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Note ta the Reader
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Preamble to the IARC Handbooks
of Cancer Prevenüon
The prevention of cancer is one of the key objec-
tives of the International Agency for Research on
Cancer (lARe). This may be achieved by avoiding
exposures ta known cancer-causing agents, by
increasing host defences through immunization or
chemoprevention or by modifying lifestyle. The
aim of the lAC Monographs programme is to evalu-
ate carcinogenic risks of human exposure to chem-
ical, physical and biological agents, providing a
scientific basis for national or international

decisions on avoidance of exposures. The aim of
the series of IARC Handbooks of Cancer Prevention is

to evaluate scientific information on agents and
interventions that may reduce the incidence of or
mortality from cancer. This preamble is divided
into two parts. The first addresses the general
scope, objectives and structure of the Handbooks.

The second describes the procedures for evaluating
cancer-preventive agents.

Part One
Scope
Preventive strategies embrace chemical, immuno-
logical, dietary and behavioural interventions that
may retard, block or reverse carcinogenic processes
or reduce underlying risk factors. The term 'cancer
prevention' is used to refer to interventions with
pharmaceuticals, vitamins, mineraIs and other
che mi cals to reduce cancer incidence. The IARC
Handbooks address the efficacy, safety and mecha-
nisms of cancer-preventive strategies and the ade-
quacy of the available data, inc1uding those on
timing, dose, duration and indications for use.

Preventive strategies can be applied across a
continuum of: (1) the general population;

(2) subgroups with particular predisposing host
or environmental risk factors, inc1uding genetic
susceptibilty to cancer; (3) persons with precan-
cerous lesions; and (4) cancer patients at risk for
second primary tumours. Use of the same strategies

or agents in the treatment of cancer patients to

control the growth, metastasis and recurrence of

tumours is considered to be patient management,
not prevention, although data from c1inical trials
may be relevant when making a Handbooks

evaluation.

Objective
The objective of the Handbooks programme is the
preparation of critical reviews and evaluations of
evidence for cancer""prevention and other relevant
properties of a wide range of potential cancer-pre-
ventive agents and strategies by international
working groups of experts. The resulting
Handbooks may also indicate where additional
research is needed.

The Handbooks may assist national and interna-
tional authorities in devising programmes of health
promotion and cancer prevention and in ma king
benefit-risk assessments. The evaluations of lARe
working groups are scientific judgements about the
available evidence for cancer-preventive effcacy

and safety. No recommendation is given with
regard to national and international regulation or
legislation, which are the responsibilty of individual
governments and/or other international authori-
ties. No recommendations for specifie research trials
are made.

IARC Working Groups
Reviews and evaluations are formulated by inter-
national working groups of experts convened by
the lARe. The tasks of each group are: (1) to
as certain that a11 appropriate data have been
co11ected; (2) to select the data relevant for the

evaluation on the basis of scientifie merit; (3) to
prepare accurate summaries of the data to enable
the reader to fo11ow the reasoning of the Working
Group; (4) to evaluate the significanee of the avail-
able data from hum an studies and experimental

3



IARC Handbooks of Cancer Prevention

models on cancer-preventive activity, carcino-
genicity and other beneficial and adverse effects;
and (5) to evaluate data relevant to the und er-
standing of mechanisms of action.

Working Group participants who contributed
to the considerations and evaluations within a

particular Handbook are listed, with their addresses,
at the beginning of each publication. Each partici-
pant serves as an individual scientist and not as a
representative of any organization, government or
industr. ln addition, scientists nominated by

national and international . agencies, industral
associations and consumer and/or envionmental or-
ganitions may be invited as observers. IARC staff
involved in the preparation of the Handbooks are listed.

Working procedures

Approximately 13 months before a working group
meets, the topics of the Handbook are announced,
and participants are selected by IARC staff in
consultation with other experts. Subsequently, rele-

vant c1inical, experimental and human data are col-
lected by the IARC from a11 available sources of pub-
lished information. Representatives of producer or
consumer associations may assist in the preparation
of sections on production and use, as appropriate.

About eight months before the meeting, the
material co11ected is sent to meeting participants to

prepare sections for the first drafts of the Handbooks.
These are th en compiled by IARC staff and sent,
before the meeting, to a11 participants of the Working
Group for review. There is an opportunity to return
the compiled specialized sections of the draft to
the experts, inviting preliminary comments, before
the complete first-draft document is distributed to
a11 members of the Working Group.

Data for Handbooks
The Handbooks do not necessarily cite a11 of the
literature on the agent or strategy being evaluated.
Only those data collidered by the Working Group
to be relevant to making the evaluation are

inc1uded. ln principle, meeting abstracts and other
reports that do not provide sufficient detail upon
which to base an assessment of their quality are not
considered.
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With regard to data from toxicological, epidemi-
ological and experimental studies and from c1ini-
cal trials, only reports that have been published or
accepted for publication in the openly available

scientific literature are reviewed by the Working
Group. ln certain instances, government agency
reports that have undergone peer review and are
widely available are considered. Exceptions may be
made on an ad-hoc basis to inc1ude unpublished
reports that are in their final form and publicly
available, if their inclusion is considered pertinent
to making a final evaluation. ln the sections on
chemical and physical properties, on production,
on use, on analysis and on human exposure,

unpublished sources of information may be used.

Criteria for selection of topics for evaluation

Agents, classes of agents and interventions to be
evaluated in the Handbooks are selected on the

basis of one or more of the fo11owing criteria.

· The available evidence suggests potential for
significantly reducing the incidence of cancers.

· There is a substantial body of human, experi-
mental, clinical and/or mechanistic data suit-
able for evaluation.

· The agent is in widespread use and of putative
protective value, but of uncertain efficacy and
safety.

· The agent shows exceptional promise in experi-
mental studies but has not been used in
humans.

· The agent is available for further studies of
human use.

Part Two
Evaluation of cancer-preventive agents
A wide range of findings must be taken into
account before a particular agent can be recog-

nized as preventing cancer. On the basis of experi-
ence from the lARC Monographs programme, a

systematized approach to data presentation is
adopted for Handbooks evaluations.
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Outlne of data presentation scheme for evaluating cancer-preventive agents

1. Chemical and physical characteristics

2. Occurrence, production, use, analysis and

human exposure

2.1 Occurrence

2.2 Production

2.3 Use

2.4 Analysis

2.5 Human exposure

3. Metabolism, kinetics and genetic variation

3.1 Human studies

3.2 Experimental models

3.3 Genetic variation

4. Cancer-preventive effects

4.1 Human studies

4.2 Experimental models

4.2.1 Experimental animais

4.2.2 ln-vitro models

4.3 Mechanisms of cancer-prevention

5. Other beneficial effects

6. Carcinogenicity

6.1 Humans

6.2 Experimental animais

7. Other toxic effects

7.1 Adverse effects

7.1.1 Humans
7.1.2 Experimental animais

7.2 Genetic and related effects

7.2.1 Humans
7.2.2 Experimental models

8. Summary of data

8.1 Chemistry, occurrence and human exposure

8.2 Metabolism and kinetics

8.3 Cancer-preventive effects

8.3.1 Humans
8.3.2 Experimental animais

8.3.3 Mechanism of action

8.4 Other beneficial effects

8.5 Carcinogenicity

8.5.1 Humans
8.5.2 Experimental animais

8.6 Toxic effects

8.6.1 Humans

8.6.2 Experimental animais

9. Recommendations for research

10. Evaluation

10.1 Cancer-preventive activity

10.1.1 Humans

10.1.2 Experimental animais

10.2 Overall evaluation

11. References

1. Chemical and physical

characteristics of the agent
The Chemical Abstracts Servces Registry Number, the

latest Chemical Abstracts Primary Name, the
IUPAC Systematic Name and other definitive
information (such as genus and species of plants) are
given as appropria te. Information on chemical and
physical properties and, in particular, data
relevant to identification, occurrence and biological
activity are included. A description of technical
products of chemicals includes trade names,

relevant specifications and available information on
composition and impurities. Sorne of the trade
names given may be those of mixtures in which the
agent being evaluated is only one of the ingredients.

2. Occurrence, production, use,

analysis and human exposure

2.1 Occurrence

Information on the occurrence of an agent or mix-
ture in the environment is obtained from data

derived from the monitoring and surveilance of

5
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levels in occupational environments, air, water, soil,
foods and animal and human tissues. When avail-
able, data on the generation, persistence and bio-

accumulation of the agent are included. For mix-
tures, information is given about a11 agents present.

2.2 Production

The dates of first synthe sis and of first commercial
production of a chemical or mixture are provided;
for agents that do not occur natura11y, this infor-
mation may a110w a reasonable estimate to be
made of the date before which no human use of,
or exposure to, the agent cou Id have occurred. The
dates of first reported occurrence of an exposure
are also provided. ln addition, methods of

synthesis used in past and present commercial pro-
duction and methods of production that may give
rise to different impurities are described.

2.3 Use
Data on production, international trade and uses
and applications are obtained for representative

regions. Sorne identified uses may not be
current or major applications, and the coverage

is not necessarily comprehensive. ln the case of
drgs, mention of their therapeutic applications does
not necessarily represent CUITent practce, nor does it

imply judgement as to their therapeutic effcacy.

2.4 Analysis

An overview of current methods of analysis or
detection is presented. Methods for monitoring
human exposure are also given, when available.

2.5 Human exposure

Human uses of, or exposure to, the agent are
described. If an agent is used as a prescribed or
over-the-cOlinter pharmaceutical product, then
the tye of person receiving the product in terms

of health status, age, sex and medical condition
being treated are described. For nonpharmaceutical
agents, particularly those taken because of cultural
traditions, the characteristics of use or exposure
and the relevant populations are described. ln a11

cases, quantitative data, such as dose-response
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relationships, are considered to be of special

importance.

3. Metabolism, kinetics and genetic

variation

ln evaluating the potential utilty of a suspected

cancer-preventive agent or strategy, a number of
different properties, in addition to direct effects

upon cancer incidence, are described and weighed.
Furthermore, as many of the data leading to an
evaluation are expected to come from studies in
experimental animaIs, information that faciltates
interspecies extrapolation is particularly impor-

tant; this includes metabolic, kinetic and genetic
data. Whenever possible, quantitative data,
including information on dose, duration and
potency, are considered.

Information is given on absorption, distribution

(inc1uding placental transfer), metabolism and ex-
cretion in humans and experimental animaIs.

Kinetic properties within the target species may
affect the interpretation and extrapolation of dose-
response relationships, su ch as blood concentra-

tions, protein binding, tissue concentrations,

plasma half-lives and elimination rates. Compara-
tive information on the relationship between use
or exposure and the dose that reaches the target
site may be of particular importance for extrapola-
tion between species. Studies that indicate the meta-
bolic pathways and fate of the agent in humans and
experimental animaIs are summarized, and data on
hum ans and experimental animaIs are compared
when possible. Observations are made on
interindividual variations and relevant metabolic
polymorphisms. Data indicating long-term accu-
mulation in human tissues are included.
Physiologica11y based pharmacokinetic modeIs
and their parameter values are relevant and are
included whenever they are available. Information
on the fate of the compound within tissues and
ce11s (transport, role of cellular receptors, compart-
mentalization, binding to macromolecules) is given.

Genotyping wil be used increasingly, not only
to identify subpopulations at increased or

decreased risk for cancers but also to characterize



Preamble to the IARC Handbooks of Cancer Prevention

variation in the biotransformation of, and res-
ponses to, cancer-preventive and chemotherapeu-
tic agents.

This subsection can include effects of the com-
pound on gene expression, enzyme induction or
inhibition, or pro-oxidant status, when such data
are not described elsewhere. It covers data obtained
in humans and experimental animaIs, with particu-
lar attention to effects of long-term use and exposure.

4. Cancer-preventive effects

4.1 Human studies

Types of studies considered. Human data are derived
from experimental and non-experimental study

designs and are focused on cancer, precancer or
intermediate biological end-points. The experi-

mental designs include randomized contro11ed tri-
als and short-term experimental studies; non-

experimental designs include cohort, case-control
and cross-sectional studies.

Cohort and case-control studies relate individ-
ual use of, or exposure to, the agents under study
to the occurrence or prevention of cancer in indi-
viduals and provide an estimate of relative risk
(ratio of incidence or mortality in those exposed to
incidence or mortality in those not exposed) as the
main measure of association. Cohort and
case-control studies follow an observational

approach, in which the use of, or exposure to, the
agent is not contro11ed by the investigator.

Intervention studies are experimental in design
- that is, the use of, or exposure to, the agent is

assigned by the investigator. The intervention
study or clinical trial is the design that can provide
the strongest and most direct evidence of a protec-
tive or preventive effect; however, for practical and
ethical reasons, such studies are limited to
observation of the effects among specifica11y

defined study subjects of interventions of 10 years

or fewer, which is relatively short wh en compared
with the overa11lifespan.

Intervention studies may be undertaken in in-
dividuals or communities and may or may not
involve randomization to use or exposure. The

differences between these designs is important in
relation to analytical methods and interpretation of
findings.

ln addition, information can be obtained from
reports of correlation (ecological) studies and case
series; however, limitations inherent in these

approaches usua11y mean that such studies carry lim-
ited weight in the evaluation of a preventive effect.

Qua/ity of studies considered. The Handbooks are
not intended to summarize a11 published studies. It
is important that the Working Group consider the
fo11owing aspects: (1) the relevance of the study;

(2) the appropriateness of the design and analysis
to the question being asked; (3) the adequacy and
completeness of the presentation of the data; and
(4) the degree to which chance, bias and con-

founding may have affected the results.
Studies that are judged to be inadequate or

irrelevant to the evaluation are genera11y omitted.

They may be mentioned briefly, particularly when
the information is considered to be a useful

supplement to that in other reports or when it
is the only data available. Their inclusion does

not imply acceptance of the adequacy of the

study design, nor of the analysis and interpretation
of the results, and their limitations are outlned.

Assessment of the cancer-preventive effect at
different doses and durations. The Working Group
gives special attention to quantitative assessment
of the preventive effect of the agent under study, by
assessing data from studies at different doses. The
Working Group also addresses issues of timing and
duration of use or exposure. Such quantitative assess-
ment is important to clarify the circumstances under
which a preventive effect can be achieved, as well as
the dose at which a toxic effect has been shown.

Criteria for a cancer-preventive effect. After summa-
rizing and assessing the individual studies, the
Working Group makes a judgement concerning
the evidence that the agent in question prevents

cancer in humans. ln making their judgement, the
Working Group considers several criteria for each
relevant cancer site.

7
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Evidence of protection derived from intervention
studies of good quality is particularly informative.
Evidence of a substantial and significant reduction
in risk, inc1uding a dose-response relationship, is
more likely to indicate a real effect. Nevertheless, a
sma11 effect, or an effect without a dose-response
relationship, does not imply lack of real benefit
and may be important for public health if the can-
cer is common.

Evidence is frequently available from different
types of studies and is evaluated as a whole.

Findings that are replicated in several studies of
the same design or using different approaches

are more likely to provide evidence of a true pro-
tective effect than isolated observations from

single studies.

The Working Group evaluates possible explana-
tions for inconsistencies across studies, inc1uding
differences in use of, or exposure to, the agent,

diferences in the underlying risk for cancer and
metabolism and genetic differences in the population.

The results of studies judged to be of high quality
are given more weight. Note is taken of both the
applicabilty of preventive action to several cancers

and of possible differences in activity, inc1uding
contradictory findings, across cancer sites.

Data from human studies (as we11 as from experi-
mental models) that suggest plausible mechanisms
for a cancer-preventive effect are important in

assessing the overa11 evidence.

The Working Group may also determine
whether, on aggregate, the evidence from human
studies is consistent with a lack of preventive effect.

4.2 Experimental models

4.2.1 Experimental animaIs

Animal models are an important component of
research into cancer prevention. They provide a
means of identifying effective compounds, of car-
rying out fundamental investigations into their
mechanisms of action, of determining how they
can be used optimally, of evaluating toxicity and,
ultimately, of providing an information base
for developing intervention trials in humans.
Models that permit evaluation of the effects of

-
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cancer-preventive agents on the occurrence of

cancer in most major organ sites are available.
Major groups of animal models inc1ude: those in
which cancer is produced by the administration of
chemical or physical carcinogens; those involving
genetica11y engineered animaIs; and those in

which tumours develop spontaneously. Most can-
cer-preventive agents investigated in such studies

can be placed into one of three categories: COff-

pounds that prevent molecules from reaching or
reacting with critical target sites (blocking agents);
compounds that decrease the sensitivity of target
tissues to carcinogenic stimuli; and compounds
that prevent evolution of the neoplastic process

(suppressing agents). There is increasing interest in
the use of combinations of agents as a means of
improving efficacy and minimizing toxicity.
Animal models are useful in evaluating such COff-
binations. The development of optimal strategies
for human intervention trials can be faciltated by
the use of animal models that mimic the neoplas-
tic process in humans.

Specific factors to be considered in such experi-
ments are: (1) the temporal requirements of

administration of the cancer-preventive agents;

(2) dose-response effects; (3) the site-specificity of
cancer-preventive activity; and (4) the number and
structural diversity of carcinogens whose activity
can be reduced by the agent being evaluated.

Other types of studies inc1ude experiments in

which the end-point is not cancer but a defined
preneoplastic lesion or tumour-related, inter-
mediate biomarker. An important variable in the
evaluation of the cancer-preventive response is the
time and the duration of administration of the
agent in relation to any carcinogenic treatment, or
in transgenic or other experimental models in

which no carcinogen is administered. Further-
more, concurrent administration of a cancer-

preventive agent may result in a decreased inci-
dence of tumours in a given organ and an increase
in another organ of the same animaL. Thus, in

these experiments it is important that multiple

organs be examined.
For a11 these studies, the nature and extent of

impurities or contaminants present in the cancer-
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preventive agent or agents being evaluated are

given when available. For experimental studies of
mixtures, consideration is given to the possibilty of
changes in the physicochemical properties of the
test substance during collection, storage, extraction,
concentration and delivery. Chemical and toxico-
logical interactions of the components of mixtures
may result in nonlinear dose-response relationships.

As certain components of commonly used diets
of experimental animaIs are themselves known to
have cancer-preventive activity, particular consid-
eration should be given to the interaction between
the diet and the apparent effect of the agent being
studied. Likewise, restriction of diet may be impor-
tant. The appropriateness of the diet given relative
to the composition of human diets may be com-
mented on by the Working Group.

Qualiative aspects. An assessment of the experi-
mental prevention of cancer involves several con-
siderations of qualitative importance, inc1uding:

(1) the experimental conditions under which the
test was performed (route and schedule of expo-
sure, species, strain, sex and age of animaIs stud-
ied, duration of the exposure, and duration of the
study); (2) the consistency of the results, for exam-
pIe across species and target organ(s); (3) the stage
or stages of the neoplastic process, from preneo-
plastic lesions and benign tumours to malignant
neoplasms, studied and (4) the possible role of
modifying factors.

Considerations of importance to the Working
Group in the interpretation and evaluation of a
particular study inc1ude: (1) how c1early the agent
was defined and, in the case of mixtures, how
adequately the sample composition was reported;
(2) the composition of the diet and the stabilty of
the agent in the diet; (3) whether the source, strain
and quality of the animaIs was reported; (4) whether
the dose and schedule of treatment with the
known carcinogen were appropriate in assays of
combined treatment; (5) whether the doses of the
cancer-preventive agent were adequately moni-
tored; (6) whether the agent(s) was absorbed, as
shown by blood concentrations; (7) whether the
survival of treated animaIs was similar to that of

controls; (8) whether the body and organ weights of
treated animaIs were similar to those of con troIs;

(9) whether there were adequate numbers of
animaIs, of appropriate age, per group;

(10) whether animaIs of each sex were used, if
appropriate; (11) whether animaIs were a110cated

randomly to groups; (12) whether appropriate
respective controls were used; (13) whether the
duration of the experiment was adequate;

(14) whether there was adequate statistical analy-
sis; and (15) whether the data were adequately
reported. If available, recent data on the incidence
of specific tumours in historical controls, as well as
in concurrent control s, are taken into account in
the evaluation of tumour response. The observa-

tion of effects on the occurrence of lesions

presumed to be preneoplastic or the emergence of
benign or malignant tumours may in certain in-
stances aid in assessing the mode of action of the
presumed cancer-preventive agent. Particular atten-
tion is given to assessing the reversibilty of these
lesions and their predictive value in relation to
cancer development.

Quantitative aspects. The probabilty that tumours
wil occur may depend on the species, sex, strain
and age of the animaIs, the dose of carcinogen (if
any), the dose of the agent and the route and dura-
tion of exposure. A decreased incidence and/or

decreased multiplicity of neoplasms in adequately
designed studies provides evidence of a cancer-pre-
ventive effect. A dose-related decrease in incidence
and/or multiplidty fuer strengtens fus assodation.

Statistical analysis. Major factors considered in the
statistical analysis by the Working Group inc1ude
the adequacy of the data for each treatment group:

(1) the initial and final effective numbers of

animaIs studied and the survival rate;
(2) body weights; and (3) tumour incidence and
multiplicity. The statistical methods used should
be clearly stated and should be the generally

accepted techniques refined for this purpose. ln
particular, the statistical methods should be appro-
priate for the characteristics of the expected data
distribution and should account for interactions in

""
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multifactorial studies. Consideration is given as to
whether the appropriate adjustments were made
for differences in survival.

4.2.2 ln-vitro models

Ce11 systems in vitro con tribu te to the early identi-
fication of potential cancer-preventive agents and
to elucidation of mechanistic aspects. A number
of assays in prokaryotic and eukaryotic systems are
used for this purpose. Evaluation of the results of
su ch assays includes consideration of: (1) the
nature of the ce11 type used; (2) whether primary
ce11 cultures or ce11 lines (tumorigenic or nontu-
morigenic) were studied; (3) the appropriateness of
controls; (4) whether toxic effects were considered
in the outcome; (5) whether the data were appro-
priately summated and analysed; (6) whether
appropriate quality con troIs were used; (7)
whether appropriate concentration ranges were
used; (8) whether adequate numbers of indepen-
dent measurements were made per group; and
(9) the relevance of the end-points, including inhi-
bition of mutagenesis, morphological transforma-

tion, anchorage-independent growth, ce11-ce11 com-

munication, calcium tolerance and differentiation.

4.3 Mechanisms of cancer prevention

Data on mechanisms can be derived from both
human and experimental systems. For a rational
implementation of cancer-preventive measures, it
is essential not only to assess protective end-

points but also to understand the mechanisms by
which the agents exert their anticarcinogenic

action. Information on the mechanisms of cancer-
preventive agents can be inferred from relation-
ships between chemical structure and biological
activity, from analysis of interactions between
agents and specific molecular targets, from studies
of specific end-points in vitro, from studies of the
inhibition of tumorigenesis in vivo and the efficacy
of modulating intermediate biomarkers, and from
human studies. Therefore, the Working Group
takes account of mechanistic data in ma king the

final evaluation of cancer-prevention.
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Several classifications of mechanisms have been
proposed, as have several systems for evaluating
them. Cancer-preventive agents may act at several
distict levels. Their action may be: (1) extracellular,
for example, inhibiting the uptake or endogenous
formation of carcinogens, or forming complexes

with, diluting and/or deactivating carcinogens; (2)

intracellular, for example, trapping carcinogens in
non-target ce11s, modifyng transmembrane transport,
modulating metabolism, blocking reactive molecules,
inbitig cell replication or modulatig gene expression

or DNA metabolism; or (3) at the level of the ce11, tis-
sue or organism, for example, affecting ce11 differen-
tiation, interce11ular communication, proteases, sig-
nal transducton, growth factors, cell adhesion mole-
cules, angiogenesis, interactions with the extracellu-
lar matrix, hormonal status and the immune system.

Many cancer-preventive agents are known or
suspected to act by several mechanisms, which ffay
operate in a coordinated manner and a110w theff a
broader spectrum of anticarcinogenic actvity. There-
fore, multiple mechanisms of action are taken into
account in the evaluation of cancer-prevention.

BeneficiaI interactions, generally resulting from
exposure to inhibitors that work through comple-
mentary mechanisms, are exploited in combiiied
cancer-prevention. Because organisms are natu-
ra11y exposed not only to mixtures of carcinogenic

agents but also to mixtures of protective agents, it
is also important to understand the mechanisms of
interactions between inhibitors.

5. Other beneficial effects

Ths secton contains maiy background inormation
on preventive activity; use is described in Section 2.3.
An expanded description is given, when appropriate,
of the effcacy of the agent in the maintenance of a
normal healthy state and the treatment of partcular
diseases. Information on the mechanisms involved
in these activities is described. Reviews, rather than
individual studies, may be cited as references.

The physiological functons of agents such as vita-
mis and micronutrents can be described briefly, with
reference to reviews. Data on the therapeutic effects of

drugs approved for clical use are summaried.
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6. Carcinogenicity

Sorne agents may have both carcinogenic and anti-
carcinogenic activities. If the agent has been evalu-
ated within the IAC Monographs on the Evaluation of

Carcinogenic Risks to Humans, that evaluation is

accepted, unless significant new data have appeared
that may lead the Working Group to reconsider the
evidence. When a re-evaluation is necessary or
when no carcinogenic evaluation has been made,
the procedures described in the Preamble to the

lARC Monographs on the Evaluation of Carcinogenic
Risks to Humans are adopted as guidelines.

7. Other toxic effects

Toxic effects are of particular importance in the
case of agents that may be used widely over long
periods in healthy populations. Data are given on
acute and chronic toxic effects, su ch as organ toxi-
city, increased cell proliferation, immunotoxicity
and adverse endocrine effects. If the agent occurs
natura11y or has been in clinical use previously,
the doses and durations used in cancer prevention
trials are compared with intakes from the diet, in
the case of vitamins, and previous clinical expo-
sure, in the case of drugs already approved for

humaH use. Wh en extensive data are available,
only summaries are presented; if adequate reviews
are available, reference may be made to these. If
there are no relevant reviews, the evaluation is
made on the basis of the same criteria as are
applied to epidemiological studies of cancer.

Differences in response as a consequence of
species, sex, age and genetic variabilty are pre-
sented when the information is available.

Data demonstrating the presence or absence of
adverse effects in humans are included; equa11y,

lack of data on specific adverse effects is stated c1early.
Findings in humall and experimental animaIs

are presented sequentia11y under the headings 'Toxic
and other adverse effects' and 'Genetic and related
effects' .

The section 'Toxic and other adverse effects'
includes information on immunotoxicity, neuro-

toxicity, cardiotoxicity, haematological effects and

toxicity to other target organs. Specific case reports

in humans and any previous clinical data are noted.
Other biochemical effects thought to be relevant
to adverse effects are mentioned. The reproductive
and developmental effects described include
effects on fertilty, teratogenicity, fetotoxicity and
embryotoxicity. Information from nonmam-
malian systems and in vitro are presented only if
they have clear mechanistic significance.

The section 'Genetic and related effects' inc1udes
results from studies in mammalian and nonmam-
malian systems in vivo and in vitro. Information on
whether DNA damage occurs via direct interaction
with the agent or via indirect mechanisms (e.g.
generation of free radicals) is inc1uded, as is infor-
mation on other genetic effects su ch as mutation,
recombination, chromosomal damage, aneuploidy,
cell immortalization and transformation, and effects
on ce11-ce11 communication. The presence and tox-
icological significance of cellular receptors for the
cancer-preventive agent are described.

The adequacy of epidemiological studies of toxic
effects, inc1uding reproductive outcomes and
genetic and related effects in humans, is evaluated
by the same criteria as are applied to epidemiological
studies of cancer. For each of these studies, the ade-
quacy of the reporting of sample characterization
is considered and, where necessary, commented upon.
The available data are interpreted critica11y accord-

ing to the end-points used. The doses and concen-
trations used are given, and, for experiments in vitro,
mention is made of whether the presence of an
exogenous metabolic system affected the observa-
tions. For studies in vivo, the route of administration
and the formulation in which the agent was

administered are included. The dosing regimens,
inc1uding the duration of treatment, are also given.
Genetic data are given as listings of test systems,
data and references; bar graphs (actvity profies) and
corresponding summary tables with detailed infor-
mation on the preparation of genetic activity pro-
files are given in appendices. Genetic and other
activity in humans and experimental mammals is
regarded as being of greater relevance th an that in
other organisms. The in-vitro experiments providing
these data must be carefully evaluated, since there

--
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are many trivial reasons why a response to
one agent may be modified by the addition of
another.

Structure-activity relationships that may be rele-
vant to the evaluation of the toxicity of an agent
are described.

Studies on the interaction of the suspected can-

cer-preventive agent with toxic and subtoxic doses
of other substances are described, the objective

being to determine whether there is inhibition
or enhancement, additivity, synergism or potenti-
ation of toxic effects over an extended dose range.

Biochemical investigations that may have a bear-
ing on the mechanisms of toxicity and cancer-
prevention are described. These are carefully evalu-
ated for their relevance and the appropriateness of
the results.

8. Summary of data

ln this section, the relevant human and experimental
data are summarized. Inadequate studies are gen-
erally not summarized; such studies, if cite d, are

identified in the preceding text.

8.1 Chemistry, occurrence and human exposure

Human exposure to an agent is summarized

on the basis of elements that may include production,
use, occurrence in the environment and determina-
tions in human tissues and body fluids. Quantitative
data are summarized when available.

8.2 Metabolism and kinetics

Data on metabolism and kinetics in humans and
in experimental animaIs are given when these

are considered relevant to the possible mechanisms
of cancer -preventive, carcinogenic and toxic

activity.

8.3 Cancer-preventive effects

8.3.1 Humans

The results of relevant studies are summarized,

including case reports and correlation studies when
considered important.

..
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8.3.2 Experimental animaIs

Data relevant to an evaluation of cancer-pre-

ventive activity in experimental models are

summarized. For each animal species and route
of administration, it is stated whether a change
in the incidence of neoplasms or preneoplastic .
lesions was observed, and the tumour sites are
indicated. Negative findings are also summa-
rized. Dose-response relationships and other
quantitative data may be given when available.

8.3.3 Mechanism of action
Data relevant to the mechanisms of cancer-pre-
ventive activity are summarized.

8.4 Other beneficial effects

When beneficial effects other th an cancer preven-

tion have been identified, the relevant data are
summarized.

8.5 Carcinogenicity

Norma11y, the agent wil have been reviewed and

evaluated within the lARC Monographs pro-

gramme, and that summary is used with the inclu-
sion of more recent data, if appropriate.

8.5.1 Humans

The results of epidemiological studies that are

considered to be pertnent to an assessment of human
carciogenidty are sumared. When relevant, case
report and correlation studies are also summaried.

8.5.2 Experimental animaIs

Data relevant to an evaluation of carcinogenic effects
in animal models are summarized. For each animal

species and route of administration, it is stated
whether a change in the incidence of neoplasms or
preneoplastic lesions was observed, and the tumour
sites are indicated. Negative findings are also summa-
rized. Dose-response relationships and other quanti-
tative data may be mentioned when available.

8.6 Toxic effects

Adverse effects in humans are summarized,

together with data on general toxicological effects
and cytotoxicity, receptor binding and hormonal
and immunological effects. The results of investi-
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gations on the reproductive, genetic and related

effects are summarized. Toxic effects are summa-
rized for whole animaIs, cultured mammalian ce11s
and non-mammalian systems. When available,
data for humans and for animaIs are compared.

Structure-activity relationships are mentioned
when relevant to toxicity.

9. Recommendations for research

During the evaluation process, it is likely that
opportunities for further research wil be identi-
fied. These are clearly stated, with the understand-
ing that the areas are recommended for future

investigation. It is made clear that these research
opportunities are identified in general terms on
the basis of the data currently available.

10. Evaluation

Evaluations of the strength of the evidence for

cancer-preventive activity and carcinogenicity

from studies in humans and experimental models
are made, using standard terms. These terms may
also be applied to other beneficial and adverse

effects, when indicated. When appropriate, refer-
en ce is made to specific organs and populations.

It is recognized that the criteria for these evalu-
ations, described below, cannot encompass a11

factors that may be relevant to an evaluation of
cancer-preventive activity. ln considering a11 the

relevant scientific data, the Working Group may
assign the agent or other intervention to a higher
or lower category than a strict interpretation of
these criteria would indicate.

10.1 Cancer-preventive activity
These categories refer to the strength of the evid-

ence that an agent prevents cancer. The evaluations
may change as new information becomes available.

Evaluations are inevitably limited to the can-

cer sites, conditions and levels of exposure and
length of observation covered by the available
studies. An evaluation of degree of evidence,

whether for a single agent or a mixture, is limited
to the materials tested, as defined physica11y,

chemica11y or biologically. When the agents evalu-
ated are considered by the Working Group to be
sufficiently closely relate d, they ilay be grouped

for the purpose of a single evaluation of degree of

evidence.
Information on mechanisms of action is taken

into account when evaluating the strength of
evidence in humans and in experimental animaIs,
as we11 as in assessing the consistency of results
between studies in humans and experiilental
models.

10.1.1 Cancer-preventive activity in humans

The evidence relevant to prevention in hUilans is
classified into one of the fo11owing four categories.

· Suftcíent evidence of cancer-preventive activity
The Workig Group considers that a causal
relationship has been established between use of
the agent and the prevention of hUilan can-

cer in studies in which chance, bias and confound-
ing could be ruled out with reasonable confidence.

· Limited evidence of cancer-preventive activity
The data suggest a reduced risk for cancer with
use of the agent but are limited for making a
definitive evaluation either because chance,

bias or confounding could not be ruled out with
reasonable confidence or because the data are

restricted to intermediary biomarkers of uncer-
tain validity in the putative pathway to cancer.

· Inadequate evidence of cancer-preventive activity

The available studies are of insufficient quality,
consistencyor statistical power to permit a con-
clusion regarding a cancer-preventive effect of
the agent, or no data on the prevention of can-

cer in humans are available.
· Evidence suggesting lack of cancer-preventive activity

Several adequate studies of use or exposure

are mutua11y consistent in not showing a

preventive effect.
The strength of the evidence for any carcinogenic

activity is assessed in para11el. Both cancer-preven-
tive activity and carcinogenicity are identified

and, wh en appropriate, tabulated by organ site.
The evaluation also cites the population subgroups

..
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concerne d, specifying age, sex, genetic or environ-
mental predisposing risk factors and the presence
of precancerous lesions.

10.1.2 Cancer-preventive activity in experimental
animaIs

Evidence for prevention in experimental animaIs
is classified into one of the fo11owing categories.

· Suffczent evidence of cancer-preventive activity
The Working Group considers that a causal
relationship has been established between the
agent and a decreased incidence and/or mult-
plicity of neoplasms.

· Limited evidence of cancer-preventive activity
The data suggest a preventive effect but are
limited for making a definitive evaluation be-
cause, for example, the evidence of prevention is
restricted to a single experiment, the agent de-
creases the incidence and/or multiplicity only of
benign neoplasms or lesions of un certain neo-
plastic potential or there is conflcting evidence.

--
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· Inadequate evidence of cancer-preventive activity
The studies cannot be interpreted as showing
either the presence or absence of a preventive

effect because of major qualitative or quantita-
tive limitations (unresolved questions regarding
the adequacy of the design, conduct or interpre-
tation of the study), or no data on prevention in
experimental animaIs are available.

· Evidence suggesting lack of cancer-preventive activity
Adequate evidence from conclusive studies
in several models shows that, within the limits
of the tests used, the agent does not prevent
cancer.

10.2 Overall evaluation
Fina11y, the body of evidence is considered as a

whole, and summary statements are made that
encompass the effects of the agents in hUffans
with regard to cancer-preventive activity, carcino-
genicity and other beneficial and adverse effects,
as appropriate.
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Experiments with animal models conducted in

the 1960s and 1970s demonstrated that high
doses of retinoids could inhibit carcinogenesis in

several organs, including the respiratory tract.
Many epidemiological studies carried out during
the late 1970s and early 1980s showed negative

associations between estimated intakes of vitamin
A or ß-carotene (provitamin A) and the risk for
developing cancer at various sites. ln we11-nour-

ished populations, however, no consistent rela-
tionships were found between cancer risk and
plasma retinol concentrations. Fo11owing these

observations, it was postulated that ß-carotene

itself, without transformation into retinol, might
protect against cancer by its antioxidant capacity
or by direct action or conversion to retinoid-like
molecules. These suggestions captured the imagi-

nations of many workers and stimulated mu ch
research (Peto et al., 1981). This monograph sum-
marizes a great deal of that work and attempts to
draw conclusions about the present and future
trends in research.

Carotenoids
Of the various classes of pigments in nature,
the carotenoids are among the most wide-
spread and important and have attracted inter-
est for a considerable time. ln 1831,
Wackenroder isolated carotene from carrots
(Daucus carota), from which the class of com-
pounds derives its name. ln 1837, Berzelius

gave the name 'xanthophy11s' to the yeHow pig-
ments from autumn leaves. These reports mark
the beginning of carotenoid research. Because

of their ubiquitous occurrence, different func-
tions and interesting properties, carotenoids are
the subject of interdisciplinary research in

many branches of science. The industrial pro-
duction of carotenoids has also contributed

mu ch to knowledge in this field.
Early work on carotenoid chemistry is sum-

marized in the book Carotenoide (Karrer &

Jucker, 1948), which was fo11owed by another,
edited by Isler et al. (1971), who devised an eco-
nomica11y feasible method for the industrial

synthesis of carotenoids. Biochemical aspects

have been covered in The Biochemistr of the

Carotenoids (Goodwin, 1980, 1984), in The
Biochemistr of Natural Pigments (Britton, 1983)
and, more recently, in Plant Pigments,

(Goodwin, 1988). The technical and nutrition-
al applications of carotenoids have been treated
in a book edited by Bauernfeind (1981).
Recently, a new series, Carotenoids (Britton et
aL., 1995a,b), was started which wil cover the
entire field. Advances in a11 areas of research on
carotenoids are covered in the published pro-

ceedings of the International Symposia on

Carotenoids (Weedon, 1976; Goodwin, 1979;
Britton & Goodwin, 1982; Davies & Rau, 1985;

Krinsky et aL., 1989; Britton, 1991, 1994, 1997).
ß-Carotene is one of the agents being evalu-

ated in the frarrework of the US National

Cancer Institute chemoprevention plan. This
programme includes a number of in-vitro and
in-vivo preclinical studies and phase-l, phase-II
and phase-II clinical chemoprevention trials
(Ke11off & Boone, 1994).

Carotenoids occur in aH three domains of
life, Le. eubacteria, archeobacteria and eukary-
otes. More than 600 naturally occurring
carotenoids are known today (Pfander et al.,
1987; Ku11 & Pfander, 1995). Algae are a ri ch
source of carotenoids, and more than 100 such
compounds have been isolated from these
organisms and characterized (Haugan et aL.,
1995). The most important source of
carotenoids for humans is plants, in which the
brillant colours of the carotenoids are often

masked by chlorophy11, e.g. in green leaves. The
carotenoids are responsible for the beautiful
colours of many fruits (citrus fruits, tomatoes,
paprika, rose hips) and flowers (Eschscholtzia,

Narcissus), as we11 as the colours of many birds
(flamingo, cock of the rock, ibis, canary), insects
(ladybird) and marine animaIs (crustaceans,
salmon). Norma11y, carotenoids occur in low

concentrations; nevertheless, total carotenoid
production in nature has been estimated to be

about 108 tonnes per year (Isler et aL., 1967).
Analysis of serum and human breast milk has
shown that about 20 carotenoids derived from
fruits and vegetables may be absorbed and
metabolized by humans (Khachik et al., 1997).

..
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Carotenoids produced industria11y by synthesis
or from natural extracts are widely used in feed to
col our egg yolk, chickens, shrimp and farm-raised
salmon or to colour food products such as mar-
garine and cheese. Various methods have been
developed for incorporation of carotenoids into
foods: a microcrystallne dispersion in an edible

fat is used to colour margarine, and ß-carotene in
the form of a microdispersion in a hydrophilc

protective co11oid is used in fruit juices.
Besides the ß-carotenes, which are of commer-

cial interest, many other natura11y occurring

carotenoids have been synthesized. The main
emphasis has been on the synthesis of carotenoids
in optica11y active forms, as it is these that are

found in nature and are useful as reference stan-
dards for analytical work.

Given the large number of natural
carotenoids, a detailed systematic nomenclature
has been developed (Section 1). This handbook
deals specifica11y with those compounds found
predominantly in hum an blood and tissues and
with which the most extensive studies of cancer
prevention have been undertaken. The term
'carotenoid covers a11 of these compounds; the
term 'carotene' is restricted to the hydrocarbons,
that is, compounds containing only hydrogen
and carbon, and carotenoids containing oxygen
functions are known as 'xanthophy11s'. The provi-
tamin A carotenoids are ß-carotene and other
compounds that con tain one unsubstituted ß

ring, e.g. a-carotene and ß-cryptoxanthin.
Because of their long system of conjugated

double bondsJ any carotenoid can theoretica11y
exist not only in the a11-trans (all-E) form but also

in alternative forms with different geometrical

arrangements of one or more of the double bonds,
Le. as cis (Z) isomers. Interconversion between the
geometrical isomers occurs readily. The geometri-
cal isomers have different physical and chemical
properties, which must lead to differences in their
bioavailabilty and biological activity. For a11 pur-
poses of this handbook, E = trans and Z = cis, and
the terms trans and cis are used consistently.

The form in which a carotenoid is ingested is
also important. Supplements can consist of for-
mulations of pure, often crystallne material as a
suspension in oil or in a stabilzed, water-dis-

persible form. ln natural foods, the structural
matrix and molecular environment of a

..
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carotenoid are major determinants of its bioavail-
abilty. The isomeric composition of samples of a
particular carotenoid from different sources may
also vary. A11 ß-carotene samples, for example,

consist of mixtures of geometrical isomers, but the
isomeric compositions are not always the same.

Thus, ß-carotene obtained from the alga Dunaliella
can contain up to 50% cis isomers, whereas iii
most natural sources the level of cis isomers pre-
sent is sma11 (usually no more than 5-10%).

The many biological properties and functions
of the carotenoids establish the importance of this
c1ass of compounds (Krinsky, 1994). During pho-
tosynthesis, direct excitation of carotenoids by
light results in an excited singlet state; subsequent
transfer of this excitation energy to chlorophyll
initia tes photosynthesis. The involvement of
carotenoids can effectively extend the wavelength
of light availableto an organism for photosynthe-
sis. Carotenoids are also important for photo
protection of ce11s and tissues (Section 1).

ln humans and in animaIs that require vita-
min A for normal growth and development, the
most important source is the ingestion and
metabolism of carotenoids that can be converted
to vitamin A. An adequate supply of vitamin A is
not critical in affuent societies but may stil be a
severe problem in countries of the Third World.

According to an estimate of WHO (Underwood &
Arthur, 1996), 250000-500000 children go blind
every year due to xerophthalmia, a disease caused

by a deficiency of vitamin A, or die as a conse-

quence of infectious diseases.
Oxidative processes may damage macromole-

cules such as proteins, lipids and DNA bases. Such
damage may affect the proper functioning of ce11s
and con tribu te to the development of cancer and
of cardiovascular and other degenerative disease.
Oxidative pro cesses are also a necessary part of

essential biological functions in ce11s, however,

including those involved in intrace11ular signal
transduction and control of ce11 proliferation or
apoptosis. Thus, the health of an organism

depends on a balance between oxidants and
antioxidants.

The abilty of carotenoids to act as antioxidants
in vitro is we11 established; what is currently of
great interest is whether they also behave

as antioxidants in vivo, e.g. in low-density

lipoproteins and in the membranes of ce11s sus-
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ceptible to carcinogenesis. Other possible anti-
carcinogenic effects of carotenoids could derive
from their influence on immune functioning or
induction/suppression of enzymes involved in
xenobiotie detoxification, su ch as cytochrome

P450, and the postulated growth regulation
mediated by gap-junctional communication.
Some carotenoids are metabolized to retinol or
further to other retinoids, and may also induce
biological effects mediated by retinoic acid
receptors.

Issues in research on carotenoids and
human cancer

A variety of investigative approaches has been
used in the extensive body of research on the

effect of carotenoids on carcinogenesis. Findings
from in-vitro systems, animal models, human epi-
demiologieal studies and human c1inieal trials are
discussed in Sections 4 and 6. Application of a11 of

the disciplines involved in such studies wil be
needed to understand the possible effects of
carotenoids in the prevention of cancer. When
findings from various research fields point in a
common direction, inference is relatively straight-
forward. Associations seen in observational epi-
demiological studies may be c1arified by c1inical
trials. The underlying mechanisms may be better
understood from studies in animal models and in
vitro.

The diverse data may, however, be difficult to
integrate, as each research domain suggests

different mechanisms or even different effects.
Su ch discrepancies emphasize the limitations of
each of the research methods, whieh may not
provide relevant information for cancer preven-

tion as currently conducted. Studies in vitro and in
animal models rely on biological models of car-
cinogenesis, which may not correspond to the
human situation with regard to cancer. For
example, in-vitro systems isolated from tissue and
blood proteins and protected from counter-regu-

latory physiologieal responses may suggest mech-
anisms that do not occur in humans. Animal

models of cancer often involve specifie carcino-
gens and a dosage schedule that is much more
rapid than those to whieh humans are usua11y

exposed. ln addition, the physiology of organs

can differ between humans and animaIs, further

complicating extrapolation of results.
Many species have been used to study the rela-

tionship between exposure to carotenoids and

cancer. Each species has advantages and limita-
tions with regard to the human situation. For
example, the absorption and transport of
carotenoids in rodents differ markedly from those
in humans, although the metabolism and func-
tions of carotenoids in rodents and humans are
similar. These issues must be considered carefully
when extrapolating the results obtained in any
given species to humans.

Epidemiology is also subject to several poten-
tial limitations. Estimates of dietary intake of
carotenoids derived from questionnaires, food
composition tables or biomarkers of nutritional
exposure may be of only limited validity because
questionnaires tend to reflect recent intake rather
than intake at the time of cancer induction.

Further, unti recently, dietary databases did not

contain data on the content of specifie carotenes
in food items. Confounding is a second major

issue in nutrition al epidemiology. Specific food

constituents tend to be c1ustered by food group;

e.g. vegetables and fruits are the main sources not
only of carotenoids but also of other substances

that have been postulated to protect against can-
cer. Sin ce other nutrients ffay have cancer-protec-
tive properties, they themselves may underlie an
apparent inverse association between carotenoid
intake and cancer risk. Conceivably, an apparent
protective effect of a high intake of carotenoids
could be due to associated dietary factors, such as
low fat intake and non-dietary lifestyle factors
su ch as exercise, avoidance of cigarette smoking
and leanness. Associations with intermediate end-
points, increasingly used in nutritional epidemiol-
ogy, may not para11el those with cancer itself.
Indeed, it has been diffieult even to define the cri-
teria whereby an end-point is a valid intermediate
marker of cancer.

Randomized intervention trials avoid the
problems of measuring exposure and of con-

founding which bedevil observational studies;
however, the evidence from clinical trials is
restricted to the doses given, the duration and the
stage of the natural history of the cancer under
study. When possible chemopreventive agents
such as the carotenoids are being tested, the agent
being administered and the way in which it is
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administered may also differ in important ways
from the situation in whieh carotenoids are

obtained from foods. Thus, observational studies
on nutrient-disease relationships and interven-
tion studies in which an isolated nutrient is given
do not necessarily examine the same questions.

Objectives of this handbook

The Working Group has critically evaluated work
relevant to the potential role of carotenoids and
cancer prevention carried out during the last two
decades. An enormous volume of experimental
research on the anti-cancer effects of ß-carotene
and other dietary and non-dietary carotenoids

resulted from the enthusiasm that fo11owed the

original observation of an inverse association

between dietary ß-carotene and cancer risk. The
hypothesis did not only affect experimental stud-
ies but resulted in expansion of interest in the
whole field of carotenoids. It stimulated improve-
ments in analytical techniques to measure the
sma11 concentrations of carotenoids in serum, and

this in turn facilitated more detailed research on
metabolism, genetie variation and the kineties of
carotenoid turnover in tissues. This handbook
also describes and evaluates the outcomes of the
large intervention trials that were conducted in
the wake of the enthusiasm for the hypothesis

and were made possible by the availabilty of
ß-carotene supplements. The outcome of that
work is evaluated, and the direction that research
is currently ta king and areas where more research
is stil needed are defined.
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Carotenoids

1. Chemistry

1.1 Structure and nomenclature

Carotenoids are a c1ass of hydrocarbons

(carotenes) and their oxygenated derivatives
(xanthophylls). They consist of eight iso-
prenoid units joined in su ch a manner that
their arrangement is reversed at the centre of
the molecule, so that the two central methyl
groups are in a 1,6-positional relationship and
the remaining non-terminal methyl groups are

in a 1,5-positional relationship. A11 carotenoids

may be derived formally from the acyc1ic

C4üHs6 structure, ilustrated in Figure 1, with a

long central chain of conjugated double bonds,
by hydrogenation, dehydrogenation, cycliza-
tion or oxidation, or any combination of these
processes. The class also includes compounds
that arise from certain reaffangements or

degradations of the carbon skeleton, provided
that the two central methyl groups are retained.
Retinoids, including retinol, a11-trans-retinoic

acid and 9-cis-retinoic acid (Fig. 2), are therefore
not included in the class of carotenoids.

Rules for the nomenclature of carotenoids
(semi-systematic names) have been published
by the International Union of Pure and Applied
Chemistry (IUPAC) and the IUPAC-International
Union of Biochemistry Commissions on
Biochemical Nomenclature (1975; Weedon &
Moss, 1995). Trivial names are usually used for
the most common carotenoids; however, when
trivial names are used in a publication, it is rec-
ommended that the semi-systematie name be
given, in parentheses or ina footnote, at the

first mention. A11 specific names are based on
the stem name 1 carotene', which corresponds
to the structure and numbering ilustrated In
Figure 3. The name of a specific compound is
constructed by adding as prefixes two Greek
letters that specify the two C9 end groups (Fig.
4); these prefixes are cited in alphabetieal order.

The oxygenated carotenoids (xanthophy11s)
are named according to the usual rules of
organic chemistry. The functional groups most

frequently observed are hydroxy, methoxy, car-
boxy, oxo and epoxy. Chirality and geometrie
configuration are designated conventiona11y as

RIS or EIZ, respectively. ln this handbook,
the terms trans and cis are used for E and Z,
respectively. Important, characteristic caro-

tenoids (Fig. 5) are lycopene (cp,(p-carotene), ß-
carotene (ß,ß-carotene), a-carotene ((6'R)-ß,£-
carotene), ß-cryptoxanthin ((3R)-ß,ß-caroten-3-01),

zeaxanthin ((3R,3' R)-ß,ß-carotene-3,3' -diol),
lutein (previously named 'xanthophyll

(3R,3' R,6' R)-ß,£-carotene-3,3' -diol), neoxan-

thin ((3S,5R,6R,3' S,5'R,6'S)-5',6' -epoxy-6,7-

didehydro-5,6,5 ',6'-tetrahydro-ß,ß-carotene-
3,5,3' -triol), violaxanthin ((3S,5R,6S,3' S,-

S' R,6' 5)-5,6:5' ,6' -diepoxy-5,6,5',6' -tetrahydro-
ß,ß-carotene-3,3'-diol), fucoxanthin ((35, SR, 6S,
-3' S,S' R,6' R)-5 ,6-epoxy-3,3',5' -trihydroxy-
6',7'-didehydro-5,6,7,8,5',6'-hexahydro-ß,ß-
caroten-8-one 3'-acetate), canthaxanthin (ß,ß-
carotene-4,4'-dione) and astaxanthin ((35,3'S)-
3,3' -dihydroxy-ß,ß-carotene-4,4' -dione).

Derivatives in which the carbon skeleton
has been shortened by the formaI removal of

fragments from one end of a carotenoid are
named 'apocarotenoids', the position of the
point of cleavage being indicated, e.g. ß-apo-8'-
carotenal (8' -apo-ß-caroten-8'-al). Derivatives
in which fragments have been formally
removed from both ends of the molecule are
ca11ed 'diapocarotenoids', an example being
bixin, the main component of the natural col-
orant annatto. Other structural variations are
those of the norcarotenoids, in which one or
more carbon atoms have been eliminated from
within the typical C40 skeleton. A prominent
example is the C37 skeleton of peridinin
((3S,5R,6R,3' S,S' R,-6' R)-5,6-epoxy-3,5,3' -trihy-

droxy-6,7 -didehydro-5,6,5 ',6'-tetrahydro-
10,II,20-trinor-ß,ß-caroten-19',ll-olide 3 ace-

tate), which is characteristic of diatoms.
The structures and trivial and semisystemat-

ic names of a11 known naturally occurring caro-
tenoids are listed in Key to Carotenoids (Pfander,

1987) and in the Appendix of Carotenoids,
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Figure 1. The basic carotenoid skeleton, constructed from eight isoprenoid units

Figure 2. Structures of important retinoids
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Figure 4. The seven end groups in carotenoids
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Volume lA (Ku11 & Pfander, 1995), which also
inc1udes references for their spectroscopie and
other properties. For many of the carotenoids
listed, however, the structure (this term in-
c1udes the stereochemistry) is stil uncertain; in
a11 these cases, reisolation fo11owed by structural
elucidation with modern spectroscopie meth-
bds (especially high-resolution nuclear magnet-
ic resonance (NMR) spectroscopy) is absolutely
necessary. About 370 of the naturally occurring
carotenoids are chiral, bearing one to five

asymmetrie carbon atoms; most individual caro-
tenoids occur in only one configuration in nature.

The cis-trans isomerism of the carbon-car-
bon double bonds is an important feature of
the stereochemistry of carotenoids, because

these geometrIC isomers may have different bio-
logical properties. The first comprehensive
review of the cis-trans isomerism of carotenoids
and vitamin A was published in 1962

(Zechmeister, 1962), and the literature in this
field is extensive. Because of the number of
double bonds, many geometrIC isomers (e.g.

17

18

K

7

'-
8

19

9'-
10

20

11

'-
12

15

1056 for lycopene and 272 for ß-carotene) are
theoretica11y possible. When in the cis configu-
ration, the double bonds of the polyene chain
can be considered as two groups: those with little
sterie hindrance (e.g. the central 15,15' double
bond and the double bonds that bear a methyl
group, such as the 9,9' and 13,13' double

bonds) and those with substantial sterie hindrance
(7,7' and 11,11' double bonds). Although isomers
with sterically hindered cis double bonds are some-
times found, they are rare, and the number of cis
isomers likely to be found is, in practiee, reduced
considerably, e.g. from a potential 1056 com-
pounds to the actual number of 72 for lycopene.

Carotenoids usually occur in nature as a11-

trans-isomers, but exceptions are known, such
as 9-cis-ß-carotene in the alga Dunaliella and the
15-cis-phytoene isolated from canots, tomatoes
and other organisms. Sorne carotenoids readily
undergo isomerization, and many cis isomers
that are described in the literature as natural
products may be artefacts. For experimental
work, it must be kept in mind that geometrie

..
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Figure 5. Structures of important carotenoids
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isomerization may occur when a carotenoid is
kept in solution. The percentage of cis isomers is
usua11y low but is enhanced as the temperature

rises above the ambient. Furthermore, the forma-
tion of cis isomers is increased by exposure to light.

This section consists of two parts. ln the

first part, the general properties of carotenoids
as a group are considered. The information is
derived largely from a recent review of the
strctures and properties of carotenoids in relation
to function (Britton, 1995a). ln the second part,
information is given on the individual com-

pounds covered in this handbook. Although
those listed are the main carotenoids identified
in human blood and tissues, more th an 100 are

likely to be ingested in the general human diet,
sorne of them, notably astaxanthin, bixin, cap-
santhin, capsorubin and others, in signifcant
amounts. Sorne main dietary carotenoids, espe-
cia11y the epoxides violaxanthin and neoxan-
thin which are major carotenoids in a11 green

plants are not found in blood or tissues.

1.2 General properties

1.2. 1 Re/ationships between structure,
properties and bi%gica/ activity

The natural functions and biological actions of
carotenoids are determined by the physical and
chemical properties of the molecules, which
themselves are defined by the molecular struc-
ture. Carotenoids are largely rigid molecules,

but sorne flexibilty is associated with the end
groups. The overa11 molecular geometry, Le. the

size and shape of the molecule and the pres-
ence of functional groups, determines the solu-
bility and is the main feature that determines
the abilty of the carotenoid to fit into cellular
and subce11ular structures. The conjugated dou-
ble-bond system also determines the chemical
and photochemical properties that form the
basis of its biologieal actions and functions. A
third factor, the importance of which is often
overlooked, is interaction between carotenoids
and other molecules in their immediate vicinity,
which can greatly alter the properties of caro-
tenoids and thus affect their functioning in vivo.

1.2.2 Mo/ecu/ar size and shape
A11 coloured carotenoids in the all-trans config-

uration have an extended system of conjugated

carbon-carbon double bonds and are conse-
quently linear. The cis isomers are not linear,
and their shape differs substantia11y from that
of the a11-trans form, so their abilty to fit into

subcellular structures may differ greatly from
that of the a11-trans form. The size and shape of
the end groups also affects their fit. Acyc1ic
compounds such as lycopene are essentia11y
long, linear molecules with flexible end groups.
When cyc1ie end groups are present, the mole-
cule is shorter; the effective bulk of cyclic end
groups is greater and depends on the preferred
conformation, as determined by steric factors
and the presence of substituent groups.
Structural changes that appear to be minor can
result in signifcant alterations in shape.

1.2.3 So/ubilty
Virtually a11 carotenoids that are obtained from
a normal human diet, and certainly those
found in blood and body tissues, are extremely
hydrophobie molecules which form aggregates
or adhere nonspecifica11y to structural surfaces.
The exceptions inc1ude the norcarotenoid car-
boxylic acid nor-bixin, which is present in
preparations of annatto, and the glycosyl esters

found in saffron. ln vivo, free (Le. not aggregated)
carotenoids are therefore expected to be restricted
to hydrophobie (lipophilc) environments.

1.2.4 Properties and mo/ecu/ar interactions

of carotenoids in vivo
Almost a11 of the information about the proper-

ties of carotenoids is derived from studies of the
molecules in simple organic solutions. ln vivo,
however, carotenoids are part of a much more
complex system and are in close proximity to
other components su ch as lipids and proteins,
frequently in ordered structures. The overall
size, shape and hydrophobicity of a carotenoid
are thus major determinants of its abilty to fit
into subcellular structures. As noted above, the
structural details that define individual

carotenoids also determine the precise orienta-
tion and the nature of any molecular interac-

tions with the surroundings.
Carotenoids are commonly located in mem-

branes, where they may be an integral part of the
ordered membrane structure. The positioning of
the carotenoid in the membrane is strongly

..
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dependent on structure, and differences are
seen between carotenes and xanthophylls. The
polar end groups of the xanthophy11s interact

with the polar, outer part of the membrane and
a110w the carotenoid to span the lipid bilayer

(Gruszecki & Sielewiesiuk, 1990). Carotenes,
with no polar end groups, are restricted to the
hydrophobic inner core of the bilayer.
Interactions between carotenoids and proteins
are also of physiological importance, and the
carotenoid is usua11y stabilzed by such associa-

tions, which can signifieantly alter its physical
and chemical properties.

Interactions between carotenoid molecules
themselves can also affect their properties. The
highly hydrophobic carotenoids show a strong
tendency to aggregate and crystallze in aque-
ous media. This aggregation especia11y affects
the light absorption and chemical reactivity of
carotenoids and their effective size and solubilty.
This effect is particularly significant for the
release of carotenoids from food matrices and
their emulsifcation and absorption. ln natural
foods, carotenoids may be present in a micro-
crystallne form, e.g. lycopene in tomatoes,

and their solubilzation wh en in this form (or as
crystallne supplements) can be very ineffcient.
This property c1early has important conse-

quences for their bioavailabilty. cis Isomers
genera11y have a lesser tendency to crystallze

th an a11-trans isomers, so that the cis isomers

may be more readily solubilzed, absorbed and
transported.

1.3 Properties of the conjugated polyene

chain
1.3.1 Light absorption and photochemical

properties
The characteristie strong absorption of light in
the visible region is attributed to a transition

from the electronic ground state to the second
singlet excited state. As the main absorption
bands lie in the 400-500-nm region, the
carotenoids are strongly coloured ye11ow, orange

or red. The ultraviolet (UV)-visible absorption

spectrum provides the first Cfiterion for identify-
ing a carotenoid and is also the basis for quanti-
tative analysis.

Direct formation of the carotenoid triplet
state from the excited singlet state is not

ZR

favoured. Nevertheless, its formation by
triplet-triplet energy transfer from other triplet
state molecules, e.g. photosensitizers, can be
very efficient because the triplet-state energy of
carotenoids that contain more than seven con-
jugated double bonds is low. Transfer of energy
from triplet species to carotenoids is usually
very efficient and prevents the alternative energy
transfer to oxygen, which would generate the
highly reactive and destructive singlet oxygen.
Carotenoids can also accept excitation energy
from singlet oxygen, if any should be formed.
The triplet c3rotenoid has too little energy to
generate other species by energy transfer, and
the excitation energy is dissipated harmlessly to
the surroundings.

1.3.2 Chemical properties

Chemical reactions involving caro te no id end
groups are important in c1assieal chemistry

for characterization and derivatization. The

conjugated polyene chain is a reactive,
electron-rich system that is susceptible to

attack by electrophilc reagents, is responsible

for the instabilty of carotenoids towards

oxidation and is the most important part of
the molecule in relation to free-radical chem-
istry.

Carotenoids are rapidly destroyed by oxida-
tion, especially by free radicals such as the
hydroxy radical and various peroxy radicals.
The important fundamental chemistry of
carotenoid radicals and of the reactions of

carotenoids with oxidizing free radicals is not
well understood. Carotenoid radicals may
be charged or neutral and are very short-lived
species. ln principle, removal of one electron
from the carotenoid molecule by oxidation

gives the radieal cation Car+', whereas the

addition of one electron by reduction generates

the radical anion Car-' (Simie, 1992). These

charged radicals can be detected by
their distinctive spectroscopie properties, with

intense absorption in the near infrared region.
The abstraction of a hydrogen atom from a sat-
urated carbon atom in a position allylic to the
polyene chain, by homolytic c1eavage, would

generate a neutral radical Car'. ln all these radi-
cals, delocalization of the unpaired electron over
the conjugated polyene chromophore has a
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stabilzing effect and a110ws subsequent reac-

tions to take place in many parts of the mole-
cule. The same is true for carotenoid-adduct
radieals which could be generated by the addi-
tion of a radical species such as a peroxy radical
ROO. or the hydroxy radical HO. to the polyene
chain.

The reactions between carotenoids (usua11y

ß-carotene) and peroxy radicals have been stud-
ied in organic solutions and in phospholipid
liposomes. The reaction is usua11y attributed to
direct addition of the peroxy radical to one of
the suitable positions in the polyene chain of
the carotenoid to give a resonance-stabilzed,

carbon-centred radical, e.g. ROO-Car.. At rela-
tively low oxygen concentrations, a further per-
oxy radical could be added, to give a product
that is not a free radical, e.g. ROQ-Car-OOR.
This process would consume peroxy radicals,
and the carotenoid would act as an antioxidant.
At higher oxygen concentrations, however, a
carotenoid peroxy radical could be formed, e.g.
Car-OO' or ROO-Car-OO', and this could th en
act as a pro-oxidant, promoting hydrogen

abstraction and peroxidation of unsaturated

lipid and hence exacerbating damage (Burton
& Ingold, 1984; Palozza & Krinsky, 1992a;

Liebler, 1993). An alternative possibilty is that

the peroxy radical could abstract a hydrogen
atom from a saturated CHz group a11ylic to the
main polyene chromophore in a reaction anal-
ogous to the abstraction of hydrogen from an
unsaturated lipid. Again, this could be fo11owed

by addition of a peroxy radical to generate a
non-radieal product, Le. an antioxidant action,
or of oxygen to generate a carotenoid-peroxy

radieal whieh would have prooxidant properties.
Series of apocarotenoids of different chain

length have been reported to be products of
chemical and free-radical oxidation of caro-
tenoids and could be produced in tissues by
nonspecifie chemical or enzymic reactions or
by specific excentric c1eavage of carotenoids in

the intestine.
A11 carotenoids react rapidly with oxidizing

agents and free radicals, although the reactivity
depends on the length of the polyene chro-
mophore and on the nature of the end groups.
Ca1culations show that the electron density is
not uniform along the whole polyene chain but

is greater towards the ends; there may therefore
be preferred sites for reactions with elec-

trophilc or free-radieal species.

ln discussing the mechanism by which
ß-carotene could act as an antioxidant or

prooxidant, Truscott (1996) described interac-
tions between radieals of ß-carotene, vitamin E
and vitamin C and conc1uded that ß-carotene
may quench or repair the vitamin E radical and
vitamin C the ß-carotene radical cation. This
hypothesis highlights the need to consider pos-

sible interactions between carotenoids and
other factors, in addition to the chemistry of
the carotenoids themselves.

1.4 Isolation and analysis

Methods for the isolation and purification of
carotenoids from natural sources are widely

available and are described in detail, with
worked examples, by Britton et al. (1995a),
inc1uding many procedures for the high-perfor-
mance liquid chromatography (HPLC) of
carotenoids in blood, body tissues and foods.
Details are also available of procedures for the
analysis of the main carotenoids in blood plasma
(Schüep et al., 1995) and of geometrieal isomers
of ß-carotene (Schierle et aL., 1995). More com-
plex methods for the analysis of the many
minor carotenoids present in blood have also
been described (Khachik et aL., 1997). The use of
spectroscopic methods for the analysis and
characterization of carotenoids is discussed by
Britton et al. (1995b). HPLC procedures are now
available for the separation of mixtures of geo-
metric isomers; however, very few isomers have
been fu11y characterized and the position(s) of

the cis double bond(s) established. A com-
pound cannot be identified as a particular cis
isomer without comparison with authentie
(usually synthetic) standards. Therefore, in
most published reports, use only of the general
description lcis isomers' is justified.

1.4.1 General methods
As carotenoids are less stable than many other
groups of substances, precautions and special
procedures must be used to minimize the risk
of degradation and formation of artefacts. ln
particular, exposure to oxygen, heat, light, acid
and, in sorne cases, bases must be avoided
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kajob
Rectangle



IARC Handbooks of Cancer Prevention

whenever possible (Schiedt & Liaaen-Jensen,

1995). A11 operations should be caffied out in

an inert atmosphere (nitrogen or argon), at low
temperature (room temperature, about 20°C),
in the dark or diffuse light, under acid-free con-
ditions and with freshly purified, peroxide-free
solvents. After carotenoids have been extracted
from tissues, even when they are pure and in
the crystallne state, they are susceptible to oxi-

dation and may be broken down rapidly if sam-
pIes are stored in the presence of even traces of
oxygen; solids must be stored under vacuum or
an inert gas (nitrogen or argon). Carotenoids

are also susceptible to oxidative damage in vivo
if they are exposed to oxidizing species or to
the free radieals that may be generated.

The usual indication of carotenoid break-

down is bleaching, Le. loss of colour, due to
breakage of the chromophore. A variety of
breakdown products have been detected, most
often apocarotenoids of various chain lengths
produced by c1eavage of any of the double

bonds in the polyene chain (Palozza & Krinsky,

1992b; Liebler, 1993). Similar products are
derived from the chemieal reaction between

carotenoids and singlet oxygen or other oxidiz-
ing agents. The products of oxidative break-

down or similar oxidation products formed by
metabolism of carotenoids may have biological
activity.

Geometrical (cis-trans) isomerization occurs
readily when carotenoids are exposed to factors
such as light or heat and even occurs slowly in
isolated, purified samples. Plasma or tissue sam-
pIes should be stored at -70°C or less to minimize
degradative reactions or isomerization. Even

carotenoid samples that are nomina11y all-trans
usua11y con tain sma11 amounts of various cis
isomers.

1.4.2 Identification
The fo11owing criteria must be fulfiled for iden-

tifieation of a carotenoid as a known com-
pound (Schiedt & Liaaen-Jensen, 1995): (i) The
UV-visible absorption spectrum (Àmax and fine

structure) in at least two solvents must be con-
sistent with the chromophore and identical to
that of an authentie sample. (ii) The chromato-
graphie properties must be identieal to those of
an authentic sam pIe in two systems, preferably

..
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thin-layer chromatography and HPLC, and co-
chromatography with an authentic sample
should be demonstrated. If possible a mass
spectrum should be obtained whieh a110ws at

least confirmation of the molecular mass.
Full elucidation of the structure requires a

fully assigned NMR spectrum and, for èhiral
compounds, comparison of a circular dichro-
ism spectrum with that of an authentic refer-
ence sample. A first criterion for identification
is the UV-visible spectrum, whieh is character-
istie of the chromophore of the molecule but
generally gives no information about
functional groups, except carbonyl groups

conjugated with the polyene system. Not only
the position of the Àmax but also the overall

shape or fine structure of the spectrum con vey
information. A discussion of the relationship
between chromophore and spectrum, with
tabulated lists of Àmax values for natUfal

carotenoids in several solvents, is given by
Britton (1995b).

1.4.3 Quantiative analysis

The UV-visible spectrum also provides the basis
for quantitative analysis of carotenoids. Tables

of values for A 1% (usua11y in the order of 2500)

and EmoI (usuaUy about 100 000) are also given

by Britton (1995b).

1.5 Data on individual compounds

1.5.1 ß-Carotene

IUPAC name

ß,ß-Carotene

Chemical Abstracts Services Registr Number
7235-40-7 (9Z, 13312-52-2; 13Z, 6811-73-0;

152, 19361-58-1)

Structure
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Molecular formula
C4oHs6

Relative molecular mass
536

. Melting-point
183°C (from benzene-petroleum)

UV-visible spectrum
Àmax 425, 450, 477 nm (hexane, petroleum);

429, 452, 478 nm (acetone); 435, 462, 487 nm
(benzene). AP/o, 2592; Email 138 900 (450 nm,
petroleum); AP/o, 2337; Email 125 300 (462 nm
benzene) (Britton, 1995b)

Mass spectrometry
M+ 536; major fragment ion at mlz 444 (M-92)

IH-NMR (Englert, 1995)

13C-NMR (Englert, 1995)

Infrared
(Bernhard & Grosjean, 1995)
Isolation
From green and other plant tissues (Britton,
1995c)

Natural sources

A11 green fruit and vegetables, canots, many
orange and ye110w fruit

Geometrical isomers

(9-cis)1 (13-cis), (15-cis). Resolved by HPLC on
Vydac 218TP54 C18 RP column (Schierle et aL., 1995),
Vydac 201 TP54 C18RP column (Emenhiser et aL.,
1995) or C30RP column (Emenhiser et al., 1995).

1.5.2 a-Carotene

IUPAC name

(6' R)-ß,E-Carotene

Chemical Abstracts Services Registry Number
7488-99-5

Structure

Molecular formula
C4oHs6

Relative molecular mass
536

Meltng-point
187°C (from petroleum or benzene-methanol)

UV-visible spectrum
Àmax 422, 445, 473 nm (hexane, petroleum);

4241 448, 476 nID (acetone); 432, 456, 485 nm
(benzene). N%, 2710; Email 145 300 (445 nm,
hexane) (Britton, 1995b)

Mass spectrometr

M+ 536; major fragment ions at mlz 480 (M-56),
444 (M-92), 413 (M-123)

IH-NMR

(Englert, 1995)
13C-NMR

(Englert, 1995)

Infrared
(Bernhard & Grosjean, 1995)

Isolation
From green and other plant tissues (Britton,
1995c)

Sources
Canots; sorne green fruit and vegetables; sorne
yellow-orange fruit. Usua11y found with larger
amounts of ß-carotene

1.5.3 L ycopene

IUPAC name

\j, \j-Carotene
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UV-visible spectrum
Àmax 444, 470, 502 nm (petroleum); 448, 474, Structure
SOS nrn (acetone), 455, 487, 522 nm (benzene).
N%, 3450; EmoI' 184 900 (470 nm, petroleum);

Al%, 3370; EmoI' 180 600 (487 nm, benzene)
(Britton, 1995b)

Chemical Abstracts Service Registry Number
502-68-5 (9Z, 64727-64-6; 13Z, 13018-46-7;

15Z,59092-07-8)

Structure

Molecular formula
C4üHs6

Relative molecular mass
536

Melting-point
174°C (frorn hexane or petroleum)

Mass spectrometry
M+ 536; main fragment ions at m/z 467 (M-69),
444 (M-92), 430 (M-I06)

IH-NMR

(Englert, 1995)

13C-NMR

(Englert, 1995)

Infrared
(Bernhard & Grosjean, 1995)

Isolation
From tornato (Britton, 1995c)

Sources
Tomato and tomato products; srna11 arnounts in
sorne fruits, e.g. watermelon

32
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Geometrical isomers

Naturallycopene is mainly a11-trans, accompa-

nied by 5Z, 9Z, 13Z and other isomers, which
are separated by HPLC on C3ü RP columns
(Hengartner et al., 1992; Emenhiser et aL.,
1995). Prolycopene (7,9,7',9'-tetracis) occurs
natura11y in tangerine, tornato and sorne other

fruit, e.g. passion fruit.

Comments
Poorly soluble in most solvents and natural
oils; crystallzes readily; very unstable in the
presence of oxygen

1.5.4 Lutein

IUPAC name

(3R,3' R,6' R)-¡3,E-Carotene-3,3'-diol

Chemical Abstracts Services Registry Number
127 -40-2

..,OH

HO

Molecular formula
C4üHs602

Relative molecular mass
568

Meltng-point
193°C (frorn rnethanol)

UV-visible spectrum
Àmax 422, 445, 474 nm (ethanol); 432, 458,487

nm (benzene). Al%, 2250; EmoI' 144800 (445 nm,
ethanol); N%, 2236; EmoI' 127000 (458 nm, ben-
zene) (Britton, 1995b)

Mass spectrometry
M+ 568; major fragment ions at m/z 550 (M-18),
476 (M-92), 458 (M-18-92), 430 (M-138)
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1 H-NMR

(Berset & Pfander, 1985)

13C-NMR

End-group assignment (Englert, 1995)

Isolation
From green leaves (Britton, 1995c)

Sources
Main carotenoid in a11 green fruit and vegeta-
bles; also present in other ye11ow-orange fruit,
e.g. pumpkin; major carotenoid in egg yolk

Geometrical isomers

For separation and characterization of cis iso-
mers, see Berset and Pfander (1985).

1.5.5 Canthaxanthin

IUPAC name
ß-Carotene-4,4' -dione

Chemical Abstracts Services Registry Number
514-78-3

Structure

o

o

Molecular formula
C4ûHszOz

Relative molecular mass
564

Meltng-point
213 °C (from dichloromethane-methanol)

UV-visible spectrum
Àmax 474 nm (ethanol); 484 nm (benzene); 466

nm (petroleum); no fine structure. A 1%, 2200;

cmoll 124 100 (466 nm, petroleum); Al%, 2092;
cmoll 118 000 (484 nm, benzene) (Britton,
1995b)

Mass spectrometry
M+ 564; fragment ion at m/z 472 (M-92). No

diagnostic fragment ions

IH-NMR

(Englert, 1995)

13C-NMR

End-group assignment (Englert, 1995)

Infrared
(Bernhard & Grosjean, 1995)

Sources
Characteristic carotenoid in marine animaIs,
especially crustace ans (with astaxanthin); main
pigment in trout; not a major human dietary
component.

1.5.6 Zeaxanthin

IUPAC name

(3R,3' R)-ß,ß-Carotene-3,3' -diol
Chemical Abstracts Services Registry Number
144-68-3, 29472-68-2

Structure

HO

OH

Molecular formula
C4ûHs60Z

Relative molecular mass
568

Meltng-point
215°C (from methanol)

UV-visible spectrum
Àmax 428, 450, 478 nm (ethanol); 430, 452, 479

nm (acetone); 440, 463, 491 nm (benzene). Al%,

2480; cmoll 140900 (450 nm, ethanol); Al%, 2340;
cmoll 132900 (452 nID, acetone) (Britton, 1995b)
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Mass spectrometr
M+ 568; fragment ions at m/z 550 (M-18, low
intensity), 476 (M-92)

IH-NMR

(Englert, 1995)

13C-NMR

(Englert, 1995)

Infrared
(Bernhard & Grosjean, 1995)

Sources
Main food source: maize; also present in sma11

amounts in many green and other fruits and
vegetables; commonly present in egg yolk; also
produced in high concentrations in sorne
bacteria

Geometrie isomers
Separation and characterization of 9-cis, 13-cis
and others given by Englert et al. (1992) and
Emenhiser et aL. (1995).

1.5.7 ß-Cryptoxanthin

IUPAC name

(3R)-ß,ß-Caroten-3-01

Chemical Abstracts Services Registr Number
472-70-8

Structure

HO

Molecular formula
C4üHs60

Relative molecular mass
552

..
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Melting-point
169°C (from benzene-methanol)

UV-visible spectrum
Àmax 428, 450, 478 nm (ethanol); 425, 449, 476

nm (petroleum); 435, 463, 489 nm (benzene).
Al%, 2386; Emoi' 131 900 (449 nm, petroleum)
(Britton, 1995b)

Mass spectrometry
M+ 552; fragment ions at m/z 534 (M-18, low
intensity), 460 (M-92)

IH-NMR

End-group assignment (Englert, 1995)

13C-NMR

End-group assignment (Englert, 1995)

Sources
Present, usua11y in small amounts, in ye11ow-

orange fruits and in maize; best sources:

orange, peach, papaya; not a major dietary
component

1.5.8 a-Cryptoxanthin

IUPAC name

(3' R, 6' R)-ß,E-Caroten-3-01
Chemical Abstracts Services Registr Number
24480-38-4

Structure

~,,"OH
",~~~~~~~~~~ .1 ~

Molecular formula
C4üHs60

Relative molecular mass
552

UV-visible spectrum
Àmax 423, 446, 473 nm (ethanol); 421, 445,475
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nm (hexane); 433,459, 488 nm (benzene). Al%,
2636; £moll 145 500 (hexane); Al%, 2355; £moll

130000 (459 nm, benzene) (Britton, 1995b)

Mass spectrometry
M+ 552; fragment ions at m/z 534 (M-18, low
intensity), 496 (M-56), 460 (M-92), 414 (M-138)

IH-NMR

End-group assignment (Englert, 1995)

13C-NMR

End-group assignment (Englert, 1995)

Sources
No major source; likely to be a minor compo-
ne nt in many fruit and vegetables; often me a-
sured as part of cryptoxanthin.

1.5.9 Zeinoxanthin

IUPAC name

(3R,6' R)-ß,£-Caroten-3' -01

Chemical Abstracts Services Registry Number
472-69-5

Structure

HO

Molecular formula
C4ûHs60

Relative molecular mass
552

UV-visible spectrum
As for a-cryptoxanthin

Mass spectrometr

M+ 552; fragment ions at m/z 534 (M-18 high
density), 496 (M-56), 460 (M-92), 442 (M-18-
92), 429 (M-123)

IH-NMR

End-group assignment (Englert, 1995)

13C-NMR

End-group assignment (Englert, 1995)

Sources
No major source; likely to be a minor compo-
nent of many fruit and vegetables; often mea-
sured as part of cryptoxanthin

2. Occurrence, Commercial Sources,
Use and Application, Analysis and
Human Use and Exposure

The most abundant source of carotenoids is
plant tissues, although they are also found in
microorganisms, insects, birds, fish and other
animaIs. Only plants and microorganisms,

however, can synthesize carotenoids de novo.

Nature produces about 100 milion tonnes of

carotenoid pigments per year (Isler et al.,
1967); most of this output is in the form of

fucoxanthin and peridinin (characteristic pig-
ments in marine algae and dia toms, respectively)
and ß-carotene, lutein, violaxanthin and
neoxanthin (in green leaves) (Ong & Tee,

1992). Zeaxanthin also occurs widely but in
sma11er amounts in green leafy vegetables,
while others like lycopene, capsanthin and

bixin constitute the pigments in specific plants.
The distribution of carotenoids in various

plant materials has been reviewed (Borenstein

& Bunne11, 1966; Bauernfeind, 1972; Goodwin,
1976, 1980; Speek et al., 1988). Most of the
data reported before 1980 were obtained by
open-column chromatography, which did not
permit adequate separation of carotenoids.
More accurate quantification of carotenoids
in foods has been possible since the introduc-
tion of HPLC. Information on the carotenoid
composition of biological materials reported
below is thus derived from recent references,
when possible. Although modern methods
a110w improved qualitative and quantitative
descriptions of the carotenoid composition of
foods, assessing dietary intake wil always be
fraught with difficulties, which include the
variable composition of vegetables through

the year (Heinonen et aL., 1989), differences
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between what is eaten and what might be sam-
pIed for analysis, difficulties in assessing what
is eaten, influence of the fat content of the diet
on absorption and the influence of cooking
methods on bioavailabilty (Micozzi et aL.,
1990; Khachik et al., 1992a). It is generaUy con-
sidered that cooking vegetables improves the
bioavailabilty of carotenoids, since it breaks

down the cellulose structure of the plant ce11
(Khachik et aL., 1992a; de Pee & West, 1996).
One report (Micozzi et al., 1990) suggested

that microwave cooking has a destructive
effect and that much more xanthophyUs were
destroyed th an hydrocarbons; however, later
studies indicated that carotenoids were

generally (with the exception of epoxy-
carotenoids) resistant to heating by microwav-
ing, boilng and stewing (Khachik et al., 1992a).

Ever since the elucidation of the structure

of ß-carotene and other carotenoids, much
effort has been devoted to the synthesis of
carotenoids and other polyenes. The first syn-
thesis of ß-carotene was reported indepen-

dently by Karrer and Eugster (1950), Inhoffen
et al. (1950) and Milas et al. (1950). The

method of Inhoffen et aL. was later developed
into an industrial process, and synthetic ß-

carotene has been produced commercially

since 1954. Today, six synthetic carotenoids

(Fig. 6) have become commercia11y important
as colourants for food and feed: 8'-apo-ß'-
caroten-8'-al (ß-apo-8' -carotenal) (C30), ß-apo-

8' -carotenoic acid ethyl ester (ethyl 8' -apo-ß-
caroten-8'-oate) (C30 skeleton), citranaxanthin
(5 ',6' -dihydro-5' -apo- i 8' - nor-ß-caroten -6' -one
(C33), ß-carotene (C40), canthaxanthin (C40)
and a mixture of the stereoisomers of astaxan-

thin ((3RS,3'RS)-3,3'-dihydroxy-ß,ß-carotene-

4,4' -dione) (C40),
Natural extracts and carotenoids isolated

from them are also produced commerciaUy,

inc1uding ß-carotene from the alga Dunaliella
and from red palm oil, lycopene from tomatoes
and lutein from marigold flowers. There may be
considerable variation in the geometrical iso-
mer composition of a carotenoid from different
natural sources and between natural and syn-
thetic products.

The commercial products are available as
crystallne materials or in formulations su ch as

..
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solutions or suspensions in natural oils or sta-
bilzed, water-soluble beadlets. The physieal

state of the carotenoid may differ substantially
in different preparations and from that in the
natural mieroenvironment within a food
matrix.

It is not intended in this review to describe
aU of the more than 100 carotenoids that occur
in foods eaten by humans: only the specifie
carotenes, a-carotene, ß-carotene and
lycopene, and the xanthophy11s, lutein, zeax-
anthin, ß-cryptoxanthin and canthaxanthin,

are considered. a- and ß-carotene, ß-cryptoxan-
thin, lycopene and lutein are the main
carotenoids in serum or plasma, and a relative-
ly limited number of foods are the major con-
tributors to these carotenoids in the di et. Table
1 shows both the uniformity and diversity of
diets in western countries, with marked differ-
ences in the contributions made by different
carotenoids. For example, carrots, citrus prod-
ucts and tomato products make major contri-
butions to the dietary supplies of a-carotene,

ß-cryptoxanthin and lycopene, respectively;
carrots and spinach are major dietary sources

of ß-carotene and lutein, respectively, but the
greater diversity of foods that supply the latter
components increases the differences between
countries and reduces the contribution madé
by specific foods. This is especia11y so in the

case of lutein. It must also be realized that spe-
cifie food types affect the bioavaibilty of
carotenoids in blood, and caution should be
exercised in using specific foods as proxies for
the intake of specific carotenoids. Dietary

preferences, cooking methods and many other
factors (de Pee & West, 1996) have a major
influence on the true contribution of specific
foods to the carotenoid composition of
plasma.

2.1 Carotenes
2.1.1 ß-Carotene

2. 1. 1. 1 Occurrence
ln temperate and tropical countries, important
food sources of ß-carotene are green leafy
vegetables, carrots, peas and beans; carrots are a
major source of both ß- and a-carotene in many
countries in the world. Dairy products and

margarines con tribu te to less th an 1 % of daily
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Figure 6. Carotenoids produced by industrial synthesis
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Table 2. Concentrations of ß-carotene and lutein in green leafy vegtables in Europe,
Malaysia and North America

Country Vegetable ß-Carotene Lutein ß-Carotene Reference

(% of total) (mg/100 g) (mg/100 g)

Germany Green pepper 24 7.99 5.49 Gross (1991)

(capsicum)

Spain Lettuce (Ieaf type) 33 0.34 0.17 Granado et al. (1992)

Green pepper (raw) 38 0.34 0.21

Spinach (raw) 41 4.23 3.25

Green beans (raw) 29 0.36 0.17

United Kingdom Spinach (raw) 41 5.87 4.02 Hart & Scott (1995)

Watercress (raw) 36 10.71 5.92

Broccoli (raw) 36 1.61 0.92

Savoy cabbage (out- 45 14.46 11.84

side leaves, raw)

Peas (frozen, raw) 21 1.63 0.43

Lettuce (Ieaf type) 55 1.61 1.98

Malaysia Chinese cabbage 75 0.96 3.02 Tee & Lim (1991)

Coriander 70 1.34 3.17

Drumstick leaves 51 7.13 7.54

Lettuce 57 0( 0.01 0( 0.01

S. androgumus 29 29.91 13.35

North America Broccoli (raw) 32 2.83 2.33 Khachik et al. (1992a)

Spinach (raw) 31 9.50 8.90

Green beans 31 0.59 0.47

intake of ß-carotene; however, the importance
of this source is difficult to quantify, and

the availabilty of ß-carotene in these products is
probably much higher than that in vegetables. ln
tropical countries, mangoes, papaya and red
palm oil are also important sources of ß-carotene.

ln green leafy vegetables, ß-carotene and

lutein can account for more than 80% of
a11 carotenoids (Khachik et aL., 1992a; Ong & Tee,
1992; Hart & Scott, 1995). It has been suggested
that green leafy vegetables contain approximate-
ly equal amounts of ß-carotene and lutein
(Heinonen et al., 1989), but the proportions of
the two carotenoids vary widely (Table 2).

2.1.1.2 Commercial sources

Pure ß-carotene is synthesized industria11y and
is the major carotenoid available commercial-

ly. ln addition, extracts rich in ß-carotene but
also containing other carotenoids are produced
industrially from palm oil, algae (Dunaliella)
and fungi (Blakeslea trispora).

2.1.1.3 Use and application

The use of ß-carotene (ECI60a) as a colour in
foodstuffs is authorized under European
Parliament Directive 94/36/EC (Klepsch &
Baltas, 1994). For the purposes of the Directive,
'colours' are substances that add or restore
colour to food. The addition of ß-carotene to

unprocessed foods or to various unflavoured

milk and cream products is not a11owed; how-

ever, ß-carotene is one of very few colourants
that may be added to margarine, butter and
sorne cheeses. ß-Carotene is also used as a

colourant in e.g. fruit juices, soft drinks and

..
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corn flakes, but its contribution in these prod-
ucts to total intake is probably minor. ß-

Carotene, lycopene and lutein are also used
more genera11y as food colourants (Klepsch &

Baltas, 1994).
ln the United States, ß-carotene is c1assified

as ¡ genera11y recognized as safe' by the Food

and Drug Administration (Select Committee of
GRAS Substances, 1979). ß-Carotene has been
used since 1975 in the United States to treat
photosensitivity in adults with erythropoietic

protoporphyria (see section 5.1), at doses of
-( 180 mg/d (Mathews-Roth et al., 1977).

2.1.1.4 Analysis

The carotenoids have a characteristic absorp-
tion spectrum, and their concentrations can be
ca1culated from specific extinction coefficients
(see Section 1). It was reported that the collec-
tion of plasma in containers coated with ethyl-
enediamine tetraacetic acid depressed the
concentrations by 50% (Stacewicz-Sapuntzakis

et al., 1987); however, it has also been reported
that the concentrations in serum and
heparinized plasma are indistinguishable
(Thurnham et al., 1988a).

Carotenoids are separated by liquid chro-
matography, and numerous methods have
been developed to separa te carotenoids in the
organic solvent after extraction from foods and
blood samples. Although sorne 20 or more
carotenoids are found regularly in blood

(Thompson et al., 1985; Khachik et al., 1997),
usually only the five best-known ones, Le.

ß-carotene, a-carotene, lutein, lycopene and
ß-cryptoxanthin, are analysed (Ne11s & De
Leenheer, 1983; Ito et aL., 1987; Thurnham et
aL., 1988a; Cantilena & Nierenberg, 1989;
Kaplan et aL., 1990; Krinsky et aL., 1990a;

Nierenberg & Nann, 1992; Stahl et al., 1993). A
variety of internaI standards can be used,

inc1uding tocopherol acetate, tocopherol

nicotinate, tocol, retinyl acetate, echinenone
and ß-apo-8' -carotenai. The choice of the
internaI standard depends on the chromato-
graphic technique and whether a single or two-
channel detector is used. Quantification of
ß-carotene by liquid chromatography is
associated with a coeffcient of variation of

5-10%.

..
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The methods used for extraction from
food (Tee & Lim, 1991; Khachik et al., 1992a;
Hart & Scott, 1995) differ from those used
to extract blood samples, sin ce the preparation
of the initial extracts of foods is more compli-
cated: the sample must be representative
of the edible fraction, and it must be e.g. homo-
genized, possibly cooked or saponified. The

last step obvia tes the use of esters as internaI

standards, and echinenone and ß-apo-8'-carote-
nal are the most commonly used. The method
of liquid chromatography used depends on the
degree of resolution of the carotenoids in the
extract required. A useful summary of the fac-
tors that affect the liquid chromatography of
carotenoids is available (Craft, 1992).

2.1.1.5 Human use or exposure

The best knownhuman use for ß-carotene is to
provide vitamin A (Bendich & OIson, 1989),

but it can also be used therapeutically in sorne

cases of erythropoietic protoporphyria

(Mathews-Roth et aL., 1977). Other possible uses
are stil poorly defined.

Exposure to carotenoids in the di et is uni-

versaI. They appear to be absorbed by duodenal
mucosal ce11s through a mechanism involving
passive diffusion, similar to that for cholesterol
and the products of triglyceride lipolysis
(Parker, 1996; see also section 3.1.6). ln most
industrialized countries, fruit and vegetables

provide an average of 2-3 mg/d of provitailin
A carotenoids, of which ß-carotene is the prin-
cipal component (Granado et al., 1996),
although the intake may be mu ch higher in
persons who regularly eat e.g. caHots (Gregory
et aL., 1990; Scott et aL., 1996). The availabilty
of carotenoids from food sources is limited,
however, by the physical matrix in which they
are ingested and their dissolution in dietary
lipids in the gut (de Pee et al., 1995; Parker,

1996). ß-Carotene is found in most blood samples.
The amount present in samples in developing
countries is often low, probably reflecting diets
low in carotene and/or fat and poor bioavail-
abilty of carotenes from vegetable sources (de

Pee et al., 1995). An unknown amount is
converted to retinol as it crosses the gut and lit-
tle is left to pass into the bloodstream as ß-
carotene peT se. Thus, only about 10% of
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carotene was present as ß-carotene in the blood
of British adults (Thurnham & Flora, 1988);
however, the concentration of plasma ß-
carotene in this survey was relatively low
(median, 0.24 mmollL in men, 0.32 pmollL in
women) in comparison with those in other
parts of Europe, such as France (0.38 and 0.62
pmol/L; Howard et aL., 1996), Germany (0.43
and 0.61 pmollL; Heseker et aL., 1991) and
Northern Ireland (0.37 and 0.57 pmollL;

Howard et aL., 1996). This discrepancy probably
reflects the relatively low consumption of veg-
etables (120 g/d) and fruit (60 g/d) in Great

Britain (Gregory et al., 1990) in comparison
with the reported figure of 700 g/d in France

(Drewnowski et al., 1997; see also Table 3).
Since the availabilty of fruit and vegetables

is often seasonal, the dietary concentrations of
carotenoids may fluctuate du ring the year.

Furthermore, seasonal factors such as light and
heat (Takagi et aL., 1990) also affect the
amounts of carotenoids in fruit and vegetables.
The plasma concentrations of ß-carotene fre-
quently correlate with the dietary intake of

carotenoids (Roidt et al., 1988; Stryker et aL.,
1988; Nierenberg et aL., 1989; Ascherio et aL.,
1992; Cooney et al., 1995; Saintot et aL., 1995)
and vegetables (Drewnowski et aL., 1997).
Seasonal variations in the intake of ß-carotene

have been reported by sorne authors

(Nathanail & Powers, 1992; Rautalahti et al.,
1993; Olmedila et al., 1994; Cooney et al.,
1995) but not others (Thurnham & Flora, 1988;
Cantilena et al., 1992), perhaps due to differ-
ences in the amounts consumed. Thus, wh en
seasonal differences are not found, vegetable
intake may be low (Gregory et al., 1990) or vary
little during the year (Cantiena et aL., 1992).

The amount of ß-carotene converted to retinol
may also affect seasonal fluctuations in plasma
ß-carotene. Scott et aL. (1996) found no differ-
ence in the dietary intake of ß-carotene among
women in four-day, weighed samples, yet their
plasma ß-carotene was significantly lower in
win ter and spring than at other times of the
year. Low intakes of ß-carotene may be inade-
quate to support the synthesis of vitamin A
and increase plasma ß-carotene, as is the case
in many developing countries (Ascherio et al.,
1992).

Another factor that affects the plasma con-
centrations of carotenoids is turnover. The

half-lives of plasma ß-carotene, a-carotene and
ß-cryptoxanthin are short (7-14 days) in com-
parison with those of lycopene (12-33 days)

and lutein (33-61 days) (Micozzi et aL., 1992;
Rock et aL., 1992). Plasma concentrations are
probably maintained from deposits in adipose
tissues, which in the case of ß-carotene repre-
sent:; 65% of the total body pool (Bendich &
OIson, 1989; Kaplan et aL., 1990).

The plasma concentrations of ß-carotene in
hum ans vary considerably, due not only to dif-
ferences in dietary habits. After supplementa-
tion with 20 mg/d ß-carotene, the concentra-
tions in plasma were increased by an average of
10-fold, but the concentrations after two

months were strongly correlated with the base-
line values (r = 0.64, P -( 0.001) (Albanes et al.,
1992). As a11 subjects in this study had the

same intake, individuals appear to differ sub-
stantia11y with regard to the absorption of ß-

caro te ne (Dimitrov et al., 1988). Similar find-
ings were reported by O'Neil and Thurnham
(1988) in persons receiving single doses of
32-40 mg of supplemental carotenoids.

Smoking also influences ß-carotene concen-
trations, which are generally lower in smokers
th an nonsmokers (Thompson et aL., 1985;
Stryker et al., 1988; Thurnham, 1990; Albanes
et al., 1991; Ascherio et aL., 1992; Brady et al.,
1996; Fukao et aL., 1996). Smokers tend to con-
sume fewer vegetables than nonsmokers

(Ascherio et aL., 1992; Margetts & Jackson,
1993; Brady et aL., 1996), and it was suggested
that di et alone accounts for the lower plasma
carotenoid concentrations (Brady et al., 1996);
even after correction for differences in intake,
however, plasma ß-carotene concentrations are
20-50% lower in smokers (Gregory et aL., 1990;
Thurnham, 1994). The effects of smoking is
discussed in more detail in section 3.1.3.

2.1.2 a-Carotene
2.1.2.1 Occurrence

a-Carotene occurs in most vegetables and fruits
but usua11y at concentrations mu ch lower th an
those of ß-carotene. Important natural sources

of a-carotene are carrots (Bushway et aL., 1986;
Micozzi et aL., 1992), red palm oil (Ong & Tee,

..
41



~ 1

1 ~

Table 3. Lutein and ß-carotene concentrations (¡.moI/L) in plasma from men and women in studies in Europe,
Japan and North America

0.cr
Study Lutein ß-carotene Reference

1 !Men Women Men Women ('~
::Mean (SD) No. Mean (SD) No. Mean (SD) No. Mean (SD) No. n(i..

UK National Survey 0.348 429 0.348 (0.19) 443 0.29 (0.29) 871 0.37 (0.262) 892 Gregory et al. (1990) '"..(i
(0.177) ~(i

Belfast, Northern Ireland 0.27 88 0.29 (0.14) 79 0.37 (0.25) 88 0.57 (0.37) 79 Howard et al. (1996)
::..
õ'(0.13) ::

Cambridge, UK (middle 0.41 (0.14) 168 0.54 (0.27) 168 Scott et al. (1996)
aged women only)

Toulouse, France 0.56 100 0.61 (0.28) 106 0.38 (0.26) 100 0.63 (0.53) 106 Howard et al. (1996)
(0.23)

Montpellier, France NR NR 1.0 (0.40) 30 1.6 (0.60) 68 Saintot et al. (1994)
Madrid, Spain 0.20 0.24 (0.21) 54 0.22 (0.14) 57 0.37 (0.23) 54 Olmedilla et al. (1994)

(0.09)

German National Survey NR 57 NR 0.43 (0.10-1.6)b 278 0.61 (0.16-2.2)b 367 Heseker et al. (1991)
Washington, USA (middle- 0.31 0.34 (0.16) 55 0.29 (0.18) 55 0.41 (0.26) 55 Stacewicz-Sapuntzakis et
aged persons) (0.14) al. (1987)
Nurses Study, USA 0.35 55 0.33(0.11) 186 0.46 (0.29) 121 0.58 (0.37) Ascherio et al. (1992)

(0.10)
Rural Japan (middle-aged NR 121 NR 0.55 (0.49) 356 1.15 (0.74) 567 Thurnham et al. (1997)
persons)

Rural Pakistan (infants) 0.17 101 0.17 (0.12) 90 ND ND
(0.10)

NR, not reported; ND, not detected
a Median (Thurnham & Flora, 1988)
b Median and range

kajob
Rectangle

kajob
Rectangle
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1992) and mangoes (Cooney et aL., 1995). ln
these foods, not only is the proportion of a-

carotene almost equal to that of ß-carotene, but
the concentrations of carotenoids are much
higher than in other foods. As reports from The
Gambia (Vilard & Bates, 1987), Malaysia and
Thailand (Tee & Lim, 1991), however, indieate
that mangoes contain no a-carotene, there may
be sorne interspecies variation. The concentra-
tion of a-carotene in most fruits is usua11y -( 0.1
mg/lOO g of edible fraction (Tee & Lim, 1991;
Ong & Tee, 1992).

2.1.2.2 Commercial sources

a-Carotene is not synthesized commercially,

but it is present in variable amounts in carotene
extracts from various plants.

2.1.2.3 Analysis

Because of the structural similarities between a-
and ß-carotene, the two analytes tend to run

close together when analysed by liquid chro-
matography. Nevertheless, they are usually eas-
ily separated. Most of the chromatographie
methods used to separate ß-carotene from other
carotenoids can be used to separate
a-carotene as we11 (see section 2.1.1.4).

2.1.2.4 Human use or exposure

Human use of and exposure to (X-carotene are sim-
ilar to those for ß-carotene. It is found in most
blood sam pIes, although the concentrations are
usually mu ch lower than those of
ß-carotene (Thurnham & Flora, 1988), except
when the diet contains a large proportion of car-
rots (Micozzi et al., 1992), red palm oil (Adelekan
et aL., 1989) or mangoes (Cooney et al., 1995). a-
Carotene is a provitamin A carotene since it
retains one of the ß rings intact; however, it is con-
sidered to have one-half of the biological potency
of ß-carotene as a source of retinol (Bauernfeind,

1972).

2.1.3 Lycopene
2.1.3.1 Occurrence

Lycopene is the predominant carotenoid in
tomatoes; it also occurs at high concentrations
(2-4.5 mg/lOO g) in several deep-orange or red-
dish fruits such as papaya, watermelon and
pink grapefruit (Ong & Tee, 1992). Preparations

like tomato paste contain more than 10 times
more lycopene (33-68 mg/l00 g) than fresh
tomatoes (about 4 mg/lOO g) (Khachik et al.,
1992a; Tonucci et aI.i 1995). A wide range of
concentrations has been reported in different
types of tomatoes, the pear-shaped variety

being a particularly rich source (62 mg/1 00 g;

Granado et aL., 1992).

2.1.3.2 Commercial sources

Lycopene is not synthesized commercially, but
an extract of tomatoes whieh con tains mainly
lycopene is available.

2.1.3.3 Use and application

The use of lycopene (EC 160d) as a colour

is authorized by the European Parliament in

many fruit preparations, meat and fish
products, confectionery and drinks in which a
red colour is desired and tomatoes are not a
constituent; however, the addition of lycopene
to tinned and bottled tomatoes and tomato-

based sauces is not permitted (Klepsch & Baltas,

1994). The integrity of carotenoids is often pre-
served un der quite demanding conditions, for
example in tomato paste, which is typica11y
prepared by dehydration at high tempe rature
over an extended period under slight vacuum
(Khachik et aL., 1992a). The deep red colour of
the lycopene pigment therefore lends itself to
widespread use as a colourant in many
processed foods such as beans, fish, soups and
sauces.

2.1.3.4 Analysis

ln developed countries, lycopene is one of the
main carotenoids in blood sam pIes, and several
methods for its analysis have been described
(Thurnham et aL., 1988a; Cantilena &
Nierenberg, 1989; Olmedila et aL., 1990;
Nierenberg & Nann, 1992; Stahl & Sies, 1992;
Stahl et aI.i 1993; Ritenbaugh et aL., 1996; Scott
et aI.i 1996). Isomers of lycopene have been
detected in both biologieal samples (Stahl &

Sies, 1992; Stahl et al., 1993; Clinton et al.,
1996) and foods (Stahl & Sies, 1992; Clinton et
aL., 1996), but foods usua11y contain mainly a11-

trans-lycopene while biological samples have a
higher proportion of cis isomers (Clinton et al.,
1996). Most liquid chromatographic methods

..
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do not provide baseline separation of the iso-
mers, although separation of a set of 15 geo-
metrie isomers of lycopene identified by NMR
has been reported (Hengartner et aL., 1992).

2.1.3.5 Human use or exposure

A threefold difference in dietary intakes of
lycopene has been reported, from 1 mg/d in
Spain (Granado et aL., 1996) to 2-3 mg/d in the
United States (Chug-Ahuja et aL., 1993; Yong et
aL., 1994). The concentrations of lycopene in
blood sam pIes also vary considerably between
countries. The predominant source of lycopene
in developed countries is tomatoes, which are
consumed both as the fruit and as a constituent
of many processed foods. Lycopene appears to
be better absorbed from processed tomato prod-
ucts than from the fresh fruit (Stahl & Sies,
1992; Gärtner et aL., 1997), perhaps because the
cis isomers are absorbed better th an all-trans-
lycopene (Stahl & Sies, 1992). The latter
accounts for 79-91% of all lycopene in
tomatoes, tomato paste and tomato soup

(Clinton et al., 1996). Heating tomato juiee with
a sma11 amount of oil has been reported to in-
crease the formation of 9-cis-lycopene (Stahl &

Sies, 1992). Khachik et aL. (1992a), however,

reported no difference in the chromatographie
profile of raw and stewed tomatoes and tomato
paste, but the cis isomers of lycopene formed
during the processing of lycopene-containing

foods may concentrate in the lipid fraction and
be absorbed preferentia11y to all-trans-lycopene.
This possibilty is supported by reports of analyses
of lycopene in biologieal samples, in whieh the cis
isomers predominate. The proporton of cis isomers
in serum ranged from 58 to 72% and that in
prostate tissue from 79 to 88% (Clinton et aL., 1996).

The higher absorption of lycopene from

processed foods may explain the higher serum
concentrations of lycopene in blood from per-
sons in developed countries such as France

(Howard et al., 1996), Great Britain (Gregory et
aL., 1990), Northern Ireland (Howard et aL.,
1996) and the United States (Ritenbaugh et al.,
1996) and the low concentrations or absence

in blood from persons in developing countries
such as China (Yang et al., 1984), India (Das et
aL., 1996), Pakistan (Thurnham et al., 1997)
and Thailand (Thurnham et al., 1990). It has

..
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been reported that the plasma concentration

of lycopene is better correlated with its dietary
concentration than is that of ß-carotene (Scott
et aL., 1996). Unfortunately, the somewhat
restricted distribution of sources of lycopene in
the diet limits the usefulness of this carotenoid
as a general marker of vegetable intake.

Smoking appeared to have no effect on
serum lycopene concentrations in several stud-
ies (Thompson et aL., 1985; Stryker et aL., 1988;
Thurnham, 1994; Brady et al., 1996), in con-
trast to ß-carotene. Lycopene also differs from
ß-carotene in showing no consistent difference
in serum concentrations between the sexes

(Stacewicz-Sapuntzakis et aL., 1987; Thurnhaff
& Flora, 1988; Brady et al., 1996). Furthermore,
the concentrations of lycopene in serum
appear to fall with age (Gregory et al., 1990;
Brady et al., 1996), whereas this phenomenon
has not been observed for other carotenoids.
The plasma half-life is reported to be 12-33
days, whieh is longer than that of ß-carotene

(Rock et al., 1992).

2.2 Xanthophylls
2.2.1 Lutein and zeaxanthin

2.2.1.1 Occurrence

As indicated earlier, lutein is one of the major
carotenoids in green plants throughout the

world (Khachik et al., 1992a; Ong & Tee, 1992)
and is the most prevalent carotenoid in blood
samples (Thurnham et aL., 1997), although it is
often not the most concentrated in plasma in

industrialized countries (Thurnham & Flora,
1988; Micozzi et al., 1992; Rock et aL., 1992;
Brady et al., 1996). Lutein is present in the
serum of children with malnutrition or fat-
absorption problems, even if no other
carotenoid is detectable. The widespread occur-
rence of lutein in both vegetables and fruit,
coupled with the high concentrations in sorne

green vegetables (Table 2), undoubtedly
accounts for its almost universal appearance in
blood (Table 3). Zeaxanthin is usually only a
minor component of plasma, except when
maize is a staple dietary cere aL.

Particularly ri ch sources of lutein in western
diets are broccoli and spinach (containing 3
and 10 mg/l00 g, respectiveIy; Khachik et aL.,
1992a) and watercress (10.7 mg/l00 g; Hart &
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Scott, 1995). Tee and Lim (1991) reported con-
centrations of 20-30 mg/lOO g in certain leafy
vegetables in Malaysia. Zeaxanthin is far less
abundant in foodstuffs than lutein, although it
is found especially in yellow corn (Gross, 1991),
spinach (Granado et aL., 1992) and sweet red
peppers (Granado et al., 1992).

2.2.1.2 Commercial sources

The main supply of lutein is derived by extrac-
tion from marigold flowers (Tagetes sp.; lutein
esters) or from dried, powdered alfalfa (Isler et
aL., 1967; Nonomura, 1990).

2.2.1.3 Use and application

Lutein (EI61b) is permitted for use as a food

colour in the European Community and
may be used in a variety of products, inc1uding
a1coholic and nona1coholic drinks, preserved
fruits and vegetables, confectionery, baked

wares and decorations, milk products and
cheeses, sauces and seasonings, fish, meat and
fish products and nutritional supplements

in amounts of 50-500 mg/kg (Klepsch & Baltas,
1994). Another major use for lutein is as
an additive to chicken feed to colour egg yolks.

2.2.1.4 Analysis

Concentrations of lutein and zeaxanthin are

determined by spectrophotometry (see Section 1).
Several methods have been reported for their
analysis in plasma (Thurnham et aL., 1988a;
Olmedila et aL., 1990; Craft, 1992; Nierenberg
& Nann, 1992; Ritenbaugh et aL., 1996; Scott et
al., 1996). Although zeaxanthin and lutein can
be fu11y resolved chromatographica11y, the pro-
cedure requires considerable time. As a conse-

quence, simpler methods in which the two
compounds are eluted together, because of
their similar polarity, have genera11y been used
in surveys. The dissection of human and mon-
key retinas for extraction of lutein and zeaxan-
thin has been describedin detail (Bone et al.,
1988; Handelman et al., 1992).

2.2.1.5 Human use or exposure

About 1-2 mg/d of lutein are reportedly con-
sumed in European and American countries
(Chug-Ahuja et aL., 1993; Yong et al., 1994;
Granado et aL., 1996; Scott et aL., 1996). Lutein

must compete with the other carotenoids for
entry into the mucosal ce11s lining the gut

(Kostic et al., 1995). Furthermore, the uptake of
lutein into the triglyceride-ri ch lipoproteins is
reported to be only 85% as efficient as that of
ß-carotene or lycopene when fed as an encapsu-
lated supplement with a standard, low-carotene
meal (O'Neil & Thurnham, 1998); however,
long-term supplementation with a high dose of
ß-carotene did not affect the serum lutein con-
centration (Albanes et aL., 1997), and the con-
centrations of lutein in the serum in various

population groups coyer a wide range (Table 3).
Serum lutein can be used as a biomarker of

vegetable intake (Thurnham et aL., 1997).
Lutein is widely distributed in foods but is
found predominantly in the leaves of green
plants, which are eaten in almost a11 cultures.

Although ß-carotene is also present in green
leaves in similar amounts to lutein and has
also been proposed as a marker of intake
(Drewnoski et aL., 1997), the concentrations
in serum represent the amount left after the
formation of retinol and retinoic acid in the
gut. Plasma ß-carotene also tends to be more
labile than lutein, since ß-carotene turns over
more rapidly in blood, the half-lives being
~ 12 and 33-61 days, respectively (Rock et al.,
1992). The plasma concentrations of luteinare
better correlated with estimate carotenoid

intakes than for ß-carotene (Scott et aL, 1996).
The metabolism and distribution of lutein in
tissues are discussed in Section 3.

2.2.2 Cryptoxanthin

2.2.2.1 Occurrence

Cryptoxanthin inc1udes a-cryptoxanthin,
ß-cryptoxanthin and zeinoxanthin. Gnly ß-

cryptoxanthin is usua11y measured in blood

plasma, because reference compounds are not
readily available for the other cryptoxanthins.
ß-Cryptoxanthin is found mainly in fruits, in
amounts ranging from 17 mg/lOO g in jackfruit
to 1.48 mg/lOO g in papaya (Tee & Lim, 1991).

Three fruits, papaya, starfruit and tree toma-
toes, are reported to contain ? 1 mg/l00 g (Tee
& Lim, 1991). Citrus fruit are a major source of
ß-cryptoxanthin in western countries, at
concentrations of 80-1800 mg/l00 g (Mangels
et al., 1993; Hart & Scott, 1995).
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2.2.2.2 Commercial sources

ß-Cryptoxanthin is not synthesized commer-
cially. Extracts rich in ß-cryptoxanthin are
available in analytical quantities only.

2.2.2.3 Use and application

Cryptoxanthin is not listed in the EC
Directorate for food colours.

2.2.2.4 Analysis

ß-Cryptoxanthin is separated by HPLC and
quantified by spectrophotometry (see Section 1).
ln sorne of the methods (Stacewiez-Sapuntzakis
et aL., 1987; Thurnham et al., 1988a), the peak
of ß-cryptoxanthin overlaps with that of a-

tocopherol, but they are easily distinguished

sin ce they absorb at different wavelengths.

2.2.2.5 Human use or exposure

ß-Cryptoxanthin is commonly found in plasma
samples co11ected in western countries, the popu-

lation means varying from 0.13 mmol/L in men
in the United Kingdom (Thurnham & Flora,
1988) to 0.6 mmol/L in Spanish women

(Olmedila et al., 1994). The plasma concentra-
tion of ß-cryptoxanthin is usua11y lower th an
that of both ß-carotene and lutein (Stacewiez-

Sapuntzakis et al., 1987; Thurnham & Flora,
1988; Cantilena et al., 1992; Cooney et al., 1995),
unless oranges are partieularly common in the
diet, as reported from Spain (Olmedila et al.,
1994). ß-Cryptoxanthin has provitamin A activ-
ity. The plasma concentrations are usua11y

higher in women th an in men (Thurnham &
Flora, 1988; Olmedila et al., 1994; Howard et al.,
1996). The half-life of ß-cryptoxanthin in blood
is .: 12 days, similar to those of the other main
provitamin A carotenoids (Rock et al., 1992).

2.2.3 Canthaxanthin
2.2.3.1 Occurrence

Canthaxanthin is a red-orange pigment found
in crustaceans, sea trout, algae, bacteria and

sorne edible mushrooms. It is also present in
the axion tissues of flamingos and other red-
feathered birds (Hathcock et aL., 1990).

2.2.3.2 Commercial sources

ß-Carotene is used as the starting material for
the commercial synthesis of canthaxanthin.

46

2.2.3.3 Use and application

Canthaxanthin (ECI61g) is approved for use as
a food additive in the European Community
but only for the colouring of Strasbourg
sausages to a level of 15 mg/kg (Klepsch &
Baltas, 1994). The predominant uses of can-
thaxanthin are in feed for laying hens, in order
to colour egg yolks, in broiler production and
in salmon and trout farming. Canthaxanthin
has been marketed under a number of trade
names as a tablet for 'tanning' the skin, in
which deposition in subcutaneous tissues simu-
lates the appearance of a tan, but this use has
been discontinued in some countries. ln Europe,
capsules containing 10 mg ß-carotene and 15 mg
canthaxanthin are used at doses.: 150 mg/d as a
treatment for erythropoietic protoporphyria.

2.2.3.4 Analysis

Canthaxanthin can be measured by spec-
trophotometric methods (see Section 1). When
the standard methods of reversed-phase Uquid

chromatography now adopted by many work-
ers for the analysis of carotenoids in blood,

tissue and food extracts are used, canthaxan-
thin elutes in the early part of the chro-

matogram, between lutein and ß-crytoxanthin
(Thurnham et aL., 1988a; van Vliet et al., 1991).
Canthaxanthin has also been reported ta
co-elute with ß-apo-l 0' -carotenoid (van Vliet et
al., 1991). Canthaxanthin is unlikely to be a
major component of plasma in North America
or the United Kingdom, but no systematic

study has been reported.

