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Abstract

The Allium genus includes approximately 500 species. Commonly used allium vegetables include garlic, onion, leeks,
chives, scallions which are used all over the world in different delicacies. Some allium vegetables have been employed for
millenia in the traditional medical practice to treat cardiovascular diseases. They have been shown to have applications as
antimicrobial, antithrombotic, antitumor, hypolipidaemic, antiarthritic and hypoglycemic agents. In recent years, extensive
research has focused on the anticarcinogenic potential of allium vegetables and their constituents, viz., allylsulfides and
flavonoids (particularly quercetin which is present abundantly in onion). Epidemiological studies have shown that higher
intake of allium products is associated with reduced risk of several types of cancers. These epidemiological findings are
well correlated with laboratory investigations. Organosulfur compounds present in Allium vegetables, are considered to be
responsible for the beneficial effects of these herbs. Several mechanisms have been proposed to explain the cancer-preventiv
effects ofAllium vegetables and related organosulfur compounds. These include inhibition of mutagenesis, modulation of
enzyme activities, inhibition of DNA adduct formation, free-radical scavenging, and effects on cell proliferation and tumor
growth. Although there is a large body of evidence supporting these mechanisms, they are still speculative, and further
research is needed to support causality between such properties and cancer-preventive activity in experimental animals.
This article reviews current knowledge concerning allium vegetables and cancer prevention.
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Introduction in the pharmacologic properties Aflium vegetables and

their chemical constituents, particularly with regard to their
Allium vegetables have been used as folk medicine sinéility to prevent cancer.

ancient times. Population studies and clinical research have

shown that regular consumption of a variety of exampleSome Commonly Consumed Allium Vegetables:

has several beneficial health effects. Allium vegetables are

rich in flavonols and organosulfur compounds, which hav&arlic

exhibitied tumor inhibitory properties in laboratory studies ~Garlic has been applied since time immemorial as a

(Fleischauer et al., 2000; Milner, 2001; Fenwick et al., 198%ulinary spice and medicinal herb and is an important

Fukushima et al., 1997; Welch et al., 1992; Ali et al., 2000)%:0onstituent of traditional Chinese medicine. The chief

Some components of allium vegetables are reported to bloeRnstituent of garlic is the sulfur compound allicin, produced

several stages of carcinogenesis, although the underlyihy crushing or chewing fresh garlic, which in turn produces

mechanisms of action are generally unclear. other sulfur compounds: ajoene, mono-, di-, and tri-allyl

Allium is a genus belonging to the family Liliaceae. Thesulfides, and vinyldithiins (Koch and Lawson, 1996).

Allium genus includes approximately 500 species, the most

widely used of which are onionaliium cepg, garlic @llium  Onion

sativum), leeks @Allium porrum), chives Allium The plant is native to Eurasia but now grows all over the

schoenoprasujnand shallotsAllium ascalonicuhn Such  world, due mostly to people bringing it with them as a staple

plants have been employed for centuries for the pungentgod wherever they migrated. The bulb of the plant is used

and flavoring value, and for their medicinal properties. Théedicinally and onion has been consumed as food for many

scientific community is increasingly becoming interesteg¢enturies (Onstad, 1996). Two sets of compounds make up
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the majority of onion’s known active constituents, sulfurthe factors involved in the low incidence of gastric cancer, a
compounds, such as the alk(en)yl cysteine sulphoxidemparative study of the ecological factors in a high risk
(ACSOs), and flavonoids, such as quercetin. Onions mainigrea (HRA), Yangzhong, and a low risk area (LRA), Pizhou,
contain S-propenylcysteine sulfoxide (Block, 1985), but alsavas conducted. The results of the survey suggested that
other sulfoxides such as S-methylcysteine sulfoxiddérequent consumption of allium vegetables, in addition to
(Virtanen and Matikkala, 1976). They have also beemther anticancer foods, may be a factor in low mortality for
reported to be a major source of flavonoids (Arabbi et algastric cancer (Takezaki et al., 1999).

