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Abstract: Allium Sativum L., well known as garlic, a member of the family Liliaceae, is one of the most
commonly used spice and plant-based medicine worldwide. The health promoting effects of allicin, diallyl
sulfide, diallyl disulfide and diallyl trisulfide, the principal active component of garlic has been established
through its antioxidant potential. Moreover, bioactive compounds of garlic have shown their therapeutic
implications in chemically induced carcinogenesis in animal models through suppression or inhibition of
promotion and progression of carcinogenesis. Moreover, bioactive compound has revealed chemopreventive
effect on various types of tumor including breast, liver, skin, pancreas, oral and prostate through inhibiting
the cell proliferation. This review summarizes the mechanism of action and anti-cancerous effects of allicin,
ajoene, diallyl sulfide, diallyl disulfide and diallyl trisulfide on different types of cancer. Further studies
based on animal model are warranted to evaluate the efficacy, safety and mechanism of action of bioactive

compound in tumor management.
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1. Introduction

Cancer is notorious killer disease and major health
concern worldwide. Though, the major concern
regarding commonly used cancer drugs are they
cause toxicity, adverse effects on normal cells
and also alter the various cell signaling pathways.
Moreover, commonly used mode of treatment such
as radiotherapy caused various side effects including
mucositis, oral candidiasis and loss of taste, that
may be permanent due to the destructive effect of
radiation on the salivary glands (1). In the treatment
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of cancer, natural products or active compound
of medicinal plants signify alternative solutions to
current medicine through killing of cancer cells
or inhibiting the growth of cancer cells. In this
regard, garlic (Allium sativum L. family Liliaceae)
has a long history of use in the disease due to
their anti-inflammatory, anti-tumor and antioxidant
properties. On the other side, garlic is mixture
of various compound such as allicin and diallyl
disulfide and such compounds are key player in the
diseases management without causing any adverse
effects on the physiological as well as biochemical
process. However, it has been proven that garlic
and their ingredients are modulator of cell signaling
pathways and stimulator of several physiological
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cascades and finally causes cancer growth inhibition.
A pioneer study supports the role of garlic in
cancer as diallyl sulfide, diallyl disulfide and garlic
extract showed role in reduction of anti-proliferative
gene and propose that modulation of apoptosis-
linked cellular proteins in the in non-small cell lung
cancer cells (2). Besides, other finding demonstrated
that diallyl trisulfide, active compound of garlic has
proven anti-cancer effects through the promotion of
apoptosis and fresh garlic juice induces apoptosis
via increasing caspase-3 activity and Bax: Bcl2 ratio
in the oral squamous cell carcinoma (3). Garlic
extract showed role in the inhibition of growth
and induction of apoptosis via the inhibition of the
PI3K/Akt pathway, demonstrating that extract might
be powerful therapeutic agent in the prevention and
treatment of colon cancer (4). In the support of garlic
role in human colorectal cancer cells, study reported
that garlic extract reduced cell cycle progression
via downregulating cyclin B1 and cdk1 expression
through inactivation of NF-xB (5).

2. Methodology

A wide-ranging literature search was carried out
through surveying appropriate peer-reviewed
research/review articles using databases including
PubMed, ResearchGate, Science Direct, Web of sci-
ence, Scopus, and Google Scholar, for studying the
implication of active compound of garlic in the man-
agement of cancer. The keywords were used to
complete the study was allicin, diallyl sulfide, dial-
lyl disulfide, cell signaling pathways, different types
of cancer, in vitro and in vivo study. Inclusion crite-
ria were peer reviewed journal articles, conference/
seminar proceedings and refereed books. Emphasis
was given to search the therapeutic role of bioactive
compound of garlic in the management of vari-
ous types of cancer through modulating cell sig-
naling pathways. Non-English language articles and
thesis/dissertation were not included in the study.
Finally, 104 references have been used to complete
the study with the literature cited up to 2019.

3. Possible mechanisms of action of garlic
and their active compounds

The possible mechanisms of action of garlic and
their active ingredient in the management of cancer
growth are described as;

3.1. Tumor angiogenesis is one of the vital process
in cancer formation and its inhibition is crucial
step in the tumor growth inhibition. Evidences
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advocate that garlic and its bioactive compound
illustrations its anti-cancer activity by inhibiting the
angiogenesis process. In this regards, previous study
reported that allicin, an active compound of garlic
significantly inhibited fibroblast growth factor-2 and
vascular endothelial growth factor secretion in a
concentration-dependent manner (6).

3.2. Earlier studies evidence that garlic and its
active compound play an important role in the
inhibition of cancer cell growth through causing
cell cycle arrest at the GO/Gland Gy/M. In this
support, previous finding demonstrated that diallyl
disulfide meaningfully inhibited the cell proliferation,
induced G2/M cell arrest and prolong the cell cycle by
inducing G2/M arrest to inhibit proliferation of colon
cancer cells (7).

