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ABSTRACT
Background: Garlic, a common spice used since time immemorial for 
various purposes, is considered a potential functional food as it exhibits 
cardioprotection to chemoprevention properties due to the presence of 
organosulfur constituents in each garlic pod. Alliin is not widely studied for 
its bioactivity as it is an unstable compound which is converted to allicin 
on mechanical and chemical degradation. Objective: Hence, in the present 
study, the influence of alliin on gastric adenocarcinoma  (AGS) cells and 
normal intestinal cells (INT‑407) would be tested for its potent antiproliferative 
effect and mechanism of action. Materials and Methods: The quantity of 
alliin in fresh and dried garlic extract was measured by high‑performance 
liquid chromatography to corroborate the cytotoxicity activity identified 
by 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl tetrazolium bromide assay 
and acridine orange/ethidium bromide staining. Further, to identify the 
mechanism of action, DNA fragmentation assay, annexin V Assay, and 
flow cytometry analysis of apoptosis followed by expression of apoptotic 
proteins such as Bax, Bcl‑2, and cytochrome‑C by Western blot was 
done. Results: It was identified that alliin inhibited proliferation of gastric 
carcinoma cells by decreasing the cell viability but not in the normal 
intestinal cells. The level of apoptosis was modulated by reactive oxygen 
species generation and decrease in mitochondrial membrane potential 
mediated by deregulation of Bax/Bcl‑2 level at protein level leading to 
upregulation of Cytochrome C. Conclusion: It is impressive to note that 
alliin content was high in fresh aqueous extract compared to that of dried 
garlic extract which concludes that the use of garlic from time immemorial 
is a worthy functional food in its fresh form to combat cancer cells. 
However, in‑vivo studies are warranted.
Key words: Alliin, apoptosis, DNA fragmentation, gastric 
adenocarcinoma, gastric cancer, reactive oxygen species

SUMMARY
•  Alliin a precursor of allicin in garlic extract exhibits anti‑proliferative potential 

in gastric adenocarcinoma cells
•  The bioactivity is mediated by apoptosis which was modulated by reactive 

oxygen species generation, alteration of membrane potential through 
extrinsic and intrinsic pathway

•  However, this was not noticed in normal intestinal cells proving it to be a 
phytonutrient of functional properties used from ancient times.

Abbreviations used: AGS‑Gastric adenocarcinoma; ROS‑Reactive oxygen 
species; MMP‑Mitochondrial membrane 
potential; TBS‑ Tris buffered saline.
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INTRODUCTION
Cancers account for around 8.2 million deaths worldwide making it the 
major reason for death.[1] Although the symptoms and signs of stomach 
cancer are observed only in the advanced stage, stomach cancer ranks 
the second‑most prevalent cancer among males and third‑most among 
females both globally and in Asia.[2] More than 70% of stomach cancer 
cases occur in developing countries which accounts for a 5‑year survival 
rate of <30% with half the world’s total cases occurring in Eastern Asia as 
compared to 20% in developing countries.[2‑4] Among the different types 
of stomach cancers, gastric cancers are more prevalent since a wide range 
of factors such as diet, lifestyle, age, and genetic factors influence the 

susceptibility to gastric cancers. Consumption of natural foods which 
includes fruits, vegetables, spices, nuts, and beverages such as wine and 
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tea has influenced the prevention and management of cancers due to 
the presence of specific phytochemicals which attenuates pathologies 
involved in the disease process. These foods have been referred to as 
functional foods as they exhibit some potential health benefits and have 
been popular in recent years.
From ancient times, herbs and spices have been traditionally used for 
their medicinal properties and their flavor enhancement characteristics. 
Hence, of late, these spices have gained an impelling interest among 
researchers for multiple health benefits, due to the rising prevalence 
of chronic diseases.[5,6] Garlic (Allium sativum) has long been used as a 
condiment for flavor and as a therapeutic agent for its potential health 
benefits for both preventing and curing disorders in many nations 
around the globe.[6] Garlic possesses a number of phytoconstituents such 
as the sulfur‑containing compounds alliin, ajoene, diallyl polysulfides, 
vinyldithiins, S‑allyl cysteine, and unique non‑sulfur compounds such 
as allixin and saponins.[7‑9] Allicin is the principal bioactive compound 
derived from alliin in garlic produced as a result of activation of the 
enzyme alliinase after crushing or chopping of raw garlic. It primarily 
contains sulfur as the main constituent which on breakdown gives the 
characteristic odor and has been proven for its multifaceted therapeutic 
applications.[5]

Although there are many scientific reports on the role of allicin for its 
potential bioactivity from cardioprotection[10] to chemoprevention,[11,12] 
the present study aims to identify the possible antiproliferative activity 
of alliin the precursor of allicin and its level in fresh and dried garlic. 
Furthermore, the mechanism of its cytotoxic potential is deciphered 
on gastric adenocarcinoma (AGS) cells confirming it to be a molecule 
responsible to consider garlic as a functional food of therapeutic 
importance.

MATERIALS AND METHODS
Chemicals and other reagents
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl tetrazolium bromide 
(MTT), DMSO, propidium iodide  (PI) and trypsin, Kaighns F‑12 
modification media, penicillin, streptomycin, fetal bovine serum, and 
other cell culture supplies were purchased from Himedia Laboratories, 
Chennai. Acridine orange/ethidium bromide  (AO/EB) was also 
obtained from Himedia Laboratories. Alliin and Annexin V Apoptosis 
Detection Kit were purchased from Sigma (St. Louis, MO, USA).