2004). The Netherlands Cohort Study, focusing on onion and
leek consumption, garlic supplement use, and the incidence
Chives of stomach and female breast carcinoma, provided evidence

Chives are a fragrant herb with a mild onion flavor. Thefor a strong inverse association between onion consumption
subtle and pleasant taste has made them an extremely pop@liad stomach carcinoma incidence (Dorant et al., 1996).
food addition in Central and Western Europe. ChivedHowever, in the same study, after 3.3 years of follow-up, no
constituents equal those of the close relatives, onion amgsociation between the consumption of onions or leeks, or
garlic. The following volatile components have beengarlic supplement use, and the incidence of female breast
identified: dipropyl disulfide, methyl pentyl disulfide, carcinoma was found (Dorant et al., 1995). In contrast, in a
penthanethiol, penthyl-hydrodisulfid and cis/trans-3,5French epidemiological study, higher onion intake was
diethyl-1,2,4-trithiolane. Chives also contain significantcorrelated with lower risk of breast cancer (Challier et al.,

amounts of the vitamis Aand C. 1998).
In a population-based, case-control study conducted in
Leeks Shanghai, China, the association between intake of allium

The leek has a subtle, earthy flavor and milder fragranceegetables, including garlic, scallions, onions, chives, and
than its cousins, garlic and onion. A phytochemicaleeks, and the risk of prostate cancer was investigated and it
investigation of the extracts obtained from bulbs of leekvas found that the highest of three intake categories of total
Allium porrumL. has led to the isolation of five flavonoid allium vegetables (>10.0 g/day) had a statistically

glycosides based on the kaempferol aglycone. significantly lower risk (P (trend) <.001) of prostate cancer
(Hsing et al., 2002). A further study reported that intake of
Shallots two or more servings of garlic per week were associated

Shallots stem from a closely related plaatlium  with a statistically nonsignificant 36% reduction in risk of
ascalonicumTheir taste is somewhat finer and less pungerprostate cancer (Key et al., 1997).
and they have also been reported to contain several Scientists at the Nanjing Cancer Institute compared the
phytochemicals. incidence of several cancers among thousands of people who
From the above description, it can be seen that the madtte lots of allium vegetables versus thousands who ate little
constituents of allium vegetables are organosulfuor none. ('Lots' in this case means at least once per week
compounds (present in all allium vegetables) and flavonoidshile ‘little’ means less than once per month.) It was found
(present abundantly in onion). Thus, it can be speculatdtat allium vegetables were quite impressive in preventing
that the medicinal properties of the allium vegetables magancer of stomach and esophagus.
be due to the presence of these chemical groups which would Studies indicate that eating garlic seems to protect against

be of great importance in relation to cancer. colorectal cancer as well. Dr. Lenore Arab and colleagues
from the University of North Carolina at Chapel Hill
Epidemiological Studies analyzed 18 studies looking at garlic eaters. Based on 6

studies, "the findings suggest high consumption of raw or
Associations between consumption of Allium vegetablesooked garlic decreases the risk of colorectal cancer from
and risk for cancer has been assessed in severH)% to nearly 50%," ( Fleischauer et al., 2000).
epidemiologic, mainly case-control, studies. These have
pointed to lower risks for cancers of the stomach, colonAllium Vegetables and their Constituents in
esophagus, and perhaps breast (Fleischauer et al., Zoﬁperimental Carcinogenesis
Milner, 2001; Fleischauer and Arab,2001; Pinto et al., 2000;
Dorant et al., 1996; You et al, 1998; Gao et al., 1999; Challier The effects oAllium vegetables have also been studied
et al., 1998; You et al., 1989) . experimentally by testing individual organosulfur
One study, carried out in an area of China where gastritompounds or extracts and oils from garlic and onions.
cancer rates are high, revealed a significant reduction fBeveral lines of evidence point to allyl sulfur compounds as
gastric cancer risk with increasing consumption of alliunpotentially important antitumorigenic agents. A growing
vegetables. Protective effects were seen for garlic, onionspdy of data indicates that allylsulfides possess
and other allium foods (You et al., 1989). There is a low riskanticarcinogenic and antitumor activities both in vivo and
area for gastric cancer in Jiangsu Province, China, wheie vitro. Antineoplastic properties have been observed in
people frequently consume raw allium vegetables. To clarifgxperimental studies using allylsulfides, such as ajoene,
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allicin, diallylsulfide (DAS), dialyldisulfide (DADS), B. Experiments with Allium Constituents

