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SUMMARY

Allium vegetables and their associated organosulfur constituents
are extensively studied for their chemopreventive potential against
cancer. This article overviews their anticarcinogenic and antigenotoxic
properties. Epidemiological studies (mostly case-control studies) pro-
vide strong evidence that Allium vegetable consumption reduces the
incidence of gastric and colon cancer while the association between
Allium vegetable consumption and other cancers is less convincing.
Furthermore, many experimental studies have demonstrated that
organosulfur compounds and Allium extracts have inhibitory effects
on carcinogenesis in animals. These inhibitory effects are supported by
many diverse mechanisms, including inhibition of carcinogen for-
mation, modulation of carcinogen metabolism, inhibition of muta-
genesis and genotoxicity, inhibition of cell proliferation and increase
of apoptosis, inhibition of angiogenesis, and immune system enhance-
ment. Before such constituents or extracts can be used in chemo-
preventive trials, it is important to verify their lack of toxicity and to
investigate further their precise mechanisms of action throughout the
whole process of carcinogenesis.
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1. INTRODUCTION

Many epidemiological studies, both prospective and retrospective,
have shown that fruit and vegetable intake is associated with a reduced
risk of cancer at many sites. The association is most marked and
consistent for esophagus, mouth, pharynx, stomach, and lung cancer.
It is less consistent although significant for colon and bladder cancer,
and is weak or non-existent for hormone-related prostate and breast
cancer. Several studies suggest that certain food categories could be
more specifically responsible for such a risk reduction and, in
particular, Allium vegetables are recognized as being efficient against
gastric and colon cancer /1/.
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The genus Allium consists of more than 600 different species, with
common members being garlic, onion, leek, chive, scallion and
shallot. A few of these, notably onion (4/lium cepa) and garlic (4llium
sativum), are important as foodstuffs and as drugs in folk medicine.
Garlic and onion originate from Central Asia and are today cultivated
worldwide. Since early ages these plants have fascinated man and
have been used as medicines for the treatment of numerous disorders.
Their use has been recommended for, among others, chilblains, cough,
dryness, earache, fever, headache, insomnia, inflammation, tonsillitis,
vomiting, whooping cough, baldness, thorns, snake bite ... However
there is almost no scientific or clinical information to support the
claims /2/. More recently investigations have been undertaken to
provide a scientific basis for this medicinal use and several groups
have demonstrated their effects on cardiovascular diseases and cancer,
and their antibacterial, antiviral, antifungal, antithrombotic, hypo-
tensive, hypoglycemic, and hypolipidemic properties /3-6/.

The antitumoral effects of Allium vegetables were recorded very
early. In ancient Egypt (1550 B.C.), garlic was used as an external
treatment for tumors. Hippocrates and Indian physicians are also
reported to have used garlic as a method to reduce tumor growth /2/.
More recently the protective effects of garlic and other A/lium species
have been established in diverse epidemiological studies. Furthermore,
many experimental studies have also shown that organosulfur consti-
tuents of Allium species could have an inhibitory effect on carcino-
genesis. This inhibitory effect is supported by many diverse mecha-
nisms such as inhibition of carcinogen formation, modulation of
carcinogen metabolism, inhibition of mutagenicity and genotoxicity of
chemicals, inhibition of cell proliferation and increase of apoptosis,
inhibition of angiogenesis, and immune system enhancement.

This paper reviews the relationship between cancer and Allium
vegetables with emphasis on studies supporting the anticarcinogenic
and antigenotoxic properties of their organosulfur constituents.

2. ACTIVE CONSTITUENTS OF ALLIUM VEGETABLES

Like all vegetables, the components of plants of the genus Allium
are water, carbohydrates, proteins, fibers, fats, vitamins, minerals and
amino acids. In addition, these plants represent a rich, natural source
of organosulfur compounds (OSCs). The reported biological effects
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are ascribed to these compounds which are also responsible for their
flavor and smell. The chemistry of OSCs has been extensively studied
by Block /7/. The bulbs contain specific amino acids such as S-
alk(en)ylcysteine sulfoxides. The chemical group linked to cysteine
can be allyl (2-propenyl), 1-propenyl, propyl or methyl. This group
varies with the species. The allyl group is the major group in garlic,
with 1-propenyl being the major group in onion. The methyl group is
predominant in Chinese chive and the propyl group is the major group
in chive, scallion, shallot, and leek /8/. When the bulbs are cut,
chopped, or squeezed, S-alk(en)ylcysteine sulfoxides are metabolized
into highly reactive sulfenic acids through the action of alliinase.
These short-lived sulfenic acids condense to form thiosulfinates which
can then participate in a variety of reactions which produce various
types of OSCs such as monosulfides and polysulfides: diallyl sulfide
(DAS), diallyl disulfide (DADS), diallyl trisulfide (DATS), allyl-
methyl sulfide (AMS), dipropyl sulfide (DPS), dipropyl disulfide
(DPDS), and methylpropyl disulfide (MPDS) (Figure 1).

