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Abstract

Garlic{Allium sativum L.), originated in the Kirghiz region of Central Asia, is one of the oldest cultivated
plants. It has reached Europe via Egypt in the days of Pharachs. Since then, the legendary medicinal properties
attrilited to garlic have attracted human interests for thousands of years. However, the research on the me-
dicinal effect of garlic, mostly on its anticarcinogenic actions has been systematically performed only for
the last two or three decades. Many researches have proven that garlic inhibits neoplasia elicited by chemical
carCinogens nsing in vitro of in vivo experimental systems. Attention has recently heen focused on assessing
the therapeutic or chemopreventive measures of garlic compounds against carcinogenesis in animals. The
active principles of the garlic extract, mainly the sulfur compounds and their derivatives have been deeply
scritinized into their chemical, functional and medicinal properties.
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INTRODUCTION

A preat majority of human cancers, perhaps as much
as 80~90%, are attributable to environmental factors
{1). Improved surgical practice has significantly reduced
cancer mortality, The use of additional treatment me-
dalities, such as radictherapy and chemotherapy has
resulted in no more than a 5% reduction in the nurmber
of deaths(2}. It has been estirnated that a high percentage
of cancer in humans is related to dietary factors(3). Thus
dietary modification has been considered a powerful
and cost—effective method for reducing cancer incidences.
Dietary factors which may lower cancer tises have al-
so heen identified, Examples include dietary fiber, cruci-
ferous vegetables, antioxidant vitamins and minerals(4),

The legendary medicinal properties attributed to gar-
Bic have aftracted muman mferest fur centuries(d). It
has been experimentally demonstrated that several mi—
nor dietary constituents inhibit neoplasia induced by
chemical carcinogens{6). Attention has been given re—
cently to assess any possible chemopreventive properties
of garlic oil in chemical carcinogenesis of animals. St-
rong smell compounds are distinguishable by an allyl
(CHz=CHCH3z) or methyl grouping bonded to sulfur(7).
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Although the mechanism of action for the medicinal
effects remains abscure, there is little doubt that sulfue-
tich chemicals have pharmacological activities(4). The
medicinal value of garlic is now believed to be due to
the properties of its active principle, allvlthiosul{inic es-
ter, allicin(8g).

Allicin is produced by the enzymatic degradation of
alliin, S-allyl-L-cysteine-S-oxdde. Inhibition of sulfhy-
dryl enzymes is associated with the presence of the
-50-5-proup(9). This report deals with some anti~
tumor effects observed with a series of compounds in
relation to the active principle of garlic. A study of these
compounds has started hecause of the observation that
an active principle of garlic, allicin. can inactivate many
sulthydryl{-SH) enzymes to affect rapidly with related
malignancies. The availability of reduced -SH com-
pounds has often been shown In the processes of cell
growth and division. Observations supporting the im—
portance of -SH compounds i these processes include
the following: 1) a high —5H content in multiplying tis-
sues, 2) the increase in soluble thiols within the cell prior
to cell division and 3) the inthibition of cell division by
thiol poisons, such as alkylating agents and heavy me-
tals. Substances which oxidize ~SH compounds(-SH —
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~5-5-) may also act as inhibitors. Reduced ~SH com-
pounds may stimulate cell growth and division. In some
instances, the inhibition of cell division by -SH poi-
sons can be reversed by ~SH compounds such as cy-
steine, glutathione or thioglycolate present in a wide
variety of hiological subjects. Additional dietary inhi-
bitors of cancer are expected to be discovered(10).