diallyltrisulfide (DATS), S-allyl cysteine (SAC), S- Anti-tumor properties of allium constituents have been
allylmercaptocysteine (SAMC) (Dirsch et al., 1998; Diondemonstrated in several in vivo studies.

etal, 1997; Knowles and Milner,1998; Lea and Ayyala, 1997; Topical application of DAS provided significant
Leaetal., 1999; Lietal., 1995; Pinto et al., 1997; Sakamofsrotection from neoplasia in DMBA/B(a)P-exposed animals

et al., 1997; Scharfenberg et al., 1990; Scharfenberg et alompared to the animals exposed only to the carcinogens
1994; Sigounas et al., 1997; Sundaram and Milner, 1998singh and Shukla, 1998). Antitumor properties of DAS on
Sundaram and Milner, 1996; Takeyama et al., 1993; Weldmouse skin carcinogenesis have also been apparent in several

etal., 1993). other studies (Singh and Shukla, 1998; Divedi et al., 1992).
A variety of allysulfides have been reported to inhibit
In Vivo Studies gastrointestinal tract malignancies induced by the

carcinogens, 1,2-dimethylhydrazine (Sumiyoshi and
A. Experiments with Extracts and Oils of Allium Vegetablegvargovich, 1990), benzo(a)pyrene (Hu and Singh, 1997;
A Penn State study found that garlic and onions blockparnins et al., 1988), and N-nitroso compounds (Wattenberg
the formation of a potent carcinogen better than their mildest al., 1989).
cousin, the leek, (Dion et al, 1997). It has been observed in Another study demonstrated a decrease of NNK (a potent
our own laboratory that oral feeding of garlic suspensiongbacco carcinogen) activation in mouse lung and rat nasal
significantly reduce the occurrence of ACF induced by AOMmucosa microsomes by DAS in a dose dependent manner
during colon carcinogenesis in male Sprague-Dawley ragiong et al., 1991; Hong et al., 1992).
(Sengupta et al., 2003). Thus, the results are consistent with DAS has also been shown to inhibit diethylnitro-samine-
epidemiological evidence from China which shows thainduced hepatocellular adenomas (Pereira, 1995), aflatoxin
those who have a higher consumption of vegetables from1 (AFB1)-and NDEA-induced liver preneoplastic foci
the onion family have a reduced cancer risk. (Haber-Mignard et al., 1996), 2-amino-3-methyl-
One in vivo study assessed the impact of various sourcggidazo[4,5-flquinoline (IQ)-induced hepatocarcinogenesis
of garlic and their constituents (water- and ethanol-extracigitiation (Tsuda et al., 1994). Results from another study
and S-allylcysteine) on the in vivo binding of the carcinogeshowed that administration of SAC could prevent NDEA-
7, 12-dimethylbenz[aJanthracene (DMBA) to rat mammaryinduced hepatocarcinogenesis in rats (Sundaresan and
gland DNA. The provision of dietary raw garlic powder (2%)Subramanian, 2003).
or its water-extract (1.5%) reduced DMBA-DNA binding  Water-soluble SAC (57 mmol/kg diet) and lipid-soluble
by 33% and 46%, respectively (Amagase and Milner, 2003DADS cause a comparable reduction in MNU-inducéd O
Several other studies conducted in vivo have alsmethylguanione adducts bound to mammary cell DNA
demonstrated that garlic and associated allylsulfu(Schaffer et al, 1996).
components, like SAC and DADS, may also be effective Quercetin, when given intraperitoneally to animals with