3.3. PTEN is a negative regulator of a cell
growth and survival signaling pathway, that is the
phosphatidylinositol-3-kinase (PI3K)/AKT signaling
pathway (8, 9). In this regard, it was proven that
garlic extract showed role in the regulation of the
function of the PI3K/Akt pathway through upregulat-
ing PTEN (4).

3.4. Herbs or its active has proven their role in cancer
management through induction of apoptosis. How-
ever, garlic also confirmed its role in cancer inhibi-
tion through induction of apoptosis. It was reported
that S-allylmercaptocysteine, an active compound of
garlic induces apoptosis through JNK and p38 signal-
ing pathways, increasing tumor protein p53 and Bax
activation in the SW620 cells (10).

4. Garlic and its bioactive compounds:
Role in management of different types
of cancers

Garlic and their bioactive compounds play a signifi-
cant role in management of various types of cancer
[ Figure 11. It employs suppressive role on tumor for-
mation and oxidative damage induced free radical
agents. Moreover, garlic and their active compound
shows its anti-cancerous activity via modulating the
various potential targets like apoptosis, angiogene-
sis, tumor suppressor genes, Transcription factors
and another cell signaling pathways.

5. The role of bioactive components of
garlic in killing of cancer cells and
inhibition of growth of tumor is
explained in detailed as:

5.1. Breast cancer
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Figure 1. Garlic and its active compound shows role in the inhibition of various types of cancer.

Breast cancer is one of the most common cancer
in term of morbidity and mortality. The chemother-
apeutic drugs used in the treatment of breast can-
cer is effective but cause adverse effect on normal
cells and also alter physiological process. However,
in this regard, garlic and their active constituent has
proven chemopreventive effect without any adverse
effect on normal cells and promote physiological pro-
cess. Allicin, active ingredient of garlic, significantly
reduced cell migration and invasion in MCF-7 cells.
Moreover, protein interaction between ER-a and p65
was down-regulated via TNF-a treatment, and such
effect was reversed by allicin and allicin powerfully
suppressed TNF-a-induced activation of ERK1/2 (11).
Another pioneer study reported that diallyl disulfide,
an ingredient of garlic synergizes the effect of breast
cancer suppressor such as eicosapentaenoic acid,
and antagonizes the effect of breast cancer enhancer
such as linoleic acid. Consequently, garlic and garlic-
derived compounds are promising candidates in the
breast cancer control (12). Furthermore, other results
propose that diallyl disulfide showed role in the inhi-
bition of the proliferation of cancer cells including
MCF-7 cells as well as induction of apoptosis of can-
cer cells and mechanisms may comprise the inhibi-
tion of ERK and the activation of the SAPK/JNK and
p38 pathways (13). Another study based on breast
cancer cells line including MDA-MB-231 cells was per-
formed. Diallyl disulfide antagonized the effect of
linoleic acid, a potent breast cancer cell enhancer
and synergized the effect of eicosapentaenoic acid),
a potent breast cancer cell suppressor (14). Histone
deacetylation inhibitors are recognised its role in the
suppression of cancer growth as well as induction
of apoptosis in cancer cells and properties of dial-
lyl disulfide may be accountable in the induction
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of apoptosis in breast cancer cells (15) and diallyl
trisulfide has confirmed role as anti-proliferative in
human breast cancer cells lines (16). Similarly, Dial-
lyl disulfide effects on breast cancer cells was exam-
ined and finding confirmed that active compound
of garlic inhibited the proliferation of cancer cells
in a duration- and dose-concentration manner. Fur-
thermore, both migration and invasion were signifi-
cantly inhibited upon exposure to different concen-
trations of diallyl disulfide (17). Antitumor effect of
diallyl disulfide on triple-negative breast cancer cells
is mediated by the g-catenin pathway, proposing that
diallyl disulfide might be used as a potential thera-
peutic agent in the treatment or prevention of breast
cancer (18). Diallyl trisulfide, active compound of gar-
lic showed role in the suppression of breast cancer
stem cells via inhibition of Wnt/g-catenin pathway
activation (19). Oral treatment of mice with concen-
tration of 20 umol DATS earlier to challenge with a
carcinogen such as benzo[a]pyrene caused around
85 % decrease in forestomach tumor multiplicity (20).