The amounts and types of OSCs present in fresh, processed plants
or extracts of plants vary significantly. In freshly cut bulbs the thio-
sulfinates predominate. Steam distillation of bulbs yields oil-soluble
compounds such as polysulfides. When garlic is subjected to a long
cold-ageing process, besides major oil-soluble sulfur compounds
(DAS and DADS), water-soluble compounds such as S-allylcysteine
(SAC) and S-allylmercaptocysteine (SAMC) are present (Figure 1).
Because of the close relationship between sulfur and selenium it is
possible to enrich Allium vegetables with organoselenium compounds
/9/.

3. EPIDEMIOLOGICAL STUDIES

There are now at least 20 population-based studies in which Allium
consumption has been analyzed in association with cancer in specific
organ sites. Some of these studies are listed in Table 1. Most studies
are case control studies, performed in different parts of the world.
With one exception /10/, these studies demonstrated that Allium
consumption is associated with reduced cancer risk, in particular for
cancers of the stomach and colon. The first study, a case control study
performed in 1972 in Hawaii, linked onion consumption to reduced
risk of stomach cancer /11/. Later several other studies found onions to
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Fig. 1:  Chemical structures of organosulfur compounds from Allium vegetables.

be protective for this neoplastic disease /12,13/. Garlic consumption
was also found to be associated with reduced cancer risk at this same
site /13-15/. The Netherlands cohort study confirmed the protective
effect of onion /16/: the consumption of half an onion or more per day
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TABLE 1

Allium vegetables and cancer: epidemiological studies

Allium vegetable Cancer site Country Type of study Result Ref.
Onion Stomach Hawaii Case control N2 ARY;
Onion Stomach Poland Case control ¥ 112/
Garlic Stomach Italy Casecontrol ¥ /14/
Garlic Stomach China Case control N /15/
Garlic, onion, chives Stomach China Case control ¥ /13/
Onion Stomach Japan Casecontrol A /10/
Onion Stomach The Netherlands Cohort v ooo/16/
Onion Colon, rectum Japan Case control P /10/
Onion Colon Australia Case control N /19/
Garlic Colon Switzerland Casecontrol ¥ /18/
Garlic Colon USA Cohort Voo
Garlic, onion, leek  Colon, rectum The Netherlands Cohort 0 17/
Garlic Larynx China Casecontrol ¥ 21/
Garlic, onion, chives Esophagus China Casecontrol ¥ /13/
Garlic Breast Switzerland Case control N2 125/
Garlic, onion Breast France Case control N 123/
Onion Breast The Netherlands Cohort 0 /162/
Garlic Prostate UK Case control v oooR2
Allium Endometrium China Case control % 24/
Onion Brain China Casecontrol ¥ )26/
Onion Lung The Netherlands Cohort 0 /163/

4 : reduction of cancer incidence; T : increase of cancer incidence; 0 : no relationship

resulted in a low incidence of stomach cancer, although the con-
sumption of leeks and the use of garlic supplements were not
associated with stomach carcinoma risk. This study found no evidence
of an inverse association between onion and leek intake, the use of
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garlic supplements and the incidence of colon and rectum carcinoma
/17/. These results disagree with a number of case control studies on
Allium vegetable consumption and colon and rectum cancer risk
/18,19/ and with another cohort study (the Iowa Women’s Health
Study), which demonstrated that consumption of more than one
serving of garlic per week is inversely associated with colon cancer
risk in postmenopausal women /20/. Allium exposure was also found
to be associated with a reduction of larynx and esophagus cancer
/13,21/ and of hormone-related breast, prostate and endometrial cancer
/22-25/. Finally, a recent study reported that onion consumption was
inversely related to the risk of developing brain cancer in China /26/.
Taken together, the case control studies provide evidence of a
protective role for garlic and onion consumption in cancer incidence at
many sites. The association is high and consistent for gastrointestinal
cancers and is significant for hormone-related cancers. Cohort studies
are considered to be more reliable than case control studies since they
avoid biases due to imperfections of sample matching and of food
recall. However, cohort studies on A/lium and cancers are few. To our
knowledge, only two cohort studies have been performed, one in the
Netherlands, and the other in the USA /17,20/. Both have evaluated
the relationship between Allium vegetable consumption and the
incidence of colon cancer. Unfortunately, they did not reach the same
conclusions. Therefore additional cohort studies are needed.

