Dietary Reference Intakes

Proposed Definition and Plan for
Review of Dietary Antioxidants and
Related Compounds

A Report of the
Standing Committee on the Scientific Evaluation of
Dietary Reference Intakes and Its Panel on
Dietary Antioxidants and Related Compounds

Food and Nutrition Board

INSTITUTE OF MEDICINE

NATIONAL ACADEMY PRESS
Washington, D.C. 1998



NATIONAL ACADEMY PRESS » 2101 Constintion Avenue, N.W. + Washington, DC 20418

NOTICE: The project that is the subject of this report was approved by the Governing
Board of the National Research Council, whose members are drawn from the councils of
the Natjonal Academy of Sciences, the National Academy of Enginecring, and the Insti-
tute of Medicine, The members of the committee responsible for the report were chosen
for their special competences and with regard for appropriate balance.

The Institute of Medicine was established in 1970 by the National Academy of Sci-
ences to enlist distingunished members of the appropriate professions in the examination
of policy matters pertaining to the health of the public. In this, the Institute acts under
both the Academy’s 1863 congressional charter responsibility to be an adviser to the
federal government and its own initiative in identifying issues of medical care, research,
and education. Dr. Kenneth L. Shine is president of the Institute of Medicine.

This project was funded by the U.S. Department of Health and Human Services
Office of Disease Prevention and Health Promotion, Contract No. 282-96-0033; U.S.
Army Medical Research and Materiel Command; Health Canada; the Institute of Medi-
cine; and the Dietary Reference Intakes Corporate Donors’ Fund. Contributors to the
Fund include Roche Vitamins, Inc.; Mead Johnson Nutrition Group; Daiichi Fine
Chemicals, Inc.; Kemin Foods, Inc.; M&M Mars; Weider Nutrition Group; and the Natu-
ral Source Vitamin E Association. The opinions or conclusions expressed herein do not
necessarily reflect those of the funders.

International Standard Book No. (0-309-00187-3

The final version of Dietary Reference Intakes: Proposed Definition and Plan for
Review of Dietary Antioxidants and Related Compounds will be available for sale from
the National Academy Press, 2101 Constitution Avenue, N.W., Box 285, Washington,
DC 20055; call (800) 624-6242 or (202) 334-3313 (in the Washington metropolitan
area), or visit the NAP’s on-line bookstore at www.nap.edu,

For more information about the Institute of Medicine or the Food and Nutrition
Board, visit the IOM home page at www2.nas.edu/iom.

Copyright 1998 by the National Academy of Sciences. All rights reserved.
Printed in the United States of America

The serpent has been a symbol of long life, healing, and knowledge among almost
all cultures and religions since the beginning of recorded history. The image adopted as a

logotype by the Institute of Medicine is based on a relief carving from ancient Greece,
now held by the Staatliche Museen in Berlin.



PANEL ON DIETARY ANTIOXIDANTS AND RELATED COMPOUNDS

NORMAN 1. KRINSKY (Chair), Department of Biochemistry, Tufts
University

GARY R. BEECHER, U.S. Department of Agriculture Beltsville Human
Nutrition Research Center, Beltsville, Maryland

RAYMOND F. BURK, Nutrition Center, Vanderbilt University Medical Center

ALVIN C. CHAN, Department of Biochemistry, University of Ottawa, Canada

JOHN W. ERDMAN, Jr., Division of Nutritional Sciences, College of
Agricultural, Consumer, and Environmental Sciences, University of Illinois
at Urbana-Champaign

ROBERT A. JACOB, U.S. Department of Agriculture Western Human
Nutrition Research Center, Presidio of San Francisco

ISHWARLAL JYALAL, Department of Pathology and Internal Medicine,
University of Texas Southwestern Medical Center, Dallas

JAMES R. MARSHALL, Cancer Prevention and Control, Arizona Cancer
Center, University of Arizona

SUSAN TAYLOR MAYNE, Department of Epidemiology and Public Health,
Yale University School of Medicine

ROSS L. PRENTICE" Division of Public Health Sciences, Fred Hutchinson
Cancer Research Center, Seattle

DANIEL STEINBERG, "' Division of Endocrinology and Metabolism,
University of California at San Diego

MARET G. TRABER, Department of Nutrition and Food Management, and
the Linus Pauling Institute, Oregon State University

Food and Nutrition Board Liaison

CHARLES H. HENNEKENS, Department of Medicine, Ambulatory Care, and
Prevention, and Division of Preventive Medicine, Harvard Medical School

U.S. Government Liaison

LTC KARL FRIEDL, U.S. Army Medical Research and Materiel Command,
Ft. Detrick, Maryland