5.2. Brain cancer

The anticancer activity of Allicin on human glioma
cells and its principal mechanism was exam-
ined. Results of the study advocate that allicin
suppresses proliferation and induces glioma cell
apoptosis based in vitro experimentation. More-
over, both intrinsic mitochondrial and extrinsic
Fas/FasL&#8209;mediated pathways react in glioma
cell after treating with allicin, which then activate
chief apoptotic cascades (21). Effect of allicin on
the cell viability of U87MG human glioma cells was
examined. Result showed that allicin inhibited the
cell viability of U87MG human glioma cells in a dose-
and time-dependent manner and allicin-induced
inhibition of cell viability was due to apoptosis of
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cells (22). Previous fining based on result concluded
that allicin, a compound of garlic can improve T cell
subsets distribution and inhibit VEGF expression
via its immunomodulatory activity, thus improve
the efficacy on neuroblastoma in coordination with
cyclophosphamide (23). A study was made to assess
the ability of S-allyl cysteine (SAC), to affect the prolif-
eration and differentiation of human neuroblastoma
cells in vitro. Result demonstrated that time-and
dose-dependent inhibition of cell grow was observed
in cultures treated with SAC and results indicate that
SAC can inhibit human neuroblastoma cell growth
in vitro (24). Treatment of neuroblastoma cell with
DADS caused arrest of cell cycle in G (2)/M phase
and commitment to apoptosis via the activation of
the mitochondrial pathway Bcl-2 down-regulation,
cytochrome c release into the cytosol, and activa-
tion of caspase-9 and caspase-3 (25). Diallyl trisulfide
suppresses survival, migration, invasion and angio-
genesis in glioma cells and such effects were asso-
ciated with inhibition of the Wnt/g-catenin signaling
cascade (26).

5.3. Bone cancer

Diallyl trisulfide, active compound of garlic showed
role in the suppression of cell survival, wound-
healing capacity, invasion and angiogenesis based on
osteosarcoma. cells Additionally, such effects were
linked with decreased expression of Notch-1 and
its downstream genes, such as vascular endothelial
growth factor and matrix metalloproteinases. Finally,
this study based on finding advocate that diallyl
trisulfide inhibited osteosarcoma growth and aggres-
siveness (27). Diallyl disulfide treatment caused
noteworthy downregulation of cyclin D1, c-myc,
and lymphoid enhancer-binding factor 1 expres-
sion, whereas remarkably upregulated p21 level in
U20S cells. Diallyl disulfide might be a promising
anticancer agent for Osteosarcoma, and the fun-
damental mechanisms might be linked with the
anti-proliferation and anti-invasion properties (28).
Recent study based on active compound of garlic
including diallyl trisulfide was performed to check
its efficacy and reported that exposure to diallyl
trisulfide change the morphology and inhibited the
growth of the human osteosarcoma cells such as
Saos-2 cells, and its effects was concentration- and
exposure time-dependent (29). Osteosarcoma based
study reported that diallyl trisulfide showed a vital
role in the reduction of cell viability in a dose-
and time-dependent manner in osteosarcoma cells.
In addition, diallyl trisulfide -induced GO0/G1 phase
arrest was established to associate with a decrease
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in cyclin D1 in concomitance with an increase in
p21 and p27 (30). The viability of osteosarcoma cells
in the artesunate and allicin group was significantly
decreased in a concentration and time dependent
manner; likewise, invasion, motility and colony for-
mation ability were significantly suppressed and the
apoptotic rate was significantly increased (31).

5.4. Cervix cancer

Cervical cancer is notorious killer and has high
incidence in developing world. The current mode of
treatment based on radiotherapy and chemotherapy
are expensive and also alter the physiological
process. However, inexpensive and safe mode of
treatment is needed to overcome such problem. In
this regard, medicinal plants based products play a
vital role due to its rich source of antioxidant and
scavenge free radicals and inhibit genetic damage.

Anti-cancer effects of diallyl sulfide in human cervi-
cal cancer cells was examined and the underlying
mechanisms in vitro was also investigated. Outcome
of the study showed that diallyl sulfide treatment
noticeable decrease in cell viability time- and dose-
dependently. Moreover, diallyl sulfide induced GO/G1
cell cycle arrest and sub-G1 phase and cells treated
with different concentrations of diallyl sulfide also
showed changes in apoptosis such as morphological
changes (32). Recent study based on cervical cancer
was made and result demonstrated that diallyl disul-
fide induced apoptosis through the production of
reactive oxygen species, and induced abrogation of
mitochondrial membrane potential. Diallyl disulfide
increased the levels of p53, p21 and Bax, but caused
a decrease in the level of Bcl-2 (33). Another study
result reported that diallyl disulfide in Hela cells
exposed to radiation resulted in decrease in cell via-
bility. Moreover, cells pre-treated with diallyl disulfide
clearly inhibited the radiation-induced G2/M phase
arrest, whereas promoted radiation-induced apop-
tosis (34). Pioneer study was performed based on
cervical cancer cells and finding revealed that allicin
was effective in suppressing the malignant pheno-
type of cervical cancer cells mainly through inhibiting
the expression of NRF2 (35).