inhibitors of MNU-induced mammary carcinogenesis in theascitic tumors, revealed antitumor activity. Rutin, a glycoside
rat (Schaffer et al., 1996). of quercetin also demonstrated similar effect (Molnar et al.,
Antioxidant effects of oils isolated from onion and garlic1991). Another animal study looked at the effect of quercetin
on nicotine-induced lipid peroxidation in rat tissues haveyn mice bearing abdominal tumors derived from a human
been reported by a group of researchers. The lipigharyngeal squamous cell carcinoma line. The mice were
peroxidation products and scavenging enzymes wergiven a daily intraperitoneal injection of different doses of
assessed in liver, lungs, heart and kidney. With garlic oil ajuercetin. All doses tested demonstrated significant
onion oil supplementation; nicotine-treated rats hadnhibition of tumor growth. The authors concluded that
increased activities of antioxidant enzymes (catalasgyuercetin appears to be a selective inhibitor of tumor cell
superoxide dismutase and glutathione peroxidase) amrglowth (Castillo et al., 1989).
increased concentrations of glutathione. These results Apart from their anti tumor properties, allylsulfides and
indicate that oils of garlic and onion are effective antioxidantguercetin also act as anti-oxidants. Several studies have
against the oxidative damage caused by nicotine (Helen gemonstrated that allylsulfides can modulate drug-
al, 1999). metabolizing and antioxidant enzyme activities (Sheen et
Sulfur compounds in onion oil have also been shown tal., 1999; Reicks and Crankshaw, 1996; Fukao et al., 2004;
be anti-inflammatory, both by inhibiting formation of Guyonnet et al., 1999; Yin et al., 2002). Free radical
thromboxanes and by inhibiting the action of plateletscavenging properties and antioxidant health effects of SAC
activating factor (PAF) (Dorsch et al, 1987; Dorsch et al.have been reported (Borek, 2001; Ide and Lau, 2001). SAC
1988). had been demonstrated to protect vascular endothelial cells
Dr Shon et al assessed the beneficial effects of red, yelloiwom hydrogen peroxide-induced injury (Yamasaki et al.,
and white onion extracts, particularly their antioxidant1994) and hepatocytes from carbon tetrachloride toxicity
activity and antimutagenic activities, and demonstrated th@iNakagawa et al., 1989). SAC was found to decrease the
these properties against mutagens were related to theioxorubicin-induced toxicity in the heart and liver of mice
phenols and flavonoids (Shon et al., 2004). (Mostafa et al., 2000).
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Highly purified forms of allylsulfides, e.g., DAS, DADS, demonstarated (Sakamoto et al., 1997). In another study,
DATS, when administered i.p. as a bolus to rats at 8hukla et al observed a significant dose dependant cytotoxic
concentration of 10 or 100 micromol/kg body weight forresponse of DAS on Ehrlich Ascites tumor cells (Shukla et
14 consecutive days, caused a significant increase in thé, 2002).
activities of several phase Il enzymes, viz., glutathione S- Weisberger and Pensky (1958) reported that treatment
transferase, quinone reductase, and antioxidative enzyrmésarcoma-180 cells with allicin (OpBnol/L/5 x 10 cells)
glutathione peroxidase (Fukao et al., 2004). for 10 to 15 min before their transplantation into mice,