3. Metabolism, Kinetics and Genetic
Variation

The metabolism of carotenoids has been stud-
ied since the early 1920s, wh en certain ye110w

plant pigments were found to stimulate the
growth of vitamin A-deficient rats. Later in that
decade, Thomas Moore showed that ß-carotene,
the most active of these plant pigments, was

converted to vitamin A in rats in vivo. Until
recently, carotenoids were considered in
mammaUan physiology only in terms of their
provitamin A activity. The bioavailabilty and
metaboUsm of carotenoids are signifieantly
affected by dietary, physiological and matrix-
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associated factors (Erdman et aL., 1993; OIson,
1994; Wang, 1994; de Pee & West, 1996; Parker,
1996, 1997), including consumption of dietary
fat together with the carotenoids, release of

the bile acids necessary to form lipid micelles,
the am ou nt of carotenoids present in the diet,
the dietary matrix and crystallne structure of
the carotenoid in the matrix, processing and

cooking, nutritional status (vitamin A and
carotenoid concentrations), individual host-
related factors such as disease states and genetic
factors.

Most of the early studies of carotenoid

metabolism focused on ß-carotene. More recent-
ly, other carotenoids, such as lutein, canthax-
anthin, lycopene, 4,4'-dimethoxy-ß-carotene,

ethyl ß-apo-8' -carotenoate, and ß-apo-8' -carote-
nal, have been studied both in humans and in
experimental animaIs. The metabolism of
carotenoids has been reviewed extensively
(Erdman et al., 1993; OIson, 1994; Wang, 1994;
de Pee & West, 1996; Parker, 1996; Furr & Clark,
1997; Parker, 1997). Although there is little
information on carotenoids other th an ß-
carotene, it is clear that the absorption and
metabolism of different carotenoids varies
markedly. They may also mutually influence
their bioavailabilty, as has been demonstrated
for ß-carotene, lutein and zeaxanthin (High &
Day, 1951; Micozzi et al., 1992; Kostic et al.,
1995; Gärtner et aL., 1996).

3.1 Humans
3.1.1 Intestinal digestion and absorption
Dietary carotenoids in foods exist in two major
forms: as true solutions in oil, as in red palm
oil, or as parts of the matrices of vegetables and
fruit. The matrix is usually complex, consisting
of fibre, digestible polysaccharides and pro-
teins. Because carotenoids are often not fully
disrupted during food preparation or during
their passage through the intestine, their
bioavailabilty can vary from 0: 10%, such as in

largely intact raw carrots, to )0 50% in oily solu-
tions or in synthetic, gelatin-based, commercial
preparations (OIson, 1994; Parker, 1996; Furr &
Clark, 1997). Methods for evaluating the extent
of absorption have been reviewed (Bowen et al.,
1993; Parker, 1997). Hydrocarbon carotenoids,
like ß-carotene and lycopene, are solubilzed in

the lipid core of micelles in the gut lumen or
alternatively form sma11 clathrate complexes
with conjugated bile acids, of which deoxy-

cholate and cholate are the most effective
(OIson, 1994). Xanthophy11 esters must be
hydrolysed before absorption. As in mem-
branes, xanthophy11s and carotenes associate
differently with micelles (Furr & Clark, 1997):

hydrocarbon carotenoids tend to associate with
the lipophilc core of membranes and micelles.
The absorption process does not seem to
involve special epithelial transporters.

The factors that lower the bioavailabilty of
carotenoids, apart from incomplete release from
food matrices, include the presence of fibre, par-
ticularly pectins, in the diet; lack of fat in the

diet; the presence of undigested lipids, including
fat substitutes; inadequate bile flow; various clin-
ical conditions involving lipid malabsorption

and reduced gastric acidity (OIson, 1994; Parker,
1996; FuIT & Clark, 1997). The absorption and con-
version effciency of carotenoids in humans and
animaIs decreases as the amount ingested increases
(Brubacher & Weiser, 1985; Furr & Clark, 1997).

Carotenoids appear to be absorbed by duo-

denal mucosal ce11s by a mechanism involving
passive diffusion, similar to that for cholesterol
and the products of triglyceride lipolysis
(Parker, 1996). One of the earliest hum an
experiments to investigate the events that
occur during intestinal absorption of ß-caro-

tene was reported in 1966 (Goodman et al.,
1966a). Tritiated ß-carotene (plus 47 or 91 ¡ig

unlabelled ß-carotene) dissolved in 2 ml olive
oil and emulsified in 50 ml skimmed milk was
fed to two patients in whom polyethylene

cannulae had been inserted in the thoracic duct
in the neck. Radiolabel was absorbed into the

lymph 3-10 h after feeding; about 20% of the
label was recovered, of which 70-80% was in
the chylomicrons, and 60-70% was present
as vitamin A esters, indicating that the human
intestine has an extremely limited abilty to
absorb unchanged dietary ß-carotene into the
lymph.

When carotenoids are present in substantial
amounts, they can interfere with each other's
absorption. The action is not mutually compet-
itive, however, since ß-carotene inhibits can-
thaxanthin and lutein absorption, whereas the
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latter have lesser or no effects on ß-carotene

absorption (White et aL., 1994; Kostic et aL.,
1995). The mechanism of this interaction has
not been defined. Vitamin E and carotenoids

also interact, since vitamin E supplements tend
to lower plasma carotenoid concentrations,
although small amounts of vitamin E may pre-
vent carotenoid oxidation in the gastrointesti-
nal tract. ß-Carotene supplements have been
reported to decrease, to increase or not to affect
plasma tocopherol concentrations (Fun &
Clark, 1997).

The results of several large trials of the
effects of supplemental ß-carotene on the
serum concentrations of other carotenoids are
now becoming available. Several investigators
have reported statistica11y significant increases
in a-carotene concentrations with ß-carotene

supplementation (Omenn et aL., 1993a;
Wahlqvist et aL., 1994; Albanes et aL., 1997;
Mayne et al., 1997). (The Working Group noted
that small amounts of a-carotene may be pre-
sent in ß-carotene preparations; furthermore,

the increases seen could be due to di-cis isomers
of ß-carotene, which are difficult to separate
analytica11y from a-carotene, or they could

involve a sparing effect of ß-carotene on a-
carotene.) The results for the effects of supple-
mental ß-carotene on other carotenoids are less
consistent, but there do not appear to be reduc-
tions in the concentrations of any of the other
major circulating carotenoids.

ln a nutrition al context, the large differ-
ences in the bioavailabilty of carotenoids make
it difficult to define their equivalence as pre-
cursors of vitamin A. The molar equivalence

between retinol and small amounts of ß-
carotene in oil is approximately 0.5, whereas
that with carotenoids in rapidly stir-fried veg-
etables is very poor (0( 0.05). Carotenoids in
fruits seem to be used more efficiently. The
results of studies of bioavailabilty, which are
often inconclusive and conflcting, have been
reviewed (de Pee & West, 1996).

The absorption of carotenoids and their
presence in plasma are influenced by their geo-
metrical isomeric form. The all-trans isomer of
ß-carotene is we11 absorbed and appears in plas-
ma, whereas the 9-cis isomer, although fairly
we11 absorbed, is found in plasma only at low
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concentrations (Gaziano et al., 1995a). ln con-
trast, the cis isomers of lycopene seern to be bet-
ter absorbed into plasma than the all-trans forrn
(Stahl & Sies, 1992). Thus, the 'isorner effect'
depends on the carotenoid being studied and
the species being used (OIson, 1994; Parker,

1996; Fun & Clark, 1997).
ln general, polar carotenoids are absorbed

better by humans than non-polar ones. Thus,
lutein is absorbed about twice as we11 as ß-

carotene (Kostic et aL., 1995), and ß-apocarote-
naIs and ß-apocarotenols seem to be absorbed

better than less polar carotenoids (Zeng et aL.,
1992). The proportions of lutein and zeaxan-

thin are greater in the chylomicra than in the
ingested carotenoid mixture (Fun & Clark,
1997). These conclusions are based on the
assumption that the metabolism of carotenoids
in the intestinal mucosa represents only a

rninor part of their transfer into plasma and
that their relative rates of clearance from plas-
ma are similar. These assumptions may not
hold for a11-trans-ß-carotene or for other provit-
amin A carotenoids.

When a moderate to large dose of ß-
carotene is administered ora11y to humans,
most subjects respond by a marked increase
in the ß-carotene concentration in plasma,

which peaks at about 6 h, decreases and then
rises to a higher concentration with a second
peak at about 24 h (Fun & Clark, 1997). Sorne

subjects, however, show little or no increase in
the plasma concentration of ß-carotene after a
single dose (Fun & Clark, 1997), and they have
been ca11ed 'poor' or 'non-responders' (Bowen
et al., 1993). Of the various explanations that
rnight be given for the lack of response, the

rnost likely is that 'non-responders' are in fact
rapid converters of ß-carotene into vitamin A.

This explanation does not hold for lycopene,

however, as the responses of individuals differ
(Stahl & Sies, 1996). Different individual
responses to lutein were also observed in one
srnall study (O'Neil & Thurnham, 1998), but
not in another (Kostic et al., 1995).

3.1.2 Transport in plasma

Newly absorbed carotenoids, retinyl ester and
srnall amounts of retinol are transported on
chylomicra from the intestinal mucosa via the
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lymph into the general circulation. Lipoprotein
lipase hydrolyses much of the triglyceride in
the chylomieron, resulting in a chylomieron

remnant (Furr & Clark, 1997). The latter, which
retains apolipoproteins B48 and E on its sur-
face, interacts with receptors on hepatocytes
and is taken up by those ce11s. Small amounts of
chylomicron remnants may also be taken up by
other tissues. The hepatocytes then incorporate
much of the dietary carotenoids into lipopro-
teins, primarily very-low-density and low-den-
sity lipoproteins, whereas xanthophy11s are dis-
tributed more or less equa11y between high-

density and low-density lipoproteins (OIson,

1994; Furr & Clark, 1997). This distribution
accords with the hydrophobieity of the
carotenoids and of the lipoproteins. Specifie
mechanisms of incorporation, such as the
a-tocopherol-transport protein of liver, have
not been identified for carotenoids. A ß-
carotene-binding protein has recently been

characterized in ferret liver (Rao et aL., 1997). If
a similar protein exists in human liver, it may
play sorne role in the incorporation of ß-caro-

tene into lipoproteins. High-density lipo-pro-

teins may arise both from de-novo synthesis in
the liver and from the pinching off of excess
surface components from chylomicra in plasma
during triglyceride hydrolysis; however, xan-
thophy11s are probably incorporated primarily

into high-density lipoproteins in the liver
(OIson, 1998).

ln plasma, very low-density lipoproteins are
rapidly converted by lipoprotein lipase to low-
density lipoproteins, which retain the
carotenoids and apolipoprotein BI00. Recep-

tors for the latter are present on cells of many
peripheral tissues and partieularly those of the
adrenal gland and testes as we11 as of the liver.
High-density lipoproteins piek up cholesterol
and possibly xanthophy11s from peripheral tis-
sues and apolipoprotein E from other plasma
lipoproteins before being taken up by the liver.
Except as noted ab ove, carotenoids do not seem
to be transferred from one lipid class to another,
at least in vitro (Furr & Clark, 1997). Thus,
carotenoids are involved in a complex and
probably cyclieal metabolic pathway involving
the intestine, chylomicra, the liver, plasma

lipoproteins and peripheral tissues.

3.1.3 Serum carotenoid concentrations
Carotenoids are commonly found in the plas-
ma of fasting subjects. Of the 20 or more
carotenoids present (Khachik et al., 1995), the
major six, whieh comprise 60-70% of the total
(BafUa et aL., 1993), are lycopene, lutein, zeax-
anthin, ß-cryptoxanthin, ß-carotene and a-

carotene. Because carotenoids are not covalently
bound to lipoproteins and apparently are not
homeostatiea11y controlled, their concentra-

tions in plasma are highly dependent on the
diet. ln a more physiological context, their

steady-state plasma concentrations depend on
the amounts in the diet, their efficiency of
intestinal absorption, their uptake by tissues,
their release from tissues back into the plasma
and their catabolic rates. Plasma carotenoids

represent 0( 10% of the total body pool (40-150
mg; Bendich & OIson, 1989), of whieh only
10-30% is ß-carotene (Thurnham & Flora,
1988; Bendieh & OIson, 1989). Because the dis-
tribution of carotenoids in a typieal population is
skewed, median concentrations are genera11y

used in analyses.

The median values for the plasma concen-
trations of the six main carotenoids in a British
and in an Ameriean population are summa-

rized in Table 4. The reference ranges are broad
since they include individuals who ingest vari-
ous amounts of carotenoids. Lutein and zeax-
anthin, which tend to run closely together on
HPLC traces, are grouped; in general, the ratio
of lutein to zeaxanthin in the plasma is 4 or 5:1
(Peng et al., 1995). Although the distribution
and amounts of carotenoids in individuals dif-
fer markedly, each person maintains a fairly
constant pattern for up to one year (Cantilena

et al., 1992; Peng et al., 1995), probably refiect-
ing a fairly uniform diet during that period,

abetted by the presumed buffering effect of
tissue carotenoid concentrations. Depending
on the variety of dietary sources of carotenoids,

there can, however, be marked seasonal
changes in serum concentrations (Rautalahti et
al., 1993). Carotenoid concentrations measured
in the morning were 6-10% higher than those
in the evening (Cantilena et al., 1992).

Median carotenoid concentrations also vary
with age, but not in the same way for a11

carotenoids (Briefel et aL., 1996). The plasma
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concentrations of most carotenoids except

lycopene tend to increase with age (Thurnham
& Flora, 1988; Gregory et al., 1990). ln the
United States, lycopene is genera11y found at

the highest concentrations in plasma, fo11owed

by lutein and zeaxanthin, ß-carotene,
ß-cryptoxanthin and a-carotene, in that order
(Briefel et al., 1996). The pattern differs with
regioni depending on dietary intake. People
who ingested canthaxanthin as a tanning agent
had canthaxanthin in their plasma (Gunson et
aL., 1984). Women have higher plasma concen-
trations of ß-carotene, a-carotene and ß-cryp-
toxanthin than men (Stacewicz-Sapuntzakis et

al., 1986; Ito et al., 1987; Stryker et aL., 1988;

Thurnham & Flora, 1988; Thurnham et aL.,
1988a; Heseker et aL., 1991; Olmedila et al.,
1994), while the concentrations of lutein and

lycopene tend not to differ between the sexes
(Ito et aL., 1987; Thurnham & Flora, 1988;
Olmedila et al., 1994). It has been reported that
the carotenoid concentrations in women are
at their lowest du ring the menses and that of
ß-carotene peaks in the late fo11icular phase,

Table 4. Median concentrations (i.moI/L) of
serum carotenoids in adults in Great
Britain and the United States

Carotenoid Men Women Reference
range
(5th-95th
percentie)

Great Britaina

Lycopene 0.25 0.25 0.06-0.68
Lutein and zeaxanthin 0.29 0.29 NR

ß-Cryptoxanthin 0.13 0.16 0.03-0.51
ß-Caratene 0.24 0.32 0.07-0.84
a-Carotene 0.06 0.07 0.02-0.21

United Statesb

Lycopene 0.47 0.41 0.13-0.82
Lutein and zeaxanthin 0.35 0.35 0.16-0.72
ß-Cryptoxanthin 0.13 0.13 0.05-0.38
ß-Carotene 0.22 0.28c 0.09-0.91
a-Carotene 0.065 0.081 c 0.02-0.22

NR, not reported
a From Gregory et al. (1990)

b Based on data trom Briefel et al. (1996)

CExtrapolated from values for nonsmoking persans

so

the other carotenoids fo11owing the same

trend (Forman et aL., 1996); however, other workers
have been unable to detect any significant
changes associated with menstrual periodicity
(Tangney et al., 1991; Rock et al., 1995).

Body mass index and serum glutamyl trans-
ferase activity were inversely correlated with
both the baseline plasma concentrations of

ß-carotene and those after supplementation

with ß-carotene (Albanes et aL., 1991), while
the serum concentration of cholesterol was

positively correlated but only after supplemen-
tation. Dietary interventions, inc1uding a high
intake of vegetables and a low intake of fat,
increased the serum concentrations of
ß-carotene, a-carotene, lycopene and lutein but
not that of ß-cryptoxanthin (Rock et aL., 1997)1

and the correlations were statisticaUy signifi-
cant in the case of ß- and a-carotene and lutein.
ln people fed a diet containing few, if any
carotenoids, the plasma concentration decreas-

es in approximately a first-order manner for
14-30 days and th en tends to reach slowly

dec1ining plateau values (Rock et aL., 1992).

3.1.3.1 Effects of ß-carotene supplements
When a single, fairly large supplement (15-30
mg, 28-56 pmol) of aU-trans-ß-carotene is
administered ora11y to adults, the concentra-

tions of ß-carotene in plasma increase to a peak
(1.5-3-fold higher than baseline) at about
24-30 h and then dec1ine, with a half-life of
seven to nine days (Brown et al., 1989). (The
Working Group noted that the serum concen-
trations achieved depend on the composition
of the formulation used as a supplement.) The
ß-carotene concentration returns to a baseline
level after about 18 days (Kostic et al., 1995).
When large daily supplements of ß-carotene
(30-300 mg, 56-560 pmol) are given ora11y, the
plasma concentrations increase in a first-order
fashion to reach a plateaui usua11y 7-20-fold

higher than baseline, at about 25 days (Meyer et
aL., 1985; Dimitrov & UUrey, 1990; Prince et aL.,
1991; Albanes et al., 1992; Micozzi et al., 1992;
Wahlqvist et aL., 1994; Manetta et al., 1996;
Albanes et aL., 1997). The plateau was propor-
tional to the dose given, but interindividual dif-
ferences in plateau levels have been observed
after repeated administration of ß-carotene
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(Albanes et al., 1992). As already indicated, the
bioavailabilty of ß-carotene in oil or in com-
mercial beadlets is far greater than that of ß-
carotene in vegetables (Micozzi et al., 1992),
and ingestion of fat with ß-carotene optimizes
its absorption. The distribution of carotenoids
in the plasma lipoproteins of hypercarote-

naemic persons was similar to that in untreated
subjects (Mathews-Roth & Gulbrandsen, 1974).
Elderly pers ons may either absorb ß-carotene
better or c1ear it more slowly from the plasma
th an young subjects (Maiani et al., 1989). The
concentration of ß-carotene in tissues is gener-
a11y proportional to that in plasma (Dimitrov &
U11rey, 1990; Peng et al., 1995; Manetta et al.,
1996).

Supplements of ß-carotene might affect the
concentrations of other fat-soluble components
of the plasma. ß-Carotene supplements have

little or no effect on plasma retinol concentra-
tions in well-nourished individuals (Albanes et

al., 1997), primarily because the plasma retinol
concentration is homeostatica11y contro11ed.

Particular attention has been paid to serum a-
tocophenol since the report of Xu et al. (1992)
that daily doses of ß-carotene (15-60 mg per
day) for six to ni ne months lowered a-toco-
pherol concentrations by 40% in a group of 45
subjects. A similar effect was found in a study of
58 subjects (Mobarhan et al., 1994); however,
much larger studies with longer durations of
supplementation have shown no effect of ß-
carotene supplements on serum a-tocophenol
concentrations (Albanes et al., 1992; Goodman
et al., 1994; Nierenberg et al., 1994; Fontham et
aL., 1995; Albanes et aL., 1997; Mayne et aL., 1997).

3.1.3.2 Effects of tobacco smoking
Tobacco smoking has been associated with low-
ered concentrations of several serum caro-

tenoids, increased turnover of ascorbic acid and
a lesser effect on a-tocopherol concentrations.
Decreased serum ß-carotene concentrations
have been reported to be associated with the
number of cigarettes smoked per day, the
years of smoking and whether the person is a
current or an ex-smoker (Stryker et al., 1988;
Pamuk et al., 1994; Goodman et al., 1996;
Albanes et al., 1997). The concentrations of a-
carotene, ß-carotene and cryptoxanthin were

lowered by about 30% in heavy smokers

(? 10 cigarettes per day), whereas that of
lutein/zeaxanthin was less affected, I.e. by 10%
(Pamuk et aL., 1994; Albanes et al., 1997); the
concentrations of lycopene were not affected
(Stryker et al., 1988; Thurnham, 1994). Former
smokers showed no differences from non-
smokers in carotenoid concentrations. Serum

retinol concentrations were affected little if at aIL.
The lowered serum carotenoid concentrations

have been attributed to the presence of ß-unsatu-
rated aldehydes and of a large number of free rad-
icals, estimated as 1015 per puff, in cigarette smoke
(Eiserich et aL., 1995; Handelman et aL., 1996).
Protein-carbonyl adduct formation exceeded

lipid peroxide formation in vitro. The order of dis-
appearance of carotenoids in plasma exposed to
gas-phase cigarette smoke in vitro was lycopene ?
ß-carotene? lutein/zeaxanthin = cryptoxanthin?
retinol (Handelman et aL., 1996). a-Tocopherol was
affected more žn vitro than in vivo.

3.1.3.3 Effects of alcohol drinking

ln the Alpha-Tocopherol, Beta-Carotene Cancer
Prevention (ATBC) study (see section 4.1.1. 1),
consumption of ? 12.9 g a1cohol per day was
associated with a 10-38% decrease in serum
carotenoid concentrations, particularly those of
a-carotene, ß-carotene and ß-cryptoxanthin, in
both people receiving and not receiving
supplements (Albanes et al., 1997). ln the

Beta-Carotene and Retinol Effcacy Trial
(CARET), a1cohol consumption was negatively
correlated with serum ß-carotene concentra-

tions (r = -0.14; po( 0.05) and positively associ-
ated with serum retinol concentrations (r =
0.10; P 0( 0.05; Goodman et al., 1996). ln a
sm aller study in Boston, USA, consumption of
? 20 g a1cohol per day lowered the serum ß-

carotene concentrations by 24% in men and
11 % in women (Stryker et al., 1988). ln 98 vol-
unteers in southern France, a negative correla-

tion was reported between the plasma concen-
tration of ß-carotene and a1cohol intake (r =
-0.35; P 0( 0.001) (Saintot et aL., 1995). No con-
sistent relationship was seen between a1cohol
intake and plasma ß-carotene concentrations in
a small group of a1coholics. Supplementation

with 30-60 mg/d ß-carotene was reported to
increase the plasma concentrations, but the
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people with liver cirrhosis had a lower response
than those without (Ahmed et al., 1994).
Thus, a1cohol ingestion has genera11y been

associated with decreased serum carotenoid con-
centrations.

3.1.3.4 Effects of other modulators

Other factors affect serum carotenoid concen-
trations, primarily by inhibiting the intestinal
absorption of carotenoids. Thus, acidic fibres,
like pectins, lower carotenoid absorption in
humans (Rock & Swendseid, 1992). The choles-
terol-lowering drug, cholestyramine, which
binds bile acids, has a similar effect, either by
reducing the bile-acid concentration in the
lumen or by directly binding carotenoids
(Morris et al., 1994). The fat substitute OlestraCI,
which is not absorbed, reduces serum concen-
trations of carotenoids, presumably by seques-
tering the compounds in the lipophilic phase
(Peters et aL., 1997).

3.1.4 Tissue carotenoid content

The tissue concentrations of carotenoids reflect
their intake in the diet and/or supplements.

3.1.4.1 Effects of dietary intake
Carotenoids are found in a11 tissues of the body
(Blankenhorn, 1957; Stieh et al., 1986; Parker,
1988; Dimitrov & U11rey, 1990; Kaplan et aL.,
1990; Schmitz et al., 1991; Stahl et al., 1992;
Mobarhan et al., 1994; Johnson et al., 1995;
Kohlmeier & Kohlmeier, 1995; Peng et aL.,
1995; Clinton et aL., 1996; Nair et al., 1996;
Redlich et al., 1996; Virtanen et al., 1996;

Sanderson et al., 1997; Table 5). On the basis of
the relative weights of tissues in the adult

human body (Long, 1961), carotenoids clearly
are mainly present in fat, liver, skin and plas-
ma. Sorne relatively sma11 tissues, such as testes
and adrenal glands, and parts of sorne tissues
like the corpus luteum (112 nmol!g) have very
high concentrations of carotenoids, whereas sorne
major organs like muscle and brain have very low
concentrations. The only major human tissues not
cited in Table 5 are those of the skeleton and gas-
trointestinal tract. The former does not seem to
have been studied in this regard, and the latter,
whieh deteriorates rapidly after death, has not been
examined in human autopsy specimens.
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The total amount of carotenoid in any indi-
vidual depends of course largely on intake.
Thus, the ranges of specifie carotenoids in tis-
sues are very broad, and the me an concentra-
tions in fat and liver vary widely in different

studies. Sorne information is available about
ce11s isolated from the gastrointestinal system.

Intact buccal mu cos al ce11s have been reported
to contain 0.016 nmol of total carotenoids per
106 ce11s (Peng et al., 1995) and exfoliated buc-
cal ce11s about haU as mu ch (Stieh et al., 1986).
A factor of 40 can be used to convert 106 ce11s

to grams wet weight of tissue. Thus, the buccal
mucosa contained 0.64 nmol!g, similar to the
amount found in other internaI organs.
Stomach epithelial ce11s contained 0.5 nmol!g
(Sanderson et aL., 1997), and colonIC and rectal
epithelial cellsobtained at biopsy contained
about 0.060 and 0.040 nmol ß-carotene per g
(Mobarhan et al., 1994; Maiani et al., 1995). If
the ratio of total carotenoids to ß-carotene is

assumed to be 5, the total carotenoid concen-
trations in the se ce11s would be 0.30 and 0.20
nmol/g, respectively. Exfoliated colonic ce11s

contained much sm aller concentrations of
carotenoids, indicating that they are probably

incorporated into crypt ce11s and then are slowly

lost during the cells migration up the vilus
(Nair et al., 1996). This conclusion is supported
by the finding that ingestion of carotenoid-rich

vegetables for five to seven days maximizes the
caro te no id concentration in exfoliated colonie

cells, and this period concords with the migra-
tion time in vili. The concentration of total

carotenoids in ce11s obtained by bronchoalveo-
lar lavage (0.52 nmol!g) was similar to that in
lung tissue (0.63 nmol!g; Redlich et al., 1996).
It has also been shown that ß-carotene is secret-
ed into bile at concentrations that reflect those
in plasma (Leo et al., 1995).

The total carotenoid concentrations in adi-
pose tissue in various studies were 9.2 Qohnson
et al., 1995), 5.7 (Parker, 1988) and 4.2 nmol!g
(Virtanen et al., 1996). Because adipose tissue is
the main site of storage for carotenoids, biop-
sies of this tissue are recommended for deter-
mining long-term carotenoid status (Kohlmeier
& Kohlmeier, 1995). The carotenoid concentra-
tion in adipose tissue is higher, however, in

women than in men and is inversely associated
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Table 5. Estimated carotenoid contents of selected human tissues

Organ Mean concentrationa Approximate percent Mean total Percent of

(nmol/g) of body weightb am ou nt (i-mol)C total amountd

Fat 3.3 (15.6)e (0.8) 18.8 42.2 65.39
Liver 5.0 (14.1)e (5.1)1 (21.0)9 2.3 7.8 12.09
Muscle NDh (0.07)1 42.8 2.04 3.16
Adrenal 33.7 (9.4)1 0.02 0.46 0.71
Plasma NDh (1.1)1 (1.6)i 4.9 4.5 6.97
Pancreas 3.7 0.16 0.40 0.62
Spleen 0.96 (5.9)e 0.25 0.16 0.25
Kidney 0.98 (1.2)e (0.9)f (3.1)g 0.41 0.27 0.42
Heart 0.81 (0.84)e 0.42 0.23 0.36
Testes 26.3 (7.6)e 0.04 0.72 1.12
Lung NDh (1.9)g 0.73 0.94 1.46
Thyroid 0.79 0.04 0.021 0.03
Ovary 2.6 (0.9) 0.01 0.018 0.03
Prostate NDh (1.3)k 0.024 0.021 0.03
Skin NDh (0.98)i 7.0 4.7 7.28
Brain NDh (0( 0.04)1 2.0 0.054 0( 0.08

Total 79.9 64.54 100

Mean concentrations, unless otherwise noted, from Kaplan et al. (1990). The average molecular mass of mixed carotenoids

is assumed to be 543; thus, 1 i-g = 1.84 nmol.

From Long (1961); main unlisted tissues are stomach and intestine (7-10%) and skeleton (12-15%)

Based on a reference body weight of 68 kg

Based primarily on Kaplan et al. (1990)

From Blankenhorn (1957)

From Stahl et al. (1992); plasma concentration in nmol/ml

From Schmitz et al. (1991)

Not determined by Kaplan et al. (1990)

From Dimitrov & Ullrey (1990)

From Peng et al. (1995)

From Clinton et al. (1996); Iycopene and ß-carotene only

a

b

C

d

e

9

h

i

k

with body size and composition, inc1uding the
body mass index, and with smoking and alco-
hol consumption. The associations were
stronger with sorne carotenoids than with oth-

ers, and carotenoid concentrations were little
affected by age (mean age, 53 :t 9 years for men
and 62 :t 6 years for women); however, a nega-
tive correlation with lycopene was seen in men
(Virtanen et al., 1996). Negative correlations
between plasma lycopene and age were also
seen in adults in Great Britain and the USA
(Gregory et al., 1990; Brady et aL., 1996), but in
a study on 46 women with breast cancer and 63

controls, the concentrations of ß-carotene,

lycopene and lutein/zeaxanthin in breast adi-
pose tissue were not correlated with the respective
estimated intakes (Zhang et al., 1997). More
th an 20 structura11y different carotenoids have
been detected in the breast milk of lactating
women (Khachik et al., 1997), showing that
human milk is an important source of
carotenoids and vitamin A for infants
(Thurnham et al., 1997).

Since :: 90% of the carotenoids in the body
are found in tissues and .. 10% in plasma, the
contents of various tissues are of interest.
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Lycopene and ß-carotene occurred at the high-
est concentrations in nearly a11 of the tissues
listed in Table S, lutein/zeaxanthin at interme-
diate concentrations and cryptoxanthin and
a-carotene at lower levels. The pattern of
carotenoid concentrations in tissues usua11y

reflects their distribution in plasma. Sorne
exceptions are the preferential accumulation of
ß-carotene in the pineal gland (Shi et al., 1991)
and in the corpus luteum (Moore, 1957) and of
lutein/zeaxanthin in the macula of the eye
(Handelman et aL., 1988).

The relationship between the concentrations
of carotenoids in tissues and in plasma is cruciaL.
A significant relationship has been found for
both total and specific carotenoids in most

studies (e.g. Peng et al., 1995), but a poorer cor-
relation is found between tissue concentrations
and dietary intake of carotenoids, possibly

because of uncertainties in estimating dietary
intakes accurately (Peng et al., 1995). ß-Carotene
concentrations in the cord blood of fetuses

increase from about 0.0019 ).mol/L at 20 weeks
of gestation to 0.056 ).mol/L at 40 weeks. The
concentrations in the blood of neonates were

lower in mothers who smoked (Moji et al.,
1995). The relationship between the concentra-
tions of retinol and ß-carotene in maternaI

serum, cord serum and placentae was assessed
at parturition in women whose vitamin A sta-
tus was adequate (n = 15; serum retinol, )0 0.7
pmol/L) and inadequate (n = 16; serum retinol,
.: 0.7 pmol/L). The concentrations of ß-

carotene in maternaI serum (0.22 mmol/L),
cord blood (0.019 pmol/L) and placenta

(0.0075 mmol/g) were unaffected by maternaI
vitamin A status (Dimenstein et al., 1996). A
cross-sectional study of 30 women showed that
the serum cholesterol concentration was
increased during the early follcular phase of
the menstrual cycle and that of a-carotene was
increased in the mid-luteal phase, but only if
uncorrected for total cholesteroL. The concen-

trations of lutein, ß-cryptoxanthin, lycopene

and ß-carotene did not change du ring the cycle

(Rock et al., 1995).
As the concentrations of total and specific

carotenoids in plasma and tissues are highly
skewed towards lower concentrations (e.g. Stich
et al., 1986; Virtanen et al., 1996), either non-
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parametric methods or log transformation of
the data before parametric analysis should be

used in statistical analyses.

3.1.4.2 Effect of supplemental intake

Thirteen healthy volunteers were given a daily
dose of 30 mg synthetic ß-carotene (formula-
tion unspecified) and 7.4 mg of lycopene as
vegetable juice for i i days. The buccal mucosal
concentration of ß-carotene was increased, but

not those of lycopene, lutein, cryptoxanthin or
a-carotene (Peng et aL., 1994).

The carotenoid concentrations in human
lymphocytes were 4.5-fold lower in lung cancer
patients (n = 19) than in healthy controls

(n = 23), while the serum concentrations were
nonsignifcantly lower (Bakker Schut et aL.,
1997). Supplementation with 100 mg/d of crys-
tallne ß-carotene in capsules (25 mg, Merck)

for 17 days levelled the difference in serum

concentrations between one control and two
lung cancer patients, but the concentrations of
carotenoids in the lymphocytes of cancer

patients remained lower. Supplementation with
ß-carotene (30 mg/d; formulation unspecified)
for six weeks markedly increased the concen-
tration in cervicovaginal ce11s of 24 healthy

women (Palan et al., 1992). Patients with cervi-
cal intraepithelial neoplasia (n = 30) who
received a similar dose for six months also had
a significant increase in the ß-carotene concen-
trations of vaginal mucosa over the baseline

level (Manetta et al., 1996).

3.1.5 Kinetics

The kinetics of an orally administered dose

(73 pmol) of octadeuterated ß-carotene in vivo
has been carefully analysed, although in only
one male adult (Novotny et al., 1995, 1996). A
model consisting of II compartments and a
gastrointestinal delay parameter of 4.5 h was
devised on the basis of measurements of
octadeuterated ß-carotene and tetradeuterated
retinol in plasma at various times from 0 to 57
days, although measurements were made up to
113 days. A set of fractional transfer coefficients
was defined on the basis of several feasible
assumptions, with SAAM 31 software (Novotny
et al., 1995, 1996). The main features of the
model were: slowly and rapidly turning over
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pools of ß-carotene and of retinol in the liver;
enterocytic and extrahepatic tissue pools of
carotene; pools of ß-carotene and retinyl ester
in plasma chylomicra; a pool of ß-carotene in
plasma lipoproteins and a pool of retinol in
holo-retinol-binding protein in plasma.
The model predicts that 22% of the ß-carotene
dose wil be absorbed, that the hepatic reserves of
ß-carotene and vitamin A are 7.5 iimol and 324
iimol, respectively, and that 57% of the conver-
sion of ß-carotene into vitamin A takes place in
the liver and 43% in the intestinal mucosa. With
average dietary intakes' of 3-7 iimol/d ß-
carotene, however, the intestine may we11 play a

larger role in the conversion process.
The mean sojourn, or residence, time is

defined as the mean time that tracer molecules
spend in the system from the moment of entry
unti the time of irreversible exit. The values

were 51 days for ß-carotene and 474 days for
retinol (vitamin A), which agree we11 with esti-

mates based on other data. The empirical mean
sojourn times in the plasma were only 9-13

days for ß-carotene and 26 days for retinol
(Novotny et aL., 1995, 1996). These differences
in mean sojourn time values may we11 reflect
effcient recyc1ing of retinol, and probably of
carotenoids as well, in and out of tissue depots.
The mean empirical sojourn times for other
carotenoids in plasma are similar to that of ß-
carotene: dimethoxy-ß-carotene, six days; ethyl-ß-
apo-8'-carotenoate, nine days and canthaxanthin,
eight days (Zeng et al., 1992; Furr & Clark, 1997).
Experimenta11y, the values for carotenoids are lit-
tle affected by the dose given (Furr & Clark, 1997).

3.1.6 Metabolism
Carotenoids are oxidized in plants and microor-
ganisms to a variety of compounds with fewer
carbon atoms, inc1uding ß-apocarotenals,
abscissic acid, trisporic acid, bixin and crocetin,
sorne of which have important physiological
functions in plants (OIson, 1993). Thus, nature

can modify carotenoids in a variety of ways at
almost every carbon atom in the molecule.

3.1.6.1 ß-Carotene

(a) Physiologieal pa th ways
ß-Carotene was first shown to be converted
biologically into vitamin A in mammals in

1930 (Moore, 1957). On the basis of the sym-
metry of the ß-carotene molecules, Karrer and

Eugster (1950) suggested that central c1eavage

was the most logical means for conversion of ß-
carotene into vitamin A. For many years, how-
ever, the pathways for its conversion were

unc1ear, largely because the rate of conversion
is relatively slow, cell-free preparations of tis-
sues show little or no activity, ß-carotene is
rapidly oxidized chemica11y to various deriva-
tives and the resolving power and sensitivity of
the available methods were limited.

ln 1960, Glover suggested two pathways for
the c1eavage of carotenoids into vitamin A,

namely, central c1eavage to yield two molecules
of retinal or asymmetric c1eavage to yield a

shorter and a longer ß-apocarotenal, the latter
of which is sequentially shortened by the
removal of Cz and C3 fragments to yield retinal.
The evidence now suggests that central c1eav-
age is the predominant reaction in humans.

The possible role of excentric c1eavage in

human physiology is not known.

(b) Conversion of ß-earotene to vitamin A
Because the mechanism for the conversion of
carotenoids to vitamin A appears to be similar
in humans and animaIs, data from both
sources are referred to in this section. ß-

Carotene and other provitamin A carotenoids

are converted to vitamin A in many tissues of
the body. The intestinal mucosa is the main
site of conversion after usual dietary intake of
carotenoids, but other organs, particularly the
liver, convert significant amounts when
greater quantities of carotenoids are ingested.

Most hum an tissues contain carotenoids, and
retinoic acid, the major retinoid that is biolog-
ica11y active in cellular differentiation, can be

formed both from the carotenoids present in a
given tissue and from retinol taken up from
the plasma.

The only fairly we11 characterized carotenoid
c1eavage enzyme in mammals is carotenoid
15,15'-dioxygenase (EC 1.13.11.21). This
enzyme, found in many tissues, shows similar
properties in various tissues and species (OIson,

1983). It is located in the cytosol, requires mol-
ecular oxygen, shows a Km value for ß-carotene
of 1-10 iimol/L, has a slightly alkaline optimal

..
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pH (7.5-8.5), is inhibited by metal ion chelators
and by sulfhydryl-binding reagents and can be
activated by glutathione. The activity of the
intestinal mucosal enzyme is enhanced by vita-
min A deficiency and by treatment with
polyunsaturated fatty acids but is depressed by
treatment with ß-carotene. The activity of the
liver enzyme, although seemingly less sensitive
to vitamin A status, is increased by treatment
with ß-carotene or with polyunsaturated fatty
acids (van Vliet et aL., 1992).

It has been postulated that, in addition to
central cleavage, excentric cleavage of ß-

carotene might occur, yielding apocarotenals of
different chain lengths, which might subse-
quently be shortened by the removal of Cz and
C3 fragments to yield retinal (Glover, 1960).
These fragments are presumed to be oxidized to
carbon dioxide. While favouring asymmetric

cleavage, Glover found, however, that the
amounts of radiolabe11ed carbon dioxide pro-
duced by the metabolism of 14C-ß-carotene and
14C-retinol in rats were the same, indicating
that asymmetric cleavage is not a major
pathway. A few years later, the sole detectable
product of 14C-ß-carotene was found to be reti-
nal (Goodman & Huang, 1965; OIson &
Hayaishi, 1965). Indeed, the stoichiometry of

the reaction-the ratio of the moles of retinal
formed to those of ß-carotene consumed-was
found to be 1.1-1.5. Any value greater than 1.0
would, of course, favour central cleavage.

The enzyme carotenoid 15,15'-dioxygenase (EC
1.13.11.21) was found to require molecular
oxygen.

An interesting challenge to the idea of cen-
tral c1eavage was posed by Hansen and Maret
(1988), who, although unable to repeat earlier
findings, showed that ß-carotene could be con-
verted to ß-apocarotenals chemica11y in the

presence of oxygen under normal incubation
conditions. ln a subsequent re-examination of
the c1eavage reaction, however, Lakshman et al.
(1989) showed that retinai is the primary, if not
the sole, product of ß-carotene cleavage catal-

ysed by a partia11y purified enzyme preparation
of rabbit and rat intestinal cytosol.

Whether asymmetric cleavage rea11y occurs
in mammals then became a key query. Wang
and co11eagues (Wang, 1994; Wang, X.D. et aL.,
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1991, 1996) subsequently showed that whole
intestinal homogenates convert ß-carotene to a
group of ß-apocarotenals in the presence of
oxygen. Of particular interest in this regard was
the formation of a pair of ß-apocarotenals that
are counterparts in a 13':14'oxidative cleavage

reaction. Since retinal was a reiatively min or
product of the reaction in their studies, they
concluded that sequential asymmetric cleavage

is a major pathway for the conversion of

ß-carotene to vitamin A.

The most appropriate way of determining
the relative importance of the two pathways is
to examine the stoichiometry of the reaction.
Central c1eavage yields 2 mol of retinal per
mole of ß-carotene consumed, whereas asym-
metric c1eavage yields, via ß-apocarotenals, a
maximum of 1 mol of retinal. Using whole
intestinal hom6genates similar to those used by
Wang, X.-D. et al. (1991), Devery and Milborrow
(1994) reported a mean molar ratio of 1. 72, and
Nagao et aL. (1996) reported a molar ratio of
1.88 :! 0.08 (standard deviation (SD)). After cor-
rection for the efficiency of solvent extraction,

the molar ratio in the latter study was 2.07 :!
0.09 (SD). ß-Apocarotenals were detected in

only trace amounts, if at aIL. No stoichiometric
studies have been conducted that favour asym-
metric c1eavage as the major pathway, and the
available information indicates that central
c1eavage is the predominant reaction in mam-
mals. It should be emphasized that the enzyme
has not been purified or crystallzed.

(c) Retinoic acid formation

The formation of retinoic acid from ß-carotene
can proceed by central cleavage, followed by
conversion of the resulting retinai ta retinoic
acid by one of several aIdehyde dehydrogenases
(Blaner & OIson, 1994). As the diterpene
aldehyde, citral, inhibits the formation of
retinoic acid from retinal (Wang, 1994; Wang,
X.-D. et al., 1996), it should inhibit the forma-
tion of retinoic acid from ß-carotene, if indeed
retinal is a free intermediate in the reaction.

On the basis of earlier observations that
retinoic acid might be produced directly from
ß-carotene (Napoli & Race, 1988), it was of con-
siderable interest that ß-carotene, but not
retinal, is converted into retinoic acid in the
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presence of citral in whole intestinal homo-
genates and is also found in portal blood derived
from ferret intestine perfused with these sub-
strates (Wang, X.-D. et aL., 1996). Thus, retinoic
acid might be formed by oxidation of retinol or
by oxidative c1eavage of ß-apocarotenoic acids.

The two forms of retinoic acid of physiological
interest are a11-trans- and 9-cis-retinoic acid,
which are ligands for nuc1ear retinoid receptors.
The 9-cis isomer can be formed either by isomer-
ization of all-trans-retinoic acid or by oxidative
cleavage of dietary 9-cis-ß-carotene (Nagao &
OIson, 1994; Wang, X.-D. et aL., 1994) fo11owed
by oxidation of 9-cis-retinal to 9-cis-retinoic acid.

Administration of large amounts of retinol
is known to promote the formation of retinoids
that are active in gene regulation (Tang &

Russell, 1991; Norum, 1993); however,
ß-carotene does not appear to have an immedi-
ate effect on the concentrations of retinoic acid
in plasma or adipose tissue. The concentrations
in plasma were similar in vegetarians and
non-vegetarians and were not changed after
administration of 90 mg ß-carotene for three
weeks, nor were the concentrations in adipose

tissue changed over 15 days after administration
of 120 mg ß-carotene Oohnson et al., 1995).

3.1.6.2 ß-Apocarotenoids

ß-Apocarotenals can be converted directly to
retinal and to an uncharacterized, short-chain

aldehyde by the carotenoid 15,15' dioxygenase

(OIson, 1983), although slowly in sorne cases

(Nagao et aL., 1996). ß-Apo-8'-carotenal, and pre-
sumably other analogues, can be reduced to
alcohols and then esterified in the hum an intes-
tine or be oxidized to their corresponding acids
(Zeng et al., 1992). Several ß-apo-carotenoic acids
can also be converted to retinoic acid in ferret
liver mitochondria, presumably by ß-oxidation
(Wang, X.-D. et al., 1996). Ethyl ß-apo-8'-
carotenoate, however, did not appear to be

metabolized in hum ans (Zeng et aL., 1992). This
compound bears sorne resemblance metabolical-
ly to etretinate, which is stored in the body for
long periods.

3.1.6.3 Other carotenoids

Carotenoid 15,15' -dioxygenase also cleaves
the a11-trans isomers of 3,4,3',4'-tetradehydro-ß-

carotene, 5,6-epoxy-ß-carotene, 5,8-epoxy-ß-

carotene, a-carotene, 5,6-epoxy-a-carotene,

5,8-epoxy-a-carotene and 3',4'-dehydro-ß-'V-
caroten-16'-al (OIson, 1983), but usually at
rates considerably lower th an for a11-trans-ß-

carotene. The dioxygenase also cleaves 9-cís-ß-
carotene and possibly 13-cís-ß-carotene, but

again at lower rates than the all-trans isomer (Nagao
& OIson, 1994; Wang, X.-D. et aL., 1994).
Carotenoids that are cleaved either at low rates
(0( 5% that for all-trans-ß-carotene) or not
detectably include 5,6,5',6'- and 5,8,5',8'-
diepoxy-ß-carotene, 3',4' -didehydro-ß-cryptox-
anthin, zeaxanthin, lutein, the 5,6 epoxides of

several ß-apocarotenals and ß-apocarotenoic

acids (OIson, 1983). Carotenoid 15,15'-dioxyge-
nase has also been reported to c1eave ß-cryp-

toxanthin (Sivakumar & Parvin, 1997). The lack
of activity of the dioxygenase towards ß-apoc-
arotenoic acids accords with the demonstrated
ß-oxidation of the latter to retinoic acid in mito-
chondria (Wang, X.-D. et al., 1996).

ln humans, 4,4' -dimethoxy-ß-carotene is
converted to canthaxanthin (4,4' -diketo-ß-
carotene) and to more polar, unidentified
metabolites (Zeng et al., 1992). a-Carotene is
cleaved to retinal and a-retinal, presumably by
carotenoid 15,15' -dioxygenase (Sivakumar &
Parvin, 1997). Lycopene, although absorbed

we11 from oily solutions and taken up by the

liver and other organ s, is metabolized by poorly
understood pathways. Many isomers of lycopene
are present in human plasma and tissues, the
main ones being a11-trans- and 5-cis-lycopene
(Stahl & Sies, 1996). A similar pattern ofisomers
is found in tomato products; however, the per-
centage of cis isomers of lycopene is 9-21 % in
tomato products, 58-73% in plasma and
79-88% in prostate tissue (Clinton et al., 1996).
Thus, a clear shift from a11-trans to cis isomers

takes place in vivo, due perhaps to isomeriza-
tion, preferential uptake of specific isomers or
selective extraction of isomers into other
liphophilc dietary compounds, such as fat and
oil (see section 2.1.3.3).

Canthaxanthin, like lycopene, is not metab-
olized to detectable products in rats, squirrel
monkeys or humans (White et aL., 1994).

Lutein may be oxidized in vivo in humans to
its 3'-keto derivative, isomerized from the 6'R
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to the 6'5 form or converted to 3'-epilutein
and zeaxanthin (Khachik et aL., 1995).
Although the enzymatic reactions have not
been c1arified, such derivatives appear in
human plasma after lutein supplementation.
Lutein and zeaxanthin may have a physiolog-
ical role in the body, since they are specifical-
ly found in the retina. Zeaxanthin is concen-
trated in the macula, while lutein is dispersed
throughout the retina (Bone et aL., 1988;
Handelman et al., 1988). The presence of
carotenoids in the eye may improve visual
acuity and may also protect against damaging
photochemical reactions (Bone et al., 1985,
1993). There is sorne dispute about the relative

amounts of the two carotenoids in the retina:
Bone et aL. (1988) reported that zeaxanthin
predominated in more than 90% of human
eyes examined, while Handelman et al. (1988)
reported that the concentration of lutein
exceeded that of zeaxanthin in 15/16 whole

retinas examined. The total amount of
carotenoid recovered in the retina do es not
appear to be related to age, but the concentra-
tion can vary from 3 to 85 ng (Bone et aL.,
1988) or 35 to 120 ng (Handelman et aL.,
1988). Zeaxanthin exists as two stereo-isomers
in the eye: zeaxanthin itself ((3R,3' R)-ß,ß-
carotene-3,3' -diol) and meso-zeaxan thin

((3R,3'5)-ß,ß-carotene-3,3'diol) (Bone et aL.,
1993). The presence of lutein and zeaxanthin
in the eye does not necessarily imply that
lutein undergoes metabolic or structural
changes during its absorption and dispersion
through the tissues, but Iutein usually occurs
at considerably greater concentrations than

zeaxanthin in the bloodof most people in

western countries, unless they consume large
amounts of yellow corn. These observations
led Bone et aL. (1993) to suggest that meso-

zeaxanthin arises from lutein by sorne chemi-
cal process in the retina.

Capsanthin, a major carotenoid in paprika,
is a dihydroxymonoketo-carotenoid with one
five-carbon cyc1ic ring. When given ora11y to
men, capsanthin is well absorbed, is associated
equally with high-density and low-density

lipoproteins in plasma and is c1eared rapidly

from the circulation (Oshima et aL., 1997). No
metabolites were identified.
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9'-cis-Bixin, a monomethylester of an acylic
C24 dicarboxylic acid, and its congeners are

found in the seeds of the annatto plant.
Extracts of these seeds are used commonly as a
food colouring in Spain and Latin America.

When ingested by human volunteers, 9-cis-
bixin is well absorbed but rapidly c1eared from
plasma. It is both dimethylated to the dicar-
boxylic acid norbixin and isomerized to all-
trans-bixin in vivo (Levy et al., 1997).

Little is known about the metabolism in
mammals of other carotenoids, such as neoxan-
thin, violaxanthin and astaxanthin. Although

found in foods, these carotenoids have not been
detected in human plasma (Khachik et al., 1991).

3.1.7 Genetic variation

No c1early defined genetic defects have been
observed in the metabolism of carotenoids.
Differences in plasma concentrations of caro-
tenoids after an oral dose of ß-carotene may
represent genetic variabilty, but the absence of
differences in the absorption of other
carotenoids complicates the interpretation of
relative responsiveness.

3.2 Experimental models
Research on the bioavailabilty of carotenoids is
hampered by the fact that most common labo-
ratory animal species, in contrast to primates,
efficiently convert ß-carotene to vitamin A, and
very little is absorbed intact. The situation in pri-
mates has, however, been mimicked in
two animal models: the ferret and the prerumi-
nant calf. Although both models have sorne lim-
itations, important information on carotenoid
uptake and metabolism have been obtained.
Most of the studies on carotenoid uptake, distri-
bution and metabolism in humans and animaIs
have focused on ß-carotene, and Iess informa-
tion is available for other carotenoids.

3.2.1 Non-human primates

Various carotenoids, inc1uding lutein, zeaxan-

thin, a-cryptoxanthin, ß-cryptoxanthin and

ß-carotene, were detected in plasma, liver and
other tissues of monkeys that received the
usual, unsupplemented Primate Center diet
(Krinsky et al., 1990b; Snodderly et al., 1990),
indicating that rhesus monkeys absorb and
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transport dietary carotenes and xanthophy11s

in the same way as humans.
When 14C-ß-carotene was given at a single

dose of 1.26 mg in olive oil to rhesus mon-
keys, peak accumulation in the serum of
labelled retinol derived from the parent was
detected after 8-24 h; sorne unchanged
labelled mate rial was also detected.
Considerable individual variation was seen in
the am ou nt of radiolabel in serum. Most
of the absorbed radio label was detected in
the liver, mainly as retinol, with only 2-8%
as unchanged ß-carotene. Much less radio-
label was found in other tissues. Rhesus

monkeys are thus capable of absorbing
ß-carotene intact and of using it as a source of
retinol. No other ß-carotene metabolite was
detected in a significant amount (Krinsky et al.,
1990b). ln contras t, no labe11ed metabolic prod-
ucts were found when 14C-canthaxanthin or

ß-lycopene was administered to rhesus mon-
keys, confirming the finding that neither com-
pound has provitamin A activity. Peak accumu-
lation of radiolabel in plasma was measured at
8-48 h for both compounds, but the clearance
of lycopene from plasma appeared to be slower
th an that of canthaxanthin. The liver was the
major depot organ for both carotenoids.
Various amounts of the pigments were detected
in other tissues, with the highest concentra-

tions in spleen (Mathews-Roth et al., 1990).
When the diet of squirrel monkeys was sup-

plemented with zeaxanthin and ß-carotene,
rapid plasma responses were measured. After

two weeks of increasing zeaxanthin intake, a
relatively stable, higher plasma concentration
of this compound was reached. ln animaIs
given a standard laboratory diet, the plasma

concentrations of ß-carotene were low and
increased only slightly with supplementation.
The plasma concentrations of lutein were not
affected by zeaxanthin supplementation

(Snodderly et aL., 1997).
ln baboons, the toxicity of ethanol was

reported to be enhanced when it was taken
together with ß-carotene. ln animaIs fed the
combination, histological changes in the liver
were more pronounced, and increased blood
concentrations of the mitochondrial enzyme
glutamic dehydrogenase were found as com-

pared with controls that received either ethanol
or ß-carotene alone. It was suggested that the
effect is due to interference by ethanol with the
metabolism of ß-carotene to retinol and dispo-
sition of the carotenoid from the liver. Baboons
that received ß-carotene and ethanol had higher
concentrations of ß-carotene in plasma and
liver than controls, and the ß-carotene-induced
increase in liver retinol was lower in animaIs
that received the combination. When ß-caro-
tene treatment, was stopped, the plasma con-
centrations decreased more slowly in the ani-
maIs fed ethanol. The half-life of ß-carotene in
plasma was fourfold longer when the slow
elimination phase was taken into account. This
experiment provides interesting information
on the possible interactions between ß-carotene
and ethanol with respect to bioavailabilty and
metabolism (Leo et al., 1992). (The Working
Group noted that the dose of ethanol was very
high, supplying 50% of the total energy intake
over two to five years.)

The pattern of carotenoids in the macula

lutea has also been investigated in monkeys
(Handelman et al., 1991; Snodderly et al.,
1991). As in humans (Landrum et al., 1997), the
main carotenoids are lutein and zeaxanthin,
although the ratio between the two xantho-
phy11s differs within different regions of the

macula lutea. Macaque monkeys have a consis-
tent pattern of more zeaxanthin than lutein at
the foveal centre, and a similar distribution is
observed in the macula lutea of adult humans
(Bone et al., 1997).

Studies on the conversion of ß-carotene to

retinoids and apocarotenals have been per-
formed with homogenates from various mon-
key tissues. ß-Carotene was converted to
retinoids and apocarotenals by intestine, liver,
kidney, lung and adipose tissue (Wang, X.-D. et

aL., 1991). ß-Apo-13-carotenone and ß-apo-14'-
carotenal were identified after incubation of ß-
carotene with intestinal preparations from mon-
keys, rats, ferrets and humans (Tang et al., 1991).

3.2.2 Preruminant calves and cows
The preruminant caU has been introduced as an
animal model for the study of carotenoid bio-
kinetics in humans (Hoppe & Schoner, 1987;
Poor et al., 1992). Pre ruminant calves are new-
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born animaIs that are maintained in a mono-
gastric state by feeding them an a11-liquid diet.
For most studies of carotenoids, milk substi-
tutes with a low concentration of vitamin A are
used (Poor et aL., 1992; Hoppe et al., 1996). After
a single oral dose of 20 mg ß-carotene dissolved
in a milk substitute, peak serum concentrations
in calves of about 0.4 /lmol/L ß-carotene were
observed after 12-30 h but no significant
change in serum vitamin A concentration was

found. Relatively high concentrations of ß-

carotene were found in the adrenal glands,
with a maximum 24 h after treatment. High
concentrations were found in liver, lung and
spleen, also peaking 24 h after administration,
whereas the highest concentrations in adipose
tissue and kidney were detected 72 and 144 h
after dosing, respectively. No significant change
in carotenoid concentration was observed in

heart or muscle. The serum ß-carotene response
curves of the calves were similar to those

observed in humans after a single dose of 13-
carotene; however, about 30% of the animaIs
did not show significantly increased serum
concentrations after ß-carotene administration
(Poor et al., 1992). A similar phenomenon has
been observed in humans who are designated
'low' or 'poor responders' Oohnson & Russell,
1992; Stahl et aL., 1995). There is at least one
significant difference between preruminant
calves and hum ans with regard to the biokinet-
ics of carotenoids, which may affect transport
and clearance. ln human blood, ß-carotene is
associated mainly with the low-density lipopro-
tein fraction (Krinsky et al., 1958; Johnson &
Russell, 1992), whereas in calves and cows
high-density lipoproteins appear to be the
major transport form (Schweigert & Eisele,
1990; Bierer et aL., 1993, 1995).

The dose-response relationship of ß-
carotene was also investigated in this modeL.

The compound was administerd ora11y with a
milk substitute to preruminant ca Ives for 28

days at a dose of 0.23, 0.46, 0.92, 1.84 or 3.68
llmol/kg bw per day. Steady-state plasma con-
centrations were reached on day 28 and were
clearly related to the logarithm of dose. At
doses between 0.23 and 0.92 llmol/kg bw per
day, the relationship with steady-state serum

concentrations was linear, but considerable
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interindividual differences in these concentra-
tions were found, with a calculated coeffcient
of variation of about 30%. No animaIs consid-
ered to be poor responders were reported. Dose-
dependent accumulation of ß-carotene was

measured in liver, lung, heart, adrenals and
adipose tissue. ln the liver, the vitamin A con-
centrations increased with ß-carotene intake.
All-trans-ß-carotene was the only isomer
present in plasma and the adrenals and the major
isomeric form in other tissues (Hoppe et al., 1996).

The absorption and transport of ß-carotene,
a-carotene, lycopene, canthaxanthin and
lutein in preruminant calves were compared
after a single oral dose of 20 mg of each
carotenoid. The serum responses indicated that

all of them were absorbed but in variable

amounts; the variations may be due, at least in
part, to the use of different vehicles or

carotenoid preparations. The peak serum con-
centrations of canthaxanthin and lutein
occurred earlier (8 and 12 h) than those of
lycopene, a-carotene and ß-carotene (16, 16
and 24 h, respectively). At these times, 70-90%
of the serum carotenoids were associated with

the high-density lipoprotein fraction. The oxo-
carotenoids were cleared more quickly from
serum than a-carotene, ß-carotene or lycopene,
and lycopene and a-carotene had slower di sap-
pearence rates th an ß-carotene (Bierer et al., 1995).

Several studies in humans indicate that
heating of a dietary source improves the

bioavailabilty of carotenoids (Micozzi et al.,
1992; Stahl & Sies, 1992), but no such effect
was seen in the preruminant caU model, in

which mild heat treatment had only slight
effects on the availabilty of (X- and ß-carotene
from carrots, as shown by analyses of serum
and tissue concentrations (Poor et al., 1993).

ß-Carotene is also distributed into the milk
of cows. After parenteral administration, elevated
concentrations of the parent compound were
found in milk and plasma. No increase in the
vitamin A concentrations of plasma was
observed, whereas the vitamin A concentration
of milk increased (Schweigert & Eisele, 1990).

The corpus luteum of both cows and
humans has extremely high concentrations of
ß-carotene. ln bovine corpus luteum, the high-
est concentrations were detected in nuclei,
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lipids and mitochondria; however, much of the
ß-carotene was loosely bound in the nuc1ear

and mitochondrial fractions, and in the cytoso-
lic fraction ß-carotene was associated with with
high-molecular-mass proteins (O'Fallon &

Chew, 1984). A study of the intrace11ular trans-
port of ß-carotene in bovine liver and intestine
suggested that ß-carotene, unlike other lipophilc

compounds, is not transported by cytosolic pro-
teins, and other mechanisms such as vesicular trans-
port may be involved (Gugger & Erdman, 1996).

3.2.3 Ferrets

The ferret (Mustela putorius furo) has been
used to investigate the intestinal absorption,

metabolism and storage of carotenoids, and a
direct comparison with rats showed that this
species is a more appropriate model . for
humans. ln the absence of supplementation,

the serum concentration of ß-carotene in ferrets
was only about 0.01 nmol/ml, and no ß-
carotene was detected in liver or adipose tissue.
After supplementation with 4 or 20 mg/kg bw
ß-carotene in corn oil for two weeks, the serum
concentrations increased to 0.28 and 0.78
nmol!ml, respectively, within the range detect-
ed in human serum. Increases in ß-carotene
concentrations were also measured in liver and
adipose tissue, with values in the liver of 1. 7
and 7.7 nmol!g tissue after the repeated doses
of 4 and 20 mg, respectively (Ribaya-Mercado et

aL., 1989).
After a single dose of 10 mg/kg bw

ß-carotene, a peak serum concentration of 0.68
nmol!ml was observed 8 h after ingestion;
within 76 h, the compound was essentially
c1eared from the blood. Peak concentrations of

ß-carotene in various tissues were detected

between 8 and 16 h after administration. The
highest concentration was found in the liver
(1.2 nmol/g); less was found in the lung (0.04
nmol!g), kidney (0.09 nmol!g) and spleen (0.08
nmol!g). Other polar and nonpolar carotenoids
were identified in ferret livers. The results show
that this species can absorb carotenoids intact
and transport them into various tissues (Gugger
et aL., 1992).

A11-trans-ß-carotene accumulates preferen-
tia11y in the serum of ferrets that have ingested
an isomeric mixture. Similar effects were

observed in humans, suggesting that the ferret
is also a suitable model for intestigating the bio-
kineties of geometric isomers of carotenoids.

ln the same study, it was shown that less
ß-carotene is bioavailable from the natural

source, carrot juiee, than from a commercial
beadlet preparations used as a feed additive
(White et aL., 1993a). Canthaxanthin had spe-
cifie antagonistie effects on the bioavailability
of ß-carotene when the two compounds were
given concurrently (White et al., 1993b).

Furthermore, the biokinetics of carotenoids in
ferrets and humans show striking differences. ln
ferret blood, ß-carotene is associated mainly with
the high-density lipoprotein fraction, whereas

the major transport form in humans is low-den-
sity lipoproteins (Ribaya-Mercado et al., 1993).

After long-term supplementation of ferrets
with canthaxanthin at 50 mg/kg bw per day,
the serum concentrations increased from 0 at
baseline to about 0.1 nmol/ml after 12 months.
High concentrations of canthaxanthin were

also detected in liver, fat, lung and small intes-
tine, but no detectable concentrations were

found in the eyes, and the animaIs showed no
c1inieal signs of toxieity (Tang et al., 1995).

The ferret is also a useful model for studying
the bioconversion of ß-carotene (Wang et al.,
1992; Hebuterne et al., 1995, 1996; Wang, X.-D.
et aL., 1996). Experiments involving perfusion
of the sma11 intestine of ferrets added evidence
that geometrie isomers of ß-carotene are iso-
mer-selective precursors of the respective

retinoic acids. After perfusion with all-trans-ß-
carotene, the resulting retinoic acid was mainly
in the a11-trans form; when 9-cžs-ß-carotene was
used, about 50% of the retinoic acid formed
was the 9-cžs isomer. Interestingly, the total
amount of retinoic acid was similar in the two
experiments (Hebuterne et al., 1995).

Interactions of ß-carotene with other
lipophilc antioxidants have been shown in the
ferret modeL. a- Tocopherol at low doses
enhanced the lymphatic transport of ß-carotene
fourfold, and this effect was even more pro-
nounced at pharmacologieal doses of vitamin
E. It was suggested that a-tocopherol modulates
the metabolism of ß-carotene and has a positive
effect on its intestinal absorption (Wang et aL.,
1995).
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3.2.4 Rats

As rats con vert ß-carotene and other provita-
min A carotenoids to retinol, this species has
often been used to study the metabolism of

these compounds. For moderate and higher
intake, the conversion is inversely related to
dose (Brubacher & Weiser, 1985). Fractions of
rat tissues have been investigated for their capa-
bilty to c1eave carotenoids: after experiments
with various fractions of rat liver homogenate,
c1eavage activity was assigned to the enzyme ß-
carotene 15,15'-dioxygenase (OIson, 1961;

OIson & Hayaishi, 1965). A mechanism for the
biosynthesis of vitamin A from ß-carotene was
postulated on the basis of the results of an
investigation of the c1eavage products in rat

lymph after administration of doubly labe11ed

ß-carotene, Le. that the formation of vitamin A
occurs in a dioxygenase-like reaction after

c1eavage of the central double bond (Goodman
et al., 1966b). The primary c1eavage product is
retinal (Lakshman et aL., 1989), as shown in sev-
eral studies, although the formation of retinal
and other retinoids has been cha11enged in a

single report (Hansen & Maret, 1988).
The fate of ß-carotene geometric isomers

remains an open question. Studies in rats and
other species have added evidence that 9-cis-ß-
carotene is an isomer-selective precursor of 9-
cis-retinal or 9-cis-retinoic acid (Nagao & OIson,

. 1994; Hebuterne et aL., 1995). The latter is a
high-affinity ligand of retinoic X receptors,

which act as ligand-dependent transcription
factors (Kliewer et aL., 1994). Enzyme prepara-
tions partia11y purified from rat liver and intes-

tine converted all-trans, 9-cis- and 13-cís-ß-

carotene to an isomeric mixture of a11-trans, 9-
cis- and 13-cis-retinal (Nagao & OIson, 1994).
Relatively more cis-retinals were formed when
ß-carotene cis isomers were used as substrates;
however, the c1eavage rates determined in vitro
were distinctively lower with 9-cis- and 13-cís-ß-

carotene than with the all-trans form.
Fewer data are available on the c1eavage of

carotenoids other than ß-carotene in rats. Other
provitamin A carotenoids are metabolized to
retinal by rat intestinal preparations, but, in

comparison with ß-carotene, less retinal is
formed. Retinal formation from a-carotene and
cryptoxanthin was 29 and 55%, respectively, that
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of ß-carotene. ln vitro, other carotenoids can
influence the efficacy of ß-carotene c1eavage, as

less retinal was formed from ß-carotene in the
presence of lutein; no effects on ß-carotene

metabolism were observed in the presence of
lycopene (van Vliet et al., 1996a). The highest
activity of the enzyme ß-carotene 15,15'-dioxy-
genase within the intestine, investigated in
female Wistar rats, was found in the cytosol of
mature functional enterocytes harvested from
the jejunum. Retinal and retinoic acid were the
only metabolites identified in this study; no
apocarotenals were detected (Duszka et al.,
1996). The absorption and metabolism of ß-
carotene are affected by the vitamin A and
ß-carotene concentrations in the diet. The

intestinal enzyme activity was higher in rats fed
a diet with a low content of vitamin A than in
those fed a di et with a low content. The dioxy-
genase activity was lower when the animaIs
were given a diet supplemented with
ß-carotene th an when they received an unsup-
plemented diet (van Vliet et aL., 1993, 1996b).

No ß-carotene was detected in rat serum
within 72 h after administration of a single oral
dose of 14C-labe11ed compound; the peak serum
concentrations of labe11ed retinol were mea-
sured at 4 h. Sma11 amounts of unchanged ß-
carotene were found in the liver, but about 90%
of the radiolabel in this organ was assigned to
the retinol fraction (Krinsky et aL., 1990b;

Mathews-Roth et al., 1990). Increasing plasma
concentrations were reported after a single oral
dose of 10 mg/kg bw of all-trans- or 9-cís-ß-
carotene, with peak concentrations at 4 h.

When the 9-cís isomer was administered to rats,
higher plasma concentrations of the a11-trans

form (about 0.1 nmol/ml) were measured th an
after application of the a11-trans isomer (0.03

nmol/ml), but the 9-cis isomer was not detect-
ed after administration of the a11-trans form,

and only small amounts of this isomer (0.01
nmol/ml) were found after 9-cis supplementa-
tion. The results indicate that the 9-cís isomer is

converted to a11-trans-ß-carotene before or dur-
ing absorption (Suzuki et aL., 1996). Similar
observations have been made in humans
(Gaziano et aL., 1995a; Stahl et aL., 1995; You et
al., 1996). Rats, like humans, have considerable
amounts of 9-cis-ß-carotene in the liver (Ben-
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Amotz et al., 1989). Higher concentrations of
czs isomers were found in rat liver after admin-
istration of 9-czs-ß-carotene th an its 13-czs ana-

logue, and an inverse relationship was found
between the corresponding liver concentra-
tions of czs-ß-carotene and the abilty to revert

symptoms of vitamin A deficiency (Weiser et
al., 1993).

Several studies in this animal model indicate
that factors which influence the bioavailabilty
of ß-carotene in humans also affect their avail-
abilty in rats. These inc1ude bile salts (El-Gorab

et aL., 1975), fatty acids and pH (Ho11ander &
Ruble, 1978), dietary lipids (Mokady & Ben-
Amotz, 1991; Bianchi-Santamaria et aL., 1994)
and interactions between ß-carotene and other
carotenoids (High & Day, 1951).

Under normal dietary conditions, very little
carotenoid crosses the intestinal mucosa into
the systemic circulation. Thus, adipose tissue is
usua11y white, and other organs con tain little
carotenoid. After long-term supplementation
with a large amount (0.2% of diet) of ß-caro-
tene, however, ß-carotene was found in signifi-
ca nt amounts in blood and tissues. Plasma was

saturated within three days, whereas saturation
was not reached in the liver, adrenal gland or
ovary even after 21 weeks of supplementation.
The largest amount of ß-carotene (9.3 nmol/g)
was found in liver (Shapiro et al., 1984). ln car-
cinogenicity experiments as we11, long-term

dietary supplementation of rodents with large
amounts of carotenoids led to appreciable con-
centrations of the administered carotenoid in
the liver and other organs (see section 4.2).

Less is known about the absorption and
distribution of carotenoids other than
ß-carotene in rats. After administration of
14C-labelled lycopene and canthaxanthin,
peak accumulation of radiolabel in plasma was
detected within 4-8 h. Both pigments accumu-
lated in liver, and small amounts were found
in various other tissues (Krinsky et al., 1990b;

Mathews-Roth et aL., 1990). High concentra-
tions of canthaxanthin and ß-carotene
were reported in the livers of rats fed a
diet containing either 0.2% canthaxanthin or
0.2% ß-carotene for two weeks; smaller
amounts were measured in the lung (van Vliet
et al., 1991).

The results indicate that the rat is not a suit-
able model for studying the uptake and plasma
response of carotenoids, especia11y ß-carotene.

Much less of the carotenoid is absorbed
unchanged, and the times at which peak con-
centrations are found in plasma after a single
dose differ considerably, being about 4 h in rats
and 24-48 h in humans. Since rats efficiently
convert ß-carotene to retinal, however, this
species cou Id be used to investigate the metab-
olism of provitamin carotenoids; rat tissue
preparations are suitable sources for the c1eavage

enzyme ß-carotene 15,15' -dioxygenase. As the
fate of geometric isomers of ß-carotene appears
to be similar in rats and hum ans, this model
may also be used to investigate the metabolism
and tissue distribution of geometric isomers in
the organism.

Sorne carotenoids can induce xenobiotic
metabolizing enzymes. Canthaxanthin accu-

mulates in rat liver and increases the activities
of sorne drug-metabolizing enzymes, inc1uding
cytochromes P4501Al and P4501A2,
para- ni tropheno 1- uridine dip hosp hogl ucurono-
syl transferase and quinone reductase. Similar
but less pronounced effects were detected
with astaxanthin. ln contrast, ß-carotene, lutein
and lycopene did not induce the activity of these
enzyes (Astorg et al., 1994; Gradelet et aL., 1996a).

3.2.5 Othe, animal species

Several other species have been used to study
the bioavailabilty and metabolism of
ß-carotene. Low concentrations of ß-carotene

but increasing amounts of retinol were found
in the livers of hamsters fed various concentra-
tions of the compound, indicating that these
animaIs are efficient converters of ß-carotene.
No carotenoids were detected in the blood
of rabbits fed a carotenoid-rich diet, and only
sma11 increases were seen in the concentration

of vitamin A in liver, indicating that the rabbit
is a poor absorber, although preparations of

rabbit instestine have been used to investigate
the ß-carotene c1eaving enzyme ß-carotene

15,15' -dioxygenase. Preparations of rabbit
intestinal mucosa were used to show that
lycopene, lutein and astaxanthin competitively
inhibit the enzyme and partia11y protect it from
trypsin digestion (Ershov et al., 1994).
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The absorption, transport and tissue distrib-
ution of ß-carotene have been studied in

pigs given 14C-labe11ed corn pound ora11y. The
amount of radiolabel in plasma increased
within 4 h, and, by 24 h, a large amount

of radio label was found in the liver and
lung. ln the liver, the label was associated main-
ly with retinol, while in the lung large amounts
of the parent compound (5.4 pg/g tissue) were
detected. Thus, pigs absorb the compound intact
and accumulate ß-carotene in the lung

(Schweigert et aL., 1995). Studies with prepara-
tions of pig intestinal mucosa showed that the
major cleavage product of ß-carotene is retinal,
formed in a molar ratio close to 2, indicating
mainly central cleavage. Other retinoids or apoc-
arotenals were not detected (Nagao et aL., 1996).

As Mongolian gerbils absorb ß-carotene
intact, this species could be used to evaluate
specific aspects of the biokinetics of caro-

tenoids. After a single oral dose of about 0.15
mg ß-carotene, increasing serum concentrations
were detected between 0 and 4 h, with a peak

concentration of 88 pmollml, but the concen-
tration decreased to 0 within 72 h. ln tissues,
the highest ß-carotene concentrations were

found in liver and spleen; low concentrations

were also detected in kidney, lung and adipose
tissue (Pollack et aL., 1994).

Studies on the bioavailabilty of ß-carotene

and its geometric isomers have been performed in
chickens given an isomeric mixture extracted
from the alga Dunaliella bardawil. Chicks were fed
either synthe tic ß-carotene (a11-trans isomer) or
ß-carotene from the alga (containing about

equal amounts of the a11-trans and 9-cís isomers)
at equivalent levels of total ß-carotene. The

absolute amount of ß-carotene in chick liver
was higher when the natural source was used,
but no difference was found in the content of
retinol. The ratio of 9-cís-ß-carotene to its a11-

trans analogue exceeded that of the natural

source, indicating preferential accumulation
of 9-cîs-ß-carotene in chick livers. Similar data
were obtained when purified isomers were used
(Mokady et aL., 1990). ln chick liver, the high-
est concentration of ß-carotene was detected

in the mitochondrial fraction, fo11owed by

lysosomes, microsomes and nuclei (Mayne &
Parker, 1986).
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3.2.6 Conclusion

No animal species provides a model suitable
for studying a11 aspects of the biokinetics of
carotenoids in humans. The pre ruminant caU
and the ferret appear to be the most suitable
species. The results of studies with non-human
primates are promising, but more studies are
needed to evaluate these models. Other species
may be considered for the investigation of spe-
cific aspects of the biokinetics of carotenoids,
su ch as their metabolism.

4. Preventive Effects

4.1 Humans
4.1.1 Studies of cancer occurrence

4.1.1.1 Observational studies based on blood
and othe, tissue measures of carotenoids

(a) Methodological comments
The concentrations of carotenoids in blood
and tissue discussed in this section are markers
of exposure to carotenoids in the diet. Several
problems are involved in estimating exposure
to carotenoids on the basis of circulating lev-
els: The measure of the carotenoid, e.g. plasma
concentration, may not be representative of
the concentration in the appropriate tissue;
and plasma or serum concentrations measured
at one time may not be sufficiently character-
istic of exposure to carotenoids over de cades
but rather indicators of more recent dietary

intake (OIson, 1984; Le Gardeur et aL., 1990).
The reproducibilty of measures in blood over
periods of up to two years may, however, be

better than that of dietary measures of intake

(Kaaks et al., 1997). The value of serum con-
centrations as a marker of true internaI expo-
sure is stil uncertain. There are clearly individ-
ual differences in the metabolism and kinetics
of ß-carotene, and the relationship between

serum concentrations and those in specifie tis-
sues is stil not known. One source of error is
the possible degradation of carotenoids in

serum samples during storage, especia11y at
temperatures above -70 DC (Craft et al., 1988;
Comstock et aL., 1993; Ocké et al., 1995);
carotenoids in serum samples that are repeated-
ly thawed and refrozen are particularly sensi-
tive to degradation.
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ln case-control studies, carotene intake or
the concentrations of carotenoids in the

tissues of the cancer patients may have
been altered by the cancer, due either to
treatment of the disease or to changes in

dietary habits or metabolism caused by
the disease. For this reason, cohort and

nested case-control studies are more reliable,
since information on carotenoid status is
collected before diagnosis of cancer. ln
such studies, the disease process can stil
affect carotenoid status, but its effect can be
minimized by excluding cancer cases that
occur during the first years of follow-up. This
source of bias is of particular concern with
regard to cancers of the lung, stomach and liver.

The strength of the association between

exposure to carotenoids and cancer risk may
depend on the balance between the amount of
carotenoids available and the extent of expo-
sure to other risk factors, such as cigarette

smoking. Thus, the association may differ
according to the concentrations of other fac-
tors, making it difficult to assess associations
between carotenoid status and cancer risk. The
concentrations of carotenoids in blood and adi-
pose tissue have been associated with several
factors potentia11y related to the risk for cancer
(Roe, 1987; Stryker et aL., 1988; Albanes et al.,
1992; Hebert et al., 1994; Margetts & Jackson,
1996; Berg et aL., 1997). Various foods, nutrients
and dietary patterns may also confound the
relationships between carotenoid measures and
disease. Intake of carotenoids, for example, is
strongly associated with intake of several

potentia11y protective nutrients, such as fibre,
vitamin E, vitamin C and flavonoids, both
because they are included in the same foods

and because of c1ustering of dietary behaviour.
Therefore, carotenes may simply be markers of
fruit and vegetable intake.

The measure of carotenoids most widely
used in studies on cancer is the ß-carotene con-
centration in serum or plasma (Tables 6-8).
Other predominant circulating carotenoids in
humans, Le. a-carotene, lycopene, lutein, cryp-
toxanthin and total carotenoids have also been
determined. The carotenoid concentration in
adipose tissue was used in one study (van't Veer
et al., 1996).

ln cohort studies with nested case-control

analyses (that is, studies based on a cohort in
which biological specimens for aIl cases and for
a sample of non-cases were analysed), the con-
centrations of total carotenoids, ß-carotene

and, in two populations, a-carotene, cryptox-

anthin, lutein and lycopene were determined

in serum or plasma sam pIes co11ected at the

time of a base1ine survey, stored frozen (at -20

to -75°C) and thawed for analysis at the end of
the follow-up period (Table 7). The carotenoids
were determined by HPLC, the laboratory
personnel being unaware of the case or control
status of the samples. The coefficients of
variation for the determinations of ß-carotene,

reported in sorne of the studies, usually varied

from 2 to 6%, and those for other carotenoids
were 7-17%. The mean serum or plasma
ß-carotene concentrations, available for eight
populations, ranged from 5 to 38 l1g/dl
(0.09-0.71 l1mol/L) in the control samples. The
range for the samples stored at -70°C or lower
was 17-38 l1g/dl (0.32-0.54 l1mollL), and that
for samples stored at above -70°C was
5-22 l1g/dl (0.09-0.41 l1mol/L). The corre-
sponding range in cohort studies in which
blood samples from all participants were
analysed shortly after collection was 17 -36

l1g/dl (0.32-0.67 l1mollL).
Most of the case-control studies reviewed

were based on concentrations of circulating ß-
carotene; other carotenoids were also deter-
mined in sorne studies (Table 8). The commonest
method for determining circulating caro-
tenoids was HPLC with UV-visible detection.
Measurements of total carotenoids in tissue
extracts by spectrophotometry were used in a
small number of studies. The concentrations of
ß-carotene in controls varied from 17 ta 141

l1g/dl (0.32-2.63 l1mollL); the coefficients of
variation, with few exceptions, were not reported.
The comparabilty of cases and con troIs is an
additional concern.

(b) Results
The main results from analytical observational
epidemiological studies on the association

between tissue concentrations of carotenoids
and the occurrence of cancer that were
published not earlier than 1980 are presented

..
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Table 6. Description of cohort studies of the association between serum or plasma concentrations of
carotenoids and cancer tj

§:
Study, Study cohort Cohort size Age Starting Length Cancer Site of No. of

00~
country (years) year of follow- end-point cancer cancer en

0,.
up cases n
(years)

¡i
tjn
ro..

A TBC Study (Alpha- Smokers in southwestern 7287 M 50-69 1985-88 5-8 Incidence Lung 208 ""..
ro

Tocopherol, Beta Finland ..
ro

Carotene Cancer tj..
õ'

Prevention Study tj
Group, 1994a), Filla

Basel Study (Eichholzer Employees of three 2974 M 20-79 1971-73 17 Mortality Ali 290
et al., 1996), pharmaceutical companies Lung 87
Switzerland Stomach 28

Prostate 30
Colon 22
Pancreas 15

Skin Cancer Prevention Basal-cell or squamous-cell 1188 M, 0( 85 1983-86 7-10 Mortality Ali 82
Study carcinoma patients from 4 532 F

(Greenberg et al., c1inical centres
1996), USA

CARET (Omenn et al., Smokers or asbestos- 12025 M, 45-74 1985-94 1-9 Incidence Lung 275
1996a), USA exposed workers 6289 F

Nutrition Status Survey N on-i nstitutional ized 254 M, ~ 60 1981-84 9-12 Mortality Ali 45
(Sahyoun et al., 1996), residents of Massachusetts 471 F

USA

Hokkaido (Ito et al., Rural Japanese residents 929 M, ~ 40 1986-89 2-8 Mortality Ali 44
1997), Japan 1424 F Stomach 10

ATBC, Alpha-Tocopherol Beta-Carotene; CARET, Beta-Carotene and Retinol Efficacy Trial; M, male; F, female
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Table 7. Description of nested case-control studies of the association between serum or plasma concentrations of carotenoids
and cancer

Study, Reference Cohort Sex Age Starting Length of Site of cancer Numbers of Matching variables
country size (years) year follow-up cancer cases/

(years) controls

Guernsey, UK Wald et al. (1984) 5004 Female 28-75 1968- 7-14 Breast 39/78 Age, menopausal status, pa rit y, family
75 history of breast cancer, history of

benign breast disease

Hypertension Willetl et al. (1984) 4480 Both 30-69 1973- 5 Ali, lung, breast, 111/210 Age, sex, race, smoking, time of blood
Detection and Follow- 74 prostate, leukaemia collection, blood pressure, use of anti-
up Program, USA and Iymphoma, hypertensive medication, random

gastrointestinal assignment, parity and menopausal

status

Honolulu Heart Nomura et al. (1985) 6860 Male 52-75 1971- 10 Lung, stomach, colon, 284/302 Randomly selected controls in age
Program, USA 75 rectum, urinary strata

bladder
Nomura et al. (1997) 20 Oral and pharyngeal, 69/138 Age, time of blood collection, smoking,

laryngeal, alcohol intake

oesophageal

Washington County, Menkes et al. (1986) 25 802 Both ~ 18 1974 9 Lung 99/196 Age, sex, race, smoking, time of blood
USA Schober et al. (1987) Both 9 Colon 72/143 collection, length of fasting, time since

Burney et al. (1989) Both 12 Pancreas 22/44 last menstrual period, menopausal
Helzlsouer et al. (1989) Both 12 Urinary bladder 35/70 statu sa 

Hsing et al. (1990) Male 12 Prostate 103/103
Comstock et al. (1991) Both 9 Rectum 34/68

Female 9 Breast 30/59
Batieha et al. (1993) (15161) Female 16 Cervix 50/1 00

Zheng et al. (1993) Both 16 Oral and pharyngeal 28/112
Basal skin, squamous

Breslow et al. (1995) Both - skin, melanoma 99/198
Ovary

15
Helzlsouer et al. (1996) (20 305) Female 35/67

~ 1

n
Pl,.o..
ro
~o
õ:
V)
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1 ~Table 7 (contd)
:: .i:Study, Reference Cohorl Sex Age Starling Length of Site of cancer Numbers of Matching variables ::
0.cou ntry size (years) year follow-up cancer cases/ cr0

(years) controls 0
""vi

British United Provident Wald et al. (1988) 22 000 Male 35-64 1975-82 2-9 Ail, lung, colorectal, 271/533 Age, smoking, duration of 0,.
Association, UK stomach, urinary storage ni:

bladder, skin, central ::l'
nervous system rD..

'"
Connett et al. (1989) 12866 Male 35-57 1973-75 8-10 Ail, lung, colon, 156/311 Age, smoking, clinical centre,

..Multiple Risk Factor rD

Intervention Trial, USA oesophagus, urinary treatment group, date of ri
::

bladder, kidney randomization ..
õ'
::

Mobile Clinic Health Knekt et al. (1990) 36 265 Both 15-99 1968-72 6-10 Ali, stomach, colon, 766/1419 Age, sex, place of residence
Survey, Finland rectum, pancreas,

lung, prostate, basal
skin, Iymphoma and
leukaemia, breast,
cervix, endometrium,
ovary

Oral cavity and
pharynx, larynx,

Knekt et aL. (1991) oesophagus, liver,

kidney, urinary

bladder, melanoma,
brain

Kaiser Permanente Orentreich et al. (1991) - Both 26-78 1969-73 5-9 Lung 123/246 Age, sex, skin colour,
Medical Care Program,

smoking, date of health
USA

check-up, storage duration

Skin Cancer Prevention Karagas et al. (1997) 1805 Both 35-84 1983-86 3-5 Squamous skin 129/250 Age, sex, study centre
Study, USA-
a The matching variables varied from one study to another.



Table 8. Description of case-control studies of the association between tissue concentrations of carotenoids and
cancer

Reference, Population base Time Sex Age Site of cancer No. of Controls

country period (years) cases/
Matchingcontrols Type
variables

Pastorino et al. (1987), Instituto Nazionale di Tumori NR Female 62 (10) a Lung 47/159 Hospital NR
Italy and Consorio Provinciale

Antitubercolare, Milan

Gerber et al. (1988), Instiuto Nazionale Tumori, 1982-85 Female 25-65 Breast 306/314 Hospital NR
Italy, France Milan and Paul Lamarque

Cancer Center, Montpellier

Hayes et al. (1988), Hospitals in the Rotterdam 1982-85 Male 50-79 Prostate 134/130 Hospital NR
Netherlands region

Palan et al. (1988), Bronx Municipal Hospital NR Female NR Cervix 32/37 Volunteer NR
USA Center, New York

Palan et al. (1991), Bronx Municipal Hospital 1988 Female 28 (8) a Cervix 10/36 Volunteer NR
USA Center, New York

Palan et al. (1992), Bronx Municipal Hospital NR Female 16-69 Cervix 10/26 Volunteer NR
USA Center, New York

Kune et al. (1989), Repatriation General 1984-85 Male NR Lung 64/63 Hospital NR
Australia Hospital, Melbourne

Kune et al. (1992), Repatriation General 1984-85 Male 70 (8) a Skin, basal-cell, 88/88 Hospital Sex
Australia Hospital, Melboune squamous-cell

Kune et al. (1993), Repatriation General 1982 Male 64 (8) a Oral and pharynx 41/88 Hospital Sex
Australia Hospital, Melbourne

Potischman et al. (1990), Roswell Park Memorial 1985-86 Female 30-80 Breast 83/113 Hospital NR
USA Institute and two surgeons in

Buffalo, New York

Stryker et al. (1990), Massachusetts General 1982-85 Bath .: 18 Melanoma 204/248 Hospital NR
USA Hospital

. n
¡:..0n-(t
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b 1 Table 8 (contd)
1 g;()

::~Reference, Population base Time Sex Age Site of cancer No. of Selection of controls ::0.
0"country period (years) cases/ 0

Type Matching 0
controls i"

variables
'"
0..
()Ramaswamy et al. (1990), Bangalore NR Both NR Oral cavity, head 285/50 Hospital, Age, sex, ~
::India and neck, volunteer socioeconomic n
(D
""

gastrointestinal tract, status "V""
lung, breast, cervix (D..

(D

Age
::Ramaswamy & Bangalore NR Female 30-65 Cervix, breast 200/100 Volunteer ..
õ'Krishnamoorthy (1996), ::

India

Harris et al. (1991), Churchill and John Radcliffe 1979-81 Male 62 (8) a Lung 171/97 Hospital NR
UK Hospitals, Oxford

Potischman et al. (1991a), Four Latin American NR Female NR Cervix 387/670 Hospital, NR
USA countries population

Potischman et al. (1994), Four Latin American 1986-87 Female .: 70 Cervix Hospital, Age
USA countries 696/1217 population

Smith & Waller (1991), Wellington Hospital 1981-84 Both 20-80 AII,oesophagus, 389/391 Hospital Age, sex, date of
New Zealand stomach, small admission

intestine, colon,
rectum, larynx, lung,

basal skin,

squamous skin,
melanoma, breast,
uterus, ovary, cervix,
urinary bladder,
kidney, prostate,

haematopoietic,
thyroid, brain



Table 8 (contd)

Reference, Population base Time Sex Age Site of cancer No. of Selection of contrais

country period (years) cases/
Type Matchingcontrols

variables

London et al. (1992) Five teaching hospitals in the 1986-88 Female 58-69 Breast 377/403 Hospital None
USA Boston, Massachusetts, area

Malvy et al. (1993), Paris, Lyon, Lille, Bordeaux, 1986-89 Both 0-16 Leukaemia, 418/632 Population Age, sex,
France Tours, Nancy Iymphoma, central residence

nervous system,
sympathetic
nervous system,
renal, bone, soft
tissue

Pan et al. (1993), Chang-Gung Memorial Hospital 1988-89 Male NR Hepatocellular 59/101 Hospital Age
China carcinoma

Jinno et al. (1994), NR NR Both NR Hepatocellular 60/40 Hospital Age
Japan carcinoma

Torun et al. (1995), NR NR Bath NR Ali, breast, head 208/156 NR NR

Turkey and neck,

genitourinary, lung,

gastrointestinal

van't Veer et al. (1996), Berlin, Coleraine, Zeist, Malaga, NR Female 50-74 B reast 347/374 Population Age
Germany, France, The Zürich

Netherlands, Spain,

Switzerland

NR, not reported
a Mean (SD)

;: 1
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in Tables 9-11, by study design. The small

numbers of cases may be one reason for failure
to detect associations in sorne studies, and the
results of studies based on 2' 40 cases were given
particular emphasis. The relative risk (RR)

between high and low concentrations of
carotenoids and the mean differences between
the concentrations of carotenoids in cases and
con troIs are also tabulated.

(c) Cohort studies
The Alpha-Tocopherol Beta-Carotene Cancer
Prevention (ATBC) study involved 29 133 men
aged 50-69 (median, 57), out of 54 171
potentially eligible participants, in southwest-
ern Finland who currently smoked five or more
cigarettes per day (median, 20). The median
duration of smoking was 36 years. Subjects
were excluded if they were taking more than a
predefined dose of supplements of vitamins E

or A or ß-carotene, had a history of cancer other
than non-melanoma skin cancer or serious
debiltating disease or were being treated with

anticoagulants. The lung cancer incidence
among untreated men was 47 per 10 000 per-
son-years. Eighty-nine percent of the subjects

drank a1cohol, mostly beer and spirits, with a
me di an ethanol intake was about 11 g/d. The
baseline plasma concentrations of retinol, a-
tocopherol, ß-carotene, vitamin C and high-
density lipoprotein were determined in most
participants and were consistent with those
reported in other western populations (e.g.
median serum ß-carotene, 0.32 ¡.mol/L). The
cancer cases that occurred during a median fol-
low-up of 6.1 years were identified by the
Finnish Cancer Registry. Advice on stopping
smoking was provided to a11 participants at
entry, and 22%, equally distributed in the study
groups, quit during the follow-up. The inci-
dence of lung cancer was lower among subjects
in the highest quartile of serum ß-carotene con-
centrations than among those in the lowest;
the relative risk between the extreme quartiles,
adjusted for age and amount of smoking, was
ca1culated by the Working Group to be 0.81
(Table 9). Similar associations were observed in
the entire trial population and when they were
grouped into those receiving ß-carotene as part
of the intervention and those not receiving the

..
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supplement (Alpha-Tocopherol Beta-Carotene

Cancer Prevention Study Group 1994a,b;
Albanes et aL., 1996).

ln the study in Basel, Switzerland, 2974

healthy male employees at three pharmaceuti-
cal companies were fo11owed up from 1971, ini-
tia11y for 12 years (Stähelin et al., 1991) and
later for 17 years (Eichholzer et aL., 1996; Table

6). According to the death certificates from the
Swiss Federal Office of Statistics, 290 of the men
died of cancer during the 17 -year follow-up

period. A11 of those who developed cancer and
those with lung or stomach cancer had had

signifcantly lower plasma carotene concentra-

tions before diagnosis (20% a-carotene, 80%
ß-carotene) th an the non-cases, with mean
case-control differences of 18, 30 and 30%,
respectively (Table 9), as ca1culated by the
Working Group. A strong gradient was
observed for stomach cancer, with an estimated
relative risk of 0.30 (95% confidence interval
(Ci), 0.13-0.70) between the highest and lowest
quartiles of the distribution of ß-carotene con-
centrations, after exclusion of the first two
years of fo11ow-up (ca1culated by the Working
Group). Individuals with low plasma concen-
trations of both carotene and retinol had
strongly increased rates of death from a11 can-

cers and from lung cancer. This association per-
sisted after exclusion of men who developed
cancer duringthe first two years of fo11ow-up

and after adjustment for age, smoking and
serum lipids. The relative risks for individuals
in the higher quartiles of carotene and retinol

concentrations in corn paris on with those in the
lowest quartiles were 0.28 (95% Ci, 0.11-0.70)
for lung cancer and 0.47 (95% Ci, 0.32-0.68)
for all cancers combined (ca1culated by the

Working Group). Further adjustment for plas-
ma concentrations of vitamins C and E did not
materially alter the results.

The Skin Cancer Prevention Study was a
multicentre, double-blind clinical trial in the
United States, comprising 1720 men and women
under 85 years of age who had had at least one
basal-ce11 or squamous-cell skin carcinoma diag-
nosed from a biopsy speciment (Greenberg et al.,
1996; Table 6). The participants had no known
genetic predisposition ta skin cancer. During the
7-10-year fo11ow-up, 82 persons were ascertained
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from death certificates to have died of cancer.
Plasma ß-carotene concentration at the begin-
ning of the study was inversely related to cancer
mortality, the relative risk between the highest
and lowest quartiles being 0.53 (95% CI,
0.30-0.94). The relative risk for cancer was not
statisticaUy significant after adjustment for age,
sex, smoking, body mass index and study cen-
tre: 0.78 (95% CI, 0.42-1.5; P for trend = 0.26;
Table 9).

The Beta-Carotene and Retinol Efficacy Trial
(CARET) involved 14 254 current or former
smokers (7965 men and 6289 women) and
4060 asbestos-exposed workers, aged 50-69,
resident in six areas of the United States,

who were recruited from answers to more than
1 400 000 letters sent to establish eligibilty and
to obtain informed consent. Of these workers,

1153 had already participated in pilot studies in
which treatment with lower doses of ß-carotene
was initiated (Goodman et al., 1993; Omenn et
al., 1993b). The mean age of the asbestos-

exposed workers was 57 years, and that of

smokers was 58 years. No women had been
exposed to asbestos, while they represented

about one-haIt of the smokers. The incidence of
lung cancer in the untreated group was 46 per
10000 person-years. Subjects with a history of
cancer other than non-melanoma skin cancer
during the previous five years, aspartate amino-
transferase and alkaline phosphatase activities
above the 99% upper limits, a history of cirrho-
sis or hepatitis during the previous 12 months,
unwilingness to limit supplementation with

vitamin A or ß-carotene, a Karnowski index of
, 70 and women who had undergone
menopause less than one year previously were
excluded. Only 3% of the asbestos-exposed

workers were nonsmokers, while 58% were for-
mer smokers. Among the smokers, about two-
thirds were current smokers of a mean number
of 24 cigarettes per day. The ex-smokers had
stopped smoking an average of three years
before recruitment; before quitting, they had
smoked a mean of 28 cigarettes per day. Among
the asbestos-exposed workers in the pilot study,
the ex-smokers had quit an average of 19 years
before recruitment; their mean duration of
exposure to asbestos had been 35 years, and
they had spent an average of 25 years in high-

--
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risk trades in insulating, shipyards, use of plaster-
board, plumbing, shipscaling, shipfitting and
sheetmetal work (Omenn et al., 1993b). Sixt y-
six percent of the asbestos-exposed workers,

67% of the male smokers and 62% of the
female smokers drank a1coholic beverages, the
median a1cohol intake being 12, 12 and 9 g/d,
respectively. The baseline plasma concentra-
tions of retinol, a-tocopherol, ß-carotene and
retinyl palmitate were determined in a subset of
1182 participants and were consistent with
those reported for other western populations (e.g.
me an serum ß-carotene, 0.27 pmol/L). Advice
on stopping smoking was provided to the
whole study group, resulting in a 5% rate of
quitting per year, equaUy distributed among
the subgroups (Grizzle et al., 1991; Omenn et
aL., 1991; Goodman et al., 1992; Omenn et al.,
1994, 1996a). During a mean fo11ow-up of four
years, 275 confirmed cases of lung cancer

occurred, and a statisticaUy significant inverse
association between baseline serum ß-carotene
concentration and lung cancer incidence was

observed (Table 9). The relative risk for lung
cancer among people with a serum ß-carotene
concentration above the median was 0.69 (95%
CI, 0.54-0.88; P for trend = 0.003) among aU
participants and 0.62 (95% CI, 0.46-0.82; P for
trend = 0.0008) among heavy smokers, when
compared with people with a concentration
below the median. The association was similar
in the subgroup of individuals who received ß-

carotene and retinol supplements and in the
placebo group, as we11 as in current and former
smokers. No association was seen in the popu-
lation that had been exposed to asbestos.

The Nutrition Status Survey conducted in
Boston, Massachusetts, USA, during 1981-84
comprised 725 non-institutionalized people
aged 60-101 who were free of terminal wasting
disease or severe metabolic disorders; they were
healthier and better educated th an the general

population. During the 9-12-year foUow-up, 45

of them died of cancer. The relative risk for
death from cancer between the highest and
lowest quintiles of plasma carotenoid status,
adjusted for age, sex, serum cholesterol, disease
status and disabilties, was 0.72 (not significant)

(Sahyoun et al., 1996).
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The population involved in the study car-
ried out in Hokkaido, Japan, comprised 2353

healthy men and women over 39 years of age
living in rural areas. During the two- to eight-
year follow-up, 44 deaths from malignant neo-
plasms were confirmed from death certificates.
After adjustment for age, smoking and a1cohol
consumption, an inverse association was
observed with serum ß-carotene concentration
(Table 9), but no differences were observed in
the concentrations of a-carotene and lycopene.
The relative risk between the highest and low-
est terties of serum ß-carotene concentration
was 0.33 (95% CI, 0.14-0.75). The correspond-
ing relative risk for stomach cancer after further
adjustment for intake of green and ye110w veg-

etables was 0.45 (95% CI, 0.73-2.8) (Ito et al., 1997).

(d) Cohort studies with nested case-control
analyses

The association between blood carotenoid sta-
tus and cancer risk has been studied in nested
case-control studies in ni ne populations (Table

7). The cohorts ranged in size from 1805 to
36 265 persons, and the number of cancer cases
occurring during the 2-20-year fo11ow-up periods

ranged from 39 to 766.
On Guernsey, United Kingdom, during

1968-75, 5004 women aged 28-75 volunteered
a plasma sample, which was stored at -20°C
(Wald et al., 1984) and analysed for ß-carotene.
During a 7-14-year fo11ow-up, 39 new cases of

breast cancer were found by general practition-
ers. On the basis of the plasma concentrations
of ß-carotene in the cancer cases and in two
matched controls per case, the relative risk
between the highest and lowest quintiles of
plasma ß-carotene was 0.36 but was not signifi-
cant (Table 10); the association was stronger for
premenopausal women. The women in this
group had a 28% lower (p ~ 0.05) age-adjusted
mean concentration of ß-carotene than the cor-
responding controls. Exclusion of those cancer
cases occurring during the first two years of fol-
low-up did not notably alter the results. The
ß-carotene concentrations were very low
(mean, 5 llg/dl, 0.09 ¡.mol/L), probably due to
degradation during storage, as the serum samples
were thawed several times (Wald et al., 1988).
(The Working Group noted that the method for

determining serum ß-carotene and the reliabilty
of the method were not reported.)

ln the Hypertension Detection and Fo11ow-

up Program, a trial of treatment for hyperten-
sion at 14 centres in the United States, serum

samples were co11ected during 1973-74 from
4480 men and women aged 30-69 with a
diastolic blood pressure of at least 90 mm Hg
(Table 7). The serum samples were stored at
-70°C. During a five-year follow-up,111 cases of
cancer (excluding non-melanoma skin cancer)
occurred among participants with no history of
cancer. The cases were confirmed by a review of
hospital records, pathology reports and death
certificates, and each case was matched with
two controls. The coeffcient of variation for
the determinations of carotenoid was 8.7%. No
significant association was found between
serum carotenoidconcentration and the occur-
rence of cancers at a11 sites combined (Table
10). When the mean carotenoid concentrations
adjusted for lipids were compared for cases of
cancer at various sites and for the corresponding
controls, a significant, 36% higher mean con-
centration was found in cases of leukaemia and
lymphoma combined than among controls
(p = 0.05). No association was seen for cancers
of the lung, breast or prostate or for all cancers

of the gastrointestinal tract (Wilett et al., 1984).
A total of 6860 men of Japanese ancestry,

52-75 years of age, participated in the
Honolulu Heart Pro gram In Hawaii, United

States, during 1971-75 (Table 7), in which
serum samples were taken and were stored at
-75°C. During the 10-year follow-up, 81 cases
of cancer of the colon, 74 of the lung, 70 of

the stomach, 32 of the rectum and 27 of the
urinary bladder were recorded in the Hawaii

Tumor Registry. Each cancer case was
confirmed by histological examination of tissue
obtained at surgery or biopsy. An age-stratified
random sample of controls was selected
from among those men who did not develop
cancer during the fo11ow-up. A significant
inverse gradient was found between serum ß-
carotene concentration and the occurrence of

lung cancer, and the relative risk between the
highest and lowest quintiles was 0.45 (95% CI,

0.17-1.2 (ca1culated by the Working Group);
Table 10) after adjustment for age and smoking,

--
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with a p value of 0.04 for trend. Further adjust-
ment for a1cohol intake and serum cholesterol,
retinol and vitamin E concentrations did not
alter the results. The association was found for
men with various intensities of smoking but
was strongest in heavy smokers. It persisted
throughout the 10-year follow-up period. The
me di an concentration of ß-carotene was signif-
icantly lower in men with squamous- and
small-ce11 carcinomas (but not those with ade-

nocarcinomas) th an in controls. The coefficient
of variation of the ß-carotene determinations

was very high (33%), perhaps due to the low

mean concentration in the controls. An
inverse association with stomach cancer was
also reported between the highest and lowest
tertiles of serum ß-carotene concentration, with
an age-adjusted relative risk of 0.3 (95% CI,
0.2-0.7). This association was seen mainly in
patients whose cancer was diagnosed within
the first five years of fo11ow-up (p = 0.001). No
association was observed for cancers of the
colon (Nomura et aL., 1985).

At a later stage of the study, 28 cases of can-
cer of the oesophagus, 23 of the larynx and 18
of oral-pharynge al cancer occurred during a

fo11ow-up of 20 years. These 69 cases were

matched to 138 controls. The me an concentra-

tions of a- and ß-carotene were lower in the

cases th an in the controls after adjustment for
age, smoking and a1cohol consumption. Wh en
data for the three sites of cancer were com-
bined, a strong association was found. The rel-
ative risk between the highest and lowest ter-
tiles was 0.19 (95% CI, 0.05-0.75) for
a-carotene, 0.10 (95% CI, 0.02-0.46) for
ß-carotene, 0.25 (95% CI, 0.06-1.0) for ß-cryp-
toxanthin and 0.22 (95% CI, 0.05-0.88) for
total carotenoids. A significant gradient was

observed for a11 four variables, and the associa-
tions were stil present after the 10-year follow-
up (Nomura et al., 1997).

Serum samples were collected in 1974 from
25 802 men and women, representing about
30% of the population of Washington County,
Maryland, United States, who were 18 years of
age or over. The serum sam pIes were stored at
-73°C (Menkes et aL., 1986; Table 7). During
the follow-up, ending in 1983-90, the
incidences of cancers of the lung (Menkes et aL.,

..
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1986), colon (Schober et al., 1987), pancreas
(Burney et aL., 1989), urinary bladder
(Helzlsouer et al., 1989), prostate (Hsing et al.,
1990), rectum and breast (Comstock et aL.,
1991), cervix (Batieha et al., 1993), oral cavity
(Zheng et al., 1993), skin (Breslow et al., 1995)
and ovary (Helzlsouer et al., 1996) among
origina11y cancer-free persons were obtained
from the Washington County Cancer Register.
One, two or four controls were drawn from

among people who were alive and had no his-
tory of cancer, except skin cancer, and were
matched to persons in the subgroups with can-
cers at specifie sites for age, sex and race.

Matching was also perfomed in sorne studies
for time of blood collection (Menkes et al.,
1986; Schober et al., 1987; Comstock et aL.,
1991; Batieha et aL., 1993; Zheng et al., 1993;
Helzlsouer et al., 1996), time since the previous
meal (Burney et aL., 1989; Helzlsouer et aL.,
1989; Comstock et al., 1991; Batieha et al.,
1993; Zheng et al., 1993; Helzlsouer et al.,
1996), smoking (Menkes et al., 1986) and
menopausal status (Batieha et aL., 1993;
Helzlsouer et al., 1996).

An inverse association was found between
serum ß-carotene concentration and lung can-
cer occurrence (Menkes et al., 1986; Table 10),
the relative risk for lung cancer (99 cases)

between the highest and lowest quartiles of
concentrations of the mieronutrient being 0.45

(p = 0.04) (ca1culated by the Working Group).
Adjustment for potential confounding fac-
tors-education, marital status, occupation,

time since last meal, treatment of hyperten-

sion, intake of vitamin supplements, smoking
history, hormone use (in women) and socio-
economie indieators-did not alter the
relationship. A strong inverse association was
observed for squamous-ce11 carcimoma, with a
relative risk of 0.23 (ca1culated by the Working
Group) (95% CI, 0.07-0.72) between persons
with serum ß-carotene concentrations over
and below the median. No signifcant associa-
tion was observed for sma11-ce11 carcinoma,

adenocarcinoma or large-ce11 carcinoma or
for unspecified carcinomas of the lung combined.

ln a complementary study based on a larger
study population, 157 male and 101 female

cases of lung cancer were found du ring a maxi-
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mum follow-up of 19 years. ln comparison with
515 controls matched for race, sex, age, date of
blood collection and subpopulation, a signifi-
cant inverse association was se en between lung
cancer occurrence and the concentration of

carotenoids, with the exception of lycopene.

The relative risks between the highest and low-
est quinties were 0.48 (p for trend = 0.01) for
serum a-carotene, 0.44 (p = 0.002) for
ß-carotene, 0.29 (p -c 0.001) for cryptoxanthin,
0.41 (p -c 0.001) for lutein/zeaxanthin and 1.0
(p = 0.99) for lycopene. The results were similar
for men and women. The associations, with
the exception of that with cryptoxanthin

concentration, disappeared after adjustment

for smoking (Comstock et al., 1997). The serum
ß-carotene concentration was not significantly
associated with the risk for colon cancer

(n = 72) (Schober et al., 1987; Table 10). The
serum lycopene concentration was inversely
associated with the risk for pancreatic cancer

(n = 22), the relative risk between the highest
and lowest terties of concentrations of the

micronutrient being 0.19 (calculated by the
Working Group) (p for trend -c 0.05; Burney et
aL., 1989; Table 10). Adjustment for total
carotenoids) ß-carotene, selenium and vitamin
E in serum and for education and smoking his-
tory did not noticeably alter the results. The
association was independent of length of fol-
low-up, suggesting that latent cancers had not
contributed to the finding, and was strongest

for nonsmokers. The total serum concentration
of carotenoids or of ß-carotene was not signifi-
cantly associated with the risk for pancreatic
cancer. A nonsignificant inverse association

was found between serum lycopene concentra-
tion and the risk for cancer of the urinary blad-
der (n = 35; Helzlsouer et aL., 1989; Table 10),
the relative risk between the highest and lowest
terties) adjusted for history of cigarette smok-
ing and intake of vitamin supplements, being
0.50 (95% Ci, 0.15-1.6) (calculated by the
Working Group) (p for trend = 0.06).

No evidence was found for associations
between the serum concentrations of ß-
carotene) lycopene or total carotenoids and the
risk for prostatic cancer (n = 103; Hsing et al.,
1990; Table 10). The mean difference between
cases and controls varied between -6 and +4%.

Adjustment for time since the last meal, smok-
ing and education did not alter the results. No
interaction was observed between ß-carotene
concentration and age, and the concentrations
were similar for latent (n = 18) and clinica11y

apparent (n = 85) cancer cases. No association

was present between the serum ß-carotene
concentration and the occurrence of rectal (n =
34) or postmenopausal breast (n = 30) cancer
(Corn stock et aL., 1991; Table 10), the relative
risks between persons in the highest and lowest
terties of concentrations of the micronutrient
being 1.2 and 1.1, respectively (calculated by
the Working Group). A nonsignificant inverse
association was, however, seen between
the serum lycopene concentration and risk for
rectal cancer, the relative risk being 0.36

(calculated by the Working Group) (p for trend
= 0.10).

The concentrations of several carotenoids
were inversely associated with the risk for
cervical cancer (n = 50; Batieha et al., 1993;
Table 10). The relative risks between the
highest and lowest terties (calculated by the
Working Group) were 0.37 (p for trend = 0.02)
for total carotenoids, 0.32 (p = 0.01) for a-
carotene, 0.33 (p = 0.02) for ß-carotene, 0.43

(p = 0.07) for cryptoxanthin and 0.40 (p = 0.08)
for lycopene. The associations were not altered
by exclusion of cancer cases that occurred

during the first years of follow-up. Education,

marital status, oral contraceptive use, smoking
and serum concentrations of retinol, lutein,
a-tocopherol, y-tocopherol or selenium did not
confound the results. Similar patterns of risk
were observed for the 32 cases of carcinoma in
situ and for the 18 cases of invasive cancer,

although the associations were generally

weaker for invasive cancer. Serum lutein
concentration was not associated with cervical
cancer risk. (The Working Group noted that
no information was available on known strong
risk factors such as hum an papilomavirus
infection and sexual behaviour.)

Low serum concentrations of various
carotenoids were nonsignificantly associated
with the occurrence of oral or pharyngeal

cancer (n = 28) (Zheng et al., 1993; Table 10).
The association was significant for total
carotenoids, the unadjusted relative risk
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between the highest and lowest terties of con-
centrations being 0.33 (p for trend = 0.05). The
relative risks for ß-carotene, a-carotene, cryp-
toxanthin, lutein and lycopene ranged from
0.33 to 0.65. No association was found between
serum ß-carotene or lycopene concentration
and the incidence of melanoma (n = 30) or
basal-ce11 (n =32) or squamous-ce11 (n = 37) car-
cinoma of the skin (Breslow et al., 1995; Table
10). The relative risks between the highest and
lowest terties of the distribution of concentra-
tions varied from 0.8 to 1.4. No significant
inverse association was found between total
serum carotenoids, a-carotene, ß-carotene,
cryptoxanthin, lutein or lycopene and the
occurrence of ovarian cancer (n = 35; Helzlsouer
et al., 1996; Table 10). The unadjusted relative
risks between the terties of distribution varied
from 0.66 to 2.0.

The British United Provident Association

Medical Centre in London undertook medical
examinations of 22 000 men aged 35-64 years
during 1975-82 (Wald et aL., 1988; Table 7). The
serum samples were stored at -40 ce. The diag-
noses of cancer or death were received from the
Office of Population Censuses and Surveys.

During the two- to nine-year fo11ow-up, 271

cancer cases occurred. The relative risk for can-
cers at aU sites combined between the highest
and lowest quinties of serum ß-carotene con-

centration was 0.60 (ca1culated by the Working
Group) (p for trend = 0.01). The incidence of
lung cancer (n = 50) showed a significant
inverse trend (p = 0.008) and a relative risk of
0.41 (ca1culated by the Working Group). The
association was not dependent on the length of
fo11ow-up and was stil present after fo11ow-up
for five years or more. No significant association
was observed for cancers of the colorectum (n =
30), stomach (n = 13), urinary bladder (n = 15),
skin (n = 56) or central nervous system (n = 17).

The Multiple Risk Factor Intervention Trial
comprised 12866 men, 35-57 years of age, who
were at high risk for coronary heart disease and
who were selected from several clinical centres
in the USA covering a population of 361 662

(Multiple Risk Factor Intervention Trial
Research Group, 1982; Table 7). About 63% of
the participants were cigarette smokers

(Connett et al., 1989). A nested case-control
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study was conducted on the basis of serum
samples co11ected during 1973-75 from ran-

domized participants and stored at -50 to
-70 ce. During the 10-year fo11ow-up, 156 indi-

viduals died of cancer; a11 of the deaths were
reviewed by a committee. The relative risk for
lung cancer (n = 66) between the highest and
lowest quintiles of total serum carotenoid con-
centrations was 0.54 (ca1culated by the
Working Group) (p for trend = 0.03; Table 10).
A nonsignificant association with serum
ß-carotene concentration was observed (p for
trend = 0.08), with a relative risk of 0.43 (ca1cu-

lated by the Working Group). The associations
were not due to age, smoking status, a1cohol
consumption, obesityor plasma lipids and were
strongest during the first five years of fo11ow-

up. No significant association was observed for
cancers at a11 sites combined.