5.5. Colon cancer

Several natural products or active compound of
herbs has shown their role in the inhibition of
colon cancer through killing of cancer cells or inhi-
bition of growth of cancer. S-allylcysteine and S-
allylmercaptocysteine water soluble compound of
garlic was examined for their role on prolifera-
tion and cell cycle progression based on colon
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cancer cell lines. Outcome demonstrated that S-
allylmercaptocysteine, whereas not S-allylcysteine,
inhibited the growth of cell lines at doses similar to
that of sulindac sulfide. S-allylmercaptocysteine also
showed role in the induction of apoptosis, and this
was linked with an increase in caspase3-like activ-
ity (36). Garlic compound such as diallyl disulfide
on human colon cancer cell line on cell cycle arrest
and apoptosis was performed to evaluate its role.
After the treatment of cancer cells with diallyl disul-
fide, the dose- and time-dependent decreases of
viable cells were noticed. In addition, the treatment
of colon cancer cells with diallyl disulfide resulted
in G2/M phase arrest and apoptosis incident by the
mitochondrial-pathway (37). Anticancer effect of gar-
lic by using human colon cancer cell lines was exam-
ined. The growth of the cells was significantly sup-
pressed by diallyl trisulfide, additionally, the propor-
tion of used cancer cells residing at the G; and
S phases were decreased by diallyl trisulfide, and
their populations at the G,/M phase were obviously
increased (38). Previous study was performed to
examine the role and the molecular mechanism of
diallyl disulfide in the induction of cell cycle arrest
based on human colon cancer cell line. Result of the
study proved that diallyl disulfide significantly inhib-
ited proliferation and retarded the population dou-
bling time of cancer cells. Furthermore, diallyl disul-
fide significantly decreased the protein contents of
p53 and cyclin B1, whereas increased the expres-
sion of p21WAF1 in a time and dose-dependent
manner (7). Anti-proliferative activity of diallyl disul-
fide and screening of differentially expressed genes
induced by diallyl disulfide was examined. Result of
the study confirmed that diallyl disulfide showed
anti-proliferative effects on colon cancer cells (39).
Cytotoxic effects in diallyl trisulfide on colorectal can-
cer cells was investigated. Result demonstrated that
diallyl trisulfide inhibited the viability of primary col-
orectal cancer cells in a time- and dose-dependent
manner. After treatment with diallyl trisulfide, col-
orectal cancer cells exhibited condensation of DNA
and it increased reactive oxygen species production
in colorectal cancer cells (40). Study finding revealed
that levels of colorectal cancer stem cells markers
elevated in the tumorspheres cells. As well, diallyl
trisulfide powerfully suppressed the activity of col-
orectal cancer stem cells, as recognised by reduc-
ing the size and number of colonspheres, decreasing
the expression of colorectal cancer stem cells mark-
ers (41). Another study reported that diallyl sulfide
when given to mice, inhibited by 74% the incidence
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and reduced the frequency of colorectal adenocarci-
noma (42).

5.6. Gastric cancer

A recent study was performed using proteomic
means, studied the responses of protein expression
in gastric cancer cell line, caused by diallyl trisulfide.
A distinctive protein in BGC823 cells were detected
with noteworthy changes in their expression levels
corresponding with diallyl trisulfide administration.
Moreover, proteomic results offered additional sup-
port to the hypothesis that garlic is a strong inducer
of apoptosis in tumor cells (43). Another study was
performed to equate the protein expression profile
of gastric cancer cells exposed to diallyl trisulfide
treatment. Finding of the study revealed that down-
regulation of uPAR may partially be accountable for
diallyl disulfide -induced inhibition of ERK/Fra-1 path-
way, and cell migration and invasion (44). The role of
diallyl trisulfide, ingredient of garlic, and docetaxel
on regulation of MT2A in relation to NF-xB in gas-
tric cancer cells was examined. Result confirmed that
diallyl trisulfide showed its anti-Gastric cancer activ-
ity and enhances chemosensitivity of gastric cancer
to docetaxel via epigenetic upregulation of MT2A to
attenuate NF-xB signaling (45). Treatment of human
gastric cancer cells with diallyl trisulfide, compound
of garlic in vitro and in vivo significantly activated
kinases including p38 and JNK/MAPK and attenuated
the Nrf2/Akt pathway and diallyl trisulfide exerts anti-
cancer effects and improves the antitumor efficacy
of cisplatin (46). Human gastric cancer cell line based
study reported that growth of cancer cells was inhib-
ited by diallyl disulfide. Cells treated with diallyl disul-
fide showed a lower nucleocytoplasmic ratio and
inclined to form gland and intercellular conjunction
structures (47). A pioneer study was aimed to explore
the effects and the essential mechanism of allicin
on gastric cancer cells. Result showed that allicin
reduced cell viability in a dose- and time-dependent
manner. Moreover, at the molecular level, allicin
induced cytochrome c release from the mitochondria
and increased caspase-3, -8, and -9 activation, with
concomitant upregulation of Bax and Fas expression
in the tumor cells (48). The role of allicin on both
telomerase activity and apoptosis in gastric cancer
cells was performed. Result showed that allicin inhib-
ited telomerase activity in a time-dependent and
dose-dependent pattern (49). Allicin showed role in
the inhibition of the proliferation and induction of the
apoptosis of human gastric carcinoma cells, and this
may partially be attained via the enhanced expres-
sion of p38 and cleaved caspase 3 (50).
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5.7. Kidney cancer