Another experiment was designed to study the effectsompletely suppressed proliferation into palpable tumors.
of 4 organosulfur compouinds such as DAS, DADS, DPSSimilarly, intravenous administration of several allyl sulfur
DPDS on hepatic, intestinal, renal, and pulmonary phasedlompounds was found to retard sarcoma-180 cell
drug metabolizing enzymes, i.e., glutathione S-transferageoliferation (Weisberger and Pensky, 1958). It has also been
(GST), microsomal epoxide hydrolase (mEH), quinoneeported that treatment of human colon tumor cells (HCT-
reductase (QR), and UDP-glucuronosyltransferase (UGT)5) with 100pmol/L DADS resulted in the complete
in male SPF Wister rats. DADS significantly increased altessation of growth, 20@mol/L SAMC was required to
Phase Il enzyme activities, except the pulmonary mEH:ause a similar depression (Knowles and Milner, 1997).
DAS, DPS, and DPDS induced mEH, GST, and UGT Treatment of isolated epidermal cells with a single
activities in the liver (Guyonnet et al., 1999). Yet anotheexposure of diallylsulfide resulted in a sustained
study has proved that DADS can inhibit liver microsomakoncentration dependent increase in glutathione peroxidase
lipid peroxidation induced by NADPH, ascorbate andactivity (Perchellet et al., 1986). Moreover, these cells
doxorubicin (Dwivedi et al., 1998). demonstrate a marked increase in the intracellular ratio of

Flavonoids are also considered as potential antioxidant&SH to GSSG. Quercetin (Q, 3,30,40,5,7-
An experiment was designed to determine uptake as well pentahydroxyflavone) was shown to protect CaCo-2 cells
in vivo antioxidant effects of flavonoids from foods. from oxidative DNA damage ( Aherne and O0Brien, 2000).
Flavonoid glucosides (quercetin-3-glucoside and Other useful model systems in which anticancer effects
isorhamnetin-4-glucoside) were significantly elevated irof garlic derivatives have been shown are the human breast
plasma following ingestion of the onion meal and thecancer cell lines, MCF-7 and MCF-7ras, which retain many
increases were associated with an increased resistancefedtures of human breast cancer clinically. In cell culture,
lymphocyte DNA to DNA strand breakage (Boyle et al.,garlic extracts significantly inhibited anchorage-independent

2000). growth of these cells (Li et al., 1995). A recent study,
published in the International Journal of Oncology,
In Vitro Studies confirmed the potency of Quercetin against human breast

cancer. Cancer cell growth was inhibited and cancer cells

A number of studies have demonstrated antitumoperformed apoptosis (cancer cell suicide) when exposed to
effects of allium vegetables and their constituents oQuercetin (Choi et al., 2001).
different malignant cells in vitro.

In one study it was found out that garlic oil, onion oil Proposed Mechanisms of Cancer Prevention
and one of its constituents, dipropenyl sulfide, all increase,
to diverse degrees, glutathione (GSH) peroxidase activity The protective effect of allium vegetables appears to be
in isolated epidermal cells incubated in the presence oelated mainly to the presence of organosulfur compounds,
absence of the potent tumor promoter 12-0which inhibitcarcinogenesis inthe forestomach, esophagus,
tetradecanoylphorbol-13-acetate (TPA). The same oitolon, mammary gland, and lung of experimental animals.
treatments dramatically inhibited the sharp decline in th&oreover, the major flavonoids in onion, two quercetin
intracellular ratio of reduced (GSH)/oxidized (GSSG)glycosides, quercetin 4'-O-beta-glucoside (Q4'G) and
glutathione caused by TPA. Thus, it is suggested that someercetin 3,4'-O-beta-diglucosides (Q3,4'G), are recognized
of the inhibitory effects of garlic and onion oils on skin tumoras bioactive substances that are good for our health (Ioku et
promotion may result from their enhancement of the naturall., 2001). Much of the recent research on quercetin (an
GSH-dependent antioxidant protective system of th@mportant ingredient of onion) has shown it to be an
epidermal cells (Perchellet et al., 1986). anticarcinogen for numerous cancer types, including breast

Extracts of wild garlic Allium ursinum and garlicA.  (Scambia et al., 1993; Scambia et al., 1991; Singhal et al.,
sativum) with defined chemical compositions were 1995) leukemia (Larocca et al., 1995; Larocca et al., 1991),
investigated for their in vitro inhibitory potential on 5- colon (Pereira et al., 1996), ovary (Scambia et al., 1992;
lipoxygenase (LO), cyclooxygenase (CO) (Sendl et al.Scambia et al., 1990), squamous cell (Castillo et al., 1989),
1992). In another study onion was also found to modulatendometrial (Scambia et al., 1992) gastric (Yoshida et al.,
the 5-LO pathway (Prasad et al., 2004). 1990) and non-small-cell lung (Caltagirone et al., 1997).