4. EXPERIMENTAL STUDIES OF CANCER PREVENTION
IN ANIMAL MODELS

Carcinogenesis proceeds through multiple, discernible but over-
lapping stages. These include initiation, promotion, progression, and
further evolution to malignant tumors. Allium vegetables and their
associated OSCs have been shown to be active during all these stages
and numerous experimental studies have demonstrated a broad range
of mechanisms of action. These effects were examined at several
organ sites with animal models induced by many chemicals. Some
compounds such as DAS and DADS have been studied more often
than sulfides containing alkyl groups. In some experiments the effects
of water-soluble OSCs such as SAC and SAMC were also examined.
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a) Effects of DADS

DADS has often been reported to inhibit or reduce chemically-
induced carcinogenesis whether administered before, during or after
the administration of the chemical carcinogen. Interestingly, no
promoting effect of DADS has been observed.

Wattenberg et al. /27/ have shown that DADS produced a marked
inhibition of N-nitrosodiethylamine (NDEA)-induced neoplasia of the
forestomach in female A/J mice when administered prior to NDEA.
Furthermore this compound was demonstrated to decrease colonic
nuclear damage in female C57 BL/6J mice induced by 1,2-dimethyl-
hydrazine (DMH) /28/ and to inhibit azoxymethane (AOM)-induced
colon carcinogenesis /29/. DADS is also reported to be effective in
reducing mammary carcinogenesis induced by various chemicals
including 7,12-dimethylbenz(a)anthracene (DMBA) /30/, methylnitro-
sourca (MNU) /31/ and 2-amino-I-methyl-6-phenylimidazo[4,5-b]
pyridine (PhiP) /32,33/.

DADS administered during the initiation phase can efficiently
reduced the formation of preneoplasic foci induced by NDEA and
aflatoxin B, (AFB)) in rat liver /34/. Furthermore, in a multi-organ
assay, DADS was demonstrated to significantly reduce colon and renal
carcinogenesis when administered during the post-initiation phase
/35,36/. Topical application of DADS significantly inhibited skin
papilloma in Sencar mice induced by DMBA and promoted by 12,0-
tetradecanoylphorbol-13-acetate (TPA) /37/.

Thus the results demonstrate a very efficient effect of DADS in the
prevention of both the initiation and the promotion phases of carcino-
genesis. In addition the efficiency is not limited to a specific chemical
carcinogen or a specific organ.

b) Effects of DAS

This compound, while structurally similar to DADS, has been
demonstrated to be an active chemopreventive agent, although in some
models it appeared to promote carcinogenesis.

The efficacy of DAS against forestomach and lung carcinogenesis
was first demonstrated by Sparnins ef al. /38/. Since then other groups
have confirmed its inhibitory effect on aristolochic or DMBA-induced
forestomach carcinogenesis /39,40/. Wargovich and associates /41/
examined the anti-initiating effect of DAS on esophageal carcinomas
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in rats and confirmed its strong suppressive effect on the formation of
tumors. However, DAS was found to be ineffective when given after
the carcinogen /42/. It was suggested that DAS acted by inhibiting the
bioactivation of the carcinogens in the gastrointestinal tract.

The effect of DAS on colon carcinogenesis yielded conflicting
results. Wargovich ef al. /28,43/ showed that DAS, when administered
by gavage to mice, strongly inhibited the incidence of colorectal
carcinomas induced by DMH. DAS also produced a diminution of
AOM-induced aberrant crypt foci /44/. In contrast, Pereira et al. /45/
observed no significant effect of DAS on AOM-induced crypt foci in
rat colon, while Delker et al. /46/ provided evidence of an enhancing
effect of DAS on AOM-induced preneoplasia in rats. They hypo-
thesized that DAS may alter the disposition of AOM and/or enhance
colonic promotional activity.