Renal cell carcinoma based study was performed and
result explained that protein levels of Bcl-2, VEGF and
HIF-1a were increased in renal cell carcinoma tis-
sues. Interestingly, treatment with allicin significantly
decreased HIF-1qa protein level, so reducing Bcl-2 and
VEGF expression and enhanced apoptotic cells (51).

5.8. Liver cancer

Experiment was performed to know the modes of
mechanism of cell death caused by allicin, a chief
ingredient of garlic based on human hepatoma
cells. Based on finding result advocate that allicin
caused cell death in human hepatoma cells via either
autophagy or apoptosis (52). Allicin enhanced 5-
fluorouracil inducing cytotoxicity in hepatocellular
carcinoma cells. In vivo experiment, combined treat-
ment group with allicin and 5-fluorouracil showed
an intense inhibitory effect on the growth of hep-
atocellular carcinoma xenograft tumors. The co-
treatment group showed highly apoptotic level com-
pared with 5-fluorouracil treated alone (53). Another
study reported that diallyl trisulfide might affect cell
viability and cell morphological changes in human
liver tumor cells and lead cells to be arrested in G2/M
phase via controlling the expression of cyclin B1 and
Cdk7 in liver tumor cells (54).

5.9. Leukemia

In vivo effects of diallyl sulfide on leukemia cells
was evaluated and finding revealed that diallyl sul-
fide decreased the percentage of viable cancer cells
and these effects are dose-dependent and diallyl
sulphide decreased the percentage of Mac-3 and
CD11b, indicating that the differentiation of the pre-
cursor of macrophage cells was inhibited (55). Ear-
lier instigator based on leukemia cells and leukomic
mice was performed and result showed that diallyl
trisulfide has proven its role in induction of cell death
through induction of apoptosis in leukemia cells and
diallyl trisulfide also promotes immune responses in
leukemia and normal mice in vivo (56). Diallyl disul-
fide efficiently inhibit the proliferation and induce
apoptosis of human leukemia cell line. Moreover,
inhibition of ERK signaling pathways and activation
of p38 signaling pathways are possibly involved in
diallyl disulfide induced apoptosis in HL-60 cells (57).
Suda and colleagues have explained that diallyl trisul-
fide treatment noticeably induced HSP27 protein in
human monocytic leukemia cells (58) and treatment
with diallyl trisulfide resulted in meaningfully inhib-
ited leukemia cell growth in a concentration- and
time-dependent manner via induction of apoptosis.
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In U937 cells, DATS-induced apoptosis was corre-
lated with down-regulation of Bcl-2 and activation of
caspases (59). Apoptosis in leukemia cells triggered
through ajoene, a compound from garlic is based on
the activation of a mitochondria-dependent caspase
cascade which includes also the activation of the ini-
tiator caspase-8 (60).

5.10. Lung cancer

Antitumor effect of allicin, an active component of
garlic against lung adenocarcinoma cells was exam-
ined and it was observed that cell proliferation was
significantly reduced in cancer cells with treatment
with allicin. Additionally, it was noticed that allicin
treatment decreased the tumor cell adhesion to
fibronectin in a concentration-dependent manner
and number of migratory cells decreased in a dose-
dependent manner (61). Pioneer study based on
lung cancer cells was performed and it was demon-
strated that exposure of cancer cells to diallyl trisul-
fide showed significant improvement of G2-M frac-
tion. Likewise, diallyl trisulfide-mediated G2-M phase
cell cycle arrest in both used cancer cells was marked
as initial as after treatment and convoyed by a
decrease in primarily GO-G1 phase cells (62). Anti-
tumor properties of diallyl trisulfide on lung can-
cer and synergistic effects of diallyl trisulfide com-
bined with Cisplatin on the xenograft model was
evaluated. Result of the study has confirmed the
decreased cell viabilities, cell cycle G; arrest, and
apoptosis induction were observed in diallyl trisul-
fide treated cancer cells. And injection of diallyl trisul-
fide to mice meaningfully inhibited the growth of
human cancer cell tumor xenograft. In addition, dial-
lyl trisulfide in combination with Cisplatin showed
enhanced anti-tumor activity through induction of
apoptosis (47). Similarly, another study reported that
oral gavage of diallyl trisulfide, significantly retarded
growth of A549 xenografts in nude mice without
causing any negative side effects compared with
control group. Also, the evidence both in vitro and
in vivo advocated that diallyl trisulfide might be
a novel anti-cancer drug (63). A population-based
study was completed on Chinese population with
the aim to search the association between raw gar-
lic consumption and lung cancer. Based on finding
study concluded that protective linked between eat-
ing of raw garlic and lung cancer has been noticed
with a dose-response pattern (64). Another study
was performed on the Chinese population to exam-
ine the association between raw garlic consumption
and lung cancer. The results of the study demon-
strated that raw garlic consumption is associated
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with reduced risk of lung cancer (65). Previous study
was performed to examine the consumption of S-
allylcysteine might prevent the growth of human
non-small-cell lung carcinoma. It was observed that
S-allylcysteine significantly inhibited the proliferation
of cancer cell in vitro. Besides, result showed that
S-allylcysteine significantly supressed the activation
of molecules such as mTOR, NF-kB and cyclin D1 in
vitro (66).