Staff

SANDRA A. SCHLICKER, Study Director
MARY L POOS, Senior Staff Officer
ELISABETH A. REESE, Research Associate
ALICE L. KULIK, Research Associate
MICHELE R. RAMSEY, Project Assistant

*Member, Institute of Medicine.
"Member, National Academy of Sciences.

i



STANDING COMMITTEE ON THE SCIENTIFIC EVALUATION OF
DIETARY REFERENCE INTAKES

VERNON R. YOUNG (Chair),”" Laboratory of Human Nutrition, School of
Science, Massachusetts Institute of Technology

JOHN W, ERDMAN, JR. (Vice-Chair), Division of Nutritional Sciences,
College of Agricultural, Consumer, and Environmental Sciences, University
of Illinois at Urbana-Champaign

JANET C. KING (Vice-Chair),” University of California at Berkeley and U.S.
Department of Agriculture Western Human Nutrition Research Center,
Presidio of San Francisco

LINDSAY H. ALLEN, Department of Nutrition, University of California at
Davis

STEPHANIE A. ATKINSON, Department of Pediatrics, Faculty of Health
Sciences, McMaster University, Canada

JOHANNA T. DWYER, Frances Stern Nutrition Center, New England Medical
Center, Boston, and Tufts University

JOHN D. FERNSTROM, University of Pittsburgh School of Medicine,
Western Psychiatric Institute and Clinic

SCOTT M. GRUNDY,” Center for Human Nutrition, University of Texas
Southwestern Medical Center, Dallas

CHARLES H. HENNEKENS, Department of Medicine, Ambulatory Care, and
Prevention and Division of Preventive Medicine, Harvard Medical School

SANFORD A. MILLER, Graduate School of Biomedical Sciences, University
of Texas Health Science Center, San Antonio

U.S. Government Liaison
LINDA MEYERS, Office of Disease Prevention and Health Promotion, U.S.
Department of Health and Homan Services, Washington, D.C.

Canadian Government Liaison

PETER W.F. FISCHER, Nutrition Research Division, Health Protection
Branch, Health Canada, Ottawa

Staff

ALLISON A. YATES, Study Director
SANDRA SCHLICKER, Senior Program Officer
MARY POOS, Senior Program Officer

*Member, Institute of Medicine.
"Member, National Academy of Sciences.

iv



ELISABETH A. REESE, Research Associate
ALICE L. KULIK, Research Associate
MICHELE RAMSEY, Project Assistant
GAIL E. SPEARS, Administrative Assistant



FOOD AND NUTRITION BOARD

CUTBERTO GARZA (Chair), Division of Nutrition, Cornell University

JOHN W. ERDMAN, JR. (Vice-Chair), Division of Nutritional Sciences,
College of Agricultural, Consumer and Environmental Sciences, University
of Illinois at Urbana-Champaign

LINDSAY H. ALLEN, Department of Nutrition, University of California at
Davis

BENJAMIN CABALLERO, Center for Human Nutrition, Johns Hopkins
School of Hygiene and Public Health

ROBERT J. COUSINS, Center for Nutritional Sciences, University of Florida

FERGUS M. CLYDESDALE, Department of Food Science, University of
Massachusetts at Ambherst

JOHANNA T. DWYER, Frances Stern Nutrition Center, New England Medical
Center, Boston, and Tufts University

SCOTT M. GRUNDY,’ Center for Human Nutrition, University of Texas
Southwestern Medical Center, Dallas

CHARLES H. HENNEKENS, Department of Medicine, Ambulatory Care, and
Prevention, and Division of Preventive Medicine, Harvard Medical School

SANFORD A. MILLER, Graduate School of Biomedical Sciences, University
of Texas Health Science Center, San Antonio

ROSS L. PRENTICE,” Division of Public Health Sciences, Fred Hutchinson
Cancer Research Center, Seattle

A. CATHARINE ROSS, Department of Nutrition, Pennsylvania State
University

ROBERT E. SMITH, R.E. Smith Consulting, Inc., Newport, Vermont

VIRGINIA A. STALLINGS, Division of Gastroenterology and Nutrition,
Children’s Hospital of Philadelphia

VERNON R. YOUNG,"" Laboratory of Human Nutrition, School of Science,
Massachusetts Institute of Technology

Ex-Officio Member

STEVE L. TAYLOR, Department of Food Science and Technology and Food
Processing Center, University of Nebraska at Lincoln

"Member, Institute of Medicine.
"Member, National Academy of Sciences.

vi



Staff

ALLISON A. YATES, Director
GAIL E. SPEARS, Administrative Assistant
CARLOS GABRIEL, Financial Associate