The Finnish Mobile Clinic conducted health
examinations on 36 265 men and women, 15
years of age or over, in 25 cohorts in various

parts of Finland during 1968-72 (Knekt et aL.,
1990; Table 7). Serum samples were taken and
were stored at -20 ce. During the 6-10-year fol-
low-up, 766 cancer cases occurred among per-
sons who had originaUy been cancer-free.
Cancers at 19 sites were studied: stomach,
colon, rectum, pancreas, lung, prostate, breast,
cervix, endometrium and ovaries combined,
basal-ce11 carcinoma of the skin, lymphomas
and leukaemias combined (Knekt et al., 1990),
larynx, oesophagus, kidney, urinary bladder,

brain, oral and pharynge al cancers combined,
liver and gaU-bladder combined and melanoma
(Knekt et al., 1991). The relative risks for can-
cers at a11 sites, adjusted for smoking, between
the highest and lowest quintiles of serum

ß-carotene concentrations were 0.77 (95% CI,
0.48-1.1) (ca1culated by the Working Group)
(p for trend = 0.01) for men and 1.0 (95% CI,
0.59-2.0) (ca1culated by the Working Group)
(p for trend = 0.26) for women (Table 10). The
relationship for men persisted after exclusion of
cancer cases that occurred during the first two
years of fo11ow-up and after adjustment for
potential confounding factors. No interaction
with smoking or serum concentrations of cho-
lesterol, a-tocopherol or selenium was observed.
Significantly lower mean concentrations of ß-
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Table 10 (contd)
Reference, country Site of cancer No. of cases No. of controls Exposure RR (95% CI) for p value Control Difference

highest versus for trend mean between cases

Type Category lowest category (¡.g/dl) and controls

(0/0

Willett et al. (1984), USA Gastro- 11 MlF 22 MF STC - - NR 112 +9
intestinal

Nomura et al. (1985), USA Colon 81 M 302 M SBC - - NR 29 -19
Rectum 32 M 302 M SBC - - - 29 -4

Schober et al. (1987), USA Colon 72 MlF 143 MlF SBC Quintile 0.83 (0.31-2.00) NR 34 -4

Wald et al. (1988), USA Colorectum 30 M 59 M SBC - - NR 23 -11

Knekt et al. (1990), Finland Colon 13 F 24 F SBC - - NR 8 +13
Rectum 15 M 29 M SBC Quintile b 3.33 (0.62-10.0) - 7 +24

22 F 42 F SBC
Quintile b

2.00 (0.29-10.0) - 16 -23

Connett et al. (1989), USA Colon 14 M 28 M STC - - NR 110 -2
SBC - - - 12 -8

Comstock et al. (1991), USA Rectum 34 MlF 68 MlF SBC Tertîle 1.25 0.26 20 +16
SLY Tertile 0.36 0.10 37 -18

Burney et al. (1989), USA Pancreas 22 MlF 44 MF STC T ertîle 0.72 NS 121 +3
SBC T ertile 0.82 NS 38 +4
SLY Tertîle 0.19 c: 0.05 50 -32 *

Knekt et al. (1990), Finland Pancreas 17 M 28 M SBC Quintile b 1.67 (0.24-10.0) NR 7 +6
11 F 19 F SBC - - 15 -9

Knekt et al. (1991), Finland Liver and 12 MlF 22 MlF SBC Standard 0.68 0.45 9 -17
gall-bladder unit C
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R31 s;::Table 10 (contd) n
::

Reference, country Site of cancer No. of cases No. of Exposure RR (95% CI) for p value for Control Difference '"
::

controls highest versus trend mean between cases
0.
0"

lowest category (~g/dl) and contrais
0

Type Category 07;
(%)a

en

0..
Wald et al. (1988), UK Skin 56 M 107 M SSC - NR 23 -3 1 ~

("(t..
'"

Knekt et al. (1990), Finland Sasal cell 49 M 93 M SSC Quintileb 0.32 (0.09-1.11) NR 10 -13

1 ~38 F 69 F SSC Quintileb 2.50 (0.59-10.0) - 11 +13
õ'. ::

Knekt et al. (1991), Finland Melanoma 1 0 MlF 18 MlF SSC Standard 0.03 0: 0.01 12 -52 **
unitsc

Sreslow et al. (1995), USA Basal-cell 32 MlF 64 MlF SSC T ertile 1.3 (0.4-4.0) 0.72 21 0

SLY T ertile 1.4 (0.4-4.0) - 29 +7
Squamous- 37 MlF 74 MlF SSC T ertile 1.4 (0.5-4.0) - 25 +7
cell SLY Tertile 1.0 (0.3-3.1) - 27 +4

Melanoma 30 MlF 60 MlF SSC Tertile 0.8 (0.2-2.3) - 21 -11
SLY Tertile 1.1 (0.4-3.2) - 39 +6

Karagas et al. (1997), USA Squamous- 129 MlF 250 MlF PSC Quartile 0.73 (0.38-1.41) 0.37 17 -9
cell

Wald et al. (1984), UK Sreast 39 F 78 F PSC Quintile 0.36 NS 5 -28

Willett et al. (1984), USA Breast 14 F 31F STC - - NR 112 +8

Knekt et al. (1990), Finland Sreast 67 F 123 F SSC Quintileb 3.33 (1.00-10.0) NR 14 -13

Comstock et al. (1991), Sreast 30 F 59 F SBC Tertile 1.11 0.43 22 -10
USA SLY Tertile 0.71 0.29 30 -16

Knekt et al. (1990), Finland Ovary 16 F 29 F SSC Quintileb 0.77 (0.14-5.00) NR 11 -12
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Table 10 (contd) :;n
::

Reference, country Site of cancer No. of cases No. of Exposure RR (95% CI) for p value for Control Difference ~
::

controls highest versus trend between cases
0-mean 0"0

Type Category lowest ().g/dl) and contrais 0~categories
(%)8

vi
0..
nWald et al. (1988), UK Bladder 15 M 29 M SBC - - - 23 -9 ~
::n
ro

8 +31
..Knekt et al. (1991), Finland Bladder 15 MlF 29 MlF SBC Standard unit C 1.72 0.22 "'..
ro..Knekt et al. (1991), Finland ro
::

Kidney 20 MlF 38 MlF SBC Standard unit C 0.32 0.06 12 -38
..
õ'
::

Willett et al. (1984) Leukaemia 11 MlF 23 MlF STC - - NR 112 +36 *
and
Iymphoma

Knekt et al. (1990), Finland Leukaemia 19 M 36 M SBC - - NR 8 -2
and 13 F 25 F SBC Ouintileb 5.00 (0.36 -) - 12 -12
Iymphoma

Wald et al. (1988), UK Central 17 M 34 M SBC - - NR 21 -10
nervous
system

Knekt et al. (1991), Finland Brain 18 MlF 34 MlF SBC Standard unit 1.44 0.34 10 +15

Willett et al. (1984), USA Ali 111 MlF 210 MlF STC Ouintileb 1.5 0.49 112 +7

Wald et al. (1988), UK Ali 271 M 533 M SBC Ouintileb 0.60 0.01 22 -10 **

Connett et al. (1989), USA Ali 156 M 311 M STC - - NR 96 -4
SBC - - - 10 -6

Knekt et al. (1990), Finland Ali 453 M 841 M SBC Ouintileb 0.77 (0.48- 0.01 8 -14 ***
313 F 578 F SBC Ouintileb 1.11 ) 0.26 13 -6

1.00 (0.59-
2.00)

M, male; F, female; NR, not reported; STC, serum total carotenoids; SBC, serum ß-caratene; SAC, serum a-carotene; SCR, serum cryptoxanthin; SL Y, serum Iycopene; SLU, serum

lutein; PBC, plasma ß-carotene; SZE, serum zeaxanthine; NS, not significant
8 Estimated as ((case mean-control)/control mean) x 100; test for difference from zero: * p -: 0.05, ** P -: 0.01, *** P -: 0.001

bHigher versus lowest quintile, first Iwo years of follow-up excluded

C Difference from mean divided by standard deviation



Carotenoids

carotene were found only for men with lung
cancer (n = 144; 21%) (ca1culated by the
Working Group) (p = 0.005) and men and
women with melanoma (n = 10; 58%) (ca1culat-
ed by the Working Group) (p ~ 0.01). A non-
significant interaction was found between
smoking and ß-carotene concentration with
respect to lung cancer: the relative risks between
the highest and lowest terties of ß-carotene

concentration (ca1culated by the Working
Group) were 0.37 (95% CI, 0.09-1.4) for non-
smoking men and 1.1 (95% CI, 0.45-2.5) for
men who smoked. The association disappeared
after adjustment for smoking. The smoking-
adjusted relative risk (ca1culated by the
Working Group) for prostatic cancer (n = 32)
between the highest and lowest quintiles of ß-
carotene concentrations was 5.0 (95% CI, 1.1-10),
and the corresponding risk for breast cancer (n =
52) was 3.3 (95% CI, 1.0-10). (The Working Group
noted that the serum samples were stored for a
long time at -20°C, and that the ß-carotene

concentrations may therefore have decreased.)
During 1969-73, serum samples were

obtained from 453 men and women in a cohort
of 143 574 pers ons, 26-78 years of age, who
were participating in multiphasic health check-
ups at the Kaiser Permanente Medical Care

Program in San Francisco, USA (Friedman et al.,
1986); the serum samples were stored at -40°C.
The relative risk between the highest and lowest
quinties of serum ß-carotene concentrations in

the 123 patients with lung cancer in whom su ch
concentrations were determined was 0.33 (ca1cu-
lated by the Working Group) (p = 0.01; Table 10;
Orentreich et al., 1991). (The Working Group
noted the low concentrations of ß-carotene and
the fact that it was found in only 17% of the sera
assayed, suggesting loss during storage.)

A nested case-control study was included
in the Skin Cancer Prevention Study, a multi-

centre, randomized trial in the USA (Karagas et

al., 1997; Table 7). The study population con-
sisted of 1805 men and women, 35-84 years of
age, each of whom had at least one basal-cell or
squamous-cell skin carcinoma before entry into
the study. Serum samples were collected at the
beginning of the study and stored at -75°C.
During the three- to five-year fo11ow-up, 129

new cases of squamous-cell skin cancer

occurred. The smoking-adjusted relative risk for
squamous-ce11 carcinoma of the skin between

the highest and lowest quinties of serum

ß-carotene concentrations was 0.73 (95% CI =
0.38-1.4), with a p value for trend of 0.37.

(e) Case-control studies
Case-control studies of blood carotenoid status
published since 1980 are summarized in Table 8.
About 30 su ch studies have been published, cov-
ering populations in 15 countries and about 20
cancer sites. The most frequently studied sites
are the lung, cervix, breast and skin. The nu m-
bers of cases in the studies varied from 10 to 696.
ln most of the studies, the con troIs were hospi-
tal patients; in about 50% of them, the con troIs
were selected by matching for age and some-
times for sorne other factors. The results are
shown in Table II.

(i) Severa! sites of cancer
A total of 285 clinica11y and histopathologi-

ca11y confirmed carcinomas of the oral cavity
(n = 50)1 (other) head and neck (n = 50), gas-
trointestinal tract (n = 50), lung (n = 35), breast

(n = 50) and uterine cervix (n = 50) were studied
at the Kidwai Memorial Institute of Oncology
in Bangalore, India (Table 8). Fifty persons free
from disease were selected from among the hos-
pital staff and attenders of patients by match-
ing for sex, age and socioeconomic status. The
cancer patients had significantly lower total
carotenoid concentrations th an the controls

(p ~ 0.01), whatever site of cancer was involved
(Table II; Ramaswamy et aL., 1990). (The
Working Group noted that only total caro-
tenoids could be measured with the spectropho-
tometric methods used and that the comparabil-
ity of the case and control groups was unclear.)

ln a later study, the total serum carotenoid
concentrations of 100 patients with cancer of
the breast and 100 with cancer of the uterine
cervix were compared with those of 50 healthy
controls and 25 patients with benign diseases

of the breast and cervix (Table 8). The cancer

patients had lower concentrations than the
patients with benign diseasei while the healthy
con troIs had the highest values. ln the cancer
patients, a significant trend was observed

towards lower serum carotenoid concentrations
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~I Table 11. Results of case-control studies (including ;: 10 cases) of the association between tissue concentrations
1 ~of carotenoids and cancer

¡:
::0.
0'0Reference, Site of cancer No. of cases No. of controls Exposure RR (95% CI) for p value Control Difference 07:country highest versus for trend Mean between cases
V)

0
Type Category lowest category (¡.g/dl) and controls

..
n

(%)8
¡:
::ri

Pastorino et al. (1987), Lung 47 F 159 F PBC T ertile 0.20 (0.04-0.87) -: 0.05 39 -29 **
!'..
"'Italy ..
!'..Kune et al. (1989), 64 M 63 M SBC - - NR 84 -33 *** !'
::Australia .-
õ'Ramaswamy et al. (1990), 25 M, 10 F 25 M,25 F SBC - - NR 142 -43 *** ::

India

Smith & Waller (1991), 39 MlF 391 MlF SBC Ouartile 0.15 (0.04-0.53) NR 75 -30 **
New Zealand

Torun et al. (1995) 12 MlF 50 M, 106F SBC - - - 75 -42**
Turkey

Ramaswamy et al. (1990), Oral cavity 50 MlF 50 MlF STC
India - NR 142 -42 ***

Kune et al. (1993), Oral cavity and 41 M 88 M SBC - - NR 89 -29 ***
Australia pharynx

Smith& Waller (1991), Stomach 10 MlF 391 MlF SBC - - NR 75 -47 **
New Zealand Colon 32 MlF 391 MlF SBC - - NR 75 +5

Rectum 20 MlF 391 MlF SBC - - - 75 -14*
Pan et al. (1993), Hepatocellular 59 M 101 M SBC Ouartile 0.20 (0.08-0.52) 0.02 25 36 ***

China carcinoma
Jinno et al. (1994), 41 M, 20 M, SBC - - NR 36 -55 **

Japan 19 F 20 F

Smith & Waller (1991), Basal-cell 72 MlF 391 MlF SBC - - NR 75 +10
New Zealand carcinoma

Squamous-cell 32 MlF 391 MlF SBC - - NR 75 +17
carcinoma

Kune et al. (1992), Basal-cell and 88 M 88 M SBC - - NR 89 -24 ***
Australia squamous-cell

carcinoma

Stryker et aL. (1990), Melanoma 96 M, 96 M, PAC QUÎntiie 1.1 (0.6-1.9) 0.7 5 +11
USA 108 F 152 F PBC Ouintile 0.9 (0.5-1.5) 0.6 19 9

PLY Ouintile 1.0 (0.5-1.7) 0.9 34 -1



Table 11 (contd)

Reference, Site of cancer No. of No. of Exposure RR (95% CI) for p value for Control Difference

country cases contrais highest versus trend Mean between cases

Type Category lowest category (¡.g/dl) and contrais

(%)a

Smith & Waller (1991), 15 MlF 391 MlF SSC - - - 75 +18

New Zealand

Gerber et al. (1988), Sreast 306 F 314 F SSC - - - 44 +5

Italy, France
Potischman et al. (1990), 83 F 113 F PSC Quartile 0.32 (0.09-1.11) 0.02 14 -19 **

USA PAC Quartile 1.59 (0.34-7.69) 0.19 3 -11
PLY Quartile 0.63 (0.19-2.00) 0.43 26 -15 *

Ramaswamy et al. (1990), 50 F 25 F SSC - - - 141 -25 ***
India

Smith & Waller (1991), 48 F 391 MlF PSC - - - 75

New Zealand -5
London et al. (1992), 377 F 403 F SSC Quintile 1.2 (0.7-1.9) 0.97 24 -1

USA SAC Quintile 1.2 (0.7-1.9) 0.71 4 0

SLY Quintile 1.0 (0.7-1.7) 0.82 32 -5
Torun et al. (1995), 59 F 59 F SBC - - - 77 -20 *

Turkey

van't Veer et al. (1996), 347 F 374 F ASC Tertile 0.74 (0.45-1.23) 0.31 0.94 -3
The Netherlands (mg/g)

Orr et al. (1985), USA Cervix 78 F 240 F PSC - - NR 79 -38***b

Harris et al. (1986), 32 F 226 F SSC Quintile 0.90 (0.20-5.00) NR 29 +1

UK

Palan et al. (1988), 32 F 37 F PSC - - NR 23 -68 **
USA

Palan et al. (1991), 10 F 36 F PSC - - NR 29 -59 ***
USA

Palan et al. (1992), 10 F 26 F PSC - - 31 -58 ***
USA

Ramaswamy et al. (1990), 50 F 25 F STC - - NR 141 -25 ***
India

Potischman et al. (1991a), 387 F 670 F SSC Quartile 0.72 (0.5-1.2) 0.05 26 -13
USA SAC Quartile 0.92 (0.6-1.5) 0.29 9 -11 ("

¡I

SCR Quartile 0.77 (0.4-1.) 0.14 19 +2
..0..

SLY Quartile 1.14 (0.8-2.1) 0.69 15
ro
;:

2S 1
SLU Quartile 0.89 (0.5-1.5) 0.93 20

0
s.""
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Table 11 (contd) 1 ~
::
¡:

Reference, Site of cancer No. of cases No. of controls RR (95% CI) for p value Control Difference
::

Exposure 0-cr
Country highest versus for trend mean between cases 00

Type Category lowest category (¡.g/d/!) and con trois 
:r'"

(%)a
0..
('

Smith & Waller (1991), 15 F 391F SBC - - NR 75 -25 · ¡:
::

New Zealand n
ro,.
"",.

Smith & Waller (1991), Prostate 20 M 391 MlF SBC - - NR 75 -4

IL
New Zealand

Hayes et al. (1988), Prostate: 94 M 130 M PBC Quintile 0.77 0.47 17
The Netherlands clinical 40 M Quintile 0.77 0.36 -16 ·

focal -6
Smith & Waller (1991), Bladder 14 MlF 391 MlF SBC

New Zealand NR 75 +13
Malvy et aL. (1993), Renal 13 MlF 632 MlF SBC Quintile 0.06 (0.02-0.91)

France NR 58 -69
Malvy et aL. (1993), Leukaemia 158 MlF 632 MlF SBC Quintile 0.36 (0.20-0.64)

France Lymphoma 66 MlF 632 MlF 0.23 (0.10-0.56) NR 58 -28 ...
58 -32 ...

Central nervous 57 MlF 632 MlF 0.12 (0.03-0.40) NR 58 -30 ...
system
Sympathetic 23 MlF 632 MlF - - NR 58 +4
nervous system
Bone 42 MlF 632 MlF Quintile 0.06 (0.01-0.29) NR 58 -45 ...
Soft-tissue 30 MlF 632 MlF - - NR 58 -27
sarcoma
Ali 418 MlF 632 MlF Quintile 0.26 (0.17-0.39) NR 58 -33 ...

Smith & Waller (1991), Ali 389 MlF 39 MlF SBC - - NR 75 -2
New Zealand

Torun et al. (1995), 50 M 156 MlF SBC - - NR 75 -34 ·

Turkey 106 F

M, male; F, female; STC, serum total carotenoids; SBC, serum ß-carotene; SAC, serum cx-carotene; SCR, serum cryptoxanthin; SLU, serum lutein; SL Y, serum Iycopene;
PTC, plasma total carotenoids; PBC, plasma ß-carotene; PAC, plasma cx-carotenel; PL Y, plasma Iycopene; ABC, adipose tissue ß-carotene; NR, not reported
a Estimated as ((case mean-control mean)/control mean) x 100; test for difference from zero: · p 0: 0.005, "p 0: 0.01, ... po: 0.001.

b Percentage of cancer patients with ß-carotene level below normal
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with increasing stage of the disease

(Ramaswamy & Krishnamoorthy, 1996). (The
Working Group noted that the results were not
adjusted for use of tobacco.)

The concentrations of ß-carotene in 389
patients in Wellngton Hospital, New Zealand,
with recently diagnosed cancer were compared
with those in 618 family members of the
patients and 675 control patients. Cancers at 20
sites-oesophagus, stomach, sma11 intestine,
colon, rectum, larynx, lung, skin (basal-cell,
squamous-cell, melanoma), breast, uterus,
cervix, ovary, urinary bladder, kidney, prostate,
haematopietic, thyroid, brain-were studied.
Low concentrations of ß-carotene were
observed for individuals with cancers of the
lung (n = 39), stomach (n = 10), oesophagus

(n = 6), rectum (n = 20) and cervix (n = 15)
(Table II), the mean differences between cases
and controls, adjusted for age, sex and length
of sample storage, being 25-47%. Similar
results were obtained for relatives of the
patients with lung, stomach or cervical cancer,
with differences of 10-20%. The relative risk
between the highest and lowest quartiles of
ß-carotene concentrations for lung cancer,

exc1uding the adenocarcinomas, was 0.15 (95%
CI, 0.04-.53) (calculated by the Working Group).
Patients with cancers of the colon, skin, breast,
urinary bladder or prostate and relatives of these
patients did not have lower ß-carotene concen-
trations than the controls (Smith & Waller, 1991).

The serum ß-carotene concentrations of 418
children with newly diagnosed, histologica11y

confirmed malignancies were compared with
those of 632 cancer-free controls in six cities in
France (Table 8). The controls were healthy
children, recruited by the school health-care

service or undergoing routine health examina-
tions in general paediatrics wards, and were
matched for sex, age and residence. The age-
and sex-adjusted serum concentrations showed
a significant inverse association with the
incidence of a11 cancers combined (Table II);
the relative risk between the highest and lowest
quintiles of concentrations was 0.26 (95%
CI, 0.17-0.39) (ca1culated by the Working
Group). Corresponding, significant, inverse
associations (odds ratios ca1culated by the
Working Group) were observed for leukaemia

(n = 158; odds ratio, 0.36), lymphoma (n = 66;
odds ratio, 0.23), central nervous system cancer
(n = 57; odds ratio, 0.12), renal tumours (n = 13;
odds ratio, 0.06) and bone tumours (n = 42; odds
ratio, 0.06). No significant differences were

observed for cancer of the sympathetic nervous
system or soft-tissue sarcoma (Malvy et aL., 1993).

ln a corn paris on of 208 cancer patients
in Turkey with 156 healthy subjects, a 34%

(calculated by the Working Group) lower serum
ß-carotene concentration was seen in the can-
cer cases thaii in the controls (p -( 0.05; Tables 8

and II). When the mean concentrations were

studied by site, significantly lower concentra-
tions were found for cancers of the breast
(n = 59), lung (n = 12), head and neck (n = 38),
genitourinary organs (n = 46) and gastrointesti-
nal tract (n = 20; P -( 0.05) (Torun et al., 1995).

(The Working Group noted that the control
group was not described, and no adjustments
for confounding were performed.)

(ii) Lung cancer
Forty-seven female patients in Italy with

pathologica11y proven lung cancer were com-
pared with 159 female hospital patients over 40
years of age who had been admitted for causes
unrelated to cancer or any chronic disease (80%
suffered from musculoskeletal disease) (Table
8). The lung cancer patients had significantly
lower me an plasma ß-carotene concentrations
th an the controls (Table II). The relative risk
for lung cancer between the highest and lowest
tertiles of plasma ß-carotene concentrations

was 0.20 (95% CI, 0.04-0.87) (calculated by the
Working Group), after adjustment for age,
smoking, plasma cholesterol and plasma
triglycerides. The relative risk, calculated by the
Working Group, was 0.11 for nonsmokers and
0.42 for smokers (Pastorino et aL., 1987).

The mean serum ß-carotene concentration
was 33% lower (calculated by the Working
Group) in 64 men in Australia with histologi-
ca11y confirmed lung cancer than in 63 ran-

domly selected con troIs admitted to the same
hospital for sma11 surgical operations (Table 8).

The difference was statistica11y significant after
adjustment for age and smoking (p -: 0.001;
Table 11; Kune et al., 1989).
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(The Working Group was aware of, but did
not further consider, a number of studies in
which smoking was not adjusted fOL)

(ii) Hepatocellular carcinoma
The serum ß-carotene concentrations of 59

male patients in China with cytologica11y or

pathologica11y confirmed hepatoce11ular carci-
noma were compared with those of 101 age-
matched controls (Table 8). The controls were
selected from among patients whoi according to
ultrasonography, did not have liver cirrhosis or
any óther observable lesion; both cases and
controls were hepatitis B virus carriers. An

inverse association was noted between serum ß-
carotene concentration and the occurrence of

hepatoce11ular carcinoma (Table 11), the rela-
tive risk between the highest and lowest quar-
tiles of ß-carotene concentrations being 0.20
(ca1culated by the Working Group) (p for trend
= 0.02). The association persisted after ad just-
ment for age, education, ethnicity, occupation,
a1cohol intake, smoking status and dietary
intake of ß-carotene (Pan et al., 1993).

The serum ß-carotene concentrations of 60
Japanese patients with hepatoce11ular carcino-
ma and 85 patients with liver cirrhosis tended
to be lower than those of 40 age-matched

patients with chronic hepatitis (Tables 8 and II;
Jinno et al., 1994) . (The Working Group noted
that only age was contro11ed for.)

(iv) Skin cancer
Comparison of the highest and lowest quin-

tiles of concentrations of ß-carotene, a-

carotene and lycopene resulted in relative risks
of 0.9, 1.1 and 1.0, respectively, in a comparison
of 204 cases of histologica11y confirmed malig-
nant melanoma and 248 melanoma-free con-
troIs, after adjustment for age, sex, plasma lipids,
hair col our and abilty to tan (Stryker et aL.,
1990).

ln a study of the association between serum
ß-carotene concentration and basal-cell and
squamous-ce11 carcinoma of the skin among

men in Australiai 88 surgical patients without
previous skin cancer were selected as
unmatched controls. The mean concentrations
of serum ß-carotene were 24% lower (ca1culated
by the Working Group) in the carcinoma
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patients than in controls (p -c 0.001). An inverse

trend was also seen between serum ß-carotene
concentration and skin cancer risk (p -c 0.0001)
(Kune et aL., 1992).

(v) Breast cancer
A hospital-based case-control study was con-

ducted in Milan, Italy, and Montpeller, France,
involving 314 cases of breast cancer and 306
controls of similar ages (Table 8). No significant
difference in the lipid-adjusted plasma ß-

carotene concentrations was found between
breast cancer patients and controls (Table II;
Gerber et aL., 1988).

Women in Buffalo, New York, USA, were
evaluated for the presence of a breast mass but
had no previous history of cancer. Conse-quent-
ly, 83 were c1assified histologica11y as breast can-
cer patients and 113 as con troIs free from breast
cancer (Table 8). An inverse association was

seen between ß-carotene concentration and
breast cancer occurrence (Table II). The relative
risk between quarties of concentrations was

0.32 (95% Ci, 0.09-1.1) (ca1culated by the
Working Group) (p for trend = 0.02) after ad just-
ment for age, age at first birth, family history,
age at menarche, body mass index, parity, age at
menopause, income, marital status and plasma
lipids. This association was restricted to post-
menopausal women (p for trend -c 0.001).
The associations for a-carotene and lycopene were
not significant (Potischman et aL., 1990, 1991b).

The relationship between serum concentra-
tions of ß-carotene, a-carotene and lycopene
and the risks for breast cancer and proliferative
benign breast disease were addressed in a
case-control study of postmenopausal women
in Boston, Massachusetts, USA (Table 8). A total
of 377 women with newly diagnosed stage 1 or
II breast canceri 173 women with proliferative
benign breast disease and 403 controls were
available. No inverse association was observed
between the serum concentrations of any of the
carotenoids and the occurrence. of breast cancer
(Table 11). The relative risks for breast cancer
between the highest and lowest quintiles werei
after adjustment for age, a1cohol intake, age at
first birth, parity, family history of breast can-
cer, age at men arche, body weight and prior his-
tory of benign breast disease, 1.2 (95% Cii
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0.7-1.9) for a-carotene, 1.2 (95% CI, 0.7-1.9)
for ß-carotene and 1.0 (95% CI, 0.7-1.7) for
lycopene (London et al., 1992).

ln a study of the ß-carotene concentrations
in adipose tissue and breast cancers in post-
menopausal women in five European countries,
347 patients were recruited from the surgical
units of the participating hospitals, and 374
population controls with no history of breast
cancer were selected by matching for age
(Table 8). The mean ß-carotene concentration
was similar in the two groups; the relative risk
for the highest versus the lowest tertie of

ß-carotene concentration, adjusted for age,

study centre, reproductive factors, alcohol,
body mass index and smoking, was 0.74 (95%
CI, 0.45-1.2; Table 11; van't Veer et al., 1996).

(vi) Cervical carcinoma
The plasma ß-carotene concentrations of 78

patients with untreated uterine cervical cancer

were compared with the values for 240 healthy
controls (Table 8). Of the cervical cancer

patients, 38% had concentrations lower than
normal (p -( 0.0005; Table 11; Orr et al., 1985).
(The Working Croup noted that confounding
factors were not adjusted for in the analysis.)

The serum ß-carotene concentrations of 43
patients with dysplasia, 38 with carcinoma in
situ and 32 with invasive cervical carcinoma

were compared with those of 226 hospital con-
troIs in the United Kingdom (Table 8). The con-
centrations in women with invasive disease
were similar to that of controls after adjustment
for age, smoking, use of oral contraceptives,

number of sexual partners and social c1ass, but
a reduced concentration was observed in
women with preinvasive disease, and the
reduction was significant for those with carci-
noma in situ (Table II; Harris et al., 1986).

ln a series of studies, the plasma ß-carotene
concentrations in patients with cervical cancer

or cervical dysplasia were found to be signifi-
cantly lower than in healthy con troIs in the
USA (Palan et aL., 1988, 1991, 1992; Table 8).
(The Working Croup noted that confounding
factors were not adjusted for.)

Two studies of patients in four Latin
American countries addressed the association
between the serum concentrations of various

carotenoids and invasive cervical cancer (Table
8). ln the first study, which concentrated on
early stages of the disease in 387 cases and 670
controls, the age-adjusted assoCiations with

ß-carotene, a-carotene and cryptoxanthin con-
centrations were significant, the relative risks
between the highest and lowest quartile of
serum concentrations (p value for trend) being
0.61 (0.0005), 0.79 (0.04) and 0.82 (0.05),
respectively. No association was seen for
lycopene (RR, 1.1) or lutein (RR, 1.1). After fur-
ther adjustment for age at first sexual inter-
course, number of sexual partners, number of
pregnancies, presence of human papilo-
mavirus 16/18, interval since last cervical
Papanicolaou smear, number of household
facilities and serum lipids, a significant inverse
trend for ß-carotene (RR, 0.72) remained, but a11

of the other associations became nonsignificant
(Potischman et al., 1991a; Table II). The second
study added cases of more advanced disease (n
= 309) and showed results similar to those of
the study of early-stage cancers, except that

patients with more advanced disease had
slightly lower lycopene and lutein concentra-
tions. The concentrations of ß-carotene, a-

carotene and cryptoxanthin showed no trend
with advancing disease. Adjustment for smok-
ing, alcohol intake or oral contraceptive use did
not alter the observed relationships

(Potischman et aL., 1994).

(viii) Prostatic cancer
The concentrations of ß-carotene were deter-

mined in 94 patients with clinically diagnosed
prostatic cancer, 40 with focal prostatic cancer,
130 with benign prostatic hyperplasia and
130 hospitalized for minor surgical interven-
tions and with no history of cancer (controls)
in The Netherlands (Hayes et al., 1988; Table 8).
The age-adjusted mean ß-carotene concentra-
tions were significantly ((16%) calculated by

the Working Croup) lower in clinica11y diag-
nosed prostatic cancer patients than in controls
(Table 11). No significant trends were found,
however, either for c1inica11y diagnosed prosta-

tic cancer or for aH prostatic cancers combined.
The relative risks for the highest versus the low-
est quintie of plasma ß-carotene concentration
were 0.77 for both cancer groups (calculated by
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the Working Group). The lowest serum ß-
carotene concentrations were observed in
patients whose blood had been drawn before
treatment or who had advanced stages of the
disease. After exclusion of those patients whose
blood had been obtained after treatment, the
values for subjects with advanced clinical dis-
ease were significantly lower than those for
controls.

(f) Summary of findings
The findings presented in Tables 6-11 are sum-
marized by cancer site and study design in
Table 12. The consistency, strength and any
dose-response relationship of the associations
are described.

The results for lung cancer were remarkably
consistent, almost a11 studies showing an inverse
association between blood ß-carotene or total caro-
tene status and lung cancer risk. A11 seven studies

in which the possible presence of a gradient
between carotene concentration and lung cancer
occurrence was examined gave significant
results. Although sorne studies showed that the
strongest association was for squamous-ce11 carci-

noma, this was not a consistent finding. ln general,
no associations were found for adenocarcinomas.

The positive results in cohort studies in
which cases diagnosed early were excluded

indicate that the explanation cannot be meta-
bolic effects of undiagnosed cancer. Although
the methods used to measure carotenoids were

of variable precision, imprecision would tend
to obscure rather than to account for the

observed association between carotenoid con-
centrations and lung cancer occurrence. A11 of

the studies considered included control for
tobaccü and other factors; incomplete ad just-
ment due to mis-measurement or omission of
factors remains a concern, however. There has
been sorne suggestion of effect modification
due to smoking, but relatively little informa-
tion is available. The combination of carotene
with other micronutrients may have a greater
effect th an a specific carotene alone.

The results of the few studies on cervical and
oral and pharyngeal cancer are also consistent.
For other sites, the aggregate results are less

compellng, and the evidence for an inverse
association is less strong.
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4.1.1.2 Observational studies based on dietary

questionnaires
(a) Methodological comments
The quality of the dietary information used in
epidemiological analyses is determined by the
dietary assessment instrument, the method of
administration, the choice of study subjects

and the database used to convert information

on food intake into nutrient estimates.
ln most epidemiological studies, food frequen-
cy questionnaires are used to glean information
about the usual intake of a number
of food items over a defined period of time.
The more comprehensive the list of vegetables,
fruits and mixed or prepared dishes
containing vegetables and fruits (e.g. juices,
stews, pizza and salads), the better the
estimate of carotenoid intake becomes. ln

particular, identification of the major sources of
carotenoids from national nutrition surveys

appropriate for a country or ethnic population
and their inclusion in a dietary interview

improves its quality. Since many vegetables and
fruits are consumed seasonaUy, inclusion of sea-
sonal intake in an interview is important.

Information on portion size, obtained
for each food from specific examples or pho-
tographs, may also contribute to the quality
of an interview, especially for mixed or pre-
pared dishes. Several epidemiologial studies

have been based on dietary histories rather
than food frequency questionnaires. Since
dietary histories inc1ude foods in the order and
combinations in which they are generally

eaten, they can improve the quality of the
dietary information.

Structured dietary assessment instruments
can be administered by trained interviewers
in person or by phone. Because of the length

of dietary interviews and the large number
of participants in many cohort and case-con-
trol studies, however, interviews are frequently
mailed, to be completed by the participant
at home. ln these situations, the clarity of
the interview and the literacy and commitment
of the study participant become critical in
determining the quality of the information

obtained.
ln nearly aU epidemiological studies of

carotenoid intake and cancer published before
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Table 12. Summary of results from studies (of more than 10 cases) of the association between serum
or plasma concentrations of ß-carotene and cancer

Site of cancer Design No. of No. with inverse No. with strong No. with dose-
studies associationa inverse associationb response associationC

Ali Cohort 4 2 2

Nested case-control 4 2 a 2/2
Case-control 3 2 2 1/1

Lung Cohort 3 3 2 1/1

Nested case-control 7 6 5 5/5
Case-control 5 5 5 1/1

Larynx Cohort 0

Nested case-control 2 1

Case-control a a

Oral and Cohort a
pharynx Nested case-control 3 2 1 1/2

Case-control 2 2 2

Oesophagus Cohort a

Nested case-control 1

Case-control a

Stomach Cohort 2

Nested case-control 3 1 1 1/1

Case-control 1

Colorectum Cohort 1 a
Nested case-control 8 a
Case-control 2 1 0

1

('
p...0..
ro
::

~ 1 1 §:'"

kajob
Rectangle



lA
R

C
 H

andbooks of C
ancer P

revention

"i:0~
1

"u0
Q

)
en

en
en

0
C

I
"D

Q
)

:5
en

"~
i:0

0
D

-
en

..
..

~
..

..
..

z
~

--
--

--
--

--
..

..
..

..
or

..

-ci:0
oi ~
i:

'u
e

0en
êi

en

:5
C

I
Q

)
-~

enID
0

:;
z

E
1

..
1

N
1

..
0

1
..

..
C

f

Q
)

enID
'"

:;
i:

.S
0

:5
:g

.~
"u0

0
enen

Z
C

I
0

0
1

0
N

1
..

..
1

0
C

f
1

0
0

1
0

0
1

or
l!

-
en

0
Q

)

0
:a::

Z
êi

..
N

0
0

or
N

0
1'

l!
0

7
1'

0
..

0
0

N
0

0
N

C
D

0
e

e
e

e
0

e
l-

l-
e

e
e

e
e

e
e

0
0

0
0

0
0

0
ü

ü
ü

ü
ü

ü
ü

1

e
1e

1
e

1
(5

1
e

1
e

ch
Q

)
Q

)
Q

)
Q

)
Q

)
Q

)
e

en
en

en
en

..
en

en
en

C
Ie

C
Ie

C
Ie

C
Ie

C
Ie

C
Ie

C
I

ê
ü

0
ü

0
ü

0
ü

0
ü

0
ü

0
ü

0
i:

t
"D

Ü
t

"D
Ü

"D
Ü

t
"D

Ü
t

"D
Ü

t
"D

Ü
"D

Ü
1

t
1

1
1

1
t

1
oi

0
Q

)
cD

0
Q

)
Q

)
0

Q
)

Q
)

0
Q

)
Q

)
0

Q
)

Q
)

0
Q

)
Q

)
0

Q
)

C
D

-
ïn

.£
êi

en
.£

êi
en

.£
êi

en
.£

êi
en

.£
êi

en
.£

êi
en

.£
êi

en
"0

Q
)

0
C

D
C

I
0

Q
)

C
I

0
Q

)
C

I
0

Q
)

C
I

0
Q

)
C

I
0

Q
)

C
I

0
Q

)
C

I
-

0
0

z
0

0
z

0
0

z
0

0
z

0
0

z
0

0
z

0
0

z
0

s:00
ID

-
E

N
ü

::
i:

T
"

C
I

en
"¡:

C
U

ü
C

I
iD

-
Q

)
êi

E
x

0
Ü

:;
..

..
i:

C
I

0
l-

.~

~
2

i:
C

D
~

"D
C

I
C

I
:;

:S
i:

:;
Q

)
ëi

0.
:.

C
f

al
W

0
0

94



Table 12 (contd)

Site of cancer Design No. of

studies
No. with inverse

association8
No. with strong

inverse associationb

No. with dose-

response associationC

Prostate

Bladder

Kidney

Leukaemia and

Iymphoma

Brain, central

nervous system
and sympathetic

nervous system

Cohort

Nested case-control
Case-control

Cohort

Nested case-control
Case-control

Cohort

Nested case-control
Case-control

Cohort

Nested case-control
Case-control

Cohort

Nested case-control
Case-control

1

3

2

o

o

1 o

o

4

1

o

o

o

1

o
1/1

o

2

2

o

2

o

1

o

2

2

o

1

8 ;: 30% reduction in cancer risk or significantly reduced mean carotene level

bAt least a 50% reduction in cancer risk or a 30% reduction in mean carotene among the studies reporting an inverse association
C Significant gradient; x/x, number of studies reporting a gradient per number of studies investigating a gradient among the studies reporting an

inverse association

~ 1

()
¡:'"o..
C1
::o
¡s
en

kajob
Rectangle

kajob
Rectangle



IARC Handbooks of Cancer Prevention

1990, the databases used to estimate the

carotenoid content of specific foods were based

on the food composition tables of the US

Department of Agriculture (1976-94) or those
of McCance and Widdowson (Paul &
Southgate, 1976). Both of these sources focus

on the provitamin A carotenoid content of
foods, since vitamin A activity was the subject
of their estimations. The laboratory techniques
used, however, were for measurement of
ß-carotene, a-carotene, lycopene and other
minor hydrocarbon carotenoids (Simpson¡
1990). The estimates of most vegetables and

fruits in food composition tables are reasonable
estimates of ß-carotene, since it is the hydrocar-
bon carotenoid that occurs at the highest con-
centration. ln epidemiological studies in which
these databases were used, the carotenoids esti-
mated are referred to variously as 'carotenoids',
'provitamin A carotenoids', 'carotene' and
'ß-carotene' .

Databases on the major individual caro-
tenoids in common foods have now been pub-
lished in Finland (Heinonen, 1990) and the
United States (Chug-Ahuja et al., 1993;
Mangels et aL., 1993), specifically for
lutein/zeaxanthin, ß-cryptoxanthin, lycopene,

a-carotene and ß-carotene. ln other countries,
such as Spain (Olmedila et al.¡ 1990), this
information is being incorporated and expand-
ed for national food composition tables. The

carotenoid databases rely on laboratory analy-
ses and a selection of values from the published
literature; however, the estima tes of individual
carotenoid concentrations are stil limited by
lack of information on certain vegetables and
fruits and by variations in carotenoid content
due to genetic manipulation of crops, agricul-
tural practices and food processing and prepa-
ration techniques.

The validity of measurements of
carotenoid intake made with food frequency
questionnaires is difficult to evaluate.

Correlation with blood ß-carotene concentra-
tions ranges from 0.2 to 0.3 (Roidt et al.¡
1988), but blood ß-carotene concentrations

are affected by absorption and metabolism
and may be imperfect measures of biological
activity at the sites of carcinogenesis. Clearly,

measures of dietary intake at one time may
not reflect the usual patterns of intake du ring

96

the decades that may elapse between initia-
tion of carcinogenesis and c1inical detection.
Most important, intake of ß-carotene and

other carotenoids correlates with total
vegetable and fruit intake, making it difficult
to know whether any reduction in cancer risk
associated with increased carotenoid intake is
attributable to specific carotenoids, other phy-
tochemicals found in vegetables and fruit or
dietary patterns associated with increased veg-

etable and fruit intake.
Carotene intake and risks for cancers at vari-

ous sites have been evaluated in a large number
of studies in which intake was inferred from

questionnaires on fruit and vegetable intake,

without quantification of carotene intake. Those
studies are not inc1uded. Others give estimates of
the total carotenoid composition of the diet on
the basis of a nutrient database, but fail to distin-
guish the intake of individual carotenoids. These
studies are summarized in the Tables 13-23.

Studies based on a dietary assessment or a
dietary database that provide a quantitative
estimate of intake of one or more carotenoid
are also summarized in the text for ilustrative
purposes, if they included sufficient subjects to
ensure reasonable power, Le. cohort studies
with at least 50 cases per site and case-control
studies with at least 100 cases.

These criteria do not necessarily enable dis-
tinction of a specific effect of a dietary

carotenoid from the effect of other corn po-
nents of fruits and vegetables; however, the

findings of investigators who attempted to
resolve this issue are summarized.

(b) Cohort studies
Table 13 summarizes the major cohort studies

in which intake of carotenoids was measured.
ln a study of 35 215 women aged 55-69

years in Iowa, USA, 212 new cases of cancer of
the colon were documented between 1986
and 1990. The risk for colon cancer was evalu-
ated in relation to the intake of certain nutri-
ents, as assessed from a questionnaire on food
frequency that was completed on entry and
from a nutrient database (type unspecified). No
effect of total ß-carotene derived from supple-
ments and the diet was found (Bostick et al.,
1993).

kajob
Rectangle

kajob
Rectangle



Carotenoids

A self-administered se mi-quantitative food
frequency questionnaire was completed by
57 837 women in the Canada, and the cohort
was subsequently followed from 1982 to 1987.
During that period, 519 new cases of breast
cancer were diagnosed. These patients were
compared in a nested case-control design with
1182 women who did not have breast cancer at
the time the case was diagnosed. The intake of
nutrients was estimated from a database devel-
oped for other studies (Risch et al.i 1988; Jain et
al.i 1990). Estimated ß-carotene consumption
was not found to have a protective effect
(Rohan et aL.1 1993).

Responses to a semi-quantitative food
frequency questionnaire were used to examine
the relationship between intake of various caro-
tenoids, vegetables and fruits and the risk for
prostatic cancer in a cohort of 47 894
US male health professionals, aged 40-75 years.
ln this cohort, 773 cases of prostatic cancer

other than stage AI were identified, 87% of
which were confirmed by medical records.
The carotenoid contents of specific foods were
estimated from the database of the US
Department of Agriculture (Mangels et al.i
1993). The intakes of ß-carotene, a-carotene,
lutein and ß-cryptoxanthin were not associated
with an increased risk. Only lycopene intake
was related to a lower risk, with an age-

and energy-adjusted relative risk of 0.79 (95%
Ci, 0.64-0.99) for high versus low quintile of
intake (p for trend, 0.04). Similar patterns of

risk with these five carotenoids were seen for
advanced stages C and D of the disease
(Giovannucci et al.i 1995).

ln the Finnish Mobile Clinic Health Survey,

9235 men and women were interviewed about
their diet at the time of enrolment during the
preceding year; 117 cases of lung cancer were
found among men and 88 cases of breast
cancer among women during a maximal
25-year follow-up. The composition of nutri-
ents at baseline was estimated by reference to
Finnish food composition tables. The results
suggest that carotenoid intake is associated

with the incidence of lung cancer in nonsmok-
ers but not in smokers, with relative risks
between the lowest and highest tertiles
of 2.5 (p for trend = 0.04) and 1.1 (p for trend

= 0.91), respectively. The ß-carotene, a-

caro te ne, lycopene and lutein intakes were not
significantly lower in men with lung cancer
than in those without (Knekt et al.i 1991).
No significant associations were observed
between ß-carotene, lycopene or lutein intake
and the incidence of breast cancer Oärvinen et

aL.1 1997).
ln a cohort study in The Netherlands of

62 573 women who had completed a self-
administered dietary questionnaire on entry,
650 breast cancer cases were identified after
4.3 years of fo11ow-up. Nutrient intake was esti-
mated by reference to Dutch food composition
tables. No association was found with the esti-
mated intake of ß-carotene (Verhoeven et al.i
1997) .

(c) Case-control studies

(i) Lung cancer
The main case-control studies of lung cancer
and carotene intake are summarized in Table

14. ln nearly all of them, the risk for lung

cancer was lower among people with a high
dietary intake of carotenoids. A clear majority
of the studies, however, found stronger
inverse trends with vegetable and fruit intake
than with estimated carotenoid intake. Even

among the Finnish men participating in the
ATBC trial, who used tobacco and a1cohol heav-
ily, the dietary intake of ß-carotene at baseline
was inversely related to the incidence of lung
cancer in both those receiving ß-carotene and

those receiving placebo (Albanes et al.i 1996).
ln the two population-based case-control

studies of lung cancer in which newly docu-
mented data from the US Department of
Agriculture on the content of the five major

carotenoids in foods was used, statistica11y
significant or margina11y significant inverse

trends in risk were se en in association with

intake of lutein, a-carotene and ß-carotene (Le

Marchand et al.i 1993; Ziegler et al.i 1996).
Although intake of these carotenoids was high-
ly correlated in both populations, the analyses
suggested that individual carotenoids may have
independent effects.

Inverse associations with intake of carotene
were observed in both ex-smokers and current
smokers in a11 of the studies that included people
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~I -Table 13. Cohort studies (including case-control studies nested within cohorts) of the association between dietary carotenoids and cancer
;¡::nReference, country Site of cancer Size of No. of Exposure Category RRa 95% Ci p for trend ::
¡:
::cohort cases Carotenoid Database* 0.0'00~Shekel/e et al. (1981), USA Lung 2107 33 Carotene index USDA Quartiles ¡0.59j 0.003 '"
0.-Kromhout (1987), Lung 872 63 ß-Carotene Dutch Quartile 0.68 0.35-1.34 n
¡:

Netherlands men (deaths) ::n
rD

Knekt et al. (1991), Finland Lung 4538 Carotenoids Finnish Tertiles ..
~..Smokers men 93

¡0.93J 0.91 rD
-0Nonsmokers 24

¡OAOj 0.04 rD
::,.Shibata et al. (1992a), USA

11 580 ß-Carotene USDA Tertiles õ'
::Lung

Male 94
1.07 0.66-1.74Female 70
0.59 0.32-1.07

Shibata et al. (1992b), USA Lung 5080 125 ß-Carotene USDA Tertiles 0.98 0.59-1.63
men

Steinmetz et al. (1993), USA Lung 41 837 179 ß-Carotene USDA Quartiles 0.81 OA8-1.38 0.39women

Bandera et al. (1997), USA Lung Carotenoids USDA Tertiles
Males 27 544 395

0.73 0.58-0.94 0.03Females 20 456 130
0.82 0.52-1.29 0.35Qçlé et al. (1997), Lung 561 men 54 ß-Carotene Dutch Dichotomy ¡0.96 0.55-1.67)Netherlands

Yong et al. (1997), USA Lung 1 0 068 248 Carotenoids USDA Quartile 0.74 0.52-1.06 0.14Zheng et al. (1995), USA Upper 34 691 33 Carotene USDA T ertiles 0.7 0.3-1.8 OA4digestive tract women
Stomach 26

0.3 0.1-1.0 (0.05
Heilbrun et al. (1989), Hawaii Colon 8006 102 ß-Carotene USDAM Quintiles ¡0.72j 0.11

Other carotenes ¡0.74j 0.15Rectum 60 ß-Carotene
¡O.83) OA2

Other carotenes ¡0.93j OAOShibata et al. (1992a), USA Colon 11 580 ß-Carotene USDA T ertiles
Male 97

1AO 0.86-2.27Female 105
1.10 0.68-1.77



Table 13 (contd)

Reference, country Site of cancer Size of No. of EXfJu~ule Categories RR** (95% CI) P for trend
cohort cases Carotenoid Database*

Sostick et al. (1993), USA Colon 35215 212 ß-Carotene NR Quintiles 0.80 0.52-1.22 0.27

Shibata et al. (1994), USA Pancreas 13 979 65 ß-Carotene USDA Te rtîl es 0.78 0.44-1.37

Graham et al. (1992), USA Sreast 18 586 344 Carotene USDA Quintîles 0.89 0.63-1.26

Shibata et al. (1992a), USA Sreast ¡-7300j 219 ß-Carotene USDA Tertiles 0.79 0.57-1.10

Hunter et al. (1993), USA Sreast 89 494 1439 Carotene USDA Quintîles 0.89 0.76-1.05 0.08

Rohan et al. (1993), Canada Sreast 56 837 519 ß-Carotene USDAM Quintîles 0.7 0.53-1.10 0.12

Kushi et al. (1996), USA Sreast 34 387 879 Carotenoids NR Quintîles 0.88 0.70-1.12 0.98

Jarvinen et al. (1997), Finland Sreast 4697 88 ß-Carotene Firinish Tertiles ¡1.01J

Lycopene ¡0.99J

Lutein ¡1.19j

Verhoeven et al. (1997) Sreast 62 573 650 ß-Carotene Dutch Quintiles 1.01 0.72-1.42 0.96

Netherlands

Hsing et al. (1990), USA Prostate 17 633 (deaths) ß-Carotene USDA Quartiles

age c: 75 78 1.9 1.0-3.7 c: 0.05

age ;: 75 71 0.2 0.1-0.6 c: 0.01

Shibata et al. (1992a), USA Prostate ¡-4300j 208 ß-Carotene USDA T ertîles 1.09 0.78-1.51

Giovannucci et al. (1995), USA Prostate 47894 773 a-Carotene New Quintîles 1.09 0.87-1.36 0.77
ß-Carotene 1.05 0.83-1.32 0.70

ß-Cryptoxanthin 0.94 0.75-1.17 0.76
Lycopene 0.79 0.64-0.99 0.04

Lutein 1.10 0.88-1.37 0.34

Shibata et al. (1992a) Siadder ¡-4 300j ß-Carotene USDA T erti les

USA Male 71 1.32 0.73-2.40

McW, McCance and Widdowson (Paul & Southgate, 1976); McWM, McCance and Widdowson, modified by reference to country data; USDA, derived From US Department of Agriculture (1976-94); USDAM,

1 !

derived from US Department of Agriculture, modified by reference to country data; Dutch, derived from Dutch food composition tables; Finnish, derived from analyses of Finnish foods (Heinonen, 1990); New

= recently released data on carotenoids (Mangels et al., 1993); NR, not reported

1
a Relative risk for highest relative to lowest consumption

'"
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who had never smoked, with effects similar in
magnitude to that genera11y observed among

smokers. Diet has not been sufficiently investi-
gated in occupationa11y exposed populations with
increased risks for lung cancer. Inverse associa-

tions between carotenoid intake and risk have been
seen consistently in men and women and in many
countries but less consistently across racial sub-
groups, with less evidence for an effect in blacks
and Hispanics than in whites and Asians. Most
studies of histological specificity found inverse
associations of comparable magnitude with
squamous-ce11, sma11-ce11 and adenocarcinoma.

Several case-control studies have been con-
ducted on the dietary intake of individual
carotenoids and lung cancer.

ln a study of 106 cases of epidermoid lung

cancer and 212 hospital control s, a food fre-
quency questionnaire was administered by
nutritionists, and estima tes of ß-carotene con-
sumption were derived by reference to standard
French food tables. The odds ratio for low ver-
sus high consumption of ß-carotene was 4.1
(95% CI, 2.1-7.4). Introduction oftobacco con-
sumption into a logistic regression analysis did
not modify these associations (Dartigues et al.,
1990). (The Working Group noted that the
measure of ß-carotene used may have included
other carotenoids.)

ln a study of 839 cases and 772 control s, an
attempt was made to recruit equal numbers of
women and men by matching each female case
identified with a male selected at random from
among men in the Toronto, Canada, metropol-
itan area. A detailed, quantitative dietary history
was elicited, and nutrient intake was derived by
reference to a database comprising information
from the US Department of Agriculture supple-
mented by data from Canadian sources. The
estimated ß-carotene consumption had no pro-
tective effect, either in models adjusted for cig-
arette smoking or in strata of nonsmokers or
smokers Gain et aL., 1990). (The Working Group
noted that the measure of ß-carotene used may
have included other carotenoids.)

A newly available database on individual
carotenoids was used to reanalyse the dietary
data from a case-control study reported earlier
(Le Marchand et al., 1989), which involved 230
men and 102 women with Iung cancer and 597-
100

male and268 female controls. After adjustment
for smoking, inverse associations of comparable
magnitude and statisticaUy significant trends
(aU p 0( 0.04) were seen for dietary ß-carotene,
a-carotene and lutein for both men and
women, while no consistent associations were
found for dietary lycopene or ß-cryptoxanthin. .
The smoking-adjusted relative risks for men
and women in the lowest quartie of intake rel-
ative to those in the highest were 2.1 and 3.8,

respectively, for ß-carotene, 2.3 and 2.2 for (X-
carotene and 1.8 and 3.6 for lutein. Intake of
the individual carotenoids was highly correlat-
ed, so that identification of independent effects
was difficult; however, high intake (above the
median) of two of these carotenoids was gener-
aUy more protective to men and women com-
bined th an high intake of one, whereas high

intake of all three did not confer additionaI

protection (Le Marchand et aL., 1991, 1993).
Three of the case-control studies of lung

cancer focused on nonsmokers, including ex-
smokers and people who had never smoked.

Cohort studies of lung cancer generaUy have

too few people in the latter category to evaluate
the effects of diet.

A total of 124 cases of lung cancer in non-
smoking women and 263 community-based
controls were identified by random-digit

diaIlng, and dietary histories were collected by

telephone with a reduced version of the US

National Cancer Institute food frequency ques-
tionnaire; nutrient intake was estimated from
the National Cancer Institute data bank derived
from US Department of Agriculture sources. ln
univariate analyses, estimated intake of
ß-carotene, (X-carotene, cryptoxanthin and
lycopene had protective effects. ln an analysis
with adjustment for age, education, total calo-
ries and fruit consumption, the odds ratio for
vegetable consumption was 0.3 (95% CI,
0.1-0.5); the association with ß-carotene intake
was weaker (after adjustment for vitamin C
consumption instead of fruit consumption),
with an odds ratio of 0.5 (95% CI, 0.3-0.9)
(Candelora et aL., 1992).

A population-based case-control study of
lung cancer among non smoking white women
in Missouri, USA, involved both women who
had never smoked and former smokers who

kajob
Rectangle



C
arotenoids

-0c:
g;J2Q(3~~0)

ln"'oc:C
U
-oi-C

O
o~C

O
-C

U

"'"'c:C
O

i-C
U
oc:C

O
oC

)
c:::i:C

U
C

U

~-C
U

..c:o~C
O

oolnlnC
O

C
U

.i--olnC
U

"'::-lnoi--c:oo1C
U

lnC
O

u-l~C
U

..~

cui:a"'o0)(Jrou(J=
i

ifo0.XW
 -0(5c:mÕmuif

o e
a §
z: ü

o
 
~

c
i
 
e
n

z
:
 
~

0.::o0,
..::~2
 
~

ê
i
 
.
_

è:
ë::oü(Jüc:(JmÕ

)
i:

mifcu
..cu
roo

0) m
¡:

9
 
9
~

o
o
 
N
 
C
0

c
:
 
c
:
 
c
:

~2.
.. i-
~8

if~'Ecu::a

"'
i
f
 
E

~
 
0

'E
 Õ

cu =
:: ü
a
 
ë
5

::.:oC
f

::
.:oC

f
::

(Jc:(Jõmu

(Jc:(Jõmuc6

i-N(0

L
L
0
)
 
L
L

.
.
 
r
:

..(0C
0

L
L
0
)
 
L
L

.
.
 
r
:

cug
 
C
D

c: ü
'0 if
ro ::
ü
 
0

o
 
E

c
:
 
c
u

(J ::
-
0
 
c
r

.
:
 
C
f

.:C
f

::
.:C

f
:; ::
=0)~

L
ü

=0)
(
¡
 
-

1
D
 
ë
õ

~
 
I
D

c: ::
I
 
$
:

¡:~
"? i-
19N C

0
l
n
 
C
'

0=ln N
=

 ..
28if~'E~i:z:-0(5c:(J
ê
5
 
~

m
 -0

u .s:

.Q= '-
=
 
=

C
0 g

:
:
 
:
:

=
 
=

=
 
=

C
0
 
C
0

.:C
f

::~=0)C
õ

Õ
)

-0c:oco

C
; N

=
 
C
0

c
:
 
c
:

int:~
~l-~
e. e. e.

if~'Ecu::a::.:oC
f

::(Jc:(Jõmu~lD
o)

L
O
 
M
 
1
.

:
:
 
L
L

(
O
.
.
 
L
L

0) ln i-
N

 ..

.:C
f

::~=0)~(¡Õ
)ifm"'

co

0) (0 i-
N
 
=
 
N

c
:
 
c
)
 
c
)

æ
 
~

00 cc ~
 ~

~
~

 d: ¿
 1

~C
D

('t-
ci el c: C

) a

if~'E~::$:ü::(Jc:(Jõmu"'
~

.:C
f

~
 ::

=0)~(¡Õ
)oc:

Bifcu
eL

ü,=cu0.
.~:ièoz:~=0)(¡Õ

)(J
:0E:::i C

D
~~gs

2.~ e. 6

if~'E~.:oC
f

::(Jc:
22cu
u=

..
;
1
 
~
 
t
=

ln N
 ::

~
 C

0 r:

.~c:cu0.
.~:i

"'EoÕ=üë5::$:ü::mc:m (J
ê
5
 
a
3

m
 
ê
5

U
 
m

c
6
 
U

.!:
~C

ñ::.:õ)=0)-
 
(
¡Õ
)Ecu

=ëoL
L

(¡Õ
)müm0:

if~'E~.:oC
f

::..i-NC
0

lnN~.:C
f

::00=0)~

"?2.if~'Ecu::ai:z:(Jc:(J
õmUc6::=ln::=ln(Jo0.cu0)c:
êi00=0)C

õ
Õ

)o:i

ro""=1
..o

~
 
l
D
 
~
 
~

2. 6 £ c:

if~'E~

"'
ifE

if
~
 
0
 
~

~
 
~
 
~

.S
 (. ::

a
 
ë
5
 
a

i:z:

:: ::
;3$:;3
C
f
 
ü
 
C
f

:: :: ::

(1Q
)Q

)Q
)

c c: c: c
I
D
 
Q
.
 
I
D
 
Q
)

ê
5
 
ê
5
 
ê
5
 
ê
5

ro C
U

 ro ro
U
 
U
 
U
 
U

c
6
 
c
6
 
c
6
 
c
6

r-C
0
æ
 
N

l
n
 
N

==
0
)
 
(
0

(0 =
ln

ifm.ooEifc:oz:

(Jücocu
U

:
0)c:o~ .:
0
)
 
C
f

co ::
o:i

cu
-0ro

8
 
c
o

0
)
 
r
o

0) U
~

00=0)~

(¡Õ
)æ
 
C
õ

.
~
 
S
i
 
1
5

B
m
 
t
 
c
:

c
o
 
O
r
o

:: 0 ~

õ)=0)~
oo~

ln0)oNr-r-0)C
0

=80)0)

..== 
(
0

=
 =

o c:

II1..(0o

(0 =
001 1N
00

C
i

"
?
 
.
.

=
 0

if~'Ecu::a

en
.ó'Ecu::a

::.:oC
f

::

::.:oC
f

::

(Jco(JõmUc6

(Jco
m

 (J
a
5
 
ê
5

ê
5
 
C
o

ro U
U

 c6

=N~
cr(0N

a;
..N

ifm.ooEenc:oz:

enm.ooEifm"'(J
z:

(Jü(J(J
è5

.:C
f

::N0)0)~
80)0)(¡Õ

)
'6'6cocu
ro~

(¡Õ
)cuoC

D
-0cocu
U

""101

kajob
Rectangle



ßI
Table 14 (contd)

S;::nReference, country Site (subgroup No. of No. of Exposure Categories ORa (95% CI) P for trend
::~
::if an cases contrais Carotenoid Database 0.
0-0Candelora et aL. (1992) (contd)

ex-Caratene 0.2 0.1-0.4 0,0005 0~""Lutein 0,9 0,5-1.7 0,52 0..Cryptoxanthin 0.4 0,2-0.4 0.02 n~Lycopene 0.6 0,3-1.2 0,13 ::(j
rD..Alavanja et al. (1993), USA Nonsmokers 429 1021 Total Prelim Quinties 0,80 0.85 '"..ß-Caratene Quintiles 1,00 0.83 rD
0:
rD
::Dorgan et al. (1993), USA 1951 1238 Carotenoids USDA Tertiles ¡0.79 0.64-0.97) .:0,05 ..
õ'
::Le Marchand et al. (1993), 230 M 597 ß-Caratene New Quartiles (0.48) 0,001Hawaii, USA

ex-Caratene
(0.43) 0.001

Lutein ¡0,56J 0.04
Lycopene

(0,67) 0.07
ß-Cryptoxanthin

(0,91) 0,81
102 F 268 ß-Carotene ¡0.26j 0.003

ex-Caratene
(0.45) 0,02

Lutein
(0.28) 0.002

Lycopene ¡O.?J 0.83
ß-Cryptoxanthin ¡0,91J 0.99

Mayne et al, (1994), USA Nonsmokers 413 413 ß-Carotene USDA Quartile 0,70 0,50-0,99
Ziegler et al. (1996), USA 763 564 ex-Carotene New Quartiles (0.45 0,27-0,75) 0,004

ß-Caratene
(0,63 0,38-1,02) 0,04

ß-cryptoxanth i n
(1,22 0.76-1.92) 0.13

Lutein/zeaxanthin
(0,62 0.39-0.97) 0,07

Lycopene ¡0,93 0,58-1.49J 0,87
Hu et al. (1997), China 227 227 ß-Caratene Chinese Quartiles \ 0.8 0.4-1. 0.40

Chinese, derived fram Chinese food composition tables; McW, McCance and Widdowson (Paul & Southgate, 1976) tables; McWM; McCance and Widdowson tables modified by reference to country data;

USDA, derived fram US Department of Agriculture (1976-94); USDAM, derived from US Department of Agriculture data modified by reference to country data; Prelim, preliminary new USDA data on
carotenoids (Smucker et al., 1989); New, recently released USDA data on carotenoids (Man 

gels et al., 1993).a Odds ratio for highest relative to lowest consumption
b Dead contrais

C Living contrais



Carotenoids

had quit 15 years earlier. A total of 429 cases,
inc1uding 211 (49%) of adenocarcinoma, and
1021 controls were identified. A 60-item, self-
administered food frequency questionnaire
with semi-quantitative questions on portion
size was used to characterize usual diet four
years earlier, and a preliminary US Department
of Agriculture database was used to estimate
carotenoid intake. Interviews were conducted
by proxy for the 58% of patients who had died
or were too il to be interviewed. No trends in

risk by quintile of intake of ß-carotene or of total
carotenoids were observed, either before or after
adjustment for calories (Alavanja et al., 1993).
(The Working Group noted that the large pro-
portion of proxy interviews might have jeopar-
dized the reliabilty of the dietary measures.)

ln a population-based study of nonsmokers,
413 individua11y matched pairs of lung cancer
cases and con troIs were selected from a motor
vehic1e license fie. A food frequency question-
naire was administered by interview with about
two-thirds of the lung cancer patients and by
proxy for the remaining one-third; consump-
tion of nutrients were estimated from the US
National Cancer Institute database. The odds
ratio for estimated consumption of ß-carotene
was 0.70 (95% CI, 0.50-0.99); however, the
estimated consumption of raw fruits and vegeta-
bles showed a stronger effect (Mayne et aL., 1994).

A recently published database on individual
carotenoids in US foods was used in a reanaly-
sis of the results of a population-based

case-control study of lung cancer in men in
New Jersey, USA, which involved 763 patients

and 564 controls, 43% of whom had to be
interviewed by proxy. The usual frequency of
consumption of 44 food items, inc1uding the
major sources of carotenoids, about four years
previously had been assessed from an inter-
viewer-administered questionnaire. An increased
risk for lung cancer was associated with low
vegetable and fruit intake but was restricted to
current and recent cigarette smokers and pipe
and/or cigar users. The smoking-adjusted risk of
current and recent smokers in the lowest quar-
tile of a-carotene intake was more than twice
that of smokers in the highest quartile of
intake, whereas the corresponding risks associat-
ed with intakes of ß-carotene and of lutein/zeax-

anthin were increased by 60% (Ziegler et al.,
1996). (The Working Group noted that the large
proportion of proxy interviews might have jeop-
ardized the reliabilty of the dietary measures.)

(ii) Upper aerodigestive tract cancer

The major case-control studies of upper
aerodigestive tract cancer and carotene intake
are summarized in Table 15. Inverse associa-
tions with carotene intake were genera11y not

seen for oral cancer but were often significant
for laryngeal and oesophageal cancer.

A study was carried out in six regions of
Europe which inc1uded 1147 men with
laryngeal cancer and 3057 population controls.
A dietary questionnaire was administered, and
the consumption of nutrients was estimated by
reference to European food composition tables.
Although there was a suggestion of an inverse
association between cancer of the epilarynx or
endolarynx and ß-carotene intake in multivari-
ate analyses, the effect disappeared after ad just-
ment for vitamin C, although there was an
inverse association with consumption of fruits,
vegetables and vegetable oil (Estève et aL., 1996).

(The Working Group noted that the measure of
ß-carotene used might have inc1uded other

carotenoids. )
A population-based study was conducted in

a high-incidence population in the north of

France which comprised 743 cases (704 male
and 39 female) and 1975 controls (922 male
and 1053 female). Diet was defined from a
questionnaire, and ß-carotene intake was esti-
mated from British food composition tables
(Paul & Southgate, 1976). A significant reduc-
tion in risk was seen in association with high
carotene intake (odds ratio, 0.53; p = 0.03)

(Tuyns et aL., 1987a). (The Working Group
noted that the measure of ß-carotene used

might have inc1uded other carotenoids.)

(iii) Gastric cancer
The major case-control studies of gastric

cancer and carotene intake are summarized in
Table 16. ln general, a consistent reduction in
risk with increasing consumption of foods con-
taining carotenes was seen; however, the effect of
caro te ne tended to be attenuated when vitamin
C intake was inc1uded in the statistical modeL.
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Table 15 (contd)

Reference, country Site of cancer No. of No. of Exposure Categories ORa 95% Ci P for trend

cases controls Carotenoid Database**

Decarli et al. (1987), Italy Oesophagus 105 348 Carotene USDAM Tertiles 0.23 0.12-0.46 ~ 0.001

Tuyns et al. (1987a), France Oesophagus 743 1975 Caratene McWM Quartiles 0.53 0.026

Brown et al. (1988), USA Oesophagus 207 422 Caratene USDAM Tertiles 0.8 0.5-1.6

Graham et al. (1990a), USA Oesophagus 178 174 Carotene USDA Quartiles 0.66 0.36-1.23 0.10

Valsecchi (1992), Italy Oesophagus 211 712 ß-Carotene USDA Tertiles ¡0.4 0.3-0.6J

Gao et al. (1994), China Oesophagus 624 M 851 M Carotene Chinese Quartiles 0.5 ~ 0.001

278 F 701 F 0.6 0.09

Hu et al. (1994), China Oesophagus 196 392 ß-Carotene Chinese Quartiles 0.7 0.4-1.4 0.10

Tavani et al. (1994), Italy Oesophagus 46 230 ß-Carotene Italian Tertiles OA 0.2-0.9 ~ 0.05

(non-smokers)

Zhang et al. (1997), USA Oesophagus 95 132 ß-Carotene USDA Quartiles 0.8 0.6-1.2 0.26

and gastric cardia

Chinese, derived from Chinese food composition tables; Italian, derived fram Italian food composition tables; McW, McCance and Widdowson (Paul & Southgate, 1976) tables; McWM,

McCance and Widdowson tables modified by reference to country data; USDA, derived from US Department of Agriculture (1976-94); USDAM, derived from USDA data modified by refer-

ence to country data
a Odds ratio for highest relative to lowest consumption
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A case-control study of di et and gastric can-
cer caffied out in four regions of Spain com-
prised 354 cases and 354 matched controls.
Information on di et was derived from dietary
history questionnaires and nutrient values

from British and Spanish food composition

tables. High carotene intake was associated

with a modest, nonsignifcant reduction in risk
(odds ratio, 0.66; p = 0.31) (Gonzalez et al.,
1994). (The Working Group noted that the
method used to measure ß-carotene might have
included other carotenoids.)

A quantitative dietary history was adminis-
tered to 246 patients with gastrIC cancer and

246 population controls in Canada, and intake
of nutrients was estimated from a database

comprising US Department of Agriculture data
modified from Canadian sources. The odds
ratio was 0.33 (95% CI, 0.15-0.71) for high con-
sumption of ß-carotene and 0.39 (95% CI,
0.03-4.52) for consumption of other carotenes.
The effect of ß-carotene disappeared when vitamin
C and/or dietary fibre intake was included in the
statistical model (Risch et aL., 1985). (The Working
Group noted that the method used to measure ß-

carotene might have included other carotenoids.)
ln a case-control study of 1016 patients

with gastric cancer and 1159 population con-
troIs, the concentrations of nutrients were
determined from a food frequency question-
naire based on Italian food tables, supplement-
ed by English data. Although there was a sug-

gestion of an inverse association with
ß-carotene intake in a univariate analysis, this
disappeared in a multvariate analysis that also
included intake of protein, nitrites, ascorbic
acid and a-tocopherol, with an odds ratio of 0.9
(95% CI, 0.7-1.1) for the highest consumption
quintile in comparison with the lowest (Buiatti
et al., 1990). (The Working Group noted that
the method used to measure ß-carotene might

have included other carotenoids.)
ln a population-based case-control study

of gastric cancer, 338 patients and 679 con-
troIs were interviewed with a food frequency
questionnaire; nutrient intake was estimated

from Swedish food composition tables.
Although there was an inverse association
between estimated ß-carotene intake 20 years
previously and during adolescence, this large-
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ly disappeared in a multivariate analysis that
incorporated estimated intake of ascorbic acid,
a-tocopherol and nitrates, with an odds ratio
for the highest consumption quartile of ß-
carotene in comparison with the lowest of

0.73 (95% CI, 0.45-1.18; P for trend, 0.1)
(Hansson et aL., 1994).

(iv) Colorectal cancer

The major case-control studies of colorectal
cancer and carotene intake are summarized in
Table 17. The findings were not consistent:
only about one-half of the studies that reported
intake of carotenes showed an inverse associa-
tion; many of the other studies that failed to
find an effect of carotenes, however, found

inverse associations with fruit and vegetable

intake.
A self-administered dietary questionnaire

was used in a study in which 419 patients with
colorectal cancer and 732 controls were select-
ed from an electoral register and nutrient com-
position was estimated from a database largely
derived from British sources. The effect of
ß-carotene was evaluated in strata of cases of
colon and rectal cancer, subdivided by sex. The
only association found was an increased risk for
colon cancer among women (Potter &
McMichael, 1986). (The Working Group noted
that the measure of ß-carotene used might have
inc1uded other carotenoids.)

ln a case-control study of 715 patients with

colorectal cancer and 727 community controls,
a quantitative dietary history was elicited and
nutrient consumption was estimated by
reference to Australian food tables. The

frequency of ß-carotene consumption, present-
ed by quintiles, did not affect the risk in a mul-
tivariate model (Kune et aL., 1987). (The

Working Group noted that the measure of ß-
carotene used might have included other
carotenoids. )

ln a hospital-based study in Singapore, 203

patients with colorectal cancer and 425 controls
were asked about their di et one year previously
on the basis of a quantitative food frequency

questionnaire. Intake of nutrients was estimat-

ed from food composition tables compiled

from tables for East Asian foods designed by the
United Nations Food and Agricultural Organi-

kajob
Rectangle



Table 16. Case-control studies of the association between gastric cancer and dietary carotenoids

Reference, country Subgroup No. of No. of Exposure Category aRa 95% Ci P for trend
cases controls Carotenoid Database

Correa et al. (1985), USA Whites 71 90 Total USDA Dichotomy 0.68 0.43-1.08
Blacks 101 110 carotenoids 1.08 0.67-1.73

Risch et al. (1985), Canada 246 246 ß-Carotene USDAM Unit (10 000 0.33 0.15-0.71 0.004

Other carotenes IU/day) 0.39 0.03-4.52

You et al. (1988), China 564 1131 Carotene Chinese Quartiles 0.5 0.3-0.6

Buiatti et al. (1990), Italy 1016 1159 ß-Carotene McWN Quintiles 0.9 0.7-1.1

Graham et al. (1990b), USA 186 M 181 M Carotene USDA 1 standard 0.59 0.45-0.77
107 F 104 F deviation 0.71 0.51-0.99

Boeing et al. (1991), Germany 143 579 Carotene German Quintiles 1.42 0.88-2.93

La Vecchia et al. (1987a,1994), 723 2024 ß-Carotene McWM Quintiles 0.27 0.19-0.38 0: 0.001
Italy

Gonzalez et al. (1994), Spain 354 354 Carotene McWM Quartiles 0.66 0.31

Hansson et al. (1994), Sweden 338 679 ß-Carotene McWM Quartiles 0.73 0.45-1.18 0.10

Munoz et al. (1997), Italy Positive family 88 103 ß-Carotene McWM Te rt i1es 0.27 0.11-0.65 0: 0.05
history

Chinese, derived from Chinese food composition tables; German, derived from German food composition tables; McWM, McCance and Widdowson (1976) tables modified

by reference to country data; USDA, derived from US Department of Agriculture data (1976-94); USDAM, derived from US Department of Agriculture data modifed by ref-

erence to country data
a Odds ratio for highest relative to lowest consumption
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zation and the US Department of Health,
Education, and Welfare. No consistent protec-
tive effect of ß-carotene was found. Although
the odds ratio for the medium tertie compared
to the lowest estimated consumption of
ß-carotene for rectal cancer was significantly
reduced, the odds ratio for the highest tertie
was not and the p for trend was not significant
(Lee et al.i 1989). (The Working Group noted
that the measure of ß-carotene used might

have inc1uded other carotenoids.)
The semi-quantitative food frequency ques-

tionnaire developed for cohort studies by

Wilett et al. (1985) was administered by

interview in a study of 746 cases of colon can-

cer and an equal number of neighbourhood

controls. No association was found with esti-
mated intake of ß-carotene (Peters et al.i 1992).
(The Working Group noted that the measure of
ß-carotene used might have inc1uded other

carotenoids.)
ln a study of 231 cases of colon cancer and

391 controls identified by random digit
diallng, a dietary history questionnaire was

administered at home. Consumption of nutri-
ents was estimated from a database derived

from US Department of Agriculture sources. An
inverse association was found with the esti-
mated consumption of ß-carotene, the ad just-
ed odds ratios being 0.4 (95% Ci, 0.2-0.8) for
the highest quartile compared with the lowest
in men and 0.5 (0.2-1.0) in women (West et al.i
1989). (The Working Group noted that the
measure of ß-carotene used might have inc1ud-
ed other carotenoids.)

ln a population-based case-control study of
colon cancer among French Canadians living
in Montreal, patients aged 35-79 and diag-
nosed during 1989-93 were identified at five
major teaching hospitals in Montreal covering
? 90% of the French-speaking colon cancer

patients in the city. Controls were selected by a
modified random digit diallng method.
Fina11y, 200 male and 202 female cases ((55%)
of those eligible) and 239 male and 429 female
con troIs matched by age, telephone exchange
and language (50% of those eligible) were
interviewed at home, assisted by relatives if
necessary, about their annual diet two years

previously. Frequency and amount were

108

derived from models for more th an 200 food
items Oain et al., 1980a), and the intake of
nutrients was estimated from a database devel-
oped for other studies Oain et al., 1990). When
men and women in the highest quartile of
intake were compared with those in the lowest,
the relative risks associated with both ß-
carotene (0.72; 95% Ci, 0.49-1.06) and other
carotenoid intake (0.76; 95% Ci, 0.52-1.11)

were suggestively but not significantly reduced.
Neither test for trend reached statistical signif-
icance (Ghadirian et aL.1 1997). (The Working
Group noted that the measure of ß-carotene

used might have inc1uded other carotenoids.)

(v) Pancreatic cancer
The major case-control studies of pancreatic

cancer and carotene intake are summarized in
Table 18. ln the most of these studies, inter-
views to estimate usual dietary intake before

diagnosis had to be conducted by proxy.
Several reported an inverse association
between estimated ß-carotene intake and the
risk for pan crea tic cancer.

As part of the IARC SEARCH programme,
five case-control studies of di et and pancreatic
cancer were conducted in Australia, Canada,
the Netherlands and Poland. The data from the

five studies were combined in an overview
analysis, resulting in a total of 802 patients and
1669 control s, 60 and 25% of whom, respec-
tively, were interviewed by proxy. A significant
inverse association was found for estimated
consumption of ß-carotene, adjusted for ener-
gy intake, the odds ratio for the highest quin-
tie in corn paris on with the lowest being 0.3 7
(p for trend, -( 0.0001) (Howe et al.i 1992). (The
Working Group noted that the measure of ß-
carotene used might have inc1uded other

carotenoids. ln addition, it noted the difficulty
in obtaining reliable data on diet from proxy
interviews.)

Family members of 212 white men who had
died of cancer of the pancreas and 220 con troIs
identified by random digit diallng were inter-
viewed about the subjects' dietary intake two
years before death or the interview. Nutrient
intake was estimated by reference to the data-
base of the University of Minnesota (USA). An
inverse association was found with ß-carotene
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Table 17 (contd) 1 ~00~
on

Reference, country Site No. of No. of Exposure Category ORa 95% Ci P for trend 0..
cases controls Carotenoid Data base ()

¡:
::
("Peters et al. (1992), USA Colon 746 746 ß-Carotene USDA Ouintiles 0.99 0.93-1.05 ro..
'"

(per unit) ..
ro
-:
ro

Meyer & White (1993), USA ::Colon 238 M 224 M ß-Carotene FAO Ouartiles 1.20 ..
õ'

Other carotenes 1.23 ::
186 F 190 F ß-Carotene 0.65

Other carotenes 0.66

Zaridze et al. (1993), Russia Colorectum 217 217 ß-Carotene Russian Ouartiles 0.21 0.09-0.48 0.002

Fernandez et al. (1997), Italy Colorectum 112 108 ß-Carotene Italian Tertiles 0.5 0.2-1.0 .: 0.05
(with family history)

Ghadirian et al. (1997), Canada Colon 402 668 ß-Carotene USDAM Ouartiles 0.72 0.49-1.06 0.20
Other carotenes 0.76 0.52-1.11 0.07

Slattery et al. (1997), USA Colon 1099 M 1290 M ß-Carotene USDA Ouintiles 1.1 0.8-1.5 0.40
894 F 1120 F 1.3 0.9-1.8 0.16

Dutch, derived from Dutch nutrient data bank; German, derived from German food composition tables; Italian, derived from Italian food composition tables; Russia,
derived from Russian food composition tables; FAO, WuLeung et al. (1972); FAOM, WuLeung et al. (1972), modified by reference to Britishe, 1978) and local sources;
McW, McCance and Widdowson (Paul & Southgate, 1976) tables; McWM, McCance and Widdowson tables modified by reference to country data; USDA, derived from
US Department of Agriculture (1976-94); USDAM, derived from US Department of Agriculture data modified by reference to country data
a Odds ratio for highest relative to lowest consumption



Table 18. Case-control studies of the association between pancreatic cancer and dietary carotenoid-
Reference, country No. of No. of Exposure Category ORa 95% Ci P for trend

cases controls Carotenoid Database

Falk et al. (1988), USA 203 M 890 M Carotene USDA Tertiles 0.8

160 F 344 F 1.65

Howe et al. (1990), Canada 249 505 ß-Carotene USDAM Ouartiles 0.93 0.57-1.51 0.77

Baghurst et al. (1991), Australia 104 253 ß-Carotene McWM Ouartiles 0.45 0.22-0.92 0.025

Bueno de Mesquita et al. 164 480 ß-Carotene McWM Ouintiles 0.61 0.38-0.97

(1991), Netherlands

Ghadirian et al. (1991), Canada 179 239 ß-Carotene USDAM Ouartiles 0.69 0.32-1.48

Olsen et al. (1991), USA 212 220 ß-Carotene USDA Ouartiles 0.6 0.3-1.0 -: 0.03

Howe et al. (1992), various 802 1669 ß-Carotene Various Ouintiles 0.37 -: 0.0001

McWM, McCance and Widdowson (Paul & Southgate, 1976) tables modified by reference to country data; USDA, derived from US Department of Agriculture (1976-94); USDAM, derived

from US Department of Agriculture data modified by reference to country data
a Odds ratio for highest relative to lowest consumption
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intake in a model with adjustment for energy
intake, but the association was not significant
when the analysis was restricted to information
derived from spou ses only (Olsen et aL.1 1991).
(The Working Group noted that the measure of
ß-carotene used might have inc1uded other

carotenoids and the difficulty in obtaining reli-
able data on di et from proxy interviews.)

(vi) Breast cancer
The main case-control studies of breast can-

cer and carotene intake are summarized in

Table 19. Most reported no association with
carotene intake.

ln a study in which the serum concentra-

tions of micronutrients were assessed, 214

women with breast cancer and 215 hospital
con troIs were administered a dietary frequency
questionnaire, and consumption of nutrients
was estimated by reference to Italian and
British sources. No pratective effect of ß-
carotene was found (Marubini et al.i 1988).
(The Working Group noted that the measure of
ß-carotene used might have inc1uded other

carotenoids. )
ln a population-based study, 451 case-con-

trol pairs completed a self-administered dietary
questionnaire. The intake of nutrients was esti-
mated from a database derived from British and
Australian sources. Risk decreased with increas-
ing estimated consumption of ß-carotene, the
relative risk at the highest concentration rela-
tive to the lowest being 0.76 (95% Ci,
0.50- 1.18; P for trend, 0.03) (Rohan et aL.1

1988). (The Working Group noted that the
measure of ß-carotene used might have inc1uded
other carotenoids.)

A dietary history questionnaire was adminis-
tered to 250 women with breast cancer and
499 con troIs sampled from the general popula-
tion. Nutrient intake was derived from a data-
base based on French and British sources,
supplemented by local data. No protective
effect from estimated consumption of ß-carotene
was found (Toniolo et al.i 1989). (The Working
Group noted that the measure of ß-carotene

used might have inc1uded other carotenoids.)
ln a study of 150 women with breast cancer

and equal numbers of hospital and neighbour- .
hood controls, a food frequency questionnaire

..
112

was administered and nutrient intake was esti-
mated by reference to Argentine food composi-
tion tables. A weak inverse association was

found with estimated ß-carotene intake, adjusted
for daily caloric intake, which was a major risk
factor in this study. The odds ratio in compari-
sonwith neighbourhood controls was 0.90
(95% Ci, 0.80-1.0), and that in comparison
with hospital controls was 0.92 (0.84-1.0)

(Iscovich et aL.1 1989). (The Working Group
noted that the measures of ß-carotene used

might have inc1uded other carotenoids.)
ln a combined analysis of the original data

from 12 case-control studies of di et and breast

cancer comprising 4427 cases and 4341 popula-
tion and i 754 hospital contraIs, intake of nutri-
ents was estimated from the databases used in
the original studies. An inverse association was
found for the estimated consumption of ß-caro-
tene (odds ratio, 0.87; p ~ 0.007), but this was
weaker than that seen with vitamin C (odds ratio,
0.69; p ~ 0.0001) (Howe et aL.1 1990). (The Working
Group noted that the measures of ß-carotene used
might have inc1uded other carotenoids.)

Dieticians interviewed 133 women with
newly diagnosed breast cancer and 238 popula-
tion controls using a structured diet history.
Nutrient intake was estimated from the Dutch
nutrient data bank. No significant trend with
estimated consumption of ß-carotene was se en
(van't Veer et al.i 1990). (The Working Group
noted that the measure of ß-carotene used

might have inc1uded other carotenoids.)
A quantitative food frequency questionnaire

was used to assess diet one year previously for
200 women with breast cancer and 420 hospital
con troIs. Intake of nutrients was estimated

from food composition tables compiled from
tables for East Asian foods, as in the study of
diet and colorectal cancer (Lee et aL.1 1989).

Premenopausal women appeared to be protected
by their estimated consumption of ß-carotene,
with an odds ratio of 0.39 (95% Ci, 0.16-0.69)
for the higher tertie of consumption compared
with the lower (p for trend, 0.02), in a model
that inc1uded consumption of red meat,
polyunsaturated fatty acids, soya or total pro-
tein and ß-carotene. ln postmenopausal women,
there was no significant effect of any dietary
variable (Lee et al., 1991). (The Working Group
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noted that the measure of ß-carotene used

might have inc1uded other carotenoids.)
ln a case-control study based on a mam-

mography screening programme, 265 women
with breast cancer and 432 con troIs completed
a self-administered food frequency question-
naire; intake of nutrients was derived by refer-
ence to Swedish food composition tables.
Estimated ß-carotene intake had a protective
effect in a logistic regression model after adjust-
ment for age, county of residence, month of
mammography and total energy intake, the
odds ratio for the highest quartile of consumption
relative to the lowest being 0.6 (95% Ci,
0.4-0.9; P for trend, 0.03) (Holmberg et aL.1

1994). (The Working Group noted that the
measure of ß-carotene used might have inc1uded
other carotenoids.)

ln a population-based case-control study of

premenopausal, white women aged ~ 40 in
western New York State, USA, cases of breast
cancer diagnosed during 1986-91 were identi-
fied from pathology records at hospitals in two
counties; controls matched on age and county
of residence were selected from motor vehic1e
registers. Personal interviews were conducted
with 297 patients (66% of those eligible) and
311 controls (62%). Diet was assessed by asking

about the usual intake of 172 food items two
years previously, and the intake of individual

carotenoids was estimated from the US
Department of Agriculture database for vegeta-
bles, fruits and multi-ingredient foods

(Chug-Ahuja et aL.1 1993; Mangels et al.i 1993).
The relative risks, adjusted for known risk fac-
tors for breast cancer, for the highest quartile of
intake relative to the lowest were 0.67 (95% Ci,
0.42-1.08) for a-carotene, 0.46 (95% Ci,
0.28-0.74) for ß-carotene and 0.47 (95% Ci,
0.28-0.77) for lutein/zeaxanthin; statisticaUy

significant inverse trends (a11 p values for trend, 0(

0.002) were seen for a11 three carotenoids. Little
evidence of an association was seen with ß-cryp-

toxanthin or lycopene. Comparable reductions

in risk and statistica11y significant trends were

noted for total vegetable intake (similarly ad just-
ed RR, 0.46; 95% Ci, 0.28-0.74) (Freudenheim et
al.i 1996). (The Working Group noted the rela-
tively low rates in both cases and controls.)

ln another report from the same study, the

role of family history was evaluated in relation
to that of antioxidant intake. ß-Carotene

appeared to have no effect in women with a
family history of breast cancer but had an
inverse association in women with no su ch his-
tory (odds ratio for highest quartile compared
with lowest, 0.5; 95% Ci, 0.3-0.7; P for trend,
0( 0.01) (Ambrosone et aL.1 1995). (The Working
Group noted that the measure of ß-carotene

used might have inc1uded other carotenoids.)

(vii) Prostatic cancer
The main case-control studies of prostatic

cancer and carotene intake are summarized in
Table 20. Inverse associations with estimated
carotene intake were reported in a few studies,
but these were genera11y not consistent. The

role of lycopene Was addressed in a few studies,
with mixed results.

ln a study of 100 men with prostatic cancer,
100 cases of benign prostatic hypertrophy and
100 hospital controls, a quantitative food fre-
quency questionnaire was administered, and
nutrient consumption was estimated by refer-
ence to Japanese food tables. An association
with estimated ß-carotene consumption was
found in comparisons with both patients with
benign prostatic hypertrophy and hospital con-
troIs, the odds ratios for the lowest quartile of
consumption relative to the highest (corrected
for kcal consumption) being 2.9 (95% CI,
1.3-6.4) and 3.5 (1.52-8.06), respectively. The

associations were stronger in men aged 70-79
than in those aged 50-69 (Ohno et al.i 1988).
Similar findings from this study were presented
by Oishi et al. (1988). (The Working Group
noted that the measure of ß-carotene used

might have inc1uded other carotenoids.)
ln a study of 358 cases of prostatic cancer

and 679 controls selected by random digit
diallng, the subjects were interviewed at home
with a dietary history; nutrients were estimated
by reference to a database derived from US

Department of Agriculture sources. No associa-
tions were found with ß-carotene intake when
the data were stratified by age and aggressiveness
of tumours (West et al.i 1991). (The Working
Group noted that the measure of ß-carotene

used might have inc1uded other carotenoids.)

..
113

kajob
Rectangle



lA
R

C
 H

andbooks of C
ancer P

revention

~.0~

..114

en
"toi:Q

)
-o:icao=

=
:ica
-Q

)

"t"ti:ca:iQ
)

oi:cao

ü'èL
!

(J'"crQèooiQ
)

ëöü

-encaQ
)

:i.0i:Q
)

Q
)

3:
-Q

)
.0i:o-caooenencaQ

)
..--oen
Æ"t:i-eno:i-i:oo1Q

)
enca
oaiT

"

Q
)

..::C
f

o0.XW
 'D"ôi:Q

)

Õaï
üC

f

'0 e
o c
z
 
8

a
 
¿
ß

o
 
C
f

Z
 
~

0.::eoi
..::C

f

èC::oüaïüi:Q
)

(¡
Q

i
cr

'Di:jg...8Q
C
\
 
C
'

o l' 0
V
 
0
 
0

c
o
 
c
o
 
0

(J L! ~
 0

9C
\íí

C
\ 100C

\
C

' (0 L
! co (J

00000
(
0
 
(
0
 
0

L
! C

\ l' (J
o
 
0
 
0~

C
f
 
C
f
 
C
f
 
E

~
 
~
 
~
 
0

E
 
~
 
~
 
~

Q
)
 
:
:
 
:
:
 
ü

ü
 
a
 
a
 
0

Q
)

C
f

al
..al
ëöo

:
2
 
2
 
:
2
 
:
2

~ssC
§

C
f
 
ü
 
ü
 
C
f

:
:
 
2
 
:
2
 
:
:

Q
)
 
Q
)

i: i:
Q
)
 
Q
)
 
Q
)
 
Q
)

a
5
 
õ
 
õ
 
a
5

ororoo
a
ï
 
ü
 
ü
 
a
ï

ü.n.nü-Q

C
\

oí..coo
l'

(0 0o
o
 
0

l'..íC
'

(Jol
'
 
L
!

q
 
~
 
c
oo

C
f
 
C
f

~
 
~
 
~

~
 
~
 
~

:
:
 
:
:
 
:
:

a
 
a
 
a

:2 ~
S

 i:
ü al
2
 
0

Q
)
 
Q
)
 
Q
)

i: i: i:
Q
)
 
Q
)
 
Q
)

"2 15 e
a
l
 
c
r
 
a
l

ü
 
ü
 
0

c
Q
 
c
l
 
c
l

O
L

!T
-O

O
(J(O

T
-

C
\ ,. L! L! L! (J C

' ..
C
\
"
'
 
.
.
C
'
~

'"

o
 
.
.
 
T
-
 
0

C
\
 
T
-
 
L
!
 
L
!

C
\ ..

Q
)

üQ
)

~C
J ~

ro ~
co(J

ali:
.
~
 
'
E

~
 
Q
)

t
5
 
o
i

:: ~
0:

-r co m
c
o
 
0
0
 
c
o

~
 
(
J
 
c
o
 
(
J

S
m
 
S

Q
)
 
T
-

(
i
 
C
à

C
 
-
l
 
C
à

i
:
 
Q
)
 
Q
)

~
 
i
:
 
Q
)
 
.
i

:: :a i: ü
g
 
:
:
 
j
g
 
"
~

ëöaïoü
Y

: :2 cr ~

o (0 l'
L
!
 
c
o
 
C
\

C
\
 
.
.
 
.
...(fQ
)

"~ë
-
'
 
g

aï ü
§
 
~

~
 
Q
)
 
Q
)

~
 0 ii(f

C
i a

co (J a
(
J
 
(
J
 
(
J

T
- T

- (JT
-

~ ,.. -
'
-
 
C
à

Q
)
 
0
6

o
 
N
 
Q
)

g
 
1
i
 
~

~
 
~
 
~

C
'
 
c
o

C
\ 0

o
 
0

C
' (0

(
0
 
L
!

o
 
0

C
f
 
C
f

~
 
~

:
e
 
:
e

a
l
 
a
l

:
:
 
:
:

a
 
a

06:20:
 
:
2
 
.
i
 
0
:

o
 
S
 
ü
 
0

C
f ü -s C

f
:: :2 0 ::

Q
)

a
5
 
Q
)

o
 
~

r
o
 
-
0

ü
 
a
ï

d: ü

co ..
C

' (J
C

\ ..

C
' (J

C
'
 
C
'..

C
f

'Di:al
-;Q

)
.iã5 0:
z
 
C
f

O
'::

(J ~
(
J
 
0
;

~ (J
qj -l
(
f
 
q
j

ID
 (f

~
 
~

.. .i
î
:
 
~

~
 
C
J

C
\

coo
1

coC
'

o

(J(0
~oi.~
ícbíí
L

! l' C
'

0
0
0
 
0

C
'

ooo

T
-

T
- 0

l' 00o 0
o
 
v
 
v

C
' (J

coC
'q(O

~o
0
0
 
0
0
0

~Eo
 
C
f
 
C
f

õ
 
~
 
~

-
§
 
:
e
 
:
e

o
 
~
 
~

C
f

~
 (f~

:; ~:e
.
§
 
:
e
 
~

a~a

:2:220:0:cr
SQ

SO
O

C
f

~L
t~~~gs

Q
)
 
Q
)

Q
) i: i:

i
:
 
Q
)
 
Q
)

Q
)
 
0
 
(
5

orocr
aï ü ü
o d: d:

Q
)
 
Q
)

Q
) i: i:

i
:
 
Q
)
 
Q
)

2
 
e
 
0

oalaï
aï Y

 Y
O

c:c:

(
J
 
0
 
L
!
 
(
J
 
c
o
 
L
!

O
C

\T
-~T

-C
O

C
\
 
.
.
 
L
!
 
C
'
 
C
'

(
J
 
0
 
(
J
 
C
'
 
r
-
 
T
-

(J~~~oco

Q
)

ü
.~

 i:
Q

) al
~
 
0
 
U
:

û
)
 
0
.
.
.

:
:
 
a
l
 
T
-

0
:
 
o
i
 
(
J

i
:
 
(
J

C
f ~

C
'

qo

(J~o
1

C
\

oo

~o
1

~ocqo~:eal::a:2Sü:2Q
)

i:Q
)

2al
od:C

\
C

'
~L

!
(0C

\

Q
)

C
f

::al0.
.
.
 
0

2
2
 
a
5

~
 
E

i:Q
)

'DQ
)

~C
f

~(J(JT
-
-èùQ

)E
J

Q
)

..Eo:i



Table 19 (contd)

Reference, country Subgroup No. of No. of Exposure Categories ORa 95% Ci P for trend

(if an y) cases controls Carotenoid Database

Ambrosone et al. (1995), Family history 38 22 ß-Carotene USDAM Ouartiles 1.0 0.4-3.0 0.3

USA Family history 263 294 0.5 0.3-0.7 0( 0.01

Yuan et al. (1995), China 834 834 Carotene Chinese Unit (90%) 0.6 0.4-0.9

Freudenheim et al. (1996), 297 311 cx-Carotene New Ouartiles 0.67 0.42-1.08 0.002
USA ß-Carotene 0.46 0.28-0.74 0( 0.001

ß-Cryptoxanthin 1.05 0.65-1.67 0.89
Lycopene 0.87 0.55-1.39 0.24
Lutein + zeaxanthin 0.47 0.28-0.77 0( 0.001

Negri et al. (1996), Italy 2569 2588 ß-Carotene Italian Ouintiles 0.84 0.7-1.0 0( 0.05

Braga et al. (1997), Italy Age: 0( 45 470 472 ß-Carotene Italian Ouartiles 0.72 0.6-0.9 0( 0.01

45-54 772 694 0.77 0.7-0.9 0( 0.01

55-64 799 802 0.82 0.7-1.0
~ 65 528 620 0.85 0.7-1.0

Chinese, derived from Chinese food composition tables; Danish, derived from Danish food composition tables; Dutch, derived from Dutch nutrient data bank; Italian, derived from Italian food

composition tables; USSR, derived from USSR food composition tables; FAOM, WuLeung et al. (1972), modified by reference to British and local sources; McWM, McCance and

Widdowson (Paul & Southgate, 1976) tables modified by reference to country data; USDA, derived from US Department of Agriculture (1976-94); USDAM, derived from US Department of

Agriculture data modified by reference to country data; New, recently released US Department of Agriculture on carotenoids (Mangels et al., 1993)

a Odds ratio for highest relative to lowest consumption

b Neighbourhood controls

C Hospital controls
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-
;p::nTable 20. Case-control studies of the association between prostatic cancer and dietary carotenoids ::
p.
::
0.Reference, country Subgraup No. of No. of Exposure Category ORa 95% Ci P for trend
cr0

(if any) 0cases contrais Carotenoid Database ~~
0,.

Ross et al, (1987), USA Blacks 142 142 ß-Carotene SDA T ertiles 0.6 n
p.
::Whites 142 142 1.0 ('
roi-
'"Kolonel et al. (1987, 1988), Age 0( 70 189 391 ß-Carotene FAO Quartiles 1.0 0,6-1,6 0.55 i-
ro
~Hawaii Other Caratenes 0,9 0.5-1,5 0,32 ro
::..Age;: 70 263 508 ß-Caratene 1,5 0,9-2.3 0,09 õ'
::Other Caratenes 1,6 1.0-2,5) 0,08

Oh no et al, (1988), Japan 100 100b ß-Carotene FAO Quartiles ¡0,34 0,15-0.76J 0,002

10Oc

Meltlin et al. (1989), USA Age 0( 68 169 180 ß-Carotene USDA Quintiles 0,30 0,13-0,66
Age;: 68 202 191 0.96 0,50-1,85

Le Marchand et al. (1991), Age 0( 70 189 391 Lycopene FAO Quartiles 0,9 0,35
Hawaii Lutein 0.7 0.21

Age;: 70 263 508 Lycopene 1,1 0.57
Lutein 1,3 0.39

West et al. (1991), USA Age 45-67 179 385 ß-Carotene USDAM Quartiles 0,8 0,5-1,2
Age 68-74 179 29 1.4 0,9-2.4

Rohan et al, (1995), Canada 207 207 ß-Carotene USDAM Quartiles 0,94 0.53-1.65 0,5
Other Carotenes 0,68 0,38-1,20 0.2

Key et al, (1997), 328 328 Carotene McWN Tertiles 0,83 0,57-1,21 0,35
United Kingdom Lycopene 0,99 0,68-1.45 0,88

FAO, WuLeung et al. (1972); McWN,1991 edition of McCance and Widdowson tables (Holland et al., 1991 a); USDA, derived fram US Department of Agriculture (1976-94); USDAM, derived fram

US Department of Agriculture data modified by reference to country data

a Odds ratio for highest relative to lowest consumption

b Benign prostalic hypertrophy controls

c Hospital contrais



Carotenoids

The results of dietary analyses in a popula-
tion-based case-controlstudy of prostatic can-
cer in Hawaii, USAj have been published in
three articles (Kolonel et aL, 1987, 1988; Le
Marchand et aL, 1991). The cases were
identified through the Hawaii Tumor Registry
during the period 1977-83. Among men ~ 70
years of age, no clear relationship between risk
for prostatic cancer and intake of ß-carotene or
of other carotenoids was observed, but among
the men aged ? 70 years, the risk tended to
increase with increasing intake of both ß-

carotene and other carotenoids. Further analy-
sis by Le Marchand et al. (1991) indicated that
consumption of papaya, which contributed
16% of the ß-carotene intake in this popula-
tion, accounted entirely for this finding. (The
Working Group noted that the measure of ß-
carotene might have included other
carotenoids.)

ln a population-based case-control study in

England, men aged ~ 75 with prostatic cancer
and age-matched controls were interviewed, for
a total of 328 cases (77% of those eligible) and
328 controls (81% were the first potential con-
trol identified). The usual intake of 83 food
items during the previous five years was

assessed from an adapted food frequency ques-
tionnaire (Bingham et al'j 1994). Intake of
provitamin A carotenoids (referred to as
'carotene') and of lycopene was also estimated
(Ho11and et al., 1991a,b). ln matched analyses,
the risk for prostatic cancer was lower in men
with higher provitamin A carotenoid intake,
the odds ratiosj adjusted for social class, being
0.69 (95% Ci, 0.47-1.1) and 0.83 (95% Ci,
0.57-1.2) for the middle and upper thirds of
intake, respectively (p for trend, 0.35). Lyco-

pene intake did not appear to be associated with
an increased risk (Key et aL, 1997). (The

Working Group noted that the measure of
ß-carotene used may have included other provi-
tamin A carotenoids and that the estimate of
lycopene was crude.)

(vii) Cancers of the urinary tract
The main case-control studies of cancers of

the urinary bladder and kidney and carotene
intake are summarized in Table 21.

ln a large population-based case-control

study in Canada, the role of ß-carotene and

other provitamin A carotenoids was evaluated

for a11 men and women, 35-79 years of age, living
in Alberta, south-central Ontario or Toronto in
whom urinary bladder cancer had been diag-
nosed during 1979-82. Controls were matched
to cases on age, sex and area ofresidence.
Interviews conducted at home were used to
assess di et (Howe et al'j 1986). The intake of nei-
ther ß-carotene nor other carotenoids was associ-
ated with risk (Risch et aL., 1988). (The Working
Group noted that the measure of ß-carotene

might have included other carotenoids.)
ln a study of 432 men with urinary bladder

cancer and 792 population and hospital con-
troIs, the questionnaire used in the study of
Estève et aL. (1996) was administered, and nutri-
ent intake was estimated from a database

derived for this study, modified by data from
Spanish sources. There was no association with
estimated intake of carotene (Riboli et aL,
1991). (The Working Group noted that the
measure of ß-carotene might have included
other carotenoids.)

(ix) Cancers of the female genital tract
The major case-control studies of invasive

cervical cancer, endometrial cancer and ovarian
and vulvar cancers and carotene intake are
summarized in Table 22. Several showed
inverse associations. ln only a few, however,

was it possible to analyse the effect of other
dietary factors or, in the studies of cervical cancer,

the major potential confounder, human papil-
lomavirus infection.

ln a large case-control study of invasive cer-

vical cancer among mestizos (65%), whites
(30%) and other races in four Latin American
countries, 748 female patients (99% of those
eligible) and 1411 hospital and community
contraIs (96%) were interviewed about their
frequency of consumption as adults of 58 food
items, excluding any recent dietary changes.

The hospital controls were randomly selected
from lists of admissions to general hospitals

serving the populations fram which cases were

derived; the community contraIs were randomly
selected from current census listings for the
county of residence of the corresponding case.

117

kajob
Rectangle



IARC Handbooks of Cancer Prevention

The intakes of ß-carotene and other carotenoids
were estimated on the basis of typical portion
sizes and Latin American food composition
tables (Flores et al.i 1969). Risk was increased
among women in the highest quartie of intake
of ß-carotene and other carotenoids relative to
women in the lowest. The relative risks, adjusted
for age, study site, presence of human papilo-
mavirus 16/18, sexual and reproductive behav-
iour, screening practices and socioeconomic sta-
tus, were 0.68 (95% CI, 0.5-1.0) for ß-carotene
and 0.61 (95% CI, 0.4-0.9) for other carotenoids,
with significant p values for trend of 0.02 and
0.003 (Herrero et al.i 1991). (The Working Group
noted that the measure of ß-carotene used might
have inc1uded other carotenoids.)

ln a study in which the serum concentra-

tions of various carotenoids were also me a-
sured, 102 women with cervical intraepithelial
neoplasia and controls with normal Papani-

colaou smears completed a food frequency

questionnaire. Their intake of various carotenes
was estimated from a programme of the US
National Cancer Institute (Block et aL.1 1994).
The risk increased with decreasing consump-
tion of nearly all of the carotenoids examine d,
but the adjusted odds ratio showed a significant
trend (p = 0.02) only for lycopene consump-
tion, with an odds ratio for the lowest to the
highest quartie of consumption of 5.4 (95%
CI, 1.3-23.3) (van Eewyk et al.i 1991). (The
Working Group noted that the measure of ß-
carotene used might have inc1uded other
carotenoids. )

The diets of 201 women with vulvar cancer
diagnosed between 1985 and 1987 and 342
community con troIs frequency-matched on
age, race and residence were assessed by inter-
view about the usual frequency of intake of 61
food items, selected to inc1ude the major food
sources of carotenoids in the diets of whites,
blacks and Hispanics in the USA, on the basis of
preliminary determinations of the major
carotenoids in common fruits and vegetables
from the US Department of Agriculture and
published reports (Smucker et al.i 1989). The
risk for vulvar cancer, adjusted for number of
sexual partners, cigarette smoking and age, was
inversely related to a-carotene intake, the rela-
tive risk for women in the lowest quartile of

..
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intake relative to the highest being 1. 7 (95% CI,

1.0-3.0; P for trend, 0.09). The intakes of ß-
carotene, lutein, lycopene, cryptoxanthin and
all carotenoids were not related to risk. Further
adjustment for duration and intensity of ciga-
rette smoking, a history of genital infections, a
previous abnormal Papanicolaou smear, socio-
economic status, race and study are a did not
change these results substantia11y (Sturgeon et
al.i 1991).

(x) Cancers at other sites
The main case-control studies of carotene

intake and cancers at other sites, inc1uding the
liver and lymphoma and malignant melanoma,
are summarized in Table 23.

The relationship between dietary intake of ß-
carotene and other carotenoids and the risk for
malignant melanoma was examined in a popu-
lation-based case-control study in three coun-

ties in western Washington State, USA. The

study comprised 234 cases diagnosed during
1984-87 among white men and women aged
25-65 years and 248 control s, frequency-
matched on age, sex and county. The subjects
completed a mailed food frequency question-
naire covering the intake of 71 foods or food

groups seven years earlier (Roidt et al.i 1988).
Portion sizes of vegetables were estimated from
pictures, and the intakes of ß-carotene and

other carotenoids were estimated on the basis
of the assumptions of a WHO Expert
Committee about (WHO, 1966) the distribu-
tion of vitamin A activity in various foods. The

risk for malignant melanoma among men and
women in the three highest quartiles of ß-
carotene intake, relative to those in the lowest
quartile, was increased by 40-50%; however,
neither the risk for the fourth quartile nor the
test for trend was statistica11y significant. The
positive relationship was strongest for men.
Intake of other provitamin carotenoids was not
associated with risk (Kirkpatrick et aL.1 1994).

4.1.1.3 Intervention trials
Only ß-carotene has been tested for cancer-pre-
ventive activity in intervention trials. The
results of five studies involving ß-carotene sup-
plementation alone or in association with

other agents have been published: the two



Table 21. Case-control studies of the association between urinary tract cancer and dietary carotenoids

Reference, country Site of No. of No. of Exposure Category ORa 95% Ci p for trend

cancer cases controls Carotenoid Database

Risch et al. (1988), Bladder 826 792 ß-Carotene USDAM Ouartiles 0.97 0.85-1.11

Canada Other carotenes 0.97 0.85-1.12

La Vecchia et al. (1989), Bladder 163 181 Carotenoids USDAM T ertîles 0.31 c: 0.10

Italy

Steineck et al. (1990), Urothelial tract 323 392 Carotene Swedish Tertiles 0.9 0.6-1.5

Sweden

Nomura et al. (1991), Lower urinary tract Carotenoids FAO Ouartîles

Hawaii Men 195 390 0.7 0.4-1. 0.45

Women 66 132 0.5 0.2-1.3 0.31

Riboli et al. (1991), Spain Bladder 432 792 Carotene McWM Ouartiles 1.31 0.89-1.94 0.18

Vena et al. (1992), USA Bladder (males) Carotene USDA Ouartîles

Age c: 65 171 449 0.45 0.26-0.78 c: 0.01

Age;: 65 180 406 0.72 0.41-1.27 0.14

Bruemmer et al. (1996), USA Bladder 262 405 ß-Carotene FAO Ouartiles 1.08 0.64-1.82 0.86

McLaughlin et aL. (1984), USA Kidney Carotene NR Ouartiles

Males 313 428 0.8

Females 182 269 1.3

Madure & Willetl (1990), Kidney 605 ß-Carotene USDA Quinties

USA Incident 203 0.81 0.48-1.4 0.39

Prevalent 207 1.08 0.65-1.8 0.94

Swedish, derived from Swedish food composition tables; FAO, WuLeung et al. (1972); McWM, McCance and Widdowson (Paul & Southgate, 1976) tables modified by reference to country data;

USDA, derived from US Department of Agriculture (1976-94); USDAM, derived from US Department of Agriculture data modified by reference to country data; NR, not reported

a Odds ratio for highest relative to lowest consumption
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Table 22. Case-control studies of the association between cancers of the female genital tract and dietary
1 ~carotenoids

::
P.
::Reference, country Site of cancer No. of No. of Exposure Category ORa 95% Ci P for trend §:

controls Carotenoid Database 0cases 0~
en

Marshall et al. (1983), USA Cervix 513 490 ß-Carotene USDA 1 standard 0.86 0..
deviation ("La Vecchia et al. (1988b),ltaly Cervix 392 392 ß-Carotene Italian Tertiles ¡0.18 0.12-0.27) -: 0.001 P.

::
("

Verreault et al. (1989), USA Cervix 189 227 Carotene McWM Quartiles 0.6 0.3-1.2 0.11
ro..
""

Slattery et al. (1990), USA Cervix ß-Carotene
..266 408 USDA Quartiles 0.99 0.56-1.76 ro..
ro

Ziegler et al. (1990), USA Cervix 218 498 Carotenoids USDA Quartiles ¡0.98J 0.72
::..
õ'

Herrero et al. (1991), Cervix 748 1411 ß-Carotene McWM Quartiles 0.68 0.5-1.0 0.02
::

Latin America Other carotenoids
0.61 0.4-0.9 0.003

La Vecchia et al. (1986), Italy Endometrium 206 206 Carotene USDAM Tertiles 0.27 0.12-0.60 0.001

Barbone et al. (1993), USA Endometrium 103 236 Carotene USDA Tertiles 0.4 0.2-0.8 0.007

Levi et al. (1993b), Endometrium 274 572 ß-Carotene McWM Tertiles 0.49 -: 0.01
Switzerland & Italy

Shu et al. (1993), China Endometrium 268 268 Carotene Chinese Quartiles 1.3 0.72

Byers et al. (1983), USA Ovary 274 1034 Carotene USDA Te rtil es ¡0.7)

La Vecchia et al. (1987b), Italy Ovary 455 1385 Carotene USDA Te rtil es 0.94 0.55-1.61 0.17

Shu et al. (1989),China Ovary 172 172 Carotene Chinese Quartiles 1.1 0.97
Slattery et al. (1989), USA Ovary 85 492 Carotene USDA Tertiles 0.5 0.3-1.0

Engle et al. (1991), USA Ovary 71 141 ß-Carotene USDA Quartiles 0.3 0.1-0.8 -: 0.07

Risch et al. (1994), Canada Ovary 450 564 ß-Carotene USDAM 4000 LU 0.87 0.7-0.99 0.017
Other carotenes 1 000 1 U 0.90 0.85-0.96 0.001

Sturgeon et al. (1991), USA Vulva 201 342 a-Carotene Prelim Quartiles ¡0.57 0.3-1.0) 0.09
ß-Carotene ¡0.79 0.5-1.4) 0.23
Lutein ¡1.02 0.6-1.7) 0.81
Lycopene ¡1.27 0.8-2.0J 0.76
Cryptoxanthin

¡1.03 0.6-1.7) 0.36

Chinese, derived from Chinese food composition tables; Italian, derived from Italian food composition tables; McWM, McCance and Widdowson (Paul & Southgate, 1976) tables modified
by reference to country data; USDA, derived from US Department of Agriculture (1976-94); USDAM, derived from US Department of Agriculture data modified by reference to country
data; Prelim, preliminary new USDA data on carotenoids (Smucker et al., 1989)
a Odds ratio for highest relative to lowest consumption
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Table 23. Case-control studies of the association between cancers at other sites and dietary carotenoids

Reference, country Site of No. of No. of Exposure Category aRa 95% Ci p for trend
cancer cases controls Carotenoid Database

La Vecchia et al. (1988c), Italy Liver 151 1051 Carotenoids USDAM Tertiles 0.5

Pan et al. (1993), Taiwan Liver 59 101 ß-Carotene Taiwan Quartiles 0.6 (0.2-1.4J

Stryker et al. (1990), USA Melanoma 204 248 Carotene USDA Quintiles 0.7 0.4-1.2 0.2

Kirkpatrick et al. (1994), USA Melanoma 234 248 ß-Carotene USDA Quartile 1.43 0.80-2.54 0.32

Other carotenes 1.25 0.72-2.16 0.54

Tavani et al. (1997), Italy 1157 ß-Carotene Italian Tertiles
Hodgkin's disease 158 0.7
Non-Hodgkins Iymphoma 429 0.6 .( 0.01

Multiple myeloma 141 0.6 .( 0.05

Soft-tissue sarcoma 101 0.5 .( 0.05

Italian, derived from Italian food composition tables; Taiwan, derived from Taiwanese food composition tables; USDA, derived from US Department of Agriculture (1976-94); USDAM , derived from US

Department of Agriculture data modified by reference to country data
a Odds ratio for highest relative ta lawest cansumptian
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Linxian trials (Linxianl, Linxian2), the ATBC
cancer prevention study, the CARET, the
Physicians' Health Study (PHS) and the Skin
Cancer Prevention Study (SepS). The designs
and results of the five trials are summarized
here. The treatment strategies, dimensions and
end-points of the first four studies are some-
what similar and are compared in the tables;
the last study is considered separately.