5.11. Lymphoma

The role of diallyl disulfide, compound of garlic,
on telomerase activity in human lymphoma was
executed. Result has shown that diallyl disulfide
-mediated decrease in telomerase activity in can-
cer cells with concomitant transcriptional down-
regulation of human telomerase reverse transcrip-
tase. Study advocate that diallyl disulfide down-
regulate telomerase activity through c-Myc-, Sp-
1-, and Mad1-dependent transcriptional down-
regulation of hTERT (67). Similarly, study based on
primary effusion lymphoma reported that diallyl
trisulfide suppressed the production of progeny virus
from primary effusion lymphoma cells. The adminis-
tration of diallyl trisulfide suppressed the growth of
primary effusion lymphoma cells and these findings
deliver confirmation that diallyl trisulfide has antitu-
mor activity against primary effusion lymphoma cells
in vitro and in vivo (68).

5.12. Oral cancer

Oral cancer is one of the principal causes of death
worldwide. The current mode of treatment regard-
ing oral cancer causes negative side effect includ-
ing loss of taste and permanent damage of sali-
vary glands. Compounds including curcumin, thymo-
quinone, oleuropein and metabolites derived from
herbs play an important role in oral cancer man-
agement through modulating cell signaling path-
ways (69-73). Study was investigated to check the
S-allylcysteine consumption role in prevention of
tumor growth and progression in a mouse xenograft
model of oral cancer. Finding demonstrated that S-
allylcysteine dose-dependently inhibited the growth
of cancer in tumor-bearing mice. S-allylcysteine was
able to effectively suppress the tumor growth and
progression in vivo and S-allylcysteine inhibited the
expression of genes including cyclo-oxygenase-2,
vimentin and NF-xB p65 (74). Apoptotic effects of gar-
lic fresh juice on the squamous cell carcinoma cells
was evaluated and result of the study concluded that
juice induces apoptosis in the cancer cells via increas-
ing caspase-3 activity (3).

This journal is © Pharmaceutical Education and Research Society

5.13. Ovarian cancer

Several types of active compounds of medicinal
plant have confirmed their role as chemopreven-
tive through their ability to kill cancer cells. S-
allylcysteine, a water-soluble garlic derivative, on
human ovarian cancer cells was evaluated. Study
finding exhibited that treatment of cancer cells
with S-allylcysteine resulted in G;/S phase arrest
and induced apoptosis (75). Epigenetic mecha-
nism of S-allyl cysteine was examined and it was
reported that treatment of ovarian cancer cell
with S-allylcysteine caused in G1/S phase arrest
and decreased DNA methylation levels in can-
cer cells in a dose-dependent manner. Also, S-
allylcysteine treatment showed re-expression of the
mRNA and proteins of silenced tumor suppressor
gene CDKN1A (76). The apoptosis rates of ovar-
ian cancer cells were increased in diallyl trisulfide
groups when compared with control, with dose-
dependence, the mRNA and protein expressions of
PUMA, Bax was upregulated whereas Bcl-2 were
down-regulated in diallyl trisulfide groups (77). The
apoptotic pathways induced by allicin in the human
ovarian cancer cell line was investigated and result
has shown that allicin induced cancer cell apopto-
sis and JNK phosphorylation in a time- and dose-
dependent manner (78).