Vil



REVIEWERS

This report has been reviewed in draft form by individuals chosen for their
diverse perspectives and technical expertise, in accordance with procedures ap-
proved by the National Research Council’s Report Review Committee. The pur-
pose of this independent review is to provide candid and critical comments that
will assist the Institute of Medicine in making the published report as sound as
possible and to ensure that the report meets institutional standards for objectiv-
ity, evidence, and responsiveness to the study charge. The content of the final
report is the responsibility of the Institute of Medicine and the study committee
and not the responsibility of the reviewers. The review comments and draft
manuscript remain confidential to protect the integrity of the deliberative proc-
ess. The committee wishes to thank the following individuals, who are neither
officials nor employees of the Institute of Medicine, for their participation in the
review of this report:

BALZ FREI, Linus Pauling Institute, Oregon State University;

LESTER PACKER, University of California at Berkeley;

WILLIAM A. PRYOR, Biodynamics Institute, Louisiana State University;

CATHERINE RICE-EVANS, King’s College, UMDS Guy’s Hospital,
London, England;

HELMUT SIES, Heinrich-Heine-Universitit, Diisseldorf, Germany;

JUDITH STERN,* University of California at Davis; and

ROGER A. SUNDE, University of Missouri-Columbia.

While the individuals listed above have provided many constructive com-
ments and suggestions, responsibility for the final content of this report rests
solely with the authoring committee and the Institute of Medicine.

“Member, Institute of Medicine.

viii



Contents

INTRODUCTION ..ottt ereeetee et enenas

TOWARD A DEFINITION OF DIETARY ANTIOXIDANT. ..............

Possible Health Benefits, 3

PROPOSED DEFINITION ........ccoooiiiiiineiieeneene et

Presence in Human Diets, 3
Measurement of Quantities in Foods, 4
Decreased Adverse Effects of Some ROS and RNS, 4

FOOD COMPONENTS THAT WILL BE REVIEWED

BY THE PANEL .......cocoooiiiiiiii e

Beta-Carotene and Other Carotenoids, 6
Vitamin C, 7

Vitamin E, 7

Selenium, 8

FOOD COMPONENTS THAT WILL NOT BE REVIEWED

BY THE PANEL ...t

Phenols and Polyphenols, 8
Other Proposed Dietary Antioxidants, 8

SUMMARY ..ottt

SELECTED REFERENCES ..........ccccccciiiiiiiiminnineeeene e

APPENDIX: ACKNOWLEDGMENTS..........ocoooiiiiiiiinieccnne

X

s M






Dietary Reference Intakes:
Proposed Definition and Plan for Review of
Dietary Antioxidants and
Related Compounds

INTRODUCTION

There has been intense interest recently among the public and the media in
the possibility that increased intakes of “dietary antioxidants” may protect
against chronic disease. Many research programs are underway in this area. Epi-
demiological evidence suggests that the consumption of fruits and vegetables
may reduce the risk of both cancer and cardiovascular disease, and it has been
hypothesized that this is due in part to the presence of antioxidant compounds in
fruits and vegetables. As a result, these compounds have been considered to-
gether by many people and loosely termed dietary antioxidants.

Closer examination, however, reveals that compounds typically grouped to-
gether as dietary antioxidants can differ quite considerably from one another,
both in terms of their chemical behavior and in terms of their biological proper-
ties. This report from the Institute of Medicine’s Food and Nutrition Board pro-
vides a proposed definition of dietary antioxidants so as to characterize the bio-
logical properties of these compounds.” In this first of two reports, the Panel on

“This study was requested by the federal steering committee for Dietary Reference
Intakes and coordinated by the Office of Disease Prevention and Health Promotion of the
U.S. Department of Health and Human Services and the U.S. Army Medical Research
and Materiel Command of the U.S. Department of Defense. The overall DRI project, of
which this is a part, is a comprehensive effort undertaken by the Standing Committee on
the Scientific Evaluation of Dietary Reference Intakes (DRI Committee) of the Food and

1



2 DIETARY REFERENCE INTAKES

Dietary Antioxidants and Related Compounds also identifies the nutrients and
food components that it will evaluate in detail, assurning adequate scientific data
are available, to establish Dietary Reference Intakes (DRIs) for these selected
substances.

DRIs are reference values that are quantitative estimates of nutrient intakes
to be used for planning and assessing diets for healthy people. They include
Recommended Dietary Allowances (RDAs) as goals for intake by individuals,
but also include three other reference values. These include the Estimated Aver-
age Requirement (EAR), Adequate Intake (AI), and the Tolerable Upper Level
(UL).

