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Antitumorigenic Potential of Diallyl Sulfide in Ehrlich
Ascites Tumor Bearing Mice
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Objective  To study the effects of dially] sulfide (DAS). an organosulfur compound
present in garlic LAllium sativion). on the hfe span of ehrlich ascites (BAJ tumor bearing
Swiss alhino mice, cytotoxicity and angiogenesis. Methods EA tumor cells were
maintained by scrial transplantation m peritoneal cavily of male Swiss albino mice. EA
lmor cells were inaculated at concentrations of 1 x 1f EA cells, 2.5 x [0* EA cells and
5 10" EA cells. DAS was given in 0.2 ml normal saline i. p., daily for seven days followed
one hour later by inoculation with EA cells in respective groups. Results  The results
revealed that administration of DAS increased the Life span of EA tumor hearing animals by
mare than 25 pereent. A significant dose dependant cytotoxic responsc of DAS was also
observed on EA tumor cells. DAS was also found to inhibit the angiogenesis in EA tumor
bearing mice in a dose dependent manner. Conelusion [t is suggested that DAS may exert
its anticarcinogenic effects hy mare than one mechanism and is 4 useful chemopreventive
and chemotherapeutic agent.
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INTRODUCTION

Garlic and its constituents have been shown to have diverse biological activities
including anticarcinogenic. antiatherosclerotic. antithrombotic, antidiabetic. anti-
inflammatory. and fibrinolytic and other biological actions!"!, The mechanism responsible
for thesc actions has been ascribed to the potent enzyme inhibiting activities' ! or
antioxidant activities™,

The prime active component in garlic is not only allicin but also its degradation
products. a range of sulfides. Diallyl sulfide (DAS)is a lipophilic thivether derived from
oxidized allicin, which is produced when garlic clove is crushed. Administration of
allium compounds including dialiyl sullide inhibits tumor formation in a variety of organs
in laboratory animal models™ ' DAS has also been shown to inhibit 1, 2-di-methylhydrazine
induced colonic tumors in mice! ™ and N-nitrosomethyl-benzylamine induced esophageal

'Carrespondence should be addressed. E-mail: Yogeshwer Shukla@hotmail. com: Fax: 0091-522-
228227,
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cancer in rats!"'!, Earlier, we have reported the anticarcinogenic activity of DAS in mouse
skin model ol carcinogenesis!™t'. Further, cpidemiological studies suggested that a
lower risk for gastric carcinoma is associated with higher cansumption of garlic''™ "I, A
similar protective effect against the incidence of colorectal cancer has been noted in the
Japanese population in Hawaiil'*!.

Angiogenesis is a fundamental process of new vessel formation from pre-existing
vasculature and is often activated during the early, preneoplastic stages of tumar
development'™*<!!, Increused vasculature in the peritoncal lining of the mice bearing
ehrlich ascitis {CA) tumor is attributed to an angiogenic factor secreted by EA tumor cells
and increased vascularization may be responsible for malignant progression or malignant
drift. Thus, the inhibition of angiogenesis should be highly effective in inhibiting the
growth of tumors. Tumor angiogenesis is controlled by a number of positive and negative
regulators claborated by tumor cells and tumor associated host cells, particularly by
tumor associated macrophages'™,

Review of literature shows that some information is available on the antitumorigenic
effects of DAS in solid tumors, but there is no information on the effect of DAS in
transplantable tumors. Therefore, the present study includes the effects of DAS on EA
transplantable tumors in Swiss albino mice. At the same lime atlempts are also made in
the present study to investigate the effect of DAS on angiogenesis in order to understand
the mechanism of DAS induced tumor inhibition in experimental models.

MATERIALS AND METHODS
Chemicals

Diallyl sulfide was purchased from Sigma Chemical Co., 8t. Louis, USA. The other
chemicals obtained locally were of analytical grade of purity.