Antiproliferative effects of diallyl trisulfide (DATS) and Several mechanisms have been proposed to explain the
diallyl disulfide (DADS) on cultured human neoplastic cancer-preventive effects of Allium vegetables and related
(A549) and nonneoplastic (MRC-5) lung cells have beesompounds. These include inhibition of mutagenesis,
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modulation of enzyme activities, inhibition of DNA adduct|eukemic T-cells in the late G1 phase of the cell cycle
formation, free-radical scavenging, and effects on celfyoshida et al., 1992).
proliferation and tumor growth.
Inhibition of Protein Tyrosine Kinase
Effects on Cell Proliferation Tyrosine kinase expression is thought to be involved in
The antitumorigenic effects of organosulfur compoundsncogenesis via an ability to override normal regulatory
are not limited to a specific tissue or a particular cell typegrowth control.
Studies from various laboratories demonstrated that the lipid- |n patients with advanced cancers, intravenous
soluble compounds were effective inhibitors of culturecadministration of quercetin (dosages 60-1700 mg/m2) led
human colon, skin and lung tumor cell proliferationto inhibition of lymphocyte tyrosine kinase at one hour in
(Sundaram and Milner, 1996). Therefore, these compoundsne out of eleven cases (Davis et al., 2000). It also blocks
possibly modify common pathway(s), controlling cell signal transduction pathways by inhibiting protein tyrosine
proliferation. At least some evidence support that these all¥inase, 1-phosphatidylinositol 4- kinase and 1-phosphatidy!
sulfur compounds preferentially suppress growth ofnositol 4-phosphate5-kinase resulting in a reduction of 1,4,5
neoplastic over non-neoplastic cells (Sakamoto et al., 199ifiositoltriphosphate concentration (Csokay et al., 1997;
Scharfenberg et al., 1990). Adding DATS (Ufol/L) in Nishioka et al., 1989)
vitro to cultures of A549 lung tumor cells inhibited their  The p34%2kinase complex governs the progression of
proliferation by 47%, whereas it did not influence non-cells from the Ginto the M phase of the cell cycle. Activation
neoplastic MRC-5 lung cells (Sakamoto et al., 1997)of this complex promotes chromosomal condensation and
Scharfenberg et al. (1990) demonstrated a similagytoskeletal reorganization through the phosphorylation of
desensitization of fibroblast cells to ajoene exposurenultiple substrates, including histone H1 (Hartwell and
compared with BJA-B lymphoma. Exactly how theseKastan, 1994; Nurse, 1990 ). Factors that inhibit:$34
compounds are capable of selectively suppressing tumor cglhase activity lead to a block in the/® phase. Recent
proliferation remains to be determined. studies from our laboratory provide evidence that tHMG
Induction of apoptosis has been assumed to be a possiblease arrest induced by DADS coincides with suppression
mechanism of the antiproliferative effects of DAS in solidin p3492kinase activity (Knowles and Milner, 1998).
tumors, as evident by the appearance of a sub- G1 fraction
in flow cytometry as well as formation of DNA ladders oninhibition of Activation of Carcinogens
agarose gel and apoptotic bodies. Terminal deoxynucleotidyl One of the possible mechanisms of action of allium
transferase-mediated dUTP nick end labeling assay of skiferivatives may be to inhibit the enzyme cytochrome P450
tumors of DAS-supplemented animals showed a significar®E1, which activates a humber of xenobiotic substances,
increase in the number of apoptotic cells compared withcluding carcinogens such as nitrosamines, hydrazines and
animals exposed to 7,12- dimethylbenz[a]anthracene alongalogenated hydrocarbons (Brady et al., 1991). By inhibiting
These observations suggest that induction of apoptosis mée activation of carcinogens, the allium derivatives may
be the major contributing factor for antitumorigenicpotentially render these agents less capable of initiating the
properties of DAS (Arora and Shukla, 2002). carcinogenic process. One likely event in this process may
A number of antitumorigenic compounds modify involve inhibiting the formation of DNA adducts with
division by blocking cells within the GS or G/M phases  carcinogens. Allium constituents have been shown to inhibit
of the cell cycle (Darzynkiewicz, 1995; Jeitner et al., 1998the covalent binding of the carcinogen, 7,12-
Nakajima et al., 1996). It has been observed that increasginethylbenz[a]anthracene, to DNA, an intracellular event
DADS exposure leads to a proportional increase in thenat correlates with decreased mutagenesis and
percentage of cells arrested in thgMGphase of the cell carcinogenesis (Milner, 1996). The effect of allylsulfides
cycle (Knowles and Milner, 1998). SAMC and DAS haveon P450 enzymes appears to be specific rather than general
also been reported to increase the percentage of cells blockadthat the activities of other demethylating and
within the G/M phase (Sigounas et al., 1997; Zheng et alhydroxylating cytochromes, namely, P450 2B1, 1A1 and
1997). Thus, the induction of a /& phase arrest may 1A2, are actually elevated by allium components (Pan et
explain the observed antiproliferative properties of a numbel., 1993; Siess et al., 1997). Garlic organosulfur compounds
of allyl sulfur compounds. exert chemopreventive effects at several organ sites in
Quercetin (248 microM) was found to down regulaterodents after administration of chemical carcinogens,
expression of mutant p53 protein to nearly undetectablgossibly by inhibiting carcinogen activation via cytochrome
levels in human breast cancer cell lines (Avila et al., 1994p-450-mediated oxidative metabolism. (Reicks and
The inhibition of expression of p53 was found to arrest th€rankshaw, 1996)
cells in the G2-M phase of the cell cycle. This down  The sulphur compounds from onion have been shown
regulation was found to be much less in cells with an intagb depress nitrosamine formation and bioactivation, reducing
p53 gene (Avila et al., 1996). The G1 checkpoint controllethe N-nitrosomorpholine, a known liver carcinogen (Dion
by the p53 gene is a major site for the control of cellulagt al 1997). The dietary flavonoids from onion may also
proliferation. Quercetin has been found to arrest humaplay a role in the protection against the harmful effects by
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tobacco carcinogens (Malaveille et al, 1996). mechanisms ultimately leading to inhibition of carcinogenic
insult. Overall, evidence shows that allium vegetables have
Modulation of Phase Il Enzyme Activity strong cancer-preventive activity but there are many horizons