In its second report, the panel will provide a comprehensive set of DRIs for
those nutrients and food components selected, in the current report, for detailed
examination. This selection is not based on the panel’s definition of a dietary
antioxidant. Beta-carotene, vitamin C, and vitamin E are included as requested
by the federal steering committee for Dietary Reference Intakes. Similarly, other
dietary compounds will be included in the review that may be related in function,
but may not necessarily act as antioxidants. Therefore, the nutritional recom-
mendations that will be presented in the second report for some of these dietary
components may not be determined by or related to their possible action as anti-
oxidants.

TOWARD A DEFINITION OF DIETARY ANTIOXIDANT

In order to elicit other perspectives about the attributes of dietary antioxi-
dants, the Panel on Dietary Antioxidants and Related Compounds held an open
meeting and workshop. A broad range of definitions from experts in the field
was presented (see the Appendix for Acknowledgments), however, there was no
firm agreement among the presenters. The situation is complicated as some
compounds, at least in vitro, can be antioxidants under one condition and pro-
oxidants under others. Adding to the complexity is the fact that antioxidants
contained in foods are not interchangeable and may differ from one another both
in their sites and mechanisms of action. For example, vitamin E is a most effec-
tive chain-breaking antioxidant, whereas beta-carotene is a most effective singlet
oxygen quencher. In contrast to these fat-soluble antioxidants that function in
cell membranes, lipoproteins, and lipid droplets, water-soluble vitamin C di-
rectly quenches a variety of reactive oxygen and nitrogen species in the aqueous
portion of cells and extracellular fluids. Selenium, not present in high enough
quantities to be a direct antioxidant, participates as an essential constituent of
glutathione peroxidases and thioredoxin reductase in the breakdown of perox-
ides, thus preventing the potentially damaging generation of reactive oxygen
species.

Nutrition Board, Institute of Medicine, National Academy of Sciences, with active in-
volvement of Health Canada.
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Possible Health Benefits

There is a considerable body of biological evidence that, at high levels, reac-
tive oxygen and nitrogen species, hereafter referred to as ROS and RNS respec-
tively, can be damaging to cells and thus might contribute to cellular dysfunction
and disease. ROS and RNS are also damaging to other body components that do
not reside in cells, such as are found in blood and other body fluids, for example,
synovial and cerebrospinal fluids. To the extent that this theory is substantiated by
future research, the panel considered whether or not the definition of a dietary anti-
oxidant should rest on demonstrated health benefits.

Antioxidant compounds in the diet may or may not confer health benefits.
Some questions and controversy remain regarding the linkage of antioxidants
with decreased risk of chronic disease. For example, some clinical intervention
trials have shown that in long-term current smokers, high doses of beta-carotene
supplements did not decrease, and may have actually increased, their risk of lung
cancer. Because antioxidants work via different mechanisms, it is unlikely that a
common health benefit could be produced by each of them. Therefore, the panel
decided to base its definition on the functional or physiological parameters of
antioxidants. In the second report, the panel will review the available scientific
evidence regarding all of the compounds selected to determine if they demon-
strate potential health benefits,

PROPOSED DEFINITION

This proposed definition is based on several criteria: (1) the substance 1s
found in human diets; (2) the content of the substance has been measured in
foods commonly consumed; and (3) in humans, the substance decreases the ad-
verse effects of reactive oxygen and nitrogen species in vivo. Thus, the panel
developed the following proposed definition of a dietary antioxidant:

A dietary antioxidant is a substance in foods that significantly de-
creases the adverse effects of reactive oxygen species, reactive nitrogen
species, or both on normal physiological function in humans.

Presence in Human Diets

In order to meet the definition of a dietary antioxidant proposed here, nutri-
ents and food components must be found in typical human diets.
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TABLE 1 Examples of Reactive Oxygen and Nitrogen Species

Name Formula Comments

Superoxide 0y An oxygen-centered radical. Has limited reactiv-
ity.

Hydroxyl OH A highly reactive oxygen-centered radical, Very
reactive indeed: Attacks all molecules in the
human body.

Peroxyl, alkoxyl ROy, RO Oxygen-centered radicals formed (among other
routes) during the breakdown of organic
peroxides.

Oxides of nitrogen  NO', NOy Nitric oxide (NO) is formed in vivo from the
amino acid L-arginine. Nitrogen dioxide
(NOy) is made when NO reacts with O, and
is found in polluted air and smoke from
burning organic materials (e.g.. cigarette
smoke).

SOURCE: Adapted from Halliwell, 1996, with permission; @ International Life Sciences
Institute, Washington, D.C.