GARLIC IN HISTORY

Garlic is one of the most popular cocking ingredients
thronghout the world. It is a budbots plant of the 1y
family, Liliaceae which includes onion, garlic, leek, and
so on. Its botanical name, genus ‘Allium’ means any
strong-smelling bulb plant of this family(11). The Latin
name Allium sativim was given by Lannaeus in 1753
(12). It is one of the oldest of all cultivated plants(13)
and is believed to be native to Kirghiz region{on the
Soviet-China border) of Central Asia{14). The ancient
5,000-year-old Sanskrit, 4500~vear-old Babylonian and
3,000-year-old Chinese writings have referred this
herb. In Old Testament, the wandering Hebrews in the
wilderness regretted not having the garlic they had
left behind in Egypt(15). Garlic probably reached Eu-
rope via Egypt in the days of the Pharachs. For thou-
sands of vears they have been a part of folk medicine.
The Greek historian Herodotus, who visited Egyvpt aro-
und 450 B.C., saw an inseription on the Great Pyramid
of Cheops(huilt around 2800 B.C.) that recorded “-the
quantity of radishes, onions and garlic consumed by
the laborers who constructed it”. 5ix actual bulhs of
garlic were found stored in the tomb of King Tutank-
hamen(1350 B.C.)(16). Garlic was forhidden to Egyptian
priests. and Roman senate prohibited the use of garlic
for peaple who visit the temple of Cybele, Garlic is still
a taboo for many Buddhist priests and Hindu Brah-
mans who believe this hot’ food distracts minds and
souls from a spiritual path. Aristotie, Hippocrates and
Aristophanes praised garlic for its medicinal properties
{14). The Roman naturaiist Pliny the Elder recorded riu—
merous therapeutic uses of garlic. During the first Olym-
pic games in Greece, garlic had been eaten by athietes
as a stimulant, Roman legionnaires attributed their st-
rength, courage and stamina to garlic and took it with
them as they conquered the world, thus spreading its
use and aultivation wherever they went{17}. Since then,
garlic has been very important in the cooking and cui-
tures of Mediterranean countries such as Italv, Spain

and Turkey and countries on the North African coast,
n particular, Moroeco and Tunisia. in England and later
n America, there had been guite a hit of resistance to
garlic(18). Tn 1858, Louis Pasteur reported that garlic had
an antibacterial property. In both World Wars, garlic had
heen used as an antiseptic in the prevention of gangr-
ene. In France, horses suffering from bleod clots in the
legs were fed garlic, In America, native Americans used
garlic as 4 charm to nid voung maidens of inwanted
suitors. In South America, revolutionary San Martin
who led the fight for independence of Argentina, Chile
and Pema in the 18th century had his men, horses and
mules sniff and chew garlic to combat altitude sickness
as they crossed the towering Andes mountain range,
In Cuba, 13 cloves{each sections) of garlic at the end
of a string worn around the neck for a period of exactly
13 days was regarded as a way to prevent jaundice.
Global production of garlic in 1995 was 7,.811,000M/T.
Asia predominantly accounts for 80% of the world pro-
duction of garlic, whereas less amounts are grown in
Europe(5%4), the Americas{3%) and Africa(5%)(19).

TUMOR INHIBITION BY A SULFHYDRYL-
BLOCKING AGENT RELATED TO GARLIC

Food containg a large number of inhibitors of car-
cincgenesis including phertols, indeles, aramatic isothi~
ccyatates, methylated flavones, cournarins, plant sterols,
selenium salts, protease inhibitors, ascotbic acid, taca~
pherals, retinol, allicin and carotenes(20-31). Inhibitors
of carcinogenesis can be divided into three categories;
1) compounds that prevent the formation of carcinogens
from precursor substances{eg. ascorbic acid and d-toco-
pherol), 2) compounds that act subsequently after ex-
posure to carcinogenic agents. These are termed as ‘sup-
pressive agents’ since they suppress the expression of
neoplasia in cells previously exposed to doses of a car—
cincgenic agent{eg. retinoids)(32) and 3) compounds that
prevent carcinogenic agents from reaching or reacting
with critical target sites in the tissues. These are called
‘hlocking agents’ descriptive of their mechanism of ac-
tion(33). Most. studies have heen focused on blocking
the initiation of carcinogenesis. Recently. it has been
demonstrated that the neoplastic effects of promoters
can also he prevented by blocking agents, in particular,
amtiogidents and garlic(34). Extracts of garlic contain
a powerful bactericidal agent, allylthiosuifinic allyl ester
(allicin)(23,35,36). This compound is formed by the in-
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teraction of an enzyme and substrate present in garlic
buths(37). The enzyme, alliinase, is liberated when the
garlic bulb is crushed. It acts on the substrate, S-allyl
L-cysteine sulfoxide (alliin) as Follows{38):

+H0
2R-S0~CHz-CH(NH:)-COOH
{alliin)

alliinase

R-50-5-R+2CH:-CO-COOH +2N1Hs
{allicin)
where, R is -CH3;-CH=CH;