5.14. Pancreatic cancer

The efficacy of treatment with recombinant
interleukin-2 and allicin as combination on pan-
creatic cancer was evaluated. Result proven that
treatment with allicin and recombinant interleukin-2
resulted in suppression of tumor growth and pro-
longed survival time (79). The role of diallyl trisulfide
on pancreatic cancer cells was investigated. Out-
come of the study exhibited that diallyl trisulfide
suppressed the viability of cultured human pancre-
atic cancer cells via increasing the proportion of
cells in the G2/M phase and induced apoptotic cell
death (80). Efficacy of diallyl trisulfide against pancre-
atic cancer cells was evaluated. Finding revealed that
treatment with diallyl trisulfide inhibited the growth
of pancreatic cancer cells in a dose-dependent man-
ner and induced apoptosis in pancreatic cancer
cells (81) and finding advocate that diallyl trisulfide
anti-cancer activity through inhibition of growth of
cancer cells.

5.15. Prostate cancer

Diallyl disulfide, an active ingredient of garlic showed
pivotal role in the inhibition of the growth of prostate
cancer cells in a dose dependent manner and this
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compound induced DNA damage at certain concen-
trations. Additionally, it was established that dial-
lyl disulfide, inhibits proliferation of prostate cancer
cells via the induction of apoptosis (82) and dial-
lyl disulfide inhibited the growth of prostate cancer
cells in a dose dependent manner and induced cell
cycle arrest at G2/M transition in cancer cells (83).
Diallyl trisulfide study based on prostate cancer cells
showed role in the reduction of androgen recep-
tor mRNA level, protein level, transcriptional activ-
ity, and PSA secretion (84). Earlier study based
on prostate cancer reported that diallyl disulfide
reduced the secretory activity with the slow increase
in dosage and garlic compound such as diallyl disul-
fide induced apoptosis and nuclear segmentation
at the higher doses (85). In this regard, another
study demonstrated that diallyl trisulfide-induced
apoptosis in cancer cells was linked with phos-
phorylation of Bcl-2, reduced Bcl-2: Bax interaction,
and cleavage of procaspase-9 and -3. Bcl-2 overex-
pressing PC-3 cells were meaningfully more resis-
tant to apoptosis induction by diallyl trisulfide (86).
Mitochondria-mediated cell death by diallyl trisul-
fide is associated with reactive oxygen species gen-
eration and regulated by Bax/Bak and this finding
was based on prostate cancer cells (87). Active com-
pound of garlic such as diallyl trisulfide showed
that it inactivates Akt to trigger apoptosis. More-
over, treatment of cancer cells including PC-3/DU145
cells with apoptosis including concentration of dial-
lyl trisulfide caused in a rapid decrease in Ser *7
and Thr3%® phosphorylation of Akt leading to inhi-
bition of its kinase activity (88). Study was per-
formed to compare the cytotoxic effects of diallyl
trisulfide on prostate cancer cells and noncancer-
ous human prostate epithelial cells. Result demon-
strated that noncancerous human prostate epithe-
lial cells had higher resistance to diallyl trisulfide -
induced cell death than prostate cancer cells and
cytotoxicity of diallyl trisulfide toward noncancerous
human prostate epithelial cells was strongly reduced
as opposed to cancer cells (89). Fluorescent ortho-
topic androgen-independent prostate cancer mouse
model was established to evaluate the potentiality
of S-allylmercaptocysteine to inhibit tumor growth.
Finding revealed that S-allylmercaptocysteine inhib-
ited the growth of primary tumors and reduced the
number of lung and adrenal metastases (90).

5.16. Skin cancer

There are various reports are documented in the
support of natural products or active compound of
plants in the treatment of skin diseases. Besides,
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phenolic compounds are rich source of antioxidant
and that compound are present in the plants
components including seeds, flowers, stem and
leaves and protects skin from ultraviolet ray and
chemicals. Novel study was performed using human
melanoma cells and basal cell carcinoma cells to
explain the effects of ingredients of garlic including
diallyl sulfide, diallyl disulfide, and diallyl trisulfide.
It was reported that diallyl trisulfide showed better
growth inhibition of cancer cells and basal cell
carcinoma cells than diallyl disulfide and diallyl
sulfide. Moreover, diallyl trisulfide also exhibited
selective target of growth inhibition between skin
cancer cells and normal keratinocyte cells (91). Earlier
study was made to evaluate the prophylactic effect
of diallyl disulfide in chemically induced mouse skin
carcinogenesis. Result confirmed that diallyl disulfide
dose-dependently reduced skin tumor incidence and
multiplicity, which was linked to the up-regulation
of antioxidant enzymes activities and the nuclear
accumulation of Nrf2 (92). Inhibitory effects of
diallyl trisulfide on activator protein 1 activation and
cyclooxygenase-2 expression via modulation of JNK
or Akt signaling may partly account for its antitumor-
promoting effect on skin carcinogenesis (93). Topical
application of diallyl sulfide or diallyl disulfide
considerably inhibited skin papilloma formation and
meaningfully increased the rate of survival in the
murine model (94). Diallyl sulfide is a potential
chemopreventive agent capable of controlling and
regulating the tumor suppressor p53 along with its
downstream effective molecule, p21/waf1 (95). In the
support of role of diallyl sulfide in carcinogenesis,
experiment was performed to investigate the role of
diallyl sulfide on modulation of multiple p53 and ras-
induced signaling pathways in chemical induced skin
carcinogenesis. Finding revealed that diallyl sulfide
showed pivotal role in the upregulation of expression
of tumor suppressor protein p53 and its downstream
target molecule p21/waf1 and bax was upregulated
by diallyl sulfide (96). Garlic extract was prepared
and cytotoxic activities on melanoma cell line was
examined. Finding revealed that that garlic extract
induced a significant cytotoxic activity on melanoma
cell line (97).