Measurement of Quantities in Foods

In order to meet the definition of a dietary antioxidant proposed here, the
dietary intakes of the nutrient or food component must be able to be calculated
from available national databases. These databases include the U.S. Department
of Agriculture’s National Nutrient Databank, the Canadian Nutrient File, and
other databases that contain a nationally representative sample of foods com-
monly eaten in the United States or Canada and that report concentrations for the
antioxidant of interest and others. It 1s recognized that limitations exist in the use
of food composition databases to accurately estimate intakes.

Decreased Adverse Effects of Some ROS and RNS
In order to meet the definition of a dietary antioxidant proposed here, the
nutrient or food component must decrease the adverse effects of some ROS and
RNS (see Table 1 for examples of ROS and RNS). An explanation of the bio-
chemical and physiological mechanisms of these adverse effects follows.

Role of ROS and RNS in Health and Disease

ROS and RNS are produced metabolically by the body. It has been esti-
mated that about 1 to 3 percent of the oxygen we utilize goes to make ROS. In
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addition, exposure to UV radiation or to air pollutants such as cigarette smoke
(which contains oxidants) or ozone can cause the body to increase the levels of
reactive radical species.

ROS is a collective term that includes several oxygen radicals—superoxide
{O77) and its protonated form, hydroperoxyl (HO,), hydroxyl (OH), peroxyl
(ROy), alkoxyl (RO")—and nonradicals—hydrogen peroxide (HO;), hypochlor-
ous acid (HOCI), ozone (Os), and singlet oxygen (‘0,)—that are oxidizing
agents or are easily converted into radicals. RNS includes nitric oxide (NQ),
peroxynitrite (ONQO™), and peroxynitrous acid (ONOOH). Various compounds
in the human body generate free radicals in their metabolism. Examples are
catecholamines and compounds found in the mitochondrial electron-transport
chain.

In addition, activated phagocytes produce ROS as one of the defense
mechanisms they use to kill microbes. Thus, in this situation, ROS are used by
the body as a defense mechanism against infection.

An imbalance of oxidants and antioxidants resulting in increased levels of
ROS, RNS, or both can result in damage to lipids, proteins, carbohydrates, and
DNA. A considerable body of biological evidence shows that ROS and RNS can
damage cells and other body components and could in theory contribute to dys-
function and disease states. It has been postulated that oxidative damage caused
by increased levels of production of ROS or RNS may contribute to the devel-
opment of many chronic diseases, including age-related eye disease, atheroscle-
rosis, cancer, coronary heart disease, diabetes, inflammatory bowel disease,
neurodegenerative diseases, respiratory disease, and rheumatoid arthritis.

Antioxidant Mechanisms

The mechanisms of antioxidant action for decreasing the adverse effects of
ROS or RNS are varied. They include (1) decreasing ROS or RNS formation;
(2) binding metal ions needed for catalysis of ROS generation; (3) scavenging
ROS, RNS, or their precursors; (4) up-regulating endogenous antioxidant en-
zyme defenses; (5) repairing oxidative damage to biomolecules, such as glu-
tathione peroxidases or specific DNA glycosylases; and (6) influencing and up-
regulating repair enzymes. Some antioxidants remove free radicals by reacting
directly with them in a noncatalytic manner before the radicals react with other
cell components. For example, vitamin E inhibits lipid peroxidation by scaveng-
ing radical intermediates in the radical chain reaction with polyunsaturated fatry
acids. The effectiveness of each dietary antioxidant depends on which ROS or
RNS is being scavenged, how and where they are generated, the accessibility of
the antioxidants to this site, and what target of damage, or oxidizable substrate,
is involved.

Antioxidant defense mechanisms include not only low-molecular-weight
compounds, but also some antioxidant defense systems in the human body that
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are enzymatic, such as: (1) superoxide dismutase enzymes, which remove super-
oxide (O; 7) by accelerating its conversion to H,O, and O,; (2) glutathione per-
oxidases, which convert H,0, to water and O, and which convert various hy-
droperoxides to harmless compounds; and (3) catalase, which converts HyO, to
water and O, but only functions at relatively high concentrations of the ROS.

Evidence for Antioxidant Activity

Many substances have been shown to have antioxidant activity in vitro.
However, in vitro findings are of uncertain relevance to the in vive situation in
healthy humans. The definition of a dietary antioxidant focuses on antioxidant
effects of substances when consumed by humans. Therefore, dietary antioxidants
are substances that have been shown to decrease the effects of ROS and RNS in
humans.