The efficacy of DAS in the prevention of DMBA-induced mam-
mary carcinogenesis has been demonstrated /30/. Furthermore, DAS
was found to possess chemopreventive properties against skin papil-
lomas chemically induced by several carcinogens such as vinyl
carbamate, DMBA plus TPA, or DMBA plus benzoyl peroxide /37,47,
48/.

In the liver, DAS, when administered prior to the carcinogen,
inhibited DMH-induced hepatocarcinogenesis /49/. This anti-initiating
effect of DAS was also observed by Haber ef al. /34/ in a model of
hepatocarcinogenesis induced by either NDEA or AFB,. Periera ef al.
/50/ demonstrated a similar inhibiting effect on NDEA-induced liver
foci and hepatocellular adenomas in mice. In this experiment, DAS
was administered prior to the carcinogen and continued until sacrifice.
An anti-initiating effect of DAS was also observed in toad liver /51/.

Studies investigating the chemopreventive effect of DAS on the
promotion phase of carcinogenesis yielded divergent results. Jang et
al. /52/ demonstrated a strong inhibitory effect of DAS on the
development of preneoplastic foci in livers of rats treated with NDEA,
when DAS was given during the post-initiation phase. This inhibitory
effect was also observed in other tissues, such as the glandular
stomach, lung, thyroid, and urinary bladder. However, these findings
are not in agreement with the results of others /35,36,53/ who found a
promoting effect of DAS on rat liver carcinogenesis in a medium term
assay initiated with NDEA and in a multi-organ carcinogenesis bio-
assay induced by a combination treatment of diverse chemicals. Thus
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encouraging data on the chemopreventive effects of DAS have been
tempered by the fact that DAS has been shown to promote carcino-
genesis in some instances.

c) Effects of other OSCs

Even if DAS and DADS have been studied in greater detail, the
chemopreventive effects of other compounds such as polysulfides
containing alkyl groups or water-soluble OSCs have also been
examined. Several studies have been designed to elucidate the
structural features that control the inhibitory effect of OSCs.

Sparnins et al. /38/ examined a series of allyl and alkyl sulfides and
showed that the inhibitory capacity of different polysulfides on gastric
carcinogenesis was largely dependent on the presence of the allyl
group. Compounds with methyl or propyl groups had no or little
effect. Compounds containing two allyl groups were more efficient
than those with one. Inhibition of colon carcinogenesis was also more
efficient with organosulfur compounds containing allyl groups than
with their saturated analogs /28/.

The number of sulfur atoms in the molecule also seems to be a
determinant of the inhibitory effect, although a clear rule has not yet
been established. In some experiments DAS was more efficient than
DADS, while in other experiments the inverse was observed. Mono-
sulfides and trisulfides had a tendency to enhance the promotion phase
of carcinogenesis whereas disulfides seemed to decrease it /54/.

Water-soluble OSCs were also examined with SAC shown to
reduce the number of aberrant crypt foci induced by DMH /55/ while
exerting a suppressive effect on MNU-induced mammary carcino-
genesis /31/. SAC was as effective as DADS. In contrast, Cohen et al.
/56/ failed to demonstrate this inhibiting effect even at a higher
dosage.

d) Effects of organoselenium compounds and selenium-enriched garlic

Interesting data were established about the role of selenium
compounds from garlic. The trace element selenium has been shown
to possess cancer preventive activity and it was worthwhile to find
organoselenium compounds or selenium-enriched vegetables that have
high efficacy as cancer chemopreventive agents. These compounds
can be more easily tolerated than sodium selenite. Ip and associates
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found that organoselenium compounds were much more active than
their structural analogs in cancer prevention /57,58/. In addition,
selenium-enriched garlic was more effective in suppressing mammary
carcinogenesis than selenite supplementation or regular garlic /30,59-
61/. It was suggested that the ability of high-selenium garlic to protect
against tumorigenesis is primarily dependent on the action of selenium
rather than the action of garlic itself /62/.

Selenium-enriched garlic or organoselenium compounds have also
been shown to inhibit angiogenesis in mammary cancer in rats. A
significant reduction of intra-tumoral microvessel density in carci-
nomas was observed in rats fed selenium-enriched garlic /63/.

e) Effects of fresh Allium vegetables or their extracts

The effects of fresh Allium vegetables or their extracts (mainly
garlic) were evaluated by administrating them either in the diet or by
topical application.