Wills(39) reported that this reaction product inhibits
many sulfhydryl(-SH) enzymes hut no other enzymes.
The structures required for bactericidal action and in-
activation of ~SH enzymes are closely related, Thus,
compounds containing the -S0-5- groups are effective
for both, whereas compounds contaimng the -S0-,
-5-5- and -5~ linkages are ineffective. The -SH in-
activation obtained by alkvithiosulfimic alkyl ester may
be the result of a strong combination of this compound
with cysteine or may he due to oxidation of -SH to
-5-5- by the lahile oxyvgen{40). Although most of the
allicin studies have been centered on its hactericidal
achon, its reactivity with -SH groups suggests the pos—
sible inhibitory effect on malignant cells. An increase
in -SH compounds prior to cell division has heen demon—
strated in various tissues, plants and organisms{(41).
HReduced -SH compounds stimulate cell growth and di-
vision, whereas subsfances which oxidize -SH to -S-
S~ inhibit cell division. Thiol poisons may provide sitrilar
intiibition of cell division to alleylating agents and heavy
metals, Abnormalities of ~SH metabolism may he im-
plicated in malignant cell growth since a high -SH con-
tent has heen demonstrated in some tumor cells(42) or
during the growth of tumors in plants inoculated with
a tumor-producing micrnorganism(43), Low plasma -SH
levels have been found during the growth phase of ma-
Lignant tumers, and this has been attributed to an in-
creased demand for -SH by the rapidly proliferating ne-
aplasm(44). Observations supporting the importance
of -5H compounds in these processes can be suruma-
rized asi 1) a high -SH content in proliferating tissues,
2} the increase in solubie thiols within the cell prior to
cell division and 3) the inhibition of cell division by thicl
(In some Instances this can be reversed by ~SH com-
pounds such as cysteine, glutathione or thioglycolate)
and 4) the decreased availability of these compounds may
result in decreased tumor growth. Accordingly, diets

deficient in the -SH amino acid or L-cysteine can sup—
press malignant tumor growth in some animals, whereas
the addition of either cystine or glutathions to the diet
can give an increase In tumar growth{43). The limited
avallahility of sulfhydryl campounds has also seen in
hoth normal and abnormal lenkopolesis, Substances which
inactivate -SH groups such ag x-ray, nitrogen mustard,
arsenic, gold and benzol may produce leukopenia, Low
-5H levels have been found in leukocytes in lenkaopenic
states, The application of a high ~SH cantent has been
reported in several therapies of leukemic cell(46,47).

RESEARCH ON GARLICS
ANTICARCINOGENIC EFFECT

Dietary intakes of garlic

Criss et al.{48) reported that dietary preparations from
fresh garlic bulbs inhibited the growth of Morris hepa-
toma 3674, A low dietary protein could diminish the tumor
growth as much as 60708, Furthermore, all diets con-
taining 5% gartic vielded 10~25% decreased tumor gro-
wth, In ancther study(49), dietary garlic supplement sig-
nificantly reduced the tumoar size in & dose-related man-
ner among groups of rats received a diet containing
5, 2.0 and (%, respectively, Using an i vitro assay, garlic
extract was shown to inhibit the guanylate cyclase ac—
tivity of hepatoma cells. In studying the spontanecusly -
occurying tumors in mice, Kroning(30) found that the
fresh garlic feedings could completely inhibit the mam-
mary tumers in the CiH mice. According to Choy et al.
(511, the survival time of the intraperitoneal(ip.) tumor—
innoculated mice was significantly increased through
dietary administration of garlic. 42 ~59% inhibitory ef-
fect on the growth of Fhrlich ascites in the peritoneal
cavity was achieved by a daily dose of 0.6~1.2z of a
dietary garlic suspension. Kim et al.{52) found that no—-
dule formation was suppressed in hamsters fed garlic
juice in contrast to control animals, The average nodule
volume was 8B1.10mm l{or hamsters fed 3% garlic juice
and 181.26mm for hamsters without garlic in their diet
after 90 days of treatment. Liu et al.(53) studied the in-
fluence of dietary supplerments of garlic powder(Q, 1,
& or 4%6) an 7,12-dimethylbenzlalanthracene(DMBA )~
induced mammary tumors and on the in vivo occur~
rence of marmmary DMBA-DNA adducts in rats. Die~
tary garlic powder supplementation significantly delayed
the onset of first turnors(p<0.01) and reduced the final
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mammary tumor incidence(p<0.01). Consumption of gar-
lic powder also depressed the in vive binding of DMBA
to mammary cellular DNA significantly. The higher ac-
tivity of glutathione S-transferase{GST) in mammary
and liver tissues from rats fed 2% dietary garlic powder
was observed than in tissues from rats fed the basal
diet. Most recently, in 1997, Riggs et al.(54) studied the
therapeutic effects of AS(Ailium sativum) in the MBT?
murine biadder carcinoma model. Five weekly-immu-
nizaticns of AS showed significantly reduced tumor in-
cidence/growth and increased survival in animals than
those recetved the saline control.