A battery of markers of in vivo oxidative damage/oxidative stress are now
available. Potential biomarkers include (1) lipid peroxidation products, such as
lipid hydroperoxides, malondialdehyde or other aldehydic decomposition prod-
ucts of lipid hydroperoxides, exhaled pentane and ethane, and F;-isoprostanes;
(2) several DNA oxidation products such as 8-oxo-deoxyguanosine, 8-oxyde-
oxyadenosine, and thymine glycol; (3) protein carbonyls; and (4) nitrated protein
derivatives.

FOOD COMPONENTS THAT WILL BE REVIEWED BY THE PANEL

This section contains a description of the scope of the second report of the
Panel on Dietary Antioxidants and Related Compounds. The panel has focused
on nutrients and food components found in North American diets because the
objective of the second report of this panel is to present a set of DRIs for pro-
motion and maintenance of health in Americans and Canadians. The inclusion of
substances is not based upon the requirement that they meet the proposed defini-
tion of a dietary antioxidant. Although there may be some functional relationship
to their proposed roles as antioxidants, their inclusion in the second report is not
based upon their meeting this criterion. The panel plans to review beta-carotene
and other carotenoids, vitamin C, vitamin E, and selenium. The rationale for
including these food components but not other potential substances follows.

Beta-Carotene and Other Carotenoids
Beta-carotene and other carotenoids—such as alpha-carotene, lycopene, lu-

tein and zeaxanthin, and cryptoxanthin——are widely consumed in human diets,
and adequate food composition data exist to estimate their consumption in
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healthy people. Studies demonstrating the possible antioxidant effects of caro-
tenoids in humans are available, at least with regard to beta-carotene, as are a
large number of observational studies associating carotenoid intake or carotenoid
status with a variety of health effects. In addition, some experimental studies of
beta-carotene in humans are also available. Thus, an examination of the scien-
tific evidence regarding beta-carotene and other carotenoids is warranted. The
panel will review the available scientific evidence and, if it is adequate, will rec-
ommend DRIs for beta-carotene and possibly other carotenoids.

Vitamin C

Vitamin C is found in abundance in fruits and vegetables. It is a cofactor in
the biosynthesis of a number of different compounds including collagen, car-
nitine, and neurotransmitters. In addition, because it can donate electrons, it ef-
fectively quenches a variety of ROS and RNS in aqueous body compartments,
and it has been shown in some cases to prevent oxidative damage in vivo to lip-
ids and DNA. Under certain circumstances, vitamin C can promote the formation
of ROS or RNS in vitro. Vitamin C is found widely throughout the body and is
concentrated in tissues susceptible to oxidative damage including leukocytes, the
lung, eye, brain, and heart. It is readily regenerated in vitro, and because of its
high reductive capacity, has the potential ability to regenerate other body anti-
oxidants. Vitamin C’s role in preventing scurvy is relatively well defined and is
distinct from its role in oxidant defense. A great deal of observational and ex-
perimental evidence is available regarding vitamin C’s health effects. Thus, the
panel will review the available scientific data and, if it is adequate, will establish
DRIs for vitamin C.

Vitamin E

Vitamin E 1s composed of a group of fat-soluble molecules that occur natu-
rally in eight different forms (four tocopherols and four tocotrienols) that have
similar chromanol structures. It occurs widely in the diet from both plant and
animal sources, and adequate food composition data are available. Vitamin E has
been demonstrated to possess antioxidant activity in vive and can protect unsatu-
rated lipids throughout the body. Under certain circumstances, vitamin E can act
as a prooxidant in vitro. In addition, there is epidemiological and experimental
evidence regarding the health-promoting effects of vitamin E. Thus, the panel
will review the available scientific data and, if it is adequate, will establish DRIs
for vitamin E.
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Selenium

Selemum 13 a required constituent of several enzymes that remove ROS i
viva, Moreover. selenium 15 present in human diets, and its consumption has
been quantitated in a number of different populations. Biomarkers for seleniwm
and data for selenium intake exist and have been reported in studies of popula-
nons that vary with respect 10 selenium stalus, Some intervention studies have
been performed that demonstrate effects of selenium supplementation on beo-
markers and on the developmem of disease. Thus, the panel will review the
available scientific data and. of ot 15 adequate, wall establish DRIs for selenium.

FOOD COMPONENTS THAT WILL NOT BE REVIEWED
BY THE PANEL

Phenols and Polyphenols

Phenols and polyphenols are widely distnbuted in plant foods. They have
been shown o have antioxidant activity o vitre and may possibly elicin biologs-
cal effects consistent with sustained and improved human health in several ob-
servanonal swdies. Nonetheless, comprehensive food compositon data, which
are required 10 assess dietary intakes in a populabion. are unavarlable. In addi-
tion, only extremely hmited data are available on the absorption and metabolism
of these food components. Although phenols and polvphenols may be important
dietary constituents, insufficient data are available ar this ume o warrant ther
inclusion in this evaluation.