The number of tumors induced by phorbol-myristate-acetate was
decreased by onion and garlic oil in a mouse skin model /64/. Garlic
was less effective than onion. Garlic extracts were shown to inhibit
DMBA or benzo(a)pyrene (BaP)-induced skin carcinogenesis in mice
/65-68/, while an aged garlic extract was shown to suppress DMBA-
induced skin carcinogenesis in Syrian hamsters /69/.

Consumption of garlic powder also suppressed DMBA- or MNU-
induced mammary tumors in rats /30,31,70/. In addition, feeding toads
with fresh garlic or garlic oil resulted in a reduction of the incidence of
liver tumor induced by AFB,. Fresh garlic was more effective than
garlic oil, suggesting that fresh garlic had additional active compounds
/71/. In most of these studies, the chemical composition of these
extracts was not specified. Thus it is difficult to relate the chemo-
preventive effect to particular compounds.

5. MODULATION OF MUTAGENICITY AND GENOTOXICITY

There are several reports on the antimutagenic and antigenotoxic
activities of Allium vegetables. The effects of garlic and onion extracts
or their organosulfur constituents have been studied using various
experimental models, such as acellular systems, bacteria, mammalian
cells or whole animals (rat or mouse).
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a) In vitro studies

In in vitro systems, ajoene, DAS and a raw garlic extract have been
shown to reduce the binding of AFB, to DNA /72,73/. These effects
were observed with high levels of these compounds in the incubation
medium. Elsewhere, in an in vitro system in which DNA reacts with
the methylating agent diazomethane, Brar and Bull /74/ demonstrated
that DAS and DPS increased the O6-methylguanine/N7-methyl-
guanine ratio without altering the total amount of adducts formed.

A number of studies have investigated OSCs as antimutagens in
bacterial tests using Salmonella typhimurium (Ames test) or
Escherichia coli as end-points. Garlic extracts (ethanolic or aqueous)
were shown to inhibit mutagenesis induced by various genotoxic
agents, such as gamma-radiation, oxidizing agents, and direct- or
indirect-acting carcinogens /73,75-79/. An onion extract was shown to
be effective against NV-nitrosodimethylamine (NDMA )-initiated muta-
genesis /76/. In addition, active compounds from garlic and onion
have also been studied. Ajoene inhibited mutagenesis induced by BaP
and AFB, /73,80/ while allicin was reported to decrease the mutagenic
potential of gamma-radiation /75/. Dion et al. /81/ have found that
DADS, DAS, SAC and S-propylcysteine inhibited mutagenesis in-
duced by N-nitrosomorpholine (NMOR). However DAS was found to
have a low effect in reducing mutagenesis induced by AFB, and 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) /73,82,83/.

The antigenotoxic action of OSCs in mammalian cells has been
evaluated in a few studies. The addition of DAS to V79 cells or rat
hepatocytes in culture substantially reduced the HPRT mutation
frequency induced by NDMA and the binding of DMH to DNA
respectively /49,84/. However, Hageman et al. /85/ found that DAS
was ineffective in blocking BaP-DNA adduct formation in human
peripheral blood lymphocytes in vitro. Conversely, with the same
system, they demonstrated that SAC or a water extract of raw garlic
significantly inhibited BaP-DNA adduct formation. In CHO cells,
addition of a water garlic extract before or during gamma-irradiation
decreased the number of 6-thioguanine-resistant clones /75/.

In other studies, pretreatment of HepG2 cells with DADS resulted
in a decrease of induction of micronucleus or DNA breaks induced by
BaP /86/. Surprisingly, Deng et al. /87/ reported that DATS increased

62

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



A.-M. Le Bon and M.-H. Siess Drug Metabolism and Drug Interactions

the levels of DNA repair synthesis (UDS) of rat hepatocytes induced
by mutagenic compounds.

b) In vivo studies

There are now over 20 studies reported in the literature in which
OSCs or Allium extracts have been administered to experimental
animals in an attempt to inhibit genotoxicity induced by chemical
carcinogens or gamma-radiation at various sites. Mainly, the effects of
garlic extracts and of DAS have been assessed. In most cases, the
compounds were included in the diet or administered by gavage at
varying and often high doses.