(a) Populations (Table 24)
Linxian trials: The first study (Linxianl)
involved 29 584 male and female residents of
the Chinese county of Linxian aged 40-69, out
of 50 000 potentially eligible participants.
Subjects with debiltating diseases and prior

oesophageal or gastric cancer were exc1uded

(Blot et al., 1993). The second (Linxian2)
involved 3318 subjects from the same popula-
tion who were found by mass ba1100n cytology

to have oesophageal dysplasia before the start
of the trial (Blot et al.i 1995). About one-half of
the participants in each trial were men, most
aged less than 60. Very high mortality rates
from oesophageal (oesophagus and cardia) and
gastric cancer had previously been reported in
the area (Blot et al.i 1993); however, the rate for
lung cancer in the untreated subjects was

extremely low (Blot et al.i 1994; 2.7 per 10000
person-years (calculated by the Working
Group)). Most of the subjects were nonsmokers
(70%) and nondrinkers (77%). The baseline
plasma concentrations of retinol, riboflavin,
ascorbic acid and ß-carotene, assessed in a
limited number of subjects at recruitment, were
lower than those reported in western popula-

tions, as in previous surveys (Blot et al.i 1993).
ATBC trial: The ATBC cancer prevention

study involved 29 133 residents of southwest-
ern Finland, a11 men aged 50-69, a11 currently
smoking five or more cigarettes per day, out of
54 171 potentially eligible participants.
Subjects taking more than a predefined dose of
supplements of vitamins E or A or ß-carotene,
those with a history of cancer (other than non-
melanoma skin cancer) or serious debiltating
disease and those treated with anticoagulants

were exc1uded. The median age was 57 years,
the median number of cigarettes smoked was
20 per day, and the median duration of smoking-
122

was 36 years. ln untreated subjects, the inci-
dence of lung cancer was 47 per 10 000 per-

son-years. Eighty-nine percent of the subjects

drank alcoholic drinks, mostly beer and spirits,
with a median ethanol intake of about 11 g/d.
The baseline plasma concentrations of retinol,
a-tocopherol, ß-carotene, vitamin C and high-
density lipoprotein cholesterol were deter-
mined for most participants and were consis-
tent with those reported for other western pop-
ulations (e.g. median serum ß-carotene, 0.32
llmol/L). Advice on how to stop smoking was
provided to all participants at entry, and 22% of
men in each group stopped smoking during the
follow-up (Alpha-Tocopherol Beta-Carotene

Cancer Prevention Study Group, 1994a,b).
CARET: The Beta-Carotene and Retinol

Efficacy Trial involved 14 254 current or former
smokers and 4060 asbestos-exposed workers
resident in six United States areas, aged 50-69,
recruited by sending more than 1 400 000 let-
ters to determine eligibilty and asking for

informed consent. Of these persons, 1153 had
already participated in previous pilot studies,
during which treatment was initiated
(Goodman et al., 1993; Omenn et aL., 1993b).
The me an age was 57 years for asbestos-exposed
workers and 58 years for the smokers. None of
the asbestos-exposed workers were women,
while they represented about one-half of the
smokers. The incidence rate of lung cancer iii
the untreated group was 46 per 10 000
person-years. Subjects who had had cancer dur-
Ing the previous five years (other than non-
melanoma skin cancer), aspartate aminotrans-
ferase and alkaline phosphatase activity greater
th an the 99% upper limits, a history of cirrho-
sis or hepatitis within the past 12 months, were
unwiling to limit supplementation of vitamiii
A or ß-carotene or had a Karnowski index of less
than 70 and women who had undergone
menopause less th an one year previously were

exc1uded. Gnly 3% of asbestos-exposed workers
were nonsmokers, while 58% were former
smokers. Of the smokers, about two-thirds were
current smokers, of a me an of 24 cigarettes per
day. The ex -smokers had stopped smoking on
average three years before recruitment and,

before quitting, had smoked a mean of 28 ciga-
rettes per day. Of the asbestos-exposed workers
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Table 24. Populations involved in four intervention trials: demographic characteristics,
smoking and alcohol consumption baseline incidence or mortality for lung cancer, baseline
levels of micronutrients

Variable ATBC PHSLinxian 1 CARET

Asbestos-exposed Smokers

Number 29 584 29 133 4060 14254
Men 13313 (45%) 29 133 4060 7982 (56%)

Women 16271 (55%) 6272 (44%)

Age 40-69 50-69 50-69 50-69

Smoking

No 70% 3%
Ex 58% 34%
Current 30% 100% 39% 66%
Cig./day ~ 6/month 20 (median) -25 (mean) -25 (mean)

lung cancer incidence (2.1) 48 43 47
(per 10 000 person-years) (mortality)

Alcohol

No 77% 11% 34% 33-38%
Yes 23% 89% 66% 62-67%

g/day (median) 11 12 9-12

Serum micronutrients

ß-Carotene (¡.mol/l) (0.11,0.13)a (0.39b 0.32)C (0.21) b (0.28) b

(X- T ocopherol (¡./mol/l) (26.2b 26.7) (31.1) b (31.8) b

Retinol (mg/dl) 35.7, 35.5a 58.7b (62.7) b (62.5) b

Stopped smoking during the trial 22% 5% 1 year 5% year

22 071

22 071

40-84

50%

39%

11%

6

0.56b

ATBC, Alpha-Tocopherol Beta-Carotene Cancer Prevention Study; CARET, ß-Carotene and Retinol Effciency Trial; PHS,

Physicians' Health Study
a Mean, base line in treatment and placebo group
b Mean, overall at baseline

C Median

in the pilot study, the ex-smokers had stopped
smoking an average of 19 years before recruit-
ment; they had been exposed to asbestos for a
mean of 35 years and had spent an average of
25 years in high-risk trades such as insulating,
shipyard work, plasterboard use, plumbing,

shipscaling, shipfitting and sheetmetal work
(Omenn et al., 1993a). Sixt y-six percent of the
asbestos-exposed workers, 67% of the male
smokers and 62% of the female smokers drank
a1coholic beverages, the median a1cohol intakes
being, respectively, 12, 12 and 9 g/d. The base-
line plasma concentrations of retinol, a-toco-
pherol, ß-carotene and retinyl palmitate were

determined in a subset of 1182 participants and
were consistent with those reported for other
western populations (e.g. mean serum
ß-carotene, 0.27 pmol/L). Advice on stopping
smoking was provided to the whole study group,
resulting in a 5% quitting smoking per year,
equa11y distributed among the study groups
(Grizzle et aL., 1991; Omenn et al., 1991; Goodman
et aL., 1992; Omenn et al,. 1994, 1996a).

PHS: The Physicians' Health Study involved
22 071 US male physiCIans aged 40-84, out of
261 248 potentia11y eligible participants and
33211 participating in a six-month running-in
phase. People with a history of cancer (exc1uding

..
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non-melanoma skin cancer), myocardial
infarct, stroke or transient cerebral ischaemia,
current hepatic or renal disease, peptic u1cer,

gout, other contraindications to aspirin con-

sumption, current use of aspirin or platelet-
active drugs or nonsteroidal anti-inflammatory
agents and current use of vitamin A supple-

ment were exc1uded. At baseline, II % were
current smokers and 39% former smokers. The
incidence of lung cancer in untreated subjects

was very low: 6 per 10 000 person-years. The
baseline plasma concentrations of ß-carotene

were quite high-0.56 llmol/L on average-
almost twice as high as those in the ATBC and
CARET studies (Henne kens & Eberlein, 1985;
Hennekens et al., 1996).

(b) Study designs (Table 25)
Linxian: ln the Linxianl trial, a fractional fac-
torial design was used, with treatments of:
(a) retinol palmitate plus zinc oxide, (b)
riboflavin plus niacin, (c) ascorbic acid plus

molybdenum-yeast complex or (d) ß-carotene
(15 mg/d) plus selenium-yeast plus a-toco-
pheroL. Seven treatment groups, ab, aCj ad, bc,
bd, cd and abcd, and one placebo group result-
ed from the design. Each factor was thus

administered to one-haIt of the population

(Li, B. et aL., 1993). ln the Linxian2 study, one
group was assigned to receive a multiple vita-
min supplement and the other the placebo.
The daily supplementation inc1uded one mul-
tivitamin, multimineral tablet and one ß-
carotene capsule (15 mg/d) (Li, J.-Y. et al.,
1993). Treatment was for about five years in
both trials. The predefined end-points were the
incidence of and mortality from oesophageal

and gastric cancer.
ATBC: The study had a 2 x 2 factorial

design, with three treatment groups and one
placebo: DL-a-tocopheryl acetate, 50 mg/d;
ß-carotene, 20 mg/d; ß-carotene plus a-toco-
pherol and placebo. Treatment lasted five to
eight years (median, six years). The predefined
primary end-point was the incidence of and
mortality from lung cancer, and the secondary
end-points were the incidences of other major
cancers (Alpha- Tocopherol Beta-Carotene

Cancer Prevention Study Group 1994a,b;
Albanes et al., 1996).

..
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CARET: This randomized, double-blinded,
placebo-contro11ed investigation followed two
pilot studies, one on asbestos-exposed workers,
the other on smokers, based on treatment with
15 mg/d ß-carotene plus 25 000 LU retinol or
placebo and a factorial design: 30 mg ß-
carotene, 25 000 LU retinol, both or placebo.
Treatment in the pilot studies lasted
1.5-3.3 years. The eligible subjects in these two
studies were then recruited into the fu11-scale

study, in which the intervention was daily

administration of a combination of 30 mg
ß-carotene and 25 000 lU vitamin A as retinyl
palmitate, planned for a period of six years

but interrupted 21 months earlier (mean, four
years). The predefined primary end-point
was the incidence of lung cancer; the sec-
ondary end-points were the incidences of other
cancers, inc1uding mesothelioma and prostatic
cancer (Omenn et aL.j 1991, 1994, 1996b).

PHS: This study was a 2 x 2 factorial trial of
ß-carotene, aspirin and placebo. The 22 071
subjects were randomly assigned to aspirin,
325 mg on alternate days; ß-carotene, 50 mg on
alternate days; ß-carotene plus aspirin or placebo.
The first component was terminated after
six years because of early signs of prevention
of myocardial infarct (Steering Committee

of the Physicians' Health Study Research

Group, 1988). The ß-carotene component
was continue d, reaching an average of 12

years of intervention. The predefined end-

points were cardiovascular disease for aspirin
and cancer incidence for ß-carotene (Hennekens

& Eberlein, 1985; Hennekens et al., 1996). AIl con-
tacts with the partcipants were based on postal
questionnaires.

(c) Compliance, dropouts and plasma con-
centrations of micronutrients (Table 26)

Linxian: Compliance was assessed by monthly
counts of pils and by biochemical measure-

ments, the latter on a random subsample, at
baseline and every three months (Blot et al.,
1993, 1995). ln Linxianl, the overall rate of pil
disappearance was 93% (range, 92-93% among
study groups). Only 5% of the subjects were
poor compliers (-: 50% pil disappearance),

equa11y distributed among the subgroups. At
baseline, the plasma concentrations of micronu-
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Table 25. Study design, treatment (type, dose and duration) and predifined end-points in four intervention trials

Linxian1 Linxian2 ATBC CARET PHS

Study design Fractional factorial: combination of 4
types of supplements for 7 treatment
and 1 placebo groups

Randomized, double-blind, placebo-
controlled: 1 treatment and 1 placebo
group

Randomized, double-blind,
placebo-controlled: 1 treatment
and 1 placebo groups

2 x 2 factorial: 3 treatment and 1
placebo groups

2 x 2 factorial: 3 treatment
and 1 placebo groups

Treatment and Daily: Daily: Daily: Daily: On alternate days:
dose - retinol palmitate 5000 LU + zinc ß -carotene 15 mg, vitamin A ex-tocopherol 50 mg or retinol 25 000 lU + ß-carotene aspirin 325 mg or ß-carotene

oxide 22.5 mg acetate 10000 LU, ex-tocopherol60 LU, ß-carotene 20 mg or 30 mg 50 mg or
- riboflavin 3.2 mg + niacin 40 mg ascorbic acid 180 mg, folie acid 800 ex-tocopherol + ß-carotene aspirin + ß-carotene
- ascorbic acid 120 mg + moly- ¡.g, vitamin B complex,

bdenum 30 ¡.g micro-elements, including selenium
- ß-carotene 15 mg + selenium 50 ¡.g and zinc 45 mg

50 ¡.g + ex-tocopherol 30 mg

Duration 5 years 5 years 6 years (median) 4 years (mean) 11-12 years (for ß-carotene)

Predefined end-
points

Oesophageal and stomach cancer,
incidence and mortality

Oesophageal and stomach cancer,
incidence and mortality

Lung cancer and other major

cancers, incidence

Lung and other cancers,

incidence
Cardiovascular disease and
lung cancer, incidence

ATBC, Alpha-Tocophenol Beta-Carotene cancer prevention study; CARET, ß-Carotene and Retinol Efficiency Trial; PHS, Physicians~ Health Study
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trients were similar in a11 subgroups, but during
treatment the concentrations of retinol, ascorbic
acid and ß-carotene increased in both the place-

bo and treatment groups, significantly more in
subjects treated with the particular supplement.
The plasma ß-carotene concentration in the
treated group (1.7 pmol/L) was 14.5-fold higher
than at entry (Blot et al., 1993).

ATBC: CompUance was assessed by count-
ing capsules at a fo11ow-up visit every four
months and by plasma measurements at base-
Une, in random sam pIes during the study and
systematically after three years of treatment.

The average overa11 rate of pil disappearance

during the study was 93% (range, 93.1-93.4%
among study groups). Dropouts, including
deaths, accounted for 31.1 % of the whole study
group. The median plasma concentrations of
micronutrients were similar at baseline in the
treatment and placebo groups, but after three
years of supplementation, the ratio to baseUne
concentration was 17.6 (up to 5.6 pmol/L) for
ß-carotene (Alpha- Tocopherol Beta-Carotene
Cancer Prevention Study Group, 1994b).
Supplementation with ß-carotene did not affect
the serum retinol concentrations.

CARET: CompUance was assessed in 85% of
subjects by weighing the returned bottles to
estimate the number of remaining capsules; in
15% of cases, assessment was based on the sub-
jects' own estimates. Blood was co11ected annu-
a11y from participants in the pilot study and

every two years from the others (Omenn et al.,
1996b,c). The percent of dropouts at 36
months after randomization was 14-20%
across study groups. During supplementation,
the me di an serum concentration of ß-carotene
increased by 12.4-fold to 3.8 pmol/L. The retinol
concentration in the treated group exceeded that
in the placebo group by 10% (p ? 0.01) (Omenn et
aL., 1996c).

PHS: Compliance was assessed on the basis
of the subjects' own reports on capsule disap-
pearance. At the end of the 12-year fo11ow-up,

80% of participants reported that they were stil
taking the piUs. The blood concentrations of

ß-carotene were measured in a subsample of par-
ticipants resident in three areas, who were visited
without announcement at their offices. The aver-
age plasma concentration of people receiving ß-

126

carotene was four times higher (2.2 pmol/L) than
that of people not given the supplement

(Hennekens et al., 1996).

(d) Results (Table 26)
Linxian: ln the Linxian 1 study, a protective

effect of supplemental ß-carotene, vitamin E
and selenium of border Une significance was
reported with regard to the incidence and

mortaUty rates of gastric cancer (based on 539
cases and 331 deaths) when compared with
untreated subjects; the relative risk for death
from gastric cancer was 0.79 (95% Ci,
0.64-0.99) and that for incidence was 0.84

(95% Ci, 0.71-1.0). The mortaUty (n = 360) and
incidence (n = 640) of oesophageal cancer were
not affected by supplementation (mortality:
RR, 0.96; 95% Ci, 0.78-1.2; incidence: RR, 1.0;
95% Ci, 0.87-1.2). The difference in cumulative
cancer deaths began after one year of treatment
for oesophageal cancer and after two years for
gastric cancer. The protective effect was slightly
greater in women (RR, 0.79; P -( 0.05 versus 0.93
in men) (Blot et al., 1993, 1995). The mortality
rate from lung cancer was lower in the ß-

carotene-supplemented group but not signifi-
cantly so (RR, 0.55; 95% Ci, 0.26-1.1, based on
31 deaths) (Blot et al., 1994).

ln the Linxian2 trial, the relative risk for
cancer mortality was 0.97 in men and 0.92 in
women (not signifcant). The risk differed
slightly by age in both trials, being lower in
people under 55 (not significant) (Li, J.-Y. et al.,
1993; Blot et al., 1995).

ATBC: At the end of follow-up, 894 newly
diagnosed, confirmed cases of lung cancer and
553 deaths from lung cancer were reported to
the Finnish Cancer Registry or on death certifi-
cates. The numbers of lung cancer cases by
intervention group were: a-tocopherol, 204; ß-

carotene, 242; a-tocopherol plus ß-carotene,

240; placebo, 208. The relative risk for lung
cancer was 0.99 (95% Ci, 0.87-1.1) among peo-
ple receivihg a-tocopherol and 1.2 (95% Ci,
1.0-1.3) for those receiving ß-carotene, as com-
pared with those who did not receive the par-
ticular supplement. The cumulative incidence
of cancer was similar in groups receiving and
not receiving a-tocopherol, while a difference

was seen in the ß-carotene-treated subjects after
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Table 26. Compliance (mean pil consumption), dropout rates, changes in serum ß-carotene
levels and effect of ß-carotene supplementation on lun9 cancer incidence or mortality (rel-
ative risk and 95% Ci) in cancer prevention trials

Linxian 1 ATBC CARET PHS

93% 93% 78%

31.1% 15% (asbestos-exp.) 20%

(including deaths) 20% (smokers)

5.3 (17.6x) 3.6 (12.4x) 1.7 (4x)

Compliance 93%

Dropout rate

Change in serum ß-

carotene level (IlmoI/L)

1.5 (14.5x)

Lung cancer

Mortality

Incidence

Overall

By smoking

Nonsmokers

Former smokers

0.55 (0.26-1.14)

1.16 (1.02-1.33)

NA

NA

Current overall

~ 20 cig/d

20-29 cig/d

;: 29 cig/d

1.36 (1.07-1.73)

NA 0.78(0.34-1.79)
asbestos-exposed:
2.34 (1.17-4.68)
no n-asbestos-exposed:

0.80 (0.44-1.45)

1.16 (1.02-1.33)

0.97 (0.76-1.23)

1.25 (1.04-1.51)

1.28 (0.97-1.70)

By alcohol consumption

Non-drinkers
Drinkers8

1.40 (1.10-1.80) 0.90 (0.58-1.40)

1.05 (0.82-1.35)

1.41 (1.07-1.87)

1.07 (0.76-1.51)
1.90 (1.11-3.24)

ATBC, Alpha-Tocopherol, Beta-Carotene cancer prevention study; CARET, ß-Carotene and Retinol Efficiency Trial; PHS,
Physicians' Health Study; NA, not applicable
8 25.6 g/d in ATBC and;: 30 g/d in CARET, as ethanol

three years of fo11ow-up. After 7.5 yearsl the

group receiving ß-carotene had a 16% higher
cumulative incidence of lung cancer th an those

not given ß-carotene (95% CI, 2-33%). The dura-
tion of intervention was not, however, relevant

when categories 0( 1, 1-3 and? 3 years of fo11ow-
up were considered. A similar pattern was seen
for mortality from lung cancer, although the dif-
ference between the treated and untreated

groups was not significant (Alpha-Tocopherol
Beta-Carotene Prevention Study Group, 1994b;
Albanes et al., 1996).

The results of a further analysis (Albanes et
aL., 1996) suggested that the excess risk associ-

ated with ß-carotene supplementation was con-
centrated mainly among people who currently
smoked more than 20 cigarettes per day (RR =
0.97 for 5-19 cigarettes per day (95% CI,

0.76-1.2); 1.2 for 20-29 cigarrettes per day

(95% CI, 1.0-1.5) and 1.3 for ? 30 cigarettes per
day (95% CI, 0.97-1.7; P for trend = 0.15)) and
who drank more than 11 g/d of ethanol (RR =
1.05 for an ethanol intake 0( 2.6 g/d ('non-
drinkers'; 95% CI, 0.82-1.4) 1.0 for 2.60-10.9
g/d (95% CI, 0.79-1.4), 1.3 for i 1.0-25.6 g/d
(95% CI, 0.95-1.7) and 1.4 for? 25.6 g/d (95%
CI, 1.1-1.9; P for trend = 0.08)). The serum

..
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concentration of ß-carotene at baseline did not
influence the effect of supplementation, while
a high dietary intake of vitamin E (but not its
baseline serum concentrations) tended to be
inversely associated with the risk associated

with ß-carotene (p for trend = 0.03). The inci-
dence of lung cancer in treated and untreated
groups was, however, lower in people with

higher baseline ß-carotene plasma concentra-
tions, as in the observational studies (Alpha-

Tocopherol Beta-Carotene Prevention Study

Group, 1994b; Albanes et aL., 1996). The inci-
dences (per 10 000 person-years) of cancers of
the prostate (16.3 versus 13.2) and stomach
(8.3 versus 6.6) were higher among people
receiving ß-carotene supplementation than
among those who did not. Supplementation
had no effect on the incidences of cancers of
the urinary bladder (9.3 versus 9.0) or colorec-tum (9.0 versus 8.6).

CARET: Br' the end of the fo11ow-up, 388

participants had developed lung cancer, of
whom 254 had died. The relative risk for lung
cancer incidence was 1.3 (95% CI, 1.0-1.6; P =
0.02) in the treated group, 1.4 (95% CI,

0.95-2.1) in the asbestos-exposed group, 1.4

(95% CI, 1.1-1.9) among current smokers with
no exposure to asbestos and 0.80 (95% CI,
0.48-1.3) among ex-smokers with no exposure
to asbestos. The heterogeneity of the relative
risks was not statistica11y significant. The cumu-
lative incidences in the treated and placebo

groups were virtua11y identical for the first 18
months and then tended to diverge. Mortality
rates from lung cancer fo11owed similar pat-

terns, the relative risk for the whole cohort
being 1.5 (95% CI, 1.1-2.0) (Omenn et aL.,
1996b,c).

A subsequent analysis (Omenn et aL.,
1996c), based on a stratified, weighted log-rank
statistic, with the weight function raising lin-
early from 0 at time of randomization to 1 at
two years and thereafter, and on unweighted
and weighted Cox regression models for rela-
tive risk estima tes, gave the fo11owing main
results: weighted analysis, relative risks for lung
cancer incidence and 95% CI-a11 participants,
1.4 (1.1-1.7); asbestos-exposed, 1.8 (1.2-2.8);
current smokers at baseline, 1.4 (1.0-1.9); for-
mer smokers at baseline (not exposed to
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asbestos), 0.80 (0.44-1.4); former smokers

exposed to asbestos, 2.3 (1.2-4.7); non-drinkers
at baseline, 1.2 (0.80-1.8) and drinkers of ? 30
g/d of ethanol, 2.0 (1.1-3.8). The excess in lung
cancer risk was thus confirmed and was shown
to be concentrated in people exposed to
asbestos, in current smokers and in drinkers.
Ex-smokers not exposed to asbestos showed no
excess risk (RR, 0.80; CI, 0.44-1.4). The inCfease
in risk tended to be constant with years of fol-
low-up. ln a11 groups, a baseline ß-carotene

plasma concentration above the median was
associated with a protective effect against lung
cancer (Goodman et aL., 1996).

The risk tended to be concentrated ailong
cases of large-ce11 carcinoma (weighted analysis
not adjusted for multiple comparisons, RR =

2.2; 95% CI, 1. 1-4.3, based on 63 cases). No sig-
nificant difference among groups was reported
for cancers at other sites. A total of 23 mesothe-
liomas were found, with 14 in the treated group
and nine in those given the placebo (Omenn et
al., 1996c). (The Working Group noted that
treatment was stopped early on the basis of an
interim analysis, and the risk may therefore be
overestimated. )

PHS: After an average of 12 years of fo11ow-

up, there were 2562 malignant neoplasias, of
which 1272 (49.6%) were in the group receiv-
ing ß-carotene. A total of 169 lung cancers

developed in this low-risk population, of which
82 (49%) were in the treated group. The relative
risks and 95% confidence intervals associated
with ß-carotene supplementation were: non-

smokers, 0.78 (0.34-1.8); former smokers, 1.0
(0.62-1.6) and current smokers, 0.90 (0.58-1.4).
The relative risk for aIl cancers was 0.98

(0.91-1.1). No significant modification in risk
was found by year of follow-up (categories 1-4,
1-2, 3-4, 5-9) (Fontham et aL., 1995;
Hennekens et al., 1996).

(e) The Skin Cancer Prevention Study
The Skin Cancer Prevention Study involved
1188 men and 532 women with a mean age of
63.2 years from among 5232 potentially eligi-
ble subjects in four US medical centres. One
aim of the study was to test the effect of oral
treatment with ß-carotene at 50 mg/d in the
secondary prevention of non-melanoma skin
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cancer in people from whom a skin cancer had
recently been removed. A second aim was to
test the effectiveness of ß-carotene in reducing
the average number of new skin cancers per
person-year of observation. The trial was dou-
ble-blinded, placebo-controlled and random-
ized. About 45% of subjects had had one previ-
ous skin cancer, 20% had had two and about
34% had had three or more. About 20% were
current smokers, 36% were nonsmokers and
about 45% were ex-smokers. At baseline, the
median ß-carotene plasma concentration was
0.33 llmollL in the group receiving treatment

and 0.34 llmollL in that given a placebo. The

median duration of treatment was 4.3 years. At
least 80% of the subjects had taken more than
50% of the capsules by the fourth year of treat-
ment. Supplementation with ß-carotene
increased the plasma concentration by about
10-fold (to 3.3 mmollL), while the retinol con-
centrations did not change. ß-Carotene supple-
mentation had no effect overa11 or in any sub-
group of sex, age, smoking, medical centre,
number of previous skin cancers, skin type,
baseline plasma ß-carotene or baseline plasma
retinol, among the 702 participants who devel-
oped at least one new skin cancer (340 on place-
bo and 362 on ß-carotene), and no effect was
found of year of fo11ow-up. ln a subsequent

report based on further follow-up, the relative
risk for a11 deaths from cancer in the treated
group was 0.83 (95% Ci, 0.54-1.3). Among the
smokers, the relative risk for skin cancer was 1.4
(95% Ci, 0.99-2.1) (Greenberg et aL., 1990, 1996).

(f) Conclusions trom the tive trials
With the exception of the protective effect of ß-
carotene at 15 mg/d in combination with sele-
nium and a-tocopherol against gastric cancer
in the main Unxian trial, which was of border-
line significance, none of the studies provided
evidence of a protective effect of ß-carotene,

alone or in combination with a-tocopherol or
retinol, against any of the predefined end-
points. The reduction in gastric cancer risk
reported in the Unxian trial was not confirmed
in the ATBC study. The reduction began after
one year of observation and may thus be attrib-
utable to an effect on very late stages of car-
cinogenesis or, more probably, on already

existing prec1inical gastric cancers. The Unxian
study also showed a nonsignificant reduction
in the risk for lung cancer, which was not con-
sistent with the results of the ATBC study or the
CARET, which, on the contrary, showed excess

risks for lung cancer among people given ß-
carotene after 18-36 months of follow-up.
These findings are discussed in section 6.1. ln
the PHS, the incidence of lung cancer was vir-
tua11y identical in the treated and untreated

groups. The ATBC study and the CARET, which
comprised a total of nearly 1600 cases of pro-
static cancer and nearly 600 cases of colorectal
cancer, showed no protective effect.

The Working Group noted several differ-
ences in the populations and study designs of

the trials. The underlying incidence of lung
cancer in the groups that did not receive ß-

carotene differed widely across studies, consis-
tent with the differient prevalences of exposure
to tobacco and asbestos. The two studies that
did not show an increased risk for lung cancer
(Unxian and PHS) had limited power to detect
a modest increase (Omenn, 1996).

The baseline plasma concentrations of ß-
carotene in the Unxian study were less than
one-haU those in the ATBC study, the CARET
and the SCPS and less than one-quarter those
in the PHS (see Table 24). When the inverse

associations between overall mortality, cancer
mortality (SCPS) and lung cancer incidence
(ATBC, CARET) and baseline concentrations of
ß-carotene were considered independently

from the treatment, they were consistent with

the results of the observational studies¡ howev-
er, the variation in baseline ß-carotene concen-
tration was not related to the effect of ß-
carotene supplementation in the subgroup

analyses in the ATBC study and the CARET
(Albanes et aL., 1996¡ Omenn et al., 1996c). The
trials involved different doses and preparations
of ß-carotene, which may have resulted in dif-
ferences in bioavailabilty and therefore in dif-
ferent plasma concentrations (see section
6.1.4). It should also be noted that ß-carotene
was combined with selenium and a-tocopherol
in the Unxian study and with retinol in the
CARET study and that the duration of treat-
ment and of fo11ow-up varied across the studies
from four to 12 years.
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The Working Group considered the possibil-
ity that differences in knowledge about their
supplementation status among subjects in the
ATBC study and the CARET could have resulted
in the observed adverse effects on lung cancer
incidence and mortality. Subjects who devel-
oped skin ye110wing would be aware that they

were receiving supplement. It is highly improb-
able, however, that any subsequent change in
smoking habits or diet would have been suff-
ciently rapid and of such magnitude to result in
the changes in lung cancer incidence and mor-
tality observed. Further, the reports by the
investigators suggest that relevant changes in
lifestyle did not occur selectively.

4.1.2 Studies of intermediate end-points

Almost a11 of the studies with end-points other

than cancer in hum ans have involved ß-
carotene rather than other carotenoids, and

most have entailed experimental as opposed to
epidemiological approaches. The end-points
considered inc1ude: neoplasms such as colorectal
adenomas that c1early are part of the
carcinogenic process; other changes, including
leukoplakia and cervical dysplasia, that are pre-
cursors of invasive cancer; changes in ce11 prolif-
eration and induction of chromosomal damage,
which play important roles in carcinogenesis

and physiological or biochemical measures, such
as immunological function, which may reflect
susceptibilty or resistance to carcinogenesis.

4.1.2.1 Observational studies of dietary and

serum carotenoids
The most extensive database on this topic
relates to cervical intraepithelial neoplasia

(CIN). A recent review of a11 published analyti-

cal epidemiological studies of carotenoid

measurements and the risks for CINl, CIN2
and CIN3 (Potischman & Brinton, 1996)
covered five studies in which plasma concen-
trations of individu al carotenoids were mea-
sured; in six, dietary intake was estimated

through questionnaires. Inverse associations
were found in several studies for estimated con-
centrations of carotenoids other than lutein.
Confounding and effect modification by the
presence of human papilomavirus was not
adequately evaluated. ln a subsequent
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case-control study, five types of carotenoids

were evaluated in the sera of women persistent-
ly infected with this virus and women who were
either not persistently or not infected. After sta-
tistical adjustment, lower serum concentrations
of ß-caro-tene, ß-crypoxanthin and lutein were
found to be significantly associated with persis-
tent infection (Giuliano et aL., 1997).

The roles of various micronutrients in the
etiology of colorectal adenoma were evaluated
in an analysis of cohorts of health professionals.

Adenomatous polyps of the left colon or rec-
tum had been diagnosed in 564 of 15 964
women and 331 of 9490 men who had under-
gone endoscopy during 10- and four-year fol-
low-up periods, respectively. The odds ratio for
adenoma of the distal colon in association with
the highest consumption of ß-carotene as

opposed to thé lowest was 0.79 (95% CI,
0.58-1.1) after control for folate intake

(Giovannucci et al., 1993).
The association between dietary intakes of

a- and ß-carotene, ß-cryptoxanthin, lutein
plus zeaxanthin and lycopene and the preva-

lence of colorectal adenomas observed by
sigmoidoscopy was investigated among 488
matched pairs of men and women aged 50-74.
After adjustment for other known risk factors
for colorectal adenoma, no association was

found (Enger et al., 1996).
ln a case-control study of 472 California

(USA) residents with at least one adenomatous
polyp found at screening sigmoidoscopy and

502 matched con troIs with no polyps at screen-
ing, the plasma concentrations of six-
carotenoids and of a11 carotenoids were evalu-

ated. The odds ratios, adjusted for several fac-
tors including fruit and vegetable intake,

revealed no association with the prevalence of

polyps (Shikany et al., 1997).
The relationship between serum concentra-

tions of micronutrients including ß-carotene

and precancerous gastric lesions was investigated
in 3433 persons in China (Zhang et al., 1994).
Among a random sam pIe of 600 asymptomatic
men and women without cancer, aged 35-64
years, the serum ß-carotene concentration

was strongly and independently associated
with the risk for intestinal metaplasia, the

risk in the highest tertie of serum ß-carotene
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concentrations being 40% lower than that in

the lowest tertie (odds ratio, 0.6; 95% CI,
0.4-0.9; P for trend = 0.01). More detailed

analyses suggested that the major effect of

serum ß-carotene is on the transition from

chronic atrophic gastritis, almost universal in
the study population, to intestinal metaplasia

but not on progression to dysplasia. The com-
bination of high serum ascorbic acid and ß-
carotene concentrations was most strongly
related to the risk for intestinal meta pla si a (odds
ratio, 0.16; 95% CI, 0.1-0.4).

ln two earlier studies from Colombia

(Haenszel et aL., 1985) and the United Kingdom
(UK Subgroup of the ECP-EURONUT-IM Study
Group, 1992), among 857 people who had
undergone gastroscopy, serum ß-carotene con-
centrations were also inversely associated with
dysplasia. ln the latter report, the inverse asso-

ciation between serum ß-carotene and intesti-
nal metaplasia was not statistica11y significant.

Among 624 men from various areasofJapan,
the plasma concentrations of ß-carotene were

associated with a lower risk for atrophic gastritis
(adjusted p value for trend = 0.01). Although the
risk also tended to be lower with higher con-
centrations of plasma lycopene, the relation-
ship was not statistica11y significant (adjusted p
value for trend = 0.25) (Tsugane et aL., 1993).

4.1.2.2 Experimental studies of colorectal
adenoma

Two published clinical trials specifically
addressed the prevention of colorectal adeno-
ma in patients in whom an adenoma had pre-
viously been diagnosed and removed. Both
studies had a factorial design in which other
nutritional interventions were assessed simul-

taneously with ß-carotene supplementation.

Neither trial provided evidence of a protective
effect of ß-carotene after four years of interven-
tion. The Polyp Prevention Study (Greenberg et
al., 1994) was conducted at six United States
academic medical centres and involved 864
patients, who were randomized by a 2 x 2 fac-
torial design in which the factors were 25 mg/d
ß-carotene and a combination of vitamins C
and E. The study was double-blinded, and fol-
low-up consisted of colonoscopy performed

one year and four years after enrolment. The

principal end-point of interest was the occur-

rence of new colorectal adenomas between the
first and the final fo11ow-up colonoscopy;

about 35% of the patients had a new adenoma.
ß-Carotene appeared to have no effect in the
751 patients who completed the full four years
of the study (RR, 1.0; 95% CI, 0.85-1.2). There
was also no evidence of efficacy in subgroups
defined by lower initial serum concentration of
ß-carotene or in subgroups stratifed by age,
sex, proximal or distal site of adenoma in the
colorectum or number of prior adenomas.

The Australian Polyp Prevention Trial
(MacLennan et al., 1995) also included patients
with a recently removed colorectal adenoma
who were randomized by a 2 x 2 x 2 factorial
design to 20 mg/d ß-carotene, fat reduction or
supplemental wheat bran fibre. Follow-up
colonoscopy was conducted two years and
four years after randomization. Of the 424 ran-
domized patients, 390 completed the two-year
examination and 306 the four-year examina-
tion; an adenoma was diagnosed in about 30%
at the four-year examination. There was no evi-
dence of a reduction in incidence in the group
receiving ß-carotene (odds ratio, 1.3; 95% CI,
0.8-2.2). The adenomas in the group receiving
ß-carotene tended to be larger than 1 cm, but
there were relatively few su ch lesions, and the
results were not statistica11y significant.

A report of a third, somewhat smaller trial
has been published only in abstract form
(Kikenda11 et aL., 1990, 1991).

4.1.2.3 Experimental studies of cellular
dysplasia and atypia

The effects of ß-carotene supplementation on
the progression or regression of cellular dyspla-
sia or atypia in the cervix, oesophagus or lung
have been examined in seven trials. None
showed clear evidence of efficacy. ln a trial in
the Netherlands (de Vet et al., 1991), 278
patients were randomized to receive 10 mg/d
ß-carotene or a placebo for three months. A11 of

the patients had cervical dysplasia at entry into
the study, and they were randomized in strata
according to the severity of the dysplasia. The

recorded outcome was progression or regression
of cellular changes. When a relatively liberal
definition of regression was used and adjust-
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ment was made for various prognostic variables,
there was no evidence that ß-carotene-treated

patients were more likely to have regressed

lesions (odds ratio, 0.68; 95% CI, 0.28-1.6).
When strict criteria for regression were used,
patients receiving ß-carotene seemed slightly less
likely to have regression (odds ratio, 1.2; 95% CI,
0.43-3.4), but neither of the results was statistical-
ly significant. An analysis in which compliance
with the medication was taken into account stil
gave no evidence of a greater probabilty of
regression in the group receiving ß-carotene.

ln an uncontro11ed trial in the United States,
reported in preliminary form (Meyskens &
Manetta, 1995), 30 patients with cervical dys-
plasia were given 30 mg/d ß-carotene for three
months; those whose severity of dysplasia did
not change or regress were treated for an addi-
tional three months. There were no control
patients. The authors reported a 70% probabil-
ty of remission at six months; at 12 months (six
months after stopping ß-carotene), only 33% of
the patients had a lesser degree of dysplasia

than at entry into the study.

ln the large community intervention in
Linxian, China, ß-carotene (15 mg/d) was given
in combination with vitamin E and selenium to
more than 29 000 randomized patients. ln 391
patients who underwent oesophageal and gas-
tric endoscopy in a search for occult cancer and
dysplasia, no significant difference was

observed among people receiving and not
receiving the supplement; 16 of 214 untreated
patients had dysplasia as opposed to 13 of 177
patients treated with the combination (Wang,
G. etal., 1994). A total of 3318 men and women
participating in the trial of dysplasia had grade
1 or 2 oesophageal dysplasia at baseline and

were subsequently given supplementation with
25 vitamins and mineraIs, including 15 mg ß-
carotene, for six years. The supplemented group
was significantly more likely to have reversion
of dysplasia at the end of fo11ow-up as com-

pared with the placebo group (odds ratio, 1.2;
95% CI, 1.1-1.4) (Mark et aL., 1994).

ln a study of 755 men and women in Texas,
USA, exposed to asbestos, 50 mg/d ß-carotene
was administered with 25 000 iu retinol on

alternate days. Patients were randomized, with
stratification by the presence of atypia in spu-
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tum. The median length of fo11ow-up was about
five years. The authors reported no difference
in the frequency of cytological abnormalities:

46 of 349 ß-carotene-treated patients versus 37
of 338 placebo-treated patients had moderate
atypia or worse at the end of the intervention,
as assessed by cytology (McLarty, 1995).

4.1.2.4 Experimental studies of oralleukoplakia

Perhaps the largest number of intervention
studies that suggest a beneficial effect of
ß-carotene involved treatment of patients with
oral leukoplakia, a les ion with a definite,
though modest, probabilty of progressing to
invasive cancer (Garewal, 1995). ln these stud-
ies, the measured end-point has usually been
regression of the size of the visible leukoplakia,
which is largely subjective, although assess-
ment based onhistological evidence is also
difficult because of the usua11y patchy distribu-
tion of the lesion. The published intervention
studies have entailed relatively short periods of
supplementation with ß-carotene (three to nine
months), and only a few involved a placebo-

treated comparison group; randomization was
not often performed, and in most the investi-
gators were aware of the treatment the patients
were receiving.

ln a randomized, placebo-contro11ed, double-

blinded trial in Uzbekistan, six months of treat-
ment with a combination of ß-carotene, retinol
and vitamin E led to a significant reduction in
the prevalence odds ratio for oral leukoplakia
(odds ratio, 0.62; 95% CI, 0.39-0.98). The risk for
progression or no change versus regression was

reduced by 40% by this intervention, although
not statistica11y significantly (odds ratio, 0.60;
95% CI, 0.23-1.6) (Zaridze et al., 1993).

ln a study of chewers of tobacco and betel

quid in Kerala (India), 130 people with oral

leukoplakia were assigned to treatment with

180 mg ß-carotene per week, ß-carotene plus
vitamin A or placebo, for six months.
Regression of leukoplakia was assessed by mark-
ing the location and dimensions of the lesions
on a chart of the oral cavity and by examining
photographs. The assessed end-points were
either complete remission of leukoplakia or the
appearance of new lesions. Three and six
months after the beginning of therapy, there
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was no statistically significant difference
between the group receiving ß-carotene alone
and the group receiving placebo with regard to
remission or development of new leukoplakia.
At six months, however, there was a modestly
lower, but not statistica11y significant, risk for
new leukoplakia, which was seen in four of 27
patients receiving ß-carotene and seven of 33
patients receiving placebo. At six months, four
of 27 patients given ß-carotene and one of 33
on placebo showed evidence of remission. A
statistically significantly larger proportion of
patients receiving ß-carotene plus vitamin A
showed regression of leukoplakia th an in the

group receiving placebo (Stich et aL., 1988).
ln another study in the same are a of India,

160 men and women with oral leukoplakia
were randomized to receive either vitamin A
(300000 lU per week, n = 50), ß-carotene (360
mg/week, n = 55) or placebo (n = 55) for 12
months. Complete regression was achieved in
10% of those on placebo, 52% of those given
vitamin A and 33% given ß-carotene.
Homogeneous leukoplakias and sma11er lesions
responded better than non-homogeneous and
larger lesions. One-half of the group on
ß-carotene and two-thirds of those given vit a-
min A showed relapse after withdrawal of the
supplementation (Sankaranarayanan et aL.,
1997).

Other intervention studies of ß-carotene

and oral leukoplakia did not involve placebo

controls. Among 24 patients treated in Arizona
(USA) with 30 mg/d ß-carotene for three
months (Garewal et aL., 1990), two had com-
plete remis sion and 15 partial remis sion at the
end of treatment. ln an uncontro11ed study in

Canada, 18 patients were treated with
120 mg/d ß-carotene for three months. Four
patients had a complete or partial remission,
and one appeared to have worsening of the
oral lesions. Seventeen of these patients were
continued for an additional three months on
ß-carotene. By the end of the study, eight
patients were found to have an improvement
in their oralleukoplakia, and nine were assessed

as stable. The authors suggested that smokers
had a better response to ß-carotene (Malaker et
al., 1991). ln a study in Italy, 18 evaluable

patients received 90 mg/d ß-carotene for nine

months, when six showed complete remis sion
and two, partial remission. The patients were
followed-up after the end of treatment for
between two and seven months. After ß-
carotene supplementation was stopped, an

additional four patients were found to have
complete remission of their leukoplakia, and
one had a partial response (Toma et aL., 1992).

ln the United States, 79 patients with leuko-
plakia received a combination of 30 mg/d ß-
carotenewith 1 g vitamin C and 800 LU vitamin

E, for nine months. At the end of treatment,
56% of the patients had c1inical improvement,
which was greatest in those who had dimin-
ished their use of alcohol and tobacco (Kaugars

et aL., 1994).

4.1.2.5 Experimental studies of cell prolieration
Measures of the proportion of proliferating
ce11s in the rectal crypt, such as the labellng

index, have been suggested for use as indica-
tors of risk for colorectal cancer. The effect of ß-
carotene, alone or in combination with other
vitamins, on these measures of proliferation
has been assessed in three intervention studies.

Within a randomized, multifactorial trial of
polyp prevention in Australia, 24 patients were
given 30 mg/d ß-carotene and 17 were given

placebo; a11 underwent rectal mucosal biopsy
two to four years after randomization. Ce11 pro-

liferation was determined by staining for pro-
liferating ce11 nuc1ear antigen in five rectal
mucosal crypts. No significant difference in
total labellng index was found between the
group receiving ß-carotene and that receiving
placebo, but patients taking ß-carotene had a

significantly lower proportion of labelled ce11s

in the top 40% of the crypt (Macrae et aL.,

1991). It has been suggested that a higher pro-
portion of proliferating cells in the upper crypt
represents initial evidence of neoplastic trans-
formation (Lipkin et al., 1994).

A subsequent report from Ireland indicated
that ß-carotene supplementation significantly
(p ~ 0.005, signed rank sum test) reduced the
totallabellng index in the rectal crypt. Among
10 patients randomly assigned to receive 9
mg/d ß-carotene, the labellng index in 10 rec-
tal crypts dropped from 7.1 % before the trial to
3.9% after the one-month intervention. The
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control group showed only a modest change in
labellng index, trom 6.9 to 6.6% after the
intervention. The decrease in proliferation was
seen only in the lower 60% of the crypt, and
there was no significant reduction in proliferat-
ing ce11s in the higher 40% (Cahil et aL., 1993).
(The Working Group noted that the authors
reported only measures before and after inter-
vention and no formaI assessment of the differ-
ence between the treated and placebo groups.)

The largest trial of the effects of ß-carotene
in mucosal crypt labellng was reported from

Ilinois, USA, and involved 41 individuals who
had had colorectal cancer and 40 who had had
an adenoma. The participants were assigned at
random to receive 30 mg/d ß-carotene or place-
bo for 90 days. The labellng index, determined
for prolierating cell nuclear antigen in at least
three crypts per biopsy, was assessed before

randomization and after three months, at the
end of the intervention. ß-Carotene had no

significant effect on the total labellng index,
and no significant difference was found
in labellng in the lower, middle or upper third
of the crypt compartment (Frommel et al.,
1995). (The Working Group noted the large
fluctuations in the before-and-after measures

of labelling among groups and that the
proportion of labe11ed ce11s was substantia11y

higher (:: 20%) than in the other reports dis-
cussed here.)

Biochemical measures that may reflect
ce11 proliferation include ornithine decarboxy-
lase activity and excretion of N-acetylspermi-
dine. Both measures were assessed in the study
in Ilinois summarized above (Frommel et aL.,
1995), with no consistent evidence of an effect
of ß-carotene. An earlier report from the
USA, however, found a significant decrease
in ornithine decarboxylase activity from

pretreatment values among 20 men who
had previously had colon cancer and were
assigned to receive 30 mg/d ß-carotene for six
months (Philips et al., 1993). (The Working
Group noted that no control subjects were
included.)

ln a study in the Russian Federation, 44

patients with chronic atrophic gastritis were
treated with 20 mg/d ß-carotene for three
weeks. Ornithine decarboxylase activity in the
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gastric mucosa was significantly lower than
before treatment and th an in 19 control
patients who did not receive ß-carotene (Bukin

et al., 1993). (The Working Group noted that
treatment was not assigned at random and that
few data were presented on the comparabilty
of these groups.)

4.1.2.6 Experimental studies of chromosomal
damage

Chromosomal damage includes micronuclei
and sister chromatid exchange, which are
generally evaluated in ce11 scrapings or sputum
specimens. Almost a11 of the studies were based
on oral and bronchial mucosal specimens.

Most of the studies of micronucleus forma-
tion have come from one group of investigators
at the British Columbia Cancer Research Centre
in Canada. They initia11y conducted a pilot
study (described above in the discussion of
leukoplakia) among betel chewers in Kerala,
India. People given 180 mg ß-carotene weekly
for four months showed a significant decrease
in the number of micronuclei per cell (Stich et
al., 1988, 1990a). ln a similar study, in which
the independent effects of ß-carotene,
canthaxanthin and retinol were compared, a
significant decrease was noted iii micronucleus
counts after administration of ß-carotene and

retinol, but no change was observed with caii-
thaxanthin (Stich et al., 1984). A pilot study
was also conducted among Inuits who used
tobacco snuff regularly. Their oral mucosa COll-

tained ample amounts of retinol but relatively
small amounts of ß-carotene. A statistically sig-
nificant (p 0( 0.001) decrease in micronucleus
count, from 1.9 to 0.7%, was seen in 23 people

given 180 mg ß-carotene per week for 10
weeks, whereas no significant change was
found in 10 people given a placebo (Stich et al.,
1985).

ln a randomized double-blinded trial of the
effects of ß-carotene on sis ter chromatid
exchange, 70 healthy male smokers in The

Netherlands were assigned to receive 20 mg/d
ß-carotene for 14 weeks and 73 to placebo.

Sister chromatid exchange was evaluated as the
mean number per lymphocyte. The counts
were similar at the end of treatment: 4.4 versus

4.2, respectively. (The Working Group noted
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that the reliabilty of the measurement of sister
chromatid exchange in this trial was question-
able; the absolute count decreased in both
treated and control groups and the standard
deviation of the counts after treatment was

reduced by more than one-halL) ln the same
study, 14 weeks of supplemental ß-carotene at
20 mg/d significantly reduced the micronucle-
us counts in sputum from 114 heavy smokers:
the counts decreased by 16% in the 61 men
receiving placebo and by 27% in those receiv-
ing ß-carotene (p 0: 0.05), after adjustment for
the initial concentrations (van Poppel et al.,
1992).

A study among cigarette smokers in South
Africa involved random assignment of 60 sub-
jects to three treatment groups: 40 mg/d ß-
carotene, 900 IU/d vitamin E or placebo. After
six weeks of treatment, no change was observed
in the frequency of sister chromatid exchange
in peripheral blood lymphocytes (Richards et
aL., 1990).

4.1.2.7 Experimental studies of immunological

end-points
The effect of carotenoid supplementation on
immunological function in hum ans has been
examined in studies with various end-points.
The results have been mixed: sorne studies indi-
cate increased immunological function after
supplementation and others no change.
Relatively few of the studies had a randomized,
placebo-contro11ed design, and most were sim-
ple comparisons of measures taken before and
after treatment. The studies have focused exclu-
sively on ß-carotene.

Nine men with Barretts oesophagus in
Tucson (USA) had a statistica11y significant
increase in the proportion of lymphocytes with
natural kiler (NK) and HLA-DR markers after

two months' treatment with 30 mg/d
ß-carotene. They also had a nonsignificant
increase in the proportion of ce11s with T-

helper, interleukin (IL)-2R and transferrin
receptor markers (Prabhala et al., 1991). A fur-
ther report from the same group, on 20 healthy
men and women, indicated that the increase in
T-helper (CD4+) ce11s was significant at doses of,
e.g. 30, 45 and 60 mg/d but not at 15 mg/d, and
that there had been a possibly similar dose-

dependent increase in cells with NK, transferrin
receptor and IL-2 receptors (Watson et al.,
1991). (The Working Group noted that only
four patients were randomized to each dose
and the comparisons were of status before and
after rather than of changes between patients
receiving ß-carotene and those receiving placebo.)

A randomized controlled trial of 50 adults
in Michigan (USA), however, showed no evi-
dence of a change in immunological markers

with ß-carotene treatment. Groups of 10
received ß-carotene at a dose of 15, 45, 180 or
300 mg/d or placebo for four weeks. No signifi-
cant change was found in the total number or
percentage of peripheral B ce11s, T cells, T-ce11
subsets, NK cells or HLA-DR- or IL-2R-express-

ing ce11s, and there was no significant change
in the prolierative response after OKT3-anti-

body stimulation or in the production of IL-2
by stimulated peripheral blood mononuc1ear

cells (Ringer et aL., 1991). (The Working Group
noted that sorne of the differences between

these results and those noted ab ove may have

been due to the shorter duration of the latter
study; in Tucson, immunological changes were
found only after two months of treatment.)

Mixed findings were also reported from
Japan in a study of 20 university-age volunteers
who were randomized to 20 mg/d ß-caroteneor
placebo for nine months. A significant increase
was found in the CD4:CD8 ratio but no change
in NK ce11s, virgin T ce11s, cytotoxic T ce11s or
memory T ce11s (Murata et aL., 1994).

Exposure to UV light has been reported to
suppress delayed-type hypersensitivity in the
skin. ln a study in New York (USA), 24 healthy
men were assigned randomly to 30 mg/d ß-
carotene or placebo. After 28 days, all received
dermal exposure to UV light, and their respons-
es to antigens were assessed over the next 21

days. Men on placebo showed a statistically sig-
nificant decrease in delayed-type hypersensitiv-
ity, whereas those on ß-carotene showed only a
slight, nonsignificant decrease (Fuller et al.,
1992). (The Working Group noted that the
diminution in delayed-type hypersensitivity
was not compared directly in the treated and
control groups; however, the data indicate that
the difference was probably not statistica11y sig-
nifican t.)
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A group of 45 male cigarette smokers in The
Netherlands were randomized to receive 20
mg/d ß-carotene or placebo for 14 weeks. No
effect of the treatment was noted on lympho-
cyte subpopulations in peripheral blood, as
measured by 10 markers; however, the prolifer-
ative response to phytohaemagglutinin was
12% higher in the group receiving ß-carotene,
and this difference was statistica11y significant.
The response pertained only to ce11s stimulated

in plasma; it appeared even to be decreased in
ce11s in fetal caU serum, and there was no
change in the response to concanavalin A (van
Poppel et al., 1993). (The Working Group noted
that many immunological end-points were mea-
sured, and the multiplicity of comparisons was
not taken into acount in ca1culating the p values.)

A report from the Physicians' Health Study
involved a subset of 59 male physicians chosen
from among participants in the Boston (USA)
area, 29 of whom had been randomized to
receive 50 mg ß-carotene every other day for
about 10 years and 30 of whom had received
placebo. Participants :: 65 years had lower NK
ce11 activity th an younger men; however, older
men receiving ß-carotene had significantly
greater NK activity th an those on placebo. No
treatment-associated differences were seen in
men under 65. The older men showed no dif-
ferences in the proportion of NK ce11s or in
IL-2 receptor expression (Santos et al., 1996). ln
a subsequent report from this group of investi-
gators, the effects of ß-carotene were evaluated
in II healthy elderly women assigned to
receive 90 mg/d ß-carotene for three weeks.

No difference in delayed-type hypersensitivity
skin responses was seen in comparison with 12
control women receiving placebo. Similarly,
there were no differences in a variety of other
immunological measures, inc1uding propor-
tions of lymphocyte subpopulations, lympho-
cyte proliferation in vitro and production of
IL-2 (Santos et al., 1997).

The effects of ß-carotene in conjunction
with other supplements or as a component of
diet have been addressed in three studies. The
delayed hypersensitivity response was reported
to be stronger after 12 months of supplementa-
tion with multivitamins which inc1uded
ß-carotene (Bogden et aL., 1994); and among
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participants in the Unxian trial, the group
receiving ß-carotene, vitamin E and selenium
had significantly higher T-lymphocyte mito-
genic responsiveness in vitro (Zhang et al.,
1995). ln a group of nine healthy women who
were placed on a ß-carotene-depleted diet for
68 days and then given 15 mg/d ß-carotene, no
effects were seen on the numbers of immuno-
logical cells or on the peripheral blood

mononuc1ear ce11 proliferative response to phy-
tohaemagglutinin or concanavalin A (Daudu et

al., 1994) .
A randomized trial in England involved 2S

participants who received either 15 mg/d ß-
carotene or placebo for 28 days and were th en
crossed over to the other treatment. Blood was
collected for the analysis of a number of
immunological measures at baseline and at the
end of each of the two intervention periods.
There was a statistica11y significant increase in
the activity of tumour necrosis factor-a after sup-
plementation, and an increase was seen in the
proportion of monocytes expressing HLA-DR,

intrace11ular adhesion molecule- 1 and leukocyte
function-associated antigen-3 (Hughes et al., 1997).

ln a randomized trial in Ilinois (USA), 40
patients with a history of colorectal polyps and
40 with a prior colorectal cancer received 30

mg/d ß-carotene or placebo for three months.
At the end of the intervention, the counts of
CD4 + T ce11s and IL-2R-expressing lymphocytes

were significantly increased among the cancer
patients given ß-carotene but not among the
patients with polyps. There were no c1ear

changes in other measures, inc1uding CD8+

counts, CD4:CD8 ratios or NK ce11 counts (Kazi
et al., 1997). (The Working Group noted the
loss of sorne blood specimens and the lack of
direct statistical comparisons of treated and
control groups.)

4.1.2.8 Summary

The effects of ß-carotene (and, to a lesser
extent, canthaxanthin) on possible antecedents

of malignancy have been addressed in a sub-
stantial number of investigations. They provide
strong evidence of a lack of effcacy of short-
term supplementation with ß-carotene in pre-
venting colorectal adenomas, a neoplasm that
can be a precursor for invasive cancer, but the
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interventions were of relatively brief duration.
The reports of clinical studies genera11y show

regression of oralleukoplakia; however, in most
of the trials, the design was not randomized or
double-blinded and the assessment of leuko-

plakia was often subjective. The results of studies
of other measures of possible relevance to
carcinogenesis, such as cytogenetic abnormali-
ties, have also been inconsistent. On balance,
intervention studies of carotenoids and prema-
lignant lesions show no consistent pattern of
protection.

4.2 Experimental models
4.2.1 Experimental animaIs

4.2. 1. 1 ß-Carotene
(a) Skin (Table 27)
Mouse: Two groups of two-month old albino

hairless mice (University of California strain
(sex unspecified)) received intraperitoneal
injections of ß-carotene (beadlets containing
10% ß-carotene dissolved in distiled water at
a concentration of 250 mg/ml) or placebo

(fi11er of the beadlets) dissolved in distiled
water three times a week for six months.

During the first month, 61 mice given ß-
carotene and 56 mi ce given the placebo
received O.4-ml injections, providing 10 mg ß-
carotene for the supplemented animaIs; for
the remaining five months they received 0.2-
ml injections, providing 5 mg ß-carotene One
month after the start of the injections, UV
irradiation at 6.5 x 103 1/m2 (mainly UV-B)

was initiated and continued three times a
week for the duration of the study, 15 months.
Skin tumours ? 4 and? 50 mm3 were regis-
tered. Eight of the mi ce with large tumours,

five receiving ß-carotene and three receiving
the placebo, were kiled, and the tumours were
examined histologically. The tumours were all
rela ti vel y well-differen tia ted sq uamous-cell
carcinomas which had invaded the dermis and
subcutaneous tissue. Mortality was relatively
high, amounting to 18/61 and 35/61 animaIs

receiving ß-carotene and 12/56 and 32/56
controls after two and seven months, respec-
tively. The first tumours? 4 and? 50 mm3 were
found in mice on ß-carotene after 7.75 and
8 months, respectively, and both sizes of
tumour were found in controls after 7.25

months. After 12 months, 53 and 40% of the
tumours in mice given ß-carotene and 80 and
75% of the those in controls were ? 4 and? 50
mm3, respectively. The numbers of mice per
survivors with tumours ? 4 mm3 were 2/24
after 40 weeks, 6/21 after 47 weeks (p = 0.03; X2

test for 2 x 2 contingency tables) and 8/15 after .
52 weeks (p = 0.0761) among animaIs given ß-
carotene, and 2/22, 13/21 and 17/21, respec-

tively, in controls. The numbers of mi ce per

survivors with tumours ? 50 mm3 were 1/24 and
1/22 after 40 weeks, 5/21 and 10/21 after 47
weeks (p = 0.1074) and 6/15 and 16/21 after 52
weeks (p = 0.0281) in animaIs given ß-carotene
and placebo, respectively (Epstein, 1977).

Four groups of 75 female Swiss albino 955

mi ce, nine to ten weeks old, were painted on a
clipped, mid-dorsal are a of the skin with 0.02

ml of a 0.5% solution of benzo(a)pyrene in ace-
tone (0.1 mg benzo(a)pyrene per painting),
twice a week for 60 weeks. Two of the four
groups were kept in the dark except during

treatment and observation; the other two
groups were also kept in the dark but were

exposed to long UV irradiation (300-400 nm;
5890 erg/cm2 per s) for 2 h immediately after
each skin painting. One of the groups kept in

the dark and one of the groups subjected to UV
irradiation were fed a normal rodent diet, while
the other two groups were fed a diet containing
500 mg/kg ß-carotene from 10% ß-carotene-
containing beadlets (use of placebo beadlets

unspecified). After one month, the animaIs fed
the ß-carotene-supplemented diet received an
addition al dose of 100 mg/kg bw crystallne ß-
carotene as a 1 % solution in arachis oil by
stomach tube twice a week (duration unspeci-
fied). Two additional groups of 75 mice were
fed a normal rodent di et and kept either con-

tinuously in the dark or subjected to UV irradi-
ation for 2 h twice a week. These mi ce did not
develop any skin tumours, and ß-carotene had

no consistent or significant effect on the inci-
dence of benzo(a)pyrene-induced skin tumours
in mice kept continuously in the dark during

the final haIt of the experiment; however, dur-
ing the last 20 weeks of the study, ß-carotene

significantly reduced the incidence of skin
tumours in mice kept in the dark, from about
56 to 30% at 40 weeks and from about 67 to

..
137



~I :;
Table 27. Effects of ß-carotene on skin tumorigenesis in experimental mice ::n

::Strain, sex No. of Carcinogen ß-Carotene Treatment relative Preventive efficacy Reference ~
::animals/group

(dose) (dose, route) to carcinogen CLc:00
Hairless 56-61 UV irradiation; 6.5 x 103 J/m2 5/10 mg/mouse, Before and durlng Skln tumour size: 35-47% (SUl Epstein (1977)

:;'"

(sex unspecifiedJ intraperitoneally, 3 Skin tumour incidence after 47 weeks:
0,.

times/week 50% (p = 0.1074) -54% (p =0.03) n~
::nSwiss Albino, female 75 B(a)P, 0.1 mg/skin painting; 500 mg/kg diet + 100 Before and during Tumours, incidence Santa maria et al. (1981, (t,.

UV (300--00 nm) 5890 mg/kg bw by gavage B¡alP, 19-30% (p.: 0.005) 1983a,b, 1988); Santamaria & '",.
erg/cm2 per s twice/week B(a)P/UV: 47% (SU) Blanchi (1989) (t~(t

SKH/hr, female UV-B (7.2 kJ/m2) Mathews-Roth (1982)
::24 6.68 g/kg bw per Before and during Onset of skin tumours: 22% (p .: 0.01) ..
õ'day, diet ::

SKH/hr female 24 DMBA (dose unspecified); 6.68 g/kg bw per Before and during Onset of skin tumours: 17% Mathews-Roth (1982)
croton oil day, diet

(p.: 0.025)

Tumour yield: 78% after 10 weeks

(p .: 0.01); 71 % after 20 weeks (p .:
0.01)

SKH/hr, female 24 DMBA (dose unspecifiedl; 6.68 g/kg bw per Before and during Onset of skin tumours: 33% (p.: .05) Mathews-Roth (1982)
UV-B (2.7 kJ/m2) day, diet

SKH/hr, (sex (about 25) UV-B, 3.6 kJ/m2, 3 33 g/kg dlet After Papillomas/carcinomas Mathews-Roth (1983)
unspecifiedl times/week Incidence

After 10 weeks: 52% (NS)
After 16 weeks: 39% (NS)
After 20 weeks: none (NS)

SKH/hr (sex 7 or 9 UV-B, 8 x 104J/m2, single 33 g/kg diet Before and after Papillomas/carcinomas Mathews-Roth (1983)
unspecified fluence Incidence: 34% (NS)

Number: 60% (NS)

SKH/hr-1, female 24 UV-B, total dose of 8 x 104 0.01, 0.07, 2/3.3% in Before and during Papillomas/carcinomas Mathews-Roth & Krinsky
J/m2 die!; beadle!s Incidence (1985)

Low dose: none (NS)

Mid dose: 48% (p.: 0.0125)
High dose: 25% (p .: 0.025)
Multiplicity: none (NS)



Table 27 (contd)
Species, strain, sex No. of Carcinogen (dose) ß-carotene, dose, Treatment relative to Preventive efficacy Reference

animals/group route carcinogen

SKH/hr-1, female 24 UV-B, one dose of 8 x 104 0.1 % in diet; Before, during and Papillomas Mathews-Roth & Krinsky
J/m2 beadlets after Incidence (1987)

Only before: 36% (p ~ 0.1)
Only after: 79% (p ~ 0.025)
Before and after: 50% (p ~ 0.05)

HRASKH, female 40 DMBA (2.56 I-g/mouse); 290 and 1430 lU/kg Before and during Papilomas Steinel & Baker (1990)
TPA (1 I-g twice/week) bw/day, oral gavage Incidence: 19-22% (NS)b

Multiplicity: 44-46% (p ~ 0.05)
Carcinomas: none (NS)

HRASKH, female 16-19 DMBA (2.56 I-g/mouse); 1430 lU/kg bw per After Tumours: none (NS) Steinel & Baker (1990)

(survivors) TPA (1 I-g twice/week) day, gavage

SKH:hr-1, female 30 DMBA (150 I-g; 2.8% as beadlets in Before, during and Cumulative number of tumours: 29% Lambert et al. (1990)
TPA (5 I-g twice/week) diet after (p = 0.057)

SKH:hr-1, female 30 DMBA (150 I-g; 2.6%, crystalline in Before, during and Cumulative number of tumours: 39% Lambert et al. (1990)
TPA (5 I-g twice/week) diet after (p = 0.05)

CR:ORL Sen car, 30 DMBA (4 I-g; TPA, 2.8% as beadlets in Before, during and Cumulative number of tumours: 25% Lambert et al. (1990)
female (1.4 I-g once/week) diet after (NS)

CR:ORL Sen car, 30 DMBA (4 I-g; TPA, 2.6%, crystalline in Before, during and Cumulative number of tumours: 22% Lambert et al. (1990)
female (1.4 I-g once/ week) diet after (NS)

Swiss, male and 30 DMBA (100 nmol/painting, 1 mg, painted on Before, during and Tumours Azuine et al. (1991)
female twice weekly, 8 weeks) skin, 5 times/week, after Survival: 233% ¡SU)

24 weeks Incidence: 37% (NS)

Latency: 75% (NS)

Number/mouse: 86% (p ~ 0.001)

Hairless Swiss nude, 20 DMBA (100 nmol/painting, 1 mg, painted on Before, during and Tumours Azuine et al. (1991)
male twice weekly, 8 weeks) skin, 5 times/week, after Survival: 67% ¡SU)

24 weeks Incidence: 50% (NS)

Latency: 143% (NS)

Number/mouse: 94% (p ~ 0.001)

~I
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s;~Table 27 (contd) n
::

Species, strain, sex No. of Carcinogen (dose) ß-carotene, dose, Treatment relative to Preventive effcacy Reference p.
::

animals/group route carcinogen 0.
0'00

ICR, ¡sex unspecified) 16 DMBA, 100 ¡.g; single 200 and 400 nmol, After Papillomas Murakoshi et al. (1992); ?:
Vl

application (1 ¡.g twice/ skin application, Incidence: high dose, 64% (NS); Nishino (1995) 0..
week) twice/week

low dose, 55% (NS)
n
p.
::

Multiplicity: high dose, 65% ¡SU); n
rD

low dose, 21 % ¡SU)
..
""..

Latency: none ¡SUi rD
-:
rD

Sencar, 13-25 20 ¡.g DMBA, single 0.6, 6, 60 and 600 During and after Papillomas Chen et al. (1993)
::..
õ'male, female application; 2 ¡.g TPA, 20 mg/kg diet Incidence and yield: none ::

weekly applications ¡rather an increase)

Conversion of papilloma to
carcinoma:
males, 87% (significant

La value unspecifiedJ);

females, 64% (NS) to 86% (sig-

nificant La value unspecifiedJ)

CD-1, female 10 DMBA ¡dose unspecified) 200 mg/kg bw per After Cumulative papilloma size, Katsumura et al. (1996)
day, gavage after 7 days: 11 % (p 0( 0.05);

after 14 days: 18% (p 0( 0.05)

UV, ultraviolet; B¡alP, benzo¡alpyrene; DMBA, 7,12-dimethylbenz¡a)anthracene; TPA, 12-0-tetradecanoylphorboI13-acetate; NS, nonsignificant; SU, statistics unspecified
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54% at 60 weeks (p 0( 0.05 (statistics unspeci-
fied)). ln comparison with benzo(a)pyrene
alone, the combination with UV irradiation
increased the skin tumour incidence by two- to
sevenfold at different times. ß-Carotene
reduced the incidence of benzo(a)pyrene- and
UV-induced skin tumours considerably, e.g.
from about 12 to 2% at 20 weeks, from about 47
to 21 % at 28 weeks, from about 61 to 34% at 38
weeks, from about 68 to 35% at 40 weeks and
from about 95 to 65% at 60 weeks. At the end of
the study, 10-20% of the skin tumours were

papilomas and 80-90% were squamous epithe-
liomas in the various groups (no information was
provided on statistics) (Santamaria et al., 1981,
1983a,b, 1988; Santamaria & Bianchi, 1989).

ß-Carotene (33 g/kg diet; 6.68 g/kg bw per
day; from carotenoid-containing beadlets) was

administered in the diet to three groups of 24

female hairless Philadelphia Skin and Cancer
Hospital SKH/hr mice, five to eight weeks of
age, for 30-32 weeks. Three groups of mice
received placebo beadlets. After 10 weeks on
the respective diets, skin tumours were induced
by one of three methods, each being applied to
one of the ß-carotene-treated groups and to one
of the placebo control groups. ln the first
method, the mi ce were irradiated with UV-B
(7.2 kJ/m2 of total energy, 54% of which was
between 285 and 320 nm) three times a week
for 22 weeks. ln the second method, a 0.5%
solution of DMBA in acetone was painted twice
at an interval of two weeks onto the en tire back
of each mou se, fo11owed-three weeks after the
second DMBA treatment-by painting two
drops of a 0.5% solution of croton oil in ace-
tone on the entire back twice weekly for 16
weeks. ln the third method, the DMBA treat-
ment was fo11owed two weeks later by UV-B
irradiation (2.7 kJ/m2 of total energy, 54% of
which was between 285 and 320 nm) three
times per week (period of treatment unspeci-
fied). Representative skin tumours from about
30% of the mice were studied histologically.
Each method of tumour induction resulted in
both squamous-cell carcinomas and papilo-

mas. ß-Carotene significantly delayed the time
to appearance, but not the yield, of skin
tumours induced by UV-B irradiation alone, the
first tumour :; 1 mm3 appearing in weeks 11

and 9 in the mice given ß-carotene and in con-

troIs, respectively (p 0( 0.01; life-table analyses

with X2 test). ß-Carotene delayed the onset of
skin tumours induced by DMBA and croton oil,
the first 15 tumours appearing significantly
later in the mice on ß-carotene th an in those on
placebo (p 0( 0.025; lie-table analyses with

X2 test). ß-Carotene also significantly (p 0( 0.01;
lie-table analyses with X2 test) reduced the

yield of skin tumours induced by DMBA and
croton oil, the average number of tumours per
mouse being 1.74 in animaIs given ß-carotene
and 8.0 in those on placebo after 10 weeks of

treatment and 3.40 and 11.6 after 20 weeks.
The onset of the first skin tumour :; 1 mm3
induced by DMBA and UV-B was also delayed
by ß-carotene, the first tumour appearing six
weeks after the start of treatment in those on
placebo and aftereight weeks in the ß-carotene-
fed group (p 0( 0.05; lie-table analyses with X2
test). ß-Carotene had no effect on the average
number of skin tumours per animal induced by
DMBA and UV-B (Mathews-Roth, 1982).

An unspecified number of Philadelphia Skin
and Cancer Hospital SKH/hr mice, five to eight
weeks of age, were fed normal mouse chow and
were irradiated with UV-B (3.6 kJ/m2) for 20
min, three times per week for an unspecified

period (at least 24 weeks). As soon as a mouse
developed a skin tumour 2' 1 mm3, it was a11o-

cated at random to a ß-carotene-supplemented
diet (33 g/kg diet from ß-carotene-containing

beadlets) or to placebo beadlet-supplemented

control di et. There was a nonsignificant trend
for a delayed appearance of new skin papilo-
mas and carcinomas in mice fed the ß-carotene-
supplemented diet; e.g. the seventh skin
tumour developed after 10 weeks in 20% of ß-
carotene-fed mice and 42% of those on place-
bo, after 16 weeks in 43% on ß-carotene and
70% on placebo and after 20 weeks in 79% of
each group (incidences estimated from a fig-
ure). There was also a statistica11y insignificant
trend for inhibition by ß-carotene of the devel-

opment of skin tumours :; 4 mm3 (p 0( 0.3;
Students t test) and :; 50 mm3 (p 0( 0.1;
Students t test) (not further specified). ln a sec-
ond experiment, groups of mice received the ß-
carotene-supplemented diet (seven mice) or the
placebo diet (nine mice) for 34 weeks. After 10
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weeks on their respective diets, a11 mice were
subjected to a large single fluence of UV-B irra-
diation (8 x 10411m2) and were observed for 43
weeks (apparently, a11 mice were fed a normal
diet during the last nine weeks of this period).
There was no intercurrent mortality. The first
skin tumours were seen five weeks after expo-
sure to UV-B, and no new skin tumours devel-
oped 21 weeks after exposure. ß-Carotene did
not significantly reduce the incidence or total
number of skin tumours ? i mm3, the inci-
dences being 2/7 and 4/9 and the total num-
bers 2 and 5 in the ß-carotene and control

groups, respectively (Mathews-Roth, 1983).
Six groups of 24 female hairless

Philadelphia Skin and Cancer Hospital SKH/hr-
1 mice, five to seven weeks old, were fed diets
supplemented with ß-carotene or placebo
beadlets. Croups 1 and 2 were fed rodent chow
supplemented with 3.3% ß-carotene (3.3 g/kg
diet) in beadlets or placebo beadlets for 16

weeks and then 2% ß-carotene (2 g/kg diet) for
another 22 weeks; groups 3 and 4 were fed a
diet containing 0.07% ß-carotene (700 mg/kg
diet) or placebo beadlets for 30 weeks; groups 5
and 6 were fed diets containing 0.01% ß-
carotene (100 mg/kg diet) or placebo for 26
weeks and four days. A11 mi ce were subjected to
UV-B irradiation (total dose, 10.81Im2) for 16
weeks (schedule of irradiation unspecifiedJ,
starting after 12 weeks on their diets for groups
1 and 2, after one month for groups 3 and 4
and after four days for groups 5 and 6. The ani-
maIs were kiled 10 weeks after irradiation. At
the end of the study, the ß-carotene content of
the epidermis was found to be increased in a
dose-related manner. ß-Carotene at dietary
concentrations of 3.3/2% and 0.07% prevented
or delayed the appearance of UV-B-induced

skin tumours; e.g. the percentages of mice with
skin tumours 21 weeks after the start of the
irradiation were 63% at the high dose and 84%
with placebo (p -( 0.025; Student's t test), 44%
at the intermediate dose and 85% with placebo
(p -( 0.0125; Students ttest) and 65% at the low
dose and 56% with placebo. The average num-
bers of tumours per mouse were also lower (but
not statistica11y significantly) in those on ß-
carotene than in the respective placebo groups;

e.g. 21 weeks after the start of the irradiation,

..
142

1.83 at the high dose and 2.65 with the placebo,
1.27 at the intermediate dose and 1.70 with the
placebo and 1.29 at the low dose and 1.30 with
the placebo (Mathews-Roth & Krinsky, 1985)

Croups of 24 female hairless Philadelphia
Skin and Cancer Hospital SKH/hr-l mice, five
to seven weeks old, were fed a diet containing
0.1 % ß-carotene in beadlets, and two other
groups received the same di et supplemented
with placebo beadlets for six weeks. A11 mice

then received a single exposure to 8 x 10411m2

UV-B radiation for 220 min. Immediately after
exposure, one of the groups on the ß-carotene-

supplemented diet was switched to the placebo
diet and one of the placebo groups was
switched to the ß-carotene-supplemented diet,
while the two other groups were continued on
their respective diets. The animaIs were
observed for 24 weeks after treatment. At the
end of the study, ß-carotene was detected in

the skin even of animaIs that received the pig-
ment before irradiation. There was no intercur-
rent mortality. The first tumours appeared five
weeks after irradiation, sorne growing to 50
mm3 but most measuring 1-4 mm3. When ß-
carotene was fed before or after or only after
exposure to UV-B, the incidences of skin
tumours (mainly papilomas) were significant-
ly reduced, being 14/24 for the group continu-
ously fed the placebo diet, 7/24 for the group
fed the ß-carotene di et (p -( 0.05; Fisher's exact
test) and 3/24 for the group fed the placebo

diet before and the ß-carotene-supplemented

di et after exposure to UV-B (p -( 0.0025; Fisher
exact test). The skin tumour incidence in the
group fed the ß-carotene-supplemented diet

only before UV-B exposure was 9/24, which

was not statistica11y significantly lower th an
that (14/24) in the group continuously fed the
placebo di et (Mathews-Roth & Krinsky, 1987).

From three weeks of age, 120 inbred female
HRAISkh mice were fed a vitamin A- and ß-
carotene-free di et (8% sucrose, 27% dextrose,
30% corn flour, 21% soya protein, 5% cellu-
lose, 6% peanut oil and 3% vitamin-mineral
premix without vitamin A). At 42-49 days of
age, 2.56 mg (10 nmol) DMBA in 50 ¡il acetone
were applied over the lower half of the dorsal
skin surface of each mouse. One week later, i
mg (1.6 nmol) 12-0-tetradecanoylphorbol 13-
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acetate (TPA) in 50 ml acetone was applied over
the same skin surface, twice weekly for a further
19 weeks. At the same time, the mice were

divided into three groups of 40 mice and were
given 100 ml peanut oil or 10 or 50 iu ß-
carotene (290 or 1430 lU/kg bw per day) in 100
ml peanut oil on five days per week for 39

weeks. The mice were held for a further 12
weeks for observation. A group of 20 mice was
similarly treated with DMBA and TPA but
received normal feed throughout the study. ß-
Carotene had no effect on body weight, but a11

of the mice on the vitamin A- and ß-carotene-

free diet had statistically significantly reduced
body weights (p ~ 0 0001 (method of statistical
analysis unspecified)). The incidence of skin
papilomas was reduced from 97% in the con-
trol group to 77% in both ß-carotene-treated

groups at week 20 and from 68% in the control
group to 50 and 52% in the groups at the low
and high doses of ß-carotene, respectively, at
week 40. The incidences of papilomas in the

group fed normal feed were 100% at week 20
and 78% at week 40, and the maximum num-
ber of papilomas per mouse found during
weeks 6-14 was significantly reduced (p ~ 0.05;
two-tailed unpaired t test) from 3.5 :! 1.6 in the
control group to 2.5 :! 2.1 and 2.5 :! 2.4 in mice
at the low and high doses of ß-carotene, respec-
tively, and 4.9 :! 1.8 in the group given normal
feed. The incidences of squamous-ce11 carcino-

mas and carcinomas in situ of the skin in mice
stil alive at the end of the study (week 52)

ranged from 7/38 to 7/25 in the various groups
and did not differ significantly (two-tailed
unpaired t test). ln order to investigate the effect
of ß-carotene on established skin tumours, mice
on normal feed were treated with DMBA and
TPA as described above and were distributed ran-
domly into two groups at week 20. Both groups
received the vitamin A- and ß-carotene-free di et
in weeks 20-40, and one group received the
high dose of ß-carotene and the other group

only peanut oil. There was no significant differ-
ence between the two groups with regard to
papiloma yield or the occurrence of skin carci-
nomas, the incidences of carcinomas being

3/19 and 6/16 in controls and ß-carotene-

treated groups, respectively (no further details
given) (Steinel & Baker, 1990).

Four groups of 30 female CR:ORL Sencar

mi ce and 30 female Skh:HR-l mice, 10-13
weeks of age, were maintained on standard

rodent pellet diet, finely ground rodent stan-
dard diet containing 2.8% ß-carotene (from

10% ß-carotene-containing beadlets), 2.6%
crystallne ß-carotene (type 1, trans, synthetic)
or placebo beadlets at a concentration equal to
that of the diet contaiiiing 2.8% ß-carotene. ln
week 11, a single dose of 4 mg DM BA in 0.2 ml
acetone was applied to the skin of the back of
each Sencar mouse and 150 mg DMBA in 0.2
ml acetone to Skh mice. One week later, a11
mi ce received a first application of TPA: Sencar
mice received 1.4 mg TPA in 0.2 ml acetone
once a week for 11 weeks, while Skh mi ce
received 5 mg TPA in 0.2 ml acetone twice a
week for 18 weeks. No significant difference in
body weight was found between the groups.
The Sencar mice given the ß-carotene beadlets
had a statistically nonsignificant (Kruskal-
Walls test), 25% decrease in the cumulative

number of skin tumours (total number of
tumours in survivors), with 414 tumours in
those given the placebo and 312 in those given
ß-carotene, whereas Skh mice had a statistica11y
significant (p = 0.057; Kruskal-Walls test), 29%
decrease in the cumulative number of skin

tumours, with 315 tumours in those on placebo
and 223 with the beadlets. Sen car mice fed the
crystallne ß-carotene supplement had a 22%
decrease in the cumulative number of skin

tumours (284 versus 366 with placebo), while
Skh mice had a 39% decrease (174 versus 287; p
= 0.05; Kruskal-Walls test). At one time (week
II), significantly fewer tumour-bearing animaIs
were found among the Sen car mice fed the

beadlets than the placebo (p .( 0.05; Fisher's
exact test), while no such significant difference
was seen between the group fed the crystallne
ß-carotene supplement. Significantly fewer
tumour-bearing Skh mi ce among those fed the
beadlets than among those receiving the
placebo (p .( 0.05; Fisher's exact test) were
found at two times, and fewer tumour-bearing
mice mice fed the crystallne ß-carotene diet
were found at four times (statistics unspeci-
fied). There was a statistically significant delay
in the time to appearance of tumours in Skh

mice fed either the beadlet or the crystallne
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supplement (p 0( 0.05; Kruskal-Walls test), but
no statistically significant difference was seen
in Sencar mi ce (Lambert et al., 1990).

Two groups of 30 Swiss mice of each sex
(number per sex unspecified), six to eight weeks
old, were painted on the shaven back skin with
100 nmol DMBA in 0.1 ml acetone twice week-
ly from week 3 to week II. One of the groups
received 1 mg ß-carotene in 0.1 ml acetone top-
ica11y on the back skin on five days per week

from week 1 to week 24 (end of the study),
while the other group received no further treat-
ment. A third group of animaIs was treated
with acetone alone or with 1 mg ß-carotene in
acetone. ß-Carotene increased the survival rate
from (8/30) to (27/30) and the mean latency of
skin tumours from 8 to14 weeks and reduced
the incidence of skin tumours from (30/30) to
(19/30) (not significant; Student's t test) and the
number of skin tumours per mouse from 13.1 ::
1.7 to 1.8:: 0.3 (p 0( 0.001; Students ttest). None
of the animaIs treated with acetone alone or

with 1 mg ß-carotene in acetone died, and no
skin tumours were found (Azuine et al., 1991).

Groups of 20 male inbred hairless Swiss
nude mice were treated in a study of similar
design but with 50 nmol DMBA. ß-Carotene

increased the survival rate from (12/20) to

(22/20) (statistics unspecified) and the mean
latency of skin tumours from 7 to 17 weeks,

and it reduced the incidence from (20/20) to
(10/20) (not significant; Student's t test) and the
number of skin tumours per mouse from 46.4 ::
5.1 to 2.6:: 0.4 (p 0( 0.001; Students t test). None
of the animaIs treated with acetone alone or
with 1 mg ß-carotene in acetone died, and no
skin tumours were found (Azuine et al., 1991).

The backs of 48 ICR mice (sex unspecified),
seven weeks old, were shaved and two days
later given a single application of O. i mg DMBA
(vehic1e unspecified). One week later, 1 mg
(1.62 nmol) TPA was painted on the shaven
skin twice weekly for 20 weeks. Groups of

16 mice received 200 or 400 nmol ß-carotene in
0.2 ml acetone at the same time as each appli-
cation of TPA, or the vehic1e in acetone.

There was no significant difference in body
weight among the groups. The first skin
tumours (papilomas) appeared within nine
weeks after the start of application of TPA in

..
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both control and treated groups (time to
tumour appearance not further specified). At
20 weeks, the percentages of mice bearing

papilomas (estimated from a figure) were 69,
31 and 25 (statistics unspecified), and the aver-
age numbers of skin tumours were 3.73, 2.94
and 1.31 (standard deviations unspecified) (not
significant; Students t test) in controls and in
those given the low and high doses of ß-
carotene, respectively. The tumours were smaller
in the ß-carotene-treated animaIs than in con-
troIs; e.g. the average numbers of tumours 1-2
mm in diameter per mouse were 2.20, 1.81 and
1.06 (standard deviations unspecified) in the
three groups, respectively. Furthermore, no
tumours ? 4 mm in diameter were seen in ß-
carotene-treated mice, whereas 0.26 such
tumours per mouse (standard deviation unspec-
ified) were seen Ìn the control group (statistics
unspecified). The study was repeated with sim-
ilar results (no further details presented)

(Murakoshi et aL., 1992; Nishino, 1995).
After pregnant Sen car mice had delivered

their pups, they were placed on a vitamin A-
deficient di et (TD85239) supplemented with
0.6, 6, 60 or 600 mg/kg ß-carotene (crystallne;
? 95% pure). At the age of three weeks, the pups
were weaned onto the same diets as their moth-
ers: 18, 20, 13 and 25 females on diets supple-
mented with 0.6, 6, 60 and 600 mg/kg ß-
carotene, respectively, and 22 and 25 males on
diets supplemented with 60 and 600 mg/kg ß-
carotene, respectively. At the age of three
weeks, a11 mice received a single skin applica-

tion of 20 mg DMBA in 0.2 ml acetone, fol-
lowed one week later by 20 weekly topical
applications of 2 mg TPA in 0.2 ml acetone.
There was no significant difference in body
weight or survival between the groups. ß-

Carotene did not significantly affect the num-
ber of skin papilomas in female mice.
Significantly more male mice aged 11-15 weeks
developed skin papilomas when given the
high dose (about 86% at 14 weeks) than the
low dose (about 33% at 14 weeks; Fisher-Irwin
exact test ip values unspecified)). The maximal
number of papilomas in mice at the high dose
(553 in females and 315 in males) was statisti-
ca11y significantly higher than in those at the

lower dose: 149-339 in females and 169 in
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males (Wilcoxon rank sum test (p values
unspecified)). The conversion of papilomas to
carcinomas-(total number of carcinomas per

maximal number of papilomas) x 1000-was
mu ch lower in mi ce at the high dose (0.4 for
females and 0.6 for males) than at the lower

doses (1.1-3.5 for females and 4.7 for males),
the differences being statistiea11y significant
in males and for two of the three groups of

females (Fisher-Irwin exact test and log-rank
test (p values unspecified)). There was no signif-
ieant difference in the time to appearance of
carcinomas between the groups (log-rank test)
(Chen et al., 1993). (The Working Group noted
the use of vitamin A-deficient animaIs.)

Two groups of 45 female hairless Crl:Skhl
(hr/hr) BR mi ce, 80 days old, were fed standard
mouse chow or chow fortified with 0.5% (w/w)
ß-carotene (type 1, a11-trans, synthetic, crys-
tallne) for 32 weeks. ln week 11, a11 miee

received a single application of 150 mg DMBA
in acetone on the dorsal skin; one week later, 5
mg TPA in acetone were applied twice weekly
for II weeks and once weekly for another nine
weeks. There was no significant difference in
body weight between the groups. The levels of
ß-carotene in miee that received the supple-

ment were significantly increased in liver and
skin but remained near the limit of detection in
serum throughout the study. Nearly a11 mi ce
had developed skin tumours towards the end of
the study. ln weeks 17 and 18, the incidence
of skin tumours in those given ß-carotene was

statistically signifieantly lower th an that in
the control group (p .: 0.05; Fisher's exact test
(no further details given)). The time to
appearance of the first skin tumour was statis-
tically significantly longer in miee given
ß-carotene than in the controls (p .: 0.05;
Kruskal-Walls test (no further details given)).
The cumulative number of skin tumours and
their time to appearance were significantly
lower in the ß-carotene group (p = 0.03;

analysis of variance) (Lambert et al., 1994).
Skin papilomas were induced in 20 female

CD-l mice, eight weeks old, by dermal applica-
tion of DMBA for 60 days, untill0-20 papilo-

mas had developed in each mouse. Two groups
of 10 mice were then given 200 mg/kg bw per
day ß-carotene in 0.1 ml peanut oil or peanut

oil alone. By day 14, the ß-carotene level was

0.006 pmol/L in serum, 0.6 nmol/g tissue in
liver and 0.12 nmol/g tissue in skin papilo-
mas, whereas no ß-carotene was detected in
controls. Mean food intake and mean body
weights were not affected by ß-carotene. The

. cumulative size of the skin papilomas (num-
ber of papilomas x diameter of each papilo-
ma), measured in each animal on days 7 and

14 after the start of ß-carotene administration,
was 96.8 :! 7.6% of the size at the start of the ß-
carotene treatment at day 7 and 96.4 :! 5.6% at
day 14, the sizes in the control group being

109.0:! 5.4% at day 7 and 117.2:t 10.9% at day
14 (p.: 0.05; Dunnetts ttest) (Katsumura et al.,
1996).

(b) Colon (Table 28)
Mouse: Groups of female inbred Swiss Webster

(1eR) miee (initial number of mice unspecified),
10 weeks old, were fed diets containing 2 or 22
mg/kg of diet (ppm) ß-carotene (type II,
dissolved in corn oil). After five weeks, haU of
the animaIs at each dose received seven weekly
subcutaneous injections of 20.5-31 mg/kg bw
1,2-dimethylhydrazine (DMH) as the dihy-
drochloride in 1 mmol/L neutralized EDTA, for

a total dose of DMH of 196 mg/kg bw. At week
17, 10 or 12 mi ce in each group given DMH
and a11 mice not treated with DMH were kiled
and examined for hyperplastie colonie lesions;
and at week 36, 31 animaIs at the low dose and
32 at the high dose were kiled and examined
for colon tumours. The remaining 30 mice at
the low dose and 27 at the high dose were

observed for an additional 13 weeks and kiled
when moribund. Mice fed the high dose gained
signifieantly more weight (37.0 :: 4.0 g) than
those fed the low dose of ß-carotene (34.4 :: 3.4
g; p .: 0.05; Students t test). Food intake was
similar in a11 groups. DMH induced mild hyper-
plasia of the colonic epithelium, and ß-carotene
did not appear to moderate this effect. Miee fed
the high dose of ß-carotene had fewer colon

tumours th an those fed the low dose.
Adenomas were reduced in both incidence (low
dose: 19/31, high dose: 12/32; not significant;
X2 test) and multplicity (low dose: 1.96 :: 1.72,
high dose: 1.17 :: 0.39; p.: 0.05; Students t test).
Adenocarcinomas were reduced in both
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Table 28. Effects of ß-carotene on colon tumorigenesis in experimental animais ;:
("
::

Species, strain, No. of Carcinogen ß-Carotene (dose, Treatment relative Preventive effcacy Reference po
::

sex animals/group
(dose) route) to carcinogen 0.

cr007;Mouse, Swiss 1 0-32 1,2-Dimethylhydrazine; 22 mg/kg diet Before, during and Hyperplasia: none Temple & Basu (1987); '"
0Webster (ICR) total dose 196 mg/kg bw; after Adenoma: incidence, 38% (NS); Basu et al. (1988) ..
("subcutaneous multiplicity, 40% (p 0( 0.05) po
::n

Adenocarcinoma: incidence, 96% ri,.
(p 0( 0.001); "',.ri
Multiplicity, 86% (p 0( 0.05) 00ri

Rat, Holtzman, 28 1,2-Dimethylhydrazine; 1% in diet Before, during and Tumours/cancers in colon: None (NS)a Colacchio et al. (1989);
::.-
õ'male 30 mg/kg bw, after Colacchio & Memoli ::

subcutaneous, total dose,
(1986)

480 mg/kg bw

Rat, Wistar Cri, 36 MNNG, 2 mg/rat, 0.2/0.4% in diet Before, during and Adenocarcinoma Jones et al. (1989)
male intrarectally lwice weekly after Incidence: none (NS)

for 3 weeks Adenoma: none (NS)

Rat, Fischer 344 25-30 Azoxymethane; 2 x 15 90 mg/kg în diet After Large aberrant crypt foci: number, 51 % Shivapurkar et al. (1995)
(sex unspecifîedJ mg/kg bw, subcutaneous (p 0( 0.05)

Tumours: incidence, 26% (p 0( 0.05)

Rat, Sprague- 20-30 1,2-Dimethylhydrazine 0.005% in diet Before and during Carcinomas Yamamoto et al. (1994)
Dawley, male 12 weekly doses of 20 Incidence: 44% (SUl

mg/kg bw; subcutaneous

Rat, Fischer-344, 20 Azoxymethane; 2 doses 1, 10 and 20 mg/kg Before, during and Aberrant crypt foci Alabaster et al. (1995,
male of 15 mg/kg bw, diet (high-fat, low- after Low dose: 20% (NS); mid-dose: 53% (p 1996)

subcutaneous fibre diet) 0( 0.05); high dose: 71 % (p 0( 0.05)

Tumours
Low dose: 36% (NS); mid-dose: 73% (p
0( 0.05); High dose: 73% (p 0( 0.05)

Rat, Fischer 344, 15 Azoxymethane; 3 x 15 50 and 200 mg/kg Before, during, Aberrant crypt foci: low dose: 26% (p 0( Komaki et al. (1996)
male mg/kg bw, subcutaneous bw/day,orally after 0.01); hîgh dose: 37% (p 0( 0.01)

Rat, Sprague- 6 MNU, 30 x 4 mg 0.24, 1.2 and 6 mg; Afer Aberrant crypt foci; number/colon Narisawa et al. (1996)
Dawley, female intrarectally gavage, daîly for 2 Low dose: none (NS)

weeks Mid dose: none (NS)

High dose: none (NS)

NS, not significant; MNNG, N-methyl-N-nitro-N-nitrosoguanidine; SU, statistics unspecified; MNU, N-methyl-N-nitrosourea
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incidence, by 96% (low dose: 10/31, high dose:
1/32; p .( 0.01; X2 test), and multiplicity, by 86%
(low dose: 0.57 :t 0.73, high dose: 0.08 :t 0.29;
P .( 0.05; Students t test). The mortality rate of
mi ce on the high-ß-carotene diet was about half
(19%) that of mice on the low-ß-carotene diet

(40%), but the difference was not statistica11y
significant (Temple & Basu, 1987; Basu et al.,
1988).

Rat: Two groups of 28 weanling male
Holtzman rats were fed regular chow supple-
mented with either 1% ß-carotene (w /w; from
beadlets containing 10% ß-carotene) or 10%
placebo beadlets for 24 weeks. After four weeks,
a11 rats received 16 weekly subcutaneous injec-
tions of 30 mg/kg bw symmetrical DMH dis-
solved in neutral sodium hydroxide-corrected

phosphate-buffered saline (total dose, 480

mg/kg bw). At 24 weeks, the animaIs were

kiled and examined for intestinal tumours. All
rats had colon cancers, and ß-carotene had no
effect on the tumour response: 3.79 colon cancers
per rat in the ß-carotene group and 3.71 in the
group given placebo (not significant; Colacchio &
Memoli, 1986; Colacchio et al., 1989).

Two groups of 36 weanling male Wistar Crl
rats, three weeks old and weighing about 50 g,
were fed a powdered basic diet (NIH-07
containing 10 000 iu vitamin A and 1.4 mg
carotene per kg) supplemented with either
0.4% ß-carotene (from beadlets containing
10% ß-carotene) or placebo beadlets (4%) for
two weeks. The ß-carotene and placebo
contents of the diets were th en reduced by a

factor of two, and these diets were fed until
termination of the study at 25 weeks. At

five weeks of age, 2 mg N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG; 0.15 ml of a solu-
tion of 13.4 mg/ml distiled water, pH 5) were
administered intrarecta11y twice weekly for
three weeks. Two additional groups of 18
rats did not receive MNNG and served
as ß-carotene and placebo control groups,

respectively; a further group of eight rats

served as untreated controls. There were no
significant differences among the groups
in body weight. ß-Carotene did not affect the
incidence of MNNG-induced colorectal cancer:
34/36 rats receiving ß-carotene had adenocar-
cinomas and 17/36 had adenomas, whereas

34/35 MNNG-treated controls had adenocarci-
nomas and 24/35 had adenomas (p = 0.12; X2
test). The locations of the tumours were similar
in the two groups Gones et aL., 1989).

Fifty-five Fischer 344 rats (sex and age
unspecified) were fed a 'high-risk' diet, high in
fat and low in fibre, with the fo11owing compo-
sition: casein, 194.9 g/kg; DL-methionine, 2
g/kg; dextrose, 256.5 g/kg; sucrose, 256.5 g/kg;

wheat bran, 25.6 g/kg; fat mixture (44.2% lard,
46.2% corn oil, 9.6% hydrogenated coconut

oil, 200 g/kg); calcium-free AIN76 salt mix, 35
g/kg; modified AIN76A vitamin mix, 10 g/kg;
choline bitartrate, 2 g/kg and calcium carbon-
ate, 17.5 g/kg. After two weeks, the rats were
given two subcutaneous injections of 15 mg/kg
bw azoxymethane (interval between injections
unspecified). After another six weeks, 25 rats
were given the di et supplemented with 90 ppm
ß-carotene (formulation unspecified). Five rats
fed the unsupplemented di et were kiled at 10

weeks, five rats from each group at 14 and 18
weeks, and the remaining rats 30 weeks after
the start of the study. There were no significant
differences between the groups in body weight.
ß-Carotene significantly reduced the number of
aberrant crypt foci (p .( 0.05; Students t test)
and the incidence and multiplicity of colonic
adenomas and adenocarcinomas. Thus, the
ratio of the number of aberrant crypt foci with
eight or more aberrant crypts per focus in the
unsupplemented group and in the ß-carotene-
supplemented group at week 18 was 2.06, and
colonic tumours had occurred by the end of the
study in 74% of the unsupplemented and 55%
of the ß-carotene-supplemented groups (p -(
0.05; Fisher exact test) (incidences estimated

from a figure) at multiplicities of 1.35 and 0.70
(p .( 0.05; Students t test), respectively

(Shivapurkar et aL., 1995).
Male Sprague-Dawley rats, five weeks old,

were fed CE-2 basic diet either as su ch for 26

weeks (30 animaIs) or supplemented with

0.005% ß-carotene (type Ill, from carrot (for-
mulation in the diet unspecified)) for 14 weeks,
fo11owed by CE-2 basic diet for the final 12
weeks (20 animaIs). From day 3, a11 rats were
given weekly subcutaneous injections of 20
mg/kg bw DMH for 12 weeks. At the end of
week 26, a11 rats were kiled and examined for
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the presence of colon carcinomas. A group of
20 rats fed CE-2 basic diet for 26 weeks served
as untreated controls. No significant differences
in body weight were seen among the groups.
ß-Carotene reduced the incidence of colon ade-
nocarcinomas, mucinous adenocarcinomas and
signet-ring ce11 carcinomas from 24/30 to 9/20
(statistics unspecified) (Yamamoto et al., 1994).

Four groups of 20 male Fischer 344 rats, four
weeks old, were fed a high-fat (20% fat)i low-
fibre (1% wheat bran) di et containing 0, 1, 10

or 20 mg/kg ß-carotene for 30 weeks (formula-
tion in the di et unspecified). AU rats were given
two subcutaneous injections of 15 mg/kg bw
azoxymethane, one in week 3 and one in week
4. After 10 weeks, five rats per group were kiled
and examined for the presence of aberrant
crypt foci in the colon. The remaining rats were
continued on their respective diets for an addi-
tional 20 weeks and examined for the presence
of colon tumours. Four comparable groups of

rats were kept on the same diets and received a
subcutaneous injection of saline only in weeks
3 and 4. There was no significant difference in
body weight among the groups. ß-Carotene
reduced the number of aberrant crypt foci per
rat from 44.0 :! 4.18 in' the control group to
35.0 :! 3.29 in rats at 1 mg/kg ß-carotene, 20.6
:! 0.68 in those at 10 mg/kg and 12.8 :! 1.96 in
those at 20 mg/kg; the differences from the
controls were statistica11y significant (p .0 0.05;
Students ttest) for the two highest doses. ln addi-
tion, ß-carotene reduced the incidence of colon
adenoma and adenocarcinoma from 11/15 in
controls to 7/15 in those at 1 mg/kg ß-carotene,
(3/15) in those at 10 mg/kg and (3/15) in those at
20 mg/kg, the differences from controls again
being statistica11y significant only at the two high-
est doses. No aberrant crypt foci or colon tumours
were found in con troIs not treated with
azoxyethane (Alabaster et aL., 1995, 1996) (The
Working Group noted discrepancies between the
two publications in the total number of aberrant
cryt foci and the incidence of colon adenomas.)

Three groups of 20 male Fischer 344 rats,
five weeks old, were kept on a semi-purified
diet (20% casein, 59% sucrose, 4% cellulose,
0.15% choline, 4% mineraI mixture, 1% vita-
min mixture and 12% olive oil) and received ß-
carotene at 0, 50 or 200 mg/kg bw per day in
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distiled water for five weeks. At six, seven and
eight weeks of age, 10 rats in each group were
injected subcutaneously with 15 mg/kg bw
azoxymethane; the other 10 animaIs in each

group served as controls. A11 rats were ki11ed at 10

weeks of age, and the colons of five azoxy-

methane-treated rats and five that did not receive
azoxymethane were examined for the presence
and number of colonic aberrant crypts and foci.
Mean food intake and mean body weight were
not significantly affected by ß-carotene adminis-
tration. No neoplasms were found. No aberrant
crypt foci were observed in the colons of con-
troIs that did not receive azoxymethane, but a11

rats given the carcinogen had foci. ln rats given ß-
carotene, both the number of foci per colon and
the number of crypts per colon were statistically
significantly decreased (p .0 0.01; Dunnetts t test)
as compared withthe control group; the numbers
of aberrant crypt foci per colon were 217 :! 23.5,
159.8:! 16.4 and 135.4:! 16.3 in controls and those
at 50 and 200 mg ß-carotene, and the numbers of
aberrant cryts per colon were 381.2 :! 38.1, 267.0
:! 33.8 and 223.6 :! 27.5, respectively. The numbers
of aberrant crypts per focus were also lower in

rats receiving ß-carotene than in control s, but the
. differences were not statistica11y significant
(Komaki et aL., 1996). (The Working Group noted
that a positive effect was noted even though ß-
carotene was administered in distiled water.)

Twenty four female Sprague-Dawley rats,
seven weeks old, received three intrarectal
instilations of 4 mg N-methyl-N-nitrosourea

(MNU) in 0.5 ml distiled water in week 1 and
were then divided into foùr groups of six ani-
maIs which received 0.2 ml corn oil containing
0, 0.24, 1.2 or 6 mg ß-carotene by intragastric
gavage daily during week 2 and week S. ln week
6, aU rats were kiled and their colons were

examined for aberrant crypt foci. The numbers
of aberrant crypt foci per colon were not signif-
icantly reduced by administration of ß-carotene
(56.1 :! 10.0 at the high dose) but were in fact
slightly higher in rats at the low (74.5 :! 3.9) and
intermediate (67.7 :! 3.9) doses than in the con-
trol group (62.7 :! 7.2) (Narisawa et al., 1996).

(c) Respiratory tract (Table 29)
Mouse: Two groups of 16 male, specifie
pathogen-freei ddY mice, six weeks old,
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Table 29. Effects of ß-carotene on tumorigenesis in organs other than skin, salivary glands, buccal pouch, colon and liver

Organ Species, strain, sex No. of Carcinogen ß-Carotene Treatment relative Preventive efficacy Reference
animals/group (dose, route) (dose, route) to carcinogen

Lung Mouse, ddY, male 16 4-NQO, 10 mg/kg bw, 0.05% in drinking- During and after Type Il adenoma Murakoshi et al.
single s.e. injection water (3.27 Incidence: none (NS) (1992)
Glycerol (10%) in mg/mouse per day)

Multiplicity: none (NS)
drinking-water

Lung Mouse, N:GP(S), 38-41 0.5 mg B(aJP, single 500 mg/kg diet Afer Adenoma Yun et al. (1995)
male and female dose, s.e. Incidence: males, none (NS);

females, 34% (NS)
Multiplicity: males, 17% (NS);
females, 40% (NS)

Respiratory tract Hamster, male and 40-60 64 mg B(alP/animal; 56 mg/kg diet Before, during (Pre )neoplasia Beems (1987)
female intratracheally + 8 mg and after None (some weak indication of

Fe203 enhancement)

Respiratory tract Hamster, male ? NDEA, 17.8 mg/kg bw, 1.5 mg s.e., twice Before and during Tumour incidence, 48% (NS) Moon et al. (1994)
s.e. twice weekly, 20 weekly for 21 weeks
weeks

Respiratory tract Hamster, male 50 10 doses of 8 mg B(ajP 56 mg/kg diet Before, during (Pre )neoplasia Wolterbeek et al.
+ 8 mg Fe203 over 12 and after None (some weak indication of (1995a)
weeks enhancement)

Urinary bladder Mouse, B6D2F1 (sex 24 NBHBA, 10 weekly 5 mmol/kg diet After Hyperplasia and carcinomas; none Hicks et al. (1984)
unspecified) doses of 1.5 or 3.0 mg; (SU)

gavage

Urinary bladder Mouse, B6D2F1 24 5 mg NBHBA, gavage, 0.1% in diet Before, during Carcinoma: incidence, 47% Mathews-Roth et al.

twice/week and after (p 0( 0.05) (1991)

Urinary bladder Rat, Fischer 344 About 70 NBHBA; total dose, 3 mmol/kg diet Before, during and Hyperplasia and carcinomas: no ne Pedrick et al. (1990)

(sex unspecifiedj 635 mg/rat ¡route after (SU)
unspecified)

Forestomach Mouse, Swiss, 20 B¡aJP; 1 mg, twice 4.7 mmol/animal per Before, during and Gross tumour incidence, 85% Azuine et al. (1992)
female weekly, 4 weeks; day, gavage after (p 0( 0.001)

gavage
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1 ~Table 29 (contd)

$:
::

Organ Species, strain, sex No. of Carcinogen ß-Carotene Treatment relative Preventive effcacy Reference

l ¡animals/group (dose, route) (dose, route) to carcinogen
CI

0-,
Stomach, small Rat, Wistar Cri, male 36 MNNG; 3.82-4.10 0.2/0.4% in diet Before, during and Stomach, adenocarcinoma, Jones et al. (1989) (J
intestine mg/kg bw per day in after incidence: 43% (NS)

$:
::

drinking- water n
Small intestine, incidence, ro..
multiplicity: none (rather, a small '"..
increase) ro~

ro
::

Small intestine Rat, Holtzman, male 28 DMH; 30 mg/kg bw 1% in diet Before, during and Tumours: none Colacchio & Memoli 1 §s.e.; tolal dose, 480 after (NS) (1986); Colacchio et
mg/kg bw al. (1989)

Small intestine Rat, Sprague-Dawley, 20-30 DMH; 12 weekly doses 0.005% in diet Before and during Carcinomas Colacchio & Memoli
male of 20 mg/kg bw s.e. Incidence: none ¡SUi (1986); Colacchio et

al. (1989)

Pancreas Rat, Bor(WISW, Cob) 40 Azaserine, 30 mg/kg 60 mg/kg diet After Preneoplasia: Appel et al. (1991)
Wistar, female bw, Iwo i.p. injections Number: 27% (NS - 43%

(p.: 0.05)

Pancreas Rat, Wistar, male 15? Azaserine, 3 x 30 100 and 1000 mg/kg After Preneoplasia Appel & Woutersen
mg/kg bw; i.p. diet High dose: 29% (p .: 0.05) (1996)

Tumours: None (NS)

Pancreas Rat, Wistar, male 15? Azaserine, 3 x 30 100 and 1000 Before and during Preneoplasia Appel & Woutersen
mg/kg bw; i.p. mg/diet diet High dose: 42% (p .: 0.05) (1996)

Tumours :

None (NS)

Pancreas Hamster, male 40 NBOPA, 3 weekly 60 mg/kg diet Afer Preneoplasia and carcinomas: Appel et al. (1996)
doses of 20 mg; s.e. none (NS)

Multiple organs Rat, F344/DUCrj 10-20 DMH, 40 mg/kg bw; 0.2% in diet After Preneoplasia/cancers lm aida et al. (1990)
Fischer, male two s.e. injections; Liver cell foci: 25% (NS)

MNU, 20 mg/kg bw; 4 Colonie carcinoma: 56% (NS)
i.p. injections, Nephrobastoma: 56% (NS)

4-NQO, 4-nitroquinoline 1-oxide; NS, not significant; B¡aJP, benzo¡alpyrene; NBHBA, N-nitrosobutyl(4-hydroxybutyl)amine; NBOPA, N-nitrosobis(oxopropyl)amine; MNNG, N-methyl-N-nitro-N'-nitrosoguanidine;
DMH, 1 ,2-dimethylhydrazine; s.e., subcutaneously; i.p. intraperitoneally; MNU, N-methyl-N-nitrosourea; SU, statistics unspecified
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received drinking-water containing 0.05%

ß-carotene (as an emulsion containing 0.5%
sucrose ester P-1750, 1% Sansoft 8000, 0.2%
L-ascorbyl stearate and 4% peanut oil; mean ß-
carotene intake, 3.27 mg/d per mouse) or the
emulsion without ß-carotene for four weeks.
On the first day, a11 mice received a single sub-
cutaneous injection of 10 mg/kg bw 4-nitro-
quinoline l-oxide (4-NQO) dissolved in a 20:1
mixture of olive oil and cholesterol (about 0.3
mg 4-NQO per mouse). During weeks 5-25, the
drinking-water of a11 mice contained 10% glyc-
erol. The mi ce were kiled at week 30. There was
no significant difference in water intake or
body weight between the two groups. The per-
centages of mice with lung tumours (type II
adenoma) were 94 and 93, and the mean num-
bers of lung tumours per mouse were 4.06 :!
0.18 in controls and 4.93 :! 0.28 in those given
ß-carotene. The size of the lung tumours (not
further specified) was similar in the two groups.
The study was repeated with almost similar
results (no further details presented)

(Murakoshi et al., 1992; Nishino, 1995).
Two groups of newborn male and female

N:GP(S) mice, less th an 24 h old, received a sin-
gle subcutaneous injection into the scapular

region of 0.02 ml of a suspension of 0.5 mg
benzo(a)pyrene in 1% aqueous gelatin or 0.02
ml of the 1% aqueous gelatin alone. After
weaning, the mice received NIH 7-open formu-
la diet either alone (41 males and 39 females
given benzo(a)pyrene; 39 male and 40 female
controls) or containing 500 mg/kg ß-carotene
(40 males and 40 females given benzo(a)pyrene;
40 male and 38 female controls) for six weeks.
Nine weeks after the benzo(a)pyrene injection,
aU mice were kiled and examined for lung
tumours. ß-Carotene did not significantly affect
the incidence of lung tumours (adenoma),

which occurred in (15/41) males and (22/39)

females given benzo(a)pyrene and (15/40)
males and (15/40) females given benzo(a)-
pyrene plus ß-carotene (X2 test); nor did it affect
the multiplicity, which was 1.02 :! 2.17 in males
and 1.38 :! 2.08 in females given benzo(a)pyrene
and 0.85 :! 1.42 in males and 0.83 :! 1.81 in
females given benzo(a)pyrene plus ß-carotene

(Students t test). No lung tumours were found
in mice fed only ß-carotene, while 1/39 males

and 1/40 females in the group on unsupple-

mented diet developed a pulmonary adenoma
(Yun et al., 1995).

Hamster: ß-Carotene was added at a dose of
56 mg/kg to a semisynthetic diet as water-dis-
persible beadlets containing 10% pure ß-
carotene and administered to a group of wean-

ling Syrian golden hamsters (age not further
specified), initiaUy consisting of 40 males and
40 females, for 374 days to females and 429
days to males. A group of 60 male and 60
female hamsters fed the same di et without ß-

carotene served as controls (use of placebo

beadlets unspecified). After an adaptation peri-
od of 30 days on the diets, aU hamsters received
an intratracheal instilation of 8 mg benzo(a)-

pyrene and 8 mg ferric oxide suspended in 0.2
ml sterile saline once every two weeks for 16
weeks. At the end of the study, the serum con-
centrations of ß-carotene and serum retinol
(free and bound to retinol-binding protein)
were higher in the animaIs given ß-caratene

than in controls; however, the concentrations

of both ß-carotene and vitamin A in the liver
were statisticaUy significantly increased (p 0(
0.01; analysis of variance). Body weight and
food intake were not affected by ß-carotene. At
the end of the experiment, the survival rate in
one of the groups had dropped below 25%

(mortality not further specified). ß-Carotene
did not c1early affect the tumour response (pre-
dominantly epidermoid carcinomas, epider-
moid papilomas, adenosquamous carcinomas

and adenomas) in the respiratory tract, the
incidences of tumours in males being 34/57 in
contraIs and 26/38 in those given ß-carotene

and those in females being 37/57 and 25/36,

respectively. When the tumour incidences were
analysed by a method that took into account
differences in mortality between the groups,

however, the tumour response in the respirato-
ry tract tended to increase in animaIs of each

sex given ß-carotene rather than to decrease (p

= 0.07 for positive trend), and the incidences of
epidermoid papilomas in the trachea, bronchi
and larynx in these animaIs were statistica11y
significantly increased (p = 0.04), as were those
of aU types of laryngeal tumours combined (p =
0.03 (incidences of tumours at these sites
unspecifiedJ). The incidence and severity of
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preneoplastic changes in the respiratory tract-

dysplasia in the larynx, metaplasia in the tra-
chea and bronchi, alveolar bronchiolization in
the lungs-were not affected by ß-carotene

(Beems, 1987).
Groups of 10-20 male Syrian golden ham-

sters, . five to six weeks of age, were given
subcutaneous injections of 1.5 mg ß-carotene
(micellar form dispersed in an aqueous
solution, 40 mg/ml) twice a week. After one
week, the animaIs received NDEA at 17.8
mg/kg bw by subcutaneous injection 24 h after
every ß-carotene injection for 20 weeks. At ter-
mination of the study after 25 weeks on the
test diets, the entire respira tory tree was
removed, and incidence of tumours was exam-
ined. ß-Carotene reduced the tumour inci-
dence by 48% (not significant) (Moon et al.,
1994).