In the practical field study with humen subjects, Mel
et al.(55) reported that residents who consurme an ave-
rage of Z0g of fresh garlic per person per diet at Shen-
shan people’s commune in Changshan county(China)
had a stomach cancer mortality rate of 3 per 100,000 po~
pulations. In another county, Qixia, where the residents
lately began to conswime garlic, the stomach camcer mor-
tality rate was 40 per 100,000 populations. The nitrite
concentration in gastric juice of the residents in Chang-
shan county was signilicantly lower than that in Qixia
county. Garlic may have inhibited nitrate reduction cau-
sed by bacteria in the stomach. Stbsequently, the lower
gastric nitrite(a nitrosamine precursor) concentration
might have reduced the development of stomach cancer.
Steinmetz et al.(56) monitored cancer incidence for 5
years via the State Health Registry of Towa for 41,837
women aged 5b—~69 years who had completed a 127-
itern food frequency questionnaire in 1986. The result
of prospective cohort study indicated that the consump-
tion of garlic has been inversely related with risk, with
an age— and energy-adjusted relative risk of 0.68(0.46
~1.02, p<0.08) for the uppermost versus the lower most
consumnption levels,

Garlic oil and protein fraction

Belman(37) reported that tumor vield and incidence
af phorbol-myristate-acetate promotion were inhihited
in a dose-dependent manner over the range of 10~
10,000mg onion oil, applied three times a week. Garlic
oil was also inhibitory hut was less elfective, He also
found that onion and gariic ol inhibited soyhean lipo-
Xyvgenase, an enzyme known to enhance the tumor pro-
motion stage of carcinogenesis(58). Belman et al.(59) al-
so Jound that onion and garlic oils(1lmg, thrice a weel)
applied to the epidermis of mice inhibited the prorction

caused by lipoxygenase and omithine decarboxylase.
The pure components ajoene from garlic and propenyl
sulfide from onion were partly responsible for the in-
hibitory action. The allyl methyltrisw fide(AMT) of gar-
lic oil given orally could increase GST activity which
is related with inhibition of benzolalpyrene(BP)-induced
tumor of mouse forestomach({60). In this study, greater
than 70% reduction in the number of tumors was shown
at the end of the experiment, although AMT was not
effective in the lung.

To study the effects of garlic oil on tumor promoter
activity, an experiment emploving the two—step model
of carcinogenesis in Isolated epidermal cells was de-
sigrned by Perchellet et al.(61). Here, garlic cil, onion oil
and dipropenyl sullide all increased glutathione per-
oxidase{GSH-PX) activity and inhibited ODC induction
by various tumeor promoters. In addition to the enhanced
antioxidant protection noted by increased GSH-PX ac-~
ivity, garlic ofl prevented the drop in the reduced/oxidized
glutathione ratio(GSH/GSSG) that is usually accompa-
nied by the treatment with promoters. According to Per-
chellet et al.(62), onion and garlic oils inhibited the TPA
{12-o-tetradecanoylophorbol-13-acetate) - stimulated
DNA synthesis when given as a single dose of Smg, one
hour before TPA administration. Garlic oil was the most
effective when given one hour before TPA administra-
tion, but was also evident when given between two
hours hefore and after TPA administration. Garlic oil
is reported to rapidly(in 26 hours alter single/multiple
administration) Jessen the cell number in S phase on cell
tycle of S180 tumor cells, This suggests that garlic oil
may blockade cells to progress [rom G1 phase to S pha-
se, thus arresting cells in G1 phase and inhibit the syn-
thesis of DNA and the cell cycle in the end(63).

The topical application of garlic oil was also elfective
in reducing skin tumors in Swiss Albino mice(64). Hirao
et al.(65) have isolated a protein fraction from garlic.
This [raction enhanced carhon clearance by in vitro
macrophage cytotoxicity against P815 target cells and
also stimulated proliferation of lymphocytes isolated
from the spleen.