Other Proposed Dietary Antioxidants

The overall DRI framework includes a planned review, by another expent
pancl, of food components grouped as “other food components.” That review.,
when ot 15 mtated, may include other related compounds not addressed by this
pancl, such as flavonowds, phenols and polyphenols, phyvioestrogens. lipoic acwd.
and food sdditives. Because the published Iiterature on some of these potentially
important dietary substances is scant af this time, other daa may emerge in the fu-
wire that could allow a condideration of setung DRIs for these compounds as well.

SUMMARY

The panel’s proposed definiion of a dietary antoxidant follows:

A dierary antioxdanr 8 @ substance e foods thar igmificannly de-
creases the adverse effects of reactive oxyvgen species, reactive netrngen
species, or both on nermal physiological furction in humans.
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This proposed definition is based on several criteria: (1) the substance is
found in human diets; (2) the content of the substance has been measured in
foods commonly consumed; and (3) in humans, the substance decreases the for-
mation of adverse effects of reactive oxygen and nitrogen species in vivo.

Additionally, based on its review of the scientific literature on dietary anti-
oxidants and related compounds, and on the availability of data relating the in-
take of these substances to potential benefits to human health, in its second re-
port the panel will evaluate the extent to which beta-carotene and other selected
carotenoids, vitamin C, vitamin E, and selenium play a role in health. DRIs will
be set for these food components if adequate data are available and if their role
in health can be established and quantified. Therefore, for some of these nutri-
ents and food components, their DRIs may not be determined by or related to
their possible action as an antioxidant.

SELECTED REFERENCES

General

Diaz MN, Frei B, Vita JA, Keaney JF. 1997, Antioxidants and atherosclerotic heart dis-
case, N Engl ] Med 337:408—416.

Halliwell B. 1990. How to characterize a biological antioxidant. Free Rad Res Commun
9:1-32.

Halliwell B. 1996. Antioxidants. In: Ziegler EE, Filer LJ Jr., eds. Present Knowledge in
Nutrition. Washington, DC: ILSI Press. Pp. 596-603.

Halliwell B. 1997. Antioxidants and human disease: A general introduction. Nutr Rev
55:544-549.

Halliwell B. 1997. Antioxidants: The basics—What are they and how to evaluate them.
Adv Pharmacol 38:3-20.

Krinsky NI. 1992. Mechanism of action of biological antioxidants. Proc Soc Exp Biol
Med 200:248-254.

Sies H. 1985. Oxidative stress: Introductory remarks. In: Sies H, ed. Oxidative Stress.
London: Academic Press. Pp. 1-8.

Sies H. 1993. Strategies of antioxidant defense. Eur J Biochem 215:213-219.

Steinmetz KA, Potter JD. 1996. Vegetables, fruit, and cancer prevention: A review, J Am
Dier Assoc 96:1027-1039.

Voelker R. 1994. Recommendations for antioxidants: How much evidence is enough? J
Am Med Assoc 271:1148-1149,

Beta-Carotene and Other Carotenoids

The Alpha-Tocopherol, Beta Carotene Cancer Prevention Study Group. 1994. The effect
of vitamin E and beta carotene on the incidence of lung cancer and other cancers in
male smokers. N Engl J Med 330:1029-1035.

Clinton SK. 1998, Lycopene: Chemistry, biology, and implications for human health and
disease. Nutr Rev 56:35-51.



10 DIETARY REFERENCE INTAKES

Hennekens CH, Buring JE, Manson JE, Stampfer M, Rosner B, Cook NR, Belanger C,
LaMotte F, Gaziano JM, Ridker PM, Willett W, Peto R. 1996. Lack of effect of
long-term supplementation with beta carotene on the incidence of malignant neo-
plasms and cardiovascular disease. N Engl J Med 334:1145-1149,

International Agency for Research on Cancer, World Health Organization. 1998. Caro-
tenoids. IARC Handbooks of Cancer Prevention. Vol. 2. Oxford University Press.
Pp. 1-326.

Krinsky NI. 1993, Actions of carotenoids in biological systems. Annu Rev Nutr 13:561~
587.

Mangels AR, Holden JM, Beecher GR, Forman MR, Lanza E. 1993. Carotenoid content
of fruits and vegetables: An evaluation of analytic data. / Am Diet Assoc 93:284—
296.

Mayne ST. 1996. Beta-carotene, carotenoids, and disease prevention in humans. FASEB
J 10:690-701.