In addition to modifying the metabolism of drugs, that still need to be explored.
hormones and xenobiotic substances (Phase | metabolism) Additional studies on the chemopreventive nature of
by regulating a number of cytochrome P450 enzymes, alliutihese allium vegetables and their constituents on human
derivatives can selectively induce Phase Il conjugationancers are warranted. At the present time there are
systems, which inactivate most carcinogens (Hu, and Singbonsiderabldan vitro data that support the concept of
1997; Sparnins et al., 1982). Allium constituents, such aguercetin and allylsulfides acting as anti-cancer compounds.
diallyldisulfide or allylmethyltrisulfide, induce formation of These promising data have not been followed up with
GST (a family of Phase Il enzymes). Allylsulfides also haveextensive human or animal research. Extrapolation of the
also been reported to enhance glutathione peroxidase activitgses of pure chemicals that are effective in animals to their
(Meister, and Anderson, 1983; Perchellet et al., 1986) arehjuivalents in terms of allium vegetables leads to unrealistic
affect sulfhdryl/disulfide exchange reactions that may bestimates of the amounts that would have to be consumed
critical for the control of proliferation and cell cycle by humans to benefit from the anti -tumor effects of these
regulation (Ziegler, 1985). substances. It seems logical that this a major concern that
Another effect of allium compounds that possibly relatesnust be addressed when extrapolating animal findings to
to inhibition of carcinogenesis is stimulation of glutathionehuman. Accurate doses will have to be taken into
(GSH) synthesis. GSH not only functions as a cosubstrat®nsideration in the design of human epidemiologic studies
for the family of GST, enzymes necessary for conjugatingnd in evaluating the role of allium vegetables as effective
GSH to electrophiles and thus blocking DNA-adductchemopreventors.
formation, but also serves as a reductant for glutathione
peroxidase (Perchellet et al., 1986). Similarly, Myhrstad eACknowledgements
al. proposed that quercetin also provides defence against
oxidative stress via increase of intracellular glutathione The authors wish to thank the Director of CNCI, for
(GSH) level (Myhrstad et al. 2002) reported the elevatiomncouragement for this review. The authors express their
of GSH level in COS-1 cells by quercetin. Quercetin is alsgratitude to Dr. Sukta Das, Head of the Dept. of Cancer
a potent in vitro inhibitor of membrane lipid peroxidation Chemoprevention and Dr. Sudin Bhattacharya, Senior
and LDL oxidation (O'Reilly et al., 2001). Scientific Officer, Dept. of Cancer Chemoprevention for
Onion, due to the high-selenium content, might be usettheir valuable suggestions during its compilation.
to provide this micronutrient (RDA of 70 and 55 m g/ day
for male anq female ad_ults_,) to prevent some cancqyeferences
occurrence without resulting in a excessive accumulation