Wargovich and associates have looked at the effects of DAS on
many sites of the gastrointestinal tract. They showed that DAS had a
preventive effect on nuclear damage induced by DMH or gamma-ray
exposure in mouse colon /88,89/. However, DAS did not inhibit
genotoxicity induced by direct-acting carcinogens (MNU and N-
methyl-N -nitro-N-nitrosoguanidine [MNNG]) in mouse colon cells.
Conversely, Hu and Wargovich /90/ reported that DAS significantly
reduced the MNNG induction of nuclear aberrations in the glandular
stomach mucosa of the rat. These authors suggested that DAS may act
by scavenging the active form of MNNG in the stomach lumen. Pre-
administration of DAS also prevented DNA methylation and the
formation of nuclear aberrations induced by N-nitrosomethylbenzyl-
amine (NMBA) in rat esophagus /41,91/.

Milner and associates have looked at the effects of garlic and OSCs
in rat mammary tissues. They reported that consumption of garlic
powder or its water or ethanol extract significantly reduced the in vivo
binding of DMBA to rat mammary DNA /70,92/. They also demon-
strated that dietary supplementation with DADS or SAC was effective
in reducing mammary DNA adducts /93/. A synergistic relationship
between selenite and garlic powder or allyl compounds in reducing the
binding of DMBA to mammary DNA was shown /93/. Other dietary
components, such as methionine, lipid or vitamin A, can influence the
ability of garlic to depress DMBA-induced mammary DNA adducts
/94/. In mammary tissues, the preventive effects of garlic and its OSCs
were not limited to indirect-acting mutagens, since garlic, SAC and
DADS were effective in reducing the occurrence of MNU-induced
adducts /31,95/. Song et al. /96/ showed that heating garlic suppressed
its inhibitory effect on the formation of DNA adducts.
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Several studies have documented the ability of dietary garlic
extracts to reduce clastogenicity, induced by different chemicals, in
mouse bone marrow cells in vivo /97-99/. An aqueous extract of garlic
was also shown to reduce chromosomal damage induced by gamma-
radiation in bone marrow cells /100/. Conversely, pretreatment of
mice with either DAS or DADS had little effect on cyclophosphamide
(CP)- or mitomycin C-induced incidence of micronucleated poly-
chromatic erythrocytes /101/, although a mixture of diallyl sulfides
(DADS 68%/DAS 20%/DATS 12%) efficiently inhibited micronuclei
formation induced by BaP /102/. DAS reduced nuclear aberration
induced by CP in the bladder and hair follicles /103/. This effect was
accompanied by a decrease of acrolein, a cytotoxic metabolite of CP,
in the urine. Garlic feeding also significantly reduced the excretion of
urinary mutagens in BaP-treated rats /104/. Therefore OSCs from
garlic act by diverting genotoxic compounds from the systemic circu-
lation, thus preventing exposure of the bladder.

Aged garlic powder or purified garlic constituents (DADS, DAS,
allyl mercaptan [AM)) significantly inhibited DNA alterations induced
by NDMA and AFB,; in the liver /95,105/. However, these allyl
compounds failed to prevent MNU genotoxicity in the same organ.

Hageman ef al. /106/ evaluated the antigenotoxic properties of
garlic consumption in an intervention study in humans, and found that
consumption of raw garlic increased the protective effect of cucumber
salad against DNA adducts induced ex vivo in BaP-treated lympho-
cytes.

6 MECHANISMS OF ANTICARCINOGENIC
AND ANTIGENOTOXIC EFFECTS OF OSCs

a) Inhibition of carcinogen formation

One way in which some OSCs could act as antimutagens or
anticarcinogens is by inhibition of the formation of genotoxic com-
pounds. Dion ef al. /81/ reported that while a water extract of garlic,
deodorized garlic or onion, and SAC were effective in reducing the in
vitro formation of NMOR, DADS, DPDS and DAS, were, in fact,
ineffective inhibitors of NMOR generation. These data are consistent
with the observation of Lin ef al. /95/ that garlic consumption reduced
liver DNA adducts in rats fed NDMA or its precursors. A plausible
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mechanism of action for the reduction in nitrosamine formation is the
scavenging of nitrite, by the formation of S-nitrosothiols /107/.