Mayne ST. 1998. Beta-carotene, carotenoids and cancer prevention. In: DeVita VT Jr.,
Hellman S, Rosenberg SA, eds. Principles and Practice of Oncology Updates, 5th
cdition. Philadelphia: Lippincoti-Raven Publishers. In press.

Omenn GS, Goodman GE, Thornquist MD, Balmes J, Cullen MR, Glass A, Keogh JP,
Meyskens FL, Valanis B, Williams JH, Barnhart §, Hammar 5. 1996. Effects of a
combination of beta carotene and vitamin A on lung cancer and cardiovascular dis-
ease. N Engl J Med 334:1150-1155.

Vitamin C

Englard S, Seifter S. 1986. The biochemical functions of ascorbic acid. Annu Rev Nutr
6:365-406.

Harris JR, ed. 1996. Ascorbic Acid: Biochemistry and Biomedical Cell Biology. Vol. 25.
New York: Plenum Press.

Jacob RA. 1994, Vitamin C. In: Shils ME, Olson JA, Shike M, eds. Modern Nutrition in
Health and Disease, 8th edition. Philadelphia; Lea & Febiger.

Packer L, Fuchs J, eds. 1997. Vitamin C in Health and Disease. New York: Marcel
Dekker.

Sies H, Stahl W. 1995, Vitamins E and C, beta-carotene, and other carotenoids as anti-
oxidants, Am J Clin Nutr 62:13158-13218,

Vitamin E

Burton GW, Traber MG, Acuff RV, Walters DN, Kayden H, Hughes L, Ingold K. 1998.
Human plasma and tissue alpha-tocopherol concentrations in response to supple-
mentation with deuterated natural and synthetic vitamin E. Am J Clin Nutr 67:669-
684.

Heinonen OP, Albanes D, Virtamo J, Taylor PR, Huttunen JK, Hartrnan AM, Haapakoski
J, Malila N, Rautalahti M, Ripatti S, Méenpa# H, Teerenhovi L, Koss L, Virolainen
M, Edwards BK. 1998, Prostate cancer and supplementation with alpha-tocopherol
and beta-carotene: Incidence and mortality in a controlled trial. J Natl Cancer Inst
90:440-446.



PROPOSED DEFINITION OF DIETARY ANTIOXIDANTS 11

Packer L, Fuchs J, eds. 1993. Vitamin E in Health and Disease. New York: Marcel
Dekker.

Stephens NG, Parsons A, Schofield PM, Kelly F, Cheeseman K, Mitchinson MJ. 1996.
Randomised controlled trial of vitamin E in patients with coronary disease: Cam-
bridge Heart Antioxidant Study (CHAQOS). Lancet 347:781-786.

Stampfer MJ, Hennekens C, Manson JE, Colditz GA, Rosner B, Willett WC. 1993. Vi-
tamin E consumption and the risk of coronary disease in women. N Engl J Med
328:1444-1449,

Traber MG, Sies H. 1996. Vitamin E in humans: Demand and delivery. Annu Rev Nutr
16:321-347.

Selenium

Hill KE, Xia Y. Akesson B, Boeglin ME, Burk RF. 1996. Selenoprotein P concentration
in plasma is an index of selenium status in selenium-deficient and selenium-
supplemented Chinese subjects. J Nutr 126:138-145.

Stadtman TC. 1991. Biosynthesis and function of selenocysteine-containing enzymes. J
Biol Chem 266:16257-16260.

Thomson C, Ong LK, Robinson MF. 1985. Effects of supplementation with high-
selenium wheat bread on selenium, glutathione peroxidase and related enzymes in
blood components of New Zealand residents. Am J Clin Nutr 41:1015-1022,

Varo P, Alfthan F, Huttunen JK, Aro A. 1994. Nationwide selenium supplementation in
Finland—Effects on diet, blood and tissue levels, and health. In: Burk RF, ed. Sele-
nium in Bology and Human Health. New York: Springer-Verlag. Pp. 197-218.






APPENDIX

Acknowledgments

The Panel on Dietary Antioxidants and Related Compounds, the Standing
Committee on the Scientific Evaluation of Dietary Reference Intakes, and the
Food and Nutrition Board (FNB) staff are grateful for the time and effort con-
tributed by those individuals who made presentations at the panel’s workshop.
By openly sharing their considerable expertise and different perspectives, they
brought clarity and focus to a challenging task. The panel and committee mem-
bers, as well as the FNB staff, thank the individuals whose names follow, as well
as others who were unnamed:

Rodney Ausich,
Douglas Balentine,
Mary Ellen Camire,
Balz Frei,

Debra K.W. Jahner,
John Landrum,
Mark Levine,
Thomas McClure,
Lester Packer,
Helmut Sies, and
Roger Sunde.

13