Two groups of 50 male Syrian golden ham-
sters (age unspecified) were fed a pe11eted diet

containing 4000 lU/kg retinyl palmitate with
or without 1% (w/w) ß-carotene. After one
mon th, all of the hamsters received 10 intratra-
cheal instilations of 8 mg benzo(a)pyrene and
8 mg ferric oxide particles suspended in 0.2 ml
saline for 12 weeks, while two groups of 20
hamsters received 10 intratracheal instilations
of ferric oxide only. One week after the
last instilation, six to eight hamsters in each
group given benzo(a)pyrene were kiled;
the remaining survivors were kiled five weeks

later. The incidences of preneoplastic and neo-
plastic changes in the larynx, trachea and lungs
were not reduced by ß-carotenebut on the

contrary were almost twice as high in hamsters
fed the ß-carotene-supplemented diet:
Squamous-cell carcinomas of the larynx, carci-
nom as in situ, squamous-ce11 carcinomas of the
trachea and papilomas, squamous-ce11 carcino-

mas, adenosquamous carcinomas, adenocarci-
nomas and carcinosarcomas of the lungs or
bronchi occurred in 15/41 animaIs, in compari-
son with 8/39 in hamsters on the control diet;
however, the difference was not statistica11y sig-
nificant (p = 0.15; two-sided Fisher exact proba-
bility test). The average time to appearance of
the tumours was 19 weeks in animaIs receiving
ß-carotene and 18 weeks in controls. No respira-
tory-tract tumours were found in hamsters that
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were not treated with benzo 
(a) pyrene

(Wolterbeek et al., 1995a).

(d) Urinary bladder (Table 29)
Mouse: Groups of 23-25 B6D2Fi mice (sex and
age unspecified) were given N-nitrosobutyl(4-
hydroxybutyl)amine (NBHBA) in ethanol or

ethanol alone by stomach tube: two groups

received 10 weekly doses of 1.5 mg NBHBA
(total dose, 15 mg), two groups received 10
weekly doses of 3.0 mg NBHBA (total dose, 30
mg), and two groups received alcohol alone
(volume unspecified). For the next six months,
one group on each treatment was maintained

on standard diet, while the other three groups

received standard diet supplemented with 5
mmol/kg ß-carotene (method and dose not fur-
ther specified). No significant effect of ß-
carotene was observed on the incidence of
either hyperplasia or carcinoma of the urotheli-
um, the incidences being 0/24, 7/23, 16/25,

18/24 13/25 and 12/25 for hyperplasia and
0/24, 0/23, 6/25, 4/24, 12/25 and 11/25 for car-
cinoma in the vehicle controls, the ß-carotene
control s, the mice fed the low dose of NBHBA,
those fed the low dose of NBHBA plus ß-
carotene, those fed the high dose of NBHBA
and those given the high dose of NBHBA plus ß-
carotene, respectively (statistics unspecified)
(Hicks et al., 1984)

Two groups of 24 male B6D2Fi mice, five to
seven weeks old, were fed powdered rodent

chow supplemented with either 10% ß-
carotene-containing beadlets (0.1% ß-carotene

in the diet) or the same amount of placebo

beadlets, for about seven months. After five
weeks, all mice received 5 mg NBHBA in saline
(total dose, 90 mg) by gastric tube twice weekly
for nine weeks. The mice were kiled six
months after the first instilation of NBHBA. ß-
Carotene did not affect body weight, but it
reduced the incidence of urinary bladder

tumours (carcinoma in situ and transitional-ce11
carcinoma) from 15/24 to 8/24 (p ~ 0.05; X2

test) (Mathews-Roth et al., 1991).
Rat: A total of 285 weanling Fischer 344 rats

(age and sex unspecified) were randomized into
four groups (number of rats per group not spec-
ified), two of which received a basic vitamin A-
deficient diet while the other two received the



Carotenoids

same diet with added vitamin A palmitate
(amount unspecified) for 46 days. At day 46,
the diets of one of the groups on the basic diet
and one of the groups with added vitamin A
were supplemented with 3 mmol/kg ß-carotene
(not further specified); the other group on basic
diet received a low level of vitamin A palmitate
in the drinking-water to main tain a healthy but
vitamin A-deficient condition. After day 102,

the rats were dosed (route unspecified) with
635 mg per rat NBHBA in five weekly portions,
except for one-haIt of the rats on vitamin A-
deficient basic diet with added vitamin A
palmitate and ß-carotene and haIt the rats on
vitamin A-deficient basic diet receiving vitamin
A palmitate in their drinking-water, which were
treated with the NBHBA vehicIe (unspecified)
only. A11 rats were kiled 42 weeks later, and the
urinary bladders were examined histologica11y.
The urothelium of vehicIe-treated rats was nor-
maL. ß-Carotene did not reduce the incidence of

hyperplasia or carcinoma of the bladder epithe-
lium in NBHBA-treated rats, hyperplasia being
seen in 16/26, 16/26, 20/28 and 16/33 and car-
cino mas in 10/26, 10/26, 8/28 and 17/33 rats
on the vitamin A-deficient basic di et with
added vitamin A palmitate and ß-carotene, the
vitamin A-deficient basic diet with added vita-
min A palmitate, the vitamin A-deficient basic
diet with ß-carotene and the vitamin A-defi-
cient basic diet with vitamin A palmitate in the
drinking-water, respectively (Pedrick et al.,
1990) (The Working Group noted the absence
of information on mortality and intercurrent
deaths.)

(e) Liver (see alsa Table 30)
Mouse: Groups of 17 eight-week-old male
C3H/He mice, which have a high spontaneous
incidence of liver tumours, received 0.005 or
0.05% ß-carotene mixed with the drinking-
water as an emulsion containing 0.5% sucrose
ester P-1750, 1% Sansoft 8000, 0.2% L-ascorbyl
stearate and 4% peanut oïl, to give me an ß-
carotene intakes of 0.24 and 2.47 mg/d per
mouse, respectively, or the emulsion without ß-
carotene for 40 weeks, at the end of which the
mice were kiled. There was no significant dif-
ference in body weight or water intake between
the groups. A11 of the mice developed well-

differentiated hepatocellular carcinomas. ß-

Carotene did not significantly reduce the mean
number of liver tumours per mouse, .although
relatively few occurred in animaIS at the high
dose: 6.31 :! 0.62 in controls, 7.38:! 0.83 at the
low dose and 4.71 :! 0.39 at the high dose. The
size (not further specified) and histological

appearance of the tumours did not differ
among the groups (Murakoshi et aL., 1992).

Rat: Groups of 15 male albino Wistar rats,
50 days old and weighing about 150 g, were fed
an adequate basal diet gelatinized with a 3%
agar solution (water content of the diet, 50%)

and another was fed the basal diet supplement-
ed with 1 mg/kg ß-carotene. After seven days,
a11 animaIs receiving ß-carotene and those in

one of the two groups given unsupplemented
basal diet received a single dose of 500 mg afla-
toxin Bi dissolvedin 0.2 ml dimethylsulfoxide

by stomach tube, while the other group on
basal diet received 0.2 ml dimethylsulfoxide

only. Three weeks after aflatoxin Bi administra-
tion, the animaIs fed the ß-carotene-supple-

mented di et were switched to basal diet. The
experiment was terminated at 24 months,
when a11 survivors were kiled and examined
for liver lesions. The incidence of hepatoce11u-
lar carcinomas in the group treated with afla-
toxin Bi and given unsupplemented diet was

12/15; no liver tumours were found in the vehi-
cIe con troIs or in the group treated with afla-
toxin Bi and fed the ß-carotene-supplemented

di et. ln these groups, 14/15 rats survived for 24
mon th s, whereas in the group treated with afla-
toxin Bi and fed the basal diet only 7/15 ani-
maIs survived (Nyandieka et al., 1990). (The
Working Group noted the absence of statistical
analysis. )

Two groups of Wistar rats (age unspecified),
weighing 90-100 g, were kept on a commercial
natural diet containing 5 l1g/g diet vitamin A
and 0.08 l1g/g diet ß-carotene; a group of 10
received corn oïl and a group of 12 received

corn oïl containing ß-carotene (trans, type 1; 70
mg/kg bw) intragastrica11y every other day for
eight weeks. After two weeks, a11 rats received a
single intraperitoneal injection of 200 mg/kg
bw N-nitrosodiethylamine (NDEA) in 0.9%
saline. Two weeks later, a11 rats received a single
dose of 20 mg/kg bw 2-acetylaminofluorene

..
153

kajob
Rectangle



~ 1

S;

Table 30. Effects of ß-carotene on Iiver tumorigenesis in experimental animais ~n
::

Species, strain, sex No. of Carcinogen (dose/route) Carotenoid (dose/route) Treatment period Preventive efficacy Reference p;
::

animals/group 0.cr0
Mouse, C3H/He, 17

0- 0.005 and 0.05% in - Liver carcinomas Murakoshi et al. (1992) ~""

male drinking-water (0.24
Incidence: none (NS)

0..
and 2.47 mg/mou se per n

p;
day) Multiplicity: low dose, none ::

('
(NS); high dose, 25% (NS)

ro..
Rat, Wistar, male 15 500 mg AFB1, single dose 1 li9/kg die! Before and during Hepatocellular carcinomas: Nyandieka et al. (1990)

""..
ro

by gavage 100% (SU) -:
ro
::..

Rat, Wistar, male 10-12 NDEA, 200 mg/kg bw, single 70 mg/kg bw, gavage; 8 Before, during Preneoplasia Moreno et al. (1991) 1 g'

dose, i.p. weeks and after Incidence: 75% (p 0: 0.005);

2-AAF, 1,0-20 mg/kg bw, 5
Number: 95% (p 0: 0.05);

daily doses, gavage; partial
Area: 85% (p 0: 0.01)

hepatectomy

Rat, Wistar, male 7-11 NDEA, 200 mg/kg bw, single 70 mg/kg bw, gavage; 8 Before Preneoplasia Moreno et al. (1991)
dose, i.p. weeks Incidence: 55% (p 0: 0.05)
2-AAF, 10-20 mg/kg bw, 5 Number: 87% (p 0: 0.05)
daily doses, gavage; partial Area: 77% (p 0: 0.01)
hepatectomy

Rat, Wistar, male 11 NDEA, 200 mg/kg bw, single 70 mg/kg bw, gavage; 8 During and after Preneoplasia Moreno et al. (1991)
dose, i.p.; 2-AAF, 10-20 weeks Incidence: none
mg/kg bw, 5 daily doses, Number: 25% (NS)
gavage Area: 55% (NS)

Rat, Fischer, male 13-15 IQ (100 mg/kg bw), single 0.02% in diet Before and during GST-P+ foci: Tsuda et al. (1994)
dose, gavage Number45% (p 0: 0.001)

Area 30% (p 0: 0.05)



Table 30 (contd)
Species, strain, sex No. of Carcinogen (dose/route) Carotenoid (doselroute) Treatment period Preventive efficacy Reference

animals/group

Rat, Sprague-Dawley, 10-14 2-MF, 0.05% in diet 100 mg/kg die! Before and Hyperplastic liver-cell Sarkar et al. (1994)
male

during; before; nodules
after Before and during:

Incidence, 77% ¡SU)

Number, 99% ¡SUi

Before:
Incidence, 60% ¡SU)
Number, 97% (SU)

Afer:
Incidence, 37% ¡SU)

Number, 84% ¡SU)

Rat, Fischer, male 15-16 NDEA (200 mg/kg bw), 0.1 % in the diet After None (NS) Hirose et al. (1995)
single dose, i.p.

Rat, Fischer, male 15-16 NDEA (200 mg/kg bw), 0.1 % in the diet Afer GST-P+ foci, Hirose et al. (1995)
single dose, i.p. + Glu-P-1 Number: 26% (p 0: 0.01)
(0.03% in diet) Area: 48% (p 0: 0.05)

Rat, Fischer, male 15-16 NDEA (200 mg/kg bw) + 0.1 % in the diet Afer None (rather an increase) Hirose et al. (1995)
NDMA (0.002% in

drinking- water)

Rat, Sprague-Dawley, 8-12 3'-Met-DAB, 0.06% in diet 120 mg/kg die! Before, during Hyperplastic liver-cell Sankar et al. (1995a)
male and after nodules

Before and duríng:

Incidence, 75% ¡SU)

Number, 97% ¡SU)

Multiplicity, 92% (p 0: 0.001)
Before:
Incidence, 58% ¡SU)

Number, 92% ¡SU)

Multiplicity, 87% (p 0: 0.001)

Arter.
Incidence, 37% (SU)
Number, 71% ¡SU)

IL

Multiplici!y, 67% (p 0: 0.001)

~ 1 0.
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Table 30 (contd)
:;
()
::

Species, strain, sex No. of Carcinogen (dose/route) Carotenoid (dose/route) Treatment period Preventive efficacy Reference $:
::

animals/group
0.
0"00

Rat, Sprague-Dawley, 12-14 NDEA, 200 mg/kg bw, 120 mg/kg diet Before, during Preneoplasia Sarkar et al. (1995b)
~
on

male single dose, i.p. and after Incidence: significant (%
0..

Phenobarbital, 0.05% in unspecifiedl ()
$:

drinking-water for 12 Number: 75% (p 0( 0.001)
::n
ro

weeks Volume: 66% (p 0( 0.001) ..
""..
ro
-0

Rat, Sprague-Dawely, 12-14 NDEA, 200 mg/kg bw, 120 mg/kg diet Before Preneoplasia Sarkar et al. (1995b)

1 l
male single dose, i.p. Incidence: significant (%

Phenobarbital, 0.05% in unspecifiedJ

drinking-water for 12 Number: 58% (p 0( 0.001)
weeks Volume: 62% (p 0( 0.001)

Rat, Sprague-Dawely, 12-14 NDEA, 200 mg/kg bw, 120 mg/kg diet Afer Preneoplasia Sarkar et al. (1995b)

male single dose, i.p. Incidence: significant (%

Phenobarbital, 0.05% in unspecifiedl
drinking-water for 12 Number: 41% (p 0( 0.001)

weeks Volume: 34% (p 0( 0.05)

Rat, Wistar, male 6 NDEA, 200 mg/kg bw, 70 mg/kg bw, gavage; Before, during Preneoplasia Moreno et al. (1995)
single dose, i.p. 8 weeks and after Incidence: 50% (SUl
2-AAF, 20 mg/kg bw, Number: 46% (p 0( 0.05)
6 daily doses, gavage; Area: 72% (p 0( 0.05)
partial hepatectomy

Rat, SPF Wistar, male 10 NDEA, 200 mg/kg bw, 300 mg/kg diet, 3 Before and during Preneoplastic foci: Astorg et al. (1996)

single dose, i.p. weeks None (NS)

2-AAF, 50 mg/kg diet
Phenobarbital, 500 ppm
in diet



Table 30 (contd)
ReferenceSpecies, strain, sex No. of

animals/group

Rat, SPF Wistar, male 9 -10

Rat, Fischer 344, male 12

Rat, SPF Wistar, male 7-9

Rat, SPF Wistar, male 9-10

Rat, SPF Wistar, male 9-10

Carcinogen (dose/route)

NDEA, 200 mg/kg bw,
single dose, i.p.
2-MF, 50 mg/kg diet
Phenobarbital, 500 ppm
in diet

AFB1 (0.25 mg/kg bw,
întragastrically, for 2
weeks)

2-Nitropropane

6 x 100 mg/kg bw, i.p.

NDEA, 100 mg/kg bw,
single dose, i.p.

AFB1, 2 x 1 mg/kg bw,

i.p.

Carotenoid (dose/route) Treatment period Preventive effcacy

9 doses of 10 mg/kg
bw; i.p.

Before and during Preneoplastic foci:
None (NS)

Astorg et al. (1996)

Carotenoid-rich food Initiating or post- Decrease in foci diameter (p -: He et al. (1997)
extract, 250 mglkg bw initiating phase 0.05), decrease in number of
intragastrically foci/cm3 (p -: 0.05)

300 mglkg diet Before and during Fraction of liver volume Astorg et al. (1997)
occupied by GST-P+ foci:
none (NS)

300 mglkg dîet Before and durîng Fraction of Iîver volume Astorg et al. (1997)
occupied by GST-P+ foci:
58% (NS)

300 mg/kg diet Before and during Fraction of liver volume Gradelet et al. (1998)
occupied by GST-P+ foci:
83% (p -: 0.05)

From Appel & Woutersen (1996)
NS, not sîgnificant; AFB1, aflatoxin B1; SU, statistics unspecified; NDEA, N-nitrosodiethylamine; i.p., intraperîtoneally; 2-MF, 2-acetylaminofluorene; IQ, 2-amîno-3-methylimadazo

¡4,5-~quinoline;

GST-P+, glutathione S-transferase placental form-positive; Glu-P-1, 2-amino-6-methyldipyrido¡1 ,2-cx: 3'2'-djimidazole; NDMA, N-nitrosodimethylamine; 3'-Met-DAB, 3'-methyl-4-
di methylaminoazobenzene

~ 1

n
."..o,.
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(2-AAF) dissolved in corn oil by gavage for four

consecutive days and were subjected one day
later to a two-thirds hepatectomy. Four days
later, a last dose of 10 mg/kg bw 2-AAF was
given by gavage. AlI rats were kiled eight weeks
after the start of the experiment. The body
weights were statistica11y significantly higher in
the ß-carotene group (309:t 31g) than in the con-
trol group (264 :t 30 g; P ~ 0.005; Students

t test). The hepatic concentration of ß-carotene
was enhanced in animaIs that received it for
eight weeks (1. 79 :t 0.42) in comparison with
controls (0.84:t 0.14) and in those that received
it for six weeks after initiation (2.23 :t 1.71; 1.57
:t 1.89 in controls) but not in those that
received ß-carotene only for two weeks in the
initiation study (0.72 :t 0.07; 1.34 :t 1.44 in con-
troIs). ß-Carotene reduced the incidence of
hyperplastic nodules from 10/10 to 3/12 (p ~
0.005; Students t test), the total number of
nodules from 581 to 8, the number of nodules
per cm2 from 33.7 :t 29.3 to 1.7 :t 1.4 (p ~ 0.05;
Students t test) and the total area of the nod-
ules from 0.62 :t 0.24 to 0.10 :t 0.09 mm2 (p ~
0.005; Students t test) (Moreno et al., 1991).

Two groups of male rats were similarly treated,
except that ß-carotene in corn oil was adminis-
tered to Il rats and corn oil to seven rats only

during the first two weeks of the experiment
(initiation study). There was no significant dif-
ference in body weight between the two
groups. ß-Carotene reduced the incidence of
hyperplastic nodules from 7/7 to 5/11 (p ~ 0.05;
Students t test), the total number of nodules
from 302 to18, the number of nodules per cm2
from 14.3 :t 18.5 to 1.9:t 2.0 (p ~ 0.05; Students
t test) and the total are a of the nodules from
0.35 :t 0.20 to 0.08 :t 0.07 mm2 (p ~ 0.005;
Students t test).

Another two groups of II male rats were
treated similarly, except that administration of
corn oil with or without ß-carotene was begun
after two weeks and NDEA was administered on
the first day of the experiment (selection-pro-
motion study). There was no significant differ-
ence in body weight between the two groups. ß-
Carotene had no significant effect on the selec-
tion-promotion phase of liver carcinogenesis:
the incidences of hyperplastic nodules were

7/11 in both groups, the total number of
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nodules was 1143 in controls and 138 in the ß-
carotene group, the number of nodules per cm2
was 18.9 :t 18.8 in controls and 14.2 :t 19.5 in
the ß-carotene group (not significant; Students
t test), and the total area of the nodules was
0.38 :t 0.33 in con troIs and 0.17 :t 0.14 mm2 in
the ß-carotene group (not significant; Students
t test) (Moreno et al., 1991).

Two groups of 13 or 15 male, six-week old
Fischer rats were given basal diet containing 0
or 0.02% ß-carotene for eight days (formulation
in di et unspecified). On day 7, each rat was
given a single dose of 100 mg/kg bw 2-amino-
3-methylimidazo(4,5-f)quinoline (IQ) by gav-

age 12 h after a two-thirds hepatectomy. After

two weeks on basal diet without added ß-
caro te ne, a11 rats were fed basal diet containing
0.05% phenobarbital for eight weeks. One week
after the start of the phenobarbital feeding,

each rat received a single intraperitoneal injec-
tion of 100 mg/kg bw D-galactosamine. Two

addition al groups of five rats each, fed basal

diet with or without 0.02% ß-carotene, did not
receive the intragastric dose of IQ but were oth-
erwise treated in the same way as the two other
groups. At II weeks, a11 survivors were kiled,

and the livers were examined for the presence
of placental glutathione S-transferase-positive

(GST-P+) foci (areas ? 70 mm in diameter). The
body weights of the rats treated with ß-carotene
and IQ were slightly, statistica11y significantly
lower than those of the rats treated only with
IQ (p ~ 0.05; Students t test). ß-Carotene signif-
icantly reduced both the number per cm2 and
the area (mm2jcm2) of GST-P+ foci, the numbers
being 14.54 :t 4.04 and 7.99 :t 3.14 (p ~ 0.001;
Students t test) and the areas being 107 674 :t
42 178 and 74 949 :t 33 221 (p -: 0.05; Students
t test) for the rats given IQ and those given ß-
carotene plus IQ, respectively. No significant
induction of GST-P+ foci was found in the rats
not given IQ (Tsuda et aL., 1994).

trans-ß-Carotene administered at a dose of

100 mg/kg diet before and during the initiation
and selection-promotion phase (20 weeks),

only during the initiation phase (four weeks) or

only during the selection-promotion phase (10

weeks) to groups of 10-14 male Sprague-

Dawley rats weighing 130-150 g (age unspeci-
fied) reduced the incidence and total number of
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hyperplastic nodules induced in liver ce11s by
2-AAF at 0.05% in the diet for 16 weeks. The

incidences of nodules were 13/13, 3/13, 4/10
and 7/11 and the total numbers were ? 600, 8,
18 and 94 in the 2-AAF-treated animaIs and the
groups receiving the ß-carotene-supplemented

diet before and during the initiation and selec-
tion-promotion phase, only during the initia-
tion phase or only during the selection-promo-
tion phase, respectively (no statistical analysis
reported). ln each group receiving ß-carotene,

the ß-carotene content of the liver was two to
four times higher than that in con troIs (0.35

¡.g/g liver) (Sarkar et aL., 1994).
trans-ß-Carotene administered at a dose of

120 mg/kg diet before and du ring the initiation
and selection-promotion phase (20 weeks),

only during the initiation phase (four weeks) or

only during the selection-promotion phase (10
weeks) to groups of 8-12 male Sprague-Dawley
rats weighing 130-150 g (age unspecified)
reduced the incidence, total number and multi-
plicity of hyperplastic nodules induced in the
liver by 3'-methyl-4-dimethylaminoazobenzene
(3'-Met-DAB) at 0.06% in the diet for 16 weeks.
The incidence, total number and multiplicity
(average number of nodules per nodule-bearing
liver) of hyperplastic nodules in the three
groups were: incidence: 8/8, 3/12, 5/12 and
7/11; numbers: 350, 10, 28 and 102; and multi-
plicity: 43.75 :t 11.31, 3.3 :t 1.15, 5.6 :t 2.07 and
14.57:t 2.99 (for the last measure, p 0( 0.001 for

all three groups; Students t test (no statistical
analysis reported for incidence or total number
of nodules)). ln the groups receiving ß-carotene,

the level of this carotenoid in the liver was two
to four times higher than that in controls (0.39

¡.g/g liver) (Sarkar et aL., 1995a).
Seven groups of 15 or 16 male Fischer 344

rats, six weeks old, with an average body weight
of 150.2 g, were given a single intraperitoneal
injection of 200 mg/kg bw NDEA and were fed
basal diet for two weeks. Two of the groups
received unsupplemented basal diet for another
six weeks, and the other five groups received

the basal di et supplemented with 0.1% ß-
carotene (in gelatin as coating material), 0.03%
2-amino-6-methyldipyridol(I,2-a:3',2' -d)imida-

zole (Glu-P-l), 0.3% Glu-P-l plus 0.1% ß-
carotene, 0.002% N-nitrosodimethylamine

(NDMA) or 0.002% NDMA plus 0.1% ß-
carotene for six weeks. At the end of week 3, a11

rats were subjected to a two-thirds hepatecto-

my. There were no significant differences in
body weight or relative liver weight between
the groups, except for a statistica11y significant-
ly reduced liver weight in rats fed the diet with
Glu-P-l plus ß-carotene (3.34 g/100 g bw) as

compared with that in rats fed the diet with
Glu-P-l alone (3.60 g/100 g bw) (p 0( 0.05),
which in turn was significantly greater than
that of rats fed the unsupplemented basal diet
(3.20 g/100 g bw) (p 0( 0.001 (statistical test
unspecified)). ß-Carotene significantly reduced
the development of NDEA plus Glu-P-l-induced
GST-P+ foci in the liver, the numbers and areas
of the foci in rats fed ß-carotene plus Glu-P-l

being 34.4 :t 10.5/cm2 and 6.2 :t 2.8 mm2/cm2
versus 46.8 :t 11.0/cm2 and 12.0:t 5.6 mm2/cm2
in those fed Glu-P-l, respectively (p 0( 0.01 for

the number and 0( 0.05 for the area (statistical
test unspecified)). ß-Carotene significantly
increased the development of NDEA plus
NDMA-induced GST-P+ foci, the numbers and
are as of foci in the animaIs fed ß-carotene plus
NDMA being 20.9 :t 5.1/cm2 and 2.9 :t 1.2
mm2/cm2 vers us 16.5 :t 3.9/cm2 and 2.1 :t 1.0
mm2/cm2 in those treated with NDMA, respec-
tively (p 0( 0.05 for the number; the difference is
not significant for the area (statistical test
unspecified)). ß-Carotene did not affect the

development of GST-P+ foci induced by NDEA
alone, the numbers and areas of foci in rats fed
ß-carotene plus NDEA being 3.5 :t 1.5/cm2 and
0.3 :t 0.3 mm2/cm2 versus 3.8 :t 1.6/cm2 and 0.4
:t 0.2 mm2/cm2 in those treated with NDEA,
respectively (statistical test unspecified) (Hirose
et al., 1995).

Two groups of 12-14 male Sprague-Dawley

rats weighing 130-150 g (age unspecified) were
fed a purified basal di et al one or supplemented
with 120 mg/kg ß-carotene for 20 weeks, fol-
lowed by the unsupplemented diet during the
final two weeks of the study. After four weeks,

a11 rats received a single intraperitoneal injec-

tion of 200 mg/kg bw NDEA in 0.9% saline.
Four weeks later, a11 rats were given drinking-
water containing 0.05% phenobarbital for 12
weeks; during the final two weeks of the study,
all rats received unsupplemented drinking-
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water. At 22 weeks, the rats were kiled and
examined for hyperplastic nodules in the liver.
ß-Carotene significantly deCfeased (Students t
test) the incidence of nodules and the total area
of the liver parenchyma occupied by the nod-
ules (no further data presented). Moreover, ß-

carotene reduced the number of hyperplastic
nodules per cm3liver from 1664.75 :t 184.49 to
421 :t 46.24, and the volume per 0.1 mm3 from
1.90 :t 0.19 to 0.64 :t 0.17 (p ~ 0.001 for both
number and volume; Students t test). Simïlar
results were found in additional groups of rats
treated comparably but fed the ß-carotene-sup-
plemented diet only during the first four weeks
of the study, before the NDEA injection (initia-
tion study) or only during weeks 10-20 (selec-
tion-promotion study). The number of hyper-
plastic nodules per cm3 liver was reduced from
1664.75:t 184.49 to 702.75:t 24.12 and the vol-
ume per 0.1 mm3 from 1.90 :t 0.19 to 0.73 :t
0.10 (p ~ 0.01 for both number and volume;
Students t test) in the initiation study. ln the
selection-promotion study, the number was
reduced from 1664.75 :t 184.49 to 989.25 :t
83.77 (p ~ 0.001; Students ttest) and the volume
per 0.1 mm3 from 1.90:t 0.19 to 1.26:t 0.43 (p ~
0.05; Students t test) (Sarkar et aL., 1995b).

Two groups of six male Wistar rats weighing
60-70 g (age unspecified) were kept on regular
chow pellets containing 0.24 llg/g diet ß-
carotene and 20 llg/g di et vitamin A and
received either corn oïl or corn oïl containing
70 mg/kg bw trans-ß-carotene (type 1) by gavage
for eight weeks. After two weeks, each rat
received a single intraperitoneal injection of
200 mg/kg bw NDEA in 0.9% saline. Two weeks
later, all rats were given 20 mg/kg bw 2-AAF dis-
solved in corn oïl by gavage on four consecu-
tive days, fo11owed on the fifth day by a two-

thirds hepatectomy; two and four days later, a11
rats again received 20 mg/kg bw 2-AAF in corn
oïl by gavage. Eight weeks after the start of the
study, a11 rats were kiled. The average body
weight of rats fed ß-carotene (266.8 :t 10.1 g)
was significantly higher than that of the con-
troIs (244.3 :t 17.8 g) (p ~ 0.05; Students t test).
The concentration of ß-carotene in the liver
was inCfeased from 0.06 :t 0.06 llg/g liver in
controls to 0.34 :t 0.40 llg/g liver in rats fed
ß-carotene. ß-Carotene reduced the incidence
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of hyperplastic nodules from 6/6 to 3/6, the
total number of nodules from 1691 to 23, the
number of hepatocyte nodules per cm2 from
37.1 :t 9.7 to 20.1 :t 12.5 (p ~ 0.05; Students t
test) and the total area of the nodules from 0.54
:t 0.39 to 0.15 :t 0.06 mm2 (p ~ 0.05; Students t
test) (Moreno et al., 1995).

Two groups of 10 male SPF Wistar rats,
24-27 days old, were fed a semilquid purified
diet containing 10% corn oïl and 6000 lU/kg

vitamin A and supplemented with 300 mg/kg

ß-carotene from a 10% dispersible powder or
the same diet supplemented with placebo pow-
der for 21 days, fo11owed by the same di et with
no supplement for 21 days. On day 15, a11 rats
were injected intraperitoneally with 200 mg/kg
bw NDEA in 0.9% saline. 2-AAF was added to
the diet at 50 mg/kg on days 42-56. On day 49,
all rats were subjected to a two-thirds hepatec-
tomy. From day 56 to the end of the experi-
ment (day 70), the diets were supplemented

with 500 ppm phenobarbitaL. The liver ß-
carotene content in the group fed this com-

pound was 30.4 :t 3.0 llg/g after 15 days of feed-
ing and remained significant on day 49 (4.7 :t
0.9 llg/g liver) and at the end of the experiment
(1.1 :t 0.3 llg/g liver), indicating good absorp-
tion of the compound. There was no significant
difference in body weight between the two
groups. ß-Carotene did not significantly inhibit
(one-sided Dunnetts test and one-sided t test)
the number of y-glutamyltranspeptidase-posi-
tive (GGT+) liver foci (28.7 :t 3.1 versus 28.4 :t
2.3 in controIs), the number of GST-P+ foci

(51.2 :t 5.3 versus 51.4 :t 7.6 in controIs), the
mean area of GGT+ foci (0.156 :t 0.02 mm2 ver-
sus 0.145 :t 0.017 mm2 in controls), the mean
area of GST-P+ foci (0.167 :t 0.027 mm2 versus
0.146 :t 0.023 mm2 in controls), the are a occu-
pied by GGT+ foci (4.88 :t 0.90% versus 4.39 :t
0.82% in contraIs) or the area occupied by GST-

p+ foci (7.64 :t 1.02% versus 7.49 :t 1.45% in
controls) (Astorg et al., 1996).

Male SPF Wistar rats, 24-27 days oldi were
fed a semilquid purified diet containing 10%
corn oil, 6000 lU/kg vitamin A and 3 g/kg
caratenoid placebo powder for 21 days, fol-
lowed by the same diet with no supplement for
21 days. Ten animaIs were then injected
intraperitoneally with 10 mg/kg bw emulsified
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ß-carotene three times per week during the first
three weeks of the experiment (total ß-carotene
dose, 90 mg/kg bw), while nine controls were
injected with the placebo emulsion. On day 15,
a11 rats were injected intraperitonea11y with 200
mg/kg bw NDEA bw in 0.9% saline. 2-AAF was
added to the di et at 50 mg/kg on days 42-56.
On day 49, a11 rats were subjected to a two-
thirds hepatectomy. From day 56 to the end of
the experiment (day 70), the diets were supple-
mented with 500 ppm phenobarbitaL. There
was no significant difference in body weight
between the two groups. The ß-carotene con-
tent of the liver in the group fed this compound
was 43.0:: 3.4 llg/g on day 15 of the experiment
and remained significant on day 49 (2.1 :: 0.9
llg/g liver) and at the end of the experiment (0.4
:: llg/g liver), indicating good incorporation
into the liver. ß-Carotene did not significantly
inhibit (one-sided Dunnetts test and one-sided
t test) the number of GGT+ foci (31.4 :: 3.5 ver-
sus 37.1 :: 2.5 in controls), the number of GST-
p+ foci (52.1 :: 7.7 versus 47.1 :: 4.6 in controls),
the mean area of GGT+ foci (0.149:: 0.041 mm2
versus 0.150 :: 0.015 mm2 in controls), the
mean area of GST-P+ foci (0.151 :: 0.037 mm2
versus 0.153 :: 0.013 mm2 in controls), the area
occupied by GGT+ foci (4.59 :: 1.09% versus
5.58 :: 0.59% in controls) or the area occupied
by GST-P+ foci (6.93 :: 1.15% versus 7.22 ::
0.87% in controls) (Astorg et aL., 1996).

Male Fischer 344 rats, weighing 40-50 g,
were acc1imatized for two weeks and then
randomized into experimental groups of 12 ani-
maIs each. As the initiation stage, aflatoxin Bi
was administered intragastrica11y at daily doses
of 0.25 mg/kg bw, dissolved in tricaprylin at a
concentration of 250 mg/ml, for two periods of
five days each with two days between dosing
periods. Carotenoid-rich food extracts were pre-
pared by repeated chloroform extraction of
tomato paste (rich in lycopene), orange-juice

concentrate (rich in ß-cryptoxanthin) or tinned
sliced caHots (rich in a- and ß-carotene). The

carotenoid content of each extract was estimat-
ed by high-performance liquid chromatogra-

phy; solvents were removed under nitrogen,
and the extracts were diluted to 500 mg/ml
with tricaprylin. The carotenoid extracts were
given by gavage at a dose of 250 mg/kg bw

during the initiation phase immediately after
the aflatoxin Bi; after a one-week recovery peri-
od, they were given by gavage every second day
for 12 weeks (Le. the post-initiation phase,
experimental weeks 3-15). At experimental

week 15, GGT+ foci in liver were measured as an
indicator of hepatocarcinogenesis. The foci

were significantly sma11er in the groups treated

with extracts of caHot (129 mm) and tomato
(132 mm) during the post-initiation phase th an
in the control group (309 mm; p ~ 0.05). The

number of foci per cm3 was significantly lower
in the groups treated with extracts of caHot

(0.002), tomato (0.06) and orange (0.0001) dur-
ing the initiation phase than in the control

group (1.86; p ~ 0.05). The final body weights
varied slightly among the groups, but adminis-
tration of carotenoids during the initiation
phase resulted in higher weights (He et al.,
1997) .

Wistar rats, 24-27 days old, were fed either a
semilquid purified diet containing 10% corn
oil and 6000 lU/kg vitamin A supplemented

with 300 mg/kg ß-carotene from a 10% dis-
persible powder or the same diet supplemented
with placebo powder for 28 days, fo11owed by

the same di et with no supplement for 21 days.
On days 14, 16, 18, 21, 23 and 25, a11 rats were
injected intraperitonea11y with 100 mg/kw bw
2-nitropropane in 2% Tween 20. 2-AAF was
added to the diet at 50 mg/kg on days 49-63.
On day 56, a11 rats were subjected to a two-
thirds hepatectomy. From day 63 to the end of
the experiment (day 70), the rats received

unsupplemented diet. The ß-carotene content
of the livers of rats fed this carotenoid was stil
1.9 :: 0.5 llg/g liver at the time of partial hepa-
tectomy, Le four weeks after cessation of ß-
carotene feeding. ß-Carotene did not signifi-
cantly inhibit the onset of preneoplastic foci in

the liver, as seen from the number of GGT+ foci
per cm3 liver (407 :: 67 versus 371 :: 53 in con-
troIs), the number of GST-P+ foci (1000 :: 230
versus 703 :: 120 in controls), the mean volume
(10-3 mm3) of GGT+ foci (31.7 :: 7.5 versus 62.4
:: 20.6 in controls), the mean volume of GST-P+
foci (34.1 :: 3.9 versus 59.9 :: 13.5 in controls),
the fraction of the liver volume (mm3/cm3)

occupied by GGT+ foci (10.0 :: 4.2 versus 15.7 ::
5.5 in controls) or the fraction of the liver

..
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volume occupied by GST+ foci (30.3 :t 11.0 ver-
sus 33.4 :t 8.6 in controls (Astorg et al., 1997).

ln a similar study, the animaIs were fed the
same diets for 21 days, fo11owed by the diet

with no supplement for 21 days. On day 14, aH
rats were injected intraperitonea11y with 100
mg/kw bw NDEA in 0.9% saline; 2-AAF was
added to the diet at 50 mg/kg on days 42-56; a11

rats were subjected to a two-thirds hepatectomy
on day 49; and the rats received unsupple-

mented diet from day 56 to the end of the
experiment on day 63. ß-Carotene did not sig-
nificantly inhibit the number of GGT+ foci/cm3
liver (251 :t 66 versus 205 :t 40 in con troIs) or
the number of GST-P+ foci (1991 :t 285 versus
1853 :t 327 in controls); it decreased (not sig-
nificantly) the mean volume (10-3 mm3) of
GGT+ foci (23.4 :t 6.3 versus 61.0 :t 14.1 in con-
troIs), the me an volume of GST+ foci (13.4 :t 3.4
versus 27.1 :t 8.4 in controls), the fraction of
the liver volume (mm3/cm3) occupied by GGT+
foci (5.4 :t 2.4 versus 10.8 :t 3.6 in controls) and
the fraction of the liver volume occupied by
GST-P+ foci (21.2 :t 5.3 versus 50.7 :t 17.3 in

con troIs) (Astorg et al., 1997).
ln a study of similar design, a11 rats were

injected intraperitonea11y on days 13 and 19
with 1 mg/kg bw aflatoxin Bi in 50%
dimethylsulfoxide in water; 50 mg/kg 2-AAF
were added to the diet on days 42-56; aH rats
were subjected to a two-thirds hepatectomy
on day 49; and the rats received unsupple-

mented di et on days 56-63 (end of the study).
The ß-carotene content of the livers of rats
receiving the corn pound was stil 9.2 :t 1.4
pg/g liver at the time of partial hepatectomy,
I.e. four weeks after cessation of ß-carotene
feeding. ß-Caro-tene significantly inhibited
the onset of liver preneoplastic foci; I.e. the
number of GST-P+ foci (318 :t 107 versus 773 :t
169 in controls), the mean volume (10-3 mm3)
of GST-P+ foci (24.3 :t 4.3 versus 107.8 :t 46.8

in controls) and the fraction of the liver vol-
ume (mm3/cm3) occupied by GST-P+ foci (9.5 :t
4.0 versus 55.4 :t 17.6 in controls) (Gradelet et
al., 1998).

(f) Buccal pouch (Table 31)
Hamster: Buccal pouch tumours were induced
in 30 randomly bred male Syrian hamsters (age
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unspecified) by topical application of DMBA (as
620 pg/ml heavy mineraI oil), three times a
week for 22 weeks; 15 hamsters were not treat-
ed with the carcinogen. The day after the Iast
treatment with DMBA, the tumours of two
groups of 10 hamsters were painted with 250

pg/ml ß-carotene (unspecified source) in miner-
aI oil or mineraI oil alone twice a week for four
weeks, while the other group of DMBA-treated
animaIs received no further treatment; 10 of
the controls were treated with ß-carotene and
the other five with mineraI oil. At the end of
treatment with ß-carotene, buccal pouch
tumours were found in 2/10 hamsters that
received the carotenoid and in a11 animaIs treat-
ed with DMBA or DM BA plus mineraI oil. The
me an numbers of tumours per animal were

1.50 :! 0.53 in the group given DMBA, 0.25 :!
0.46 in those given DMBA plus ß-carotene (p 0:
0.001; Students t test) and 1.50 :! 0.37 in those
given DMBA plus mineraI oil. No tumours were
found in hamsters treated with ß-carotene or
mineraI oil only (Schwartz et al., 1986).

Groups of 10 male randomly bred Syrian
hamsters, 60-90 days old and weighing 96-120 g,
were painted on the left buccal pouch with a
0.25% solution of DMBA in heavy mineraI oil
(about 0.6 mg DMBA on the pouch surface) three
times per week, treated similarly with DMBA and
also painted with a 2.5% solution of ß-carotene

in mineraI oil (about 0.62 mg ß-carotene on the
pouch surface) three times per week on alternate
days to DMBA, painted with ß-carotene alone or
untreated. A11 of the hamsters were ki11ed 22

weeks after the start of the study. A11 of the

DMBA-induced buccal pouch tumours were
moderately to we11-differentiated epidermoid car-
cinomas. ß-Carotene reduced the tumour inci-
dence from 9/10 to 4/10 (p 0: 0.001; X2 test), the
total number of tumours from 20 to 12 (p 0:
0.001; Students t test), their mean diameter
from 2.87 :! 1.5 mm to 0.98 :! 0.86 mm (p 0:
0.001; Students t test) and the tumour burden
(total number of buccal pouch tumours x mean
volume of tumours) from 242 to 6 mm3 (p 0: 0.001;
Students t test). Moreover, the carcinomas in the
ß-carotene-treated animaIs were less pleomorphic,
better differentiated, less invasive and formed
more keratin than those in the animaIs treated

with DMBA only. No buccal pouch tumours were



Table 31. Effects of ß-carotene on buccal pouch tumorigenesis in male hamsters

No. of Carcinogen ß-Carotene (dose, route) T reatment Preventive efficacy Reference
animals/

(dose, route) relative to

group carcinogen

5-10 DMBA, 620 f.g/ml; 250 f.g/f.l; painted onto After Regression tumour incidence: 80% (SU) Schwart et al. (1986)
painting tumours Tumour multiplicity: 83% (p.: 0.001)

10 0.25% DMBA in oil 2.5% in oil; :t 0.62 mg; During Tumour incidence: 56% (p.: 0.001) Suda et al. (1986)
:t 0.6 mg, painting painted three times/ Tumour burden: 74% (p.: 0.001)

week

10 0.1% DMBA in oil 190 ng/ml oil; painted During and after Tumour incidence: 60-80% (p.: 0.001) Suda et al. (1986)
:t 0.24 mg; painting three times/week Tumour burden: 93-97% (p.: 0.001)

10 0.25% DMBA; 25 mg/kg 0.025% solution (25 During Carcinomas Suda et al. (1987)
bw, 3 times/week mg/kg bw) painted on Incidence: 56% (p .: 0.001)

buccal pouch Burden: 51% (p.: 0.001)

20 0.5% DMBA; 3 times/ 250 f.g, injected into After Epidermoid carcinomas; regression Schwartz & Shklar (1987)
week cheek pouch three

Complete: 20% (SU)
times/week

Partial: 80% (SUl

10 0.5% DMBA; 25Ò f.g/injection into After Carcinoma burden: 98% (SU) Schwart & Shklar (1988)
0.4 mg/painting pou ch es 

20 0.5% DMBA; 0.6 0.19 mg injected into Afer Carcinomas; regression Shklar & Schwart (1988)
mg/painting; 3 buccal pouch 3

Burden: 93% (SU)
times/week times/week

20 0.1 % DMBA; painting 3 0.14 mg/ painting (1.5 During Carcinomas Schwart et al. (1988)
times/week for 28 mg/kg bw) 3 times/week Incidence (gross tumours): 45% (SU)
weeks

Multiplicity: 45-49% (SU)

Burden: 40-55% (p.: 0.001)

20 0.5% DMBA; 0.6 400 ¡.g animal/day; by Afer Carcinomas: none (SU) Shklar et al. (1989)
mg/painting mouth

20 0.15% DMBA; 1.4 mg/kg bw, gavage During Carcinoma incidence: 45% (NS) Schwartz et al. (1989)
0.4 mg/painting Carcinoma burden: 98% (p.: 0.001)

Carcinoma on se!: 25% (NS) .
("
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Table 31 ( contd)
:;
("
::

No. of Carcinogen Beta-carotene, dose, Treatment relative Preventive effcacy Reference i:
::

animals/ (dose) route to carcinogen 0-
cr

group 00~'"
20 0.25% DMBA; painting 2.5%; painting 3 During Tumours Hibino et al, (1990) 0,.

3 times/week times/week Incidence: 50% at one time (p .: 0.05) ("i:
During: ::

("
Incidence, 70% (p .: 0.001) (1..
Burden: 97% (p .: 0.001) ""..

(1
~

Afer: (1
::

Incidence: 60% (p.: 0.001)
..
õ'

Burden: 91 % (p.: 0.001) ::

During promotion:

Incidence: 80% (p .: 0.001)
Burden: 96% (p .: 0.001)

15-20 0.125 mg DMBA/ 250 mg/topical Afer Cheek pouch and forestomach tumours: Gijare et al. (1990)
application application 100% ¡SUi

10 0.5% DMBA; 3.8 IJg in liposomes/ Afer Regression of carcinoma burden: 99.7% Schwart et al. (1991)

0.6 mg/painting submucosal injection (p.: 0.05)

10 0.5% DMBA; 4 IJg/ submucosal Afer Regression carcinoma burden: 59% Schwart et al. (1991)

0.6 mg/painting injection ¡SUi

15 AcO-NDMA; 2 mg/kg 5.8 nmol/lL in drinking- Before, during and Tumours Azuine & Bhide (1992)

bw/painting; twice water after Incidence: 92% (p.: 0.001)
weekly; 6 months Burden: 100% (p .: 0.001)

Latency: 33% ¡SUi

10 0.5% DMBA; painting 50 IJg/topical application During Tumour burden: 85% (p .: 0.001) Shklar et al. (1993)

3 times/week

10 DMBA; 0.6 mg/painting; 10 mg/kg bw; painting; 3 During Carcinomas Schwartz & Shklar (1997)
3 times/week; 14 weeks times/week; 14 weeks Incidence: 10% ¡SUl

Number: 53% ¡SUl

Burden: 18% (NS)

DMBA, 7,12-dimethylbenz¡alanthracene; SU, statistics unspecified; NS, not significant; AcO-NDMA, N-nitroso(acetoxymethyl)methylamine
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found in animaIs treated with ß-carotene alone or
in untreated controls (Suda et al., 1986).

Groups of 10 hamsters similar to those used
above were painted on the left buccal pouch
with a 0.1 % DM BA solution in oïl r dose unspec-
ified) for 10 weeks fo11owed by no treatment for
the next six weeks and then painted with a 40%
benzoyl peroxide solution in acetone for the
next nine weeks; painted on the left buccal
pouch as in group 1 but also painted during the
first 10 weeks with 190 ng/ml ß-carotene in
mineraI oil three times per week on alternate
days to DMBA; painted on the left buccal
pouch as in group 1 but also treated with ß-
carotene three times per week du ring the six

weeks of no DMBA treatment; painted on the
left buccal pouch as in group 1 but also painted
with ß-carotene three times per week on alter-
nate days to benzoyl peroxide during the last
nine weeks; painted on the left buccal pouch as
in group 1 but also painted with mineraI oil
three times per week on alternate days to
DMBA during the first 10 weeks; painted on the
left buccal pouch as in group 1 but also painted
with mineraI oil three times per week during
the six weeks of no DMBA treatment; painted
on the left buccal pouch as in group 1 but also
with mineraI oil three times per week on alter-

nate days to benzoyl peroxide during the last
nine weeks; or were untreated. A11 animaIs were

kiled at 28 weeks. ß-Carotene, whether applied

simultaneously with DMBA, immediatelyafter
DMBA or simultaneously with benzoyl peroxide,
significantly reduced the incidence of buccal
pouch epidermoid carcinomas, the total number
of these tumours, their mean diameter and the
tumour burden (Table 32). Moreover, the
tumours found in the ß-carotene-treated animaIs
were generally sma11er and tended to be less inva-
sive than those in the DMBA-treated animaIs not
painted with ß-carotene (Suda et al., 1986).

Groups of 10 male Syrian hamsters rage
unspecified) were painted on the left buccal
pouch with a 0.25% solution of DMBA in heavy
mineraI oil three times per week for 22 weeks,

similarly treated with DMBA and also painted
with a 0.25% solution of ß-carotene in mineraI
oil (0.25 mg/ml; 25 mg/kg bw) three times per
week on alternate days to DMBA, painted with
ß-carotene or untreated. A11 animaIs were kiled
at 22 weeks. No buccal pouch tumours were
found in untreated controls or animaIs treated
with ß-carotene only. ß-Carotene reduced the

number of animaIs with well- to moderately
differentiated epidermoid carcinomas of the
buccal pouch, from 9/10 to 4/10 (p ~ 0.001; X2

Table 32. Incidence, total number, diameter and total burden of buccal pouch tumours in
groups of 10 male Syrian hamsters after repeated topical painting with 7,12-dimethyl-
benz(a)anthracene (DMBA) alone or combined with ß-carotene (BC)

Treatment during Tumour response of the buccal pouch

Next nine Incidence Total no. Mean Total burden
weeksa diameter (mm) (mm3)

SeP 10/10 34 3.2i1A 582.1
SeP 3/10G 3d 2.1 iO.78d 15.3 d

SeP 4/10G 7d 2A :t OA1d 50A d

SeP + SC 2/1 G Sd 2.3 :t O.26d 32 d

SeP 8/10 28 ND ND

SeP 10/10 31 ND ND

SeP + oil 9/10 26 ND ND

0/10 0 0 0

First ten Next six

weeks weeks

DMSA

DMSA + SC
DMSA SC
DMSA

DMSA + oil

DMSA Oil
DMSA

From Sud a et al. (1986); ND, not determined
a Senzoyl peroxide (SeP) used as promoter
b Total number of tumours x mean tumour volume
G X2; P 0: 0.001 in comparison with first group

d Students t test; p 0: 0.001 in comparison with first group

--
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test) and the mean tumour burden from 2.88 ::
1.49 to 1.40 :: 0.76 (p -( 0.001; Students t test).
The tumours in ß-carotene-treated animaIs
were genera11y less invasive, better differentiat-
ed, less pleomorphic and had more keratin
th an the tumours in animaIs treated only with
DMBA (Suda et al., 1987)

Epidermoid carcinomas were produced in
the right buccal pouches of three groups of 20
adult male Syrian golden hamsters (age not fur-
ther specified) by painting with a 0.5% solution
of DM BA in heavy mineraI oil three times per
week for 13 weeks. Then, the right buccal
pouches were injected with 0.1 ml of a solution
of about 250 llg ß-carotene in solvent added to
minimal essential medium or with 0.1 ml the
medium alone (sham-injected controls);.. 20
hamsters were not further treated. The experi-
ment was terminated at 17 weeks. The body
weights of the sham-injected DMBA controls
(about 85 g) were consistently lower than those
given ß-carotene (120 g) and the uninjected

animaIs (100 g). No tumour regression was seen
in sham-injected or uninjected hamsters, a11 of

which. had multiple, large cheek-pouch
tumours; two uninjected con troIs and one
sham-injected animal died intercurrently with
very large tumours and infection. ß-Carotene
caused complete gross tumour regression in
4/20 hamsters and partial regression in 16/20.
ln general, regression of large and multiple

tumours tended to be incomplete, whereas total
regression was usua11y seen of sma11 or moderate
tumours. The tumours in regression showed

degeneration and infiltration of lymphocytes and
macrophages, which often contained tumour

necrosis factor. Stratified squamous epithelium
adjacent to carcinomas with severe destruction
was relatively unaffected andappeared essentia11y
normal (Schwartz & Shklar, 1987).

Sixt Y randomly bred male Syrian hamsters,
two to three months old, were painted on the
right buccal pou ch with a 0.5% solution of
DMBA in heavy mineraI oil (about 0.4 mg
DMBA per painting) three times per week for 14
weeks, when each hamster appeared to have
we11-to-moderately differentiated epidermoid
carcinomas of the buccal pouch. Then, the ani-
maIs were divided randomly into three groups
of 20 animaIs each: the tumour-bearing pouch

..
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was injected twice weekly with 0 or 250 llg ß-
carotene in 0.1 ml minimal essential medium
or was not injected. After four weeks, aU of the

hamsters were kiled, and the numbers and
sizes of the buccal pouch tumours were recorded.
There was no significant difference in body
weight between the groups. ß-Carotene reduced
the buccal pouch tumour burden (average
tumour volume x number of tumours) from
2258.9 :: 5.6 mm3 (shaIl controls) or 2150.4 ::
5.0 mm3 (uninjected controls) to 42.7 :: 1.2
mm3 (number and size of tumours unspecified;
no information on statistical analysis). ln the
ß-carotene-treated hamsters but not the con-

troIs, many buccal pouch tumours showed cel-
lular degeneration and dense infiltration of
lymphocytes and macrophages (Schwartz &
Shklar, 1988).

The right buccal pouches of 60 male Syrian

hamsters, 60-90 days old and weighing 95-125
g were painted with a 0.5% solution of DMBA
in heavy mineraI oil (about 0.6 mg DMBA per
painting) three times a week for 14 weeks,

when aU hamsters had obvious, gross cheek
pouch tumours of variable size and number.
They were th en were divided into three groups

of 20 animaIs each, which were either not fur-
ther treated or received injections into the right

cheek pouch of 0.1 ml solvent plus minimal
essential medium alone or containing 0.19 mg
ß-carotene, three times per week for four weeks.

ß-Carotene reduced the total burden of the

moderate papilary epidermoid carcinomas
from 1400 mm3 in the hamsters given DMBA or
sham-injected with DMBA to 100 mm3 in those
given ß-carotene (no information on statistics).
ln addition, a c1early elevated number of

tumour necrosis factor-a-positive macrophages
was found in the tumours and adjacent to
regressing tumours in hamsters treated with ß-
carotene (Shklar & Schwartz, 1988).

Sixt Y non-inbred adult male hamsters,
60-90 days old and weighing 96-120 g were fed
standard laboratory pellets, and their right buc-
cal pouches were painted with a 0.1 % solution
of DMBA in heavy mineraI oil three times per
week for 28 weeks. The animaIs were divided
into three groups of 20 hamsters each and were
given either 0.14 mg ß-carotene (1.5 mg/kg bw)
in 0.4 ml mineraI oil three times per week on
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alternate days to DMBA, mineraI oil only or no
further treatment. All hamsters were kiled after
28 weeks, when obvious moderately large buc-
cal pouch tumours were seen in untreated con-
troIs. There was no significant difference in
body weight between the groups. A11 control
hamsters and most of those given ß-carotene
had cheek pouch tumours, but the latter group
had fewer, sma11er tumours than the controls:

numbers of animaIs with gross tumours, 20/20,
20/20 and 11/20 in the untreated control, the
vehide control and the ß-carotene groups,

respectively; me an numbers of tumours per
animal, 3.5, 3.7 and 1.8; mean tumour burden,
85.5,114.9 and 51.7 (p -c 0.001; Students ttest).
The control animaIs had proliferative epider-
moid carcinomas that invaded the underlying
connective tissue, numerous foci of hyperker-
atosis with dysplasia and carcinoma in situ and
lymphocyte infiltration into areas of tumour
infitration and carcinoma in situ. The tumours
in ß-carotene-treated animaIs resembled those
in con troIs but were sma11er and somewhat less
invasive, and lymphocyte infitration was more
pronounced (Schwartz et al., 1988).

The mucosa of the right buccal pouches of
60 male Syrian hamsters, 60-90 days old and
weighing 95-125 g, were painted three times a
week with a 0.5% solution of DMBA in heavy
mineraI oil (about 0.6 mg DMBA per painting)
for 14 weeks, when a11 animaIs had moderate-
size tumours. They were then divided into
three groups of 20 animaIs each and received

either no further treatment or daily oral injec-
tions of 0.2 ml vegetable oil with or without
400 pg ß-carotene. Observations at 16, 18 and
20 weeks showed a graduaI increase in the
tumour burden in a11 groups. At 22 weeks,

when most of the animaIs were weak and
cachectic, a11 survivors were kiled. Oral ß-
carotene administration did not appear to

cause regression of these epidermoid carcino-
mas, the total tumour burden at 22 weeks being
about 3700, 4000 and 4200 mm3 in ß-carotene-
treated animaIs, vehide con troIs and untreated
controls, respectively (statistics unspecified)
(Shklar et aL., 1989).

The mucosa of the right cheek pouch of
three groups of 20 male Syrian hamsters (age

unspecified), fed a normal hamster di et con-

taining 22% protein and the required concen-

trations of vitaffin A and E, was painted with
0.1 % DMBA in heavy mineraI oil (0.4 mg
DMBA per painting) three times a week for 28
weeks. One group received no further treat-
ment; the other two groups were given 0.4 ml

of heavy mineraI oil containing 0 or 1.4 mg/kg
bw ß-carotene (crystallne form, type IV), by
gavage three tiffes a week on alternate days to
DM BA, for 28 weeks. A fourth group served as

untreated controls. There was no significant
difference in body weight between the groups,
and there was no intercurrent mortality.
Ingestion of ß-carotene significantly inhibited
the formation of buccal pouch squaffous-ce11

carcinomas, as shown by the later onset of
tumours (month 5 versus month 4 in both
DM BA control groups), fewer tumour-bearing
hamsters (11 versus 20 in both DMBA control
groups), fewer tumours (50 versus 135 in the
DMBA/vehide control and 150 in the DMBA
control group) and a significant decrease in the
tumour burden after six months of treatment
(66 ffm3 versus 3675 mm3 in the DMBA/vehi-
de control and and 2450 ffm3 in the DM BA
control group; p -c 0.001, Students t test). At the
end of the treatffent period, the average num-
ber of areas of cheek pouch with epithelial dys-
plasia was 3 in the group given ß-carotene and
6 in both DMBA-treated groups. No buccal

pouch tumours or sites of epithelial dysplasia
were found in untreated controls. ß-Carotene
ingestion resulted in a histologica11y unique

picture not seen in DMBA-treated controls: a

dense, mixed, inflammatory infitra te consist-

ing predominantly of cytotoxic lymphocytes

and ffacrophages producing tumour necrosis
factor -a and localized areas of mast cells in the
deep dermis adjacent to areas of dysplasia, car-
cinOffa in situ and sma11 foci of squaffous-ce11

carcinoma (Schwartz et aL., 1989).
The left buccal pouches of three groups of

20 adult male Syrian golden hamsters, eight
weeks old and weighing 90-100 g, were painted
three tiffes per week with a 0.25% solution of
DMBA and on alternate days with a 2.5% solu-
tion of ß-carotene (a-carotene-free) in heavy min-
eraI oil or with DMBA or ß-carotene alone (doses
and treatment period unspecified). At the time of
autopsy, the body weights of animaIs treated

--
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with DMBA only were significantly lower than
those in the other groups. Buccal pouch tumours
were seen grossly in 6/20 hamsters treated with

DMBA alone at 10 weeks, in 10/20 animaIs at II
weeks and in 20/20 animaIs at 12.5 weeks. ln
contrast, buccal pou ch tumours were seen in
the group treated with both DMBA and ß-carotene
in 3/20 animaIs at 10 weeks, 5/20 animaIs at II

weeks, 10/20 animaIs at 12.5 weeks, 14/20 animaIs
at 14 weeks and 20/20 animaIs at 15 weeks. At
12.5 weeks, the difference in tumour incidence
between the two groups was statistically signifi-
cant (p ~ 0.05; Students ttest) (Hibino et aL., 1990).

The mucosa of the cheek pouches of 35 ran-
domly bred male Syrian golden hamsters, four
to six weeks of age and weighing 90-100 g, was
painted with 50 pl of a 0.25% solution of

DMBA in liquid paraffin (0.125 mg DMBA per
application) twice weekly for one month.
Fifteen days after the last DMBA treatment, a
dose of 250 mg ß-carotene suspended in liquid
paraffin was applied to the cheek pouch of 20
hamsters in volumes of 50 pl, twice a week for
4.5 months. An additional group of 20 ham-
sters received only ß-carotene, and another
group of 15 hamsters served as untreated con-
troIs. At six months, immediately after the last
ß-carotene application, a11 hamsters were kiled
and examined grossly for the presence of cheek
pouch tumours and forestomach papilomas.
No tumours were found in hamsters treated
with DMBA and ß-carotene, whereas 10/15
hamsters treated only with DMBA had cheek
pouch tumours and 15/15 had forestomach
tumours (statistics unspecified). No tumours
were found in untreated controls or in hamsters
treated with ß-carotene only (Gijare et al., 1990).

Oral squamous-ce11 carcinomas were induced

in four groups of 10 young adult male Syrian

hamsters (age not further specified) by painting
the mucosa of the right cheek pouch with 0.5%
DMBA in heavy mineraI oil (0.6 mg DMBA per
painting) three times per week for 16 weeks. Four
groups of 10 hamsters were untreated. After 16
weeks, the tumour burden in the cheek pouches
was determined, and the tumours of one group
of DMBA-treated animàis and one group of

untreated controls were injected submucosally
with 3.8 pg ß-carotene encapsulated in 0.2-ml

liposomes (large unilamellar vesides composed
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of L-a-phosphatidyl-L-serinei L-a-phosphatidyl-
ethanolamine and L-a-phosphatidy1choline in
a ratio of 1:1:1), 0.2-mlliposomes not contain-
ing ß-carotene, 4 pg ß-carotene suspended in

0.2 ml phosphate-buffered saline containing

0.1 % ethanol or 0.2 ml phosphate-buffered

saline, three times per week for five weeks.

There was no differences in body weight
between the groups. The mean cheek pouch
tumour burden in the four DMBA-treated
groups at week 16, when the ß-carotene treat-
ment was started, was 2327.5 mm3 (range,
2304-2600 mm3), with 8.0 :t 1.0 tumours per
pouch. ß-Carotene in liposomes reduced the

tumour burden significantly (p ~ 0.05; Students
t test), the average tumour burden being 48.1
and 7.6 mm3 after four and five weeks of ß-
carotene treatment, respectively. ß-Carotene

suspended in saline also reduced the tumour
burden but to a lesser extent than in liposomes,
the average tumour burden being 1250.6 and
958.6 mm3 after four and five weeks of treat-
ment with ß-carotene, respectively. Treatment
with liposomes alone did not consistently
reduce the tumour burden, and saline injection
resulted in a graduaI progression of the tumour
burden (average, 8858.6 mm3 after four weeks).
No buccal pouch tumours were found in
untreated controls. Treatment with ß-carotene

in liposomes was associated with cellular
destruction of carcinomas, seen ultrastructura11y
as liposome accumulation, disorganization and
dumping of tonofilaments, swellng of mito-
chondria, loss of Golgi apparatus, lysosomal

rupture and degeneration of nuclei. Liposome
administration alone resulted in accumulation
of lipid debris in endocytic vesides and in

organelle disruption, but to a lesser degree than
after administration of ß-carotene-containing

liposomes. Normal cheek pouch mucosal ce11s

were not affected by the liposome injections
(Schwartz et aL., 1991).

Two groups of 15 female inbred Syrian
hamsters, eight weeks old, were given drink-
ing-water with or without 5.8 pmol/L ß-
carotene (3.1 mg/d per animal) for 13 months.
After two weeks, 2 mg/kg bw N-nitroso(ace-
toxymethyl)-methylamine (AcO-NDMA) were
applied to the mucosa of the right cheek

pouch, twice ) for six months. Two additional
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groups of 15 hamsters received drinking-water

alone or supplemented with ß-carotene; no
cheek pouch tumours were seen in these
groups. ß-Carotene increased the survival of
the AcO-NDMA-treated hamsters, from 27 to
about 67% (statistics unspecified), reduced the
incidence of cheek pouch tumours from 14/15
to 1/15 (p ~ 0.001; X2 test), reduced the cheek
pouch tumour burden from 600 :! 72 to 0.5 :!
0.0 mm3 (p ~ 0.001; Student's t test) and
lengthened the time to appearance of tumours
from 5-10 to 8-12 months (statistics unspeci-
fied) (Azuine & Bhide, 1992).

The mucosa of the right buccal pouches of
two groups of 10 male Syrian hamsters, 60-90
days old and weighing 92-123 g, was painted
with a 0.5% solution of DMBA in heavy miner-
aI oil three times per week for 12 or 14 weeks.
One of the groups was not further treated,
while the other received 50 pg ß-carotene in 0.5
ml mineraI oil by mouth (route not further
specified) three times a week on alternate days
to DMBA for 12 or 14 weeks. One-half of the
animaIs in each group were kiled after 12
weeks and the other half after 14 weeks. After
both 12 and 14 weeks of treatment, ß-carotene
appeared to have significantly reduced the inci-
dence of cheek pouch leukoplakia and also the
incidence, area, volume and total burden of
cheek pouch tumours, consisting of carcinomas
in situ and earIy carcinomas, as exemplified by
the tumour burdens of 2.89 :! 0.6 mm3 for the
DMBA con troIs and 0.434 :! 0.1 mm3 for the ß-
carotene-treated group after 12 weeks (p ~
0.001; Students t test) (Shklar et al., 1993).

The mucosa of the right buccal pouches of
three groups of 10 male Syrian golden ham-
sters, 60-90 days old and weighing 95-125 g,
was painted with a 0.5% solution of DMBA in
heavy mineraI oil (0.6 mg DMBA per painting)
three times per week for 14 weeks. One of the
groups also received oral applications of 10
mg/kg bw ß-carotene in 0.5 ml mineraI oil three
times per week on alternate days to DMBA. Two
other groups either were not further treated or
were treated with mineraI oil only. An addi-

tional group of 10 hamsters was treated with ß-
carotene only; no buccal pouch tumours were
seen in these animaIs. ß-Carotene reduced the
number of animaIs with buccal pouch tumours,

which were weH-to-moderately differentiated
epidermoid carcinomas, from 10 in both
control groups to 9, the total numbers of cheek-
pou ch tumours from 125 in con troIs and 130 in
the vehic1e controls to 60 (statistics unspeci-
fied) and the cheek pouch tumour burden from
174 200 mm3 (me an of both control groups) to
142 300 mm3 (not significant; Student's t test)
(Schwartz & Shklar, 1997).

(g) Stomach (Table 29)
Mouse: Groups of 20 inbred female Swiss mice,
six to eight weeks old, and weighing 20-25 g,
were given ß-carotene (4.7 pmol/d per animal)
in 0.1 ml palm oil by gavage or only palm oil
for eight weeks. From week 3, a fourth group of
20 mice and 20 mice receiving ß-carotene were
given 1 mg benzo(a)pyrene in 0.1 ml palm oil
by gavage twice a week for four weeks. After
completion of treatment at eight weeks, the
animaIs were observed for up to 180 days,

when they were kiled. The me an body-weight
gain was similar in aH groups. ß-Carotene

reduced the incidence of forestomach tumours
from 20/20 to 3/20 (p ~ 0.001; X2 test) and the
mean number of forestomach tumours per
mouse from 7.0 :! 0.3 to 1.0 :! 0.0 (p ~ 0.001;
Students t test). No forestomach tumours were
found in the groups treated with ß-carotene or
palm oil alone (Azuine et aL., 1992).

Rat: Two groups of 36 weanling male Wistar
Cri rats, three weeks old and weighing about 50
g, were fed a powdered basic diet (NIH-07 con-
taining 10000 lU/kg vitamin A and 1.4 mg/kg

carotene) supplemented with either 0.4% ß-
carotene from beadlets containing 10% ß-
carotene or placebo beadlets (4%) for two

weeks; then the ß-carotene and the placebo

beadlet content of the diets was reduced to 0.2

and 2% in the respective diets, which were fed
until termination of the study at 52 weeks.

Starting at five weeks of age, a11 rats were given
distiled water (pH 4) as drinking-water, con-

taining 80 mg/L MNNG, to give daily intakes of
3.82 mg/kg bw for rats given ß-carotene and
4.10 mg/kg bw for those on placebo. Two addi-
tional groups of 18 rats received drinking-water
with no addition, and a group of eight rats
served as untreated controls. There were no sig-
nificant differences in body weight among the
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groups. ß-Carotene did not affect MNNG-
induced tumorigenesis, although the incidence
of adenocarcinomas of the glandular stomach
was slightly lower in animaIs given ß-carotene
(4/35) th an in those treated with MNNG (7/36)
(Jones et al., 1989).

(h) 5mall intestine (Table 29)
Rat: Two groups of 28 weanling male Holtzman
rats were fed regular chow supplemented with
either 1% ß-carotene (w/w) from beadlets con-
taining 10% ß-carotene or 10% placebo beadlets
for 24 weeks. After four weeks, a11 rats received
16 weekly subcutaneous injections of 30 mg/kg
bw symmetrical DMH dissolved in neutral sodi-
um hydroxide-corrected phosphate-buffered
saline, for a total dose of 480 mg/kg bw. At 24
weeks, the animaIs were kiled. A11 rats had

intestinal tumours, and ß-carotene had no
effect on the tumour response; e.g. sma11-bowel

cancer occurred in 17/28 rats given ß-carotene

and 15/28 given placebo, and there were 1.29
sma11-bowel cancers per rat in those given

ß-carotene and 0.82 in those on placebo (not

significant) (Colacchio & Memoli, 1986;
Colacchio et aL., 1989).

Thirty male Sprague-Dawley rats, five weeks
old, were fed CE-2 basic diet for 26 weeks, and
20 were given the diet supplemented with

0.005% ß-carotene (type III, from carrots,
equivalent to 2.8 mg/kg bw) for 14 weeks

followed by CE-2 basic diet for the final
12 weeks. From day 3, the rats were given week-
ly subcutaneous injections of 20 mg/kg bw
DMH for 12 weeks. Twenty control rats were
fed CE-2 basic diet for 26 weeks. At the end of
week 26, the animaIs were kiled and examined
for the presence of sma11 intestinal carcinomas.
No significant difference in body weight was
seen between the groups. ß-Carotene did
not reduce the incidence of sma11 intestinal

adenocarcinomas or mucinous adenocarcino-
mas, the rates being 6/30 in DMH-treated rats
and 7/20 in those given ß-carotene (Yamamoto
et al., 1994).

(i) Salivary glands (Table 33)
Rat: Two groups of young male Sprague- Dawley

rats (age not further specified), weighing

130-160 g, received a single injection of 1 mg
7,12-dimethylbenz(a)anthracene (DMBA) dis-
solved in 20 ml olive oïl into one of the sub-
mandibular sali vary glands. The contralateral
gland was injected with 20 ml olive oïl alone.
Immediately after injection, one of the groups
(14 rats) was fed ad libitum a semisynthetic diet
(AIN-76; 4000 lU/kg retinyl palmitate) supple-
mented with 100 mg/kg of diet ß-carotene

Table 33. Effects of ß-carotene on salivary gland tumorigenesis induced by injection of
1 mg 1,2-dimethylbenz(a)anthracene into the submandibular salivary gland of male
Sprague-Dawley rats

No. of ß-Carotene Treatment relative
animals/ (dose, route) to carcinogen
group

9-14 100 ppm in diet Afer

30 5, 25, 125 and Before, during and after
250 ppm in diet

Preventive efficacy Reference

30 250 ppm in diet Before, during and after

Carcinomas Alam et aL. (1984)
Incidence: 75% (NS)

Gross tumours (three highest Alam & Alam (1987)
dose groups combined), 35%

(p = 0.029)
Carcinomas
Incidence: none (SU)

Tumours
Incidence: no ne (NS)
Weight: 54% (NS)

Alam et al. (1988)

NS, not significant; SU, statistics unspecified

..
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(trans-ß-carotene, type 1, synthetic crystallne;

purity, ? 95%), while the other group (nine
rats) received the same diet without ß-carotene.
The animaIs were observed for 22 weeks, when
a11 those remaining were necropsied. There

was no appreciable difference in growth
rate between the two groups. During the first
13 weeks, three rats given ß-carotene died,

probably as a result of vitamin K deficiency,

and the vitamin K level in the di et
was inCfeased from 50 to 500 mg/kg from
that time, with no further deaths. We11-differ-

entiated squamous-cell carcinomas and poorly
differentiated malignant salivary gland neo-
plasms resembling squamous-cell carcinomas

(distribution over the groups unspecified) were
found in 3/9 controls and in 1/11 animaIs

given ß-carotene, but the difference in tumour
incidence was not statistically significant
(method of statistical analysis unspecified). ln
addition, 4/9 controls and 4/11 rats given ß-
carotene had salivary gland enlargement (des-
ignated as grossly observed tumours) due to
fibrosis, inflammation, cysts and proliferation
and metaplasia of the ductal epithelium (Alam
et aL., 1984).

Five groups of 30 male weanling Sprague-

Dawley rats were fed ad libitum a semi-purified
diet supplemented with 0, S, 25, 125 or 250
mg/kg of diet ß-carotene (stabilzed gelatin
beadlets containing 10% a11-trans-ß-carotene).
Placebo beadlets were added to the diet to com-
pensate for the differences between doses.

Uptake was demonstrated by measurement of
significantly higher ß-carotene levels in the
liver at six weeks and at termination of the
study. After six weeks, a11 rats received a single

injection of 1 mg DM BA dissolved in 20 ml

olive oil into one of the submandibular salivary
glands, and the contralateral gland was injected
with 20 ml olive oil alone. Rats were kiled and
necropsied 30-32 weeks after the start of the
study and thus 24-26 weeks after the injection
of DMBA. Body weight and survival were not
affected by ß-carotene administration. The ß-
carotene levels in serum and liver were signifi-
cantly increased, in a dose-related manner, after
both 6 and 32 weeks; e.g. the high dose result-

. ed in a concentration of 1950 mg/g in the liver

. at 32 weeks, while none was detectable in con-

troIs. Palpable salivary gland tumours appeared
in rats fed diets supplemented with ß-carotene
two to three weeks after they appeared in con-
troIs (no further details given). The incidences
of submandibular salivary gland tumours
observed grossly at autopsy were 17/29 in con-
troIs, 17/28 in rats given 5 mg/kg ß-carotene,

10/25 in those given 25 mg/kg, 10/28 in those
at 125 mg/kg and 11/26 in those at 250 mg/kg.
The combined incidence of these tumours in
the controls and rats at the low dose of ß-

carotene (34/57) was statistica11y significantly
higher than that in the combined groups at

higher doses of ß-carotene (31/79) (X2 = 4.74; P

= 0.029). The incidences of malignant tumours
in the submandibular salivary glands-partia11y
to fu11y differentiated squamous-cell carcino-

mas, spindle-cell. carcinomas and adenocarci-
nomas (distribution over the groups unspeci-
fied)-were 15/29, 14/28, 10/25, 12/28 and

11/26 in controls and rats at 5, 25, 125 and 250
mg/kg ß-carotene, respectively (statistics and
types of nonmalignant tumours unspecified).
The average weights of the submandibular sali-
vary gland tumours were 32.6 :: 8.4, 25.4:: 9.2,

18.0:: 11.5, 19.2:: 7.3 and 17.6:t 10.9 g for the

five groups, respectively. The incidences of
tumours weighing II g or more were 9/29 in

control s, 8/28 in animaIs at 5 mg/kg ß-carotene
and 10/79 in those at the combined higher

doses, and the differences in incidence between
the groups showed a statistica11y significant
trend (X2 = 4.48; P = 0.034) (Alam & Alam, 1987).

Two groupsof 30 male weanling Sprague-
Dawley rats, weighing 73 :: 1.0 g, were fed
either basal AIN-76A diet (containing 4000 LU
vitamin A) or basal diet supplemented with 250
mg/kg ß-carotene (10% stabilzed gelatin
beadlets). Uptake was demonstrated by ß-
carotene measurement in the liver. After six
weeks, one of the submandibular salivary
glands of each rat was injected with 1 mg
DM BA in 0.02 ml olive oil, while the contralat-
eral gland was injected with 0.02 ml olive oil
alone. Rats were kiled 21-22 weeks after the
DMBA injection, when more than 50% of the
animaIs had developed submandibular salivary
gland tumours, sorne of which were very large.
There was no significant difference in body-
weight gain between the two groups. The

..
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incidence of partially to fully differentiated

squamous-ce11 carcinomas and undifferentiated

spindle-cell submandibular salivary gland
tumours was c10sely similar: a11 tumours: 20/28
in con troIs and 20/30 in rats given ß-carotene;
malignant tumours: 11/28 in controls and 16/30
(53%) in rats given ß-carotene. The mean
tumour weight was slightly lower in rats fed the
ß-carotene-supplemented diet (3.2 :! 0.8 g) than
in rats fed the unsupplemented diet (7.0:! 3.3 g).
Two of 20 tumour-bearing control animaIs had
submandibular salivary gland tumours weighing
more th an 40 g, whereas none of the rats given
ß-carotene had such large tumours. ln addition,
4/20 tumour-bearing controls and 1/20 given ß-
carotene had tumours weighing more than 10 g
(not significant; X2 test) (Alam et al., 1988).

OJ Pancreas (Table 29)
Rat: Eighty male weanling SPF albino Bor

(WISW,Cpb) Wistar rats were fed standard labo-
ratory chow and received two intraperitoneal
injections of 30 mg/kg bw azaserine in 0.9%
saline, one at 19 days and one at 26 days of age.
One week after the second injection, the
animaIs were switched to an AIN-76 diet with a
high percentage of saturated fat (20% lard),
with or without 60 mg/kg ß-carotene added

to the diet as water-dispersible beadlets

containing 10% pure ß-carotene (use of placebo
beadlets unspecified). Necropsy was performed
482-485 days after the second injection of aza-
serine. Food intake and body and pancreatic
weights were similar in the two groups.

ß-Carotene significantly reduced the total num-
ber of atypical acinar-cell nodules in the
pancreas that were 0.5-1.0 mm in diameter,
with 338 in the control group and 194 in the
group given ß-carotene (p 0( 0.05; generalized
linear regression, error is Poisson, link function
is log); the number of atypical acinar-ce11

nodules with a diameter of 1.0-3.0 mm was
also lower in the animaIs given ß-carotene

(146) than in controls ( 200), but the difference
was not statistically significant. ß-Carotene
reduced the incidence of pancreatic tumours

from 22/39 in controls to 9/37 and that of car-
cinomas from 15/39 in controls to 4/37
(p 0( 0.05 for both; regression analysis fo11owed
by X2 tests) (Appel et aL., 1991).
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The effect of ß-carotene on the initiation or
early promotion and the Iate promotion phases
of pancreatic carcinogenesis was studied in rats.
A group of 16 female Wistar rats that had been
mated one week earlier was maintained on a
high-fat diet (25% fat, 25% casein, 0.37% DL-
methionine, 36.79% wheat starch, 6.18% cellu-
lose, 0.25% choline bitartrate, 4.32% AIN76
mineraIs, 1.24% AIN76 vitamins and 1.85% cal-
cium phosphate), while the other 16 rats were
divided into two groups and fed the high-fat
diet supplemented with 100 or 1000 mg/kg

ß-carotene (added as a 30% solution in corn oiL.
Wh en the pups were born, six groups of 20
male pups were formed and received the same
diets as their mothers. At 14 and 21 days of age,
pups received a subcutaneous injection of 30
mg/kg bw azaserine in saline, except for the
pups in one group kept on unsupplemented

di et which received subcutaneous injections of
saline only. At five weeks of age, two of the
three azaserine-treated groups fed the unsup-
plemented high-fat diet were switched to high-
fat di et plus 100 or 1000 mg/kg ß-carotene (to
study the effects of ß-carotene on the late pro-
motion phase), while the third group was con-
tinued on the unsupplemented high-fat diet;
two groups fed the high-fat diets with ß-
carotene were switched to the unsupplemented
high-fat diet (to study the effects of ß-carotene

on the initiation or early promotion phase).

The experiment was terminated when the rats
were 29 weeks of age. Body and pancreatic
weights were similar in a11 groups, and, as the
animaIs consumed similar amounts of food, the
ca1culated energy intake was also similar. ß-
Carotene inhibited azaserine-induced pancreatic
carcinogenesis, the strongest effects occurring
when ß-carotene was administered during the
late promotion phase (see Table 34). No (puta-
tive) preneoplastic or neoplastic lesions were

seen in saline-treated rats (Appel & Woutersen,
1996).

Two groups of 20 male weanling albino
Cbp:WU; Wistar random rats, 19 days old,
received a single intraperitoneal injection of 30

mg/kg bw azaserine and were fed standard
rodent diet. Twelve days later, they were given
a high-fat diet (20% lard), either unsupple-
mented or supplemented with 56 mg/kg
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Table 34. Putatively preneoplastic atypical acinar-cell nodules (AACN), carcinoma in situ
and atypical acinar-cell foci (AACF) in the pancreas of azaserine-treated male Wistar rats at
two phases of the carcinogenesis process

Diet MCN Carcinoma in situ Multiplicity of
No./cm2 Area (mm2) No./cm3 Mean Area as Incidence Multiplicity MCF :; 1 mm

diameter (/lm) % pancreas

Initiation or early promotion phase

HF 46.2 0.21 1521 409 9.5 3/15 7.0:t 1.5 0.3 :t 0.2

HF /LBC 40.3 0.20 12818 430 8.1 3/15 7.6:! 1.6 0.2:! 0.1

HF/HBC 30.7 0.18 1 0698 405 5.5 4/15 4.8:! 1.4 0.3 :t 0.2

Late promotion phase

HF 46.2 0.21 1521 409 9.5 3/15 7.0:! 1.5 0.3:! 0.2

HF/LBC 29.8 0.18 11028 389 5.38 3/15 4.1 :! 1.6 0.2:! 0.1

HF/HBC 33.9 0.20 11838 408 6.7 2/15 5.8 :! 1.4 0.1 :! 0.1

From Appel & Woutersen (1996); for details, see text

HF, high fat (25%); LBC, low ß-carotene (100 mg/kg); HBC, high ß-carotene (1000 mg/kg)
8 p -. 0.05; analysis of variance

ß-caratene in the form of water-dispersible

beadlets containing 10% pure ß-carotene, for
about four months (use of placebo beadlets not
specified). There were no significant differences
in food intake, body weight or pancreatic

weight between the two groups. ß-Carotene did
not significantly reduce the number of preneo-
plastic acidophilic foci per cm2 (44.86 :! 5.51
versus 41.81 :! 5.01 in contraIs), their volume
per cm3 (2212 :! 248 versus 2034 :! 196 in con-
traIs), their transectional area (615 :! 57 mm2
versus 648 :! 78 mm2 in controls), their area as
percentage of the pancreas (3.07 :! 0.51 % versus
3.25 :! 0.79% in contraIs) or their diameter (237
:! 11 mm versus 241 :! 10 mm in contraIs), nor
did it reduce the number of preneoplastic

basophilc foci per cm2 (12.07 :! 1.55 versus
13.41 :! 1.47 in contraIs), their volume per cm3
(1261:! 138 versus 1492:! 167 in controls), their
transectional area (137 :! 9 mm2 versus 157 :! 15
mm2 in controls), their are a as percentage of the
pancreas (0.17 :! 0.02% versus 0.20 :! 0.02% in
controls) or their diameter (117 :! 4 !lm versus
118:! 6 !lm in contraIs), except for the number
of basophilic foci with a diameter ? 192.5 !lm,
which appeared to be statistica11y significantly
lower in animaIs on the ß-caratene (number of

foci and p value unspecified) (generalized linear
model; effor is Poisson, link function is log). No
pancreatic tumours were reported (Woutersen

& van Garderen-Hoetmer, 1988).
Hamster: Two groups of 40 male Syrian

golden hamsters, five to six weeks old, fed a
standard diet were injected subcutaneously

with 20 mg/kg bw N-nitrasobis(2-oxoprapyl)-
amine (NBOPA (vehic1e unspecified)) at six,
seven and eight weeks of age. One week after
the last NBOPA injection, all hamsters were fed
a high-fat (20% lard) diet with or without 60
mg/kg ß-caratene added to the diet as water-
dispersible beadlets containing 10% pure ß-
carotene, for the rest of the experimental period
(use of placebo beadlets unspecified). The sur-
vivors were kiled 364 or 365 days after the first
injection of NBOPA. Hamsters fed the ß-caratene-
supplemented di et had lower body weights

than the contraIs (p 0( 0.05; analysis of variance
and Dunnetts test, two-sided). ß-Caratene did
not inhibit the development of (pre)neoplastic
lesions in the pancreas, the incidences

of advanced ductular lesions, carcinoma in situ
and invasive carcinoma being 9/27, 5/27 and
12/27 in the controls and 11/34, 10/34
and 11/34 in the group fed the ß-caratene-
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supplemented diet, respectively (X2 test) (Appel et
aL., 1996).

Two groups of 20 male weanling Syrian
golden hamsters fed standard di et were injected
subcutaneously with 20 mg/kg bw NBOPA once
weekly at five, six and seven weeks of age.
Twelve days after the last NBOPA injection, the
animaIs were fed a diet with a high percentage
of saturated fat (20% lard), either unsupple-

mented or supplemented with 56 mg/kg ß-
carotene in the form of water-dispersible

beadlets containing 10% pure ß-carotene, for
about four months (use of placebo beadlets
unspecified). There were no significant differ-
ences in food intake, body weight or pancreat-
ie weight between the two groups. ß-Carotene
signifieantly reduced the total number of pre-
neoplastie, large tubular ductal complexes in
the pancreas, which are focallesions composed
of multiple lumina lined by cuboidal epithelial
ce11s (p .( 0.05; generalized linear model, one-
tailed, error is Poisson, link function is log), the
incidences being 14/19 in the unsupplemented
group and 4/20 in the ß-carotene-supplement-

ed group. The numbers of preneoplastic tubular
ductal complexes of intermediate size were also
lower in the animaIs given ß-carotene (33 in 20
animaIs) than in controls (49 in 19 animaIs),

but the differences were not statistica11y signif-
icant. Two pancreatic carcinomas, one carcino-
ma in situ and one microcarcinoma were found
in the con troIs and one microcarcinoma in the
ß-carotene supplemented group (Woutersen &
van Garderen-Hoetmer, 1988).

(k) Multiple organs (Table 29)
Rat: Two groups of 20 male Fischer 344/Du Crj
rats, seven weeks old, received three subcuta-
neous injections of 40 mg/kg bw DMH dissolved
in 0.9% saline during week 1 and then an
intraperitoneal injection of 20 mg/kg bw MNU in
citrate buffer twice per week during weeks 2 and
3. A group of 10 rats was similarly treated with
the vehic1es of DMH and MNU. At week 4, one
carcinogen-treated group and the vehic1e control
group were placed on a diet supplemented with
0.2% ß-carotene (not further specified). At week
52, a11 survivors-15/20 carcinogen-treated, ß-
carotene-fed rats, 20/20 carcinogen-treated rats
and 10/10 vehic1e plus ß-carotene-fed controls-
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were ki11ed and subjected to a complete autopsy.

There was no significant difference in body
weight between the groups. ß-Carotene did
not significantly reduce the development

of organ-specifie tumours, but the incidences

of hyperplastic liver foci, colonic adenocarcino-
mas . and nephroblastomas were lower in the
carcinogen-treated group fed the ß-carotene-

supplemented di et th an in the group treated
with the carcinogens and fed unsupplemented
basal diet: liver foci, 9/15 versus 16/22; colonic
adenocarcinomas, 3/15 versus 9/20; nephrob-
lastomas: 2/15 versus 6/20 (Imaida et al.,
1990).

(1) Inoculated tumours (see Table 35)
Carotenoids have been reported to affect the
growth and/or the rejection of tumours inocu-
lated into recipient animaIs. While this effect is
c1early therapeutie rather th an preventive,
since the target ce11s are established tumours,

the Working Group decided to inc1ude these
studies, primarily because intervention trials
with carotenoids in high-risk groups like cur-
rent smokers might inc1ude many individuals
who are harbouring prec1inieal malignancies.
The potential response of existing tumours to
carotenoids is thus of interest.

C3HBA adenocarcinoma celIs: Two groups of
10 female inbred C3H/HeJ mice, five weeks old,
were fed a powdered diet containing 6190

lU/kg vitamin A palmitate and 4.3 mg/kg ß-

carotene, with or without the addition of 90

mg/kg ß-carotene (formulation in the diet
unspecified). At day 4, a11 mi ce were inoculated
subcutaneously with 104 C3HBA adenocarcino-
ma ce11s in the area above the right inguinal
lymph node. ß-Carotene reduced the tumour
incidence and size, slightly increased the latency
of the tumours and lengthened the survival
time. Thus, the tumour incidences were 6/10

and 2/10 (p.( 0.05; X2 test), the diameters of the
tumours at day 46 were 13.5 :! 0.5 and 4.5 :! 0.3
mm (p.( 0.001; Students t test), the latency was
21. 7 :! 3.2 and 26.5 :! 3.5 days (not significant)
and the survival times were 70.2 :! 4.0 and
112.5 :! 5.5 days (p .( 0.06; analysis of variance)
in the unsupplemented and ß-carotene-supple-
mented animaIs, respectively (Rettura et aL.,
1982).



Table 35. Prevention or regression of tumour cell-inoculated or virus-induced tumours by ß-carotene

Species, strain, sex No. of Virus of tumour-cells ß-Carotene Timing of treatment Preventive efficacy Reference
animals/ (dose) (dose, route) relative to virus or

group tumour-cell

administration

Inoculated tumour cells

Mouse, C3H/HeJ, 10 104 C3HBA cells 90 mg/kg diet Before and during Adenocarcinoma
Rettura et al. (1982)

female Incidence: 40% (p.: 0.05); size: 67% (p.: 0.001); latent
period: 22% (NS); survival: 60% (p .: 0.06)

Mouse, C3H/HeJ, 10 2x 105 C3HBA cells 90 mg/kg diet Afer Adenocarcinoma
Rettura et al. (1982)

female Survival: 59% (p.: 0.001); size after 14 days: 52% ¡SUi

Mouse, CBNJ, 10 2 x 105 C3HBA cells 90 mg/kg diet After Adenocarcinoma
Rettura et al. (1982)

male Survival: 49% (p.: 0.001); size after 19 days: 34% ¡SUl

Mouse, C3H/HeJ 10 2 x 105 C3HBA cells 90 mg/kg diet After Adenocarcinoma
Rettura et al. (1982)

female Surviva!, 61% (p.: 0.001); size after 12 days: 21% (SU)

Mouse, CBNJ, male 10-12 2 x 105 C3HBA cells 90 mg/kg diet After Adenocarcinoma
Seifter et al. (1983)

Survival of mice, 49% (p.: 0.001)

Tumour growth: 75% ¡SUl

Mouse, CBNJ, male 10-12 2 x 105 C3HBA cells 90 mg/kg diet After Adenocarcinoma
Seifter et al. (1983)

Survival of mice, 26%; (p .: 0.001)

Tumour growth: 46% ¡SUl

Rat, Wistar, male 6 106 C-6 glioma cells 10 mg/kg bw, Before and during Gliomas Wang et al. (1989)

gavage (7) Latency: 50% (SU)

Weighl: 67% (p .: 0.02)

Rat, Wistar, male 6 106 C-6 glioma cells 10 mg/kg bw, After Gliomas Wang et al. (1989)

gavage (7) Incidence: 33% (SU)

Weighl: 55% (SU)

Mouse, C3H, male 15 SCC-Vii, 2 x 106 cells, 10 mg/kg bw; Lp., Afer Carcinoma T eicher et al. (1994)

single dose, s.e. daily, 5 days Growth: slightly delayed (NS)
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-;i::Table 35 ( contd) ()
::Species, straìn, sex No. of Virus/tumour cells ß-carotene Timing of treatment Preventive efficacy Reference p.
::animals/ (dose) (dose, route) relative to virus or 0.
0"group tumour-cell 00administration 7''"
0..Mouse, C3H, male 15 SCC-Vii, 2 x 106cells, 10 mg/kg bw; Lp., Afer Carcinoma Teicher et al. (1994) ()
p.single dose, s.c. daily, 5 days Growth: slightly delayed (NS) ::
("
rD,.

Mouse, C3H, male 15 Fsall, 2 x 106 cells, 10 mg/kg bw: i.p., Afer Fibrosarcoma Teicher et al. (1994) '-,.
rDsingle dose, s.c. 1, 3 or 5 doses Growth: ~
rD

One dose: slight (SU) ::,.
Three doses: slight (SU) õ'

::
Five doses: moderate (SU)

Virus-induced tumours

Mouse, CBA/J, male 10 M-MuSV, 0.1 ml of 10-1 90 mg/kg diet Before, durìng and Sarcoma Seifter et al. (1982)
and 10-2 9 eq/ml after Low inocu/um: incidence, 35% (p -: 0.005); latency,

43% (p -: 0.005); persistence, 45% (p -: 0.01);

regression, 52% (p -: 0.02);

High inocu/um: incidence, 47% (p -: 0.009); latency,

48% (p -: 0.008); persistence, 57% (p -: 0.03);

regression, 59% (p -: 0.006)

Mouse, CBA/J, male 10 M-MuSV, 0.1 ml of 10-1 120 mg/kg diet Before, during and Sarcoma Seifter et al. (1982)
and 10-2 9 eq/ml after Low inoculum: incidence, 35% (p -: 0.005); latency,

16% (p -: 0.01); persistence, 46% (p -: 0.03);

regression, 54% 

High inoculum: incidence, 47% (p -: 0.009); latency,

24% (p -: 0.05); persistence, 35% (p -: 0.1); regression,

45% (p -: 0.01)

Mouse, CBA/J, male 10 M-MuSV, 0.2 ml of 10-1 ¡unspecified; After Sarcoma regressìon: 100% (SU) Seifer et al. (1982)
g eq/ml probably 90 or

120 mg/kg diet)

SU, statisties unspeeified; NS, not signifieant; s.e., subeutaneously; Lp., intraperitoneally
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Two groups of 10 female inbred C3H/HeJ

mice, five weeks old, were fed a powdered basal
diet containing 6190 lU/kg vitamin A palmitate
and 4.3 mg/kg ß-carotene for one week (formu-
lation unspecified) and were th en inoculated
subcutaneously with 2 x 105 C3HBA adenocar-
cinoma cens in the area above the right
inguinallymph node. Several hours after inoc-
ulation, one of the groups was switched to basal
diet supplemented with 90 mg/kg ß-carotene,
while the other group was maintained on basal
diet for the remainder of the experiment. ß-

Carotene increased the average survival time of
the mice from 34.9 :t 1.1 to 55.6 :t 3.0 days (p 0(
0.001; analysis of variance), and it slowed

tumour growth but did not cause regression,
the average tumour size being 6.5 and 2.5 mm
five days after inoculation and 16.8 and 8.1
mm 14 days after inoculation in the unsupple-
mented and ß-carotene-supplemented animaIs,
respectively (Students t test (p value unspeci-

fied)) (Rettura et aL., 1982).
Two groups of 10 male CBA/J mice, five

weeks old, were inoculated with 2 x 105 C3HBA
adenocarcinoma ce11s in the outer aspect of the
thigh and were maintained on powdered basal

diet containing 15 000 lU/kg vitamin A and 6.5
mg/kg ß-carotene (formulation unspecified).
After 13 days, wh en the tumours had reached a
me an diameter of 6.2 :t 0.3 mm, one group of
mice was switched to basal diet supplemented
with 90 mg/kg ß-carotene, while the other
group was maintained on unsupplemented
basal diet. ß-Carotene inCfeased the average
survival time of the mice from 40.0 :t 2.8 to
59.5 :t 3.0 days (p 0( 0.001; analysis of variance);
it slowed tumour growth but did not cause

regression. After eight days on the ß-carotene-
supplemented diet, the average tumour diame-
ter was 9.7 mm versus 14.7 mm in the unsup-
plemented animaIs, and after 19 days these
values were 13.2 and 20. i mm (Students t test
(p values unspecified)) (Rettura et aL., 1982).

Two groups of 10 female C3H/HeJ mice, five
weeks old, were inoculated subcutaneously

with 2 x 105 C3HBA adenocarcinoma cens in

the outer aspect of the thigh and were main-
tained on powdered basal diet containing
15 000 lU/kg vitamin A and 6.5 mg/kg ß-

carotene (no data on absorption). When the

tumours reached an average diameter of 7.5 :t
0.2 mm, one group of mice was continued on
the basal diet and the other was switched to
basal diet supplemented with 90 mg/kg ß-
carotene. The average survival times were 36.3

:t 1.3 days for unsupplemented animaIs and
58.5 :t 3.5 days for the ß-carotene-supplemented
mice (p 0( 0.001; analysis of variance). ß-
Carotene reduced tumour growth: after 12 days
of the ß-carotene-supplemented diet, the aver-
age tumour diameter was about 17.1 mm, while
that of the controls was about 21.7 mm (data
presented as curves; Students t test (p values
unspecified)) (Rettura et aL., 1982).

Twenty male CBA/J mice, six weeks old,
were inoculated subcutaneously with 2 x 105

C3HBA adenocarcinoma cens in the outer
aspect of the right thigh and were fed a basal

diet containing 15 000 lU/kg vitamin A and 6.4
mg/kg ß-carotene (formulation unspecified).
On day 13, when the mean diameter of the
tumours was 6.2 :t 0.3 mm, the mice were ran-
domly distributed into two groups, one of
which was continued on unsupplemented basal
diet and the other received basal diet supple-

mented with 90 mg/kg ß-carotene. A similar
experiment was begun nine weeks after the
start of the first experiment, in which the me an
tumour diameter on day 13 was 5.6 :t 0.2 mm.
ln neither study was there a significant differ-
ence in body weight between groups, and in
both experiments ß-carotene significantly
increased the average survival time (p 0( 0.001
for both experiments; analysis of variance),
from 41.2 to 61.2 days in experiment 1 and

from 43.3 to 63.3 days in experiment 2.

ß-Carotene also slowed tumour growth consider-
ably (statistics unspecified): the average tumour
diameter reached about 16.8 mm by weeks 12
and 21 in experiment 1 and by weeks 19 and 24

in experiment 2 in the unsupplemented and
ß-carotene-supplemented animaIs respectively
(Se if ter et aL., 1983).

Rat C-6 glioma ceUs: Two groups of six male
Wistar rats, three to four weeks old, were fed nor-
mal rodent chow and were given intraperitoneal
injections of either 10 mg/kg bw ß-carotene in
0.06% dimethylsulfoxide (v/v; 2 mg/ml) or
dimethylsulfoxide alone on five consecutive
days. Then, 106 C-6 glioma ce11s were inoculated
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subcutaneously into the right scapula. Eight to
10 weeks later, the animaIs were kiled and the
tumours were removed and weighed. ln a sec-
ond, similar experiment, ß-carotene was admin-
istered intraperitoneally two weeks after
tumour-ce11 inoculation. ln the first experi-
ment, ß-carotene prolonged the time to 50%
tumour incidence from 14 days in con troIs to
21 days in those given ß-carotene (statistics
unspecified)) and reduced the me an tumour
weight from 67.0 :: 18.1 g in controls to 22.1 ::
24.4 g in animaIs given ß-carotene (p .- 0.01
(statistical test unspecified)). ln the second
experiment, ß-carotene prolonged survival
(at week 10, 3/6 controls and 5/6 animaIs given
ß-carotene were stil alive) , reduced the num-
ber of rats with tumours (6/6 in controls and
4/6 in those on ß-carotene) and reduced the

mean tumour weight from 147.1 :: 73.4 g in
con troIs to 66.8 :: 44.3 g in those given ß-

carotene (p .- 0.05 (statistical test unspecified))
(Wang et aL., 1989).

sec VII cells: Two groups of 15 male C3H
mice, eight to ten weeks old, received subcuta-

neous implantations of 2 x 106 SCC-VII carci- ,
nom a ce11s into one le&--After seven days, one
group of mice received\ intràperitoAeàl lnjec- \
tions of 10 mg/kg bw ß-carotene (soya-based

emulsion) daily for five days, while the other
group served as untreated controls. ß-Carotene
delayed the tumour growth, measured as the
number of days required to reach a volume of
500 mm3, by 0.3 :: 0.3 day (no further data
presented; statistics unspecified) (Teicher et aL.,
1994).

FSaII cells: Three groups of 15 male C3H
mice, eight to ten weeks old, received subcuta-

neous implantations of 2 x 106 FSall fibrosarcoma

cells into one leg. They then received intraperi-
toneal injections of 10 mg/kg bw ß-carotene
(soya-based emulsion) either once (on day 7),
three times (on days 7, 9 and II) or five times

(on days 7-11). A fourth group of 15 male mice
served as untreated controls. ß-Carotene

delayed tumour growth, measured as the num-
ber of days required to reach a volume of 500
mm3, by 0.3 :: 0.3, 0.8 :: 0.3 and 1.2:: 0.4 days
after one, three and five injections, respectively
(no further data presented; statistics unspeci-
fied) (Teicher et al., 1994).

..
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(m) Virus-induced tumours (Table 35)
Mouse: Two groups of 20 male inbred CBA/J

mice, five weeks old, were fed powdered basal
diet containing 6190 lU/kg vitamin A palmitate
and 4.3 mg/kg ß-carotene, with or without the
addition of 90 mg/kg ß-carotene, for life (for-
mulation in the diet unspecified). After three
days, 10 mice of each group were inoculated

intramuscularly with 0.1 ml of a suspension of
Moloney murine sarcoma virus (M-MuSV; 10-1 g
eq/ml), and the other 10 mice with 0.1 ml of the
same viral suspension diluted 1:10 with buffer
(10-2 g eq/ml) (study duration unspecified). Several
weeks later, a second experiment was conducted,
in which the di et was supplemented with 120
instead of 90 mg/kg ß-carotene. ln a third experi-
ment, 20 mice' were fed the unsupplemented
basal diet and Were inoculated intramuscularly
with a 0.2 ml M-MuSV suspension (10-1 g eq/ml)
on day 1. By day 7, when the mice had a mean
tumour score of 2 (on a scale of 1-4), 10 of the
mice were fed the basal diet supplemented with
ß-carotene (concentration unspecified but
probably 90 or 120 mg/kg), while the other 10

mice were continued on the unsupplemented

basaldiet for another 31 days, after which the
experiment was terminated. Tumour incidence
and persistence were reduced, the latency was

increased, and tumour regression was accelerated
in mice fed the ß-carotene-supplemented diets

before, during or after the inoculation of either
the low or the high dose of M-MuSV. The tumour
incidences were 20/20 and 13/20 (p .- 0.005; X2
test) with the low inoculum and 17/20 and 9/20
(p .- 0.009; X2 test) with the high inoculum in
both unsupplemented and both ß-carotene-
supplemented groups, respectively. The tumour
latencies were (Students t test) 5.8 :: 0.3 and 8.3
:: 0.6 days (p .- 0.005) with the low inoculum
and 7.1 :: 0.4 and 10.5 :: 0.8 days (p .- 0.008)
with the high inoculum in the unsupplement-
ed and 90 mg/kg ß-carotene-supplemented diet
groups, respectively, and 6.1 :: 0.2 and 7.1 :: 0.2
days (p .- 0.01) with the low inoculum and 7.9 ::
0.3 and 9.8 :: 1.0 days (p .- 0.05) with the high
inoculum in the unsupplemented and 120 mg/kg
ß-carotene-supplemented diet groups, respec-
tively. The average numbers of days of tumour
persistence were (Students ttest) 12.9 :: 1.5 and
7.1:: 1.1 (p.- 0.01) with the low inoculum and 12.7
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:f 2.1 and 5.5 :f 1.0 (p 0( 0.03) with the high
inoculum in the unsupplemented and 90
mg/kg ß-carotene-supplemented groups, res-
pectively, and 12.3 :f 1.5 and 6.6 :f 0.9 (p 0( 0.03)
with the low inoculum and 8.5 :f 1.0 and 5.5 :f
1.0 (p 0( 0.1) with the high inoculum in the
unsupplemented and 120 mg/kg ß-carotene-
supplemented diet groups, respectively. The
average times of tumour regression (days from
midpoint of maximum tumour size) were
(Students t test) 7.1 :f 1.1 and 3.4 :f 1.2 (p 0(
0.02) with the low inoculum and 6.8 :f 0.9 and
2.0 :f 0.0 (p 0( 0.006) with the high inoculum in
the unsupplemented and 90 mg/kg ß-carotene-
supplemented diet groups, respectively, and 7.0
:f 0.9 and 3.2 :f 0.4 (p 0( 0.005) with the low
inoculum and 5.1 :f 0.6 and 2.8 :f 0.5 with the
high inoculum in the unsupplemented and 120
mg/kg ß-carotene-supplemented di et group,
respectively. When the ß-carotene-supplement-
ed diet was fed after the tumours had developed
(third experiment), tumour regression was
rapid (a11 tumours had disappeared by day 38),
and none of the mice given the ß-carotene sup-
plement died, whereas 3/10 mice fed the
unsupplemented diet died between days 28 and
30 and the tumours did not regress at a11 (Seifter
et al., 1982).

4.2. 1.2 ß-Carotene with other potential
inhibitors (Table 36)

(a) Skin
Four groups of 45 female hairless Crl:Skh 1
(hr/hr) BR mice, 80 days old, were fed standard
mouse chow either as such or fortified with
0.5% (w/w) ß-carotene (type 1, a11 trans, syn-
thetic, crystallne), 0.12% (w/w) vitamin E (D-
a-tocopheryl succinate) or 0.5% ß-carotene plus
0.12% vitamin E for 32 weeks. ln week II, a11

mice received a single application of 150 mg
DMBA in acetone on the dorsal skin; one week
later, 5 mg TPA in acetone were applied twice
weekly for II weeks and once weekly for another
nine weeks. There was no significant difference
in body weight between the groups. ln the
groups fed diets containing ß-carotene, its con-
centrations were significantly increased in liver
and skin but remained near the detection limit
in serum throughout the study. Skin tumours

developed in 97.2% of the mice towards the

end of the study. ln weeks 17 and 18/ the inci-
dence of skin tumours in mice given ß-carotene
or ß-carotene plus vitamin E was statistica11y
significantly lower than that in the con troIs
(p 0( 0.05; Fisher's exact test (no further details
given)). The first skin tumour appeared statisti-
ca11y significantly later in mice fed ß-carotene
than in control s, and the first to eighth

tumours appeared significantly later in mice
given ß-carotene plus vitamin Ethan the first
10 tumours in controls (p 0( 0.05; Kruskal-Wa11is

test (no further details givenJ). The cumulative
numbers of skin tumours in week 27 were 733 in
the controls and 500, 551 and 579 in animaIs
given ß-carotene, vitamin E or ß-carotene plus

vitamin E, respectively (statistics unspecified).
Both the cumulative number of skin tumours
and the time to their appearance were lower

(analysis of variance) in the mice fed ß-carotene (p
= 0.03), vitamin E (p = 0.06) or ß-carotene plus vit-
amin E (p = 0.04) than in the controls. Overa11,

the protective effect of dietary ß-carotene was

not affected by simultaneous administration of
vitamin E (Lambert et al., 1994).

(b) Colon
Rat: Three groups of 20 male Fischer 344 rats,
five weeks old, were maintained for five weeks
on a semipurified diet containing 20% casein,
59% sucrose, 4% cellulose, 0.15% choline, 4%
mineraI mixture, 1% vitamin mixture and
12% olive oil (9.6% palmitic acid, 2.7% stearic
acid, 80.6% oleIC acid, 5.8% linoleic acid and
0.6% a-linolenic acid); 9% olive oïl plus 3%
perila oH (6.2% palmitic acid, 2.0% stearic
acid, 17.7% oleic acid, 15.2% linoleic acid and
56.0% a-linolenic acid) or 12% perila oiL.
Three groups of rats fed one of these diets
received 50 mg/kg bw per day ß-carotene in
distiled water oraHy for five weeks. At six,
seven and eight weeks of age, 10 rats in each
group were injected subcutaneously with 15

mg/kg bw azoxy-methane, and the other 10
animaIs in each group served as non-
azoxymethane-treated controls. AH rats were
kiled at 10 weeks of age (Le. for the
azoxymethane-treated rats, four weeks after
the first administration of the carcinogen).

The colons of five azoxymethane-treated rats
and five non-azoxymethane-treated controls

""
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~I Table 36. Effects of combinations of ß-carotene and other chemicals or physical agents on tumorigenesis in experimental

1 ~animais ::
$:
::0.Organ Species, No. of Carcinogen ß-Carotene Other agent Treatment Preventive efficacy Reference 0-00strain, sex animals/

(dose, route) (dose, route) (dose, route) relative to :0'"group carcinogen 0,.
()Skin Mouse, 45 DMBA, 150 mg; 0.5% in diet 0.12% vitamin E in Before and Tumour incidence:

Lambert et aL. (1994) $:
::Crl:Slch2 TPA, twice weekly, diet durlng ß-Carotene: reduced (p -: 0.05) n
rD..(hr/hr) BR, 11 weeks; once Viamin E: reduced (p -: 0.05) "'..female weekly, 9 weeks ß-Carotene + vitamin E: reduced (p -: 0.05) rD
.q
rDColon Rat, Fischer 5 Azoxymethane, 50 mg/kg bw, Peri/la oil, 3 and Before, Preneoplasia (aberrant crypt foci) : Komaki et al. ::,.344, male 3 x 15 mg/kg bw, orally in distilled 12% in diet during and ß-Carotene (high dose): 26% (p -: 0.01) (1996)
õ'
::s.c. water, daily after Peri/la oi/ (3%): 58% (p -: 0.01)

Perilla oi/ (12%): 82% (p-: 0.01)

Combination (3% periiia oil): 87% (p -: 0.01)
Combination (12% peri/la oi/): 91% (p -: 0.01)

Colon Rat, Fischer 20 Azoxymethane 1, 10 and 20 1 and 8% wheat During and Aberrant crypt foci, multiplicity: Alabaster et al.344, male (dose and route mg/kg diet bran in diet after (?) 1 % wheat bran + 20 mg (1996)unspecified)
ß-carotene: 70% (p -: 0.05)
8% wheat bran + 20 mg
ß-carotene: 80% (p -: 0.05)
Tumours, incidence:
1 % wheat bran + 20 mg

ß-carotene: 73% (p -: 0.05)
8% wheat bran + 20 mg
ß-carotene: 82% (p -: 0.05)

Lung Mouse, 24-28 NNK: total dose, 9.2 2.14 g/kg diet 0.009 g/kg retinol in Before, Tumours, combination: Castonguay et al.A/J, female mg/mouse; drinking- diet during and Incidence: none (NS) (1991)water after Multiplicity: 19% (NS)
Respira- Hamster, 20 NDEA; 17.8 mg/kg Injectable solution, Oltipraz; 300 mg/kg Before, Carcinoma incidence: Moon et al. (1994)tory tract male bw. s.e., twice 1.5 mg per diet during and ß-Carotene alone: 48% reduction (NS)

weekly for 20 weeks injection, s.e., 4-HPR; 98 mg/kg after ß-Carotene + oltipraz: 90% reduction (p -: 0.005)
twlce weekly for diet ß-Carotene + oltipraz + 4 HPR: 100% reduction
20 weeks

(p -: 0.001)



Table 36 (contd)
Organ Species, No. of Carcinogen ß-Carotene Other agent Treatment Preventive effcacy Reference

strain, sex animals/
(dose, route) (dose, route) (dose, route) relative to

Group carcinogen

Buccal Hamster, 20 0.5% DMBA 200 or 400 f.g/ 200 or 400 f.g a- After Carcinoma burden: Shklar et al.
pouch male

(0.6 mg/ painting) animal per day by tocopherol/animal ß-carotene: none (SU) (1989)
mouth per day a-Tocopherol: none (SU)

Combination: 87% (SU)

Buccal Hamster, 10 0.5% DMBA, painted 50 f.g/ animal, 12.5 f.g ß-carotene During Carcinoma burden: Shklar et al.
pouch male thrce weekly painted thrice + 12.5 f.g a- ß-Carotene: 85% (p -: 0.001) (1993)

weekly tocopherol + 12.5 f.g a-Tocopherol: 49% (p -: 0.01)
glutathione + 12.5 Glutathione: 85% (p -: 0.01)
f.g ascorbic acid Ascorbic acid: none (NS)

Combination: 96% (p 0: 0.001)

Buccal Hamster, 15 AcO-NDMA, 5.8 f.mol/L (?) in a-Tocopherol, 5.8 Before, Tumour incidence: Azuine & Bhide
pouch male 2 mg/kg bw/ painting; drinking-water f.mol/L l?) in during and ß-Carotene or a-tocopherol alone: 93% (1992)

twice monthly, 6 drinking-water after (p -: 0.01)
months Combination: 100% (p -: 0.01)

Pancreas Rat, 40 Azaserine, 60 mg/diet 10 g/kg vitamin C, After Carcinoma incidence: Appel et al. (1991)
Bor(WISW, 30 mg/kg bw, Lp., 600 mg/kg vitamin E, ß-carotene: 71 % (p -: 0.05)
Cpb)Wis- two injections 2.5 mg/kg selenium Viamin C: 42% (NS)
tar, female in diet Vitamin E: 37% (NS)

Selenium: 53% (p 0: 0.05)

Mixture: 71 % (p -: 0.05)

Pancreas Rats, 15? Azaserine, 100 and 1000 1 and 2.5 mg/kg Before and Preneoplasia: Appel &
Wistar, 3 x 30 mg/kg bw, Lp. mg/kg diet selenium in diet during ß-Carotene (high dose): 42% (p -: 0.05) Woutersen (1996)
male Selenium (high dose): 23% (p -: 0.05)

Combination (high doses): 19% (p -: 0.05)
Combination (Iow doses): 36% (p -: 0.05)
Tumours
Compounds alone and combined: none (NS)

Pancreas Rats, 15? Azaserine, 100 and 1000 1 and 2.5 mg/kg After Preneoplasia Appel &
Wistar, 3 x 30 mg/kg bw, Lp. mg/kg diet selenium in diet ß-Carotene (high dose): 29% (p -: 0.05) Woutersen (1996)
male Selenium (high dose): 36% (p -: 0.01)

Combination (high doses): 25% (p -: 0.05)

1 ì

Combination (Iow dos): 24% (p -: 0.05)

Tumours

§ 1

Compounds alone and combined: none (NS)

~

kajob
Rectangle



§I s;Table 36 (contd) ::
(J

Organ Species, No. of Carcinogen ß-Carotene Other agent Treatment Preventive efficacy Reference ::~
::strain, sex animals/

(dose, route) (dose, route) (dose, route) relative to 0.crGroup carcinogen 00~
V)Pancreas Hamster, 40 NBOPA; 3 weekly 60 mg/kg diet 10 kg/kg vitamin C in diet Afer Preneoplasia: none (NS) Appel et al. (1996) 0,.male doses of 20 mg; S.C. Carcinomas: none (NS) (J~
::nFibro- Mouse, 15 FSall, 2 x 106 cells, s.c 10 mg/kg bw; 3 150 mg/kg bw Before and Fibrosarcoma growth delay: Teicher et al. (1994) ro,.