5.17. Thyroid cancer

Yangfeng Xiang and colleague performed study on
thyroid cancer to evaluate the role of allicin. Result
exhibited that combination of allicin and cisplatin
or carboplatin caused enhanced growth inhibitory
effect on cancer cells. Also, treatment with allicin sig-
nificantly increased cancer cell autophagy. In addi-
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tion, western blot analysis based result showed that
allicin treatment inhibited the activation of Akt, mam-
malian target of rapamycin and S6 (98). Anaplas-
tic thyroid carcinoma-based study was performed
and result confirmed that diallyl sulfide treatment
increased the accumulation of sub-G1 DNA and con-
comitant accumulation of cells in the G2/M phase
in a dose-dependent manner. Moreover, diallyl sul-
fide -induced apoptosis was linked with a decrease
in the level of Bcl-2 expression and an increase in
the level of Bax expression (99). In this regard, ear-
lier finding reported that diallyl trisulfide exerted an
apoptosis-inducing effect on papillary-thyroid-cancer
cells through activation of the MAPK signaling path-
way (100).

5.18. Urinary bladder cancer

Induction of apoptosis by diallyl trisulfide in human
bladder cancer cells based on in vitro was exam-
ined. Treatment of cancer cells with diallyl trisulfide
resulted in potent anti-proliferative activity. In addi-
tion, diallyl trisulfide showed role in the reduction of
the expression of anti-apoptotic Bcl-2 and Bcl-xL, and
whereas the expression of pro-apoptotic Bax and
death receptor-related proteins was increased (101).
Bladder cancer cells based study was performed to
evaluate the role of diallyl trisulfide it was reported
that diallyl trisulfide suppressed proliferation of blad-
der cancer cells in a dose- and time-dependent man-
ner which was linked with induced G2/M Phase
cell cycle arrest and apoptosis and, diallyl trisul-
fide inhibits phosphatidylinositol 3'-kinase/Akt acti-
vation (102). Another study result concluded that
allicin, an active compound of garlic has a noticeable
tumor inhibitory effect on bladder tumor (103).

6. Conclusion

Cancer is a multifactorial disease characterized by
alterations in biological process and cell signaling
pathways. Cancer leads to devastating complica-
tions and the death of millions of people in the
world every year. The mortality of cancer is rapidly
increasing and estimated millions of deaths every
year. The exact explanations behind this are com-
plex butitis considered that various factors including
alcohol consumption, cigarette smoking, HPV infec-
tion and various unknown factor play role in this
regard. The current mode of treatment including
chemotherapy, surgery and radiotherapy are effec-
tive, but millions of patients do not have access
to treatment because current mode of treatment
is often expensive, unavailable and causes adverse

This journal is © Pharmaceutical Education and Research Society

effects on normal cells. The most imperative diffi-
cult in the treatment of cancer is killing of tumor
cells, without damaging/ altering the normal cells
structure and functions. Natural therapies, includ-
ing plant-derived products in management of cancer,
may reduce adverse side effects and cost of treat-
ment. The plant-derived products are rich resources
of antioxidant which were found to be useful in the
management of cancer. In this context, garlic con-
tains various bioactive compound including allicin,
diallyl sulfide, diallyl disulfide and such compounds
has strong antioxidant property. Moreover, antioxi-
dants property of active compound of garlic act as
free radical hunters through inhibiting the damages
caused by reactive oxygen species, and finally inhibit
the pathogenesis of cancer. Several experimental
studies based on in vivo and in vitro have confirmed
garlic role as anti-proliferative in multiple cancer via
growth inhibition and killing of cancer cells proper-
ties. Moreover, Garlic combination with cancer drugs
are gaining popularity in the cancer management.
The current review gathered the detail information
of garlic and its bioactive compound role in various
types of cancer cells through anti-proliferative and
anti-cancerous effects. More studies are therefore
needed to evaluate the toxicological evidence, mech-
anism and mode of action of garlic and its bioactive
compound in the treatment and prevention of cancer
and to develop the therapeutic strategies. Moreover,
further preclinical and clinical studies are needed to
validate the potentiality of bioactive compound of
garlic.
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