Similarly, OSCs can reduce the formation of mutagenic hetero-
cyclic amines during the cooking of meat. DADS, DPDS, DAS, AM
and AMS were found to inhibit the mutagenicity of boiled pork juice,
with DADS and DPDS having the greatest inhibitory effect /108/. It
has been suggested that these compounds may reduce the formation of
Maillard reaction products which results in inhibition of mutagen
formation. However, the nature of the inhibition of the Maillard
reaction by OSCs remains unclear.

Kato et al. /109/ reported that addition of onion reduced muta-
genicity of cooked hamburger. According to these authors, the
reduction of mutagenicity may be due to sugars and, to a lesser extent,
flavonoids which are present in onion, since addition of DADS or
DPDS to ground beef was found ineffective in the prevention of
hamburger mutagenicity. Taken together, these studies show that
sulfur compounds could prevent the formation of carcinogenic com-
pounds, thus reducing human exposure to carcinogens.

b) Effects on carcinogen metabolizing enzymes

Among the possible mechanisms involved in the anticarcinogenic
and antigenotoxic effects of OSCs, their capacity to decrease the
activation and to increase the detoxification of carcinogens appears to
be of prime importance. Indeed, several OSCs inhibit the development
of cancer mainly when they are administered before or simultanously
with the carcinogen. DAS and DADS along with other OSCs have
been shown to be efficient inhibitors of cytochrome P450 2E1 and can
therefore block the activation of nitrosamine and other compounds
activated by this cytochrome /110-114/. DAS and DADS have also
been shown to induce other cytochrome P450s, such as cytochrome
P450 2B and cytochrome P450 1A in the rat /115-118/. These
inhibitory effects or inducing effects were demonstrated in liver and in
other tissues such as the gastrointestinal tract/115,119/.

The induction of phase II enzymes such as glutathione S-trans-
ferase, quinone reductase, UDP-glucuronyltransferase and epoxide
hydrolase is also well documented /120-128/. Interestingly, the in-
duction of quinone reductase was observed in various organs for doses
of DADS as low as 0.3 mg/kg/day, a dose level which is likely to
occur in the human diet through consumption of garlic /129/.
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In our laboratory, we have investigated the effects of hepatic
subcellular fractions from rats treated with OSCs on the mutagenicity
of several direct- and indirect-acting carcinogens using the Ames test.
We showed that the effects of OSCs on the mutagenicity of several
genotoxic compounds are mediated by modification (enhancement or
inhibition) of specific cytochromes P450 involved in their activation
/130/.

¢) Effects on cell proliferation, apoptosis, and cell differentiation

The anticarcinogenic benefits of OSCs also appear to be related to
changes in the rate of proliferation and apoptosis of cells. The direct
effect of OSCs on growth of tumor cells is well documented while
other studies have shown inhibition by OSCs on the growth of tumors
in animals.

Direct inhibition of cancer cell growth in culture has been shown
with various tumoral cells. DADS inhibited the growth of human
tumor cell lines from the colon, lung and skin /131/. The antiprolife-
rative effect in human colon tumor cells was related to its ability to
decrease the proportion of cells in the G; phase and increase the
proportion of cells in the Go/M phase /132/. DADS and DATS were
also able to induce apoptosis in the same cells, as determined by
morphological changes and DNA fragmentation /133,134/. DADS
also caused growth inhibition and differentiation of mouse erythro-
leukemia cells /135/. This differentiation might be mediated through
induction of acetylation /136/. Finally, DADS was shown to suppress
the growth of canine mammary tumor cells /137/.

Water-soluble components from garlic, such as SAMC and SAC,
inhibited cell proliferation and reduced the viability of erythro-
leukemia, breast, and prostate tumor cell lines /138,139/. SAC also
inhibited proliferation of human melanoma cells and might induce
differentiation /140/. Garlic powder was also able to significantly
inhibit the growth of human lymphatic leukemia cells, although it
failed to inhibit the growth of human hepatoma cells Hep G2 or
colorectal carcinoma cells Caco2 /141/.