C3H, male doses, i.p. cyclophosphamide, 3 during ß-Carotene + cyclophosphamide: 73% (SU) '"sarcoma ,.
rodoses i.p. or 15 mg/kg ß-Carotene + carmustine: 112% (SU) -:
ro

carmustine, 3 doses i.p. ::..
õ'Fibro- Mouse, 15 FSall, 2 x 106 cells, 10 mg/kg bw; 5 10 mg/kg bw melphalan, Before and Fibrosarcoma, growth delay: T eicher et al. (1994) ::

sarcoma C3H, male S.C. daily doses, i.p. 3 doses i.p.; 40 mg/kg bw during ß-Carotene + melphalan: 333% (SU)
5-fluorouracil, 5 doses, ß-Carotene + cyclophosphamide: 144% (SU)
i.p.; 0.8 mg/kg bw

ß-Carotene + methotrexate: none (SU)
methotrexate, 5 doses, ß-Carotene + 5-fluorouracil: none (rather, a
i.p.; 150 mg/kg bw

significant decrease)
cyclophosphamide, 3

doses, i.p.

Fibro- Mouse, 15 Fsall, 2 x 106 cells, S.C. 10 mg/kg bw, 14 10 mg/kw bw melphalan, Before and Fibrosarcoma, growth delay: Teicher et al. (1994)sarcoma C3H, male daily doses, s.e. single dose: i.p.; 10 during ß-Carotene + minocycline + melphalan: 259%
plus 10 mg/kg bw mg/kg bw CDDP, single (SU)
minoeycline, dose, i.p.; 150 mg/kg bw ß-Carotene + minocycline + CDDP: 24% (SU)
14 daily doses, i.p. cyclophosphamide, 3 ß-Carotene + minoeycline + cyelophosphamide:

doses i.p.; 150 mg/kg bw 28% (SU)
ifosfamide, 3 doses, i.p.;

ß-Carotene + minocycline + ifosfamide: 40%
40 mg/kg bw 5-

(SU)
fluorouraeil, 5 doses, i.p.;

ß-Carotene + minoeycline + etopside: 243%
15 mg/kg bw etopside, 5

(SU)doses, i.p.; 1.75 mg/kg
ß-Carotene + minoeycline + adriamycin: 225%

bw adriamycin, 5 doses,
(SU)i.p.
ß-Carotene + minoeycline + 5-fluorouracil: none

(rather, a signifieant deerease)



Table 36 (contd)
Organ Species, No. of Carcinogen ß-Carotene, Other agent Treatment Preventive efficacy Reference

strain, sex animals/ (dose, route) (dose, route) (dose, route) relative to

Group carcinogen

Fibro- Mouse, 15 SCC Vii, 2 x 106 10 mg/kg bw, 10 mg/kg bw melphalan, Before and Fibrosarcoma, growth delay Teicher et al. (1994)
sarcoma C3H, male cells, s.c. 5 daily single dose, i.p.; 10 mg/kg during ß-Carotene + melphalan: 115%

doses, i.p. bw CDDP, single dose, i.p.;
(SU)

150 mg/kg bw
ß-Carotene + cyclophos-cyclophosphamide, 3 doses,

i.p.; 15 mg/kg bw
phamide: 38% (SU)

carmustine, 3 doses, i.p.; 40 ß-Carotene + CDDP or

mg/kg bw 5-fluorouracil, 5 carmustine or 5-fluorouracil or

doses, i.p.; 1.75 mg/kg bw adriamycin: none (SU)

adriamycin, 5 doses, i.p.

Inoculated Mouse, 10-12 2 x 105 C3HBA 90 mg/kg diet 30 Gy X-rays Ane Adenocarcinoma Seifter et al. (1983)
adeno- CBAlJ, cells

fter
ß-Carotene: survival of mice,

carcinoma male 49% (p 0: 0.001); tumour growth,
cells 75% (SU)

Irradiation: survival of mice,
105% (p 0: 0.001); tumour
growth, partial regression (SU)

Combination: complete tumour
regression and no deaths (SU)

Inoculated Mouse, 10-12 2 x 105 C3HBA 90 mg/kg diet 30 Gy X-rays Afler Adenocarcinoma Seifler et al. (1983)
adeno- CBAlJ, cells ß-Carotene: survival of mice,
carcinoma male 46% (p 0: 0.001); tumour growth,
cells 26%

Irradiation: survival of mice,
129% (p 0: 0.001); tumour
growth, partial regression (SU)
Combination: complete tumour
regression and no deaths (SU)

i.p., intraperitoneally; NS, not significant; NBOPA, N-nitrosobis(oxopropyl)amine; s.c., subcutaneously; NDEA, N-nitrosodiethylamine; 4-HPR, N-(4-hydroxyphenyl)retinamide; DMBA,
7, 12-dimethylbenzlaJanthracene; SU, statistics unspecified; AcO-NDMA, N-nitroso(acetoxymethyl)methylamine; NNK, 4-(N-nitrosomethylamino)-1-(3-pyridyl)-1-butanone; Fsall, fibrosarcoma cell line;
CDDP, cis-diamminedichloroplatinum; SCC-Vii, squamous-cell carcinoma cellline; C3HBA, adenocarcinoma cellline
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in each group were collected to establish the
presence of colonic aberrant crypt foci and to
count the number of aberrant crypts per
colon and the number of aberrant crypts per
focus. Mean food intake and mean body
weights were not significantly affected by ß-
carotene or perila oil. No neoplasms were
found. Aberrant crypt foci were found only
in the colons of rats treated with
azoxymethane. ß-Carotene and perila oH
alone and in combination significantly sup-
pressed the development of the se preneoplas-
tic colonie changes (Table 37; Komaki et al.,
1996).

The effects of ß-carotene, incorporated at
various concentrations into a high-fat diet with
low or high levels of dietary fibre (wheat bran
(formulation in the di et unspecified)), on the
occurrence of aberrant crypt foci and tumours
of the colon were investigated in four-week old
male Fischer 344 rats given two subcutaneous
injections of 15 mg/kg bw azoxymethane in
saline in weeks 3 and 4. Six weeks after the last
injection, five animaIs per group were kiled
and examined for the presence of aberrant
crypt foci; the remaining animaIs were continued

on their respective diets for an additional 20
weeks. The results (Table 38) show a strong,
dose-dependent protective effect of both ß-
carotene and wheat bran against colon carcino-
genesis (Alabaster et al., 1995, 1996). (The

Working Group noted discrepanCIes in the total
number of aberrant crypt foci and the incidence
of colonic adenomas between the two publica-
tions.)

(c) Lung
Mouse: Two groups of female Ail miee (initial
number unspecified), six to seven weeks old,
were fed powdered AIN-76A di et for 23 weeks; a
third group received the same diet supplemented
with 2.14 g/kg ß-carotene (purity, 65%; 0.012

pmol/d per mouse (formulation in the diet
unspecified)) plus 0.009 g/kg retinol (purity,
70%; 6 x 10-6 pmol/d per mouse) for 23 weeks.
During weeks 2-9, a11 24 mice given ß-carotene
plus retinol and 28 in one of the groups on the
unsupplemented diet received 4-(N-nitroso-
methylamino )-I-(3-pyridyl)-I-butanone (NNK) in
the drinking-water, for a total dose of 9.2 mg
per mouse. The body weights of miee given
ß-carotene plus retinol were slightly lower than

Table 37. Incidence and numbers of aberrant crypt foci in the colons of azoxymethane-treated
male Fischer 344 rats fed diets containin9 perila oil and ß-carotene in distiled water

Oietary addition8 Incidence No./colon NO.of aberrant No. of aberrant
crypts/colon crypts/focus

12% olive oil 5/5 217.4 :t 23.5 381 :t 38.1 1.76 :t 0.09
12% olive oil and 50 mg/kg bw 515 159.8 :t 16.4b 267 :t 33.8b 1.67 :t 0.05
ß-carotene

9% olive oil and 3% perilla oil 5/5 91.4 :t 15.5b 148.6 :t 29.4b 1.62 :t 0.08c

9% olive oil, 3% perilla oil and 5/5 28.0 :t 8.3Me 4.3 :t 11.3b,e 1.44 :t 0.09Mf
50 mg/kg bw ß-carotene

12% perilla oil 5/5 40.0 :t 16.5b,e 56.8:t 15.0b,e 1.47:t0.18b
12% perila oil and 50 mg/kg bw 515 19.3 :t 11.0b,d 28.0 :t 16.5b,g 1.44 :t 0.03b,d
ß-carotene

From Komaki et al. (1996); for further details, see text
8 Ali rats received a subcutaneous injection of 15 mg/kg bw azoxymethane once a week for three weeks.
b Significantly different from group 1; P 0( 0.01: Ounnett's t test
c Significantly different from group 1; P 0( 0.05: Ounnetts t test
d Significantly different from group 2; p 0( 0.01: Ounnett's t test
e Significantly different from group 3; p 0( 0.01: Ounnetts t test
f Significantly different from group 3; p 0( 0.05: Ounnett's t test

g Significantly different from group 5; po( 0.05: Ounnett's t test
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Table 38. Numbers of aberrant crypt foci (ACF) and incidence of tumours in the colon of
azoxymethane-treated Fischer 344 rats fed a high-fat diet containing various concentrations
of wheat bran and ß-carotene

Group Treatment
Wheat bran (%)

No. of ACF/rat

ß-Carotene (mg/kg) (n = 5)
Incidence of colon tumours (n = 15)

Total Adenoma Carcinoma

those of the untreated con troIs and comparable
to those treated with NNK alone. Six of the
24 untreated controls developed lung tumours,
with an average of 0.4 :t 0.1 tumours per

surviving mouse. ß-Carotene plus retinol did
not reduce the incidence of tumours (24/24

versus 28/28 in the NNK-treated controls) or
the number of tumours per surviving mouse

(12.7 :t 3.1 versus 15.7 :t 2.7; not significant;
Fisher's exact test) (Castonguay et al., 1991).

Hamster: Male Syrian golden hamsters, five
to six weeks of age were given subcutaneous
injections twice weekly of 1.5 mg ß-carotene
(mice11ar form dispersed in an aqueous solution

of 40 mg/ml), oltipraz at 300 mg/kg di et and
N-( 4-hydroxyphenyl)retinamide at 98 mg/kg
diet, alone or in combination. After one week
of the respective diets, groups of animaIs were
given twice weekly subcutaneous injections of
17.8 mg/kg bw NDEA for 20 weeks; in the
groups receiving ß-carotene, NDEA was admin-
istered 24 h after the carotenoid injection.
Vehicle controls received saline. At the termi-
nation of the study, after 25 weeks on the test

diets, the entire respiratory tree was removed
and the incidences of pulmonary carcinomas

and tracheal papilomas were determined.
None of agents significantly inhibited tumour
formation when given alone, but ß-carotene in com-
bination with oltipraz synergistically deCfeased the

incidence of carcinomas by 90% (p -( 0.005), and
ß-carotene in combination with oltipraz and N-( 4-
hydroxyhenyl)retinamide resulted in a 100%

reducton (p -( 0.001) (Moon et aL., 1994).

(d) Buccal pouch
Hamster: The mucosa of the right buccal pouch-
es of 100 male Syrian hamsters, 60-90 days old
and weighing 95-125 g, were painted three
times per week with a 0.5% solution of DMBA
in heavy mineraI oïl (about 0.6 mg DMBA per
painting) for 14 weeks, when a11 animaIs had

moderate-sized tumours in the right pouch.

The animaIs were then divided into groups of
20 animaIs and received either no further treat-
ment (controls), 0.2 ml vegetable oïl daïly by
gavage (vehicle control) or the same volume of
vegetable oïl containing 400 ¡.g ß-carotene, 400

..
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pg a-tocopherol or 200 pg ß-carotene plus 200

pg a-tocopheroL. At 22 weeks, the animaIs

receiving ß-carotene plus a-tocopherol were all
alive and in good condition, and their treat-
ment was extended to 28 weeks, whereas the
animaIs in the other groups were weak and

cachectic (four died and the others were kiled for
humane reasons), had significantly higher
body weights (138 g) than the animaIs in the
other groups (103 g), had a total buccal pouch
tumour burden of about 500 mm3 as compared
with about 3500-4200 mm3 in the other groups
(data presented as diagrams only; no informa-
tion on statistical analysis) and showed no
metastases in the cervicallymph nodes, where-
as metastatic spread to cervical lymph nodes
was found in many other animaIs. ß-Carotene
treatment al one did not result in regression of
these tumours, the total tumour burden at 22
weeks being about 3700 mm3 with ß-carotene
and 4000 mm3 in the vehic1e controls. All of
the tumours appeared to be epidermoid carci-
nom as, which underwent cellular degeneration
only in animaIs treated with ß-carotene plus a-

tocopherol. At 28 weeks, no buccal pouch
tumours were found grossly in several of the
hamsters treated with ß-carotene plus a-toco-
pherol, but sorne had tumours larger than those
found at 14 weeks (Shklar et al., 1989).

The mucosa of the right buccal pouches of
60 male Syrian hamsters, 60-90 days old and
weighing 92-123 g, was painted with a 0.5%

DMBA solution in heavy mineraI oïl three
times per week for 12 or 14 weeks. Groups of 10
animaIs received no further treatment (DMBA
control group) or were given either a mixture of
12.5 pg ß-carotene plus 12.5 pg DL-a-tocopherol
acid succinate plus 12.5 pg reduced glutathione
plus 12.5 pg L-ascorbic acid or 50 pg ß-carotene,
50 pg reduced glutathione, 50 pg DL-a-toco-

pherol acid succinate or 50 pg L-ascorbic acid in

a volume of 0.5 ml mineraI oïl by mouth (route
of administration not further specified) three
times per week on alternate days to DMBA, for
12 or 14 weeks. One-half of the animaIs in each
group were kiled after 12 weeks, and the other
half after 14 weeks. At both times, treatment
with the mixture, with ß-carotene or with glu-

tathione or a-tocopherol, but not ascorbic acid,

appeared to have significantly reduced the inci-
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dence of cheek pouch leukoplakia and the inci-
dence, area, volume and total burden of cheek
pouch tumours (carcinomas in situ and early
carcinomas), the mixture being significantly
more effective th an ß-carotene, glutathione or a-
tocopherol al one; e.g. the values for the tumour
burden after 12 weeks were: 2.89 :t 0.6 mm3 for
the DMBA control, 0.125 :t 0.01 mm3 for ani-
maIs given the mixture (p -c 0.001), 0.434 :t 0.1
mm3 for those given ß-carotene (p -c 0.001),
0.438 :t 0.1 mm3 for those given glutathione
(p -c 0.01), 1.47 :t 0.25 mm3 for those given
a-tocopherol (p -c 0.01) and 3.69 :t 0.62 mm3
for those given ascorbic acid (p value for differ-
ence between the mixture and ß-carotene,
-c 0.01; between the mixture and glutathione"
0.01 and and between the mixture and a-toco-
pherol, -c 0.001; Students t test) (Shklar et aL., 1993).

Four groups of 15 female inbred Syrian

hamsters, eight weeks old, were given drinking-

water alone or with ß-carotene at 5.8 nmol/L
(formulation in the drinkig- water unspecified),

a-tocopherol at 5.8 nmol/L or ß-carotene plus
a-tocopherol for 13 months. After two weeks, 2

mg/kg bw AcO-NDMA were applied to the
mucosa of the right cheek pouch twice month-
ly for six months; three additional groups of
15 hamsters were not treated with AcO-NDMA
and did not develop cheek pouch tumours.

Both ß-carotene and a-tocopherol reduced

the incidence of cheek pouch tumours
induced by AcO-NDMA, from 14/15 to 1/15 (p
-c 0.001; X2 test), while no cheek pouch
tumours were seen at death in hamsters given
the combined treament (p -c 0.001; X2 test).
The time to appearance of tumours was 5-10
months in hamsters given AcO-NDMA alone,
8-12 months in those given ß-carotene, 9
months in those given a-tocopherol and 6
months in those given ß-carotene plus a-toco-
pherol (statistics unspecified) (Azuine &
Bhide, 1992).

(e) Pancreas
Rat: Groups of 40 male weanling SPF albino Bor

(WISW,Cpb) Wistar rats were fed standard labo-
ratory chow and received two intraperitoneal
injections of 30 mg/kg bw azaserine in 0.9%
saline, one at 19 days and one at 26 days of age.
One week after the second injection, the
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animaIs were a110cated randomly to one of

eight groups. Each group was switched to an
AIN-76 diet with a high concentration of satu-
rated fat (20% lard) either as su ch (azaserine
con troIs) (use of placebo beadlets unspecified)
or supplemented with 60 mg/kg ß-carotene (as
water-dispersible beadlets containing 10% pure
ß-carotene), 10 g/kg vitamin C (as ascorbic
acid), 60 mg/kg ß-carotene plus 10 g/kg vitamin
C, 600 mg/kg vitamin E (as 50% DL-a-toco-

pherol), 2.5 mg/kg selenium (as sodium selen-
ite), 600 mg/kg vitamin E plus 2.5 mg/kg sele-
nium, or 60 mg/kg ß-carotene plus 10 g/kg vit-
amin C plus 600 mg/kg vitamin E plus 2.5
mg/kg selenium (mix). Autopsies were per-
formed 482-485 days after the second injection
of azaserine. Of the 27 animaIs in a11 groups

that died or were kiled before the final autop-

sy, 10 that died after day 380 were inc1uded in
the final evaluation; five of these rats had pan-
creatic tumours, five had renal or hepatic fail-
ure, and one died with an unspecified head

tumour. Food and energy intake were similar
among the various groups, but food conversion
efficiency was significantly lower in the groups
fed diets supplemented with ß-carotene plus
vitamin C, selenium, selenium plus vitamin E

or the mix. The body and pancreatic weights

were similar, except that the mean body weight

of the group receiving the mix was significant-
ly lower than that of the controls. ß-Carotene,

selenium and vitamin C, alone or in Gombina-

tion, reduced azaserine-induced pancreatic car-
cinogenesis (Table 39; Appel et al., 1991).

The effect of ß-carotene alone or in combi-
nation with selenium on the initiation or early
promotion and late promotion phases of pan-
Cfeatic carcinogenesis was studied in 96 azaser-
ine-treated female Wistar rats which had been
mated one week earlier. Half of the animaIs
were maintained on a high-fat diet (25% fat,
25% casein, 0.37% DL-methionine, 36.79%
wheat starch, 6.18% cellulose, 0.25% choline
bitartrate, 4.32% AIN76 mineraIs supplying
0.13 mg selenium per kg die t, 1.24% AIN76 vit-
amins and 1.85% calcium phosphate); the
other 48 rats weredivided into six groups and
were fed the high-fat di et supplemented with
100 or 1000 mg/kg ß-carotene (added as a 30%
suspension in corn oil), 1 or 2.5 mg/kg selenium
(as sodium selenite), 100 mg/kg ß-carotene plus
1 mg/kg selenium or 1000 mg/kg ß-carotene
plus 2.5 mg/kg selenium. When the pups were
born, 14 groups of 20 males were formed and
were fed the same diets as their mothers. At 14
and 21 days of age, the pups received a subcu-
taneous injection of 30 mg/kg bw azaserine in
saline, except for those in one of the groups

Table 39. Atypical acinar-cell noduls (AACN) and tumours in the pancreas of azaserine-
treated male Wistar rats maintained on a high-fat diet (HF) supplemented with ß-carotene
(BC), vitamin C (Vit C), vitamin E (Vit E) and/or selenium (Se) for 15 months
Diet No. of No. of MCN (diameter) No. of tumour- No. of carcinoma- No. of adenoma-

animais 0.5-1 mm 1-3 mm bearing rats bearing rats bearing rats

HF 39 338 200 22 15 7

HF + BC 37 194* 146 9* 4* 5

HF + Vit C 37 157** 104** 14 8 6

HF + BC + Vit C 38 128** 106** 14* 9 5

HF + Vit E 37 212 155 19 9 10

HF + Se 38 181 *** 97*** 13** 7* 6

HF + Vit E + Se 39 150*** 92*** 9** 5* 4
HF + BC + Vit C + Vit E 38 117*** 56*** 8** 4* 4

+ Se

From Appel et al. (1991); for details, see text

* p 0: 0.05; ** P 0: 0.01; *** po: 0.001; generalized Iinear regression; error is Poisson, link function is log
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kept on unsupplemented diet which received
subcutaneous injections of saline only. At five
weeks of age, six of the seven groups fed the
unsupplemented diet were switched to one of
the six supplemented diets to study the effects
of the supplements on the late promotion

phase; the seventh group was continued on the
unsupplemented diet. Also at five weeks of age,
the six groups fed the various supplemented
diets were switched to unsupplemented diet to
study the effects of the supplements on the
initiation or early promotion phase. The exper-
iment was terminated when the rats were 29
weeks of age. Body and pancreatic weights were
similar in a11 groups, except that the group
receiving 100 mg ß-carotene and 1 mg/kg sele-
nium had significantly higher body and
absolute pancreatic weights (no further details
given). A11 animaIs consumed similar amounts
of food, resulting in similar ca1culated energy

intakes. ß-Carotene and selenium inhibited aza-
serine-induced pancreatic carcinogenesis, the
strongest effects occurring when selenium was
given alone or in combination with ß-carotene
during the late promotion phase (see Table 40).
No (putative) preneoplastic or neoplastic pancre-
atic lesions were found in saline-treated controls
(Appel & Woutersen, 1996).

Hamster: Four groups of 40 male Syrian

golden hamsters, five to six weeks old, were fed
a standard diet and were injected subcutneous-
ly with 20 mg/kg bw NBOPA (vehic1e unspeci-
fied) at six, seven and eight weeks of age. One
week after the last injection, a11 hamsters were fed
a high-fat di et (20% lard) either as such or sup-
plemented with 60 mg/kg ß-carotene (as water-
dispersible beadlets containing i 0% pure ß-
carotene), 10 g/kg vitamin C or 60 mg/kg ß-
carotene plus 10 g/kg vitamin C for the rest of
the experiment (use of placebo beadlets
unspecified). Survivors were kiled 364 or 365
days after the first injection of NBOPA. The
body weights of the hamsters fed the di et sup-

plemented with ß-carotene were statistica11y
significantly lower th an those of the controls
(p -( 0.05; analysis of variance and Dunnetts t
test, two-sided). The me an number of advanced
ductular lesions in the pancreas was consistent-
ly lower in hamsters fed the diets supplement-
ed with either vitamin C alone (1.9 :t 0.3) or
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with vitamin C plus ß-carotene (1.9 :t 0.3) th an
in controls (2.9 :t 0.5) or in the animaIs fed the
diet supplemented only with ß-carotene (2.9 :t
0.5), but the differences were not statistically
significant (analysis of variance). Moreover, no
statistica11y significant difference (X2 test) in
the incidence or in the me an number of
carcinomas in situ or invasive carcinomas was
found between the various groups; e.g. the
incidences of advanced ductular lesions were
9/27, 11/34, 16/35 and 19/35 in the controls
and animaIs receiving ß-carotene, vitamin C
and ß-carotene plus vitamin C, respectively,
and those of invasive carcinomas were 12/27,

11/34, 11/35 and 9/35, respectively (Appel et aL.,
1996).

(f) Inoculated tumours
C3HBA adenocarcínoma cells: Groups of 10
female C3H/He mice, five weeks old, were inoc-
ulated subcutaneously with 2 x 105 C3HBA
adenocarcinoma ce11s in the outer aspect of the
thigh and were maintained on powdered basal

di et containing 15 000 lU/kg vitamin A and 6.5

mg/kg ß-carotene. When the tumours reached
an average diameter of 7.5 :t 0.2 mm, one
group of mice was continued on the basal diet,
one group was switched to basal diet supple-
mented with 90 mg/kg ß-carotene, one group
received basal diet supplemented with 5 mg/kg
ascorbic acid, and one group received basal di et
supplemented with both 90 mg/kg ß-carotene
and 5 mg/kg ascorbic acid. The average survival
times of the mice were 36.3 :t 1.3 days without
supplement, 58.5 :t 3.5 days with ß-carotene (p
-( 0.001; analysis of variance), 38.1 :t 1.6 days
with ascorbic acid and 56.7 :t 1.5 days with
both supplements (p -( 0.001; analysis of vari-
ance). ß-Carotene, but not ascorbic acid alone

or in combination with ß-carotene, reduced

tumour growth but did not cause tumour
regression: after 12 days of feeding the various
diets, the average tumour diameters were 21. 7
mm without supplement, 17.1 mm with ß-
carotene, 21.5 mm with ascorbic acid and 17.4
mm with both supplements (Students t test fp
values unspecified)) (Rettura et aL., 1982).

Forty-four male CBA/J mice, six weeks old,
were inoculated subcutaneously with 2 x 105

C3HBA adenocarcinoma ce11s in the outer
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aspect of the right thigh and were fed a basal
diet containing 15 000 lU/kg vitamin A and 6.4
mg/kg ß-carotene. On day 13, when the me an
diameter of the tumours was 6.2 :t 0.3 mm, 20
mice were randomly selected and distributed
into two groups of 10 animaIs, one of which
was continued on unsupplemented basal diet
and the other given basal di et supplemented
with 90 mg/kg ß-carotene. The tumours of the
other 24 tumour -bearing mice received 3000

rad (30 Gy) X-irradiation, and the mice were
divided randomly into two groups of 12, one of
which was continued on unsupplemented diet,
while the other received the supplement of

ß-carotene. One year after irradiation, five of
the 10 surviving mice fed ß-carotene were

switched back to basal diet, while the other five
animaIs were continued on the ß-carotene-sup-

plemented diet. A similar experiment was

begun ni ne weeks after the first, in which the
mean tumour diameter on day 13 was 5.6:t 0.2
mm and the mice were switched back to basal
di et 13.5 months after irradiation. ln neither
experiment was there a significant difference in
body weight between groups. Unirradiated
mice fed the unsupplemented di et had an aver-
age survival time of 41.2 days in experiment i
and 43.3 days in experiment 2. ß-Carotene

increased the average survival times to 61.2 and
63.3 days in experiments 1 and 2, respectively
(p 0( 0.001 for each experiment; analysis of vari-
ance), and slowed tumour growth considerably
(statistics unspecified), an average tumour
diameter of about 16.8 mm being reached in
weeks 12 and 21 in experiment 1 and in weeks

19 and 24 in experiment 2 in the unsupple-

mented and ß-carotene-supplemented animaIs,
respectively. Local irradiation alone inCfeased

the averagesurvival time to 84.4 and 99.1 days

in experiments 1 and 2, respectively (p 0( 0.001
for both experiments; analysis of variance), and
caused partial tumour regression in nearly a11

mice (one mouse showed tumour regression to
an impalpable level, indicating complete
regression), but tumour growth resumed after
18 and 24 days in experiment 1 and 2, respec-
tively. Local irradiation combined with feeding
of ß-carotene led to complete tumour regres-
sion within 18 and 12 weeks in experiments

1 and 2, respectively. Twenty-two of the

190

24 irradiated mice fed the ß-carotene-supple-

mented diet survived for one year, whereas
mice that were only irradiated or only fed
ß-carotene were all de ad by three months.
Of the six irradiated mice in experiment 1 that
were switched back to unsupplemented basal
diet after one year, two developed tumours

after 133 and 275 days, whereas none of the
five irradiated mice continued on the
ß-carotene-supplemented basal diet redeveloped
tumours. ln experiment 2, none of the II
irradiated mice that were switched back
to the unsupplemented basal di et after

13.5 months or continued on the ß-carotene-

supplemented basal diet redeveloped tumours
(Seifter et al., 1983).

sec VII cells: Groups of 15 male C3H mice,
eight to ten weeks old, were inoculated subcu-

taneously with 2 x 106 SCC VII carcinoma ce11s

into one leg; one of the groups served as

untreated controls. Mice in seven of the groups

received five daily intraperitoneal injections of
10 mg/kg bw ß-carotene (soya-based emulsion)
on days 7-11; one of these groups was not fur-
ther treated, while the other six groups received
either one intraperitoneal injection of 10

mg/kg bw melphalan or 10 mg/kg bw CÎs-
diamminedichloroplatinum(II) (CDDP) on day
7, immediately after the ß-carotene injection;
three intraperitoneal injections of 150 mg/kg
bw cyclophosphamide or 15 mg/kg bw carmus-
tine on days 7, 9 and II; or five intraperitoneal
injections of 40 mg/kg bw 5-fluorouracil or
1.75 mg/kg bw adriamycin on days 7-11. Six
groups that were not treated with ß-carotene

were similarly treated with melphalan, CDDP,
cyclophosphamide, carmustine, 5-fluorouracil
or adriamycin alone. Only a minimal delay in
tumour growth (number of days required to
reach a volume of 500 mm3), 0.3 :t 0.3 day, was
seen with ß-carotene alone. ß-Carotene increased
the delay in tumour growth caused by melpha-
lan, from 2.7 :t 0.3 to 5.8 :t 0.6 days, and that
due to cyclophosphamide from 13.5 :t 1.5
to 18.6 :t 1.7 days (statistics unspecified).
ß-Carotene did not affect the delay in tumour
growth caused by CDDP (6.7 :t 0.6 versus
6.8:t 0.7 days), carmustine (3.2:t 0.4 versus 3.4
:t 0.5 days), 5-fluorouracil (2.4 :t 0.3 versus 2.2
:t 0.3 days) or adriamycin (1.6 :t 0.3 versus
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1.7 :t 0.3 days) (statistics unspecified) (Teicher et
aL., 1994).

FSafI cells: Groups of 15 male C3H mice,
eight to ten weeks old, were inoculated subcu-
taneously with 2 x 106 FSalI fibrosarcoma ce11s

into one leg. One of the groups served as

untreated controls. Mice in four other groups
received one intraperitoneal injection of 10
mg/kg bw ß-carotene (soya-based emulsion) on
day 7; one of these groups was not further treat-
ed, while the other three groups received one

intraperitoneal injection of 10 mg/kg bw mel-
phalan, 10 mg/kg bw CDDP or 150 mg/kg bw
cyc1ophosphamide on day 7, immediately after
the ß-carotene injection. Three groups were
similarly treated with melphalan, CDDP or
cyc1ophosphamide alone. ß-Carotene alone
minima11y delayed tumour growth, by 0.3 :t 0.3
day. It inCfeased the delay in tumour growth
caused by melphalan from 2.7:t 0.4 to 3.7:t 0.5
days, by CDDP from 7.5 :t 0.6 to 9.5 :t 1.1 days
and by cyc1ophosphamide from 4.3 :t 0.5 to 8.0
:t 0.8 days (statistics unspecified). Mice in three
of the groups were injected intraperitonea11y

with 10 mg/kg bw ß-carotene on days 7, 9 and
II; one of the groups was not treated further,
while the two other groups received three

intraperitoneal injections of 150 mg/kg bw
cyc1ophosphamide or 15 mg/kg bw carmustine
on days 7, 9 and 11. Two groups were similarly
treated with cyc1ophosphamide or carmustine
alone. ß-Carotene delayed tumour growth
slightly, by 0.8 :t 0.3 day, but it inCfeased the
delay in tumour growth caused by cyc1ophos-

phamide from 7.8 :t 0.7 to 13.5 :t 1.5 days and
that by carmustine from 2.5 :t 0.4 to 5.3 :t 0.5
days (statistics unspecified). Mice in five of the
groups received an intraperitoneal injection of
10 mg/kg bw ß-carotene on days 7-11; one of
the groups was not treated further, while the
four other groups received one intraperitoneal
injection of 10 mg/kg bw melphalan on day 7,
three intraperitoneal injections of 150 mg/kg
bw cyc1ophosphamide on days 7, 9 and 11, or
five intraperitoneal injections of 40 mg/kg bw
5-fluorouracil or 0.8 mg/kg bw methotrexate
on days 7-11. Two groups were similarly treated
with 5-fluorouracil or methotrexate alone. ß-
Carotene alone increased the delay in tumour
growth by 1.2 :t 0.4 days (statistics unspecified)

and increased the delay in tumour growth due
to melphalan from 2.7 :t 0.7 to 11.7 :t 0.9 days
and that due to cyc1ophosphamide from 7.8 :t
0.7 to 19.0 :t 1.8 days (statistics unspecified). It
also decreased the delay in tumour growth

caused by 5-fluorouracil from 7.6:t 0.7 to 2.7:t
0.5 days but did not affect the delay due to
methotrexate (2.2 :t 0.4 versus 2.7 :t 0.5 days)
(Teicher et aL., 1994).

Groups of five male C3H mice, eight to ten
weeks old, were inoculated subcutaneously

with 2 x 106 FSall fibrosarcoma ce11s into one

leg. One of the groups served as an untreated
control grouPJ and eight groups received daily
intraperitoneal injections of 10 mg/kg bw
ß-carotene (soya-based emulsion) plus 10
mg/kg bw minocyc1ine on days 4-18. One of
these groups wasnot further treated, while the
other seven received one intraperitoneal injec-
tion of 10 mg/kg bw melphalan or CDDP on
day 7, three intraperitoneal injections of 150

mg/kg bw cyc1ophosohamide or ifosfamide on
days 7, 9 and II or five intraperitoneal injec-
tions of 40 mg/kg bw 5-fluorouracil, 15 mg/kg
bw etopside or 1.75 mg/kg bw adriamycin on
days 7-11. Seven groups were similarly treated
with melphalan, CDDP, cyc1ophosphamide,
ifosfamide, 5-fluorouracil, etopside or adri-
amycin alone. ß-Carotene plus minocyc1ine

produced only a minimal delay in tumour
growth, 0.3 :t 0.3 day (statistics unspecified),
but increased the delay in tumour growth

caused by melphalan from 2.7 :t 0.4 to 9.7 :t 0.9
days, by CDDP from 7.5 :t 0.6 to 9.3 :t 1.1 days,
by cyc1ophosphamide from 7.8:t 0.7 to 10:t 1.2
days, by ifosfamide from 6.3 :t 0.7 to 8.8 :t 1.2
days, by etopside from 4.9 :t 0.7 to 16.8 :t 1.7
days and by adriamycin from 8.9 :t 1.0 to 28.9
:t 2.7 days (statistics unspecified). ß-Carotene
alone decreased the growth delay caused by 5-
fluorouracil from 7.6:t 0.7 to 3.2:t 0.4 days (sta-
tistics unspecified) (Teicher et al., 1994).

4.2.1.3 Canthaxanthin (Table 41)

(a) Skin
Mouse: Four groups of 75 female Swiss albino
955 miceJ nine to ten weeks old, were painted

on a c1ipped, mid-dorsal area of the skin with

0.02 ml of a 0.5% solution of benzo 
(a) pyrene in

acetone (0.1 mg benzo(a)pyrene per painting),

--
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twice a week for 60 weeks. Two of the four
groups were kept in the dark except during

treatment and observation; the other two
groups were also kept in the dark but were

exposed to long UV irradiation (300-400 nm;
5890 erg/cm2 per s) for 2 h immediately after
each skin painting. One of the groups kept in
the dark and one of the groups subjected to UV
irradiation were fed a normal rodent diet, while
the other two groups were fed a diet containing
500 mg/kg canthaxanthin from 10% canthax-

anthin-containing beadlets. After one month,
the animaIs fed the canthaxanthin-supple-

mented diet received an additional dose of 100
mg/kg bw crystallne canthaxanthin as a 1%
solution in arachis oil by stomach tube twice a
week. Two additional groups of 75 mice fed a
normal rodent diet and kept either continuous-
ly in the dark or subjected to UV irradiation for
2 h twice a week did not develop any skin

tumours, and canthaxanthin had no consistent
or significant effect on the incidence of
benzo(a)pyrene-induced skin tumours in mice
kept continuously in the dark during the final
haU of the experiment; however, during the

final 20 weeks of the study, canthaxanthin sig-
nificantly reduced the incidence of skin
tumours in mice kept in the dark, from about
546 to 37% at 48 weeks and from about 67 to
47% at week 60 (p .. 0.01 (statistics unspeci-
fied)). ln comparison with benzo(a)pyrene

alone, the combination with UV irradiation
increased the skin tumour incidence by two- to
sevenfold at various times. Canthaxanthin

reduced the incidence of skin papilomas and
epitheliomas induced by benzo(a)pyrene plus

UV considerably, e.g. from about 12 to 3% at 20
weeks, from about 47 to 24% at 28 weeks, from
about 61 to 38% at 38 weeks, from about 86 to
42% at 48 weeks and from about 96 to 43% at
60 weeks (statistics unspecified). At the end of
the study, the skin tumours in the various

groups consisted of 10-20% papilomas and
80-90% squamous epitheliomas (Santamaria et
al., 1981, 1983a,b, 1988).

Canthaxanthin (33 g/kg diet; 6.68 g/kg bw
per day; from canthaxanthin-containing
beadlets) was administered in the di et to three
groups of 24 female hairless Philadelphia Skin
and Cancer Hospital SKH/hr mice, five to eight

192

weeks of age, for 30-32 weeks. Three groups of
mice received placebo beadlets. After 10 weeks
on the respective diets, skin tumours were

induced by one of three methods, each being
applied to one of the canthaxanthin-treated

groups and to one of the placebo control

groups. ln the first method, the mice were irra-
diated with UV-B (7.2 kJ/m2 of total energy,
54% of which was between 280 and 320 nID)

three times a week for 22 weeks. ln the second
method, a 0.5% solution of DM BA in acetone

was painted twice at an interval of two weeks
onto the entire back of each mou se, fo11owed-
three weeks after the second DMBA treat-
ment-by painting two drops of a 0.5% solu-
tion of croton oil in acetone on the entire back
twice weekly for 16 weeks. Inthe third method,

the DMBA treatment was fo11owed two weeks
later by UV-B irradiation (2.7 kJ/m2 of total
energy, 54% of which was between 280 and 320
nm) three times per week (period of treatment
unspecified). Representative skin tumours from
about 30% of the mice were studied histologi-
cally. Each method of tumour induction resulted
in both squamous-ce11 carcinomas and papilo-

mas. Canthaxanthin significantly delayed the
time to appearance, but not the yield, of skin
tumours induced by UV-B irradiation alone, the
first tumour ? 1 mm3 appearing in weeks II
and 9 in the mice given canthaxanthin and in
controls, respectively (p .. 0.01; lie-table analy-
ses with X2 test). The time to appearance of the
fifth tumour (unspecified) was also statistica11y
significantly longer in the canthaxanthin-treat-
ed group than in those on placebo (p .. 0.05;
life-table analyses with X2 test). The yield of
skin tumours induced by UV-B irradiation was
also significantly reduced by canthaxanthin
(p .. 0.005; life-table analyses with X2 test), the
average number of tumours per mouse being
0.5 and 1.59 after 11 weeks of treatment and
1.00 and 11.76 after 18 weeks of treatment in
those fed canthaxanthin and those fed placebo,
respectively. Canthaxanthin had no effect on
the skin tumour response to DMBA plus croton
oil (no further details given). The onset of skin
tumours induced by DMBA plus UV-B was
significantly delayed by canthaxanthin, the
first tumour appearing in the mice on placebo
six weeks after the start of the treatment and
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Table 41 (contd) ~n
::

Organ Species, strain, sex No. of Carcinogen (dose) Canthaxanthin, Treatment Preventative efficacy Reference s:
::

animals/group dose route relative ta 0.
0"

carcinogen 00~
en

0
Skin ..

Mouse, 20-30 UV-B; 4.6 J/m2 per s, total 1% in diet Before, Tumours Gensler et al. (1990) n
C3H/HeNCrIBR, dose, 9.9 x 105 J/m2 during and Latency: none (SU) s:

::
female after Incidence: none (NS) n

ro

Burden: 45% (p= 0.0081)
..
'"..
ro

Skin Mouse, CD-1, 10 DMBA (dose unspecifiedJ; 200 mg/kg bw/day Afer Cumulative papilloma size, Katsumura et al. (1996)
~
ro
::female dermal application by oral gavage after 7 days: 15% (p 0( 0.01); ,.
õ'

after 14 days: 30% (p 0( 0.01) ::
Colon Rat, Fischer 344, 28-30 Azoxymethane, 15 mg/kg 100 and 500 ppm Afer High dose, incidence of Tanaka et al. (1995b)

male bw, sc, 3 times in diet adenocarcinoma: 67%

(p 0( 0.05)

Colon, sm ail bowel Rat, Holtzman, male 27-28 DMH, 30 mg/kg bw, s.e., 1% in diet Before, Tumours/cancers in colon and Colacchio et al, (1989)
total dose, 480 mg/kg bw during and small bowel: none ¡rather, a

after c1ear increase J

Urinary bladder Mouse, ICR, male 31-36 250 ppm NBHBA in 50 ppm in After Carcinoma: 33% (NS) Tanaka et al. (1994)
drinking-water drinking- water Preneoplasia: 25% (NS)

Urinary bladder Mouse, B6D2F1 24 5 mg NBHBA, gavage, twice 0.1% in diet Before, Carcinoma incidence Mathews-Roth et al. (1991)
weekly during and None (NS)

after

Liver Rat, SPF-Wistar, 9 2-Nitropropane, 6 x 100 300 mg/kg diet Before and Fraction of liver volume Astorg et al. (1996)
male mg/kg bw, i.p. during occuped by GST-P + foci:

None

Liver Rat, SPF-Wistar, 9-10 NDEA, 100 mg/kg bw, i.p., 300 mg/kg diet Before and Fraction of liver volume Astorg et al. (1996)
male single dose during occuped by GST-P + foci: 27%

(NS)

Liver Rat, SPF-Wistar, 9-10 Aflatoxin B1 ,2 x 1 mg/kg 300 mg/kg diet Before and Fraction of liver volume Gradelet et al. (1998)
male bw, i.p. during occupied by GST-P+ foci: 92%

(p 0( 0.05)
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Table 41 (contd)

Organ Species, strain, sex No. of Carcinogen (dose) Canthaxanthin, Treatment Preventative efficacy Reference
animals/ dose route relative to

group carcinogen

Buccal pou ch Hamster,male 20 0.5% DMBA; 3 times/week 250 ¡.g in MEM, Afer Epidermoid carcinomas Schwartz & Shklar (1987)
injected into cheek Regression
pouch twice Complete: 15% (SU)
weekly Partial: 85% (SU)

Buccal pouch Hamster, male 20 0.5% DMBA; 0.4 250 IJg/ injection Afer Carcinoma burden: Schwartz & Shklar (1988)
mg/painting into pouch 94% (SU)

Buccal pouch Hamster, male 20 0.5% DMBA; 0.6 0.19 mg in MEM Afer Carcinoma burden: 71 % (SU) Shklar & Schwartz (1988)
mg/painting, 3 times/week injected into

buccal pouch

Buccal pouch Hamster, male 20 0.1 % DMBA; painted 3 0.14 mg in min.eral During Carcinoma: Schwartz et al. (1988)
times/week oil/painting (1.5 Incidence (gross tumours),

mg/kg bw) 90% (SU)

Multiplicity: 86% (SU)
Burden: 99% (p 0( 0.001)

Buccal pouch Hamster, male 20 0.1 % DMBA; 0.4 1.4 mg/kg bw; During Carcinoma Schwart et al. (1989)
mg/painting gavage Incidence: 90% (SU)

Burden: 99.6% (p 0( 0.001)
Onset: 25% (SUl

Mammary glands Rat, Sprague-Dawley, 10 MNU, 45 mg/kg bw; single 1130, 3390 mg/kg Afer Adenocarcinomas (p 0( 0.001) Grubbs et al. (1991)
female dose, Lv. in diet Incidence: none (NS)

Multiplicity: none (NS)
Latency: none (NS)

Mammary glands Rat, Sprague-Dawley, 29-30 DMBA, 15 mg/rat, gavage 1130, 3390 mg/kg Before Adenocarconoma Grubbs et al. (1991)
female diet Incidence: 28% (p 0( 0.05);

Average number/rat: 58%

(p 0( 0.05)

Stomach Mouse, Swiss, female 15-20 B(a)P; 1 mg, twice weekly, 4.7 IJmol/animal Before, Tumours Azuine et al. (1992)
4 weeks; gavage per day, gavage during and Incidence: 80% (p 0( 0.001)

afte r Multiplicity: 86% (p 0( 0.001)

Small intestine Rat, Holtzman, male 27-28 DMH; 30 mg/kg bw, s.e.; 1% in diet Before, Tumours/cancer: none (rather, Colacchio et al. (1989)
total dose, 480 mg/kg bw during and an increase)

1 ('after
po..0..

~I 1 i
'"
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Table 41 (contd) ~n

::
Organ Species, strain, sex No. of Carcinogen (dose) Canthaxanthin, Treatment Preventative efficacy Reference ~

::
animals/group dose route relative to 0.cr

carcinogen 00~'"
Sali vary gland Rat, Sprague-Dawley, 30 DMBA, 1 mg injected into 250 ppm in diet Before, Tumours Alam et al. (1988) 0,.male submandibular salivary during and Incidence: none (NS) n

gland after Average weight: 75% (NS) ~
::

Weight ).10 g: 100% (p.: ()ri
0.05)

,.
'",.

Tongue Rat, Fischer 344, male 17-24 20 ppm 4-NQO in drinking- 0.01 % in diet Before and Carcinomas Tanaka et al. (1995a)
ri
.:riwater during 100% (p.: 0.001) ::ri

Severe dysplasia: õ'
90% (p.: 0.001) ::

Tongue Rat, Fischer 344, male 19-24 20 ppm 4-NQO in drinking- 0.01% in diet After Carcinomas: 91% Tanaka et al. (1995a)
water Severe dysplasia: 91 % (p .:

0.001)

Mouse, Balb/c, male 60 7 x 107 thymoma cells 7 or 14 mg/kg bw Before, Tumour appearance Palbzza et al. (1997)
and female per day, gavage during and Low dose: 70% (p.: 0.05)

after High dose: 45% (p .: 0.05)
Survival

Low dose: 30% (p .: 0.05)
High dose (p .: 0.05)

Mouse, Balb/c, female 60 7 x 107 thymoma cells 14 mg/kg bw per After Tumour appearance and Palozza et al. (1997)
day, gavage survival: none

BlaJP, benzo¡aJpyrene; UV, ultraviolet irradiation; SU, statistics unspecified; NS, not significant; DMBA, 7, 12-dimethylbenzlaJanthracene; MNU, N-methyl-N-nitrosourea;

Lv., intravenously; MEM, minimal essential medium; NBHA, N-nitrosobutyl(4-hydroxylbutylamine); 4-NQO, 4-nitroquinoline 1-oxide; s.e., subcutaneously; DMH, 1 ,2-dimethylhydrazine; GST-P+,
placental glutathione S-transferase; NDEA, N-nitrosodiethylamine



Carotenoids

in the canthaxanthin-fed group after 13 weeks

(appearance of first and tenth tumours, p -(
0.025; life-table analyses with X2 test).
Canthaxanthin also significantly reduced
the yield of skin tumours induced by DMBA
plus UV-B (p -( 0.05; lie-table analyses with
X2 test), the average numbers of tumours
per mouse being 0.25 and 0.85 after 13 weeks
of treatment and 0.75 and 2.75 after 20 weeks

of treatment in mice fed canthaxanthin and
those fed placebo, respectively (Mathews-Roth,
1982).

An unspecified number of Philadelphia Skin
and Cancer Hospital SKH/hr mice, five to eight
weeks of age, were fed normal mouse chow and
were irradiated with UV-B (3.6 k11m2) for 20

min, three times per week for an unspecified

period of time (at least 24 weeks). As soon as a
mouse developed a skin tumour:: 1 mm3, it was
a110cated at random to a canthaxanthin-sup-

plemented diet (33 g/kg diet from canthaxan-
thin-containing beadlets) or to placebo beadlet-
supplemented control diet. Canthaxanthin sig-
nificantly delayed the appearance of new skin
papilomas and carcinomas :: 1 mm3; e.g. the
percentage of mice developing the seventh skin
tumour after receiving the canthaxanthin-sup-
plemented di et was 1% after seven weeks versus
26% in those on placebo (p -( 0.025; lie-table
analysis) and 2% after 10 weeks versus 42%
with placebo (p -( 0.05; lie-table analysis (inci-
dences estimated from a figure)). Canthaxa-
nthin also significantly delayed the develop-

ment of skin tumours ? 4 mm3 (first subsequent
tumour, p -( 0.05; fifth tumour, p -( 0.001; sev-
enth tumour, p -( 0.01; lie-table analysis) and?
50 mm3 (first tumour, p -( 0.001; lie-table
analysis). ln a second experiment, groups of
mice received the canthaxanthin-supplement-
ed di et (seven mice) or the placebo diet (nine
mice) for 34 weeks. After 10 weeks on their
respective diets, an mice were subjected to a
large single fluence of UV-B irradiation (8 x 104
11m2) and were observed for 43 weeks (appar-
ently, a11 mice were fed a normal diet du ring
the last nine weeks of this period). There was
no intercurrent mortality. The first skin
tumours were seen five weeks after exposure to
UV-B, and no new skin tumours developed 21

weeks after exposure. Canthaxanthin did not

significantly reduce the incidence or total num-
ber of skin tumours ? 1 mm3 the incidences
being 1/8 and 4/9 and the total numbers seven
and five in the mice fed canthaxanthin and

placebo, respectively (Mathews-Roth, 1983).
Six groups of 24 female hairless

Philadelphia Skin and Cancer Hospital SKH/hr-.

1 mice, five to seven weeks old, were fed diets
supplemented with canthaxanthin or placebo

beadlets. Groups 1 and 2 were fed rodent chow
supplemented with 3.3% canthaxanthin (3.3
g/kg diet) in beadlets or placebo beadlets for 16
weeks and then 2% canthaxanthin (2 g/kg diet)
for another 22 weeks; groups 3 and 4 were fed

a diet containing 0.07% canthaxanthin (700

mg/kg diet) or placebo beadlets for 30 weeks;
groups 5 and 6 were fed diets containing 0.01 %

canthaxanthin (100 mg/kg diet) or placebo for
26 weeks and four days. An mice were subject-
ed to UV-B irradiation (total dose, 10.81Im2) for
16 weeks (schedule of irradiation unspecifiedJ,
starting after 12 weeks on their diets for groups
1 and 2, after one month for groups 3 and 4
and after four days for groups 5 and 6. The ani-
maIs were kiled 10 weeks after irradiation. At
the end of the study, the canthaxanthin con-

tent of the epidermis was found to be increased
in a dose-related manner. Canthaxanthin at

dietary concentrations of 3.3/2% and 0.07%
prevented or delayed the appearance of UV-B-

induced skin tumours; e.g. the percentages of
mi ce with skin tumours 21 weeks after the start
of the irradiation were 30% at the high dose
and 84% with placebo (p -( 0.025; Students t
test), 52% at the intermediate dose and 85%
with placebo (p -( 0.0125; Students t test) and
52% at the low dose and 56% with placebo. The
average numbers of tumours per mouse were

also lower in animaIs at the intermediate and

high doses than in those on placebo, but the
difference was statistica11y significant only at
the high dose; e.g. 21 weeks after the start of
the irradiation, 1.34 at the high dose and 2.65
with the placebo (p -( 0.05; Students t test), 1.04
at the intermediate dose and 1.70 with the

placebo and 1.58 at the low dose and 1.30 with
the placebo (Mathews-Roth & Krinsky, 1985).

Groups of 24 female hairless Philadelphia
Skin and Cancer Hospital SKH/hr-l mice, five
to seven weeks old, were fed a diet containing
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0.1 % canthaxanthin in beadlets, and two other
groups received the same di et supplemented
with placebo beadlets for six weeks. A11 mice

then received a single exposure to 8 x 1041/m2
UV-B radiation for 220 min. Immediately after
exposure, one of the groups on the canthaxan-
thin-supplemented diet was switched to the

placebo di et and one of the placebo groups was
switched to the canthaxanthin-supplemented

diet, while the two other groups were contin-
ued on their respective diets. The animaIs were
observed for 24 weeks after treatment. At the
end of the study, canthaxanthin was detected
in the skin even of animaIs that received the

pigment before irradiation. There was no inter-
current mortality. The first tumours appeared
five weeks after irradiation, sorne growing to 50
mm3 but most measuring 1-4 mm3. When can-
thaxanthin was fed before or after or only after
exposure to UV-B, the incidences of skin
tumours (mainly papilomas) were significantly
(Fisher's exact test) reduced, being 14/24 for the
group continuously fed the placebo diet, 2/24
for the group fed the canthaxanthin diet (p -(
0.00025) and 3/24 (p -( 0.0025) for the groups
continuously fed the placebo or the canthaxan-
thin di et or fed the canthaxanthin-supplemented
diet only after or only before exposure to UV-B
(Mathews-Roth & Krinsky, 1987).

Specific pathogen-free, pigmented female
C3H/HeN mice (exact number unspecified but
:? 105), five weeks old, were fed synthetic 76A
basal diet either as su ch or supplemented with
1 % (w/w) canthaxanthin for 18 weeks. The
shaved back skin of 50 animaIs on unsupple-

mented basal diet and 55 on canthanxanthin-
supplemented diet was then exposed to UV-B

irradiation for 30 min/d on five days a week for
24 weeks (total dose, 9.9 x 105 1/m2). No rele-
vant difference in body weight was se en
between the groups. By 27.5 weeks after the
first UV-B irradiation, the average skin tumour
burden per mouse given canthaxanthin was

about 57 cm2 , whereas that in mice fed unsup-
plemented diet was 110 cm2 (p = 0.0081;
Wilcoxon rank sum test); however, the skin
tumour-free survival rate was significantly
lower in mice fed canthaxanthin (6/55) than in
the group fed the unsupplemented diet (21/50;
p = 0.016; Kaplan-Meyer with log-rank
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method). None of the unirradiated mice devel-
oped skin tumours (Rybski et al., 1991).

Two groups of 20-30 female specifie
pathogen-free C3H/HeNCrlBR mice, six weeks
old, were fed either basal diet (AIN 76A con-
taining 4000 lU/kg retinyl palmitate) supple-
mented with 1% canthaxanthin from beadlets
containing 10% canthaxanthin or basal diet
supplemented with 10% placebo beadlets for at
least 45.5 weeks (duration of study not further
specified). ln weeks 18-42, the shaved back skiii
was exposed to UV-B irradiation (280-340
nm;4.61/m2 per s; total dose, 9.9 x 105 1/m2) for
30 min/d on five days per week. No difference
in body weight was seen between the tWQ

groups. Canthaxanthin did not affect the laten-
cy of skin tumours (no further details given) or
reduce the incidence of skin tumours, the inci-
dence at week 45 being 37% in the con troIs and
36% in those fed canthaxanthin. Canthaxanthiii
did, however, significantly reduce the meaii
skin tumour burden per mouse at 45 weeks,

from about 105 mm2in the controls to about 58
mm2 in the group fed the canthaxanthin-sup-
plemented diet (p = 0.0081; analysis of vari-
ance) (Gensler et al., 1990).

Two groups of 75 female Swiss albino mice
(age unspecified) were painted on a c1ipped area

of the dorsal skin with 10 mg 8-methoxypso-
ralen in absolute ethanol twICe a week for 80

weeks. One of the groups was fed a pelleted di et
coiitaining 100 mg/kg bw per day canthaxanthin
for 80 weeks; after one mon th, these mice were
given an additional 100 mg/kg bw canthaxan-
thiii dissolved in arachis oïl by gavage, twice

weekly, 2 h before each painting with 8-
methoxypsoralen. Both groups of mice were

exposed to 1325 x 104 erg/cm2 per s of long UV
irradiation (300-400 nm) for 1 h/d for 80
weeks. Two comparable groups of mice similar-
ly treated with 8-methoxypsoralen and can-

thaxanthin were not exposed to UV light and
were kept in the dark. Eight other groups of

mice served as vehic1e, canthaxanthin and dark
controls. Treatment with UV alone or com-
bined with 8-methoxypsoralen resulted in
malignant mammary gland tumours (types A, B
and C adenocarcinomas, adenocanthomas and
papilary carciiiomas) and a few carcinomas of

other skin appendages, with anaplastic small
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and large ce11s, actinotubular structures, poly-
gonal sebaceous-like ce11s and carcinosarcoma-
tous growth. Canthaxanthin reduced the inci-
dence of the tumours induced by UV and 8-
methoxypsoralen from 29/75 ta 14/75 (statistics
unspecified) and those induced by UV alone
from 8/75 to 0 (statistics unspecified) (Santamaria
et aL., 1988; Santa maria & Bianchi, 1989).

Skin papilomas were induced in 20 female
CD-l mice, eight weeks old, by dermal applica-
tion of DM BA for 60 days, until 10-20 papilo-

mas had developed in each mouse. Two groups
of 10 mice were then given 200 mg/kg bw per
day canthaxanthin in 0.1 ml peanut oil or
peanut oil alone. At day 14, the canthaxanthin
concentrations were 0.011 pmol/L in serum, 1

nmol/g tissue in liver and 0.11 nmol/g tissue in
skin papilomas, whereas no canthaxanthin

was detected in controls. Mean food intake and
mean body weights were not affected by can-
thaxanthin. The cumulative skin papiloma size
(number of papilomas x diameter of each
papiloma) on day 7 in mice given canthaxan-

thin was 92.5 :t 4.9% of the size measured at
the start of treatment with canthaxanthin

treatment and 81.6 :t 8.0% on day 14, the
respective sizes in the control group being 109
:t 5.4% and 117.2 :t 10.9% (p .( 0.01 at both
times; Dunnetts t test) (Kat su mura et al., 1996).

(b) Colon
Rat: Three groups of 28 or 30 male Fischer 344
rats, four weeks old, were injected subcuta-
neously with 15 mg/kg bw azoxymethane once
a week for three weeks. One group received no
further treatment and was fed powdered basal
di et CE-2 throughout the study (37 weeks).

Starting one week after the last injection of
azoxymethane, two further groups were fed the
basal diet supplemented with 100 or 500 mg/kg
canthaxanthin for 34 weeks, and two addition-
al groups of 15 rats were fed either the unsup-
plemented basal diet or basal diet supplement-
ed with 500 ppm canthaxanthin throughout
the study. The body weights of azoxymethane-
treated rats fed the diets containing canthaxan-
thin were slightly but statistically significantly
lower than those of rats treated only with
azaxymethane (p .( 0.05 for the low dose and p
.( 0.001 for the high dose; Students t test). Food

intake was not significantly affected by can-
thaxanthin supplementation. Canthaxanthin

reduced both the incidence and multiplicity of
azoxymethane-induced colon tubular adeno-
mas and adenocarcinomas, the incidence and
multiplicity of the adenocarcinomas being 4/28
(p .( 0.05; Fisher's exact test) and 0; 14 :t 0.35 at
the high dose (p .( 0.05; Students t test) and
9/29 and 0.31 :t 0.46 at the low dose, in com-
parison with 13/30 and 0.53 :t 0.72 in the ani-
maIs given azoxymethane alone. Canthax-
anthin reduced the number of aberrant crypt
foci per colon: 129 :t 63 at the high dose; p .(
0.05; Students t test; 169 :t 55 at the low dose,
with 193 :t 55 in animaIs given azoxymethane
alone. No tumours of the large intestine or
aberrant crypt foci were found in rats fed the
canthaxanthin-supplemented diet or in
untreated controls (Tanaka et al., 1995b).

Two groups of 28 weanling male Holtzman
rats were fed regular chow supplemented with
either 1% canthaxanthin (w/w) from beadlets
containing 10% canthaxanthin or 10% placebo

beadlets for 24 weeks. After four weeks, a11 rats
received 16 weekly subcutaneous injections of
30 mg/kg bw symmetrical DMH dissolved in
neutral sodium hydroxide-corrected phos-

phate-buffered saline, for a total dose of 480
mg/kg bw. At 24 weeks, the animaIs were kiled.
A11 rats had colon tumours, and canthaxanthin
clearly increased the numbers; e.g. the number
of intestinal tumours was increased from 3.21
in those given placebo to 4.67 (p .( 0.0176;
Students t test) and the number of colon can-
cers from 2.96 to 4.44 (p .( 0.0145; Students t
test) (Colacchio et al., 1989).

(c) Urinary bladder
Mouse: A group of 67 male ICR mice, six weeks
old, were given 250 ppm NBHBA in their drink-
ing-water for 20 weeks; 36 were then given tap
water for 21 weeks, while the other 31 mICe

received tap water for one week and then tap
water containing 50 mg/kg canthaxanthin for
20 weeks. A group of 15 mice was untreated,
and a further 15 received 50 ppm canthaxan-
thin in dimethylsulfoxide in their drinking-

water for 20 weeks, starting at week 21.

Canthaxanthin did not affect the body weights
of the mice. The incidence of transitional-ce11
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and squamous-ce11 carcinomas of the urinary

bladder was slightly lower in the mice receiving
NBHBA and canthaxanthin (10/31) than in
those given NBHBA alone (15/36; not signifi-
cant; X2 test). Similarly, the incidence of pre-
neoplastic changes (simple and papilary or
nodular hyperplasia) was 20/36 in the mice
given NBHBA al one and 13/31 in those given
NBHBA and canthaxanthin. The incidences of
benign transitional-ce11 papilomas were
comparable in the two groups: 2/36 with NBHBA
and 3/31 with NBHBA and canthaxanthin. No
(pre)neoplastic changes were observed in the uri-
nary bladders of untreated or canthaxanthin-

treated controls (Tanaka et al., 1994).
Two groups of 24 male B6D2Fi mice, five to

seven weeks old, were fed powdered rodent
chow supplemented with either 10% canthax-
anthin-containing beadlets (0.1% canthaxan-
thin in the diet) or the same amount of placebo
beadlets, for about seven months. After five
weeks, a11 mice received 5 mg NBHBA in saline
(total dose, 90 mg) by gastric tube twice week-
ly for nine weeks. The mice were kiled six
months after the first instilation of NBHBA. ln
a comparable study, the urinary bladder was
found to contain canthaxanthin at 542 rg/lOO
g (range, 133-1000 rg/lOO g). Canthaxanthin
did not affect body weights and did not reduce
the incidence of carcinoma in situ or transitional-
ce11 carcinoma, the incidences in both groups

being 15/24 (Mathews-Roth et al., 1991).

(d) Liver
Rat: Two groups of 10 male SPF Wistar rats,
24-27 days old, were fed a semilquid purified
diet containing 10% corn oil and 6000 lU/kg
vitamin A and supplemented with 300 mg/kg
canthaxanthin from a 10% dispersible powder
or the same di et supplemented with placebo

powder for 21 days, fo11owed by the same diet
with no supplement for 21 days. On day 15, a11
rats were injected intraperitonea11y with 200
mg/kg bw NDEA in 0.9% saline. 2-AAF was
added to the diet at 50 mg/kg on days 42-56.
On day 49, a11 rats were subjected to a two-
thirds hepatectomy. From day 56 to the end of
the experiment (day 70), the diets were sup-
plemented with 500 ppm phenobarbitaL.
There was no significant difference in body

--
200

weight between the two groups.
Canthaxanthin accumulated in the liver (478
:! 148 rg/g liver on day 15), and its concentra-
tion was stil high on day 49 (82 :! 14 rg/ g
liver) and at the end of the experiment (13 :! 2
rg/g liver). Canthaxanthin did not significant-
ly (one-sided Dunnetts test and one-sided t
test) inhibit the number of GGT+ liver foci
(24.4 :! 2.5 versus 28.4 :! 2.3 in controls), the
number of GST-P+ foci (60.2 :! 3.8 versus 51.4
:! 7.6 in controls), the mean are a of GGP foci
(0.131 :! 0.01 mm2 versus 0.145 :! 0.017 mm2
in controls), the are a occupied by GGP foci
(3.39 :! 0.43% versus 4.39 :! 0.82% in controls)
or the are a occupied by GST-P+ foci (6.59 :!
0.69% versus 7.49 :! 1.45% in controls) (Astorg
et al., 1996).

Wistar rats, 24-27 days old, were fed either
a semilquid purified diet containing 10% corn
oil and 6000 lU/kg vitamin A supplemented

with 300 mg/kg canthaxanthin from a 10%
dispersible powder or the same di et supple-
mented with placebo powder for 28 days, fol-
lowed by the same diet with no supplement for
21 days. On days 14, 16, 18, 21, 23 and 25, all
rats were injected intraperitonea11y with 100
mg/kw bw 2-nitropropane in 2% Tween 20. 2-
AAF was added to the diet at 50 mg/kg on days
49-63. On day 56, a11 rats were subjected to a
two-thirds hepatectomy. From day 63 to the
end of the experiment (day 70), the rats
received unsupplemented di et. The canthaxan-
thin content of the livers of rats fed this
carotenoid was stil 26.2 :! 4.7 rg/g liver at the
time of partial hepatectomy, Le four weeks

after cessation of canthaxanthin feeding.

Canthaxanthin did not significantly inhibit
the onset of preneoplastic foci in the liver, as
seen from the number of GGT+ foci per cm3

liver (424:: 74 versus 371 :! 53 in controls), the
number of GST-P+ foci (926 :! 144 versus 703 :!
120 in controls), the mean volume (10-3 mm3)
of GGT+ foci (57.3:! 14.3 versus 62.4:: 20.6 in
controls), the mean volume of GST-P+ foci

(89.7 :! 37.3 versus 59.9 :! 13.5 in controls), the
fraction of the liver volume (mm3/cm3) occu-
pied by GGT+ foci (17.4:! 5.1 versus 15.7:! 5.5
in controls) or the fraction of the liver volume
occupied by GST+ foci (49.8 :! 13.9 versus 33.4 :!
8.6 in controls (Astorg et aL., 1996).



Carotenoids

ln a similar study, the animaIs were fed the
same diets for 21 days, fo11owed by the diet

with no supplement for 21 days. On day 14, all
rats were injected intraperitonea11y with 100
mg/kw bw NDEA in 0.9% saline; 2-AAF was
added to the diet at 50 mg/kg on days 42-56; a11

rats were subjected to a two-thirds hepatectomy
on day 49; and the rats received unsupple-

mented diet from day 56 to the end of the
experiment on day 63. Canthaxanthin did not
significantly inhibit the number of GGT+
fOci/cm3 liver (224 :t 29 versus 205 :t 40 in con-
troIs), the number of GST-P+ foci (2632 :t 222
versus 1853 :t 327 in contraIs), the mean vol-
ume (10-3 mm3) of GGT+ foci (66.1 :t 17.9 ver-
sus 61.0 :t 14.1 in controls), the mean volume
of GST+ foci (15.0:t 2.2 versus 27.1 :t 8.4 in con-

traIs), the fraction of the liver volume

(mm3/cm3) occupied by GGT+ foci (9.6 :t 2.0
versus 10.8 :t 3.6 in con troIs) or the fraction of
the liver volume occupied by GST-P+ foci (36.8

:t 6.5 versus 50.7 :t 17.3 in contraIs) (Astorg et
aL., 1996).

ln a further study of similar design, all rats
were injected intraperitonea11y on days 13 and
19 with 1 mg/kg bw aflatoxin Bi in 50%
dimethylsulfoxide in water; 50 mg/kg 2-AAF
were added to the diet on days 42-56; a11 rats
were subjected to a two-thirds hepatectomy on
day 49; and the rats received unsupplemented
diet on days 56-63 (end of the study). The can-
thaxanthin content of the livers of rats receiv-
ing the compound was stil 20.0 :t 4.4 j1g/g liver
at the time of partial hepatectomy, Le. four

weeks after cessation of canthaxanthin feeding.
Canthaxanthin significantly inhibited the
onset of liver preneoplastic foci, Le. the number
of GST-P+ foci (275 :t 49 versus 773 :t 169 in

controls), the mean volume (10-3 mm3) of GST-
p+ foci (13.3 :t 2.1 versus 107.8 :t 46.8 in con-
traIs) and the fraction of the liver volume
(mm3/cm3) occupied by GST-P+ foci (4.2 :t 1.2
versus 55.4 :t 17.6 in controls) (Gradelet et al.,
1998).

(e) Buccal pouch
Hamster: Epidermoid carcinomas were pra-
duced in the right buccal pouches of three

groups of 20 adult male Syrian golden hamsters
(age not further specified) by painting with a

0.5% solution of DMBA in heavy mineraI oil
three times per week for 13 weeks. Then, the

right buccal pouches were injected with 0.1 ml
of a solution of about 250 ¡.g canthaxanthin in
solvent added to minimal essential medium or
with 0.1 ml the medium alone (sham-injected
contraIs); 20 hamsters were not further treated.
The experiment was terminated at 17 weeks.

No tumour regression was seen in sham-inject-
ed or uninjected hamsters, a11 of which had
multiple, large cheek pouch tumours; two
uninjected contraIs and one sham-injected ani-
mal died intercurrently with very large tumours
and infection. Canthaxanthin caused complete
grass tumour regression in 3/20 hamsters and
partial regression in 17/20. ln general, the

regression of large and multiple tumours tend-
ed to be incomplete, whereas total regression
was usually seen for small or moderate
tumours. The tumours in regression showed

degeneration and infitration of lymphocytes

and macraphages, which often contained
tumour necrosis factor. Stratified squamous
epithelium adjacent to the carcinomas with

severe destruction was relatively unaffected and
appeared essentially normal (Schwartz &
Shklar, 1987).

Sixt Y randomly bred male Syrian hamsters,
two to three months old, were painted on the
right buccal pouch with a 0.5% solution of
DMBA in heavy mineraI oil (about 0.4 mg
DMBA per painting) three times per week for 14
weeks, when each hamster appeared to have

we11-to-moderately differentiated epidermoid
carcinomas of the buccal pouch. Then, the ani-
maIs were divided randomly into three groups
of 20 animaIs each; the tumour -bearing pouch
was injected twice weekly with 0 or 250 pg can-
thaxanthin in 0.1 ml minimal essential
medium or was not injected. After four weeks,
a11 of the hamsters were kiled, and the num-
bers and sizes of the buccal pouch tumours
were recorded. There was no significant differ-
ence in body weight between the groups.

Canthaxanthin reduced the buccal pouch
tumour burden (average tumour volume x
number of tumours) from 2258.9 :t 5.6 mm3
(sham controls) or 2150.4 :t 5.0 mm3
(uninjected contraIs) to 136.4 :t 1.4 mm3 (num-
ber and size of tumours unspecified; no
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information on statistical analysis). ln the
canthaxanthin-treated hamsters but not the

control s, many buccal pouch tumours showed
cellular degeneration and dense infitration of
lymphocytes and macrophages (Schwartz &
Shklar, 1988).

The right buccal pouches of 60 male Syrian

hamsters, 60-90 days old and weighing 95-125
g, were painted with a 0.5% solution of DMBA
in heavy mineraI oil (about 0.6 mg DM BA per
painting) three times a week for 14 weeks,

when a11 hamsters had obvious gross cheek
pouch tumours of variable size and number.
They were then were divided into three groups
of 20 animaIs each, which were either not
further treated or received injections into the

right cheek pouch of 0.1 ml solvent plus mini-
mal essential medium alone or containing 0.19
mg canthaxanthin, three times per week for
four weeks. Canthaxanthin reduced the total
burden of the moderate papilary epidermoid

carcinomas from 1400 mm3 in the hamsters
given DMBA or sham-injected with DMBA to
100 mm3 in those given canthaxanthin (no
information on statistics). ln addition, a clearly
elevated number of tumour necrosis factor-u-
positive macrophages was found in the
tumours and adjacent to regressing tumours in
hamsters treated with canthaxanthin (Shklar &

Schwartz, 1988).

Sixt Y non-inbred adult male hamsters,
60-90 days old and weighing 96-120 g, were

fed standard laboratory pellets, and their right
buccal pouches were painted with a 0.1 % solu-
tion of DM BA in heavy mineraI oil three times
per week for 28 weeks. The animaIs were divid-
ed into three groups of 20 hamsters each and
were given either 0.14 mg canthaxanthin (1.5
mg/kg bw) in 0.4 ml mineraI oïl three times per
week on alternate days to DMBA, mineraI oil
only or no further treatment. A11 hamsters were

kiled after 28 weeks, when obvious, moderate-
ly large buccal pouch tumours were seen in
untreated controls. There was no significant
difference in body weight between the groups.
A11 control hamsters and a few of those given

canthaxanthin had gross cheek pouch
tumours: 20/20, 20/20 and 2/20 in the untreat-
ed control, the vehicle control and the

canthaxanthin groups, respectively; mean
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numbers of tumours per animal: 3.5, 3.7 and
0.5; mean tumour burden: 85.5, 114.9 and 1.5
(p .( 0.001; Students t test). The control animaIs
had proliferative epidermoid carcinomas that
invaded the underlying connective tissue,
numerous foci of hyperkeratosis with dysplasia
and carcinoma in situ and lymphocyte infitra-
tion into areas of tumour infitration and carci-
noma in situ. Canthaxanthin-treated animaIs
had no carcinomas; however, scattered foci of
dysplasia and carcinoma in situ undergoing

degeneration and cellular destruction were
seen, with dense accumulations of lympho-

cytes and histiocytes in the underlying connec-
tive tissue, often close to areas of dysplasia and
sometimes so dense that the are a resembled
lymphoid tissue (Schwartz et aL., 1988).

The mucosa of the right buccal pouch of
three groups of 20 male Syrian hamsters (age

unspecified), fed a normal hamster di et con-
taining 22% protein and the required concen-

trations of vitamin A and E, was painted with
0.1 % DMBA in heavy mineraI oïl (0.4 mg
DM BA per painting) three times a week for 28
weeks. One group received no further treat-
ment; the other two groups were given 0.4 ml

of heavy mineraI oil containing 0 or 1.4 mg/kg
bw canthaxanthin (crystallne form, type iV)
by gavage three times a week on alternate days
to DMBA, for 28 weeks. A fourth group served
as untreated èontrols. There was no significant
difference in body weight between the groups,
and there was no intercurrent mortality.
Ingestion of canthaxanthin significantly inhib-
ited the formation of buccal pouch squamous-
cell carcinomas, as shown by the later onset of
tumours (month 5 versus month 4 in both
DMBA control groups), fewer tumour-bearing
hamsters (2 versus 20 in both DMBA control
groups), fewer tumours (30 versus 135 in the
DMBA/vehicle control and 150 in the DMBA
control group) and a significant decrease in the
tumour burden after six months of treatment
(14 mm3 versus 3675 mm3 in the DMBA/vehi-
cle control and 2450 mm3 in the DMBA control
group; p .( 0.001, Students t test). At the end of
the treatment period, the average number of
areas of cheek pouch with epithelial dysplasia
was 3 in the group given canthaxanthin and 6
in both DMBA-treated groups. No buccal pouch
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tumours or sites of epithelial dysplasia were
found in untreated controls. Canthaxanthin

ingestion resulted in an inflammatory reaction
of the cheek pouches not seen in DMBA-treat-
ed or DMBA/vehic1e controls: a dense mixed
inflammatory infitrate consisting predomi-
nantIy of cytotoxic lymphocytes and
macrophages containing tumour necrosis fac-
tor-a and localized areas of mast ce11s in the

deep dermis adjacent to areas of dysplasia, car-
cinomas in situ and sma11 foci of squamous-ce11

carcinoma (Schwartz et al., 1989).
The mucosa of the right buccal pouches of

three groups of 10 male Syrian golden ham-
sters, 60-90 days old and weighing 95-125 g,
was painted with a 0.5% solution of DMBA in
heavy mineraI oil (0.6 mg DMBA per painting)
three times per week for 14 weeks. One of the
groups also received oral applications of 10

mg/kg bw canthaxanthin in 0.5 ml mineraI oil
three times per week on alternate days to
DMBA. Two other groups either were not fur-
ther treated or were treated with mineraI oil
only. An additional group of 10 hamsters was
treated with canthaxanthin only; no buccal

pouch tumours were seen in the se animaIs.

Canthaxanthin reduced the number of animaIs
with buccal pou ch tumours, which were we11-

to-moderately differentiated epidermoid carci-
nomas, from 10 in both control groups to 8, the
total numbers of cheek pouch tumours from
125 in controls and 130 in the vehic1e controls

to 30 (statistics unspecified) and the cheek
pouch tumour burden from 174 200 mm3

(mean of the two control groups) to 116 100
mm3 (p 0: 0.001; Students t test) (Schwartz &
Shklar, 1997).

(f) Mammary gland
Rat: One group of 60 and two groups of 45
female Sprague-Dawley rats, 34 days of age,
were fed rodent diet supplemented with 0

(placebo beadlets), 1130 or 3390 mg/kg can-
thaxanthin (in the form of beadlets) for 21
days. At 55 days of age, one day after dietary
canthaxanthin supplementation was stoppe d,
groups of 30 rats were each given 15 mg DMBA
in sesame oil by gavage. The study was termi-
nated 180 days after DMBA treatment. Only one
rat receiving sesame oil alone died, after three

weeks. After three weeks, the concentration of

canthaxanthin in the liver was much higher
(high dose, 610 pg/g; low dose, 416 pg/g) than
in the mammary glands (high dose, 3.5 j1g/g;
low dose, 2.5 j1g/g); it was not detected in either
organ in vehic1e controls. The incidences of

mammary gland adenocarcinomas were (27/29)
in the control s, (24/30) in rats given the low
dose of canthaxanthrin and (20/30) in those
given the high dose (p 0: 0.05; Fisher's exact
test), and the average numbers of adenocarcino-
mas per rat in the respective groups were 5.4,

2.0 (p 0: 0.05) and 1.9 (p 0: 0.05; Wilcoxon's rank
sum test). Canthaxanthin had no effect on the
latency of the mammary gland carcinomas (not
further specified). The incidences of benign
mammary tumours (fibromas, adenomas and
fibroadenomas; 28-40% in the groups treated
with DMBA) were not affected by canthaxan-
thin pretreatment. Two rats treated with the
high dose of canthaxanthin but not with
DMBA had benign mammary tumours (Grubbs
et al., 1991).

Four groups of 10 female Sprague-Dawley

rats, 50 days of age, received an intravenous
injection of 45 mg/kg bw MNU in saline
(adjusted to pH 5.0 with 3% acetic acid), and
two days later their diet was supplemented with
o (placebo beadlets), 1130 or 3390 mg/kg can-
thaxanthin as beadlets or with 328 mg/kg
retinyl acetate (positive control group). The
study was terminated 90 days after MNU
administration. After three months, the con-
centrations of canthaxanthin in the liver (high
dose, 1690 j1g/g; low dose, 1040 j1g/g) were
much higher th an those in the mammary gland
(high dose, 16 pg/g; low dose, 11 j1g/g), but
none was detected in either organ in vehic1e
contraIs. The incidences of mammary gland
adenocarcinomas were 100% in the control s,
100% in rats at the low dose of canthaxan-
thrin, 90% in those at the high dose and 80%
in the positive con troIs; and the average num-
bers of carcinomas per rat were 2.7, 2.0, 2.3 and
0.8, respectively (p 0: 0.05; Wi1coxon's rank sum
test). The latency of the mammary carcinomas
was not affected by canthaxanthin. No benign
mammary gland tumours were found (Grubbs
et al., 1991).
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(g) Stomach
Mouse: Groups of 20 inbred female Swiss mice,
six to eight weeks old, and weighing 20-25 g,
were given canthaxanthin (4.7 pmol/d per ani-
mal) in 0.1 ml palm oil by gavage or only palm
oil for eight weeks (15 animaIs). From week 3, a
fourth group of 20 mice and 20 mice receiving

canthaxanthin were given 1 mg benzo(a)
pyrene in 0.1 ml palm oil by gavage twice a

week for four weeks. After completion of treat-
ment at eight weeks, the animaIs were observed
up to 180 days, when they were kiled. The

mean body-weight gain was similar in a11
groups. Canthaxanthin reduced the incidence
of gross forestomach tumours from 20/20 to
4/20 (p -( 0.001; X2 test) and the me an number
of forestomach tumours per mouse from 7.0 :t
0.3 to 1.0 :t 0.0 (p -( 0.001; Students t test). No
forestomach tumours were found in the groups
treated with canthaxanthin or palm oil alone
(Azuine et al., 1992).

(h) Small intestine
Rat: Two groups of 28 weanling male Holtzman
rats were fed regular chow supplemented with
either 1% canthaxanthin (w/w) from beadlets
containing 10% canthaxanthin or 10% placebo

beadlets for 24 weeks. After four weeks, a11 rats
received 16 weekly subcutaneous injections of
30 mg/kg bw symmetrical DMH dissolved in
neutral sodium hydroxide-corrected phosphate-
buffered saline, for a total dose of 480 mg/kg
bw. At 24 weeks, the animaIs were kiled. A11 rats

had intestinal tumours. Canthaxanthin slightly
enhanced sma11-bowel carcinogenesis; e.g. the
incidence was increased from 15/28 in rats on
placebo to 20/28 in those given canthaxanthin
(p -( 0.0352; X2 test), and the number of tumours
of the sma11 intestines per rat was 0.75 in rats on

placebo and 1.22 in those fed canthaxanthin
(not significant; Students t test) (Colacchio et
aL., 1989).

(i) Salivary glands
Rat: Two groups of 30 male weanling Sprague-
Dawley rats, weighing 73 :t 1.0 g, were fed
either basal diet AIN-76A (containing 4000 iu
vitamin A) or basal diet supplemented with 250
mg/kg of diet canthaxanthin (10% stabilzed
gelatin beadlets). After six weeks, one of the
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submandibular salivary glands of each rat was
injected with 1 mg DMBA in 0.02 ml olive oil,
while the contralateral gland was injected with
0.02 ml olive oil alone. Rats were kiled 21-22
weeks after the DMBA injection, when more
than 50% of the animaIs had developed sub-
mandibular salivary gland tumours, sorne of
which were very large. There was no significant
difference in body-weight gain between the
two groups. The incidence of partiaUy to fuUy
differentiated squamous-cell carcinomas and
undifferentiated spindle-ce11 submandibular
sali vary gland tumours was c10sely similar: aU
tumours, 20/28 in controis and 21/30 in rats
given canthaxanthin; malignant tumours,
11/28 in controls and 14/30 in rats given can-
thaxanthin. The mean tumour weight was
slightly lower in rats fed the canthaxanthin-
supplemented diet (1.8 :t 0.5 g) than in rats fed
the unsupplemented diet (7.0 :t 3.3 g). Two of
20 tumour-bearing control animaIs had
submandibular salivary gland tumours
weighing more than 40 g, whereas none of the
rats given canthaxanthin had such large
tumours. ln addition, 4/20 tumour-bearing con-

troIs and 0/21 given canthaxanthin had tumours
weighing more than 10 g (p -( 0.05; X2 test) (Alam et
aL., 1988).

(D Tangue
Rat: Three groups of 17-24 male Fischer 344

rats, four weeks old, received 20 ppm 4-NQO in
their drinking-water for eight weeks. A group of
24 rats received no further treatment and was
fed powdered basal di et CE-2 throughout the
study; the two other groups were fed the basal
diet supplemented with 0.01% canthaxanthin
for 10 weeks starting just before the 4-NQO
treatment (17 rats) or for 22 weeks starting one
week after cessation of the 4-NQO treatment
(19 rats). An additional group of 11 rats was fed
the basal diet supplemented with 0.01% can-
thaxanthin throughout the study (32 weeks),

and 12 rats served as untreated controls.
Drinking-water containing 4-NQO was freshly
prepared every two days, and diets containing
canthaxanthin were prepared every week or

every two weeks in a dark room and were stored
in a dark, cold room (-( 4°C) until use. No rele-
vant differences in body weight were



Carotenoids

seen between the groups. Canthaxanthin
significantly reduced the incidence of tongue
neoplasms (p.( 0.001 or p.( 0.005; Fisher's exact
test): no squamous-ce11 carcinomas or papilo-
mas of the tongue were found in the group fed
canthaxanthin before and during treatment

with 4-NQO, while 1/19 animaIs fed this di et
after 4-NQO treatment had a squamous-ce11

carcinoma and 1/19 had a squamous-cell
papiloma, whereas 13/24 squamous-ce11 carci-

nomas and 4/19 squamous-ce11 papilomas
were seen in the group treated with 4-NQO
only. Canthaxanthin also significantly reduced
the incidence of squamous-ce11 hyperplasia and
dysplasia of the tongue epithelium (Fisher's
exact test): the incidences of hyperplasia were
24/24 , 8/17 (p .( 0.05) and 12/19 (p .( 0.005)
and those of severe dysplasia, 14/24, 1/17 (p .(
0.001) and 1/19 (p .( 0.001) in the animaIs treated
with 4-NQO, those fed canthaxanthin before
and during 4-NQO treatment and those fed
canthaxanthin after 4-NQO treament, respec-
tively. No su ch lesions were seen in untreated
controls or in rats fed the canthaxanthin-sup-
plemented diet (Tanaka et aL., 1995a).

(k) Inoculated tumours
Mouse: Four groups of 60 female inbred Balb/c
mi ce, six weeks old and weighing 22.5 :: 1.0 g,
were fed an unpurified commercial diet and

received olive oil alone, 7 or 14 mg/kg bw can-
thaxanthin in olive oil throughout the study or
14 mg/kg bw canthaxanthin in olive oU daily
by gavage from day 15 of the study. Two groups
of 60 male mice of the same strain and age and
weighing 23.3 :: 2.0 g were kept on the same
diet and received olive oil alone or 14 mg/kg
bw canthaxanthin in olive oil daily by gavage
throughout the study. At day 15, a11 mice were

inoculated with 7 x 107 malignant Balb/c

mouse thymoma ce11s of lymphatic origin. On
days 15, 20 and 22, 10 mice from each group
were kiled for interim observations. No signifi-
cant difference in food intake or body weight
was observed between the groups. The weight
of the thymus in the group receiving 14 mg/kg
bw canthaxanthin throughout the study was

higher th an in the other groups. After 15 days of

treatment, the concentrations of canthaxanthin
in the livers of mice fed this carotenoid were

300 pg/g in females at the high dose, 150 pg/g
in females at the low dose and 175 pg/g in the
males, whereas no canthaxanthin was found
in the livers of the controls. Treatment with
canthaxanthin throughout the study delayed

the appearance of macroscopic ascites and

prolonged survival, the effects being dose-
dependent and more pronounced in females
than in males. The differences from controls

in the appearance of ascites and in survival,
expressed as percents (no further details given)
were statistically significant (p .( 0.05; analysis
of variance). Canthaxanthin had no protec-
tive effect when administered only after
inoculation of tumour ce11s (Palozza et aL.,
1997).

4.2.1.4 Canthaxanthin with other potential
inhibitors(Table 42)

Mouse: Four groups of 20-30 female specific
pathogen-free C3H/HeNCrlBR mice, six weeks
old, were fed basal diet (AIN 76A containing
4000 lU/kg retinyl palmitate) supplemented
with 1% canthaxanthin (from beadlets con-
taining 10% canthaxanthin), basal diet supple-
mented with 120 000 lU/kg retinyl palmitate
plus 10% placebo beadlets, basal diet supple-
mented with 1% canthaxanthin plus 120 000
lU retinyl palmitate plus 10% placebo beadlets,
or basal diet only supplemented with 10%

placebo beadlets, for at least 45.5 weeks

(duration of study not further specified).
During weeks 18-42, the shaveii back skin of
the animaIs was iffadiated with UV-B (280-340
nm; 4.6 J/m2 per s; total UVB dose, 9.9 x 105

J/m2) for 30 min/d on five days per week. The
only difference in body weight between the
groups was seen in mice fed the diet supple-
mented with canthaxanthin plus retinyl palmi-
tate, which was on average 1.5 g lower th an
those of the controls. Canthaxanthin accumu-
lated in the skin (86 pg/g wet tissue), and this
accumulation was not affected by the presence
of retinyl plamitate in the diet. Canthaxanthin
and retinyl palmitate separately or in combina-
tion did not affect the latency of skin tumours
(no further details given) or reduce the skin
tumour incidence, the incidences at week
45 being 37% in controls, 36% in mICe fed
canthaxanthin, 32% in those fed retinyl
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Table 42. Effects of canthaxanthin and retinyl palmitate on tumorigenesis in mouse skin

Strain,
sex

No. of Carcinogen Canthaxanthin
animais/ (dose, route) (dose, route)
group

Other Treatment
chemical(s) relative to
(dose, route) carcinogen

Preventive
efficacy

Reference

C3H/HeNcrlBR, 20-30
female

1% in dietUV-B; total
dose, 9.9

x 105 J/m2

C3H/HeN,
female

50-120 UV-B; 30 min, 1 % in diet,
5 days/week, 18 weeks

9.9 x 105 J/m2

12000 lU
retinyl
palmitate
in diet

Before, during Tumours
and after Incidence (NS) and

latency (SU): none
Burden/mouse:
Canthaxanthin: 45%

(p = 0.0081)
Retinyl palmitate: 41 %

(p = 0.0081)
Combination: 68%
(significant (p value
unspecifiedJ)

Gensler et
al. (1990)

120 LU

retinyl
palmitate
in diet

During and
after

Rybski
et al. (1991)

Tumours
Burden/mouse:
Canthaxanthin alone:
48% (p = 0.008)
Retinyl palmitate
alone: 46% (p = 0.0135
Combination: 65% (SU)
Tumour-free survival
None (rather, some
decrease for canthaxan-
thin alone + the
combination)

UV-B, ultraviolet B radiation; NS, not significant; SU, statistics unspecified

palmitate and 3 i % in those given canthaxan-
thin plus retinyl palmitate. Canthaxanthin and
retinyl palmitate alone and in combination
did, however, significantly reduce the mean
skin tumour burden per mouse (analysis of
variance): at 45 weeks, the tumour burden was
about 105 m,m2 in the contraIs, about 58 mm2
in the miee given canthaxanthin (p = 0.0081),
62 mm2 in those given retinyl palmitate (p =
0.0135) and 34 mm2 in those given the combi-
nation fp value unspecified) (Gensler et al., 1990).

Specifie pathogen-free, pigmented female
C3H/HeN mice (exact number unspecified but
? 220), five weeks old, were fed synthetic 76A
basal diet either as su ch or supplemented with
1 % (w/w) canthaxanthin, 120 IU/g retinyl
palmitate or 1% canthaxanthin plus 120 IU/g
retinyl palmitate. The shaven back skin of 50
animaIs on unsupplemented diet, 55 given
canthaxanthin, 120 given retinyl palmitate
and 60 given canthaxanthin plus retinyl palmi-
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tate was exposed to UV-B irradiation for 30
min/d on five days a week for 24 weeks (total
dose, 9.9 x 105 J/m2). ln comparison with

irradiated contraIs, irradiated mice fed canthax-
anthin plus retinyl palmitate had significantly
lower body weights (average difference, 1.5 g;
analysis of variance ip value unspecifedJ).

None of the unirradiated miee (number unspec-
ified) developed skin tumours. By 27.5 weeks
after the first UV-B irradiation, the average

skin tumour burden per mouse was about 110
cm2 for animaIs on basal diet, 57 cm2 for those
on canthaxanthin (p = 0.0081; Wilcoxon rank-
sum test), 59 cm2 for those on retinyl palmitate
(p = 0.0135; Wicoxon rank-sum test) and 38
cm2 for those on canthaxanthin plus retinyl
palmitate ip value unspecified). Canthaxanthin
significantly reduced the rate of survival with-
out a skin tumour (6/55) in comparison with

mi ce fed the unsupplemented diet (21/55; p =
0.016; Kaplan-Meyer with log-rank), while the
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skin tumour-free survival of animaIs fed can-
thaxanthin plus retinyl palmitate was 14/60 (p
= 0.231; Kaplan-Meyer with log-rank) (skin
tumour-free survival of mice fed retinyl palmi-
tate unspecified) (Rybski et al., 1991).

4.2.1.5 Lycopene (Table 43)

(a) Colon
Rat: Twenty-four female Sprague-Dawley rats,
seven weeks old, received three intrarectal
instilations of 4 mg MNU in 0.5 ml distiled
water in week 1 and were then divided into
groups of six animaIs, which received 0.2 ml
corn oil containing 0, 0.24, 1.2 or 6 mg
lycopene by intragastric gavage daily during
weeks 2 and 5. ln week 6, a11 rats were kiled
and their colons were examined for aberrant
crypt foci. The numbers of aberrant crypt foci
per colon, in comparison with controls (62.7 1:
7.2), were similar in the rats at the high

dose (63.5 1:10.4) and slightly, not significantly

(Students t test) lower in those at the interme-
diate (45.71: 7.5) and low doses (40.4 1: 8.2). A
similar study was carried out in which two
lower doses and one identical dose of lycopene
were used: 0, 0.06, 0.12 and 0.24 mg. The num-
bers of aberrant crypt foci per colon, in com-
parison with controls (69.3 1: 6.2) were statisti-
ca11y significantly lower in the animaIs at the

high (42.7 1: 5.3) and intermediate doses (34.3
1: 6.5) (p .( 0.05; Students t test), but not in
those at the low dose (50.7 1: 6.3) (Narisawa et
aL., 1996).

(b) Lung
Mouse: Groups of 16 male and 16 female
B6C3Fi mi ce received combined treatment
with 10 mg/kg bw NDEA by intraperitoneal
injection, 120 mg/kg MNU in the drinking-
water for five weeks and 29 mg/kg bw DMH by
subcutaneous injection twice weekly for five
weeks from day II after birth to week 9, or the
vehic1es. One group on the combined treat-
ment then received 25 or 50 mg/kg synthetic
lycopene from tomatoes in drinking-water
(formulation unspecified) for 21 weeks (weeks
11-32), the other group on the combined treat-
ment received no further compounds, and the
third group was given only lycopene. At week 32,
the mice were ki11ed and examined histologica11y.

The incidences and multiplicity of lung adeno-
mas and carcinomas in male mice in the group
receiving the combined carcinogens and 50 ppm
lycopene were significantly lower than those in
the group receiving only the carcinogens: 12/16

versus 3/16 (p.( 0.02) and 0.94 1: 0.17 versus 0.25

1: 0.14 (p.( 0.001), respectively; no such effect was
observed in females (Kim et al., 1997).

(c) Liver
Mouse: Two groups of C3H/H3 mice, six weeks
old, were given drinking-water with or without
0.005% lycopene (93% pure, of natural origin,
dispersed as an emulsion) for 40 weeks. Lyco-

pene suppressed spontaneous liver carcinogen-
esis, with a 56% reduction in incidence

(p .( 0.05) and an 88% reduction in multiplicity
(p .( 0.01) (Nishino, 1998).
Rat: Groups of nine Wistar rats, 24-27 days old,
were fed either a semilquid purified diet con-
taining 10% corn oil and 6000 lU/kg vitamin A
supplemented with 300 mg/kg lycopene (from a
5% oleoresin from tomato in vegetable oil) or
the same diet with no supplement for 28 days,
both fo11owed by the same diet with no supple-

ment for 21 days. On days 14, 16, 18, 21, 23 and
25, all rats were injected intraperitoneally with
100 mg/kw bw 2-nitropropane in 2% Tween 20.
2-AAF was added to the diet at 50 mg/kg on

days 49-63. On day 56, a11 rats were subjected to
a two-thirds hepatectomy. From day 63 to the
end of the experiment (day 70), the rats
received unsupplemented diet. The lycopene

content of the livers of rats fed this carotenoid
was stil 16.3 1: 1.9 ¡.g/g liver at the time of par-
tial hepatectomy, i.e four weeks after cessation
of lycopene feeding. Lycopene did not signifi-
cantly inhibit the onset of preneoplastic foci in

the liver, as seen from the number of GGT+ foci
per cm3 liver (185 1: 35 versus 371 1: 53 in con-
troIs), the number of GST-P+ foci (814 1: 203 ver-

sus 703 1: 120 in controls), the mean volume
(10-3 mm3) of GGT+ foci (44.71: 5.9 versus 62.4
1: 20.6 in controls), the mean volume of GST-P+
foci (53.91: 17.7 versus 59.9 1: 13.5 in controls),
the fraction of the liver volume (mm3/cm3)

occupied by GGT+ foci (6.2 1: 1.7 versus 15.7 1:
5.5 in controls) or the fraction of the liver vol-
ume occupied by GST+ foci (24.1 1: 6.0 versus
33.4 1: 8.6 n controls (Astorg et al., 1997). -
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ln a similar study, the animaIs were fed the
same diets for 21 days, fo11owed by the diet

with no supplement for 21 days. On day 14, aIl
rats were injected intraperitonea11y with 100
mg/kw bw NDEA in 0.9% saline; 2-AAF was
added to the diet at 50 mg/kg on days 42-56;
a11 rats were subjected to a two-thirds hepatec~
tomy on day 49; and the rats received unsup-
plemented diet from day 56 to the end of the
experiment on day 63. Lycopene did not sig-
nificantly inhibit the number of GGP foci/cm3
liver (163 i: 71 versus 205 i: 40 in contraIs) or
the number of GST-P+ foci (1952 i: 303 versus
1853 i: 327 in controls); it significantly
decreased the mean volume (10-3 mm3) of
GGT+ foci (21.8 i: 7.3 versus 61.0 i: 14.1) in
contraIs), the mean volume of GSP foci (7.8 i:
1.8 versus 27.1 i: 8.4 in contraIs), the fraction
of the liver volume (mm3/cm3) occupied by
GGT+ foci (1.7 i: 0.6 versus 10.8 i: 3.6 in con-
troIs) and the fraction of the liver volume occu-
pied by GST-P+ foci (10.6 i: 2.2 versus 50.7 i:
17.3 in controls) (Astorg et al., 1997).

ln a study of similar design, a11 rats were

injected intraperitoneally on days 13 and
19 with 1 mg/kg bw aflatoxin Bi in 50%
dimethylsulfoxide in water; 50 mg/kg 2-AAF
were added to the diet on days 42-56; aIl rats
were subjected to a two-thirds hepatectomy on
day 49; and the rats received unsupplemented
di et on days 56-63 (end of the study). The

Iycopene content of the livers of rats receiving
the compound was stil significant at the time
of partial hepatectomy, Le. four weeks after
cessation of lycopene feeding. Lycopene did
not significantly inhibit the ons et of liver pre-
neoplastic foci; Le. the number of GST-P+ foci
(711 i: 116 versus 773 i: 169 in contraIs), the
mean volume (10-3 mm3) of GST-P+ foci (56.7 i:
25.8 versus 107.8 i: 46.8 in controls) or the
fraction of the liver volume (mm3/cm3) occu-
pied by GST-P+ foci (31.5 i: 10.6 versus 55.4 i:
17.6 in controls) (Gradelet et al., 1998).

(d) Mammary gland
Mouse: Two groups of female SHN/Mei mice, 40
days old, received AIN-76 TM diet either as such
(21 animaIs) or supplemented with 0.00005%
lycopene (27 animaIs). After 10 months, II con-
troIs and 14 lycopene-fed mice that had not

--
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developed palpable mammary gland tumours
were kiled, while the remaining mice were

observed for another four months. No signifi-
cant difference in body weight was seen
between the two groups. Lycopene significantly
suppressed the development of spontaneous

mammary gland tumours: the incidences after
10 months were 8% in the lycopene-fed group
and 24% in the controls, and after 13 months,
46% in the lycopene-fed group 82% in the con-
traIs; the first mammary tumours occuffed in
the con troIs at seven months and in the
lycopene-fed graup and 82% in the con troIs;
the first mammary tumours occuffed in the
contraIs at seven months and iil the lycopene-
fed group at nine months (p 0( 0.01, incidence
and onset of tumours considered simultaneous-
ly; analysis of variance). The mean number of
hyperplastic alveolar nodules in the mammary
glands was, however, higher iil the lycopene-
fed graup than in the contraIs: in mice bearing
no palpable tumours at 10 months, 2.9 i: 1.2 in
nine controls and 7.9 i: 2.2 in 14 lycopene-fed
animaIs (not significant; analysis of variance);
in mice bearing palpable mammary tumours at
8-13 months, 15.7 i: 3.7 in six contraIs and
28.6 i: 4.7 in five mice fed lycopene (p 0( 0.05;

analysis of variance) (Nagasawa et aL., 1995).

(e) Inoculated tumours
Rat C-6 glioma cells: Two graups of six male
Wistar rats, three to four weeks oId, were fed nor-
mal rade nt chow and were given intraperitoneal
injections of either 10 mg/kg bw lycopene in
0.06% dimethylsulfoxide (v/v; 2 mg/ml) or
dimethylsulfoxide alone on five consecutive
days. Then, 106 C-6 glioma ce11s were inoculated

subcutaneously into the right scapula. Eight to
10 weeks later, the animaIs were ki11ed and the
tumours were removed and weighed. ln a sec-
ond, similar experiment, lycopene was adminis-
tered intraperitonea11y two weeks after tumour-
cell inoculation. ln the first experiment,

lycopene prolonged the time to 50% tumour
incidence from 14 days in contraIs to 21 days in
those given lycopene (statistics unspecifiedJ) and
reduced the mean tumour weight by 57%, from
67.0 i: 18.1 gin controls to 28.7 i: 26.9 g in ani-
maIs given lycopene (p 0( 0.02 (statistical test
unspecifiedJ). ln the second experiment,
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Table 43. Effects of Iycopene on tumorigenesis in experimental animais
Organ Species, strain, No. of Carcinogen (dose, Lycopene (dose, Treatment Preventive Reference

sex animais route) route) relative to efficacy
carcinogen

Colon Rat, Sprague- 6 MNU, 4 mg, 3 doses, 0.24, 1.2 and 6 mg; Afer Aberrant crypt foci Narisawa et al. (1996)
Dawley, female intrarectally gavage, daily for 2 number/colon:

weeks Low dose: 36% (NS)
Mid dose: 27% (NS)
High dose: none (NS)

Colon Rat, Sprague- 6 MNU, 4 mg, 3 doses 0.06, 0.12 and 0.24 Afer Aberrant crypt foci Narisawa et al. (1996)
Dawley, female intrarectally mg; gavage, daily number/colon:

for 2 weeks Low dose: 27% (NS)
Mid dose: 51% (p 0: 0.05)
High dose: 38% (p 0: 0.05)

Lung Mouse, S6C3F1 16 NDEA, 10 mg/kg bw, 25 or 50 ppm in Afer Tumours (adenoma + carcinoma) Kim et al. (1997)
male and female i.p., two doses at days drinking-water Incidence: 75% (p 0: 0.02)

11 and 32 after birth; Multiplicity: 73% (p 0: 0.001)
MNU; 120 ppm in
drinking-water, from
weeks 4 to 9; DMH;
20 mg/kg bw, S.c., two
doses a week, from
weeks 4 to 9

Liver Mouse C3H/He, 17-18 Spontaneous liver 0.05% in drinking- Throughout Liver tumours Nishino (1998)
male tumours water Incidence: 56% reduction

(p 0: 0.05)
Multiplicity: 88% reduction

(p 
0: 0.01) 

Liver Rat, SPF-Wistar, 9 2-Nitropropane, 6 300 mg/kg diet Before and Fraction of liver volume occupied Astorg et al. (1997)
male x 100 mg/kg bw, i.p. during by GST-P+ foci: 28% (NS)

Liver Rat, SPF-Wistar, 9 NDEA, 100 mg/kg 300 mg/kg diet Sefore and Fraction of liver volume occupied Astorg et al. (1997)
male bw, single dose, i.p. during by GST-P+ foci: 79% (p 0: 0.05)

Liver Rat, SPF-Wistar 10 Aflatoxin S1' 2 x 1 300 mg/kg diet Sefore and Fraction of liver volume occupied Gradelet et al. (1998)
male mg/kg bw, i.p. during by GST-P+ foci: 57% (NS) l ("

p.,.0,.
ro

~I 1 ~'"
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Table 43 (contd)
s;::Organ Species, strain, No. of Carcinogen (dose, Lycopene (dose, Treatment Preventive Reference n
::sex animais route) route) relative to efficacy '"
::tumour cells 0.
0-00Mammary Mouse, SHN/Mei 21-27 0.00005% in diet Tumours Nagasawa et al. (1995) :;- -
Cogland

Incidence: at 10 months, 0..
67%; at 13 months, 44% n

'"
Onset: 22% (p .; 0.01; ::n
incidence and onset ro..
combined) ""..

roPreneoplasia ~
ro

Number: none; rather, ::..
a significant increase õ'

::

Rat, Wistar, male 6 106 c-6 glioma ce lis 10 mg/kg bw, i.p. Before and Glomas Wang et al. (1989)
during Latency: 29% (SU)

Weight: 57% (p.; 0.02)

Rat, Wistar, male 6 106 C-glioma cells 10 mg/kg bw, Afer Glomas Wang et al. (1989)
i.p. Latency: 34% (SU)

Weight: 30% (p .; 0.05)

MNU, N-methyl-N-nitrosourea; NS, not significant; NDEA, N-nitrosodiethylamine; GST-P+, placental glutathione S-transferase-positive; SPF, specific pathogen-free; DMH,
1,2-dimethylhydrazine; i.p., intraperitoneally; S.C., subcutaneously; SU, statistics unspecified
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lycopene pralonged survival (at week 10, 3/6
controls and 5/6 animaIs given lycopene were
stil alive), reduced the number of rats with
tumours (6/6 in contraIs and 4/6 in those on
lycopene) and reduced the me an tumour
weight by 30%, from 147.1 :t 73.4 g in controls
ta 102.8 :t 61.0 g in those given lycopene (p 0(
0.05 (statistical test unspecifiedJ) (Wang et aL.,
1989).

4.2.1.6 Lutein (Table 44)

(a) Skin
Mouse: Female ICR mice were shaved at the
age of six weeks. One week after initiation by
topical application of 100 llg DMBA in 100 ml
acetone, TPA at 10 nmol/l00 ml of acetone was
applied once and then mezerein at 3 nmol for
15 weeks and 6 nmol for the subsequent 15
weeks, in 100 ml of acetone, twice a week.

Table 44. Effects of lutein on tumorigenesis in experimental animais

Organ ReferenceSpecies,
strain, sex

No. of Carcinogen
animals/ (dose, route)
group

Lutein

(dose, route)

Treatment
relative to
carcinogen

Preventive
efficacy

Skin Mouse, ICR,
female

15

Colon Rat, Sprague- 6
Dawley, female

Mammary Mouse, Balb/c, 20
gland female

DMBA; 100 l.g, Lutein, 1
topical application, mmol, in 100

once ml acetone,
TPA, as first topical appli-
stage promoter cation, twice
10 nmol, topical (45 min before

application once and 16 h after
Mezerein as second- TPA application)
stage promotor, 3

nmol for 15 weeks
and 6 nmol for
subsequent 15

weeks, topical
application twice
weekly

MNU, 4 mg, 3
doses intra-
rectally

WAZ-2T (SA)
cells, s.c.

Before and
after first-stage
promoter
application

Skin tumours
Multiplicity;
65% reduction
at week 30 of
promotion

(p ~ 0.05)

Nishino
(1998)

Narisawa
et al. (1996)

Tumour incidence Chew et al.
at 28 days: (1996)
Low dose: 45%

(NS)
High dose: 40%

(NS)
Tumour weight
Low dose: 2.6 :t 0.2

(p~0.01)
High dose: 2.2 :t 0.2

(p~0.01)

DMBA, 7,12-dimethylbenzlaJanthracene; TPA, 12-0-tetradecanoylphorboI13-acetate

0.24, 1.2 and
6 mg; gavage,
daily for 2
weeks

No. of aberrant
crypt foci/colon:

Low dose: 42%

(p ~ 0.050)
Mid-dose; 25%
(p ~ 0.05)
High dose: 32%

(p ~ 0.05)

0.1 and
0.4% in diet

After
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Lutein at 1 mmol/lOO ml acetone (molar ratio
to TPA, 100) was then applied twice, 45 min
before and 16 h after TPA application. Lutein sup-
pressed skin tumour promotion by 65% at week
30 of promotion (p, 0.005) (Nishino, 1998).

(b) Colon
Rat: Twenty-four female Sprague-Dawley rats,
seven weeks old, received three intrarectal
instilations of 4 mg MNU in 0.5 ml distiled
water in week 1 and were then divided into
groups of six animaIs, which received 0.2 ml
corn oil containing 0, 0.24, 1.2 or 6 mg lutein,
by intragastric gavage daily during weeks 2 and
S. ln week 6, aH rats were kiled and their colons
were examined for aberrant crypt foci. The nu m-
bers of aberrant crypt foci per colon were statis-
ticaHy significantly lower at a11 three doses of
lutein: 40.2 :! 4.3 at the low dose, 52.2 :! 4.0 at
the intermediate dose and 46.8 :! 5.6 at the high
dose, in comparison with 69.3 :! 6.2 in con troIs
(p 0( 0.05; Students t test) (Narisawa et aL., 1996).

(c) Inoculated tumours
WAZ-2T (-SA) cells: Three groups of 20 female
Balb/c mice, eight weeks old, were fed a semi-

purified di et (AIN-76A) containing 0, 0.1 or
0.4% lutein from marigold extract (37% lutein
esters, 0.5% zeaxanthin esters, 56% other
marigold extractives, mainly fatty acid esters of
high-molecular-mass a1cohols; lutein mono-
myristate) mixed with the oil portion of the

diet, throughout the experiment. After three

weeks, each mouse was injected with 106 WAZ-
2T (SA) murine mammary tumour ce11s sus-
pended in Dulbecco's modified Eagle's medium
supplemented with 10% newborn bovine
serum and 5% insulin, into the right inguinal
mammary fat pad. A11 mice were sacrificed 45
days after inoculation. No significant difference
in food intake or body-weight gain was seen

between the groups. The concentrations of
lutein in plasma were inCfeased (p , 0.01;

Students t test) by dietary lutein, but mice fed
0.4% Iutein had a lower plasma lutein concen-
tration (about 1.2 pmol/L) than those fed 0.1 %

lutein (about 1. 7 pmol/L). The tumour
incidence was not significantly reduced
by lutein, being 100% in each group at the end
of the study and 13/20 in the controls, 9/20
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at the low dose and 8/20 at the high dose 28

days after inoculation. The final tumour weight
was 10werJ however, in the mice fed lutein:
2.6 :! 0.2 g at the low dose and 2.2 :! 0.2 g at
the high dose (p 0( 0.01; split-plot model) than
in the control group (3.4 :! 0.4 g; P 0( 0.02;
split-plot mode l, t test); the tumour latency
in mice at the high dose (32.1 :! 0.4) was longer
th an that in controls (30.1 :! 0.4 days), whereas
that of mice at the low dose (30.5 :! 0.4 days)
was comparable (Chew et al., 1996).

4.2.1.7 a-Carotene (Table 45)

(a) Skin
Mouse: The backs of 48 1eR mice (sex unspeci-
fied), seven weeks old, were shaved, and two
days later the animaIs received a single applica-
tion of 0.1 mg DMBA (vehic1e unspecified) on
the shaven skin. One week later, 1 pg (1.62
nmol) TPA was applied twice weekly for 20
weeks. Groups of 16 animaIs received 200 or
400 nmol a-carotene in 0.2 ml acetone simul-
taneously with each application of TPA, and

the third group was treated with the vehic1e in

acetone. There was no significant difference in
body weight among the groups. The first skin
tumour (a papiloma) appeared in a control
within nine weeks after the start of TPA appli-
cations, whereas in both a-carotene-treated

groups the first skin tumour was seen after 13
weeks of TPA application. At 20 weeks, the
percentages of mice bearing skin papilomas
were 69, 25 and 13 (statistics unspecifiedJ, and
the average numbers of skin tumours were

3.73,0.27 (p, 0.01; Students t test) and 0.13
(p , 0.01 (method of statistical analysis and
standard deviations unspecified)) in the con-

troIs and those at the low and high doses of
a-carotene, respectively. The tumours in
a-carotene-treated animaIs were smaller th an
those in the controls; e.g. the average numbers
of tumours 1-2 mm in diameter per mouse
were 2.20 in controls, 0.20 at the low dose and
0.13 at the high dose (standard deviations

unspecified); furthermore, there were no
tumours :; 3 mm in diameter in the (1-
carotene-treated mice but 0.46/mouse (stan-
dard deviation unspecified) in controls (statis-
tics unspecified). The study was repeated with
almost the same results (no further details



Table 45. Effects of a-carotene on tumorigenesis in experimental animais

Organ Species, strain, No. of animals/ Carcinogen a-carotene, Treatment relative Preventive effcacy Reference
sex group (dose, route) (dose, route) to carcingen

Skin Mouse, ICR (sex 16 DMBA, 100 200 and 400 nmol, Afer Pa pi 110 mas Murakoshi et al. (1992);
unspecified) ¡.g, single skin application, Incidence: high dose, Nishino (1995)

application; twice wekly 81% (SU); low dose,
TPA, 1 ¡.g 64% (SU)
twice weekly Multiplicity: high dose,

97% (p 0: 0.01); low dose
93% (p 0: 0.01)
Latency: both doses,

44% (SU)

Colon Rat, Sprague- 6 MNU, 4 mg, 0.24, 1.2 and 6 mg; Afer No. of aberrant crypt Narisawa et al. (1996)
Dawley, female 3 doses intra- gavage, daily for foci/colon

rectally 2 weeks Low dose: 7% (NS)
Mid dose: 18% (NS)
High dose: 32%

(p 0: 0.05)

Lung Mouse, ddY, male 16 4-NQO, 10 mg/kg 0.05% in drinking- During and after Type Ii adenoma Murakoshi et al. (1992);
bw, single, S.C. water (3.27 mg/ Incidence: 22% (NS) Nishino (1995)

Glycerol (10%) in mouse per day) Multiplicity: 67%
drinking-water (p 0: 0.001)

Liver Mouse, C3H/He 17 - 0.005% or 0.05% - Liver carcinomas Murakoshi et al. (1992)
male in drinking-water Incidence; high dose,

(0.25, 2.41 mg/mouse 6% (NS), low dose,
per day) no ne (NS)

Multiplicity: high dose,
52% (p 0: 0.001); low
dose, 20% (NS)

NS, not significant; DMBA, 7, 12-dimethylbenz(aJanthracene; TPA, 12-0-tetradecanoylphorboI13-acetate; SU, statistics unspecified; 4-NQO, 4-nitroquinoline 1-oxide; s.c.,
subcutaneously; MNU, N-methyl-N-nitrosourea
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presented) (Murakoshi et al., 1992; Nishino,
1995).

(b) Colon
Rat: Twenty-four female Sprague-Dawley rats,
seven weeks old, received three intrarectal
instilations of 4 mg MNU in 0.5 ml distiled
water in week 1 and were th en divided into
groups of six animaIs which received 0.2 ml
corn oil containing 0, 0.24, 1.2 or 6 mg a-
carotene by intragastric gavage daily during
weeks 2 and S. ln week 6, a11 rats were kiled
and their colons were examined for aberrant
crypt foci. The numbers of aberrant crypt foci
per colon were lower in the animaIs given

a,-carotene (58.4 :: 4.9 at the low dose, 55.9 ::
5.3 at the intermediate dose and 42.4 :: 2.4 at
the high dose) than in the controls (62.7 :: 7.2),
but the difference was statistica11y significant
only for the high dose (p 0( 0.005; Student's t
test) (Narisawa et aL., 1996).