Animals and Treatment

Random bred Swiss albino mice (male, 20-22gm body weight) were obtained from
Industrial Toxicology Research Center (ITRC) animal colony. They were kept in-group
of 10 animals per polypropylene cage belonging to the same group under controlled
temperature (22-25°C) and humidity (63-75%) with 12/12 h light/dark period. Animals
were fed on a stundard, solid pellet diet, containing all essential nutrients freshly obtained
and stored under standard conditions and water ad Iib.

[n the first set of experiment, the protective effect of DAS was evaluated in EA tumor
bearing mice. EA wmor cells were maintained by serial transplantation in peritoneal
cavity of male Swiss albino mice. EA cells, extracted from peritoneal cavity of mice, were
washed three times with 0.85% norma! saline and suspended in 0.9 ml phosphate buffer
saline pH 7.0, stained with 1% trypanbluc und layered in haemocytometer and counted.
Cells at 1x10" were injected i. p. per mouse for propagation,

Male Swiss albino mice were randomly divided into 6 groups., The treatment schedule
is given below:

Gr.I: 0.2 ml normal saline i. p., daily for seven consecutive days followed 1 h

later by inoculation with 1x10° EA cells.

Gr. 1I: 250 pg DAS in 0.2 ml normal saline i. p.. daily for seven days followed

1 h later by inoculation with 1x10° EA cells as in Gr. I
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Gr. Il 0.2 ml normal saline i. p. . daily for seven days followed 1 h later by

inoculation with 2.5x10° EA cells.

Gr, IV: 250 pg DAS in 0.2 ml normal saline i. p.. daily for seven days followed

I h later by inoculation with 2.5x10* EA cells.

Gr. V: 0.2 ml normal saline i. p.. daily for seven days followed 1 h later by inoculation

with §x10° EA cells. )

Gr. VI: 250 pg DAS in 0.2 ml normai saline i. p.. daily for seven days followed

I hlater by inoculation with 5x 10" EA cells.

Body weight and mortality of animals were daily recorded throughout the entire
period. The percentage of increased life span was calculated as described by Reibscheid
et al.

T-C
% 1LS =— e x 100,
C
ILS = Increased life span: T = average life span of treated group: C = average life span
of control group.

The Value More Than 20% is Taken as Significant Increase in [LS

In the second set of experiment, a comparison between animal's vasculature in the
peritoneal lining was recorded in the animals exposed to DAS. The treatment schedule
was the same as in the ahove-mentioned set of experiment. The animals from the treated
(Gr. 1L, IV and YT} and control {Gr. I, 1l and V) groups were sacrificed after 28 days of
inoculation with EA wmor cells and thereafter every week.

In the third set of experiment, the cytotoxic effect of DAS on EA cells in vitre was
observed. EA cells were extracted from the peritoneal cavity of mice and washed with
saline. About 200 cells were plated in 15 different plates. Different concentrations of
DAS were added ((-30 pg) followed by incubation at 37°C for 3 h, stained with 1% trypan
blue, layered in haemocytometer and counted as the following equation.

Dead Cells
Cytotoxicity x100.
Viable+Dcad Cells

RESULTS

In the first set of experiment, the antitumorigenic effect of DAS was observed in
Swiss albino mice. A significant increase in the survival rate of animals was recorded for
the three groups given DAS prior to inoculation of EA tumor cells over respective
controls (Fig. 1). By the end of the fourth week, an increased rate of mortality was evident
in the animals of groups I, 111 and V over the animals inoculated with the same number
of EA tumor cells and given DAS (Fig. [). At the sixth week stage about 55% animals died
in group V, while in the DAS exposed animals (group V1), only 30% mortality was
recorded. The increased rate of mortality was also evident in other groups over DAS
supplemented animals at the same period. At the end of the tenth week all the animals died
in groups I, 11T and V, while few animals remained alive in thc DAS supplemented groups.
This observation indicates the anti-tumorigenic potential of DAS on EA transplantable
tumaors.
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Increase in the survival rate of animals of DAS supplemented groups was also cvident
when calculated in terms of LS. At the eight-week stage 67% increase in the life span of
animals of group 11 was observed over controls (Fig. 2). About 66% increase in the life
span of animals of group IV was observed over group III. In group V all animals died at
the eight-week stage and 36% increase in the longevity was recorded in the animals of
group VI (Fig. 2).
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Fig. 2. Increase 1n the life spun of Swiss albmo mice followng DAS administrution.