Several studies have shown that OSCs can inhibit growth of
transplantable tumors in animals. Preincubation of ascites sarcoma or
Ehrlich carcinoma cells with allicin or dialkylthiosulfinates prior to
intraperitoneal injection into mice resulted in strong inhibition of
tumor development /142,143/. A similar antiproliferative effect of
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garlic extract was reported for ascites sarcoma cells growing in rats
/144/. Contact of tumor cells with these components could produce an
inactivation of sulfhydryl enzymes necessary for cell division. Oral
feeding of fresh garlic resulted in an inhibition of the growth of
Ehrlich ascites tumor cells injected into mice /145/. Similarly, the
dietary and subcutaneous administration of a garlic extract was found
to inhibit the growth of Morris hepatoma in rats /146/, while the
growth of transitional cell carcinoma was inhibited by intraperitoneal
and intralesional injection of a garlic extract /147/. DADS also
retarded the growth of xenografts of human colon tumor cells in mice
/148/, and the same compound administered orally suppressed the
growth of H-ras oncogene transformed tumors in mice /149/.

d) Enhancement of the immune system

There is evidence that garlic extracts and OSCs modulate specific
and non-specific anti-tumor immunity. Pretreatment of Ehrlich ascites
cells with a garlic extract has been reported to suppress the develop-
ment of malignant ascites. The mice apparently acquired anti-tumor
immunity /150/. DAS had a protective effect on NDMA-induced
immunosuppression of humoral and cellular responses in Balb/c mice
LS

An aged garlic extract was reported to stimulate immunity,
including macrophage activity, natural killer and killer cells, and LAK
cells, and increased the production of cytokines /152/. Thus one
mechanism for the action of garlic in the inhibition of cancer would be
the stimulation of the immune system.

7. CONCLUSIONS

There is a growing body of evidence which shows that Allium
vegetables and their organosulfur constituents have a broad range of
effects on carcinogenesis. Epidemiological and experimental studies
provide convincing data on the possible role of Allium vegetables in
the prevention of cancer in humans. Current knowledge deserves some
comments:

a) In animal experiments, carcinogenesis is induced by administering
rather high doses of chemical carcinogens. In addition, dose levels
of OSCs that are employed are generally higher than the possible

67

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:27 AM



Vol. 17, No. 1-4, 2000 Organosulfur Compounds from Allium

b)

c)

d)

68

intake of these constituents through a normal human diet. Whether
target cells or tissues are exposed to such elevated dosage is doubt-
ful. Dose-response studies and more relevant experimental models,
able to detect low dose effects, would be useful in order to better
correlate results obtained in vitro to the situation in whole animals,
and to extrapolate experimental data from animals to man.

Most studies have focused on OSCs, with DADS and DAS being
the most extensively studied. Al/ium species contain other consti-
tuents, such as flavonoids, which also have protective effects. It
would be worthwhile to explore the effects of these components.
Moreover, the effects of combining OSCs with these components
or administrating them at different stages of carcinogenesis would
be interesting. It has been observed that administration of DAS as a
blocking agent and quercetin as a suppressing agent was more
effective than the single-agent treatment in mammary tumor sup-
pression /153/. Additional attention needs to be given to the effect
of processes on the content of individual OSCs present in these
plants and their subsequent ability to inhibit the cancer process.

The ability of OSCs to suppress chemically-induced tumors in
experimental animals emphasizes the need for clarification of their
absorption and metabolism in the human body. Although a few
studies have dealt with their metabolism and pharmacokinetics
/154-161/, the metabolism of OSCs is insufficiently documented.
Therefore studies on their absorption, distribution and metabolism
are of great importance in order to determine OSC levels in plasma
and tissues and to identify the metabolites which are present in the
target tissues.

Even if the protective effects of garlic and onion have been clearly
demonstrated in epidemiological studies, some apparent inconsis-
tencies exist. Outcomes from case-control studies converge for a
protective effect of garlic and onion against gastric and colon
cancer. However, data from cohort studies are not compelling, and
further studies are needed in which it would be important to collect
more specific information on the qualitative and quantitative
consumption of Allium vegetables and OSCs in humans. For other
cancers, the association of Allium vegetable intake and the risk of
cancer is less documented and further research is needed.
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e) Before constituents or extracts of Allium species can be used in
chemoprevention trials, it is important to verify their lack of
toxicity and undesirable effects. Experiments have shown that some
particular OSCs display ambivalent effects, such as the effect of
DAS on carcinogenesis, in which it was able to inhibit the initiation
phase and to enhance the promotion phase. A better understanding
of the precise mechanisms of action of OSCs is needed as is the
investigation of new targets including factors that control pro-
motion and progression stages, components of the immune system,
and components of signal transduction. It is hoped that these
studies will ultimately provide conclusive data about the chemo-
preventive effects of Allium vegetables in humans.
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