Garlic as a therapeutic or chemopreventive agent

The growth—inhibitery actions of garlic on various
human and animal malignant tumors, including Jensen
sarcoma and benzolalpyrene-induced sarcoma were
reported as early as in 1950's(66). Garlic extract showed
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antimitotic effects on MTK-sarcoma in Albino rats,
resulting in damage of tumar cells(67). LP. injection of
fresh garlic extract rendered Thriich asites tumor cells
non-tumorigenic during in vitro incubation as turnors
fajled to develop following Lp. injection of these atten—
uated cells, indicating the development of antitumor
immunity(68), In comparison, all the eontrol mice in-
Jected with tumor cells preincubated with saline died
within two to four weeks. Lan et al.(69) studied the
immunotherapeutic effects of garlic extract and other
agents on hindlimb transplanted transitional cell carci—
noma in mice, The intralesional administration was the
most effective route. Tumor growth as well as the pro-
duction of macrophages and lymphoecytes which lead
to cytotoxic destruction of tumor cells was inhibited
by introducing five intralesional treatments of 25mg
garlic extract to the bladders of mice which had been
previcusly transplanted with murine transitional cell car~
cinoma. Marsh et al (70) observed the cellular infiltration
by macrophages and lymphocytes at tumor sites with
a liquid garlic extract treatment into a murine bladder
tumor model. More intense cellular infiltration was sho-
wn through the intralesional treatment, being heigh-
tened with repeated treatrnents, The necrosis and her-
orrhage at tumor sites were the prominent features of
garlic treatment,

Tumor cells{Ehrlich ascites) attenuated with either
an aqueous ar akcohiolic extract rendered animals im-—
mune to subsequent challenge with viable tumor cells
{(71). It was also suggested that garlic could be developed
as a potential chemopreventive agent for oral and gastric
cancers. Meng and Shyu(72) found the inhibitory effect
of topically applied garlic extract on DMBA~induced
oral carcinogenesis in Syrian hamsters which was de-
signed to define the local anticarcinegenicity of garlic.
The apparent local inhibitory effect of garlic on DMBA-
induced carcinogenesis was stroenger than that of the
two other cancer-inducing chemicals, BP(benzolalpyrene)
and b-nitroso—2,4,6-triaminopyrimidineNTP) as testing
materials. Kao et al.(73) also reported the similar result.
(Garlic could reduce the incidences of skin tumors to
31.8%(1<0.01) in DMBA-induced carcinogenesis system
from mice. Garlic gave another epidemiclogical evidence
as a chemopreventive agent on gastric cancer(74). Kim
and Chun(75) reported the anticarcinogenic effects of
garlic juice against DMBA -induced hamster huccal po—
uch carcinoma in 135 hamsters. The BrdU imynunare-
activity on normal pouch mucosa epithelivm which re-

presents the mitatic status was less in the garlic juice-
feeding group than the contrel one. In contrast, all in
the control group showed an invasive tumor growth
histopathologically, Meanwhile, the necplastic epithelium
of all the experimental groups showed much increased
BrdU immumostaining irregularity. In cancer prevention,
Se-garlic, given continuously to the animals, could also
mhibit the post-initiation phase of mammary carcino~
genesis(76). In this case, a short-term exposure to the
Se-garlic for 1 month imrnediately after carcinogen ad-
ministration was just as effective as the continuous—
expostire regimen(5 months), possibly due to the irre-
versible change in the process of clonal expansion and/
or selection of transformed cells during their early stage
of development. However, on the later intervention period
(week 13 to 22) of mammary carcinogenesis, the number
of new tumor—-hearing rats in supplemented groups were
statistically not different [rom control group.

Active principles of garlic

The mhibitory actions of sulfur compounds in garlic
extract ol various tumors have been widely discussed.
Among them of which names of the compounds fre-
guently are referred diallyl sulfide(DAS or DS, a natural
extract of garlic), diallyl disulfide(DADS, an ocil-soluble
organosulfur compound in processed garlic), diallyd tri-
sulfide(DAT), ajoene, S-allvl~cystelne, S—ethyl-cysteine
and S-propyl-cysteine, and so on.

In 1945, VonEuler and Lindeman(77) found that pure
allitn had a growth-mhibitory action on various tumors
it rats, including Jensen Sarcoma and benzolalpyrene-
induced sarcoma. Nakata(78) could reverse the develop-
ment of Ehrlich ascites turmor and Yoshida sarcoma tu-
mor cells in mice by injecting fresh parlic extract con—
taining at least 2.77%10°M allicin. The inhibition of
sarcama 180 tumor growth was also observed by direct
injection of isolated allicin or allithiamine(0.75mg) from
garlic into the tumor site(79).