In the second sct of experiment. ¢ marked inhibition in the peritoneal vasculature was
observed in the animals of groups I1. IV and VI over the respective controls (Table 1).
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This may be atiributed to the inhibition of neovascularization in the LA tumor bearing
mice by DAS. The maximum inhibition of angivgenesis was observed in the animals of
group Il when compared with the respective controls tgroup I). The results indicates that
DAS can effectively inhibit the formation of new bleod vessels in the peritoneal lining of
EA bearing Swiss alhino mice.

In the third set of experiment the cytotoxic activity of DAS towards the EA tumour
cells was observed in a dose dependent manner (Fig. 3). The maximum cytotoxic effect
on the EA cells was observed at the dose of 25 pg DAS/ plate. This observation further
confirmed the antitumorigenic potential of DAS in EA tumor bearing mice.

DISCUSSION

DAS. an organosulfur compound of garlic. is a well-known antitumor agent in rodent
tumor models!"'""*#l. The results of the present study demonstrate its role in jnhibiting the
development of tumors in EA tumor bearing mice. Many in vivo and in vitre studies have
shown that the percent increase in life span of EA tumor bearing mice and cytotoxicity
towards EA tumor cells are well-established parameters for the evaluation of the antitumor
efficacy of both synthetic and natural compounds'***®. Tn the present study. pretreatment
with DAS significantly inhibited the development of ascites tumors, which in turn
increased the survival rate of EA tumor bearing mice.

S elboaieny

l.',l:-\.‘_r 1]

Fis. 3. Dose dependent cytotoxic response to DAS of EA cells,

1t is 2 well-known fact that chemopreveniive agents act through a variety of mechanisms
and can prevent in vive carcinogencsis, favestigations for tumor angiogenesis have
focused on inhibition of tumor neovasculature as yet another possible mechanism for
impairing twmor progression. Numerous studics have demonstrated that tumor growth
and formation of metastases are angiogenesis-depcndent and can be inhibited by
angiogenesis inhibitors”™ ", Many natural and synthetic compounds have been categorized
as angiogenesis inhibitors®?", Dietary glycine prevents the growth of B-16 tumor mela-
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TABLE |

Eftect of DAS on Angiogenesis in Ehrlich Ascites Tumor Bearing Mice

Weeks Control [x10° EA Cells 2. 5x10° EA Cells 5x10°EA Cells
2 . . . .
4 + -
1} +++ + + ++
& it 44 . e
10 ¥ et -+t *

nie, ()= negatver (+)= weak; (++) =moderate: i+++) = high; (++++) very high.

(% ) = all the animals of this group died.

noma in mice by inhibiting angiogenesis through mechanisms involving inhibition of
endathelial cell proliferation™!. Similarly, the antiangiogenic effect of retinoids, 1. 2, 5-
dihydroxyvitamin D3 and their comhination has also been demonstrated in experimental
system in vivol*. Sola et al.’® have shown that sulphonic acid derivatives of distamycin
A are capable of inhibiting tumor development both in vitre and in vivo by inhibiting
formation of new capillary blood vessels. Similar results were obtained in the presemt
study in case of DAS (reated EA tumor bearing mice. Pretreatment of DAS effectively
decreased the number of blood vessels and a consequent reduction in blood flow.
Furthermore. DAS (0-30 ug) atso inhibited the growth of EA cells in vitro in a dose
dependent manner. Based upon these observations on the protective effects of DAS on EA
tumor cells, it is suggested that DAS possess cytotoxic and antitumor potential in EA
trunsplantable tumors by modulaling angiogenesis.
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