06/26/19 Page 228 of 236
2092

PART III - TTB CERTIFICATE
This certificate is issued subject to applicable laws, regulations and conditions as set forth in the instructions portion of this
form.
23. DATE ISSUED

24. AUTHORIZED SIGNATURE, ALCOHOL AND TOBACCO TAX AND TRADE BUREAU

FOR TTB USE ONLY
QUALIFICATIONS
TTB has not reviewed this label for type size, characters per inch or contrasting background. The responsible
industry member must continue to ensure that the mandatory information on the actual labels is displayed in
the correct type size, number of characters per inch, and on a contrasting background in accordance with the
TTB labeling regulations, 27 CFR parts 4, 5, 7, and 16, as applicable.

EXPIRATION DATE (If
any)

STATUS
THE STATUS IS ASSIGNED.
CLASS/TYPE DESCRIPTION

AFFIX COMPLETE SET OF LABELS BELOW
Image Type:

Brand (front)
Actual Dimensions: 1.1 inches W X 7.03 inches H

AR-002092
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Image Type:

Back
Actual Dimensions: 1.4 inches W X 6.2 inches H

AR-002093
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Image Type:

Other
Actual Dimensions: 8.51 inches W X 0.59 inches H
Note: The image below has been reduced to fit the page. See actual dimensions above.

Image Type:

Other
Actual Dimensions: 0.94 inches W X 0.94 inches H
AR-002094
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Image Type:

Other
Actual Dimensions: 3.6 inches W X 2.4 inches H

TTB F 5100.31 (11/2015) PREVIOUS EDITIONS ARE OBSOLETE

AR-002095
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OMB No. 1513-0020

FOR TTB USE ONLY

DEPARTMENT OF THE TREASURY
ALCOHOL AND TOBACCO TAX AND TRADE BUREAU

APPLICATION FOR AND
CERTIFICATION/EXEMPTION OF LABEL/BOTTLE
APPROVAL

TTB ID
16109001000429

1. REP. ID. NO. (If any)

CT

(See Instructions and Paperwork Reduction Act Notice on Back)

OR

PART I - APPLICATION
2. PLANT
REGISTRY/BASIC
PERMIT/BREWER'S
NO. (Required)

3. SOURCE OF
PRODUCT (Required)
క

Domestic

DSP-CA-33
4. SERIAL NUMBER
(Required)

FRANK-LIN DISTILLERS PRODUCTS, LTD.
2455 HUNTINGTON DR

Imported

5. TYPE OF PRODUCT
(Required)

16039L

FAIRFIELD CA 94533
BELLION SPIRITS (Used on label)

WINE

క

8. NAME AND ADDRESS OF APPLICANT AS SHOWN ON PLANT
REGISTRY, BASIC PERMIT OR BREWER'S NOTICE. INCLUDE APPROVED
DBA OR TRADENAME IF USED ON LABEL (Required)

DISTILLED SPIRITS
MALT BEVERAGE

6. BRAND NAME (Required)

8a. MAILING ADDRESS, IF DIFFERENT

BELLION
7. FANCIFUL NAME (If any)
NTX
9. EMAIL ADDRESS

10. GRAPE VARIETAL 11. FORMULA
(S)
(If any)
1205123
bellionvodka2016@gmail.com

12. NET CONTENTS
750 MILLILITERS
15. WINE VINTAGE DATE IF
ON LABEL

13. ALCOHOL
CONTENT
40%
16. PHONE NUMBER

14. WINE
APPELLATION IF ON
LABEL

18. TYPE OF APPLICATION
(Check applicable box(es))
CERTIFICATE OF LABEL APPROVAL

a. క

CERTIFICATE OF EXEMPTION FROM LABEL
APPROVAL
"For sale in _______ only" (Fill in State
abbreviation.)

b.

17. FAX NUMBER

(202) 466-6937

c.

DISTINCTIVE LIQUOR BOTTLE APPROVAL.
TOTAL BOTTLE CAPACITY BEFORE CLOSURE
____ _____ (Fill in amount)

d.

RESUBMISSION AFTER REJECTION
TTB ID. NO. ______

19. SHOW ANY INFORMATION THAT IS BLOWN, BRANDED, OR EMBOSSED ON THE CONTAINER (e.g., net contents) ONLY IF
IT DOES NOT APPEAR ON THE LABELS AFFIXED BELOW. ALSO, SHOW TRANSLATIONS OF FOREIGN LANGUAGE TEXT
APPEARING ON LABELS.
A COMMA OR A PERIOD MAY BE USED FOLLOWING THE BRACKET AFTER THE WORD SORBATE. PLEASE SEE BELLION
SPIRITS LLC¿S PETITION FOR HEALTH CLAIMS, FILED APRIL 13, 2016, IN CONNECTION WITH THIS LABEL APPROVAL
APPLICATION. BRAND NAME, LOGO AND GRAPHICS MAY REPEAT; LOT NUMBER(S) MAY APPEAR/CHANGE.

PART II - APPLICANT'S CERTIFICATION
Under the penalties of perjury, I declare; that all statements appearing on this application are true and correct to the best of my
knowledge and belief; and, that the representations on the labels attached to this form, including supplemental documents, truly and
correctly represent the content of the containers to which these labels will be applied. I also certify that I have read, understood and
complied with the conditions and instructions which are attached to an original TTB F 5100.31, Certificate/Exemption of Label/Bottle
Approval.
20. DATE OF 21. SIGNATURE OF APPLICANT OR AUTHORIZED AGENT
APPLICATION (Application was e-filed)
04/18/2016

22. PRINT NAME OF APPLICANT OR
AUTHORIZED AGENT
JONATHAN EMORD

AR-002096
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PART III - TTB CERTIFICATE
This certificate is issued subject to applicable laws, regulations and conditions as set forth in the instructions portion of this
form.
23. DATE ISSUED

24. AUTHORIZED SIGNATURE, ALCOHOL AND TOBACCO TAX AND TRADE BUREAU

FOR TTB USE ONLY
QUALIFICATIONS
TTB has not reviewed this label for type size, characters per inch or contrasting background. The responsible
industry member must continue to ensure that the mandatory information on the actual labels is displayed in
the correct type size, number of characters per inch, and on a contrasting background in accordance with the
TTB labeling regulations, 27 CFR parts 4, 5, 7, and 16, as applicable.

EXPIRATION DATE (If
any)

STATUS
THE STATUS IS ASSIGNED.
CLASS/TYPE DESCRIPTION

AFFIX COMPLETE SET OF LABELS BELOW
Image Type:

Brand (front)
Actual Dimensions: 1.1 inches W X 7.03 inches H
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Image Type:

Back
Actual Dimensions: 1.4 inches W X 6.2 inches H
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Image Type:

Other
Actual Dimensions: 8.51 inches W X 0.59 inches H
Note: The image below has been reduced to fit the page. See actual dimensions above.

Image Type:

Other
Actual Dimensions: 0.94 inches W X 0.94 inches H
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Image Type:

Other
Actual Dimensions: 3.6 inches W X 2.4 inches H

TTB F 5100.31 (11/2015) PREVIOUS EDITIONS ARE OBSOLETE
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