The role of -SO-5- linkage in the structure of allicin
was experimentally defined hy Weisberger and Pensky
{80}, Sarcoma 180 ascribes tumor incubated with the
enzyme alliinase and the substrate S-ethyi-L-cysteine
sulfoxide(0.0Tmg thiosulfinic per incculum of 5,000,000
cells} was ip. innoculated to CFW Swiss mice, Tumor
growth was completely inhibited and survival of the
animat was extended hevond the stx—month observation
period. The oxidation of -SH to -5-5- inhibited cell
division, while a high -SH content has been noted in
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some fumor cells. In addition, the extracis of garlic
contained a bactericidal agent which had been formed
by the action of an enzyme on a substrate present in
garlic hulbs(81). The active principle formed in this en—
zymatic process is an alkylthiosulfinic alkylester(R-
S0~5-R) which is an -SH inactivator and reacts ra-
pidly with cysteine. Since normal and malignant growth
of cell needs reduced -SH groups, several alkylthio-
sulfinic esters were assumed to have tumor inhibiting
effects. Preincubating certain concentrations of enzy-
matically prepared allicin with tumor cells resulied in
a compiete inhibition of tumor growth.

A conllict of ideas exists concerning the inhibitory
act of organosulfur compounds against carcinogenesis.
Welch et al.{82) reported that S—allyl cysteine(SAC),
a denivative of aged garlic extract, was unable to affect
the in vitro proliferation and differentiation of LA-IN-5
human neuroblastoma cells. SAC could not block re-
tincic acid and 8-bromo-cyclic AMP, agents known io
enhance in vitro neuroblastoma cell growth, either. Si-
milarly, in testing the modifving effects of four orga—
noswfur compounds from garlic and ondens, YALE, DPT
and AM promoted hepatocarcinogenesis of diethyloi-
trosamine(DEN}-induced neoplasia of the male F344 rat
liver, possibly due to increased cell proliferation with
increased polyvamine hiosynthesis(83). In contrast, Sumi-
voshi and Wargovich(84) reparted that organosulfur
compounds(OSC), present in garlic and anion oil could
inhibit the chemical carcinogenesis. Oral administra-
tion of DAS and SAC, at a dose of 200mg/kg, 3 hours
prior to 1.p. I,2-dimethylhydrazine(DMH) injection (20mg/
kg) significantly inhibited the carcinogenesis. The allvl
group containing a single sulfur atom might play an
essential role in the inhibition of DMH-induced co-
lonic nuclear toxicity and carcinogenesis. The OSC con-
taining allyl groups stimulated ghitathione S-transferase
activity in both liver and colon.

Wargovich and Goldberg(85) found sulfide and di-
sulfide components of garlic inhibit nuclear damage
which leads to chemical carcinogenesis. The efficacy
of the agents DAS and DADS as inhibitors was correlated
with neoplastic growth In a mouse gastrointestinal epi-
thelivm as measured by a nuclear aberration hicassay.
Wargovich et al.{26) reported that DAS inhihited the
DNA-damaging and fumorigenic effects of N-nifro-
somethybenzylamine(NMBA} administration. DAS in-
hibited the carcinogen-induced muclear toxicity by 56
to 64% respectively at the two doses(3 and Smg/kg) of