of tissues Selelnlum, a concern that is qSSOCIated W'%}\erne SA, O'Brien NM (2000). Mechanism of protection by the
standard selenium compounds (Ip and Lisk, 1994a an flavonoids, quercetin and rutin, against tert-

1994b). Quercetin may also prevent DNA damage as free pytylhydroperoxide- and menadione-induced DNA single

radical scavengers (Wei et al., 1993). strand breaks in Caco-2 celsee Rad Biol Med29, 507-14.
Apart from the above mechanisms, in a recent study Amagase H, Milner JA (1993). Impact of various sources of garlic

was found that quecetin can downregulate estrogen receptor and their constituents on 7,12-dimethylbenz[aJanthracene

in an estrogen-sensitive breast cancer cell line MCF-7 binding to mammary cell DNACarcinogenesisl4, 1627-31.
(Miodini et al., 1999) Ali M, Thomson M, Afzal M (2000). Garlic and onions: their effect

on eicosanoid metabolism and its clinical relevance.
. Prostaglandins Leukot Essent Fatty Acigig, 55-73.
Conclusions Arabbi PR, Genovese MI, Lajolo FM (2004). Flavonoids in

o ) ) o _ vegetable foods commonly consumed in Brazil and estimated
Studies in experimental animals indicate that the benefits jngestion by the Brazilian populatioAgric Food Chems2,

of Allium vegetables are not limited to one species, tissue, 1124-31.

or carcinogen. Organosulfur compounds can hinderoraA, ShuklaY (2002). Induction of apoptosis by diallyl sulfide
activation of active carcinogen from precursors, increase its in DMBA-induced mouse skin tumorllutr Cancer 44, 89-
metabolic detoxification, or prevent its reaction with 94 , .
vulnerable target cells. The ability of allylsulfides (presentA“"":‘n gﬂd'?‘ét\éi'?ﬁgodie‘&niigi?;?oi’ CI)\#OI’tT?ljltca).r:{ E)lsgsg?r){ tﬁgehrﬁ(na::n
n ".’1” the allium vegetables). to suppress carcinogen- breast cancer cell line MDA-MB46&ancer Res54, 2424-
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