(c) Lung
Mouse: Two groups of 16 male, specific
pathogen-free ddY mice, six weeks old, received
drinking-water containing either 0.05%
a-carotene (as an emulsion containing 0.5%
sucrose ester P-1750, 1.0% San soft 8000, 0.2%
L-ascorbyl ste ara te and 4% peanut oil; mean
a,-carotene intake, 3.27 mg/d per mouse) or the
emulsion without a-carotene for four weeks.
On the first day, a11 mice received a single sub-
cutaneous injection of 10 mg/kg bw 4-NQO dis-
solved in a mixture of olive oil and cholesterol
(20:1), providing about 0.3 mg 4-NQO per
mouse. During weeks 5-25, the drinking-water
of a11 mice was supplemented with 10% glyc-
erol. The mice were kiled at week 30. No sig-
nificant difference in water intake or body
weight was seen between the two groups. There
was no significant difference in the number of
mice with lung tumours (type II adenoma), 94
and 73%, but the mean number of lung tumours
per mouse was significantly reduced, from 4.06::
0.18 in controls to 1.33 :: 0.08 in animaIs given
a-carotene (p 0( 0.001; Students t test). The lung
tumours were of similar size rnot further speci-
fied) in the two groups. The study was repeated
with similar results rno further details presented)
(Murakoshi et al., 1992; Nishino, 1995).
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(d) Liver

Mouse: Groups of 17 eight-week-old male
C3H/He mice, which have a high spontaneous
incidence of liver tumours, received 0.005 or

0.05% a-carotene mixed with the drinking-
water as an emulsion containing 0.5% sucrose

ester P-1750, 1 % Sansoft 8000, 0.2% L-ascorbyl
stearate and 4% pean ut oil, to give mean a-
carotene intakes of 0.25 and 2.41 mg/d per
mou se, or the emulsion without a-carotene for
40 weeks, at the end of which the mice were

kiled. There was no significant difference in
body weight or water intake between the
groups. The numbers of animaIs with liver
tumours (well-differentiated hepatocellular car-
cinomas) were 16/16 in control s, 15/15 at the
low dose and 16/17 at the high dose, but the
mean numbers of liver tumours per mouse were
decreased, from 6.31 :: 0.62 in the controls to
5.07 :: 0.49 at the low dose and 3.00 :: 0.36 at
the high dose (p 0( 0.001; Student's t test). There
were no differences among the groups in the
size rnot further specified) or histological

appearance of the tumours (Murakoshi et aL.,
1992).

4.2.1.8 Fucoxanthin (Table 46)

(a) Skin
Mouse: Two groups of 15 female ICR mice rage
unspecified) received a single application of 0.1
mg DMBA on their shaved backs. One week
later, 1.62 nmol TPA were applied twice weekly
for 20 weeks. One of the groups received an

application of 0.6 pmol fucoxanthin (prepared
from the brown algae Hijikia fusiforme, a com-
mon edible seaweed in Japan) in 0.2 ml acetone
simultaneously with each application of TPA;

the other group was treated with 0.2 ml acetone
only. ln the latter group, 8/15 animaIs developed
skin tumours, with an average of 2.20 tumours

per mou se, whereas no skin tumours were found
in fuxocanthin-treated mice (Nishino, 1995).

(b) Sma/! intestine
Mouse: Thirty-eight male C57Bl/6 mice rage
unspecified) were given drinking-water con-

taining 0.01% N-ethyl-N'-nitro-N-nitroso-
guanidine (ENNG) for four weeks. During
weeks 5-20, 20 mice received drinking-water
containing 0.005% fucoxanthin (prepared
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Table 46. Effects of fucoxanthin on tumorigenesis in experimental animais

Organ ReferenceSpecies, Strain
sex

No. of animais!
group

Carcinogen

(dose, route)

Fucoxanthin,

(dose, route)

Preventive
efficacy

Skin Mouse, ICR, female 15 Nishino (1995)DMBA, 0.1 mg; 0.6 mmol; twice Tumours:

single application weekly, 19 weeks 100% (SU)

0.005% in
drinking-water,
11 weeks

Small
intestine

Mouse, C57BI!6,
male

ENNG, 0.01% in
drinking-water,
4 weeks

18-20 Tumours
Incidence:
61 % (p 0( 0.05)
Multiplicity:

57% (p 0: 0.05)

Okazumi et al.

(1993); Nishino

(1995)

DMBA, 7,12-dimethylbenz(aJanthracene; SU, statistics unspecified; ENNG, N-ethyl-N -nitro-N-nitrosoguanidine

from Hijikia fusiforme and added as an emul-
sion (vehic1e unspecified)), while the other 18
mICe received drinking-water supplemented
with the fucoxanthin vehic1e only. The mICe

were kiled at week 20. Fucoxanthin reduced

the incidence of duodenal tumour-bearing mice
(type of tumour unspecified) from 14/18 to 6/20
(p 0( 0.005 (method of statistical analysis unspec-
ified)) and the mean number of duodenal
tumours per mouse from 1.28 to 0.55 (p 0( 0.05
(method of statistical analysis unspecified))
(Okuzumi et aL., 1993; Nishino, 1995).

4.2.1.9 Astaxanthin

(a) 5mall intestine and colon
Rat: Azoxymethane was used to induce car-
cinogenesis in the small intestine and colon
of male Fischer 344 rats by subcutaneous

injection at a dose of 15 mg/kg bw once a
week for three weeks. One week after the last
dose, the diets of two graup of rats were sup-
plemented with 100 or 500 mg/kg astaxan-
thin for 34 weeks; another graup received

only azoxymethane; one received only 500
mg/kg astaxanthin for 37 weeks; and one
served as untreated contraIs. The incidence
of intestinal adenocarcinomas and signet
ring-cell carcinomas was 50% with
azoxymethane alone; the incidence was
reduced to 34% after supplementation with
100 ppm astaxanthin and to 28% with 500
ppm. ContraIs and rats given astaxanthin
alone had no tumours (Tanaka et aL., 1995a).

(b) Oral ca 
vit y

Rat: A total of 133 male Fischer 344 rats were
given 4-NQO foreight weeks to indu ce oral
tumours. One graup was fed a diet containing
0.01 % astaxanthin for 10 weeks before expo-
sure to 4-NQO; one was fed a diet with 0.01%
astaxanthin for 22 weeks starting one week
after exposure to 4-NQO; one received only
astaxanthin thraughout the study (32 weeks);

one received a normal rat di et after 4-NQO
administration; and one served as untreated
contraIs. 4-NQO alone induced squamous-ce11

papilomas and carcinomas of the tongue in
54% of the rats, but no oral neoplasms devel-
oped in the rats that received astaxanthin

before, during or after exposure to 4-NQO
(Tanaka et al., 1995a).

(c) Urinary bladder
Mouse: Urinary bladder tumours were induced
in 144 male ICR mice by giving them drinking-
water containing NBHBA. One group of mice
received NBHBA alone for 20 weeks and then
tap water for 21 weeks; one graup received 50
mg/kg astaxanthin (a xanthophy11 present in
crustaceae, fish, she11fish and sorne fruits and
vegetables but lacking provitamin A activity) in
tap water one week after the end of exposure to
NBHBA for 20 weeks; one graup received 50
mg/kg astaxanthin only for 20 weeks after
drinking tap water for the first 21 weeks of the
experiment; and one group served as untreated
contraIs. The incidence of transition al or
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squamous-ce11 carcinomas of the bladder was

42% with NBHBA al one and 0% with astaxan-
thin alone and in the controls. Astaxanthin

reduced the incidence of transitional-cell carci-
nomas from 31 % with NBHBA alone to 3%, but
had no effect on the incidence of squamous-ce11

carcinomas (Tanaka et al., 1994).

4.2.1.10 Crocetin

(a) Skin
The skin of groups of 15 female CD-l mice was
treated topica11y with benzo(a)pyrene once a
week for 10 weeks; after a one-week pause, mi ce
were treated topica11y with 15 nmol TPA al one
or in combination with 0.2 or 1.0 ¡.mol crocetin
(a carotenoid with no provitamin A activity
which is present in Gardenia fructus and is wide-
ly used in Chine se herbal medicine) twice week-
ly for 20 weeks. Crocetin inhibited the number
of tumours per mouse by 69% and reduced the
proportion of mice with tumours by 81 %

(Wang, c.-j. et al., 1996).

(b) Inoculated tumours
Rat C-6 glioma celis: Crocetin was given by
intraperitoneal injection at 0 or 10 mg/kg bw to
Wistar rats for five consecutive days, and on the
sixth day, C-6 glioma ce11s were inoculated sub-
cutaneously. ln comparison with treatment
only with glioma ce11s, crocetin prolonged the
latency to 50% tumour incidence and caused a
60% reduction in mean tumour weight, from
67.0 to 26.6 g. ln another group of rats that
received the same dose of crocetin two weeks
after tumour-ce11 inoculation, a significant
reduction in mean tumour weight was seen,
from 147.1 to 94.6 g (Wang et aL., 1989).

4.2.1.11 Mixtures of carotenoids (see Table 47)

(a) Skin
Mouse: Fort Y female ICR mice (age unspecified)
received a single application of 0.1 mg DMBA
on their shaven backs, and one week later
received applications of 0.81 nmol TPA twice
weekly for 16 weeks. Ten of the mice received

simultaneous applications of 162 nmol palm-oil
carotene (60% ß-carotene, 30% a-carotene and
10% other natural carotenoids inc1uding y-
carotene and lycopene) in 0.2 ml acetone; the
other 30 mice were similarly treated with 0.2 ml
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acetone only. ln these animaIs, the first tumour
appeared within six weeks, and at the end of the
experiment 29/30 of the mice in this group had
developed skin tumours, with an average of

2.63 tumours per mouse. Palm-oil carotene
treatment completely suppressed the skin
tumour formation (Nishino, 1995).

(b) Colon
Rat: Twelve female Sprague-Dawley rats, seven
weeks old, received three intrarectal instila-
tions of 4 mg MNU in 0.5 ml distiled water in
week 1 and were then divided into groups of six
animaIs which received 0.2 ml corn oil contain-
ing 0 or 6 mg palm-oil carotene (an oleoresin
from natural palm oil which consisted of a mix-
ture of a-carotene, ß-carotene and lycopene) by
intragastric gavage, daily du ring weeks 2 and S.
ln week 6, a11 rats were kiled and their colons
were examined for aberrant crypt foci. The num-
ber of foci per colon was 69.3 :: 6.2 in the con-
troIs and 51.3 :: 8.3 in the animaIs given palm-
oil carotene, but the difference was not signifi-
cant (Students t test) (Narisawa et aL., 1996).

(c) Respiratory tract
Mouse: Twenty-six male ddY mice (age unspeci-
fied) received a single subcutaneous injection of
10 ¡.g/kg bw 4NQO dissolved in a 20:1 mixture
of olive oil and cholesteroL. During weeks 5-30,
12 of these mice received drinking-water con-

taining 10% glycerol plus 0.005% palm-oil
carotene (60% ß-carotene, 30% cx-carotene and
10% other natural carotenoids including y-
carotene and lycopene, added as an emulsion
(vehic1e unspecified)), while the other 14 mice
received drinking-water containing 10% glyceroI
plus the palm-oil carotene vehicle. Palm-oH

carotene reduced the lung tumour incidence

(tumour type unspecified) from (14/14) to
(4/12) (p 0( 0.05 (method of analysis unspeci-
fied)) and the mean number of lung tumours
per mouse from 3.06 to 0.58 (p 0( 0.001 (stan-
dard deviation and method of statistical analy-
sis unspecified)) (Nishino, 1995).

(d) Liver
Mouse: Groups of 17 eight-week-old male
C3H/He mice, which have a high spontaneous
incidence of liver tumours, received drinking-
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water containing 0.005 or 0.05% palm oil
carotene (30% a-carotene, 60% ß-carotene and
3% ')-carotene, 4% lycopene and 3% other
(unspecified) carotenes, as an emulsion con-
taining 0.5% sucrose ester P-1750, 1.0% Sansoft
8000, 0.2% L-ascorbyl stearate and 4% peanut
oil), to give mean intakes of palm-oil carotene
of 0.25 and 2.57 mg/d per mouse, or the émul-
sion without palm-oil carotene for 40 weeks,

when the mice were kiled. There was no
significant difference in body weight or water
intake between the groups. The numbers of ani-
maIs with liver tumours (well-differentiated
hepatoce11ular carcinomas) were 16/16 in con-

troIs, 15/15 at the low dose and 13/16 at the
high dose, and the mean numbers of liver
tumours per mouse were 6.31 :: 0.62 in the
control s, 3.60 :t 0.40 at the low dose (p -( 0.001;
Students ttest) and 2.06:t 0.37 at the high dose
(p -( 0.001; Students t test). There was no differ-
ence among the groups in the size (not
further specified) or histological appearance of the
tumours (Murakoshi et aL.1 1992; Nishino, 1995).

(e) Buccal pouch
Hamster: Epidermoid carcinomas were pro-
duced in the right buccal pouches of three

groups of 20 adult male Syrian golden hamsters
(age not further specified) by painting the
pouches with a 0.5% solution of DMBA in
heavy mineraI oil three times per week for 13
weeks. The pouches were then injected with 0.1
ml of minimal essential medium containing
about 250 ¡.g phycotene extracted from
Spirulina and Dunaliella algae (chemical compo-
siton, 7% water, 9% ash, 71% proteins, 0.9%

crude fibre, 1.8 g/kg xanthophy11s, 1.9 g/kg

carotene, chlorophylls a and bi a-carotene,

neoxanthin and other xanthophy11s (not fur-
ther specified)) or with 0.1 ml of the medium
(sham-injected controls); 20 hamsters were not
further treated. The experiment was terminated
at 17 weeks. The body weights of the sham-
injected DMBA controls (about 85 g) were con-
sistently lower than those of hamsters given
phycotene (140 g) and the uninjected animaIs
(100 g). No tumour regression was seen in
sham-injected or uninjected hamsters, a11 of

which had multiple, large cheek pouch
tumours; two uninjected con troIs and one

sham-injected animal died intercurrently with
very large tumours and infection. Phycotene
caused complete gross tumour regression in
6/20 hamsters and partial regression in 14/20.
ln general, regression of the large and multiple
tumours tended to be incomplete, whereas

total regression was usua11y seen for sma11 or

moderate tumours. The tumours in regression
showed degeneration and infitration of lym-
phocytes and macrophages, which often con-
tained tumour necrosis factor. Stratified squa-
mous epithelium adjacent to the carcinomas
with severe destruction was relatively unaffect-
ed and appeared essentia11y normal (Schwartz
& Shklar, 1987).

Sixt Y male Syrian hamsters, two to three
months old and weighing 95-125 g, were paint-
ed on the right buccal pouch with a 0.5% solu-
tion of DMBA in heavy mineraI oil'(about 0.6
mg DMBA per painting) three times per week
for 14 weeks, when each hamster had obvious
gross tumours of various sizes and numbers.
Then, the animaIs were divided into groups of
20, and the tumour-bearing pouch was injected
twice weekly with 0.1 ml minimal essential
medium, alone or containing 0.19 mg of an
extract of Spirulina and Dunaliella algae, three

times weekly for four weeks. The algae extract
reduced the total burden of cheek pouch
tumours (moderately sized papilary epider-
moid carcinomas) from 1400 mm3 in the
DMBA and sham-injected DMBA control
groups to about 20 mm3 in the animaIs given
the al gaI extract (no information on statistics).
Both degeneration and a c1early increased num-
ber of tumour necrosis factor-a-positive
macrophages were found in the tumours and

adjacent to the regressing tumours in hamsters
treated with the algal extract (Shklar &

Schwartz, 1988).

Sixt Y non-inbred adult male hamsters,
60-90 days old and weighing 96-120 g, were

fed standard laboratory pellets, and their right
buccal pouches were painted with a 0.1 % solu-
tion of DMBA in heavy mineraI oïl three times
per week for 28 weeks. The animaIs were divid-
ed into three groups of 20 hamsters each and
were given either 0.14 mg of an extract of
Spirulina and Dunaliella algae (containing
20-25% zeaxanthin, 10-15% myxoanthophy11,
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15-30% ß-carotene, 10-15% echinenone,
20-25% ß-cryptoxanthin and at least 10 other
carotenoids; 1.5 mg/kg bw) in 0.4 ml mineraI
oil three times per week on alternate days to
DMBA, mineraI oil only or no further treat-
ment. An hamsters were kiled after 28 weeks,
when obvious, moderately large buccal pouch
tumours were seen in untreated controls. The
body weights of the hamsters treated with the
algal extract were higher (192 :t 38 g) than
those of untreated controls (143 :t 20.0 g) or
vehicle controls (152 :t 21 g). A11 control ham-
sters but no ne of those given the algal extract
had cheek-pouch tumours (p 0: 0.001; Students
t test). The control animaIs had proliferative
epidermoid carcinomas that invaded the
underlying connective tissue, numerous foci of
hyperkeratosis with dysplasia and carcinoma in
situ and lymphocytic infitration into areas of
tumour infiltration and carcinoma in situ. The
animaIs given the algal extract had no frank
carcinomas, but scattered foci of dysplasia and
carcinoma in situ undergoing degeneration and
cellular destruction were seen. There were also
dense accumulations of lymphocytes and histi-
ocytes in the underlying connective tissue,
often close to the areas of dysplasia and some-
times so dense that they resembled lymphoid
tissue. When the lymphocyte infitrate was
light, it often had a perivascular distribution

(Schwartz et al.i 1988).
The mucosa of the right cheek pouch of

three groups of 20 male Syrian hamsters (age

unspecified) fed a normal hamster diet con tain-
ing 22% protein and the required concentra-
tions of vitamin A and E, was painted with
0.1 % DMBA in heavy mineraI oil (0.4 mg
DMBA per painting) three times a week for 28
weeks. One group received no further treat-
ment; the other two groups were given 0.4 ml

of heavy mineraI oil containing 0 or 1.4 mg/kg
bw of a mixture of at least 15 carotenoids (the
main ones were zeaxanthin, 25-35%; myxo-
xanthophyl, 13-17%; ß-carotene, 10-15%;
echinenone, 11-13%; and ß-cryptoxanthin,
6-23%), by gavage three times a week on alter-
nate days to DMBA, for 28 weeks. A fourth
group served as untreated controls. The mean
body weight of the DMBA controls (85 g) was
lower than that of the animaIs receiving the
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carotenoid mixture (125 g). Ingestion of the
mixture prevented the formation of buccal

pouch squamous-ce11 carcinomas completely,
whereas a11 DMBA-treated controls had already

developed su ch tumours after four months of
treatment. At the end of treatment, the average

number of areas of cheek pouch with epithelial
dysplasia was 3 in the group given the carotenoid
mixture and 6 in both DMBA-treated groups. No
buccal pouch tumours or sites of dysplasia were
found in untreated controis. Ingestion of the
the carotenoid mixture resulted in a histologi-
ca11y unique picture not seen in DMBA-treated
controls: a dense, mixed, inflammatory infi-
trate consisting predominantly of cytotoxic

lymphocytes and macrophages producing
tumour necrosis factor-a and localized areas of
mast ce11s in the deep dermis adjacent to areas

of epithelial dysplasia (Schwartz et al.i 1989).

(f) Mammary gland
Mouse: Three groups of 15 litter-mate SHN/Mci
mice, about two months old, were fed AIN-
76TM di et containing 0.00022% retinyl palmi-
tate or vitamin A-deficient AIN-76TM diet sup-
plemented with either spray-dried Dunaliella
bardawil powder, in which the ß-carotene con-
te nt of 0.00005 i % was inCfeased to 0.03% after
eight months, or an oily solution of an extract
of D. salina Teod. (ß-carotene content, 0.03%).
These mice were were designated 'breeders'.
The female litters of these mice, designated 'vir-
gins', were fed the same diets as their mothers,
with 27 control s, 33 on the D. bardawil diet and
29 on the D. salina diet. A11 three groups of
breeders developed the first mammary tumour
(not further specified) at six months of age and
showed the same incidence of mammary
tumours (about 50%) at eight months of age;
however, the incidence and age at onset of
tumours in groups fed the Dunaliella-supple-
mented diets was slightly but statistica11y sig-
nificantly lower th an in the controls (p 0: 0.05;
analysis of variance (no further details givenJ).

Among the virgins, the first mammary tumours
appeared at five months of age in controls, one
month later in the group given D. bardawil and
two months later in the group given D. salina.
Moreover, the incidence of mammary tumours
among virgins given Dunaliella supplements
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was lower th an that in controls at 6, 7, 8, 9, 10
and II months of age (p 0( 0.05; analysis of vari-
ance). No significant difference in mammary .
tumorigenesis was found between the groups
given D. bardawil and D. saUna. DunaUella had
no significant effect on the normal growth of
the mammary glands, preneoplastic growth
(number and size of hyperplastic alveolar nod-
ules) or neoplastic growth (number of tumours
per mou se; growth rate per tumour) (Nagasawa
et al.i 1989).

(g) Forestomach
Mouse: Groups of 15 female Haffkine Swiss

mice, six to eight weeks old and weighing
20-25 g, were maintained on standard dieti on
standard diet without 0.75% (w/w) sesame oil
or on sesame oil-free standard diet supplement-
ed with 0.75 or 1.5% (w/w) palm oil. From

week 3, a11 mice on the standard diet and aH

mice in one of two groups receiving sesame oil-
free diet or diets supplemented with palm oil
were given 1 mg benzo(a)pyrene in 0.1 ml
peanut oil by gavage, twice a week for four

weeks. At eight weeks, the animaIs were kept
under observation, and a11 were kiled at the age
of 180 days. The me an body-weight gain was

increased by 21 % in mice on the 1.5% palm-oil
di et (probably due to the higher oil content of
this diet) but was similar in the other groups.
Forestomach tumours developed in 13/15 mice
on standard diet and treated with
benzo(a)pyrene and in none of the mice not

treated with benzo(a)pyrene. Palm oil reduced
the incidence of forestomach tumours from
12/15 in the oil control group to 4/15 in mice
given the low dose (p 0( 0.00/; X2 test) and to
0/15 in those at the high dose (statistics
unspecifiedJ, and the mean number of fore-
stomach tumours per mouse from 1. 7 i: 0.3 to
1.0 i: 0.0 at the low dose (p 0( 0.001; Students t
test) (Azuine et al.i 1992).

(h) 5mall intestine
Mouse: Fifty male C57Bl/6 mice (age unspeci-
fied) were given drinking-water containing

0.01 % ENNG for four weeks. During weeks
5-20, 28 mice received drinking-water contain-
ing 0.05% palm-oil carotene (60% ß-carotene,
30% a-carotene and 10% other natural

carotenoids including y-carotene and lycopene,

added as an emulsion (vehicle unspecified)),
while the other 27 mice received drinklng-water

supplemented with the palm-oil carotene vehi-
cle only. A11 surviving animaIs were kiled at
week 20. Palm-oil carotene deCfeased the inci-
dence of duodenal tumours (type unspecified)
from (18/27) to (13/28) (p 0( 0.05 (method of
analysis unspecified)) and the me an number of
duodenal tumours per mouse from 0.93 to 0.64
(not significant) (Nishino, 1995).

4.2.1.12 Othe, end-points
Various biological activities other than the end-
points described above may be used as markers
for the anticarcinogenic activity of carotenoids,
including immuno-potentiating activity, modi-
fication of enzymatic activities and alterations
in markers of differentiation and proliferation.
Although these activities are mechanistic
aspects of anticarcinogenesis, they
are discussed in this section because surro-

gate end-points are needed for rapid evalua-
tion of the anticarcinogenic activity of

carotenoids.

(a) Modulation of the immune system
The abilty of carotenoids to modulate the

immune system may play an important role in
cancer prevention (reviewed by Bendich, 1989,

1990a,b,c). For example, they have been shown
to enhance the responses of splenocytes to lym-
phocyte mitogens, modulate radiation-induced
thymic involution and augment tumour immu-
nity.

Dietary ß-carotene and canthaxanthin
enhanced the proliferative responses of T and B
lymphocytes in male weanling Wistar Kyoto

rats given diets supplemented with beadlets

containing these carotenoids at a dose of 0.2%
(w/w), as determined by the immune responses
of splenocytes to the T-lymphocyte mitogens
concanavalin A and phytohaemagglutinin and
the B-lymphocyte mitogen lipopolysaccharide
in vitro. The lymphocyte responses were consis-
tently enhanced in groups fed ß-carotene or

canthaxanthin, although the only significant
difference was seen in the response to con-
canavalin A after ß-carotene administration

and in the response to lipopolysaccharide after

--
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-Table 47. Effects of mixtures of carotenoids on tumorigenesis in experimental animais ;p::
("

Organ Species, strain No. of animals/ Carcinogen Mixture of carotenoids Treatment relative Preventive efficacy Reference ::i:
::sex group (dose, route) to carcinogen 0-
0"00

Skin Mouse, ICR, 10-30 DMBA, 0.1 mg; Palm carotene; 162 nmol, After Tumours: 100% (SU) Nishino (1995)

1 ~female single application twice weekly, 15 weeks
("i:

Colon Rat, Srague- 6 MNU, 4 mg, 3 Palm carotene; 6 mg, gavage, Afer No. of aberrant crypt foci/ Narisawa

1 !
Dawley, female doses intrarectally daily for 2 weeks colon: 26% (NS) et al. (1996) ..

ro

Lung Mouse, ddY, male 12-14 4-NQO, 10 mg; Palm carotene; 0.005% ln After Tumours Nishino (1995) r~.
single, s.c.; 10% drinking-water Incidence: 67% (p 0( 0.05)
glycerol in
drinking-water

Liver Mouse, C3H/He, 17 - Palm-oil carotene; 0.25 - Carcinomas Murakoshi et al.
male and 2.57 mg/mouse per Incidence: high dose, 19% (1992); Nishino

day in drinking-water (NS) (1995)
Multiplicity: high dose,
67% (p 0( 0.001)

Buccal Hamster, male 20 0.5% DMBA; Phycotene, 250 ¡.g, After Epidermoid carcinomas, Schwartz &
pouch 3 times/week injected into cheek regression Shklar (1987)

pouch 3 times/week Complete: 30% (SU)
Partial: 70% (SU)

Buccal Hamster, male 20 0.5% DMBA; 0.19 mg in Spírulína Afer Carcinoma, regression Shklar &
pouch 0.6 mg/painting, Dulalíella extracts injected Burden: 99% (SU) Schwartz (1988)

3 times/week into buccal pouch

Buccal Hamster, male 20 0.1% DMBA; Spírulína-Dunalíella During Carcinomas Schwartz et al.
pouch painted 3 times/ extract; 0.14 mg/ Incidence (gross tumours): (1988)

week painting, 3 times/week 100% (SU)

Buccal Hamster, male 20 0.1% DMBA; Phycotene: 1.4 mg/kg During Carcinomas Schwartz et al.
pouch 0.4 mg/painting bw; gavage Regression: 100% (SU) (1989 )



Table 47 (contd)

Organ Species, strain No. of animals/ carcinogen Mixture of carotenoids Treatment relativesex group (dose) to carcinogen
Mammary Mouse, SHN/Mci 15 breeders - Dunaliella bardawi/ powder;
gland female 27-33 virgins Dunaliella-Salina Teod.

extract

Preventive effcacy Reference

Tumours
Sreeders:
Incidence + latency:
slight (p 0: 0.05)
Virgins:
Latency
Bardawi/ powder: 20% (SU)
Saline extract: 40% (SU)
Incidence
Soth preparations: slight (SU)

Nagasawa et al.

(1989)

Stomach Mouse, Haffkine 15 S¡alP; 1 mg, twice Palm oil; 0.75 or 1.5% in Sefore, during and Tumours Azuine et al. (1992)
Swiss, female weekly, gavage, 4 diet; 8 weeks afte r Incidence: low dose, 66%

weeks (p 0: 0.001); high dose, 100%
(SU)
Multiplicity: low dose, 41 %

(p 0: 0.001)

Small Mouse, C57BI/6, 27-28 ENNG; 0.01 % in Palm carotene; 0.05% in After Tumours Nishino (1995)

intestine male drinking-water, drinking-water Incidence: 41 % (p 0: 0.05)
16 weeks Multiplicity 69% (NS)

DMBA, 7,12-dimethylbenz¡a)anthracene; SU, statistics unspecified; NS, not significant; MNU, N-methyl-N-nitrosourea; 4-NQO, 4-nitroquinoline 1-oxide; ENNG, N-ethyl-N'-
nitro-N-nitrosoguanidine; B¡a)P, benzo¡a)pyrene

~I

n
$:..o..
ro
t;o
õ.'"

kajob
Rectangle



IARC Handbooks of Cancer Prevention

canthaxanthin administration at week 20
(Bendich & Shapiro, 1986).

ß-Carotene delayed radiation-induced
thymic involution, which is one sign of
immune system suppression. Five-week-old
male CBA mice were maintained on basal di et
containing 15 000 lU/kg vitamin A and 6.4
mg/kg ß-carotene for one week before testing
(formulation of the diet unspecified) and then
received total-body y-irradiation (600 rad).
Supplementation of the basal diet with ß-

carotene at a dose of 90 mg/kg moderated

thymic involution, the weights being 35.2 :t 1.0
gin unirradiated control mice (p 0( 0.001), 24.2
:t 1.0 g in irradiated mice and 33.2 :t 0.8 g in ß-
carotene-supplemented irradiated mice (p 0(
0.005) (Seifer et al.i 1984).

ß-Carotene was reported to augment immu-
nit y to syngeneic tumours. Female Balb/c mice
aged eight weeks were injected subcutaneously
with 107 syngeneic Balb/c Meth A fibrosarcoma
ce11s. Oral administration of ß-carotene dis-
solved in ethanol and then diluted to a final
concentration of 600 llg/ml with phosphate-

buffered saline, given at a dose of 0.2 mlld per
mouse for nine days, led to a 47% reduction in
the tumour response after recha11enge with

Meth A fibrosarcoma ce11s implanted subcuta-
neously on day 10. The tumour response to
Meth 1, another syngeneic tumour of Balb/c
origin, was unaffected by ß-carotene, however,
suggesting that ß-carotene specifically aug-
ments the rejection of tumours through
tumour-specific antigens. The immune lymph
node cells responsible for the augmented rejec-
tion of tumour growth were found to be Thy- 1-
positive, Lyt-l-negative and Lyt-2-positive lym-
phocytes, which are presumably cytotoxic T
lymphocytes (Tomita et al.i 1987).

Immune-enhancing activity of carotenoids
was also reported by Temple and Basu (1987)
and by Basu et al. (1988).

(b) Alterations in cel! differentiation and

proliferation
Alterations in the pattern of expression of ker-

atin, a differentiation-specific marker, might be
used as an intermediate biomarker of the anti-
carcinogenic activity of carotenoids in squa-

mous epithelia. Loss of high-molecular-mass

--
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(? 60 kDa) keratins, which are specific for and
characteristic of normal keratinized squamous
epithelia, has been observed in adenocarcino-
mas and squamous-ce11 carcinomas. The loss of
67-kDa keratins and reductions in 66- and 63-
kDa keratins induced by DMBA in hamster
cheek pouches was reversed by treatment with
ß-carotene. This modula tory effect correlated

with a preventive effect against DMBA-induced
carcinogenesis (Gijare et aL.1 1990).

The levels of polyamine, the labellng index
of bromodeoxyuridine and the number and
area of silver-stained nuc1eolar organizer region
proteins, which are markers of proliferation,
may also be useful as intermediate biomarkers,
as the chemopreventive effect of carotenoids
against 4-NQO-induced oral carcinogenesis was
associated with suppression of the expression

of these markers (Tanaka et al.i 1994, 1995a).

4.2.2 CeUs
4.2.2.1 Mammalian cells in vitro
(a) Carotenoid delivery methods
As most carotenoids of interest are highly
lipophilc and are virtually insoluble in
water, supplying these molecules in a bio-
available form has been a major problem.
This has been achieved in several ways. Tetra-
hydrofuran has been widely used as a solvent
since its introduction for this purpose in
1991 (Bertram et aL., 1991). If suitable pre-
cautions are taken, this solvent is not toxic
and produces a pseudo-emulsion with high

bioavailabilty (Cooney et aL., 1993). The

second successful method of delivery
involves incorporating carotenoids into lipo-
somes. Here too, adequate uptake of carote-
noids into cells has been demonstrated (Muto
et al., 1995). (The Working Group noted that
considerable caution must be employed in
interpreting results obtained with carotenoids
in solvents su ch as hexane and ethanol which,
when added to an aqueous solution and then
evaporated (hexane) or solubilzed (ethanol),
cause precipitation of the carotenoid, often on
the sides of the culture dish. ln such situa-
tions, physical effects due to carotenoid crys-
taIs may contribute to any observed effects.)

Two carotenoids, ß-carotene and canthax-
anthin, are available commercially in the
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form of beadlets composed of a protein and
carbohydrate matrix containing micro-dis-
persed carotenoid in oil. Control beadlets are
also available, containing aIl of the packag-
ing but no carotenoid. (The Working Group
noted that the principal disadvantage of these

beadlets, apart from the restriction to only the
two carotenoids, is that they contain 90%
packaging material that inc1udes antioxi-
dants.) This formulation has been successfully
used both in vitro and in vivo (Pung et aL., 1988;
Mayne & Parker, 1989). The concentrations of
caro-tenoids reported in Tables 48-53 are
those to which the ce11s were exposed. The

concentrations that had biological effects were
generally in the range 10-5 -10-7 mol/L, which
are within those reported in human serum
after and before supplementation, respectively
(see Table 57).

(b) Effects an carcinagen-induced neaplastic
transformation (see alsa Table 48)

Neoplastica11y transformed foci can be pro-

duced in cultured C3H 10T/1/2 ce11s by appli-
cation of methy1cholanthrene or by exposure
to ionizing radiation. Various carotenoids have
been shown to reduce the incidence of such
foci. Complete inhibition of transformation

was achieved when carotenoids (10-5 mol/L)
were applied seven days after removal of car-
cinogen and continued for four weeks, indicat-
ing that the activity did not affect metabolic

activation of the carcinogen or repair of precar-
cinogenic lesions. Moreover, the inhibition was
reversible upon withdrawal of the carotenoid,
indicating that the activity was not due to
direct cytotoxicity (Pung et aL., 1988).

Dose-response relationships in the reduction in
focus formation were se en in the range of 10-5

to 3 X 10-7 mol/L, and activity was observed

with both provitamin A carotenoids, su ch as

ß-carotene, and non-provitamin A carotenoids,
such as canthaxanthin and lycopene (Bertram
et aL., 1991). ß-Carotene and canthaxanthin
were shown by the ab ove protocol to be capa-

ble of inhibiting X-ray-induced transformation;
however, only marginal inhibition was
observed when the cultures were treated before,
during and immediately after irradiation (Pung

et aL., 1988). The studies indicate that
carotenoids have little effect on initiation
processes in cells. Cellular uptake and inhibi-
tion of transformation induced by ß-carotene

and canthaxanthin were comparable when
they were applied in beadlets or as solutions in
tetrahydrofuran. The chemopreventive activity
of carotenoids did not correlate with their
activity as antioxidants, as shown by de creas es
in thiobarbituric acid-reactive substances;

methyl-bixin, the carotenoid with the highest

antioxidant activity tested, was inactive as a
chemopreventive agent (Zhang et al., 1992). Of
two synthetic carotenoids tested, a C22 com-

pound was active whereas a C28 compound was
not active in the 10T/1/2 assay system.
Interestingly, the C28 compound had been
reported to have greater antioxidant activity
and was shown to achieve higher cellular levels
than the C22 compound in this assay system
(Pung et aL., 1993). Wh en tested in
the same system for their abilty to inhibit
benzo(a)pyrene-induced transformation, cro-
cetin, a C20 diapocarotenoid, also prevented

focus formation at concentrations between 10-4

and 3 x 10-5 mol/L. At the highest dose, it
reduced focus formation by 75% in comparison
with controls. Ce11s were treated with the car-

cinogen and the carotenoid simultaneously,
and the carotenoid was maintained for an addi-
tional seven days fo11owed by seven weeks with
no treatment. Simultaneous treatment by a
different protocol was shown to reduce the
extent of covalent binding of benzo(a)pyrene

to DNA (Chang et al., 1996).
Treatment of normal mouse mammary

cells with DMBA produces nodule-like alveolar
lesions, which it has been suggested are pre-
malignant (Table 49). ß-Carotene at 10-6

mol/L in hexane reduced the incidence of
these lesions by up to 60% (Som et al., 1984).
ß-Carotene has also been shown to reduce the
excess incidence of sis ter chromatid exchange
produced in mou se mammary ceIls by
exposure to DMBA or NDEA by up to
96%, when applied in hexane with simultane-
ous carcinogen treatment (Manoharan &
Banerjee, 1985). For both end-points, the most
effective reduction occurred when the

..
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~I Table 48. Inhibition by carotenoids of carcinogen-induced neoplastic transformation s;::
()

Cellline: end-point Carcinogen Treatment relative Carotenoid Concentration No. of foci/ Preventive effcacy Comments Reference ::
$ô

(dose) to carcinogen (vehicle )a (mol/L) no. of dishes (% of vehicle ::
0.

control) 0"00?:
en

C3H 101/2: MCA, 1 flg/ml, 7 days after then AII-trans 10-5 0/24 0 P -: 0.001 ß-Carotene less active Pung et al. (1988) 0,.induction of neo- 24 h weekly ß-carotene 3 x 10-6 3/24 21.9 P -: 0.001 than canthaxanthin ()
$ôplastically trans- (bead lets) 10-6 16/36 39.8 P -: 0.001 across dose range ::
("formed foci 3 x 10-7 23/24 84.4 3 x 10-6-10-6 mol/L (t..

10-7 21/24 102.5 (p -: 0.01). Vehicle "'..(t
3 X 10-8 22/24 103.0 control (beadlets) did ~(t

not differ from carcino- ::~
Canthaxxthin 3 x 1 0-6 0/21 0 P -: 0.01 gen-only groups õ'

::
(beadlets) 10-6 14/47 24.9 P -: 0.01 (p = 0.78)

3 x 10-7 14/48 31.1 P -: 0.01
10-7 20/24 75.3
3 x 10-8 20/24 88.9
10-8 21/24 100.2

No treatment 0 67/84
0/48

C3H 10T1/2 X-ray 300 KPV 24 h prior and AII-trans 10-5 28/20 84 NS Pung et al. (1988)
1.38 Gy/min 1 h after radiation ß-carotene 10-6 20/19 70 NS

(beadlets)
Canthaxanthin 10-5 26/20 72 NS
(beadlets) 10-6 22/20 58 NS

0 49/40

C3H 10T1/2 X-ray, 6 Gy 7 days after AII-trans 10-5 4/20 6.0 P -: 0.01 ß-Carotene less Pung et al. (1988)
300 KPV, 1.38 radiation th en ß-carotene 3 x 10-6 23/20 40.0 P -: 0.01 active than cantha-
Gy/min weekly (beadlets) 10-6 35/20 64.0 P -: 0.03 xanthin at 3 x 10-6

mol/L (p -: 0.01)
Canthaxanthin 3 x 10-6 5/20 9.2 P -: 0.01
(beadlets) 10-6 21/20 64.0 P -: 0.01

3 x 10-7 38/20 100

No treatment 0 223/80
0 4/20



Table 48 (contd)

Ceilline: end-point Carcinogen
(dose)

Treatment relative Carotenoid

to carcinogen (vehicle)8
Concentration No. of foci/ Preventive efficacy Comments

(mol/L) no. of dishes (% of vehicle
control)

Reference

C3H 10T1/2 MCA, 3 j.g/ml 7 days after Lycopene 10-5 16/24 45.3 P -( 0.01 Bertram et al. (1991)
MCA then weekly (solvent THF) 3 x 10-6 38/24 108.0 NS

10-6 31/24 87.8
3 x 10-7 64/24 181.2

0 108/72
a-Carotene 10-5 0/24 0 P -( 0.001 for range
(solve nt THF) 3 x 10-6 19/24 53.8

10-6 43/24 127.0

3 x 10-6 44/24 124.0

Lutein 10-5 8.24 30 P -( 0.05

(solvent THF) 3 x 1 0-6 44/24 102

0 65/36

C3H 10T1/2 Benzo(aJpyrene, Simultaneously for Crocetin 10-4 5/12 Dose-response Chang et al. (1996)
250 j.g/ml 7 days (solvent 5 x 10-5 6/12 increase in GST

DMSO) 10-5 15/12 activity
0 21/12

MCA, 3-methylcholanthrene; THF, tetrahydrofuran; DMSO, dimethylsulfoxide; NS, not significant; GST, glutathione S-transferase
8 Beadlets: 10% carotenoid beadlets from Hoffmann-La Roche
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~I Table 49. Inhibition by carotenoids of carcinogen-induced intermediate markers of response ;:::
('

Ceilline: end-point Carcinogen Treatment relative to Carotenoid (vehicle) Marker of Preventive Reference
:i~
::

carcinogen response efficacy 0-
0'0

Mouse mammary cells: DMBA in DMSO, ß-Carotene (solvent Lesions/glands % reduction Som et al. (1984)
0~'"

induction of nodule-Iike 7.8 l.mol/L for 1 0-3 days hexane), 10-6 mol/L 16/32 26 0..
alveolar lesions day on day 3-4 days 8/31 68 ('~

3-4 of culture 0-4 days 9/36 53 ::n
ro

4-10 days 11/27 57 ..
'"

DMSO 0-10 days 10/33 26 ..
ro~

27/34 58 ro
::

0/28 0
..
õ'
::

Mouse mammary cells: For 1 day on Exchanges/ % reduction Manoharan &
induction of sister 3-4 of culture chromosome Banerjee (1985)

chromatid exchange DMBA,7.8 3-4 days ß-Carotene/hexane 0.25 96

l.mol/L Hexane control 0.55
NDEA, 14.6 3-4 days ß-Carotene/hexane 0.29 62
l.mol/L Hexane control 0.38
MNU, 1 l.mol/L 3-4 days ß-Carotene/hexane 0.27 93

Hexane control 0.75
DMSO No treatment 0.24
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carotenoids were added simultaneously
with the carcinogen. (The Working Group
noted that hexane was used as the solvent in
both studies.)

(c) Effects on cell proliferation (see also Table

50)
Various carotenoids have been shown to reduce
proliferation in a va ri et y of ce11 lines. This

action may be significant mechanistica11y in
view of the role of proliferation in carcinogene-
sis and tumour progression (Ames et aL., 1993).
ß-Carotene and canthaxanthin caused small

reductions in the logarithmic growth rates of
mou se fibroblast 10Tl/2 ce11s. Effective concen-
trations in transformation assays reduced the
doubling time from 39 h in con troIs to

42 and 45 h in treated ce11 cultures, respective-
ly. ln carcinogen-initiated ce11s, these carote-

noids caused 13 and 20% reductions in satura-
tion density, respectively (Pung et al., 1988).
This reduction was not considered. to con-
tribu te materia11y to the suppression of trans-

formation. Reductions in proliferation have not
been reported consistently: no effects were
reported in normal or neoplastic mouse lung
ce11s, whereas the same authors found
decreased proliferation in 10Tl/2 ce11s (Banoub

et aL., 1996). ln human cervical dysplastic and
neoplastic ce11 lines, ß-carotene at 10-5 mol/L
caused an up to twofold increase in doubling
time in dysplastic but not in cancer ce11s and

reduced the expression of the epidermal growth
factor receptor (Muto et al., 1995). ln human
GOTO neuroblastoma ce11s, an interesting dif-
ferential effect of a-carotene versus
ß-carotene was reported: while both com-
pounds suppressed proliferation, a-carotene
was about 10 times more active than the ß-
carotene and was cytostatic at 5 x 10-6 mol/L
and cytotoxic at 10-5 mol/L. Ce11s were arrested

in G 1 or Go and expressed less N-myc mRNA
(Murakoshi et al., 1989). Other carotenoids are
also effective. Lycopene strongly inhibited pro-
liferation of human endometrial (Ishikawa),

mammary (MCF-7) and lung (NCI-H226) can-
cer ce11s, but a-carotene and ß-carotene were far
less effective. ln contrast to cancer ce11s, normal
human fibroblasts were less sensitive to
lycopene (Levy et aL., 1995). The effects of ß-

carotene on human embryo fibroblasts was
analysed by flow cytometry; a concentration of

2 x 10-5 mol/L for three days caused a 30%

reduction in cell number and a 66% reduction
in S-phase ce11s (Stivala et aL., 1996).

ß-Carotene inhibited the growth of both
nontumorigenic and tumorigenic human
parotid acinar ce11s in vitro. The tumorigenic
cells were clearly more sensitive to this effect,
resulting in extensive morphological changes.
Sorne dose-response relationship was se en (10
mg/ml versus 20 mg/ml). A mixture of ß-
carotene and a-tocopherol inhibited growth
even more, but addition of vitamin C and/or
retinoic acid did not increase the effect (Prasad

& Kumar, 1996). ln contrast, 1 ¡.mol/L ß-
carotene stimulated the proliferation of mouse
3T3 ce11s, and the effect was more pronounced
in the presence of higher serum concentrations;
thus, at 10% serum, ß-carotene almost doubled
the incorporation of radiolabelled thymidine.

The proliferative response to TPA was also sta-
tistically significantly increased (p .; 0.05;

Students t test), and the levels of ornithine
decarboxylase in ß-carotene-treated cultures
were increased (Okai et aL., 1996a). (The

Working Group noted that the method of sup-
plying the carotenoid to the ce11s was not

described, and cellular uptake was not demon-
strated.)

(d) Effects on tumour promotion (see also
Table 50)

The abilty of carotenoids to interfere with

tumour promotion has been examined in two
studies. ln one, crocetin at 10-5 mol/L inhibited
the translocation of protein kinase C from the
cytopIasm to the membrane and reduced TPA-
induced protein phosphorylation (Wang, c.-j.
et al., 1996). ln a second study, ß-carotene at
10-4-10-5 mol/L inhibited protein phosphoryla-
tion induced by microcystin in mouse hepto-
cytes and also suppressed the morphological

changes (Matsushima-Nishiwaki et aL., 1995).
The abilty of a large series of carotenoids to

inhibit the abilty of TPA to activate Epstein-

Barr virus in human Raji ce11s was examined.

Simultaneous exposure of cells to TPA and
carotenoids (at 16 l1mol/L), both dissolved in
dimethylsulfoxide, reduced activation of the

..
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MI
Table 50. Effects of carotenoids on cell proliferation, differentiation and tumour promotion

1 ~
("

Cell line: end-point Carotenoid (vehicle) Concentration Response Comments Reference 1 g
0.cr

Human GOTO neuroblastoma lX-Carotene 10-5 mol/L for 5 days Cytotoxic Rapid ceilloss Murakoshi et al. (1989) 00~cells: proliferation 5 x 10-6 mol/L Cytostatic '"
0

2 x 10-6 mol/L for 5 days Partial growth arrest .-
("ß-Carotene (emulsion) 2 x 10-5 mol/L Partial growth arrest Comparable to 2 x ¡;
::

10-6 mol/L lX-carotene
n
ro,.
"'Human embryonic fibroblasts: ß-Carotene (liposomes) 2.1 x 10-5 mol/L for 3 days 30% reduction in cell Decrease in S-phase Stivala et al. (1996)
,.
ro
-0prolifration number, 66% reduction cells ro
::..

in S-phase cells õ'
::

Human cervical cancer and ß-Carotene (liposomes) 10-5 mol/L for 7 days Reduction in growth rate Reduction in EGF Muto et al. (1995)
dysplastic celllines: for dysplastic but not binding and receptors
proliferation; EGF receptor cancer Iines in dysplastic lines

Human normal keratinocytes, ß-Carotene or can- 7 x 10-5 mol/L Increased viability in Little evidence for a Schwartz et al. (1990)
squamous-cell carcinoma, thaxanthin (liposomes) 3 x 10-4 mol/L for 5 h normal cells, decreased dose-response
lung carcinoma lines: viability in tumour cells (25%) relationship

versus controls

Human endometrial, mammary Lycopene, lX- and .: 2 x 10-6 mol/L Lycopene inhibited cell 4-10 fold higher Levy et al. (1995)
and lung cancer ceillines, ß-carotene (THF) for 1-4 days proliferation more concentrations
normal human fibroblasts: effectively than lX- or needed for lX- and
proliferation ß-carotene ß-carotene effects

Mouse normal and neoplastic ß-Carotene 10-6-10-5 mol/L for 1-5 days No effect on proliferation Bioavailability in Banoub et al. (1996)
lung cells (dimethylformamide) dimethylformamide
C3H 1 OT/1 12 cells: proliferation Decreased proliferation not assessed

F9 Embryonal cells: RAR-ß ß-Carotene, canthaxanthin 10-5 mol/L for 5 days Both carotenoids Carotenoids 10-fold Nikawa et al. (1995)
reporter gene: differentiation; (THF) increased reporter gene less active than
morphology; collagen expression and markers retinoic acid
expression

of differentiation



Table 50 (contd)

ReferenceCell line: end-point

Human keratinocytes in
organotypic culture:
expression of markers of
differentiation

Mouse fibroblasts:
induction of gap-junctional
communcation

Human HL-60 cells:
induction of markers of
differentiation

Carotenoid (vehicle)

ß-Carotene, canthax-

anthin (THF)

Concentration

10-5 mol/L; 10-6 mol/L for

7 days

Cathaxanthin, ß-carotene 10-6-10-5 mol/L

lutein, a-carotene, Iycopene

(THF)

ß-Carotene, lutein (ethanol) 10-5 mol/L

Mouse Balb/c 3T3 cells: protein Crocetin (solve nt not stated) 10-5 mol/L
kinase C translocation

Mouse hepatocytes: inhibition
of microcystin-induced protein
phosphorylation

Mouse Balb/c 3T3 cells:
proliferation

Human Raji cells: expression
of HPV antigen

ß-Carotene (liposomes)

ß-Carotene (hexane)

ß-Carotene (DMSO)
a-Carotene
Lutein
Lycopene

10-5-10-4 mol/L

10-6 mol/L

16 )lmol/L

16 )lmol/L
16 )lmol/L
16 )lmol/L

Response

Both decreased
expression of the
'mature' genes
keratín 10 and fílagrín

No effect on basal
keratin 14

Increased communiction

Increased granulocyte
differentiation

Inhibited TPA-induced

translocation and protein
phosphorylation

Comments

Similar response
seen with 10-6 mol/L
retinoic acid

Activity in order
listed: correlated
with inhibition of
carcinogenesis.
Similar activity on
connexín 43
expression

Equally active but
much less active
than retinoic acid

Bertram & Bortkiewicz

(1995)

Zhang et al. (1992)

Gross et al. (1997)

Wang, C.-J. et al. (1996)

Dose-response relation- Induction of mor- Matsushima-Nishiwaki
ship in reduction in protein phological changes et al. (1995)
phosphorylation also suppressed

Increased cell numbers
and TdR incorporation

25% reduction in expression
7.5%
11.8%
32.5%

Aiso increased ODC Okai et al. (1996a)
activity

Tsushima et al. (1995)

~I

EGF, epidermal growth factor, THF, tetrahydrofuran; TPA, 12-0-tetradecanoylphorboI13-acetate; ODC, ornithine decarboxylase; HPV, human papillomavirus; DMSO,
dimethylsulfoxide

n
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virus by TPA, the order of potency being a- (f) Protection from oxidative damage (see

carotene (1.5%), ß-carotene (25%), lycopene also Table 51)
(32%) and canthaxanthin (47%), in compari- An action shared by most, if not a11,
son with TPA-treated controls (Tsushima et aL., carotenoids, but to different degrees, is the

1995). (The Working Group noted that the -/abilty to protect biological membranes from
effects on tumour promoters may be signifi- oxidative damage. ln general, the abilty of
cant since carotenoids appear to inhibit post- carotenoids to protect against exogenous free

initiation events.) radical-initiated damage has been examined.
This activity has been described for synthe tic
liposomes, in which ß-carotene and canthax-

anthin were equa11y active in preventing dam-
age (Krinsky & Deneke, 1982); for lipid extract-
ed from rat liver microsomes, in which the

addition of ß-carotene in hexane prevented

damage (Palozza & Krinsky, 1991); and in rat
liver microsomes themselves, in which addi-
tion of ß-carotene in a chloroform-methanol
solution prevented the formation of oxidation

products. The attivity of ß-carotene appears to
be synergistic with that of a-tocopherol

(PaIozza & Krinsky, 1992b).
Few investigators have examined the effects

of carotenoids under more physiological condi-
tions. ln one study, feeding canthaxanthin as a
beadlet formulation to vitamin E- and selenium-

deficient chicks resulted in fewer oxidation prod-
ucts in liver membranes; however, this study was
complicated by an increased concentration of (J-
tocopherol in the membranes which appeared
to confer more protection than that afforded

by canthaxanthin (Mayne & Parker, 1989). ln a
second study, conducted in cultured mouse

fibroblasts, the addition of diverse carotenoids
in tetrahydrofuran decreased the spontaneous
production of membrane oxidation products,
measured as thiobarbituric acid-reactive sub-
stances. While a11 carotenoids tested decreased

production, the activity did not correlate with
their abilty to protect against neoplastic trans-

formation or to increase the expression of con-

nexin 43 (Zhang et al., 1991). ln a c1inical study,
formation of thiobarbituric acid-reactive sub-
stances in plasma correlated negatively with total
carotenoid serum concentrations; the effect was
also found in ce11 cultures (Franke et aL., 1994).

;7
Effects on cell differentiation (see also
Table 50)

The human promyelocytic ce11 line HL-60 has
been used widely in studies of differentiating
agents. ß-Carotene and lutein, supplied in
ethanol at a concentration of 10-5 mol/L, have
both been shown to induce granulocyte differ-
entiation (Gross et al., 1997). These com-
pounds were, however, much less active than
retinoic acid, which is now used c1inically to
induce differentiation in promyelocytic

leukaemia. ß-Carotene and canthaxanthin also
modified the differentiation profie of human
keratinocytes grown in organotypic culture.
Concentrations of 10-6-10-5 mol/L decreased

the expression of mature keratin 1 and
increased the expression of the gap junction

gene connexin 43, both expressed in suprabasal

ce11s. Similar changes were produced by
retinoic acid, but at lower concentrations. No
effects were seen on basa11y expressed keratin
(Bertram & Bortkiewicz, 1995). Thus, caro-
tenoids appear to express many of the activities
of retinoic acid but must be added at higher
concentrations. Two studies have addressed the
molecular basis of this activity by discerning
whether conversion to retinoids is involved: in
one, canthaxanthin was shown to up-regulate
the expression of connexin 43 but not RAR-ß, a
gene driven by a known retinoid-responsive
element. ln 10Tl/2 and F9 ce11s, retinoic acid
up-regulated the expression of both genes,

which suggests that carotenoids act indepen-
dently (Zhang et al., 1992). Other investigators
examined the abilty of canthaxanthin to

increase the expression of a reporter gene dri-
ven by the RAR-ß promoter. The gene was acti-
vated, and an active retinoid (4-oxoretinoic
acid) was shown chemica11y to be produced-
from canthaxanthin (Nikawa et al., 1995).

(e)

--
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(g) Effects on immune function in vitro (see
also Table 52)

Carotenoids have been shown to enhance
immune responsiveness. Incubation of human



Table 51. Effects of carotenoids on Iipid oxidation in vitro

Test system Carotenoid (solvent) Concentration Response Comments Reference

Synthetic liposomes: free ß-Carotene (Iipid) 5.5 mmol/mol Oecreased oxidation Equal activity Krinsky & Oeneke (1982)
radical-initiated damage Canthaxanthin (lipid) 6.35 mmol/mol products

Rat liver microsome Iipids: ß-Carotene (hexane); cell-free 2-10 i-mol/L Oecreased oxidation Additive with Palozza & Krinsky (1991)
free radical-initiated da mage products ex-tocopherol

Oxidation of methyl-linoleate: ß-Carotene (chlorobenzene) 0.05-5 mmol/L Oecreased oxidation More efficient at low Burton & Ingold (1984)
free radical-initiated da mage p02

Rat liver microsomes: free ß-Carotene (chloroform: 10 i-mol/mg protein Oecreased oxidation Apparent synergy Palozza & Krinsky (1992a)
radical-initiated da mage methanol) cell-free products with ex-tocopherol

Vitamin E- and selenium- Canthaxanthin (beadlets) 5 g/kg diet Oecreased oxidation Main protection due Mayne & Parker (1989)
deficient chicks: oxidation products to increased vitamin E
of liver membranes

Mouse fibroblasts: membrane ß-Carotene (THF) 10-5 mol/L Oecreased oxidation Franke et al. (1994)
oxidation products

Mouse fibroblasts:membrane Lutein, Iycopene, methyl-bixin 3 x 10-6 mol/L Oecreased oxidation Activity in order Zhang et al. (1991)
oxidation canthaxanthin, ß-carotene, products listed: not correlated

ex-carotene (THF) with inhibition of
carcinogenesis

THF, tetrahydrofuran

~I
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Table 52. Effects of carotenoids on immune function in vitro

1 ~
Test system: Carotenoid Concentration Response Magnitude Comments Reference
end-point (mol/L)

0.
0"

3 X 10-6,1 day 0Expression of ß-Carotene Inhibition of suppression No increase in control Geisen et al. (1997) 0:;Fcy receptors on induced by retinoic acid expression of Fc on

0human monocytes and by tumour extract receptors ..
n
ç.

10-8 ::Human T Iympho- Ethanol Increase in NK cells and 5% Response differed Prabhala et al. (1989) n
ro

cytes: activation ß-Carotene cells with activation markers 40% qualitatively from ..
'-markers canthaxanthin 60% 13-cis-retinoic acid ..
ro

ñ3
::Mouse spleen cells: Astaxanthin 10-8, 3 days Increased reactivity 2-3-fold increase over Jyonouchi et ai (1996) ..
õ'antibody production; Zeaxanthin No consistent response controls ::

cytokine secretion Lutein
Lycopene
Canthaxanthin
Ethanol:hexane,
49:1

Mouse spleen cells: Astaxanthin 10-8 Increased reactivity 2-5-fold increase over Lin et al. (1997)
antibody production Lutein Increased reactivity controls

ß-Carotene No consistent response
Ethanol:hexane,
49:1

Mouse spleen cells: Astaxanthin 10-8 Astaxanthin but not ß- 2-5-fold increase over Jyonouchi et al. (1995)
response to antigen ß-Carotene 10-8 carotene increased response controls
in vitro and in vivo Ethanol:hexane, 5 days to suboptimal antigen

49:1

Human leukocytes: ex-Carotene, 10-9-0.5 x 10-1°, Increased secretion 60% decrease in Abril et al. (1989)
cytotoxic cytokine ß-carotene 2 days proliferation
secretion ( ethanol)



Carotenoids

peripheral blood mononuclear ce11s for 72 h
with ß-carotene or canthaxanthin at 10-8 mol/L
in ethanol increased the number of cells
expressing markers for natural kiler ce11s, from

about 5% to 40 and 60%, respectively, while
the percentage of ce11s expressing the IL-2

receptor inCfeased from about 5 to 20%. Similar
changes were seen after exposure to retinoids
(Prabhala et aL., 1989). InCfeased antibody pro-
duction in response to challenge was reported

in mouse spleen cells after treatment with
carotenoids, including astaxanthin, lutein and
ß-carotene, a11 at 10-8 mol/L. This response
appeared to depend upon T-lymphocyte activa-
tion. ln the numerous assays evaluated, astax-
anthin was generally the most potent
carotenoid tested Qyonouchi et aL., 1995, 1996;
Lin et al., 1997). (The Working Group noted
that these authors used a methanol-hexane
mixture to deliver the carotenoids to the ce11

cultures, and the bioavailabilty of the
carotenoids was not determined.) Exposure of
human mononuclear ce11s to ß-carotene dis-
solved in methanol at 10-10 mol/L induced the
secretion of a novel cytotoxic cytokine into the
culture medium. This cytokine inhibited the
growth of sorne hum an tumour ce11s but stimu-
lated the growth of others. This activity was not
se en with several retinoids that were tested
(Abril et aL., 1989). (The Working Group noted
that this effect, seen at an extremely low con-
centration, has not been replicated.) ln other
studies, ß-carotene at 3 x 10-6 mol/L in chloro-
form inhibited the suppressive activity of
retinoids on interferon secretion by human
macrophages. Thus, in this system, carotenoids
appear to antagonize the action of retinoids; no
explanation was proposed for this unusual
finding (Geisen et al., 1997).

4.2.2.2 Antimutagenicity in short-term tests
Many studies have addressed the antimuta-
genic effects of carotenoids in short-term tests
with prokaryotes and eukaryotes in vitro, and
these have been reviewed (Krinsky, 1993a,b,
1994; Odin, 1997). Antimutagenicity profiles
have been prepared for a limited number of
assays of ß-carotene (Waters et aL., 1990;
Brockman et aL., 1992); these are shown graph-
ica11y in Figure 7.

The results of studies with prokaryotes are
summarized in Table 53.

umu C gene expression induced by the
heterocyclic amine 3-amino-3,4-dimethyl-5H-

pyrido(4,3-b)indole (Trp-P-l) in the TAI535/pSK
strain 1002 of Salmonella typhimurium was

inhibited by both ß-carotene and canthaxan-

thin, with 50% inhibitory doses of 4.0 x 10-2

and 1.5 x 10-3 mmol/L, respectively. ß-Carotene
was ineffective when umu C expression was
induced by the directly acting mutagens adri-
amycin and mitomycin C (Okai et aL., 1996b).

ln Ames' Salmonella/microsome test, caro-
tenoids appear in general to inhibit the muta-
genicity of promutagens and to be ineffective
against directly acting mutagens; however, con-
flicting data were generated in various labora-
tories with various mutagens. Thus, with regard
to directly acting mutagens, ß-carotene and can-
thaxanthin had no effect on the mutageniCIty
of MNNG in strains TA1535 and TAI00 in one
study (Santamaria et aL., 1988), whereas in
another, ß-carotene, canthaxanthin, 8'-apo-ß-
carotenal and 8'-apo-ß-carotenoyl methyl-ester
(The Working Group noted that the authors
reported this carotenoid as '.. .carotene
methylester'.) were found to inhibit the muta-
genicity of the same compound in strain
TA100, with dose-related effects (Azuine et al.,
1992). ß-Carotene did not affect the direct
mutagenicity of 4-NQO in strain TA100

(Camoirano et al., 1994) and had a negligible or
poor effect on the mutagenicity in TAI00 of
four directly acting complex mixtures, i.e. coal
dust, diesel emission particles, tobacco snuff
and airborne particles, with maximum inhibi-
tion of 11, 16, 16 and 39%, respectively (Ong et
aL., 1989). ß-Carotene did not affect the direct
mutageniCIty of 2-nitrofluorene in strain TA98,

but decreased those of 1 -nitropyrene and 3-nItro-
fluoranthene (Tang & Edenharder, 1997). The

mutagenicity of I-nitropyrene in strain YG1024
was also inhibited by lutein and by the xantho-
phy11s (largely lutein) extracted from Aztec

marigold (Tagetes erecta). Lutein had no effect on
the DNA repair system of I-nitropyrene-treated
YGI024 (González de Mejía et al., 1997a).

ß-Carotene and canthaxanthin inhibited the
mutageniCIty induced in strain TAI02 by 8-

methoxypsoralen after UV-A irradiation in a
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The Legend following Figure 7 on page 234 was incorrect. Please replace it by the
attached legend.

The editors apologise for any inconvenience that this may have caused.

IARC Handbooks of Cancer Prevention

Volume 2

Carotenoids

Erratum

Please replace the legend following Figure 7 on page 234 by the following:

Figure 7. The antimutagenicity profile displays the performance of
ß-carotene to modulate mutagen-induced genetic and related effects. The
profile contains quantitative results from the data in Tables 53-55 and is
organized using chemical abbreviations and test codes to identify each item
on the profile. The abbreviations mark the initial occurrence of each

mutagen and ail tests as labeled across the x-axis. ln the upper panel doses
are plotted in molar units for both the mutagens and ß-carotene. ln the lower
panel positive values are the maximum percent inhibition of the mutagen-
induced effects, negative values are the maximum percent enhancement of
the effects, and values equal to zero indicate that no significant differences
were observed relative to the mutagen-induced effects. A brief description of
the anti-mutagenicity profile methodology and test code definitions are given
in the appendices. Chemicals abbreviated here are: ADR, adriamycin; AfB1,
aflatoxin B1; BP, benzo(a)pyrene; BLM, bleomycin; CPA, cyclophosphamide;
DENA, diethyl-nitrosamine; DMBA, 7,12-dimethylbenz(a)anthracene; ENU,

. N-ethyl-N-nitrosourea; GA, gallic acld; HP, hydrogen peroxide; MCA, 3-
methylcholanthrene; MMC mitomycin C; MMS, methylmethane sulfonate;
MNNG, N-methyl-N-nitro-N-nitrosoguanidine; MNU, N-methyl-N-nitrosourea;
MOP, 8-methoxypsoralen + UV-A; MYL, myleran; 2NF, 2-nitrofluorene;
3NFA, 3-nitrofluoranthene; NO, nitric oxide; 1 NP, 1-nitropyrene; NQO, 4-
nitroquinoline 1-oxide; TA, tannic acid; Trp-P-1, 3-Amino-3,4-dimethyl-5H-

pyrido( 4,3-b )indole.
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Figure 7. Antimutagenicity profile of ß-carotene
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For definitions of test codes, see Appendix 2.
AFB1, aflatoxin B1; BP, benzo(aJpyrene; MNNG, N-methyl-N'-nitro-N-nitrosoguanidine; NDEA, N-nitrosodiethylamine; DMBA,
7,12-dimethylbenz(aJanthracene; MNU, N-methyl-N-nitrosourea; 4NQO, 4-nitroquinoline 1-oxide; BLM, bleomycin; GA, gallic acid;
H202, hydrogen peroxide; MMC, mitomycin C; MMS, methylmethane sulfonate; TA, tannic acid; MCA, 3-methylcholanthrene; CPA,
cyclophosphamide; ENU, N-ethyl-N-nitrosourea; Myl, myleran ; TT, thio-TEPA

normal atmosphere. ln a nitrogen atmosphere,
the photomutagenicity was deCfeased by 65%,

and the two carotenoids had no protective
effect (5antamaria et al., 1988). ß-Carotene,

preincubated with bacterial broth cultures,
inhibited the mutagenicity induced by nitric
oxide or a mixture of nItric oxide plus nitrogen
dioxide in strain TA1535 (Arroyo et al., 1992). ß-
Carotene did not decrease the mutagenicity of

hydrogen peroxide in strain TAI04 (Han, 1992).
Most assays of promutagens in Ames' test

showed protective effects of carotenoids. ß-
Carotene inhibited the mutagenicity of
cyc1ophosphamide mediated by an exogenous

metabolic system derived from a 9000 x g
supernatant of rat liver (59) in strain TA1535.
Moreover, the mutagenicity of urine in the-
234

same strain was inhibited when the rats were
treated simultaneously with cyclophosphamide
and ß-carotene, but not when ß-carotene was

added to the urine of cyc1ophosphamide-treated
rats (Belisario et al., 1985). The mutage ni city of
aflatoxin Bi in TA98 was deCfeased in the pres-
ence of ß-carotene, with a maximum inhibition
of 45% (Whong et aL., 1988), and by ß-carotene,
canthaxanthin, Cfyptoxanthin (extracted from
orange juice) and a chloroform extract of carrot
(51% ß-carotene, 32% a-carotene and 17%
other carotenoids). The doses of these com-
pounds required to inhibit mutagenicity by
65% were 22, 37, 3 and 16 l1g/plate in TA98,
and 42, 44, 1 and 23 l1g/plate in TAI00, respec-

tively. Inhibition by ß-carotene and canthaxan-
thin was stronger during the metabolic
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Table 53. Inhibition by carotenoids of standard mutagens in the Salmonellalmicrosome test

End-poinl Code Carolenoid (tested doses)a Mutagen (tesled doses) S. typhimurium S9 mix Resulta LED/HID b Reference
strain

D SAD ß-Carolene 3-Amino-3,4-dimelhyl- TA1535/ + + 40 i-mol/plale Okai et al. (1996b)
(0.0003-300 i-mol/plale) 5H-pyrido(4, 3-b J indole pSK1002 (IDso)

(Trp-P-1) (0.2 fJg/ml)

D SAD Canthaxanlhin 3-Amino-3,4-dimelhyl- TA1535/ + + 1.5 fJmol/plale Okai et al. (1996b)
(0.0003-300 fJmol/plate) 5H-pyrido(4, 3-b Ji ndole pSK1002 (lD80)

(Trp-P-1) (0.2 fJg/ml)

D SAD ß-Carolene Adriamycin TA1535/ - - 30 fJmol/plale Okai et al. (1996b)
(0.003-30 fJmollplale) (3 fJg/ml) pSK1002

D SAD ß-Carolene Milomycin C TA1535/ - - 30 fJmol/plale Okai et al. (1996b)
(0.003-30 fJmol/plate) (0.3 fJg/ml) pSK1002

G SA5 ß-Carotene Cyclophosphamide TA 1535 + + 200 fJg/plale Belisario et al. (1985)
(100-200 fJg/plale) (50-300 fJg/plale) (lD74)

G SA5 ß-Carotene Nitric oxide (10 ppm) or nilric TA 1535 - + 1.0 fJmol/plate Arroyo et al. (1992)
(0.1-10 i-mol/plate) oxide (8 ppm) plus nitrogen

dioxide (5 ppm)

G SA9 ß-Carotene Cigarette smoke condensale TA98 + - 500 fJg/plate T erwel & van der Hoeven
(31.25-500 fJg/plate) (0.01 cigart;tte equivalent/plate) (1985)

G SA9 ß-Carotene Benzo( a Jpyrene TA98 + - 500 fJg/plate Terwel & van der Hoeven
(31.25-500 fJg/plate) (5 fJg/plate) (1985)

G SA2 ß-Carotene 8-Methoxypsoralen TA 102 - + 18.6 fJmollplale Santamaria et al. (1988)
(18.6 and 186 fJmol/plate) (4.6 fJmol/plate) + UV-A (3-9 x 103

erg/cm2)

G SA2 Canthaxanthin 8-Methoxypsoralen TA 102 - + (dose unspecified) Santamaria et al. (1988)
(dose unspecified) (4.6 fJmol/plate) + UV-A (3-9 x

103 ergs/ cm2)

G SM ß-Carotene Hydrogen peroxide TA104 - - 10 i-mo1/plate Han (1992)
(1-10 i-mol/plate) (5 i-mol/plate)

1 n~..0
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~I Table 53 (contd) 1 ~
::
¡,End-point Code Carotenoid (tested doses)a Mutagen (tested doses)a S. typhímuríum S9 mÎx Resultb LEO/HIOc Reference ::0.

strain 0"00:-G SA9 ß-Carotene 2-Nitrofluorene TA98 0.4 Ilmol/plate Tang & Edenharder CI- -
0(::0.4 Ilmol/plate) (dose unspecified) (1997)
-.
(J
¡,G SA9 ß-Carotene 1-Nitropyrene TA98 + 0.4 Ilmol/plate Tang & Edenharder ::- (j
(p(::0.4 Ilmol/plate) (dose unspecÎfÎed)

(1080) (1997)
..
'"..
(pG SA9 ß-Carotene 3-Nitrofluoranthene TA98 - + 0.4 Ilmol/plate Tang & Edenharder ~
(p
::(::0.4 Ilmol/plate) (dose unspecified)

(1080) (1997) ..
õ'
::G SAS LuteÎn 1-Nitropyrene YG1024 - + 0.2llg/plate (1057) Gonzáles de Mejía et al.

(0.002-10 Ilg/plate) (0.06 Ilg/plate) (1997a)
G SAS Oleoresin 1-Nitropyrene YG1024 - + 21lg/plate (1083) Gonzáles de Mejía et al.

(0.002-10 Ilg equivalents (0.06 Ilg/plate) (1997a)
lutein/plate)

G SAS Xanthophyll 1-Nitropyrene YG1024 - + 0.2llg/plate (1052) Gonzáles de Mejía et al.
(0.002-10 Ilg equÎvalents (0.06Ilg/plate) (1997a)
lutein/plate)

G SAO ß-Carotene N-Methyl-N'-nitro-N- TA 100 - - 186 l.mol/plate Santamaria et al. (1988)
(186 Ilmol/plate) nitrosoguanidine

(3.4-13.6 l.mol/plate)

G SA5 ß-Carotene N-Methyl-N'-nitro-N- TA 1535 - - 186 l.mol/plate Santa maria et al. (1988)
(186 Ilmo1/plate) nitrosoguanidine

(3.4-13.6 l.mol/plate)

G SAO Canthaxanthin N-Methyl-N'-nitro-N- TA 1 00 - - 182 IJ mol/plate Santamaria et al. (1988)
(182 Ilmo1/plate) nitrosoguanidine

(3.4-13.6 l.mol/plate)

G SA5 Canthaxanthin N-Methyl-N'-nitro-N- TA 1535 - - 182 l.mol/plate Santamaria et al. (1988)
(182 ).mol/plate) nitrosoguanidine

(3.4-13.6 l.mol/plate)

G SA9 ß-Carotene (type III) AflatoxÎn 81 TA98 + + 0.86 l.mol/plate Whong et al. (1988)
(0.00026-0.86 l.mol/plate) (50 ng/plate)

(1042)



Table 53 (contd)

End-point Code Carotenoid (tested doses)a Mutagen(tested doses)a S. typhímurium S9 mix Resultb LED/HIDc Reference
strain

G SA9 ß-Carotene (type III) Fried beef TA98 + - 3.45 ~mol/plate Ong et al. (1989)

(0.43-3.45 ~mol/plate) (750 mg/plate)

G SA9 ß-Carotene (type III) Coal dust TA98 - - 3.45 ~mol/plate Ong et al. (1989)

(0.43-3.45 ~mol/plate) (75 mg/plate)

G SA9 ß-Carotene (type III) Diesel emission particles TA98 - - 3.45 ~mol/plate Ong et al. (1989)

(0.43-3.45 ~mol/plate) (2 mg/plate)

G SA9 ß-Carotene (type III) Tobacco snuff TA98 - - 3.45 ~mol/plate Ong et al. (1989)

(0.43-3.45 ~mol/plate) (85 mg/plate)

G SA9 ß-Carotene (type III) Airborne particles TA98 -
(+) 3.45 ~mol/piate Ong et al. (1989)

(0.43-3.45 ~mol/plate) (4 mg/plate) (ID39)

G SAO ß-Carotene Aflatoxin 81 TA 1 00 + + 42 ~g/plate He & Campbell (1990)

(5-1 00 ~g/plate) (100 ng/plate) (1065)

G SA9 ß-Carotene Aflatoxin 81 TA98 + + 22 ~g/plate He & Campbell (1990)

(5-1 00 ~g/plate) (100 ng/plate) (ID65)

G SAO Canthaxanthin Aflatoxin 81 TA 100 + + 44 ~g/plate He & Campbell (1990)

(5-1 00 ~g/plate) (100 ng/plate) (1065)

G SA9 Canthaxanthin Aflatoxin 81 TA98 + + 37 ~g/plate He & Campbell (1990)

(5-1 00 ~g/plate) (100 ng/plate) (1065)

G SAO Cryptoxanthin (extracted AflatoxÎn 81 TA 100 + + 1 ¡.g/plate He & Campbell (1990)
from orange juice) (5-100 (100 ng/plate) (1065)
~g/plate )

G SA9 Cryptoxanthin (extracted Aflatoxin 81 TA98 + + 3 ~g/plate He & Campbell (1990)
from orange juice) (5-100 (100 ng/plate) (1065)
¡.g/plate)

G SAO Carrot carotenoids Aflatoxin B1 TA 1 00 + + 23 ~g/plate He & Campbell (1990)

(51 % ß-carotene, 32% (100 ng/plate) (1065)

ß-carotene, 17% other ('
carotenoids) Pl..0
(5-100 ¡.g/plate) M-

m
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~I Table 53 (contd) 1 ~
::
¡iEnd-point Code Carotenoid (tested doses)a Mutagen(tested doses)a S. typhimurium S9 mix Resultb LEO/HIOc Reference ::
p.

strain cr00~G SA9 Carrot carotenoids (51 % Aflatoxin 81 TA98 + + 16 i-g/plate He & Campbell (1990) CA

0ß-carotene, 32% ß- (100 ng/plate) (1065)
..
ncarotene, 17% other
¡i
::carotenoids) n(t..(5-100 i-g/plate) '"..(tG SAO Lycopene (extracted from Afiatoxin 81 TA 1 00 100 i-g/plate He & Campbell (1990) ~+ - (t
::tomato pastel (100 ng/plate) ..
õ'(5-100 i-g/plate) ::

G SA9 Lycopene (extracted from Afiatoxin 81 TA98 + - 100 i-g/plate He & Campbell (1990)
tomato paste) (100 ng/plate)
(5-100 i-g/plate)

G SAS Lutein Aflatoxin 81 YG1024 + + 10 i-g/plate (1049) Gonzáles de Mejía et al.
(0.002-10 i-g/plate) (0.5i-g/plate) (1997b)

G SAS Oleoresin Aflatoxin 81 YG1024 + + 2 i-9/plate (1066) Gonzáles de Mejía et al.
(0.002-10 i-g equivalents (0.5 i-g/plate)

(1997b)lutein/plate)

G SAS Xanthophyll plus Aflatoxin 81 YG1024 + + 0.002i-9/plate Gonzáles de Mejia et al.
(0.002-2 i-g equivalents (0.5 i-g/plate) (1052) (1997b)lutein/plate)

G SAO ß-Carotene 1-Methyl-3-nitro- TA 100 - + 50 nmol/plate ¡?J Azuine et al. (1992)
(50-800 nmol/plate ¡?J)c 1-nitrosoguanidine

(13.6 nmol/plate ¡?J)

G SAO Canthaxanthin 1-Methyl-3-nitro- TA 1 00 - + 50 nmol/plate ¡?) Azuine et al. (1992)
(50-800 nmol/plate ¡?J) 1-nitrosoguanidine

(13.6 nmol/plate ¡?J)

G SAO 8' -Apo-ß-carotenal 1-Methyl-3-nitro- TA 100 - + 50 nmol/plate (?j Azuine et al. (1992)
(50-800 nmol/plate (?J) 1-nitrosoguanidine

(13.6 nmol/plate (?J)



Table 53 (contd)

End-point Code Carotenoid (tested doses)a Mutagen(tested doses)a S. typhimurium S9 mix Resultb LED/HIDc Reference
strain

G SAO 8' -Apo-ß-carotenoyl 1-Methyl-3-nitro- TA 1 00 - + 50 nmol/plate (?) Azuine et al. (1992)
methylester 1-nitrosoguanidine

(50-800 nmollplate (?J) (13.6 nmol/plate (?J)

G SAO ß-Carotene Benzo( a )pyrene TA 1 00 + + 50 nmol/plate (?J Azuine et al. (1992)

(50-800 nmol/plate (?J) (7.6 nmol/plate ¡?J)

G SAO Canthaxanthin Benzo(a)pyrene TA 1 00 + + 50 nmol/plate ¡?) Azuine et al. (1992)
(50-800 nmol/plate (?J) (7.6 nmol/plate (?J)

G SAO 8' -Apo-ß-carotenal Benzo(a)pyrene TA 100 + + 50 nmol/plate (?) Azuine et al. (1992)

(50-800 nmol/plate (?J) (7.6 nmol/plate (?J)

G SAO 8' -Apo-ß-carotenoyl Benzo(a)pyrene TA 1 00 + + 50 nmollplate (?) Azuine et al. (1992)
methylester (7.6 nmol/plate (?J)

(50-800 nmol/plate (?J)

G SAO trans-ß-Carotene 4-Nitroquinoline 1-oxide TA 100 - - 10 ¡Jmollplate Camoirano et al. (1994)

(0.33-10 ¡Jmol/plate) (2 nmol/plate)

G SA9 trans-ß-Carotene Cigarette smoke TA98 + + 4.3 ¡Jmol/plate Camoirano et al. (1994)

(0.33-10 ¡Jmol/plate) (0.5 cigarettes smoked (1050)
in a 20-L chamber)

G SAO ß-Carotene Cigarette smoke condensate TA 1 00 + - 2000 ¡.g/plate Romert et al. (1994)

(62-2000 ¡.g/plate) (0.4 mg/plate)

G SA9 ß-Carotene Cigarette smoke condensate TA98 + - 2000 ¡.g/plate Romert et al. (1994)

(62-2000 ¡.g/plate) (0.4 mg/plate)

S9 mix, 9000 x g microsomal fraction used as exogenous metabolic system; UV, ultraviolet radiation; (7J The Working Group noted a probable mistake in the unit of concentration.
a +, inhibition of genotoxicity; (+), weak inhibition of genotoxicity; -, no inhibition of genotoxicity
b LEO, lowest effective (inhibitory) dose; HIO, highest ineffective dose; 10x, dose inhibiting the mutagenicity by x%, as indicated by the authors

c Reported as '8' -Apo-ß-carotene methylester'
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activation phase, whereas cryptoxanthin was
more effective during the subsequent pheno-
typic expression phase. ln the same study,

lycopene extracted from tomato paste did not
affect the mutagenicity of aflatoxin Bi (He &
Campbell, 1990). The S9-mediated mutagenici-
ty of aflatoxin Bi in strain YGI024 was inhibit-
ed by lutein and marigold extract. Lutein had a
modest effect on the DNA repair system of afla-
toxin Bi-pretreated YGI024 (González de Mejía
et al., 1997b). Azuine et aL. (1992) reported

dose-dependent inhibition of the mutagenicity
of benzo(a)pyrene in TAI00 by ß-carotene, can-
thaxanthin, 8'-apo-ß-carotenal and 8'-apo-ß-

carotenoyl methylester (reported as '...carotene
methylester'). ln contras t, Terwel and van der
Hoeven (1985) found no inhibition of the muta-
genicity of benzo(a)pyrene in TA98 by ß-carotene.

No effect of ß-carotene was found on the S9-
mediated mutagenicity of a cigarette-smoke

condensate in strain TA98 (Terwel & van der
Hoeven, 1985), but dose-related inhibition of the
mutagenicity of mainstream cigarette smoke was
reporte d, the dose that inhibited 50% of muta-
genicity being 4.3 pmol/plate (Camoirano et al.,
1994). ß-Carotene decreased the mutagenicity of

a cigarette-smoke condensa te in strain TA98 but
was ineffective and even enhanced mutagenicity
in strain TAI00 (Romert et al., 1994). It had no
effect on the S9-mediated mutagenicity of a fried
beef extract (Ong et aL., 1989).

The results of studies on cultured mam-
malian ce11s are summarized in Table 54. A few
studies were conducted on the antic1astogenic

properties of carotenoids in animal ce11s by

evaluating inhibition of sister chromatid

exchange, micronuc1ei or chromosomal aberra-
tions. ß-Carotene inhibited the induction of sis-
ter chromatid exchange in Chinese hamster

ovary cells subjected to oxidative stress.
Reactive oxygen species were generated either
by reaction of hypoxanthine with xanthine
oxidase or by stimulating human leukocytes

with TPA (Weitberg et al., 1985). ln the same
ce11s, ß-carotene inhibited the induction of sis-

ter chromatid exchange by hydrogen peroxide
but increased the frequency of chromosomal
aberrations induced by the same oxidizing
agent and did not affect the frequency of
bleomycin-induced chromos omal aberrations

..
240

(Cozzi et aL., 1997). ß-Carotene also inhibited
sister chromatid exchange induced by DMBA,
NDEA or MNU in cultured Balb/c mouse mam-
mary glands (Manoharan & Banerjee, 1985).
Chinese hamster ovary cells were pretreated
with ß-carotene and, before challenge with clas-
togens, were washed in such a way that protec-
tion could occur only at the cell membrane or
within the cells. Under these conditions, ß-

carotene significantly deCfeased the frequency
of micronuc1ei and chromosomal aberrations
induced by either methyl methanesulfonate or
4-NQO but had no protective effect against
hydrogen peroxide, tannic acid or gallic acid. ß-
Carotene also failed to modulate the chromo-
somal aberrations induced by an extract of
areca (betel) nut (Stich & Dunn, 1986). Both ß-
carotene and canthaxanthin inhibited the
intrinsic chromosome instabilty, measured in
terms of frequency of chromatid bridges and

fragments, in strains of C127 mouse ce11s that
had been transformed by bovine papilo-
mavirus DNA and caffied 20-165 copies of viral
DNA per ce11 (Stich et aL., 1990b). The effect of ß-
carotene on the frequency of chemica11y
induced micronuc1ei in cytochalasin-blocked

binuc1eate Chinese hamster ovary ce11s was eval-
uated with four different procedures for combin-
ing ß-carotene and c1astogens-pretreatment,

simultaneous treatment, pretreatment plus
simultaneous treatment or post-treatment.
Irrespective of the procedure used, ß-carotene
did not significantly affect the frequency of

micronuclei induced by the alkylating agents
methyl methanesulfonate and mitomycin C. ln
the case of the radiomimetic agent bleo-mycin, ß-
carotene even enhanced the frequency of
micronuclei when assayed by all of the procedures
except after treatment (Salvadon et aL., 1994) .

Both ß-carotene and canthaxanthin, added

one week after removal of the transforming
agent, inhibited the development of trans-
formed foci induced by 3-methy1cholanthrene
in C3H 10Tl/2 mouse fibroblasts. Neither
carotenoid inhibited X-ray-induced transfor-
mation when the ce11s were treated before and
du ring irradiation, but they inhibited the sub-
sequent development of transformed foci when
the drugs were added one week after
X-irradiation (Pung et al., 1988). These results



Carotenoids

were confirmed and expanded by the same
group (Bertram et aL., 1991), who showed that,
when carotenoids were continuously adminis-
tered to methy1cholanthrene-treated fibroblasts
one week after removal of the carcinogen, some
inhibited the production of transformed foci in
a dose-dependent manner. ln order of potency,
this effect was produced by canthaxanthin,
ß-carotene, a-carotene and lycopene. Lutein
was inhibitory at one dose only; renierapur-

purin and bixin were inactive. Treatment of
mammary epithelial ce11s from whole female
Balb/c mouse mammary glands cultivated in a
hormone-supplemented medium with DMBA
resulted in the appearance of nodule-like alveo-
lar lesions, which were assumed to be morpho-
logical markers of preneoplasia. ß-Carotene

caused a 68% inhibition of these lesions when
added during exposure to the carcinogen and a
49% inhibition when added after exposure. The
authors interpreted these data as suggesting an

effect of ß-carotene at both the initiation and

the promotion stages (Som et al., 1984).
ß-Carotene induced morphological differen-

tiation in mouse B-16 melanoma cells, as
shown by the enlargement of cells with two or
more cytoplasmic processes, growth inhibition
and reduced survival of ce11s. Although less
effective than ß-carotene, a-carotene signifi-
cantly reduced the growth of melanoma cells
(Hazuka et aL., 1990).

5everal carotenoids have been shown to
enhance gap-junctional interce11ular communi-
cation and to up-regulate the expression of con-

nexin 43, a gene that encodes a major gap-junc-
tion protein. ß-Carotene, a-carotene, canthax-

anthin, lutein and lycopene increased gap-

junctional interce11ular communication in C3H
10Tl/2 mouse fibroblasts; only methyl-bixin
was ineffective. A11 of the carotenoids inhibited

lipid peroxidation; however, this did not corre-
late with their abilty to inhibit transport

(Zhang et al., 1991). A significant correlation
was found between enhancement of junctional
communication and inhibition of the develop-
ment of 3-methy1cholanthrene-induced trans-
formed foci (Bertram et aL., 1991). The same
group showed that ß-carotene, canthaxanthin
and lycopene up-regulate connexin 43 expres-
sion at the mRNA and protein levels in the

same cellular system; again methyl-bixin was
ineffective. Canthaxanthin did not induce the
vitamin A-inducible gene RAR-ß, indicating
that the effect of carotenoids on connexin 43 is

independent of their classical provitamin A role
(Zhang et aL., 1992). Whether canthaxanthin
acts per se or via the formation of breakdown
products such as 4-oxoretinoic acid is stil
unc1ear. ß-Carotene and canthaxin also
increased connexin 43 expression in cultured
hum an fibroblasts (Zhang et aL., 1992). The

effects of ß-carotene on C3H 10Tl/2 cells and
connexin 43 expression have been confirmed,
but no such effect was observed in non-trans-
formed (CIO) or neoplastic (£9 and 82-132)

murine lung epithelial ce11s (Banoub et al.,
1996). ln a study of 12 carotenoids on gap-junc-
tional intercellular communication iii C3H
10Tl/2 mouse fibroblasts, a11 of the carotenoids
contaiiiing a six-membered ß ring, Le. ß-
carotene, echinenone, canthaxanthin, 4-
hydroxy-ß-carotene, ß-cryptoxanthin and
retrodehydro-ß-carotene, inCfeased interce11ular

communication, whereas those with a five-
membered-ring end group, namely dinor-can-
thaxanthin and violerythrin, had a weak effect,
and capsorubin had none. Acyc1ic caroteiiedials
of different chain lengths, Le. crocetindial

(Czo)' 4,4'-diapocarotene-4,4'-diol (C30) and
3,4,3',4'-tetradehydro-\j,\j-carotene-16, 16'-dial
(C40), also had no effect (Stahl et aL., 1997). The
effect of carotenoids on gap-junctional iiitercel-
lular communication was independent of their
abilty to quench singlet oxygen. (The Working
Group noted that increased gap-junctional
communication may be mechanistica11y signif-
icant, since traiisfection of connexin 43, leading
to its overexpression, has been reported to sup-
press the neoplastic phenotype in transformed
human and mouse ce11s (Zhu et al., 1991; Rose
et al., 1993).)

3H-Aflatoxin Bi was found to bind the DNA
of cultured C3H 10Tl/2 mouse ce11s in the pres-
ence of 59 fractions from Aroc1or-pretreated

Sprague-Dawley rats. Binding of aflatoxiii Bi to
DNA was inhibited by crocetin (Table 54). ln
parallel, an increase was observed in cytosolic
reduced glutathione and in the activities of glu-
tathione S-transferase and glutathione peroxi-
dase. ln the same study, crocetin inhibited the

..
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~ 1
;;:;Table 54. Inhibition by carotenoids of genetic and related effects in cultured mammalian cells n
:i
¡:End. Code Carotenoid Genotoxic agent (tested doses)a Cells Investigated Resulta LED/HIOb Reference ~
~point (tested doses)a effect 00

Anima/ ce//s :;
on

ß-Carotene 0S SiC Hypoxanthine (7 ¡.g/ml) + Chinese hamster ovary cells Sister chromatid + 0.1¡.mol/plate Weitberg et al. (1985)
..
n(0.1 ¡.mol/plate) xanthine oxidase (15 ¡.g/ml) exchange ¡:
~ß-Carotene

Weitberg et al. (1985)
riS SiC Human white blood celis Chinese hamster ovarycelis Sister chromatid + 5 ¡.mol/plate (!..

(5-10 (107 cells) + 12-Q-tetra- exchange ":..¡.mol/Plate) decanoylphorbol13-acetate (!
~(!

(0.1 ¡.g/ml) ~""
S SiC ß-Carotene Hydrogen peroxide (100 Chinese hamster ovary cells Sister chromatid + 1 ¡.mol/plate Cozzi et al. (1997) õ'

~(1-0 ¡.mol/plate) exchange
¡.mol/plate)

S SIM ß-Carotene 7, 12-Dimethylbenz( al- BALB/c mouse mammary organ cultures Sister chromatid + 1 ¡.mol/Plate Manoharan & Banerjee
(1 ¡.mol/plate) anthracene (7.8 ¡.mol/Plate) exchange (1985)

S SIM ß-Carotene N-Nitrosodiethylamine (14.6 BALB/c mouse mammary organ cultures Sister chromatid + 1 ¡.mol/plate Manoharan & Banerjee
(1 ¡.mol/plate) ¡./plate) exchange (1985)

S SIM ß-Carotene N-Methyl-N-nitrosourea (1 BALB/c mouse mammary organ cultures Sister chromatid + 1 ¡.mol/plate Manoharan & Banerjee
(1 ¡.mol/Plate) ¡.mol/plate) exchange (1985)

M MIA ß-Carotene Methyl methanesulfonate (400 Chinese hamster ovary cells Micronuclei + 0.035 Stich & Dunn (1986)
(0.035 ¡.mol/plate) ¡.mol/plate
¡.mol/plate)

M MIA ß-Carotene 4-Nitroquinoline 1-oxide (2.5 Chinese hamster ovary cells Micronuclei + 0.05 Stich & Dunn (1986)
(0.035 ¡.mol/Plate) ¡.mol/plate
¡.mol/plate)

M MIA ß-Carotene Hydrogen peroxide (25 Chinese hamster ovary cells Micronuclei - 0.035 Stich & Dunn (1986)
(0.035 ¡.mol/plate) ¡.mol/plate
¡.mol/plate)

M MIA ß-Carotene
Tannic acid (60 ¡.g/mL) Chinese hamster ovary cells Micronuclei - 0.035 Stich & Dunn (1986)

(0.035 ¡.mol/Plate
¡. mol/plate)

M MIA ß-Carotene Gallic acid (12 ¡.g/mL) Chinese hamster ovary cells Micronuclei - 0.035 Stich & Dunn (1986)
(0.035 ¡.mol/plate
¡.mol/plate)

C CIC ß-Carotene
Methyl methanesulfonate (400 Chinese hamster ovary cells Chromosomal + 0.035 Stich & Dunn (1986)

(0.035 ¡.mol/plate) aberrations ¡.mol/plate
¡.mol/plate)



Table 54 (contd)
End- Code Carotenoid Genotoxic agent (tested doses)a Cells Investigated Resulta LED/HIDb Reference
point (tested doses)a effect

C CIC ß-Carotene 4-Nitroquinoline 1-oxide (2.5 Chinese hamster ovary cells Chromosomal + 0.035 Stich & Dunn (1986)
(0.035 ¡.mol/plate) aberrations ¡.mol/plate
¡.mol/plate)

C CIC ß-Carotene Hydrogen peroxide (25 Chinese hamster ovary cells Chromos omal - 0.035 Stich & Dunn (1986)

(0.035 ¡.mol/plate) aberrations ¡.mol/plate
¡.mol/plate)

C CIC ß-Carotene Tannic acid (60 ¡.g/mL) Chinese hamster ovary cells Chromosomal - 0.035 Stich & Dunn (1986)
(0.035 aberrations ¡.mol/plate
¡.mol/plate)

C CIC ß-Carotene Gallic acid (12 ¡.g/mL) Chinese hamster ovary cells Chromosomal - 0.035 Stich & Dunn (1986)
(0.035 aberrations ¡.mol/plate
¡.mol/plate)

C CIC ß-Carotene Areca nut (8 ¡.g/m/plate) Chinese hamster ovary cells Chromosomal - 0.035 Stich & Dunn (1986)
(0.035 aberrations ¡.mol/plate
¡.mol/plate)

C CIC ß-Carotene Hydrogen peroxide (100 Chinese hamster ovary cells Chromosomal # 0.1 ¡.mol/plate Cozzi et al. (1997)
(0.1-1 ¡.mol/plate) aberrations
¡.mol/plate)

C CIC ß-Carotene Bleomycin (1 ¡.g/mL) Chinese hamster ovary cells Chromosomal - 1 ¡.mol/plate Cozzi et al. (1997)
(0.1-1 aberrations
¡.mol/plate)

C CIT ß-Carotene None C127 mouse cells transformed by bovine Chromosome + 0.5 ¡.mol/plate Stich et al. (1990b)
(0.5 ¡.mol/plate) papillomavirus DNA instability

(chromatid bridges
and fragments)

C CIT Canthaxanthin None C127 mouse cells transformed by bovine Chromosome + 0.5 ¡.mol/plate Stich et al. (1990b)
(0.5 ¡.mol/plate) papillomavirus DNA instability

(chromatid bridges
and fragments)

M MIA ß-Carotene Methylmethane sulfonate (1 Chinese hamster ovary cells Micronuclei in - 6.0 ¡.mol/plate Salvadori et al. (1994)

(0.25-6.0 ¡.mol/plate) binucleated cells
¡.mol/plate)

M MIA ß-Carotene Mitomycin C (0.75-2.0 Chinese hamster ovary cells Micronuclei in - 6.0 ¡.mol/plate Salvadori et al. (1994)
(0.25-6.0 ¡.mol/plate) binucleated cells
¡.mol/plate)
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Table 54 (contd)
End- Code Carotenoid (tested Genotoxic agent Cells Investigated Resulta LED/HIOb Reference
point doses )a (tested doses)a effect

T ??? ß-Carotene 7,12- Cultured mammary glands from Balb/c Appearance of + 1 ¡.mol/plate Som et al. (1984)
(1 ¡.mol/plate) Dimethylbenz¡aJ female mice nodule-like

anthracene (7.8 alveolar lesions

¡.mol/plate) in mammary
glands

? ??? a-Carotene None B-16 mouse melanoma cells Morphological + 37.2 ¡.mol/plate Hazuka et al. (1990)
(37.2 ¡. mol/plate) differentiation

? ??? ß-Carotene None B-16 mou se melanoma cells Morphological + 18.6 ¡.mol/plate Hazuka et al. (1990)
(18.6-37.2 differentiation
¡.mol/plate)

ß-Carotene None Non-transformed C 10 mouse lung Intercellular - 10 ¡.mol/plate Banoub et al. (1996)
(1-10 ¡.mol/plate) epithelial cells communication
ß-Carotene None Transformed E9 and 82-132 mouse lung Intercellular - 10 ¡.mol/plate Banoub et al. (1996)
(1-10 ¡.mol/plate) epithelial cells communication
ß-Carotene None Non-transformed C10 mouse lung Expression of - 10 ¡.mol/plate Banoub et al. (1996)
(1-10 ¡.mol/plate) epithelial cells connexin 43
ß-Carotene None Transformed E9 and 82-132 mouse lung Expression of - 10 ¡.mol/plate Banoub et al. (1996)
(1-10 ¡.mol/plate) epithelial cells connexin 43
ß-Carotene None C3H 10T1/2 mouse fibroblasts Intercellular # 1 ¡. mol/plate Banoub et al. (1996)
(1-10 ¡.mol/plate) communication
ß-Carotene None C3H 10T1/2 mouse fibroblasts Expression of # 1 ¡.mol/plate Banoub et al. (1996)
(1-10 ¡.mol/plate) connexin 43
ß-Carotene None C3H 1 OT1/2 mouse fibroblasts Intercellular # 1 ¡.mol/plate Zhang et al. (1991)
(0.5-10 communication
¡.mol/plate)

Canthaxanthin None C3H 10T1/2 mouse fibroblasts Intercellular # 1 ¡.mol/plate Zhang et al. (1991)
(0.5-10 communication
¡.mol/plate)
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~I ::
Table 54 (contd) ::

()
::

End- Code Carotenoid (tested Genotoxic agent Cells Investigated Resulta LED/HIOb Reference ~
::

point doses )a (tested doses)a 0.
effect cr0

Lutein 0None C3H 10T1/2 mouse fibroblasts Intercellular # 5 ¡Jmol/plate Zhang et al. (1991) :;
C/

(0.5-10 ¡Jmol/plate) communication 0..
Lycopene None C3H 10T1/2 mou se fibroblasts Intercellular # 1 ¡Jmol/plate Zhang et al. (1991) ()~
(0.5-10 ¡Jmol/plate) communication ::('
Methyl-bixin ro

None C3H 10T1/2 mouse fibroblasts Enhancement of 10 ¡Jmol/plate Zhang et al. (1991)
..-
'"

(0.5-10 ¡Jmol/plate) intercellular ..
ro
00

communication ro
::Methyl-bixin

Zhang et al. (1992)
..None C3H 10T1/2 mouse fibroblasts Enhanced - 10 ¡Jmol/plate õ'

(10 ¡Jmol/plate) expression of ::

connexin 43

ß-Carotene None C3H 10T1/2 mouse fibroblasts Intercellular + 10 ¡Jmol/plate Stahl et al. (1997)

(10 ¡.mol/plate) communication

Echinenone None C3H 10T1/2 mouse fibroblasts Intercellular # 10 ¡Jmol/plate Stahl et al. (1997)
(10 ¡.mol/plate) communication

Canthaxanthin None C3H 10T1I2 mouse fibroblasts Intercellular # 10 ¡Jmol/plate Stahl et al. (1997)

(10 ¡.mol/plate)
communication

4-Hydroxy-ß- None C3H 10T1/2 mouse fibroblasts Intercellular # 10 ¡Jmol/plate Stahl et al. (1997)
carotene (1 0 communication
¡.mol/plate)

ß-Cryptoxanthin (10 None C3H 10T1/2 mouse fibroblasts Intercellular # 10 ¡Jmol/plate Stahl et al. (1997)
¡. mol/plate) communication

Retrodehydro-ß- None C3H 10T1I mouse fibroblasts Intercellular # 10 ¡Jmol/plate Stahl et al. (1997)
carotene (10 communication
¡.mol/plate)

Capsorubicin None C3H 1 OT1/2 mouse fibroblasts Intercellular - 1 ¡Jmol/plate Stahl et al. (1997)
(1 ¡.mol/plate) communication

Dinorcanthaxanthin None C3H 10T1/2 mouse fibroblasts Intercellular (#) 10 ¡Jmol/plate Stahl et al. (1997)
(10 ¡.mol/plate) communication



Table 54 (contd)
End- Code Carotenoid (tested Genotoxic agent (tested Cells Investigated Resulta LED/HIOb Reference
point doses)a doses )a

Effect

Violerythrin None C3H 10T1/2 mou se fibroblasts Intercellular (#) 10 ¡Jmol/plate Stahl et al. (1997)

(10 ¡.mol/plate)
communication

C-20-Dialdehyde None C3H 1 OT 1/2 mouse fibroblasts Intercellular - 10 ¡Jmol/plate Stahl et al. (1997)
(10 ¡.mol/plate) communication

C-30-Dialdehyde None C3H 10T1/2 mouse fibroblasts Intercellular - 10 ¡Jmol/plate Stahl et al. (1997)
(10 ¡.mol/plate) communication

C-40-Dialdehyde C3H 10T1/2 mouse fibroblasts Intercellular - 10 ¡Jmol/plate Stahl et al. (1997)
(10 ¡.mol/plate) communication

0 BIO ß-Carotene (100- Aflatoxin B1 (2 - DNA adduct + 100 ¡.mol/plate Bhattacharya et al.
500 ¡.mol/plate) ¡.mol/plate) formation (1984)

0 BIO ß-Carotene (10 Benzo(aJpyrene (10 Hamster tracheal epithelium DNA adduct + 10 ¡.mol/plate Wolterbeek et al.
¡.mol/plate) ¡.mol/plate) formation (1995b)

0 BIO Crocetin 3H-Afiatoxin B1
C3H 1 OT1/2 mouse fibroblasts + S9 mix Covalent binding + 100 ¡Jmol/plate Wang, C.-J et al.

(10-100 (0.32 ¡Jg/ml) to DNA (1991a)
¡Jmol/plate

Human cells

Fucoxanthin None Human neuroblastoma GOTO cells Delay of cell + 10 ¡Jg/ml Okuzumi et al. (1990)
(5-10 ¡Jg/mL) cycle progession

Fucoxanthin None Human neuroblastoma GOTO cells Decrease of N- + 10 ¡Jg/ml Okuzumi et al. (1990)
(5-10 ¡Jg/mL) mye expression

ß-Carotene None Human embryonic lung fibroblasts Delay of cell + 40 ¡Jmol/plate Stivala et al. (1996)
(40 ¡.mol/plate) cycle progession

M MIH ß-Carotene Cyclophosphamide Human hepatoma Hep G2 celis Micronuclei + 0.25 ¡Jmol/plate Salvadori et al. (1993)
(0.25-6.0 (400 ¡Jmol/plate)
¡Jmol/plate)

M MIH ß-Carotene Mitomycin C Human hepatoma Hep G2 cells Micronuclei - 6.0 ¡Jmol/plate Salvadori et al. (1993)
(0.25-6.0 (1 ¡Jmol/plate)

¡Jmol/plate)

a+, inhibition of the investigated end-point; (+), weak inhibition of the investigated end-point; -, no effect on the investigated end-point; #, en 
han cement of the investigated end-point; (#), weak

enhancement of the investigated end-point
bLED, lowest effective dose that inhibits or enhances the investigated effect; HID, highest ineffective dose

1

()i:..0
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binding of metabolica11y activated aflatoxin Bi

in vitro to DNA extracted from the same ce11s

(Wang, c.-j. et aL., 1991a). Binding of 3H-afla-
toxin BI to caU thymus DNA, activated with
liver microsomes from phenobarbital-induced
Wistar rats, was significantly inhibited by ß-
carotene, 8' -apo-ß-carotenal, 10' -apo-ß-carote-

nal, cryptoxanthin and lutein, and the effect
was ascribed to an action of these carotenoids

on the microsomal activation of aflatoxin Bi.
The other carotenoids tested, 12' -apo-ß-carote-
nal, astaxanthin, canthaxanthin and toru-
larhodin, had no protective effect in this ace11u-
lar test system (Goswami et al., 1989).

A limited number of studies have addressed
the protective effects of carotenoids in cultured
human ce11s (Table 54). Fucoxanthin affested
human neUfoblastoma ce11s (GOTO) in the
Go or Gi phase of the ce11 cycle and decreased N-
mye expression (Okuzumi et aL., 1990).
ß-Carotene incorporated into dipalmitoylphos-

phatidylcholine liposomes delayed the
ce11 cycle in the G i phase in human embryonic
lung fibroblasts in primary culture. This effect
was independent of conversion to known
retinoids (Stivala et al., 1996). ln a metabolical-
ly active line of human hepatoma cells
(Hep G2), ß-carotene inhibited the frequency
of micronuclei induced by the indirectly acting
clastogen cyclophosphamide but failed to inhibit
the clastogenicity of the directly acting mutagen
mitomycin C (Salvadori et al., 1993).

Studies have also been caffied out in vivo to
evaluate the abilty of ß-carotene and other

carotenoids to inhibit a variety of end-points,

including DNA damage, mutation, clastogenic
damage and adduction to DNA in rodents,
either untreated or treated with physical or

chemical carcinogens (Table 55). ln a11 the se
studies, the carotenoids were administered oral-
ly, in the diet, in drinking-water or by gavage,
and in almost a11 studies the carotenoids had

protective effects. ln particular, ingestion of ß-
carotene inhibited the formation of single-
strand breaks in the forestomach mucosa of
mice receiving benzo(a)pyrene by gavage 4 h
before sacrifice (Lahiri et aL., 1993). Canthax-
anthin, astaxanthin and ß-apo-8'-carotenal

were reported to inhibit the induction of DNA
single-strand breaks in the livers of mice treated

248

intraperitoneally with aflatoxin Bi, whereas ß-
carotene was ineffective (Gradelet et al., 1997).
(The Working Group noted that no quantitative
data were provided.)

ß-Carotene inhibited the induction of 6-

thioguanine-resistant T lymphocyes in the
spleens of rats receiving an intraperitoneal
injection of N-ethyl-N-nitrosourea, although

the inhibition was non-linear within the range

of ß-carotene doses used (Aidoo et aL., 1995).
The abilty of ß-carotene to inhibit the

frequency of micronuclei in bone-marrow poly-
chromatic erythrocytes or peripheral blood
reticulocytes of mice was investigated in several

studies. Administration of ß-carotene by gavage
or in a di et containing Dunaliella decreased the
'spontaneous' frequency of micronuclei in retic-
ulocytes. Micronuclei induced by whole-body
exposure of mi ce to X-radiation were inhibited
weakly only by the administration of ß-carotene
by gavage and not by feeding mice with
Dunaliella in the diet (Umegaki et aL., 1994a). ß-
Carotene inhibited micronucleus formation in
bone-marrow polychromatic erythrocytes
induced by whole-body exposure of mice to '¥-
radiation (Abraham et aL., 1993) or by treatment
with cyclophosphamide (Mukherjee et al., 1991),
mitomycin C or benzo(a)pyrene (Raj & Katz,
1985). ln another study, however, ß-carotene

failed to inhibit the clastogenicity of
benzo(a)pyrene (Lahiri et al., 1993).

ß-Carotene can inhibit the induction of

chromosomal aberrations by cyclophosphamide
in mouse bone-marrow ce11s (Mukherjee et al.,
1991; Salvadori et aL., 1992a,b), but it did not

affect the frequency of chromosomal aberrations
in bone-maffow ce11s of Chine se hamsters treat-
ed with cyclophosphamide, although it was

effective when thiotepa, methyl methanesul-
fonate and busuUan were used as the clasto-
genic agents (Renner, 1985).

Administration of crocetin weakly inhibited
the formation of DNA adducts in the livers of rats
given an intraperitoneal injection of 3H-aflatoxin
Bi (Wang, c.-J. et aL., 1991b). ß-Carotene at 1-15
llmol/L, supplied either in tetrahydrofuran or
liposomes, increased the extent of binding of

aflatoxin Bi to woodchuck hepatocyte DNA by
up to twofold; however, no dose-response rela-
tionship was observed (Yu et al., 1994).



Table 55. Inhibition by carotenoids of genetic and related effects in rodents in vivo

End- Code Carotenoid (tested doses and Carcinogen (tested doses and Animal Resultb LEO/HIOc Reference
point administration route)a administration route)a strain and

species

0 OVA ß-Carotene (2.5 mg/animal per day in 8enzo(a)pyrene (240 mg/kg Swiss mice + 2.5 mg/animal/day in Lahiri et al. (1993)
drinking-water for 15 days) bw by gavage) drinking-water for 15 days

(10100)

0 OVA ß-Carotene (300 ppm in the diet for Aflatoxin 81 (2 mg/kg bw i.p.) Wistar rats - 300 ppm in the diet for 15 Gradelet et al. (1997)
15 days) days

0 OVA Canthaxanthin (300 ppm in the diet for Aflatoxin 81 (2 mg/kg bw i.p.) Wistar rats + 300 ppm in the diet for 15 Gradelet et al. (1997)
15 days) days (no quantitative data

provided)

0 OVA Astaxanthin (300 ppm in the diet for Aflatoxin 81 (2 mg/kg bw i.p.) Wistar rats + 300 ppm in the diet for 15 Gradelet et al. (1997)
15 days) days (no quantitative data

provided)

0 OVA ß-Apo-8'-carotenal (300 ppm in the Aflatoxin 81 (2 mg/kg bw i.p.) Wistar rats + 300 ppm in the diet for 15 Gradelet et al. (1997)
diet for 15 days) days (no quantitative data

provided)

G GVA ß-Carotene (0.05-0.25% in drinking- N-Ethyl-N-nitrosourea (100 Fischer 344 + 0.05% in drinking.water for Aidoo et al. (1995)
water for up to 9 weeks mg/kg bw i.p.) rats 3 weeks (1052)

M MVM ß-Carotene (2.5 mg/animal per day in Benzolalpyrene (240 mg/kg Swiss mice - 2.5 mg/animal per day in Lahiri et al. (1993)
drinking-water for 15 days) bw by gavage) drinking-water for 15 days

M MVM ß-Carotene (100 mg/kg food for 1 8enzo¡alpyrene (150 mg/kg 86C3F1 + 100 mg/kg food for 1 week Raj & Katz (1985)
week) bw i.p.) mice (1041-61)

M MVM ß-Carotene (100 mg/kg food for 1 Mitomycin C (1 mg/kg bw i.p.) B6C3F1 + 100 mg/kg food for 1 week Raj & Katz (1985)
week) mice (1044-71)

M MVM ß-Carotene (2.7-27 mg/kg bw orally Cyclophosphamide (25 mg/kg Swiss (+) 2.7 mg/kg bw orally for 7 Mukherjee et al. (1991)
for 7 days) bw i.p.) albino mice days (1029)

M MVM ß-Carotene (0.1-2.5 mg/kg bw orally y-Radiation (1.15 Gy, whole- Swiss + 0.1 mg/kg bw orally for 7 Abraham et al. (1993)
for 7 days) bodyexposure) albino mice days (1055)

1 n
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~I Table 55 (contd) 1 ~
::
po

End- Code Carotenoid (tested doses and Carcinogen (tested doses and Animal Resultb LED/HIOc Reference ::
0-

point administration route)a administration route)a strain and 0"0
species 0~

en

M MVM Duna/iella bardawi/ (diet containing None ('spontaneous' ICR mice Oiet containing 0.2% ß- Umegaki et al. (1994a)
0+ ,.

0.03-0.2% ß-carotene for 4 weeks) frequency of micronuclei) carotene for 4 weeks (1070)
n
po
::
("

M MVM Duna/iella bardawil (diet containing X-Radiation (0.3 Gy, whole- ICR mice - Diet containing 0.2% ß- Umegaki et al. (1994a) (t,.
0.03-0.2% ß-carotene for 4 weeks) bodyexposure) carotene for 4 weeks "',.(t~

M MVM ß-Carotene (300 mg/kg bw by gavage None ('spontaneous' ICR mice (+) 300 mg/kg bw by gavage Umegaki et al. (1994a) (t
::

for 7 days) frequency of micronuclei) for 7 days (1040)
,.
õ'
::

M MVM ß-Carotene (300 mg/kg bw by gavage X-Radiation (0.3 Gy, whole- ICR mice (+) 300 mg/kg bw by gavage Umegaki et al. (1994a)
for 7 days) bodyexposure) for 7 days (1025)

C CSA ß-Carotene (2.7-27 mg/kg bw orally Cyclophosphamide (25 mg/kg Swiss + 2.7 mg/kg bw orally for 7 Mukherjee et aL. (1991)
for 7 days) bwi.p.) albino mice days (1049)

C CSA ß-Carotene (0.5-200 mg/kg bw by Cyclophosphamide (20 mg/kg Salb/C mice + 25 mg/kg bw by gavage for Salvadori et al. (1992a,b)
gavage for 5 days) bw i.p.) 5 days (1050)

C CSA ß-Carotene (50-250 mg/kg bw by Thio-TEPA (13 mg/kg bw) by Chinese + 50 mg/kg bw by gavage Renner et aL. (1990)
single gavage administration gavage hamsters (1054)

C CSA ß-Carotene (25-250 mg/kg bw single Thio-TEPA (10 mg/kg bw, Chinese + 50 mg/kg bw single oral Renner (1985)
oral administration) single oral administration) hamsters administration (1047)

C CSA ß-Carotene (50-250 mg/kg bw single Methyl methanesulfonate (50 Chinese + 50 mg/kg bw single oral Renner (1985)
oral administration) mg/kg bw i.p.) hamsters administration (1054)

C CSA ß-Carotene (20-250 mg/kg bw single Myleran (50 mg/kg bw, single Chinese + 50 mg/kg bw single oral Renner (1985)
oral administration) oral administration) hamsters administration (1064)

C CSA ß-Carotene (100-250 mg/kg bw Cyclophosphamide (20 mg/kg Chinese - 250 mg/kg bw single oral Renner (1985)
single oral administration) bw, single oral administration) hamsters administration

D SVO Crocetin (6-10 mg/kg bw by gavage Aflatoxin S1 (6 ¡.g/kg bw i.p.) Wistar rats (+) 6 mg/kg bw by gavage for 3 Wang, C.-J. et al. (1991b)
for 3 days) days (ID18)

i.p., intraperitoneally
aDoses of carotenoids and carcinogens, and routes of administration are as reported by the authors
b+, inhibition of the investigated end-point; (+), weak inhibition of the investigated end-point; -, no effect on the investigated end-point
cLEO, lowest effective dose that inhibits or enhances the investigated effect; HIO, highest ineffective dose; IDx, dose inhibiting the investigatged end-point by x%, as indicated by the authors or

calculated from their data
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4.3 Mechanisms of cancer prevention

Several mechanisms of action have been pro-
posed or suspected to contribute to any cancer-
preventive effects of carotenoids. It must be
remembered that most of the se mechanisms
have been examined only in vitro and that more
complex interactions among the many dietary
components and more complex mechanistic
pathways are likely to occur in vivo.