NMBA tested. A nuclear damage in murine colon mu-
cosal cells which occurred as a result of radiation treat—
ment was partially inhibited by DAS pretreatment(87).
The protection afforded by DAS was evident through
the suppression of ormithine carboxylase acfivity, an
enzvme important in the regulation of DNA synthesis.
DAS also showed the potential to inhibit MNNG-induc-
ed nuclear aberration{NA) and ornithine decarboxylase
(ODC) activity in Wistar rat glandular stomach muco-
sa(74). The parenteral pretreatrnent with DAS hrought
a significant and dose-dependent inhibition of NA and
ODC activities, supporting the epidemiological evidence
aof garlic as a chemopreventive on gastric cancer, A sui-
cide-inhibitory action of dially] sulfide(DAS) by the com-
petitive inhibition on P-4501El which mediates p-
nitrophenol hydroxylase activity was confirmed by Br-
ady et al.(38). Ajoene and DAS, the arganosulfur com-
pounds of garlic, inhibited the metabolism and DNA
hinding of aflatoxin By (AFB:) in rat liver 9,000 X g super-
natant, the metabolic activation system(89). DAS and
capsaicin nhibited VC- and NDMA-induced mutage—
nesis/tumorigenesis, in part, through inhihition of the
cytochrome P-450T 1 isoform which activates these
carcinogens. DAS, a thicether found in garlic, which in—
nibits P-4500 E1 selectively, also reduced the muta-
genicity of the aforementioned carcinogens in 2 concen-
tration—-dependent mamer. The mutagenesis correlated
with their inhibition of P-480T El-mediated p-nitro-
phenol hvdroxylation and NDMA N-demethylation by
capsaicin and DAS. Pretreatment of female ICR mice
with a topical dose of capsaicin lowered the average
number of VC-induced skin tumors by 62% at 22 weeks
after promotion. DAS also showed a similar resulti90).
Significant anticarcinogenic activities of diallv] selenide
(DASe, volatile synthetic compound and DASe flavor
component of garlic) in the DMBA-induced mammary
tumor models were also found with the two doses of
DASe and the highest dose of DAS(91).

The mechanisms by which DAS inhibits 1,2-dime-
thylhydrazine(DMH)-induced hepatocarcinogericity of
male Fischer 344 rats were examined by Hayes et al.(92).
Rats were subjected to partial hepatectomy to stimu-
late hepatocellular proliferation initiated by DMH(G0~
200mg/ke, LP.) given 12 hours later. Tnhibition of hepato—
carcinogenicity was rather due to the reduced post-—ne-
crotic regeneration of cells as low dosages of DAS pre-
ferentially binds with DMH, thus limiting the chance
of reacting with tumar cells. Another inhibitory action



136 Eun-Sit K. Hui-Chung Clun, Byong-Ki Kim and Khee-Choan Rhee

of DAS against DMH-induced colon and liver cancer
in rodents(Sprague-Dawley rat) was reported by Brady
et al.(93). The effect of oral administration of DAS on
P-450TIE]L, an isozyme of cytochrome P—450 which is
active in the oxidative metaholism of DMH, was ex-
pressed by N-dimethylnitrosamine demethylase(IND~
MA4) activity at 1ImM N-dimethy] nitrosamine in liver
microsoma! incubations. Here, DIAS acted as a com-
petitive inhibitor of NIIMAd, Inhihition of the deme-~
thylation by DAS in several substrates occurred selec—
tively. Microsomes prepared after intragastric admini-
stration of DAS(200mg/ng cormn oil} showed a moderate
(<30%) mhibition of several demethylase activities at
3 hours, followed by a marked decrease(about 80%4) in
NDMAGJ activity at 18 hours post-treatment. A minor
effects on other demethylase activities and a 6-fold in—
crease in pentoxyresorufin dealkviation were accom-
panied, These trends at 18 hours agreed with imgnuno-
blot analyses which showed a P-45011El suppression
and elevated P-450I Bl levels.

Among six organosulfur compounds found in garlic,
oil-sohuble organosulfur compounds(dially! suifide, diafty
disulfide and diallyl trisulfide) markedly inhibited the
growth of canine mammary neoplastic celllCMT-131)
in a dose-dependent manner. However, water-soluble
organosulfur comnpounds(S-allyl-cysteine, S-ethyl-cy-
steine and S-propyl-cysteine) did not significantly alter
the growth of CMT-13 cells when added to cultures at
LOmM or less(94).

The dialiyl disulfide(DADS}, another major volatile
compounds in garlic, along with DAS, has been also
cited for its anficarcinogenic aclivities by many resear—
chers. George and Eapen(93) found that garlic oil and
its main component, DADS equally inhibited oxidative
phosphorylation in hepatic mitochendria of mice. Ta-
kahasghi et al.(96} reported that DS{or DAS) and DDS(or
DADS) exert anticarcinogenic activity at several organs
in rodents. DS showed a clear enhancing effect on the
development of glutathione S-transferase placental form
positive foci in both experiments. An inhibitory poten-
tial in colon and renal carcinogenesis was ohserved in
rats treated with DDS. Therefore, it may be said that
DS promotes hepatocarcinogenesis, while DDS acts as
a chemopreventive.