4.3.1 Antioxidant properties

The body is continuously exposed to reactive
oxygen species, which can da mage biologica11y
relevant macromolecules su ch as DNA, proteins
and lipids (Sies & Stahl, 1995). These reactions
may we11 be involved in the pathobiology of

several diseases, inc1uding cancer. Reactive oxy-
gen species may also affect gene expression, e.g.
by the NF-KB and AP-1 pathways (Sen & Packer,
1996; Müller et aL., 1997). A number of natural-
ly occuffing compounds can scavenge reactive
oxygen species.

The antioxidant properties of carotenoids

are related to their extended system of conju-
gated double bonds. ln vitro, carotenoids
effciently quench excited molecules such as
singlet oxygen and can scavenge peroxyl radi-
cals; interactions with other radicals have also
been reported. The efficiency with which
caro-tenoids can quench singlet oxygen or
triplet sensitizers that lead to singlet oxygen
formation is very high (Section 1), but there is
no evidence that carotenoids act in this way in
carcinogenesis.

Carotenoids also interact with radicals, and
effcient scavenging of peroxyl radicals has
been proposed (Burton & Ingold, 1984). It has
been suggested that the radical adds to the

carotenoid molecule to form a less reactive
intermediate. Radical scavenging appears to be
more efficient at low oxygen tension.
Prooxidant effects of carotenoids have been
reported at higher oxygen levels (Terao, 1989;
Liebler, 1993; Palozza et al., 1995).

Many studies have been reported of the
interactions of carotenoids with peroxy radicals
generated from a series of azo compounds as
radical sources, e.g. 2,2'-azobisisobutyrylnitrile,
2,2'-azobis(2-amidinopropane) hydrochloride
and 2,2' -azinobis(3-ethylbenzothiazoline)-ß-

sulfonic acid, diammonium salt (Alabaster et
al., 1995; Tanaka et aL. , 1995b; Komaki et al.,
1996; Tyurin et aL., 1997; Wooda11 et al., 1997).
ln organic solvents and in phospholid lipo-
somes, the carotenoids are destroyed by reac-
tions with radicals but also genera11y inhibit or

decrease the peroxidation of unsaturated lipids.
ln most cases, lycopene was the most reactive
carotenoid studied, fo11owed by ß-carotene, but

mu ch variation has been reported in the order

of reactivity of carotenoids and their abilty to
inhibit peroxidation.

Several other radicals have been shown to
react with ß-carotene, and particularly nitrogen
dioxide, which is relevant to the exposure of
humans to tobacco smoke and air pollutants.
The genotoxicity of nitrogen oxide and reactive
oxygen species has been shown to be inhibited
by carotenoids in short-term tests (see section
4.2.2.2). Supplementation with ß-carotene
resulted in a significant de crea se in indu cible
nitric oxide synthase in patients with nonat-
rophic gastritis (Mannick et aL., 1996). Exposure
to nitrogen dioxide may result in the interac-
tion of radical cations on carotenoids with

other cellular components. Glutathione en-
hances nitrogen dioxide-induced lipid peroxi-
dation, possibly by the formation of thiyl radi-
cals. Thus, ß-carotene may give rise to a
carotenoid adduct radical, which cou Id le ad to
formation of a glutathione sulfoxide radical, a
species that can have damaging effects in vivo
(Everett et aL., 1996). This may be relevant to
heavy exposure to nitrogen dioxide, as in tobac-
co smoke, and to the increased efficiency of glu-
tathione in proliferating ce11s (Burdon, 1995).

Two measures have been used to investigate
processes in vivo: circulating levels or excreted
oxidation products and the response of blood

consituents to oxidative stress in vitro. The use
and interpretation of these measures is difficult,
and in sorne studies it is not c1ear which has
been used (Gutteridge, 1986; Hallwell &
Chirico, 1993). The direct measurements
inc1ude plasma phosphatidy1choline hydroper-
oxides and peroxide derivatives measured as

serum thiobarbituric acid-reactive substances,
urinary excretion of thioethers and 8-oxo-7,8-

dihydro-2' -deoxyguanosine and excretion of
pentane and ethane peroxidation products of (j-
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3 and 00-6 fatty acids, respectively, in exhaled air.
Higher levels of each purportedly indicate more
oxidative stress and less antioxidant activity.
Measures of oxidation in vitro inc1ude oxidation
products induced by exposure to copper, 2,2'-
azobis(2-amidinopropane) dihydrochloride,
hydrogen peroixide, xanthine oxidase, hyoxan-
thine, horseradish peroxidase or activated

phagocytes. Low-density lipoprotein choles-
terol, total serum lipids and erythrocytes have
been used as substrates. The measured outcomes
in these studies inc1ude conjugated dienes (UV
absorbance at 230-230 nm), lipid hydroperoxides
(chemiluminescence), thiobarbituric acid-reactive
substances and reduction in ferricytochrome C.

The techniques involve assessment of the pro-
duction of oxidized metabolites; like the direct
measures, high levels indicate more marked
oxidative stress. ln contrast, the lag time for oxi-
dation in vitro is a measure of resistance to oxi-
dation, so that higher values are thought to indi-
cate less oxidative stress or more effective
antioxidant intervention.

The antioxidant actions of ß-carotene have

been investigated in animaIs and humans with
a variety of measures of antioxidative efficacy
(Krinsky, 1993a; Omaye et aL., 1997). Indicators
of lipid peroxidation have been used in investi-
gations of the antioxidant effects of carotenoids
in vivo. ln pigs, injection of ß-carotene in min-
eraI oil significantly blocked the increased expi-
ration of ethane and pentane seen after the
development of ascorbate deficiency. ln rats,
however, supplementation of the diet with ß-
carotene exacerbated the increased levels of
malondialdehyde and 15-lipoxygenase activity
seen in the testes after maintenance on a diet
deficient in a-tocopherol. Other studies have
provided no evidence of antioxidant effects.

It has been suggested that ß-carotene has an
antioxidative effect in humans. ln a short-term
trial conducted among elderly women, 90 mg/d
of supplemental ß-carotene was associated with
a significant reduction in the production of
phospholipid hydroperoxides after treatment of
plasma with a free-radical initiator (Meydani et
aL., 1994). Daily supplementation of smokers
with 20 mg ß-carotene resulted in a significant
reduction in the excretion of pentane in the
breath, although no similar effect was seen
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among nonsmokers, in whom the breath con-
centrations of pentane were lower (Allard et aL.,
1994). ln an intervention study, healthy, non-
smoking men were subjected to a two-week
depletion period (undefined) and were then fed

40 mg of tomato juice containing lycopene
daily for two weeks, fo11owed by carrot juice
containing 22.3 mg ß-carotene and 15.7 mg a-
carotene for two weeks and then spinach pow-
der containing 11.3 mg lutein and other com-
pounds for two weeks. A11 of the diets decreased
the endogenous levels of strand breaks in lym-
phocyte DNA. Oxidative DNA base damage

(assayed by single-ce11 microgel electrophoresis
and endonuc1ease II incubation) was signifi-
cantly reduced only during the intervention
with carrot juice. When the men were main-
tained on a carotenoid-free diet for two weeks
and were then given 15 or 120 mg/d supple-

mental ß-carotene, the serum lipid peroxide

concentrations were decreased (Pool-Zobel et
aL., 1997). ln a study with no control s, children
with cystic fibrosis had decreased serum

malondialdehyde concentrations after twice
daily supplementation with 4.42 mg ß-carotene
(Lepage et al., 1996). ln contras t, volunteers

who received 533 mg a-tocopherol, 1 g ascorbic
acid, and 10 mg ß-carotene for one month
showed no change in the excretion of
8-hydroydeoxyguanosine (Witt et aL., 1992).
(The Working Group noted that these studies
involved antioxidant assays of uncertain rele-
vance to human carcinogenesis.)

The effects on these measures of supplemen-
tation with ß-carotene have been studied in sev-
eral randomized c1inical trials. ln the largest
study conducted to date of the antioxidant
effects of ß-carotene, 163 healthy male smokers
were randomized to 14 weeks of placebo or 14
weeks of ß-carotene treatment (two weeks of 40
mg ß-carotene daily fo11owed by 12 weeks of 20
mg daily); 150 men completed the triaL. Urinary
excretion of thioethers and 8-oxo-7,8-dihydro-

2'-deoxyguanosine was assessed in three
overnight urine specimens taken before and

after treatment, from 123 subjects and 122 sub-
jects, respectively. ß-Carotene had no effect on
excretion of the deoxyguanosine (van Poppel et
aL., 1995), but at the end of the trial the group

receiving ß-carotene had 15% less Ufinary
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excretion of thioethers than those given the
placebo (p = 0.002) (Bos et al., 1992).

Exhaled oxidation products were assessed in
two studies. ln one, 15 subjects were given a

carotenoid-free liquid diet for two weeks and
were then randomized to receive 15 or 120 mg
ß-carotene in the di et daily for four weeks. The
concentration of pentane in breath decreased

in both groups after supplementation, but the
decrease in those receiving the low dose was
26% (not statistica11y significant) and that in
subjects given the higher dose was 40% (p =
0.04) (Gottleb et aL., 1993). ln another study,
42 nonsmokers and 28 smokers were random-
ized to four weeks of placebo or 20 mg of ß-
carotene daily. ß-Carotene appeared to reduce
the excretion of ethane, as both smokers and
nonsmokers receiving ß-carotene had non-
significant decreases in ethane output, while
those given placebo had a nonsignificant
increase. The evidence with respect to pentane
was mixed: the concentration of pentane in the

breath was unchanged in nonsmokers and in
smokers given the placebo but showed a non-
significant decrease in smokers given ß-
carotene (A11ard et al., 1994). (The Working
Group noted that in neither study was there a
statistical corn paris on of the differences
between groups given ß-carotene and placebo.)

ln studies of oxidation products induced in
vitro, 46 smokers were randomized to 40 mg of
ß-carotene daily for two weeks, fo11owed by 12
weeks of 20 mg ß-carotene daily, or to 14
weeks of placebo. No substantial difference in
copper-induced low-density lipoprotein oxida-
tion was seen between the two groups (Princen
et al., 1992). ln a further study, 30 hypercho-
lesterolaemic, postmenopausal women were
randomized to 30 mg ß-carotene daily or placebo
for 10 weeks. During the treatment period,
women in the two groups showed similarly
increased resistance to low-density lipoprotein
oxidation in vitro: supplementation had no
effect on the lag time of copper-induced oxida-
tion or on the production of lipid peroxides

(Nenseter et aL., 1995). ln an uncontro11ed
study, 16 subjects showed no benefit with
regard to copper-induced low-density lipopro-
tein oxidation after supplementation with

50-100 mg ß-carotene daily for four weeks. ln

fact, in comparison with baseline values, the
duration of the lag phase of copper- and 2',2-
azobis(2-amidinopropane) dihydrochloride-
induced lipid peroxidation was shortened

(Gaziano et aL., 1995b). Another study without
concurrent controls also showed that ß-carotene
did not improve measures of the susceptibilty of
low-density lipoproteins to oxidation in vitro
(Reaven et aL., 1993). (The Working Group noted
that the absence of concurrent con troIs limits

the conclusions that can be drawn.)

Richards et al. (1990) assessed several oxida-
tion end-points-activated phagocytes and a

xanthine oxidase/hypoxanthine superoxide-

generating system-in 40 asymptomatic ciga-
rette smokers randomized to receive placebo or
40 mg ß-carotene daily for six weeks.
Statistica11y significant reductions in several of

the measures were se en in the group receiving

ß-carotene but not among subjects randomized
to placebo. A11ard et al. (1994; see above) found
no significant change in hydrogen peroxide-
induced malondialdehyde release from the
erythrocytes of smokers and nonsmokers
randomized to ß-carotene or placebo, and
Mobarhan et al. (1990; see Gottleb et aL., 1993,
above) also found no difference in the capacity
of stimulated neutrophils to reduce ferricy-
tochrome C. (The Working Group noted that
no statistical comparison was made of the dif-
ferences between groups given ß-carotene and
placebo in these three studies.)

ln another study, phosphatidy1chloline

hydroperoxide generated in plasma by 2',2-
azobis(2-amidinopropane)dihydrochloride was

used to assess the antioxidant capacity of plas-

ma Twelve healthy postmenopausal women
were randomized to 90 mg ß-carotene daily or
placebo for three weeks. The induction period
and phosphatidy1choline hydroperoxide pro-
duction were unchanged in WOffen given the
placebo but the induction period lengthened

and phosphatidy1choline hydroperoxide pro-
duction decreased in those receiving ß-
carotene (Meydani et aL., 1994). (The Working
Group noted that no statistical comparison
was made between the two treatment groups
and that baseline differences in the maximal
production of phosphatidy1choline hydroper-

oxide suggest that the two groups may have
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differed in ways related to the end-points

studied.)
Thus, although sorne studies have provided

findings consistent with an antioxidant effect of
ß-carotene in vivo, others have reported no sub-
stantial benefit. Interpretation of the findings is
complicated by the sma11 size of many of the
studies and the difficulties in interpreting the
measurements used. Randomized, placebo-con-
tro11ed trials of ß-carotene administration in
vivo are needed in order to investigate antioxi-

dation capacity.

4.3.2 Modulation of carcinogen metabolism

Most studies in vitro in which an exogenous
metabolic system or metabolica11y competent

ce11s were used showed that carotenoids inhib-

it the genotoxic activity of promutagens and
procarcinogens (see section 4.2.2.2). Certain
carotenoids, su ch as astaxanthin and canthax-
anthin, induce sorne phase-I enzymes, including
CYPIAI and CYPA2, and phase-II enzymes like
UDP glucuronyl transferase, UGT1A6 and DT-
diaphorase, in rat liver and intestine (Gradelet

et al., 1996b). Other carotenoids, such as ß-
carotene, lutein and lycopene, do not have an
effect. This difference may bear on the balance
of metabolic activation and inactivation of
chemical carcinogens. For instance, cyto-
chrome P450 lA induction could increase the
detoxification of aflatoxin Bi through the for-
mation of aflatoxin Mi, a less genotoxic

metabolite, and decrease its carcinogenic effects
in rats (Gradelet et al., 1998).

4.3.3 Effects on cell transformation and

differentiation
The results of clinical trials indicate that ß-
carotene supplements can reduce the rate of
ce11 proliferation in rectal crypts (see section

4.1.2.3). ln ce11 cultures, carotenoids can prevent
carcinogen-induced transformation and induce
ce11 differentiation, although the effects on
transformation induced by X-rays were restricted
to the promotional phases of carcinogenesis

(Pung et al., 1988).
The main ligands for retinoid-responsive

nuclear receptors (RAR and RXR) are a11-trans-
and 9-cis-retinoic acid. ß-Carotene and other
provitamin A carotenoids may pro duce retinoic

--
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acid from the retinal formed by central cleavage

of the carotenoid or indirectly by excentric c1eav-

age (Lin et al., 1997). Thus, ß-apo-14'-carotenoic
acid, like retinoic acid (Lotan et al., 1995),

induces the nuclear receptor RARß (Wang et al.,
1997), either directly or by its conversion to
retinoic acid. Because carotenoids are genera11y

less potent inducers of ce11 differentiation than

retinoids, their actions on ce11 differentiation

may require intrace11ular metabolism.

4.3.4 Effects on cell-to-cell communication
Enhanced gap-junctional communication
between tumour ce11s and normal growth-
inhibited cells is associated with decreased

tumour-ce11 proliferation. Carotenoids stimu-
late gap-junction formation between ce11s in

vitro, a110wing more ce11-to-ce11 communica-
tion, an effect cOffelated with their ability to

inhibit ce11 transformation. This effect is medi-
ated through increased formation of connexin
43, a transmembrane protein (Zhang et al.,
1991; see section 4.2.2).

4.3.5 Inhibition of cell prolieration and onco-
gene expression

Carotenoids delay ce11 cycle progression in cul-
tured human ce11s. N-myc expression was aIs a
decreased in one study (see sections 4.1.2.5 and
4.2.2.2).

4.3.6 Effects on immune function

Enhancement of immune responses has been
described in sorne experimental models.
BeneficiaI effects of ß-carotene have been
demonstrated on T- and B-ce11 proliferation,
numbers of T-helper ce11s and the cytotoxicity
of natural kiler ce11s (Bendich, 1991). The

enhancement may be due to production of
tumour-specific antigens (Tomita et al., 1987;
see also section 4.1.2.7).

4.3.7 Inhibition of endogenous formation of
carcinogens

Highly carcinogenic N-nitrosamines are formed
in the stomach by the reaction of secondary and
tertiary amines with nitrosating agents. ß-
Carotene was shown in one study in vitro ta
inhibit the nitrosation of morpholine by nitro-
gen oxide and nitrogen dioxide (Aroyo et al., 1992).
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5. Other Beneficiai Effects

A number of carotenoids are being evaluated
for health benefits other th an cancer preven-

tion. ln this section, the scientific evidence in
support of other potential health effects of
carotenoids and the potential mechanisms

involved is discussed.

5.1 Photosensitivity disorders

Carotenoids, inc1uding ß-carotene and to a less-
er extent canthaxanthin, have been used suc-
cessfu11y in the treatment of certain photosen-

sitivity diseases for more than 25 years. This
c1inical application derived from the recogni-
tion that carotenoids protect photosynthetic

bacteria, algae and green plants against photo-
sensitization (Mathews-Roth, 1987). As
reviewed elsewhere (Mathews-Roth, 1993),
most patients with the genetic disease, erythro-
poietic protoporphyria, benefit from high doses
of supplementation with ß-carotene and/or

canthaxanthin. The recommended dose of
ß-carotene for adults with erythropoietic proto-
porphyria is about 180 mg/d-substantia11y

higher than the doses investigated for cancer

prevention (15-50 mg/d). Despite these rela-
tively high doses, sorne patients with erythro-
poietic protoporphyria do not respond to
carotenoid therapy, either because of poor absorp-
tion of the carotenoids or because of markedly

elevated blood porphyrin concentrations. No seri-
ous side-effects of high doses of ß-carotene sup-
plements have been reported in such patients,
and no long-term toxicity has been observed.

Erythropoietic protoporphyria is a disease of
porphyrin metabolism, characterized by abnor-
ma11y elevated concentrations of protopor-

phyrin (Mathews-Roth, 1987)1 which acts as an
endogenous photosensitizer. As carotenoids
can interact and quench photosensitizer triplet
states and singlet oxygen, their efficacy in this
disorder appears to be a consequence of the
quenching of excited species.

Because of the therapeutic efficacy of ß-
carotene for erythropoietic protoporphyria, it
has been evaluated for use in other photosensi-
tivity diseases. For example, Kornhauser et aL.
(1990) evaluated the abilty of ß-carotene to
protect against psoralen-induced phototoxicity

in a murine modeL. ß-Carotene reduced the

prevalence of erythema in this mode l, despite
relatively low dermal concentrations after its
oral administration. High doses of ß-carotene

have also been evaluated for the prevention of
sunlight-induced erythema, but the observed

protective effects were too small for it to be rec-
ommended for the prevention of sunburn
(Mathews-Roth et aL., 1972; Garmyn et al.i 1995).

5.2 Cardiovascular disease
The results of descriptive, cohort and case-con-
trol studies suggest that carotenoid- and/or ß-
carotene-rich diets may prevent cardiovascular
disease, as reviewed elsewhere (Gaziano &
Hennekens, 1993; Manson et al., 1993;
Kohlmeier & Hastings, 1995). ln a biochemical
epidemiological study of plasma carotenoids

(the vitamin substudy of the WHO/MONICA
Project), plasma was obtained from about 100
healthy males at each of 16 study sites in
Europe for analyses of antioxidant nutrients.
The me di an antioxidant nutrient concentra-

tions were then compared with the mortality
rates from concurrent, age-specific ischaemic

heart disease in the 16 study populations. The
results showed a striking inverse correlation
between those rates and plasma vitamin E con-
centrations (T2 = 0.63). A similar comparison
between the median plasma ß-carotene concen-
trations and the rate of mortality from
ischaemic heart disease revealed no association
when a11 16 study sites were considered (T2 =
0.04), but a reasonably strong inverse associa-

tion (T2 = 0.50) when three study sites, a11 appar-
ent outlers and all Finnish, were exc1uded from
the analysis (Gey et al., 1993a).

ln a prospective study in Basel, Switzerland,

men who had low concentrations of ß-carotene
and vitamin C in their blood were at a signifi-
cantly increased risk for subsequent ischaemic
heart disease (RR1 1.96; P = 0.022) and stroke
(RR, 4.17; P = 0.002) (Eichholzer et al., 1992;
Gey et al., 1993b). Total serum carotenoids,

measured at baseline in the placebo group of a
trial on the primary prevention of coronary dis-
easei were inversely related to subsequent coro-
nary heart disease. Men in the highest quartile
of total serum carotenoid concentrations had
an adjusted relative risk of 0.64 (95% CI,

..
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0.44-0.92); the relative risk among men who
had never smoked was 0.28 (95% CI, 0.11-0.73)
(Morris et aL., 1994). ln a nested case-control
study of serum antioxidant nutrients and sub-

sequent myocardial infarct in a cohort study in
Washington County, Maryland, USA, the risk
for myocardial infarct was inversely associated
with serum ß-carotene concentration (p value
for trend = 0.02). When the data were stratified
by smoking status at the time blood was drawn,
the excess risk associated with low serum con-
centrations of ß-carotene, lycopene, lutein and
zeaxanthin was confined to current smokers

(Street et aL., 1994). Plasma carotene concentra-
tions were signifcantly inversely related to the
risk for angina pectoris, but the relationship

was no longer statistica11y significant after
adjustment for smoking (Riemersma et al.,
1991) .

A different biochemical approach was used
to quantify ß-carotene status: ß-carotene con-

centrations were measured in adipose tissue
sam pIes co11ected by needle aspiration from the

buttocks of 683 people with myocardial infarct
and 727 age-matched controls. The risk for
myocardial infarct, adjusted for age, smoking
and body mass index, in the lowest quintile of
adipose ß-carotene concentrations as compared
with the highest was 1.78 (95% CI, 1.17-2.71);
the risk was primarily confined to current

smokers (odds ratio, 2.39; 95% CI, 1.35-4.25;
versus an odds ratio of 1.07 for nonsmokers)
(Kardinaal et aL., 1993). ln a large, multicentre
case-control study of acute myocardial infarct,
trend analyses showed that the adipose tissue
concentrations of ß-carotene, a-carotene and

lycopene were inversely associated with risk
when modelled separately; however, the
carotenoid concentrations were highly correlat-
ed, and when they were inc1uded simultane-

ously in the model, lycopene had the greatest
protective effect (Kohlmeier et al., 1997).

Of the studies in which di et was used to esti-
mate ß-carotene status, the study of US health
professionals showed protective effects of
dietary carotene, with a relative risk for coro-
nary heart disease of 0.71 (95% CI, 0.55-0.92)
for people in the top quintie of total carotene

intake (:; 19 034 IU/d) relative to the lowest
quintile of intake. Smoking modifed the effect:
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the relative risk was 0.30 (95% CI, 0.11-0.82)
among current smokers, 0.60 (95% CI,
0.38-0.94) among former smokers and 1.09
(95% CI, 0.66-1. 79) among nonsmokers (Rimm
et aL., 1993). Similar protective effects of dietary
ß-carotene were seen in the cohort of nurses,
with a relative risk of 0.78 (95% CI, 0.59-1.03)
for those in the top quintie of total ß-carotene

intake relative to those in the lowest quintie
(Manson et al., 1991). ln contrast, a prospective
cohort study of postmenopausal women
showed that dietary intake of carotenoids was
not associated with the risk for death from
coronary heart disease in multivariate models
(Kushi et al., 1996). A study of the association
between dietary carotenoid intake and coro-
nary mortality in a Finnish cohort of men and
women showed that dietary carotenoid (pri-
marily ß-carotene) intake was not associated

with risk in men, and there was only a sugges-

tion of an inverse association in women (Knekt
et aL., 1994).

Epidemiologieal studies of cardiovascular

disease, much like those of cancer, now often
involve the use of intermediate end-points.

One such end-point is the thickness of the inti-
ma media, whieh can be estimated by ultra-
sonography, as a measure of atherosc1erosis.
This method has been used to examine the re1a-
tionship between atherosc1erosis and antioxi-
dant status. A progressive deCfease in the thick-

ness of the intima media on the common
carotid arteries was found with inCfeasing con-
centrations of total plasma carotenoids in both
men and women. The association disappeared,
however, after adjustment for potential con-
founders, most notably body mass index
(Bonithon-Kopp et al., 1997). ln another study,
progression of the thiekness of the intima

media was 92% greater in the lowest versus the
highest quartie of plasma ß-carotene concen-

trations (Salonen et aL., 1993).
The finding in numerous observational

studies that inCfeased intake of carotenoid-con-
taining diets and higher blood concentrations
of carotenoids are associated with reduced risks
for cardiovascular disease cannot be interpreted
as a specifie protective effect of ß-carotene or
other carotenoids per se; that type of evidence
can best be obtained by randomized trials.
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Sorne of the first such studies were early analy-
ses of 333 men enro11ed in the Physicians'
Health Study who were known to have stable
angina or to have undergone coronary revascu-
larization. ln a preliminary report, subjects who
received supplemental ß-carotene (50 mg every
other day) for five years had a 51% reduction in
the risk for major coronary events and a 54%
reduction in the risk for major vascular events
(Gaziano, 1994). ln a subsequent report on the
same group of men, however, those assigned to
ß-carotene had a nonsignifcant inCfease in the
risk for death from cardiovascular disease (RR,

1.33; 95% Ci, 0.78-2.26) (Gaziano et al., 1996;
see also section 7.1).

ln the full population of the Physicians'

Health Study, 12 years of supplementation

with ß-carotene (50 mg every other day) had
no significant effect on the risk for cardiovas-

cular disease (Hennekens et aL., 1996). ln a trial
for the prevention of oesophageal and gastric
cancer in the general population in Linxian,

China, the combination of ß-carotene, vitamin
E and selenium resulted in a 10% reduction in
mortality due to cerebrovascular disease (RR,

0.90; 95% Ci, 0.76-1.07), this disease account-
ing for about 25% of a11 deaths in this popula-
tion (Blot et aL., 1993). ln people with

oesophageal dysplasia, supplementation with a
multivitamin-multimineral preparation plus
15 mg ß-carotene reduced the rate of mortality
from cerebrovascular disease by 37% (RR, 0.63;
95% Ci, 0.37-1.07; Mark et al., 1996). The
decrease was greater for men (RR, 0.42) th an for
women (RR, 0.93) (Li, j.-Y. et aL., 1993).

The results of the ATBC and CARET trials
with regard to cardiovascular disease suggest a

possible harmful role of supplemental ß-

carotene and are considered elsewhere (see sec-
tion 7.1). ln the Skin Cancer Prevention Study,
participants whose blood concentrations of ß-
carotene were highest when they were ran-
domized had the lowest risk for death from
cardiovascular disease in the succeeding 10
years (RR, 0.57; 95% Ci, 0.34-0.95); however,
there was no evidence that ß-carotene supple-

mentation had any effect on mortality from
these diseases (RR, 1.16; 95% Ci, 0.82-1.64)
(Greenberg et aL., 1996).

5.3 Age-related macular degeneration and

cataract
Dietary carotenoids may be important in the
prevention of two ocular conditions - age-

related macular degeneration and senile
cataract. The macula is a sma11, ye110w region in

the centre of the retina. Degeneration of

the macula is the most common cause of irre-
versible blindness in people over the age of
65 (Seddon et al., 1994a; Snodderly, 1995).

Cataracts are also problematic, cataract extrac-
tion being the most frequently performed

surgical procedure among the elderly. While
the causes of these conditions are not kiiown,

oxidative processes may play a role. Cataracts
are thought to result from photo-oxidation of
lens proteins, which results in protein damage,
accumulation, aggregation and precipitation in
the lens (Taylor, 1993). The corne a and lens fi-
ter out UV light, but visible blue light reaches
the retina and may contribute to photic dam-
age and other oxidative insults (Seddon et al.,
1994a). Carotenoids might interfere with both
processes.

The potential role of caroteiioids in the pre-
vention of age-related macular degeiieration

has been reviewed (Snodderly, 1995); this sec-
tion is therefore iiOt comprehensive but high-
lights key studies in this area. ln a study of
dietary intervention, an inverse association was

found between the consumption of carotene-
rich fruits and vegetables and the risk for age-
related macular degeneration, on the basis of
data from the first National Health and
Nutrition Examiiiation Survey in the USA

(Goldberg et al., 1988). The association between
carotenoid intake and advanced age-related
macular degeneration was addressed in a large,
multicentre case-control study involviiig 356

cases and 520 coiitrol subjects with other ocu-
lar conditions. Patients with this condition
who were in the highest quiiitile of carotenoid
intake had a 43% lower risk for macular degen-
eration th an those in the lowest quintie (odds

ratio, 0.57; 95% Ci, 0.35-0.92). Intake of lutein
and zeaxanthin (grouped iii the carotenoid
food composition database) was most strongly
associated with the reduced risk. Increased con-
sumption of spinach and co11ard greens, which

are rich dietary sources of lutein and

..
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zeaxanthin, was also associated with a signifi-
cant reduction in risk (Seddon et aL., 1994a). It
is biologica11y plausible that lutein and zeaxan-
thin have protective effects against macular

degeneration, as the se carotenoids selectively
accumulate in the macula (Bone et aL., 1988;
Handelman et aL., 1988) and account for the
ye110w colour observed in this region of the

retina. For unknown reasons, zeaxanthin is the
dominant carotenoid at the centre of the fovea,
whereas lutein dominates outside the foveal
centre (Bone et aL., 1988). The specificity of
incorporation of carotenoids into the macula
may give sorne dues as to their role in the pre-
vention of age-related macular degeneration.

Studies in which blood carotenoid concen-
trations were used as the measure of exposure
also suggest protective effects against the risk
for age-related macular degeneration. For

example, in one case-control study, serum
carotenoid concentrations were measured in
391 patients with neovascular age-related mac-

ular degeneration and 577 controls, and signif-
icant protective effects were reported for total
carotenoids, ß-carotene, a-carotene, cryptoxan-
thin and lutein/zeaxanthin, with odds ratios
ranging from 0.3 to 0.5 for people in the 80th
percentile or higher versus those in the 20th
percentile or lower. Serum lycopene was not,
however, protective in this study (odds ratio,
0.8; p = 0.4) (Eye Disease Case-Control Study
Group, 1993). ln contrast, an association was

found only between the serum concentration
of lycopene and age-related maculopathy in

167 case-control pairs drawn from a study in
the USA, persons in the lowest quintie of

lycopene concentration having a doubling in
risk for maculopathy (Mares-Perlman et aL.,
1994). ln a study of ageing in Baltimore, USA,

the relationship between plasma ß-carotene

concentration and age-related macular degen-

eration was studied in 226 patients. A non-
significant inverse relationship was found
(odds ratio for high quartie versus low, 0.62).

Plasma lutein and zeaxanthin were not mea-
sured (West et aL., 1994). ln a fourth study, no

relationship was found between the plasma
concentrations of a-carotene, ß-carotene, ß-

cryptoxanthin, lutein and lycopene and the
occurrence of age-related maculopathy; how-
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ever, the sample size was limited to 65 matched
pairs (Sanders et al., 1993).

New techniques are now available for measur-
ing the optical density of retinal carotenoids

(macular pigment) by noninvasive methods (see,
e.g. Hammond & Fuld, 1992), which may provide
a long-term measure of carotenoid status in this
tissue, faciltating future epidemiological studies.

ln the ATBC cancer prevention trial, a ran-
dom sample of 990 participants were examined
ophthalmologica11y at the end of the trial, and
66 cases of age-related macular degeneration
were observed in the group receiving ß-carotene
versus 51 in those given placebo (difference not
significant) (Teikari et aL., 1995).

The literature on antioxidant nutrients and
cataract has also been reviewed (Taylor, 1993;
Taylor et aL., 1995). Higher dietary intake of
carotenoids or higher blood concentrations of
carotenoids have been found to prevent various
forms of cataract in some but not a11 studies.
For example, subjects with 10W plasma
carotenoid concentrations (0( 20th percentile)
had a 5.6-fold increased risk for any senile
cataract and a 7.2-fold increased risk for cortical
cataract when compared with subjects with
high plasma carotenoid concentrations (;: 80th
percentie) Oacques & Chylack, 1991). A cross-
sectional analysis of serum a-carotene,
ß-carotene, lutein/zeaxanthin, lycopene and
ß-cryptoxanthin concentrations and the severi-
ty of nudear and cortical opacities showed that
higher concentrations of individual or total
carotenoids were not associated overa11, but
higher serum ß-carotene was protective in men
and higher concentrations of a-carotene,
ß-cryptoxanthin and lutein were protective
against nudear sderosis in men who smoked.
ln women, however, higher concentrations of
carotenoids were associated with an increased

severity of nudear sderosis (Mares-Perlman et
al., 1995).

Use of vitamin supplements and the risk for
cataract were also evaluated in the Physicians'

Health Study. Users of multivitamins, but not

of vitamin CorE alone, resulted in a margina11y
significant decreased risk for cataracts in com-
parison with people who did not take these
supplements (RR, 0.75; 95% Ci, 0.55-1.01). The
lower risk associated with ß-carotene supple-
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mentation was seen in current and former

smokers but not in people who had never

smoked (Seddon et al., 1994b).

(The Working Group noted that observa-
tional studies of cataracts, like those of most
chronic diseases, are highly susceptible to con-
founding and must thus bè interpreted cau-
tiously. For example, markers of higher socio-
economic status are consistently associated
with a decreased risk for cataract (Sperduto et
al., 1990). Since higher socioeconomic status is
also associated with a higher intake of micronu-
trients and with vitamin supplementation, any
protective effects could we11 be due to con-
founding. Thus, evidence from trials is critical
in evaluating potential health effects.)

The cancer prevention trials in Linxian,
China, inc1uded ocular examinations for
participants in the trial on dysplasia and for a
subset of participants in the trial in the general
population. The combination of ß-carotene, a-
tocopherol and selenium did not reduce the

prevalence of cataract in the general popula-

tion. ln the dysplasia trial, however, there was a
statistica11y significant, 36% reduction in the
prevalence of nuc1ear cataract among persons
aged 65-74 years who received supplements of
multiple vitamins and mineraIs plus ß-carotene

(15 mg/d) for six years (Sperduto et aL., 1993).
There is currently no convincing evidence

that supplementation with carotenoids can

affect the development or progression of age-
related cataracts or age-related macular degen-
eration. While supplemental lutein and zeax-
anthin may be of value for the prevention of
macular degeneration, extremely few data are
available on the pharmacology, pharmacoki-
netics and toxicity of the se supplements in
humans or in animaIs.

5.4 Other effects

Antioxidants, inc1uding ß-carotene and
carotenoids, have been suggested to be of value
in the prevention or management of a number
of chronic conditions, inc1uding rheumatoid

arthritis (Heliövaara et al., 1994; Comstock et
al., 1997), impaired cognition in the elderly
(Perrig et al., 1997) and ageing (Cutler, 1991).

6. Carcinogenicity

6.1 Humans
Two of the intervention trials described iii sec-
tion 4.1.1.3 suggest increased incidences of lung
cancer. These are discussed below. Non-signifi-

ca nt inCfeases iii the incidences of cancers at
other sites in intervention trials and case-con-
trol studies are mentioned in the full descrip-
tions of these studies in section 4.1.1.3.

6.1.1 ATBC Study

ln the ATBC study (Alpha-Tocopherol, Beta

Carotene Cancer Prevention Group, 1994a,b;

Albanes et aL., 1996), involving 29 133 men
who smoked at least five cigarettes daily at
entry, with a median of 20 cigarettes per day
and a median duration of smoking of 36 years,
894 cases of lung cancer were identified dur-
ing the fo11ow-up. The incidence of lung can-

cer was 16% higher among the men who
received ß-carotene than among those who did
not (RR, 1.16; 95% Ci, 1.02-1.33). The effect
appeared to be stronger, but not significantly
so, in participants who smoked at least 20 ciga-
rettes daily at entry (RR, 1.25; 95% Ci,

1.07-1.46) than in those who smoked 5-19 cig-
arettes daily (RR, 0.97; 95% Ci, 0.76-1.23), and
in those with higher a1cohol intake (;:: II g of
ethanol daily) (RR, 1.35; 95% Ci, 1.01-1.81)

than in those with a lower intake (RR, 1.03;

95% Ci, 0.85-1.24). A 23% inCfease in the inci-
dence of prostate cancer and a 25% increase of
stomach cancer were also seen among men
receiving ß-carotene in comparison with those
not receiving ß-carotene, but these differences

were iiot statistica11y significant; the incidences
of cancers of the colon and rectum and urinary
bladder were not affected by ß-carotene.

6.1.2 CARET
The CARET (Omenn et al., 1996a,b) involved
14 254 men and women 50-69 years of age
who had at least 20 pack-years of cigarette
smoking and either were currently smokiiig or
had stopped smoking within the previous six
years; 4060 men with substaiitial occupation al
exposure to asbestos were also inc1uded. Daily
supplementation with ß-carotene and retinyl
palmitate was stopped 21 months early, after a

..
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me di an of 3.7 years of fo11ow-up, because of

c1ear evidence of no benefit and substantial evi-

dence of possible harm. A total of 388 new
cases of lung cancer were diagnosed during the
fo11ow-up. The actively treated group had a rel-
ative risk for lung cancer of 1.28 (95% CI,
1.04-1.57) as compared with those on placebo.
This overa11 risk for lung cancer inc1uded rela-
tive risks of 1.40 (95% CI, 0.95-2.07) for work-
ers exposed to asbestos, 1.42 (95% CI,
1.07-1.87) for heavy smokers who were smok-
ing at the time of randomization and 0.80 (95%
CI, 0.48-1.31) for previously heavy smokers
who were no longer smoking at the time of ran-
domization. ln comparison with the group

given placebo, those receiving the supplement
in the highest quartile of a1cohol intake had an
increased risk for lung cancer (RR, 1.99; 95% CI,
1.28-3.09); a test for the heterogeneity of rela-
tive risks among quarties of a1cohol intake was
statistica11y significant at the O.Ollevel. Because
of the lack of a consistent dose- response effect
and the multiple tests performed, the authors

considered this result to be only suggestive.

There were no statistica11y signifcant differ-
ences in the risks for cancers at other sites.

6.1.3 Interpretation of trials suggesting
carcinogenicity

The groups receiving ß-carotene supplementa-
tion had an increased risk for lung cancer in
both the ATBC Study and CARET (in which the
group also received retinyl palmitate). No
change in lung cancer risk was found in the
Unxian or Physicians' Health studies, but their
power to find a sma11 change in lung cancer risk
was limited by the relatively sma11 number of
cases of lung cancer. There was no statistica11y
significant increase in the incidence of any
other cancer in these studies. Thus, the ques-

tion pertains to the possibilty that ß-carotene

supplementation increased the risk for develop-
ing lung cancer.

Differences in the study populations and
interventions may explain sorne of the results
of the trials. ln the ATBC Study and the PHS, a11
of the participants were men, whereas in the
CARET and Unxian studies, haU of the partici-
pants were women. Supplementation in the
PHS was with ß-carotene alone at 50 mg every
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second day; in the ATBC study, ß-carotene was

given at 20 mg per day either alone or in com-
bination with a-tocopherol; in the CARET,

ß-carotene was given at 30 mg per day in com-
bination with vitamin A; and in Linxian, a

combination of ß-carotene at 15 mg per day,
vitamin E and selenium was given. ln the ATBC
study, a11 of the participants were smokers, in
the CARET, 60%, in the Unxian study, 30% and
in PHS, only 11%. The CARET suggested
increased risks for lung cancer among CUffent
smokers and asbestos-exposed workers but not
among former smokers. ln the ATBC study, the
inCfeased risk for lung cancer appeared to be
confined to people smoking at least 20
cigarettes per day, and no effect on risk was
found for those smoking 5-19 cigarettes per
day (although the test for effect modification
was not statistica11y significant). Years of ciga-
rette smoking did not significantly modify the
effect of ß-carotene supplementation on lung
cancer risk. These findings indicate that ß-

carotene supplementation accelerates the c1ini-
cal appearance of lung cancer among currenti
heavy smokers. The A TBC study and CARET
suggest that a1cohol intake may modify the
effect of ß-carotene on lung cancer. The intake
levels were, however, moderate: the median in
the ATBC study was 11 g/day and that in the
CARET, 3 g/day. ln the ATBC study, the effect of
ß-carotene appeared to be stronger in men with
a higher a1cohol intake than in those with a

lower intake; however, underestimation of a1co-
hol intake is likely the higher the intake is. The
CARET also suggested that the risk for lung can-
cer was greater in people with a high a1cohol

intake, but there was no consistent dose-

response relationship. The separate effects of a1co-
hol drinking and tobacco smoking are diffcult to
distinguish, as the two behaviours are correlated.

Other potentially important differences

between the completed trials inc1ude baseline
nutrient status and the population's response

to the ß-carotene intervention. As shown in
Table 56, the population in the Unxian County
study had notably low ß-carotene concentra-

tions at entry; in contras t, the physicians

enrolled in the PHS had notably high ß-
carotene concentrations at entry. The study
populations also varied in their plasma
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Table 56. Serum concentrations of ß-carotene before and after intervention in completed
cancer prevention trials

Study Serum ß-carotene Serum ß-Carotene after ß-Carotene dose
at entry (fJg/dl) intervention (i.g/dl) (manufacturer)

(17ja (300ja 20 mg/d (Roche)

(17Ja,b (210ja 30 mg/d (Roche)

(30jb,c (120¡C 50 mg on alternate days (BASF)

6c 86c 15 mg/d (Roche)

ATBC

CARET

PHS

Linxian

ATBC, Alpha-Tocopherol Beta-Carotene; CARET, Beta-Carotene Retinol Efficacy Trial; PHS, Physicians' Health Study
a Median

b Level in placebo group after intervention

C Mean

responses to supplemental ß-carotene. The par-
ticipants in the two trials that provide evi-

dence of potential harm (CARET and ATBC)
also had the highest serum concentrations of
ß-carotene at the end of the intervention and
those in the PHS and Unxian studies notably
lower concentrations. The dose of ß-carotene

and the median serum ß-carotene concentra-
tions achieved in these studies exceeded by

many times the dietary intake or serum con-
centration of ß-carotene associated with a low-

ered risk for cancer in the epidemiological fol-
low-up studies.

6.2 Experimental animais

Mouse: It was reported in an abridged paper that

beadlets containing 11.5% ß-carotene were

incorporated into the diet of four groups of 100
male and 100 female CD-l mice (age unspeci-
fied) at concentrations resulting in ß-carotene
doses of 100, 250, 500 or 1000 mg/kg bw per
day (formulation in the diet unspecified). Two
groups of mice were fed either unsupplemented
standard diet or standard diet supplemented

with placebo beadlets. Administration of ß-
carotene for up to 105 weeks did not affect the
spontaneous tumour profile (no further infor-
mation was given on mortality or tumours)
(Heywood et al., 1985).
Rat: Two groups of 15 male and 15 feilale
Wistar rats, 30-40 days old, were fed a 'syn-

thetic' diet for 90 weeks followed by ground
commerciallaboratory chow pellets for another
20 weeks, either as su ch or supplemented with
0.1 % ß-carotene (96% a11-trans isomer) (formu-
lation in the diet unspecified). After one year,

four rats (sex unspecified) of each group were
kiled for interim observations. There was no
significant difference in body weight between
the two groups. At termination of the study at
week 110, 7/26 controls (sex unspecified) and
13/26 rats fed ß-carotene-fed (sex unspecified)

were stil alive. Extensive histopathological

exailination of the survivors revealed no treat-

ment-related changes, except for storage of
Sudan-positive ilaterial in the Kupffer ce11s of

the livers of the rats fed ß-carotene (Zbinden &
Studer, 1958; Bagdon et al., 1960) (The
Working Group noted the sma11 number of
animaIs per group, the short treatment
period, the absence of histopathological
exailination of the animaIs that died inter-
cUffently and the lack of information on

spontaneous tUilOurS.)
It was reported in an abridged paper that

beadlets containing about 11.5% ß-carotene

were incorporated into the diet of Sprague-

Dawley rats at concentrations resulting in
doses of 100, 250, 500 and 1000 mg/kg bw per
day for life; other rats received either unsup-
pleilented standard diet or standard diet sup-
pleilented with placebo beadlets. The Fia pups
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were assigned to six groups of 60 males and 60
females, each receiving the same diet as their
mothers. After 78 weeks, when the c10tting
times in a11 male rats appeared to be pro-

longed, 15 ppm heterazeen (a biologically
active vitamin K analogue) was added to the
diet of a11 rats. A11 survivors were kiled when
20% of the controls on standard diet were stil
alive (week 116 for males and week 114 for
females). The body-weight gain of animais at the
three highest doses was lower than that of rats
receiving placebo (no further details given; statistics
unspecified). ß-Carotene did not affect the sponta-
neous tumour profile (no further information on
mortality or tumours) (Heywood et aL., 1985).

No data were available to the Working
Group on other carotenoids.

6.3 Mechanisms of carcinogenicity
Mechanisms to explain the excess incidence of
lung cancers observed in persons. receiving ß-
carotene supplements in the CARET and the
ATBC study remain speculative. Possible
mechanisms of effect to account for the observed
excess, assuming that it is in fact real and attrib-
utable to ß-carotene, are discussed below.

The results of the two trials strongly sug-
gest that concurrent exposure to ß-carotene

and to a relatively high intensity of cigarette
smoke is necessary for a harmful effect of ß-
carotene to occur. Moreover, the risk appears
to be specific to lung cancer. The combination
of tobacco smoke, which con tains many free
radicals and is strongly oxidative, and rela-
tively high partial pressures of oxygen in the
lung may trigger autooxidation of ß-carotene
and other carotenoids in the lung (discussed

by Mayne et al., 1996; see also Section 2).
Under su ch conditions, the free radical of ß-
carotene may also serve as a propagator of
free-radical formation. Transformed or dam-
aged cells found in the lungs of long-term

smokers might be particularly sensitive to
either modulation of the oxidative state or
the non-physiological concentrations of ß-

carotene present. This hypothesis is consis-
tent with the work of Leo et al. (1992), which
showed that ethanol-induced hepatotoxicity
in a baboon model was exacerbated by a

..
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challenge of non-physiological doses of 13-

carotene. ln this situation as well, damaged
cells seem more susceptible to the adverse
effects of ß-carotene.

The amount of ß-carotene that is autooxi-
dized is known to be dose-dependent (see Table
56 for blood concentrations in this and other
trials), and that might explain the lack of effect
on lung cancer rates in the PHS. Similarly, as
discussed elsewhere (Mayne et aL., 1996),
asbestos fibres also produce an inflammatory
response in lung, resulting in overproduction
of reactive oxygen species.

The link between local oxidative stress in
the lung and promoting effects of supple-
mental ß-carotene is unc1ear; however, sever-
al critical regulatory pa th ways and signallng
molecules are redox-regulated (e.g. NF-kB,
and AP-l). Thus, it can be hypothesized that
a pro-oxidant state in the lung, due to
autooxidation of ß-carotene and/or severe

oxidative stress, might result in alterations in
both cell proliferation and apoptosis. Uebler
(1993), however, used in-vitro models of 13-
carotene and cigarette smoke to show that
autooxidation of ß-carotene occurs after expo-
sure to tobacco but does not result in a prooxi-
dant state except in models with ß-carotene

(Omaye et al., 1997). This might suggest that
oxidative metabolites of ß-carotene, rather than
a prooxidative state, are responsible for any
effects observed.

Further considerations are the following:
· High concentrations of ß-carotene present
in the gastrointestinal tract at the same time
as other carotenoids may inhibit the absorp-
tion of other protective phytochemicals, such
as a-carotene and lutein. Although competi-
tive interactions have been shown between
various carotenoids when administered
together in large amounts (Kostic et al., 1995),
large recurrent doses of ß-carotene had little
effect on other serum carotenoids in interven-
tion trials (Albanes et aL., 1997; Mayne et al.,
1997).
· Cigarette smoke may activate leukocytes
and macrophages to secrete oxidizing agents,
with formation of carotenyl radical adducts by
02- (Trush & Kensler, 1991).
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· ß-Carotene may inhibit the apoptosis of
preneoplastic or neoplastic ce11s, thus enhanc-
ing the survival of such ce11s. Supplements of ß-
carotene decreased apoptosis Oohnson et al.,
1996; Mannick et al., 1996).
· ß-Carotene may be an effective antioxi-
dant in lung, thereby altering the redox state
and potentially affecting redox-regulated

aspects of cell proliferation and apoptosis. The
lack of an effect (e.g. lung carcinogenicity) of
vitamin E in the ATBC trial suggests, however,
that this possibilty is not likely.

These mechanisms are not mutua11y exclu-
sive, and more th an one may be involved.

7. Other Toxic Effects

7.1 Toxic and other adverse effects

7.1.1 Humans
Most of the available data on the safety of
carotenoids concern ß-carotene. Studies of tox-
icity in experimental animaIs have shown that
ß-carotene is not mutagenic or teratogenic.
Doses of 20-180 mg/d ß-carotene given for
many years have been used to treat patients
with erythropoietic protoporphyria, with no
evidence of toxicity and without the develop-
ment of abnorma11y elevated blood vitamin A
concentrations (Mathews-Roth, 1986; Meyers et

al., 1996).
The conversion of ß-carotene and other

provitamin A carotenoids is regulated by the
vitamin A status of individuals. Thus, high
intakes of carotenoids do not lead to abnor-
mally high vitamin A concentrations or
symptoms of hypervitaminosis (OIson, 1994).
Hyper-carotenaemia, or high serum concentra-

tions of carotene, may occur when people
take supplements containing 20 mg or more of
ß-carotene for extended periods. Hypercaro-

tenaemia has also been seen in people who
consume large quantities of food rich in ß-
carotene. People who take high concentrations
of ß-carotene supplements or who consume
large quantities of carotene-rich foods may, in
addition to having higher serum concentra-

tions of ß-carotene, develop ye110w palms and
soles, a condition technica11y known as hyper-
carotenodermia. This condition can be clearly
differentiated from jaundice because the whites

of the eyes (sclera) are ye110w only in patients
with jaundice. The change disappears with dis-
continuation of increased intake (Lascari,
1981). Hyper-carotenaemia can also be caused
by a rare genetic inabilty to convert ß-carotene
to vitamin A (McLaren & Zekian, 1971; Monk,

1982) and is sometimes seen in association
with hypothyroidism, diabetes melltus and

hepatic and renal disease. The hypercarote-

naemia is a secondary condition and is not the
cause of these diseases (Meyers et al., 1996).

ln the ATBC study, 11% more total cardio-
vascular deaths, including deaths from
ischaemic heart disease, a11 types of stroke and
other cardiovascular disease, were seen in the
men taking ß-carotene (Alpha-Tocopherol Beta-
Carotene Cancer Prevention Study Group,
1994b). When the analyses were restricted to
the 1862 participants who had previously had
a myocardial infarct, men who received ß-
carotene al one had relative risks of 1. 75 (95%
Ci, 1.16-2.64) for fatal coronary heart disease
and 3.44 (95% Ci, 1.70-6.94) for fatal myocar-
dial infarct (Rapola et al., 1997). The corre-

sponding relative risks for those who received
ß-carotene plus a-tocopherol were 1.58 (95%
Ci, 1.05-2.40) and 2.67 (95% Ci, 1.30-5.46).
Similarly, an inCfeased number of deaths from
cardiovascular disease was seen in the CARET
among men taking supplemental ß-carotene
plus retinol: the relative risk was 1.26 (95% Ci,
0.99-1.61; Omenn et aL., 1996b).

Limited data exist on the toxiCIty of other
carotenoids. Canthaxanthin is an approved
food colour additive, but it has been used with-
out regulatory approval for attaining a skin

colour similar to a suntan. Excessive intake pro-

duces discoloured plasma and faeces, which
probably has no physiological significance;
however, crystallne deposits occuffed in the
retinas of a11 subjects ingesting 60 mg, and a
change in retinal function after long-term
treatment was observed in a few persons with

su ch deposits (Weber et al., 1992). The changes
in retinal function are relatively minor, howev-
er, and are cOffected over a period of months or
years as the canthaxanthin crystals disappear
(Arden & Barker, 1991; Weber et al., 1992).
Similar canthaxanthin retinopathy induced in
monkeys was not associated with retinol

..
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dysfunction or abnormal morphology

(Goralczyk et al., 1997).
ln contrast, the retinas of patients with ery-

thropoietic protoporphyria given high doses of
ß-carotene for up to 10 years showed no crys-
tallne deposits. The dose of canthaxanthin
required for this ocular response appears to be
more than 30 mg/d (Köpcke et aL., 1995). The
retinas of 26 patients with protoporphyria who
received treatment with ß-carotene (200 30-mg
capsules per month for several months) for
periods of 1-10 years were not found to have
crystallne deposits; however, asymptomatic
retinopathy, consisting of multiple, bright

ye11ow, glistening crystallne deposits in and

arQund the maculae, were observed in 6 of 50
patients who had ingested more than 200 30-
mg doses of canthaxanthine as a photoprotec-
tant and systemic skin colourant (Poh-
Fitzpatrick & Barbera, 1984).

Lycopene is a more intensely coloured pig-
ment than ß-carotene. High lycopene intake
also produces hypercarotenodermia; however, a
deeper orange is usually observed than with ß-
carotene (Lascari, 1981).

There have been several other isolated
reports of carotenoid-related toxicity; however,
the findings are associated with very large

intakes of foods containing ß-carotene, among
other constituents, or a genetic defect in the

metabolism of carotenoids (Bendich, 1988;

Ahmed et al., 1994; Diplock, 1995; Olmedila et
al., 1995; Svensson & Vahlquist, 1995).

7.1.2 Experimental animaIs

Few experimental studies of the toxicity of ß-
carotene in vivo have been reported. Many are
quite dated and generally do not provide

details of experimental outcomes. They are
reviewed here as extensively as possible.

The toxicity of ß-carotene, lycopene and
bixin was studied in rats, rab bits and dogs given
7-1000 mg/d orally or intramuscularly by vari-
ous schedules. No side-effects were reported;
however, the number of animaIs was sma11 and

the histological examination rather simple

(Zbinden & Studer, 1958). Similarly, in a multi-
geration study of rats receiving 0.1 % ß-carotene
in the diet and in a study of toxicity in dogs

receiving 0, 1, 10 or 100 mg/kg for five days per
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week for 13 weeks, no side-effects were se en
(Bagdon et aL., 1960).

The results of a two-year study in dogs, a
study of toxicity and tumorigenicity in rats and
a study of carcinogenicity in mi ce were report-
ed in an abridged paper. The livers of treated
dogs and mice had sorne histological changes,
with vacuolated ce11s, but the se were consid-
ered to be fat storage ce11s and of no major tox-
icological importance (Heywood et al., 1985).
(The Working Group did not have access to
numerical results or statistical analyses.)

Certain beadlet formulations of ß-carotene

may potentiate the hepatotoxicity of a1cohoL.

Rats were given vitamin A and ß-carotene for
two months, with or without beadlets or corre-
sponding amounts of beadlets without ß-
carotene. Ethanol enhanced the concentrations
of hepatic ß-carotene in the presence of
beadlets and to a lesser extent in their absence.
As the configurations of the beadlets differed

for the various ß-carotene preparations, further
studies may be needed (Leo et aL., 1997).

7.2 Reproductive and developmental

effects
Exposure of many laboratory species and
hum ans during pregnancy to high doses of pre-
formed vitamin A induces a variety of malfor-
mations (reviewed by Schardein, 1993;
Friedman & Polifka, 1994). ln contras t, ß-

carotene consumption has not been associated
with teratogenicity in hum ans (Anon., 1987;

Pinnock & Alderman, 1992; Nau et aL., 1994).

7.2.1 Humans
ln a review of reports of elevated ß-carotene

concentrations and adverse birth outcome, it
was noted that no malformations were men-

tioned in one study of 149 infants delivered to
women with exceptiona11y high concentrations
of carotene in blood, and several other studies
of hypercarotenaemic women did not mention
malformations in the offspring or noted that
the infants were themselves carotenaemic; a

few showed reversible desquamation of the
skin. The author concluded that no abnormalities
in humans were attributable to the carotenoid
molecule (Matthews-Roth, 1988). A similar
conclusion was reached in a review of the
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literature on experimental animaIs and
humans (Bendich, 1988) and in another, partial
review of the same literature (Diplock, 1995).

No association was found between the ß-
carotene concentrations in the sera of women
infected with the hum an immunodeficiency
virus and vertical transmission of the virus to
the fetus. The concentrations of ß-carotene

were 9.5 pg/dl in transmitters and 11.4 pg/dl in
non-transmitters (Burger et aL., 1997).

The cryptoxanthin concentrations in the
cord blood of human fetuses remained relatively
constant, at 50 ng/ml, throughout gestation;
however, the concentrations in cord blood

were significantly higher in 18 infants with
intrauterine growth retardation than in 65 with
normal weight (Moji et al., 1995).

No mention of any reproductive effects of
lycopene in humans or experimental animaIs
was included in recent reviews of the biochem-
istry and biophysics (Stahl & Sies, 1996) or
potential human health effects (Gerster, 1997)
of this carotenoid. No association was found
between the lycopene concentrations in the
sera of women infected with the human
immunodeficiency virus and vertical transmis-
sion of the virus to the fetus. The concentra-
tions of lycopene were 9.5 pg/dl in transmitters
and 11.4 pg/dl in non-transmitters (Burger et

aL., 1997)

7.2.2 Experimental animaIs

ln one of the earliest studies of the toxicity of
ß-carotene, groups of 2-16 Wistar rats of each
sex were exposed from 30-40 days of age to
0.1 % in the diet for four generations. The off-
spring did not show signs of hypervitaminosis
A syndrome (Bagdon et al., 1960). (The
Working Group noted the sma11 sample sizes
and the incomplete reporting of the results.)

ln a review of studies of the effect of nutri-
ent status on the reproductive efficiency of live-
stock, 12 studies of dairy cows supplemented
with ß-carotene showed positive effects, 10
studies showed no effect, and one study reported
a detrimental effect (Hurley & Doane, 1989).

ln a multigeneration test, groups of 15 male
and 15 female rats were given ß-carotene as
0.1 % dietary mixture for 100 weeks. Three
addition al generations were produced; equal

numbers of rats were maintained as controls.
The sizes of the groups declined throughout
the study due both to deaths unrelated to

treatment and to sampling. No effects were
observed on growth, food consumption,
haematopoietic tissues or reproduction

(Bagdon et al., 1960).
ß-Carotene was administered in beadlets

(containing approximately 11.5%) in the diet
of Sprague-Dawley rats through three genera-
tions. A total of 210 males and 420 females
were assigned to one of six doses (0, 100, 250,
500 or 1000 mg/kg per day); one control group
received the diet only and another received

placebo beadlets. The dietary concentrations

were reduced to 3.5% in nursing females from
day 12 post partum, continuing through wean-
ing, to avoid excess dosage of the growing

young. The pregnancy rates, pregnancy perfor-
mance, gestation periods and litter parameters
were measured, and organ weights and the
results of histopathological examinations

were recorded for selected offspring of the F3b

pups on day 21. The authors stated that ß-
carotene had no effect on reproductive func-
tion (Heywood et aL., 1985). (The Working
Group noted that the publication did not pre-
sent actual data.) The sa me group reported
that studies of teratogenicity in albino rabbits

given daily oral doses of 0, 100, 200 or 400
mg/kg ß-carotene by gavage on days 7-19 of
gestation and in albino rats given daily doses

of 0, 250, 500 or 1000 mg/kg on days 7-16
of gestation showed no evidence of embry-
otoxicity or teratogenicity in term fetuses.
(The Working Group again noted the lack of
data.)

ß-Carotene was administered to groups of
pregnant Sprague-Dawley rats as a 0.2% supple-
mentation in the diet (about 125 mg/kg bw) in
order to evaluate its potential to reduce the

effects of of cigarette smoke (2 h per day
throughout pregnancy) on fetal weight. Thus,
rats underwent whole-body exposure to control
air and to cigarette smoke, with or without
ß-carotene supplementation, although none
received only ß-carotene. The concentrations of
retinol in the liver, but not in plasma, were
higher in rats exposed to both smoke and
ß-carotene than in rats given placebo, and the

..
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plasma and liver concentrations of ß-carotene
were 0.46 pmol/L and 0.10 pmol/g, respectively;
only trace concentrations were found in the
other groups. ß-Carotene did not prevent retar-
dation of growth due to cigarette smoke, nor

did it appear to accentuate the adverse effects

on fetal development (Leichter & Dunn, 1992).
Canthaxanthin was microencapsulated in

water-soluble beadlets and administered in the
diet to four groups of rats during three genera-
tions at concentrations of 0, 250, 500 or 1000
mg/kg. No effects on reproductive function
were reported, but reduced food consumption
and growth and increased serum transaminase
and alkaline phosphatase activity and increased
cholesterol concentrations were seen in adult
females at a11 doses. ln the weanlings, the

organ:body weight ratios were increased for the
liver and decreased for the adrenals at aU doses.
At the two highest doses, sorne histopathological
changes were evident in the livers of F2 females
(Mantovani, 1992). (The Working Group noted
that experimental details and results were gener-
a11y lacking from this brief report, which sum-
marized a report from WHO (1990).)

7.3 Genetic and related effects
7.3.1 Humans
ln a cross-sectional study, the concentrations
of urinary aflatoxin Bi-DNA adducts in 85
healthy Taiwanese men were positively associ-
ated with their plasma concentrations of a-

and ß-carotene and inversely related to their
plasma concentrations of lycopene (Yu et al.,
1997).

7.3.2 Experimental systems

7.3.2.1 ln vitro
Several studies have been reported on the
mutagenicity of carotenoids in Ames' Salm-

onella/microsome test. As most of the results
were generated in studies of the abilty of these
compounds to modulate the mutagenic
response (see section 4.2.2.2), the results are
limited to one or two strains of S. typhimurium. As
shown in Table 57, a11 ofthe reported results are
negative, with one exception. ß-Carotene was
not mutagenic in strains TA1535, TA1538, TA98
or TAI00, either in the presence or absence of
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exogenous metabolic activation, but significant
enhancement of 'spontaneous' revertants in
strain TAI04 was reported in one study (Han,
1992). Canthaxanthin, 8'-apo-ß-carotenal and
8'-apo-ß-carotene methyl ester were not muta-
genic in strain TA98 or TAI00, either in the
presence or absence of exogenous metabolic

activation. Cryptoxanthin extracted from
orange juice, carrot carotenoids containing
510/ ß-carotene, 32% a-carotene and 17% other
carotenoids and lycopene extracted from toma-
to paste were not mutagenic in strain TA98 or
TAI00 in the presence of an exogenous
metabolic system. ß-Carotene also did not

induce differential toxicity in Bacillus subtiis or
Escherichia coli rec strains or reversion in strain

W2P uvrA of E. coli, either in the absence of
metabolic systems or in the presence of rat liver
microsomes or caecal extracts.

ln cultured mammalian cells, ß-carotene did
not affect the frequencies of sister chromatid

exchange in cultured Balb/c mouse mammary
glands, of sister chromatid exchange, chromosomal
aberrations or micronucleus formation in Chinese
hamster ovary ce11s or of micronuclei in metaboli-
ca11y competent Hep G2 human hepatoma cells.

7.3.2.2 ln vivo
ß-Carotene did not affect the frequency of 6-
thioguanine-resistant T lymphocytes extracted
from the spleens of Fischer 344 rats given

0.15% in drinking-water for two, four, six or
eight weeks. Although at each time the fre-
quency of these mutations was consistently
higher than in untreated rats, the differences
were not statistica11y significant (Aidoo et al.,
1995). No significant variation was observed in
the frequency of micronuclei in bone-marrow
polychromatic erythrocytes of Swiss mice

receiving 2.5 mg ß-carotene in drinking-water
daily for 15 days (Lahiri et al., 1993) or of
hybrid B6C3Fi mice receiving 100 mg/kg ß-
carotene in the diet for one week (Raj & Katz,

1985). ß-Carotene also did not induce chromo-
somal aberrations in bone-marrow ce11s of
Balb/c mice receiving ß-carotene dissolved in
corn oil by gavage at a concentration of 200

mg/kg bw for five days (Salvadori et aL.,
1992a,b). Two additional studies yielded
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~I Table 57 (contd)
1 ~()

::End- Code Test system Result HIDa Reference ~
::

point &0
Without With 0'"'"exogenous exogenous 0
metabolic metabolic ..

()
system system ~

::
("ß.Carotene (contd) ro..
"'..

M MIA Micronucleus induction, Chinese hamster ovary cells in vitro 0 6 ¡.mol/L Salvadori et al. (1994) ro-
0:
roM MIA Micronucleus induction, Chinese hamster ovary cells in vitro - 0 0.035 ¡.mol/L Stich & Dunn (1986) ::'"

C CIS Chromosomal aberrations, Chinese hamster ovary cells in vitro - 0 0.035 ¡.mollL Stich & Dunn (1986) õ'
::

C CIS Chromosomal aberrations, Chinese hamster ovary cells in vitro - 0 1 ¡.mol/L Cozzi et al. (1997)
M MIH Micronucleus induction, Hep G2 human hepatoma cells - 0 6 ¡.mol/L Salvadori et al. (1993)
C GVA Gene mutation, rat T lymphocytes in vivo 0 - 0.15% in drinking- Aidoo et al. (1995)

water for 8 weeks
M MVM Micronucleus induction, mouse bone-marrow cells in vivo 0 - 100 mg/kg food Raj & Katz (1985)

for 1 week

M MVM Micronucleus induction, mouse bone-marrow cells in vivo 0 + 27 mg/kg bw Mukherjee et al.
orally for 7 days (1991)

M MVM Micronucleus induction, mouse bone-marrow cells in vivo 0 # # Umegaki et al. (1994a)
M MVM Micronucleus induction, mouse bone-marrow cells in vivo 0 - 2.5 mg/mouse ln Lahiri et al. (1993)

drinking-water for
15 days

C CBA Chromosomal aberrations, mouse bone-marrow cells in vivo 0 + 27 mg/kg bw Mukherjee et al. (1991)
orally for 7 days

C CBA Chromosomal aberrrations, mouse bone-marrow cells in vivo 0 - 200 mg/kg bw by Salvadori et al. (1992a,b)
gavage for 5 days



Table 57 (contd)

End- Code Test system
point

Result Reference

Without
exogenous
metabolic
system

With exogenous HIDa

metabolic system

Canthaxanthin

G

G

G

G

SAO

SAO
SA9

SA9

Salmonella typhimurium TA100, reverse mutation 0

Salmonella typhimurium TA 100, reverse mutation
Salmonella typhimurium , TA98 reverse mutation 0

Salmonella typhimurium TA98, reverse mutation

100 ¡.g/plate

800 nmol plate (?Jc

100 ¡.g/plate

800 nmol plate(?j

8' -Apo-ß-carotenal methylester

G SAO Salmonella typhimurium TA100, reverse mutation
G SA9 Salmonella typhimurium TA98, reverse mutation

800 nmol/plate (?) c
800 nmol/plate (?J a

Carrot carotenoids (51 % ß-carotene, 32% ex-carotene, 17% other carotenoids

G SAO Salmonella typhimurium TA100, reverse mutation
G SA9 Salmonella typhimurium TA98, reverse mutation

800 nmol/plate (?) c

800 nmol/plate (?) c

Cryptoxanthin (extracted from orange juice)

G SAO Salmonella typhimurium TA100, reverse mutation
G SA9 Salmonella typhimurium TA98, reverse mutation
G SAO Salmonella typhimurium TA100, reverse mutation
G SA9 Salmonella typhimurium T A98, reverse mutation

o

o

o

o

100 ¡.g/plate

100 ¡.g/plate

100 ¡.g/plate

100 ¡.g/plate

He & Campbell (1990)

Azuine et al. (1992)
He & Campbell (1990)

Azuine et al. (1992)

Azuine et al. (1992)
Azuine et al. (1992)

Azuine et al. (1992)

Azuine et al. (1992)

He & Campbell (1990)

He & Campbell (1990)

He & Campbell (1990)

He & Campbell (1990)

Lycopene (extracted from tomato pastel

G SAO Salmonella typhimurium TA100, reverse mutation 0 - 100 ¡.g/plate He & Campbell (1990)
G SA9 Salmonella typhimurium TA98, reverse mutation 0 - 100 ¡.g/plate He & Campbell (1990)
a Result: + , positive; -, considered to be negative; 0, not tested; # 'spontaneous' frequency of micronuclei was decreased by either ß-carotene or a diet containing

ß-carotene (see Table 55).
b Highest ineffective dose
c Presumably nmol/Plate
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conflcting results. ln one study (Mukherjee et
al., 1991), oral administration of 27 mg/kg bw
ß-carotene significantly enhanced the
frequencies of both micronuc1ei and chromo-
somal aberrations in bone-marrow cells
of Swiss albino mice over that in con troIs
receiving the solvent (olive oU) only. ln con-

trast, another study (Umegaki et aL., 1994a)
showed that ß-carotene given by gavage or
incorporated into a Dunaliella bardawil di et
reduced the 'spontaneous' frequency of
micronuc1ei in peripheral blood reticulocytes
of 1eR mice.

8. Summary of Data

8.1 Chemistry, occurrence and human

exposure
The carotenoids are hydrophobic, lipophilc
substances which, after ingestion, are absorbed
with other lipids. The state in which the
carotenoids occur in the food matrix, e.g. crys-
tallne or not, their concentration, the avail-

abilty of fat or oil and the presence of bile acids
are major factors in determining their bioavail-
abilty. About 600 carotenoids have been isolat-
ed from natural sources, and sorne 100 or so of
these are likely to be present in the human diet;
however, of the carotenoids in serum, only six
or seven have been studied in any depth, of
which three are provitamin A carotenoids, Le.
ß-carotene, a-carotene and ß-cryptoxanthin.
The main carotenoids that are addressed in this
Handbook are found widely in fruits and vegeta-
bles and products derived from them; sma11

amounts are also found in foods of animal ori-
gin such as sorne fish and crustaceans, egg yolk
and dairy products. Sorne carotenoids, notably
ß-carotene, are used widely as food colourants
and are produced synthetica11y or from biolog-
ical sources for this purpose. Supplements of ß-
carotene, natural and synthetic, are widely
available.

Fruits and green vegetables are the main
sources of ß-carotene and lutein in the human
diet. Carrots are rich in ß-carotene and are

often the main source of a-carotene in temper-
ate c1imates, depending on strain or variety.
Tomatoes and tomato products are rich in
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lycopene. Yellow maize provides zeaxanthin
and ß-cryptoxanthin; various fruits such as
oranges, peaches, apricots, mangoes and
papayas, also con tain ß-cryptoxanthin. There is
no major dietary source of canthaxanthin,
although it is found in trou t, crustaceans and
sometimes in egg yolk after its use as an
additive in feed. Canthaxanthin has been mar-
keted in the past as an ora11y administered 'tan-
ning' agent, but this use has been discontinued
in several countries. A balanced diet provides a
daily intake of a few miligrams of sorne of
the se compounds; the total might range from 4
to 10 mg/day. Much higher intakes can be
achieved from certain foods such as carrots, red
palm oil, mangos and concentrated tomato

products. If supplements are taken, the intake
increases accordingly. The daily intake of each
of the other carotenoids liste d, namely zeaxan-
thin, ß-cryptoxanthin, canthaxanthin and a-
carotene, is likely to be 1-5 mg.

ln the body, a11 carotenoids are found in

lipid environments, especia11y fatty tissues and
membranes. Their presence in membranes may be
important in relation to their biological actions.

The long system of conjugated double
bonds that constitutes the light-absorbing
chromophore of the carotenoids also makes
these molecules rather unstable and very reac-
tive towards oxidizing agents and free radicals.
They can have antioxidant or pro-oxidant
actions in vitro. Although antioxidant activity
in vivo has not been proven, this has been pro-
posed as a possible mechanism by which
carotenoids could protect against cancer and
other degenerative diseases.

Routine methods for the qualitative and
quantitative analysis of carotenoids in foods

and in blood and body tissues are usually based
on reverse-phase high-performance liquid chro-
matography with the use of an in-line photodi-
ode-array detector to generate ultraviolet or vis-
ible'absorption spectra. Mass spectrometry and
co-chromatography with authentic samples are
required additiona11y for proper identification.

8.2 Metabolism and kinetics

8.2.1 Humans
ln humans, carotenes and many xanthophy11s

are absorbed in the sma11 intestine and appear
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in lipoproteill of the plasma. Although more than
20 carotenoids are found in plasma, the major
components are lycopene, lutein, ß-carotene, zeax-
anthin, ß-cryptoxanthin and a-carotene. The tyes
and amounts of carotenoids in the plasma reflect
those in the diet. Plasma carotenoids are taken up
by essentia11y all tissues, the major repositories
being the adipose tissue, liver and skin. The pat-
tern of carotenoids in tissues reflects that in the
plasma, with few exceptions.

Factors that influence serum carotenoid

concentrations and presumably also those of
tissues inc1ude the dietary intake of
carotenoids, the fat content of the diet, the

acidic fibre content of the die t, smoking,

alcohol intake and food processing. The deter-

minants of absorption and resulting blood and
tissue concentrations are not we11 understood.

ln general, increased intake of both dietary and
supplemental carotenoids leads to higher blood
concentrations, but the bioavailabilty of puri-
fied or synthetic preparations is greater th an th an
that of dietary components. Oral supplements of
a given carotenoid markedly increase its concen-
trations in plasma and tissues. ln vitamin A-suffi-
cient subjects, carotenoid intake has little effect
on the plasma concentrations of retinol.

The only known function of carotenoids in
hum ans is as precursors of vitamin A. Only 50
of the approximately 600 carotenoids in nature,
however, serve this role. The major pathway of
enzymatic conversion is central c1eavage of the
carotenoid molecule, although asymmetric

c1eavage can also occur. Carotenoids can also be

oxidized at other positions in the molecule,

although such reactions have been little studied.

8.2.2 Experimental models

Distinct interspecies differences exist in the bio-
kinetics of carotenoids and particularly in their
intestinal absorption, their transport in plasma
and, to a lesser extent, their metabolism in tis-
sues. Most of the common laboratory animaIs
are not suitable models for biokinetics in
humans; however, two animal models have
been developed to mimic the situation in
humans: the ferret and the preruminant calf.
Although both have sorne limitations, studies
with these species have provided important
information on carotenoid uptake and metabo-

lism. Use of non-human primates has provided
promising results, but further evaluation of these
models is needed. Other species, such
as rats, chicks and pigs, may be considered for
investigating specific aspects such as metabolism.

Carotenoids are metabolized differently in
different species. The most marked difference is
between vertebrates that efficiently absorb
intact carotenoids, such as humans, other pri-
mates, cows and birds, and those that do not,
such as most rodents and pigs. Because of these
differences, research in humans is particularly
important.

8.3 Cancer-preventive effects

8.3.1 Humans
The results of epidemiological studies, viewed in
aggregate, do not support the notion that ß-

carotene has generalized cancer-preventive

effects. The observational data suggesting can-
cer-preventive effects are most consistent for
lung, oral and pharyngeal cancers, the inci-
dences of which tend to be inversely related to
ß-carotene (or provitamin A carotenoid) intake
or blood concentrations. One difficulty in inter-
preting these findings is that ß-carotene may be
only a marker of the intake of other beneficial
substances in fruits and vegetables or perhaps
other lifestyle habits. No c1inical trial of ß-
carotene as a single agent, however, has shown
a reduction in the risk for cancer at any specific

site, and there is evidence of an increase in the
risk for lung cancer among smokers and asbestos
workers receiving ß-carotene supplements at high
doses, which resulted in blood concentrations an
average of 10-15 times higher than normal. It is
worth noting that the information from c1inical
trials reflects the first 12 years of intervention,
and, at present, there are no data on the possible
effects of longer intervention. There is virtua11y no
information on ß-carotene supplementation early
in the carcinogenic process. Lastly, the doses used
in the intervention trials greatly exceeded those
consumed in normal diets. There is only limited,
inconsistent information on carotenoids other
than ß-carotene.

Summarized below are the results of studies on
ß-carotene pertaining to specific cancers. The data
for other cancer sites were genera11y less extensive

and not indicative of either protection or harm.
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Lung cancer
The most extensive results with regard to
ß-carotene pertain to cancers of the lung and
bronchus. The vast majority of observational
studies of dietary intake indicate a decreased

risk with higher intake of carotene. There

are also extensive, consistent findings that

higher blood concentrations of ß-carotene are

associated with a decreased risk for lung cancer.
ln general, people with the highest intake or
blood concentration have been found to have a
20-50% lower risk th an those with the lowest

values. ln contrast, no c1inical trial of ß-carotene
supplementation has shown a reduction in risk,
and two of the three large trials found an
increase in lung cancer occurrence among smok-
ers; one also suggested an increase in asbestos

workers.

Skín cancer

The results of epidemiological studies show no
reduction in the risk for skin cancer associated

with ß-carotene intake or blood concentra-

tions. One c1inical trial indicated no reduction
in the risk for basal- or squamous-ce11 skin can-
cer after supplementation for up to five years.

Oral and pharyngeal cancers
Sorne observational studies have shown inverse
associations between dietary intake of
ß-carotene (or carotene), blood carotene con-
centrations and the risk for oral and pharyn-
geaI cancers. Intervention trials of intermediate
markers of oral carcinogenesis (oralleukoplakia
or micronuc1ei) with supplemental ß-carotene,
alone and in combination with other agents,
have shown regression. Many of these trials,
however, have methodologicallimitations.

Oesophageal cancer

Observational studies of dietary intake of

provitamin A carotenoids genera11y suggest

inverse associations with the risk for
oesophageal cancer. The results of two related
intervention trials are available. ln one trial,
supplemental ß-carotene given in combination
with vitamin E and selenium had no effect on
the rate of mortality from oesophageal cancer.
ln a related trial in the same population

but restricted to pers ons with oesophageal

272

dysplasia, supplemental ß-carotene given with
several other micronucrients was also of no
benefit in preventing death from oesophageal
cancer.

Gastric cancer
Sorne observational studies of either dietary or
blood ß-carotene concentrations showed
inverse associations with gastric cancer or pre-
cancerous gastric lesions. The results of three
intervention trials are available. ln one trial,
supplemental ß-carotene given in combination
with vitamin E and selenium showed a reduc-
tion of borderline significance in the risk for
gastric cancer. The population studied was
known to have several micronutrient deficien-
cies, and the relevance of these results for welI-
nourished populations is unc1ear. ln a related
trial in the same population but restricted to
persons with oesophageal dysplasia, supple-
mental ß-carotene given with several other
micronutrients was of no benefit in preventing
mortality from gastric cancer. ln a third trial,
no reduction in gastric cancer risk was
observed.

Colorectal cancer and adenoma
Epidemiological studies show no c1ear pattern
of reduced risk for either invasive cancer or
adenoma in relation to ß-carotene intake. Two
c1inical trials showed no reduction in the
occurrence of adenoma after supplementation
with ß-carotene. None of the large trials of ß-
carotene supplementation suggests a decrease
in the occurrence of colorectal cancer.

Cervical cancer
Sorne observational studies have shown inverse
associations between dietary intake of various

carotenoids or blood carotenoid concentrations
and the risk for cervical neoplasia. One trial of
low-dose ß-carotene supplementation in women
with cervical dysplasia in the Nether-lands gave
no evidence of greater regression in this group.

8.3.2 Experimental systems

8.3.2.1 Cancer-preventive activity
ß-Carotene
The cancer-preventive efficacy of ß-carotene
has been assessed in mou se, rat and hamster
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models, virus-induced tumour models and
inoculated tumour ce11s.

ln models of respiratory-tract carcinogenesis,
ß-carotene was ineffective in three studies in
hamsters, and there were even indications of
weak enhancement in two of these studies. ln
models of lung carcinogenesis in mice, ß-
carotene was ineffective in two studies.

The effects of ß-carotene against skin car-
cinogenesis induced by various carcinogens

were investigated in more than 20 studies in
mice; ß-carotene was effective in almost aIL. ln
the two studies in which it was ineffective, it
was administered only before initiation or in
the late stages of carcinogenesis. ß-Carotene

was effective in preventing buccal pouch car-
cinogenesis in hamsters in about 20 studies. It
was ineffective in only one study when also
given after tumour development. ß-Carotene
was also effective in preventing liver carcino-
genesis in most of about 20 studies in male rats.
ln those studies involving administration of N-
nitrosodiethylamine or 2-acetylaminofluorene,

conflcting results were obtained. ß-Carotene

did not affect the incidence of liver tumours in
a strain of mice with a high incidence of spon-
taneous tumours at this site. The cancer-pre-
ventive effects of ß-carotene in models of colon
carcinogenesis were investigated in one study
in mi ce and in seven studies in rats. Conflcting
results were found, and no pattern emerged to
explain the differences. ß-Carotene prevented
pancreatic cancer in two of three studies in rats
and in one of two studies in hamsters. No pat-
tern emerged to explain the differences. The

preventive effect of ß-carotene on gastric car-
cinogenesis was demonstrated in one study in
mice but not in one study in rats. ß-Carotene

prevented urinary bladder carcinogenesis in
one of two studies in mice when given before,
during and after carcinogen administration,
but not in one study in rats. It was ineffective
in models of sma11 intestine carcinogenesis in
two studies in rats. It showed sorne preventive
effects against salivary gland carcinogenesis in
one of three studies in rats.

ln one model of multiorgan carcinogenesis in
rats, ß-carotene showed a tendency to decrease
the incidences of preneoplastic liver foci, colon
adenocarconomas and nephroblastomas.

ß-Carotene was effective in three studies in
models of malignant tumours induced in mice

by Moloney murine sarcoma virus. ln several
studies in mi ce and rats inoculated with
tumour ce11s, subsequent administration of ß-
carotene inhibited tumour growth, enhanced
survival and in sorne cases resulted in tumour
regression.

The cancer-preventive effects of ß-carotene
combined with other chemicals (vitamin C,
vitamin E, retinol, glutathione, oltipraz,
4-hydroxyphenylretinamide, selenium, wheat

bran or perila oH) were investigated in three

studies in rats and one study in hamsters with
regard to pancreatic carcinogenesis, in three

studies on buccal pouch cancer in hamsters, in
two studies on colon carcinogenesis in rats, in
one study on respiratory tract tumours in ham-
sters and in one study on lung tumours in mice.
ln a11 of these studies, the combinations were as
effective or more effective than ß-carotene

alone, except for one study in hamsters in

which ß-carotene alone or combined with vita-
min C was ineffective in preventing pancreatic
carcinogenesis and one study in mice in which
ß-carotene alone or in combination with
retinol was ineffective in preventing lung

tumours.
ß-Carotene inhibited neoplastic transforma-

tion in four studies. The effect required contin-

uous treatment during the post-initiation phase
of carcinogenesis and was reversible after with-
drawal of treatment. ß-Carotene inhibited the
formation of aberrant lesions in mouse mam-
mary ce11s in one study. Maximum inhibition
was seen when treatment was simultaneous and
continued for the duration of the experiment.

Canthaxanthin
The cancer-preventive efficacy of canthaxan-
thin was assessed in several mouse, rat and
hamster models. It prevented skin carcinogene-
sis in eight studies in mice in which ultraviolet
B irradiation was used as the carcinogen; con-
flcting results were obtained in two studies in
which 7,12-dimethylbenz(a)anthracene was
the carcinogen. Canthaxanthin was effective in
a11 six studies in hamsters in which the buccal
pouch was the target organ. It showed cancer-
preventive effects in one of four studies of liver
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carcinogenesis in rats. The cancer-preventive

efficacy of canthaxanthin was investigated in
10 studies in rats in models of cancers of the
colon, mammary gland, tongue, sma11 intes-
tine, glandular stomach and salivary glands. ln
single studies, it was effective against cancers of
the tongue and glandular stomach and ineffec-
tive against cancers of the salivary glands and
sma11 intestine. ln studies of the colon and

mammary gland, canthaxanthin was effective
in one study and ineffective in another; the
positive finding in mammary glands was asso-
ciated with treatment before carcinogen
administration. ln two studies in mice,

canthaxanthin had no preventive effect against
urinary bladder cancer.

ln one study in mice inoculated with malig-

nant thymoma ce11s, canthaxanthin inhibited
tumour growth when administered before and
after tumour inoculation and appeared to be
ineffective when given only after inoculation.
It inhibited neoplastic transformation in ce11

cultures in vitro.

(X- Carotene

ln single studies in mice, a-carotene reduced
the incidences of tumours of the liver, lung and
skin, and in one study in rats it inhibited colon
carcinogenesis. It inhibited neoplastic transfor-
mation in vitro.

Lycopene
A slight effect of lycopene was se en in two stud-
ies in rats in the aberrant crypt foci model of
colon carcinogenesis. ln models of liver car-
cinogenesis in rats, lycopene was ineffective in
two studies and effective in one. ln one study
in mice, lycopene reduced the incidence of

spontaneous mammary gland tumours but
enhanced the development of preneoplastic
mammary nodules. ln another study, lycopene
reduced the incidence of spontaneous liver
tumours in mice. It was effective in one study of
lung carcinogenesis in male but not female

mice. It inhibited neoplastic transformation in
vitro.

Lutein
ln one study in rats, oral administration of
lutein had preventive activity in the aberrant
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crypt foci model of colon carcinogenesis. ln
one study in mice, it was effective against skin
carcinogenesis. ln one study in mice inoculated
with murine mammary tumour cells, lutein
inhibited tumour growth. It inhibited neoplas-
tic transformation in vitro.

Fucoxanthin
ln single studies in mice, fucoxanthin applied
to the skin was found to have preventive effects
against skin tumours. Fucoxanthin in drinking-
water inhibited the formation of tumours of
the duodenum.

Mixtures
ln four studies, Spirulina-Dunaliella extracts

(containing 15-30% ß-carotene, 20-25% xea-
xanthin, 20-25% ß-cryptoxanthin, 10-lS%
myxoxanthin,10-lS0/ echixenone and other
carotenoids) were found to prevent cheek
pouch carcinogenesis in hamsters. ln one study
in mice, diets supplemented with Dunaliella

powder or Dunaliella extract (containing 0.03%
ß-carotene) reduced the incidence of spon-

tanous mammary gland tumours. ln single
studies in mice, palm-oil carotene was effective
in reducing the incidence of spontaneous liver
cancer and of chemica11y induced carcinogene-

sis in the skin, lung, sma11 intestine and stom-
ach. ln one study in rats! palm-oil carotene had
no preventive effect in the aberrant crypt foci
model of colon carcinogenesis.

8.3.2.2 Genetic and related effects
A number of carotenoids were evaluated for
their abilty to inhibit genetic and related

effects in vitro. ln most studies, carotenoids

exerted protective effects against promutagens
and mutagens that induce oxidative damage,

whereas they did not affect the potency of direct-
ly acting mutagens. These findings were not

always consistent, depending on the test com-
pound and the laboratory that conducted the
study. ln addition to the usuallimitations of in-
vitro studies, resulting from the high
concentrations of both genotoxic agents and

modulators, the delivery system for carotenoids

in these studies is very different from those in vivo.
ln studies of the abilty of ora11y adminis-

tered carotenoids (mostly ß-carotene) to

kajob
Rectangle



Carotenoids

inhibit genetic and related effects in mice, rats
and hamsters treated with a variety of physical
or chemical carcinogens, the end-points includ-
ed production of single-strand breaks in the
DNA of liver or forestomac'h mucosa, muta-
tions in T lympocytes, micronucleus formation
or chromos omal aberrations in bone-marrow
ce11s and binding to liver DNA. The results of

most of the studies were consistent with pro-
tective effects of carotenoids.

8.3.3 Mechanisms of cancer prevention
The fo11owing mechanisms of action have been
proposed or suspected to contribute to any
cancer-preventive effects of carotenoids. Most
of these mechanisms have been studied only in
vitro, and more complex interactions among
dietary components and me chanis tic pathways
are likely to occur in vivo.

A11 of the carotenoids examined inhibited

oxidative or free-radical-initiated damage to
synthetic or biological membranes. Processes

involving free radicals and reactive oxygen
species may be important at various stages of
the multistep carcinogenic process. Caro te-
noids can interact with reactive oxygen species,

and they have also been shown to inhibit lipid
peroxidation.

ln experimental models, carotenoids have
been shown to prevent malignant transforma-
tion of normal cells or to induce ce11 differen-

tiation. Carotenoids can stimulate gap-junc-
tional communication between ce11s in vitroi
an effect postulated to reduce the aberrant

proliferation of carcinogen-initiated ce11s. ln

five studies, ß-carotene at concentrations that
were not cytotoxic was reported to decrease

proliferation. ln one studyi lycopene was
reported to be more effective than a- or ß-
carotene. ln two reports, effects were seen in
normal and dysplastic ce11s but not in cancer
cells. The prevention of both malignant trans-
formation and proliferation may be due to the
formation of biologically active molecules

from carotenoids. ln rats, sorne carotenoids
can modulate the activities of carcinogen-
metabolizing enzymes.

Carotenoids have immunomodulating
effects that could enhance cellular defence sys-
tems, possibly involving tumour-specific anti-

gens. ln three studies, ß-carotene was reported
to increase various parameters of immune
responsiveness. ln two studies, no increases

were observed, although responses were
reported in response to astaxanthin.
Canthaxanthin was reported to increase
immune responsiveness in one study but not in
another in which different effector cells and
end-points were used.

Both ß-carotene and canthaxanthin
increased expression of a receptor gene driven
by the RAR-ß promoter, but this finding was
not confirmed in another study in which
expression of the endogenous gene was
studied. ln human keratinocytes grown
in organotypic culture, ß-carotene and can-

thaxanthin decreased expression of mature

keratin 10 and increased expression of connex-

in 43.
Thus, carotenoids, because they may act in

several different biological processes, should be
considered nutritional modulators and not
solely antioxidant or pro-oxidant molecules.

Various mechanisms account for the observed
protective effects, including delay in cell-cycle
progression, decreased expression of proto-

oncogenes, enhancement of intercellular
communication, inhibition of metabolic activa-
tion of promutagens, enhancement of detoxifi-
cation of reactive metabolites and inhibition of
mutagenicity related to oxidative damage. The
similar effects of carotenoids with and without
provitamin A activity indicate a direct protective
role in vitro.

8.4 Other beneficial effects

Antioxidants; including ß-carotene and
carotenoids, have been suggested to be of
value in the prevention of a number of
chronic diseases. The only current therapeutic
use of carotenoids is in the treatment of

erythropoietic protoporphyria, a photosensi-

tivity disease. Although the results of a
number of observational studies suggest that
carotenoids may be of value in the prevention
of cardiovascular disease, the results of

the intervention trials with ß-carotene do not
support this hypothesis. Lutein and zeaxan-

thin have been suggested to play specifie roles
in the prevention of age-related macular
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degeneratioii, but experimental data to
support this hypothesis are not yet available.
Senile cataract is another ocular condition
potentially related to oxidation; carotenoids

inc1uding ß-carotene are being studied for a

role in the prevention of this disorder,

although the available results are somewhat
inconsistent. Carotenoids have also been
suggested to be of benefit for several other
health outcomes inc1uding but not limited to
ageing, impaired cognition, rheumatoid arthri-
tis and cystic fibrosis; however, the data are
scant.

8.5 Carcinogenic effects

8.5.1 Humans
The results of two intervention trials provide
evidence suggesting that ß-carotene increases

the risk for lung cancer among current smokers.
An increased risk for lung cancer was also seen
in the trial that inc1uded workers who had been
exposed to asbestos, most of whom were ex-
smokers. Two other very large trials, which did
not inc1ude large numbers of smokers or per-
sons exposed to asbestos, did not show any
increased risk for cancers at specific sites. The
biological mechanism by which ß-carotene at
the doses used in the two trials may increase the
risk for lung cancer in high-risk groups is not
clear.

8.5.2 Experimental animaIs

ß-Carotene was studied for carcinogenicity in
one study in male and female rats and in one
study in male and female mice, but the reports
were available only in abridged form.
Enhanced carcinogenesis was seen in isolated
investigations of carotenoids administered in
conjunction with carcinogens.

8.6 Other toxic effects

8.6.1 Humans
Hypercarotenodermia (discolouration of the
skin) produced by intake of carotenoids at high
doses is considered to be a reversible condi-
tion. Intake of high doses of supplemental ß-
carotene has been reported to increase the risk
for death from cardiovascular disease in specif-
ic high-risk groups. Ingestion of canthaxan-
thin at high doses over long periods induces
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reversible retinopathy characterized by macular
deposits.

There is no evidence to suggest that
ß-carotene is toxic at the levels found in most
diets.

8.6.2 Experimental systems

ln sorne studies of the induction of genetic and
related effects in vitro, carotenoids were used as
controls, genera11y at one dose only. None of
the carotenoids tested, Le. ß-carotene, canthax-
anthin, 8/-apo-ß-carotenal, 8/-apo-ß-carotenoyl

methyl ester, canot extract, carotenoids,
cryptoxanthin and lycopene, was genotoxic in

bacteria. Moreover, ß-carotene did not induce
sister chromatid exchange, chromosomal aber-
ration or micronuclei in cultured mammalian
ce11s.

ß-Carotene has not been found to induce

adverse genetic or related effects in experimen-
tal studies in vivo. It did not induce micronuc1ei
in bone-marrow ce11s of mice, and it was nei-
ther clastogenic in rodent bone-marrow cells
nor mutagenic in rat spleen T lymphocytes,

although some conflcting data have also been
reported. ß-Carotene has been reported to
enhance the hepatotoxicity induced by a high
intake of alcohol in animaIs. It was not toxic to
either embryos or dams in studies of develop-
mental toxicity in rats and rabbits.

9. Recommendations for Research

(1) Intervention studies of various types
(2) Further investigations into food composition
(3) Better biomarkers
(4) Greater understanding of the metabolism of

carotenoids
(5) Better animal models
(6) Greater understanding of the mechanisms

of carcinogenesis

Research proposaIs should clearly address
gaps in knowledge about carcinogenesis and
should relate to issues in carotenoid research

that would c1early help answer questions relat-
ing to carcinogenesis.

Experimental research has shown that
carotenoids are powerful chemicals and in
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sorne situations can protect against cancer. As

both provitamin A and non-provitamin A
carotenoids have these properties, the mecha-
nism(s) may not necessarily involve the forma-
tion of vitamin A and its biologica11y active
metabolites. The mechanism(s) by which
carotenoids inhibit carcinogenesis in experi-

mental animaIs is not known.
Carotenoids can suppress cancer growth and

development when they are applied to epithe-
liaI surfaces, when they are given ora11y and
when injected into tissues. It is important to
determine the uptake, transport and metabo-
lism of the carotenoids in each case.

The natural site for carotenoids is mem-
branes, where they affect the properties and
those of associated processes and therefore

potentia11y affect mechanisms of carcinogene-
sis. Research is required on caro-tenoid-ce11

membrane interactions in these situations and
whether they are relevant to the prevention of
cancer in humans.

Retinoids are c1early important in control-

ling ce11 differentiation and tissue growth. The
morphogen, retinoic acid, can be formed
directly from ß-carotene in sorne circum-

stances. Central c1eavage of carotenoids has
been reported in many tissues, and there is evi-
dence that the turnover of the provitamin A

carotenoids ß-carotene, a-carotene and ß-cryp-
toxanthin is more rapid than that of the other
major carotenoids in serum, suggesting conver-

sion to retinol. Research should be conducted
on the effects of carotenoids and carotenoid

metabolites on events mediated by retinol
receptors. This potential conversion could be
studied by analysing endogenous responsive

genes or by use of reporter constructs, which
would a110w the detection of activity ligands at
levels as low as 10-10 mol/L.

Carotenoids are powerful quenchers of
singlet oxygen and triplet sensitizers, a proper-
ty that is relevant to the treatment of erythro-
poieticprotoporphyria. Furthermore, caro-

tenoids can act as either antioxidants or pro-
oxidants in chemical systems. The popuIar

hypothesis that any biological activity of
carotenoids can be attributed to an antioxidant
or pro-oxidant role has not been proved.

Research is required to evaluate critica11y the

postulated antioxidant action of carotenoids in

vivo, Le. protection against oxidation mediated
by free radicals. Interactions between
carotenoids and vitamins E and C and other
intrace11ular antioxidant defence mechanisms
should also be studied.

There is accumulating evidence that meta-

bolites of sorne of the common dietary
carotenoids are produced oxidatively in bio-
logical fluids. Little is known about the basic
mechanisms of oxidation of carotenoids or
about reactions with free radicals. Research is
required to understand the basic oxidative
mechanisms that affect carotenoids in vivo in
order to appreciate if and when carotenoids
are influenced by such stresses.

Oxidative stress is a powerful signal (stimu-
lator) of immune mechanisms. The operation
of such mechanisms may be evident many
years before c1inical symptoms of disease
appear; for example, a sma11 depression in neg-

ative acute-phase proteins can be detected ret-
rospectively 5-10 years before the appearance
of c1inical disease. Carotenoids are very sensi-
tive to oxidation, and the presence of
detectable oxidation products could be a useful
marker of oxidative stress and of disease for use
in epidemiological studies. Oxidation products
of carotenoids may themselves have biological
activity, and conversion within target tissues
could explain mu ch of their action. Research is

needed to identify products of oxidation and
metabolism and to examine their potential
activity.

Major problems in assessing the cancer-pre-
ventive properties of carotenoids and in evalu-

ating their adverse effects inc1ude the issues of

antioxidant activity and their pro-oxidant role

and the effects on lung cancer as related to cig-
arette smoking. The fo11owing research areas

may be recommended:
· Development and application of suitable
animal models for evaluating the oxidant and
antioxidant properties of carotenoids in vivo

and modulation of cigarette smoke-related bio-
markers in the respira tory tract and cardiovas-

cular system
· Implementation of phase-II trials to evalu-
ate the oxidative and antioxidant effects of
carotenoids and modulation of cigarette
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smoke-related biomarkers in ce11s of the respi-
ratory tract, e.g. pulmonary alveolarma-

crophages.
Intervention studies with high doses of ß-

carotene provide evidence that people who are
CUffent smokers are at increased risk for lung
cancer and cardiovascular disease when given
supplements of ß-carotene. Research is needed on
the metabolic effects that smoking has on tissue
metabolism and human physiology and on the
effect of tobacco smoke on carotenoids in vivo.

Smoking is clearly associated with lower
serum levels of sorne carotenoids. Research is
required to determine whether this occurs

through effects on the diet or on metabolism.
Studies to determine the effects of tobacco

smoke on carotenoids and of the interaction of
carotenoids with smoke-exposed tissues should
be conducted to better understand why ß-
carotene had the effect it did and whether this
effect is unique or is common to aU
carotenoids.

Most of the observational studies were

unable to distinguish the effects of individual
carotenoids from those of substances in fruits
and vegetables. Refinement of dietary data-
bases, repetition of studies with adequate meth-
ods for evaluating diets and new biomarkers of
intake should be pursued. Another approach is
to capitalize on the fact that human populations
differ in their intake of carotenoids. Research in
regions where subpopulations have high intakes
of specific carotenes deserves high priority.

10. Evaluation

10.1 Cancer-preventive activity
10.1.1 Humans
There is evidence suggesting lack of cancer-preven-
tive activity for ß-carotene when used as a sup-
plement at high doses. There is inadequate evi-
dence with regard to the cancer-preventive

activity of ß-carotene at the usual dietary levels.
There is inadequate evidence with respect to the

possible cancer-preventive activity of other

individual carotenoids.

10.1.2 Experimental animaIs
There is suffcžent evidence for cancer-preventive

activity of ß-carotene in experimental animaIs.

..
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This evaluation is based on models of skin car-
cinogenesis in mice and buccal pouch carcino-
genesis in hamsters. Findings in models of liver
carcinogenesis in rats, colon carcinogenesis in
rats and pancreatic carcinogenesis in rats and
hamsters provide further support to this con-
clusion.

There is suffcžent evidence for cancer-preventive
activity of canthaxanthin in experimental
animaIs. This evaluation is based on models
of skin carcinogenesis in mi ce and buccal
pouch carcinogenesis in hamsters. Findings in
models of tongue cancer in rats and stomach
carcinogenesis in mice provide additional sup-
port to this conclusion.

There is limited evidence that a-carotene has

cancer-preventive activity from single studies of
models of liver, lung, skin and colon carcinogenesis.
There is limited evidence that lycopene has can-
cer-preventive activity from models of colon,
liver, mammary gland and lung carcinogenesis.
There is limited evidence that lutein has cancer-
preventive activity from experimental models
of colon and skin carcinogenesis. There is limit-
ed evidence that fucoxanthin has cancer-preven-
tive activity from models of skin and duodenal
carcinogenesis.

10.2 Overall evaluation
The results of studies in experimental animaIs
and clinical studies in humans with regard to
the cancer-preventive activity of ß-carotene are
conflcting. There is sufficient evidence that ß-
carotene has cancer-preventive activity against
cancers of the skin and buccal pouch in experi-
mental animaIs, supported by the results of
studies in models of cancer of the liver, colon
and pancreas. Moreover, there is considerable
in-vitro and in-vivo evidence in animaIs that
ß-carotene inhibits the induction or expression
of cancer-related events.

ln observational epidemiological studies, ß-
carotene in blood or in the diet has been asso-
ciated with reduced risks for cancers at many
but not a11 sites. It is unclear, however, to what
extent ß-carotene itself is responsible for the
decreased risks observed. Three large c1inical
trials indicate that supplementation with sub-
stantial doses of ß-carotene does not prevent
lung cancer and may actuaUy increase the risk
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among individuals already at high risk (Le. who
are cigarette smokers or who have been occu-
pationa11y exposed to asbestos). Although ß-
carotene is not known to be toxic in the short
term, the intervention trials also suggest

inCfeased risks for cardiovascular death after
supplementation. These trials do not provide
clear evidence concerning cancers at specific
sites other than the lung.

The discrepancies between the experimental
and human observations and the findings from
the intervention trials greatly complicate inter-
pretation of the data on the effects of ß-
carotene. U nderstanding these discrepancies is
an important aim of future research. Such
investigation is also likely to provide insight
into the process of carcinogenesis and increase

knowledge about cancer prevention. Until such
clarification is obtained, ß-carotene supple-
ments should not be recommended for use in
cancer prevention in the general population

and it should not be assumed that ß-carotene is
responsible for the cancer-protective effects of
diets rich in carotenoid-containing fruits and

vegetables.
Other carotenoids, canthaxanthin, a-

carotene, lutein, lycopene and ß-cryptoxan-

thin, have been investigated in vitro and in
animal models, although not as extensively as
ß-carotene. There is suffcžent evidence that
canthaxanthin has cancer-preventive activity
in animal models of cancers of the skin and
buccal pouch, supported by the results of
studies in models of cancers of the tongue

and stomach. There is limited evidence that
a-carotene, lycopene, lutein and fucoxanthin
have cancer-preventive activity in a variety of
animal models. Canthaxanthin inhibits
the expression of cancer-related events in

vitro.
The results of observational epidemiological

for a-carotene, lycopene and lutein are much
less extensive than those for ß-carotene; no

published results are available for canthaxan-
thin,. These carotenoids have not been studied
in human trials for cancer prevention. Pending
further research into their cancer-preventive

activity, supplemental canthaxanthin, a-
carotene, lutein and lycopene should not be
recommended for use in cancer prevention in
the general population, and it should not be
assumed that the protective effects of diets rich
in carotenoid-containing fruits and vegetables

are due to any individual carotenoid.

..
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Appendix 1

The concept of activity profiles of antimutagens

To faciltate an analysis of data from the open
literature on antimutagenicity in short-term
tests, we have applied the concept of activity
profies already used successfully for muta-

genicity data (Waters et al., 1988, 1990) to
antimutagenicity data. The activity profiles
display an overview of multi-test and multi-
chemical information as an aid to the interpre-
tation of the data. They can be organized in

two general ways: for mutagens that have been
tested in combination with a given antimuta-
gen or for antimutagens that have been tested
in combination with a given mutagen (Waters

et aI.i 1990). The profie presented here is an
example of mutagens that have been tested in
combination with a single antimutagen and
they are arranged alphabetica11y by the names
of the mutagens tested. These plots permit

rapid visualization of considerable data and
experimental parameters, including the inhibi-
tion as we11 as the enhancement of mutagenic
activity. A data listing, arranged in the same
order as the profie, is also given to summarize
the short-term test used, the doses of mutagens
and antimutagens, the response induced by the
antimutagens, and the relevant publications.

The antimutagenicity profie graphically
shows the doses for both the mutagen and
antimutagen and the test response (either
inhibition or enhancement) induced by the
antimutagen. The resultant profiles are actual-
ly two para11el sets of bar graphs (Figure 1). The
upper graph displays the mutagen dose and the
range of antimutagen doses tested. The lower
graph shows either the maximum percent inhi-
bition represented by a bar directed upwards
from the origin or the maximum percent
enhancement of the genotoxic response, repre-
sented by a bar directed downwards. A short
bar drawn across the origin on the lower graph
indicates that no significant (genera11y -: 20%)

difference in the response was detected
between the mutagen tested aIone or the
mutagen tested in combination with the

antimutagen. Codes used to represent the
short-term tests in the data listings have been
reported previously (Waters et al., 1988), and
the subset of tests represented in this paper are
shown in the Appendix.

ln assembling the data base on antimutagens
and presumptive anticarcinogens, the literature
was surveyed for the availabilty of antimuta-
genicity data (Waters et aL., 1990), and publica-
tions were selected that presented original,
quantitative data for any of the genotoxicity

assays that are in the scope of the genetic activ-

ity profies (Waters et al., 1988).
The same short-term tests used to identify

mutagens and potential carcinogens are being
used to identify antimutagens and potential
anticarcinogens. The tests are generally those
for which standardized proto cols have been
developed and published. Many of these tests
have been evaluated by the USEPA Gene-Tox

Program (Waters, 1979; Green and Auletta,
1980; Waters and Auletta, 1981; Auletta et aL.,
1991) or the National Toxicology Pro gram
(Tennant et al., 1987; Ashby and Tennant,
1991) for their performance in detecting

known carcinogens and noncarcinogens or
known mutagens and nonmutagens (Upton et
al.i 1984; Waters et al., 1994).

It is not clear at the present time whether
antimutagenicity observed in short-term tests is
a reliable indicator of anticarcinogenicity since
the available data are incomplete. Information
on both antimutagenicity and anticarcino-
genicity in vivo for a number of chemical class-
es is required before such a conclusion can be
drawn. Clearly, antimutagenicity tests per-
formed in vitro wil not detect those com-

pounds that act in a carcinogenicity bioassay in
vivoi for example, to alter the activity of one or
more enzyme systems not present in vitro.
Rather, the in-vitro tests wil detect only those
compounds that inhibit the metabolism of the
carcinogen directly, react directly with
the mutagenic species to inactivate them or
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. otherwise show an effect that is demonstrable
in vitro. Thus, it is essential to confirm putative
antimutagenIC activity observed in vitro
through the use of animal models. Indeed, the
interpretation of antimutagenicity data from
short-term tests must be subjected to a11 of the
considerations that apply in the interpretation

of mutagenicity test results. Moreover, the

experimental variable of the antimutagens used
must be considered in addition to the variables
of the mutagens and short-term tests used.
Obvious examples of parameters that must be
considered in evaluating results from short-
term tests in vitro are: (1) the endpoint of the
test, (2) the presence or absence of an exoge-
nous metabolic system, (3) the inducer that
may have been used in conjunction with the
preparation of the metabolic system, (4) the

concentration of 59 or other metabolic system
used and whether that concentration has been
optimized for the mutagen under test, (5) the
relative time and order of presentation of the
mutagen and the antimutagen to the test
system, (6) the concentration ratio of the muta-
gen relative to the antimutagen, (7) the dura-
tion of the treatment period, and (8) the out-
come of the test, Le. inhibition or enhance-
ment of mutagenicity. Similar considerations
apply to the evaluation of in vivo tests for
antimutagenicity.

References
Ashby,1. & Tennant, R.W. (1991) Definitive rela-
tionships among chemical structure, carcino-
genicity and mutagenicity for 301 chemicals test-
ed by the US NTP. Mutat. Res., 257, 229-306

Auletta, A.E., Brown, M., Wassom, 1.S. & Cimino,
M.C. (1991) Current status of the Gene-Tox pro-

gram. Environ. Health Perspectives, 96, 33-36

--
324

Green, S. & Auletta, A. (1980) Editorial introduc-
tion to the reports of 'The Gene-Tox Program': An
evaluation of bioassays in Geneti( Toxicology.

Mutat. Res., 76, 165-168

Tennant, R.W., Margolin, B.H., Shelby, M.D.,
Zeiger, E., Haseman, 1.K., Spalding, J., Caspary, W.,
Resnick, M., Stasiewicz, S., Anderson, B. & Minor,
R. (1987) Prediction of chemical carcinogenicity

in rodents from in vitro genetic toxicity assays.
Science, 236, 933-941

Upton, A.C., Clayson, D.B., Jansen, J.D.,
Rosenkranz, H.S. & Wiliams, G.M. (1984) Report
of ICPEMC Task Group 5 on the differentiation
between genotoxic and non-genotoxic carcino-
gens. Mutat. Res., 133, 1-49

Waters, M.D. (1979) Gene-Tox Program. ln: Hsie,
A.W., O'Neil, J,P. & McElheny, V.K., eds,
Mammalian Cell Mutagenesis: The Maturation of Test
Systems (Banbury Report 2), Cold Spring Harbor,
NY, CSH Press, pp 451-466

Waters, M.D. & Auleta, A. (1981) The GENE-TOX
program: Genetic activty evaluation. f. (hem. ¡nt
Computer Sci., 21, 35-38

Waters, M.D., Stack, H.P., Brady, A.L., Lohman,
P.H.M., Haroun, L. & Vainio, H. (1988) Use of
computerized data listings and activity profies of
genetic and related effects in the review of 195

compounds. Mutat. Res., 205, 295-312

Waters, M.D., Brady, A.L., Stack, H.E. & Brockman,
H.E. (1990) Antimutagenicity profies for sorne

model compounds. Mutat. Res., 238, 57-85

Waters, M.D., Stack, H.P., Jackson, M.A., Bridges,
B.A. & Adler, I.-D. (1994) The performance of
short-test tests in identifying potential germ cell
mutagens:A qualitative and quantitative analysis.
Mutat. Res., 341, 109-131

kajob
Rectangle



Appendix

Figure 1. Schematic diagram of an antimutagenicìty profile. Profiles are organized to display either
the antimutagenic activity of various antimutagens in combination with a single mutagen or the acth/ity
of a single antimutagen with various mutagens. The upper bar graph displays the mutagen concentra-
tion and the range of antimutagen concentrations tested. The lower graph shows either the maximum
percent inhibition, represented by a bar directed upwards from the origin, or the maximum percent
enhancement of the genotoxic response, represented by a bar directed downwards. As illustrated in the
lower graph, a bar across the origin indicates that no significant (0: 20%) effect was detected (designat-
ed as 'negative data' in the text). Test codes are defined in Appendix 2.
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Test system code

..
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Appendix 2

Definitions of test codes

Test

AIA

AIH

BID

BSD

CBA

CHF

CHL

CIC

CVA

DIH

DMX

ECK

G9H

GIA

HMM

MVM

SAO

SA5

SA7

SA8

SA9

SCG

SHL

SHT

SiC

SIM

SIT

SLH

SPM

TCM

URP

Definition

Aneuploidy, animal cells in vitro

Aneuploidy, human cells in vitro

Binding (covalent) to DNA in vitro

Bacillus subtilis rec strains, differential toxicity

Chromosomal aberrations, animal bone-marrow cells in vivo

Chromosomal aberrations, human fibroblasts in vitro

Chromosomal aberrations, human lymphocytes in vitro

Chromosomal aberrations, Chinese hamster cells in vitro

Chromosomal aberrations, other animal cells in vivo

DNA strand breaks, cross-links or related da mage, human cells in vitro
Drosophila me/anogaster, sex-linked recessive lethal mutation

Escherichia coli K 12, mutation

Gene mutation hprt locus, Chinese hamster V79 cells in vitro

Gene mutation, other animal cells in vitro

Host mediated assay, microbial cells in animal hosts

Micronucleus formation, mice in vivo

Salmonella typhimurium TA 100, reverse mutation

Salmonella typhimurium TA 1535, reverse mutation

Salmonella typhimurium TA1537, reverse mutation

Salmonella typhimurium TA 1538, reverse mutation

Salmonella typhimurium TA98, reverse mutation

Saccharomyces cerevisiae, gene conversion

Sister chromatid exchange, human lymphocytes in vitro

Sister chromatid exchange, transformed human cells in vitro

Sister chromatid exchange, Chinese hamster cells in vitro

Sister chromatid exchange, mouse cells in vitro

Sister chromatid exchange, transformed cells in vitro

Sister chromatid exchange, human lymphocytes in vivo

Sperm morphology, mouse

Cell transformation, C3H 10T1/2 mouse cells

Unscheduled DNA synthesis, rat primary hepatocytes in vitro

..
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