Milner et al.{97) examined the aniiproliferative ef-
fects of dially] disulfide(DADS/DDS) on the growth of
human colon tumer cell line xenografts(HCT-15) in

G-wk-ald female NCr nu/nu mice(body weight, 20~
22p ). Intraperitoneal injection of tmg DADS thrice we-
eltly reduced tumor volurne by 69%6{p<0.05) without ap-
parent ill consequences, such as altered growth of the
host. This quantity of DADS provided intragastricaily
also irthibited the growth of HCT-15 tumor. At equiva—
lent dosages of DADS's, intraperitoneal treatment was
praportionately more effective(p <0.05) than gastric incu-
bation in reducing tumor growth. The effectiveness of
tumor inhibition of DADS treatment(0.bmg thrice wee—
kly} was comparable with that of 5—fluorouracil(0.5mg
thrice weekly). The similar study was performed by
Sundaram et al.(98) who compared the treatment effect
of 5-FU and DADS with the same testing subject as
ahove, Intraperitoneal injection of DADS(Img, thrice
weekly) caused the similar occustence as with 5-FU
(10.50mg, thrice weekly), Combining DADS and 5-FU
gave no more extra effects in inhibifing tumor growth
than using either compound alone. However, concurrent
treatment of DADS and 5-FU inhihited the depression
significantly{p<0.05) and prevented the elevation of pl-
asma urea that is usually accompanied by a 5-FU treat—
ment alone. It could be said that DATS reduces the toxi-
city of 5-FU and is an effective antitumorigenic agernt
against xenografts in established human colon tumor
cell line. Sundaram et al.{99) found that DADS(oil-solu-
hle) was more effective in inhibiting the in vifro growth
of human tumor cell lines; HCT-15(colon}, ABAYlung)
and SK MEL-2(skin) than SAC(water-soluble) in iso-
molar quantities. However, the saturated analogue, di-
propy] disulfide(DPDS) lacked the comparable depress—
1on in the growth of HCT-15 cells, confirming the role
of allyl- and disulfide groups, The activity of calcitm~
dependent APTase enzyme in HCT-14 cells decreased
as quamides of DADS increased. Afteration in caicium
homeostasis caused by DADS is likely being involved
in the growth inhibition/cytotoxicity.

Deng ef al.(100) studied the effect of diallyl trisulfide
(DAT on the induction of UDS by mutagenic drugs
in primary rat hepatocytes, Results showed that 1.0~
A0mmol/ml of DAT did not induce UDS, while MMC,
CP and DDP resulted in a significant induction of UDS
dose-dependently. Instead, DAT enhanced induction of
UDS by these drugs. A dose-eifect relationship was ob—
served between dose of DAT and enhanced induction
of UDS.
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CONCLUSION

The famous medicinal properties of the garlic have
heen proven through the extensive studies of the late
1940 s to 1970's. The dietary administration, intraperi-
toneal injection or topical application of the garlic ex-
tract or its active compounds were experimentally pro-
ven to lessen or inhihit the malignant tumor develop~
ment. Allicin{allyithiosulfinic allyl ester), the enzyma-
tically degraded product of alliin(S—allyl-L-cysteine-
S-oxide) is now reported to provide the medicinal value
of garlic as its active principle. The fact that cells de-
pend upon the availability of reduced -SH groups for
their normal and malignant growth tndicates the pos-
sible roie of several closely related alkylthiosulfinic esters
in tumer inhibitory effects. Alliin can readily react with
cysteine group of protein and nactivate by changing
-5H's into -5-5's. In the latest research, several pil-
soluble, sulfur-hased compounds have been proven 1o
inhibit the growth of tumor cells effectively. S-allyl
cysteine(SAC), a water soluble sulfur compound found
in processed garlic, is expected to make their effective
use in preventing chemically induced cancer, rather than
suppressing the tumor cell growth as had heen repor-
ted in 1980's. On the oceasion of 19907s, many studies
have shown that diallyl sulfide{DDAS) inhihited oral can—
cer, tumar cell in culture and the growth of human colon
tumor cell. The epidemiclogical, clinical and laboratory
data have proven that garlic has many medically irn-
portant compounds which are profitable to keep hurman
health from various cancers. It appears that garlic will
play an important dietary role in the process of cancer
as is evidenced by the fewer occwrrences of stomach
cancers, correlated with intakes of 20g of garlic per day
in some areas of the world. Studies on the development
of more effective and odorless garlic preparations, and
the isolation of active compounds that may be thera-
peutically useful and defining functional mechanisms
are the research subjects expected to be continued.
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