Quantification of alliin in garlic
About 500  g of fresh garlic  (A. sativum) purchased from a local 
supermarket  (variety originally from Pondicherry was peeled off 
completely and cut into small pieces for extraction. Simultaneously, 
500 g of peeled and chopped garlic was shade dried, ground into a coarse 
powder and extracted with water  (100  mg/ml), agitating overnight 
at room temperature. Then, the aqueous extracts were filtered and 
concentrated in a rotary evaporator at  <40°C under vacuum, and the 
percentage yield of whole aqueous extract of fresh garlic and dried garlic 
was calculated. Before quantification, undissolved material was removed 
by centrifugation at 5000 g for 10 min. The supernatant was then filtered 
through a 0.45 µm filter and used for analysis.
Alliin, the abundant phytoconstituent both from fresh and dried garlic, 
was quantified by HPLC (Shimadzu LC solution). The aqueous extracts 
were made to known volumes and an aliquot was then injected into C18 
reverse phase HPLC column for the quantification of alliin. A solution of 
0.1% trifluoroacetic acid (TFA) in H2O as mobile phase A and a solution 
of 0.1% TFA in acetonitrile was used as mobile phase B at a flow rate of 
0.8 ml/min. The UV detection was performed at 210 nm.[13,14] The peak 
area of alliin in the extracts matched with standard alliin purchased from 

Sigma identified the quantity of alliin in both the fresh and dried garlic 
extracts.

Cytotoxic potential of bioactive lead from garlic
3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑diphenyl tetrazolium bromide 
assay
Human AGS cell line and normal intestinal cells  (INT‑407) used for 
this study were purchased from the National Centre for Cell Science, 
Pune and cultured at 37°C in a humidified atmosphere with 5% CO2, in 
Ham‑F 12, Kaighn’s modification medium supplemented with 10% fetal 
bovine serum (100 U/mL penicillin, 100 µg/mL streptomycin, 2 mmol/L 
glutamine, and 1 mmol/L sodium pyruvate).
MTT assay was carried out to check the cell proliferation which 
measures a purple formazan compound produced by viable cells.[15] 
Flat‑bottomed, 96‑well microtiter plates (4 × 103 cells/6.4‑mm‑diameter 
well) was used to carry out this assay. After 24 h, cells were treated with 
DMSO (0.1%–0.3%) or increasing doses of alliin. Then, the cells were 
treated with 50 µl of MTT reagent for 2 h at 37°C after 24 h of treatment 
and then treated with 100 µl of solubilization solution  (DMSO) at 
37°C. Formazan product formed was quantified using a microplate 
reader at 570 nm. Results were expressed as percentage of growth, with 
100% representing control cells.

Analysis of cell morphology by acridine orange/ethidium 
bromide staining
The effect of alliin on cell death was also determined by AO/EB dual 
staining.[16] The cells were seeded in a six‑well plate at a density of 
1  ×  103  cells per well and incubated overnight, followed by addition 
of various concentrations of alliin. After incubation, the media was 
removed and cells were washed with ice cold PBS. The cells were 
resuspended in 5 µL of AO (1 mg/mL) and 5 µL of EB (1 mg/mL). The 
morphological changes of the stained cells which reveal apoptotic cells 
were then observed using a fluorescence microscope and digitalized 
using an image analyzer.

DNA fragmentation analysis
To study the DNA fragmentation in AGS cells, control and 
alliin‑treated cells were resuspended in lysis buffer  (0.5% Triton 
X‑100, 25 mM EDTA, and 10 mMTris‑HCL, pH  8.0, 0.5% SDS) 
and incubated at 65°C for 1 h followed by addition of Proteinase K. 
DNA was then extracted with phenol: chloroform: isoamyl alcohol 
(25:24:1, v/v/v) and then centrifuged at 12,000  g for 15  min. DNA 
was then finally extracted with phenol and precipitated with ethanol, 
and subsequently allowed to air dry. Required amount of RNAase 
was added and incubated for 1  h. Finally, DNA was resuspended 
in Tris/EDTA buffer (10 mM Tris‑HCL, pH 8.0, and 1 mM EDTA). 
Usually, 106 cells yielded 4–5 µg DNA. About 30 µl of the extracted 
DNA was then mixed with 3 µl loading buffer  (TAE). The DNA 
fragmentation was visualized using 1.5% agarose gel, stained with 
ethidium bromide, and visualized by UV light and photographed by 
PhotoDoc‑Imaging system.

Apoptotic potential of alliin
Annexin V assay
To further confirm apoptosis, annexin V‑PE‑based immunofluorescence 
was used to determine the percentage of cells actively undergoing 
apoptosis.[17] Briefly, AGS cells were treated with either DMSO (0.1%–0.3%) 
or alliin (100–200 µM). After 24 h of treatment, both adherent and floating 
cells were harvested and resuspended with 1X Annexin‑V binding buffer 
and then double‑labeled with annexin V conjugated with fluorescein 
isothiocyanate (FITC) and PI. Stained cells were analyzed using a Guava 
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easyCyte 8HT flow cytometer (Millipore, USA). Distribution of cells in 
early and late phases of apoptosis was evaluated using Incyte software is 
Guava®  InCyte™ software  by Merck(Millipore, USA).

Role of alliin on cell cycle distribution
PI staining was used to analyze DNA content. Cells were plated in 
a six‑well plate for 24  h with different doses of alliin treatment. Cells 
were washed twice with PBS, fixed in 1 ml of 70% ethanol and stored 
at −20°C. Cells were then labeled with PI (0.05 mg/ml) in 1 ml of PBS 
containing 0.1% of Triton‑X‑100 and 50 µg of ribonuclease for 30 min 
in dark at room temperature and analyzed for DNA content using a 
Guava easyCyte 8HT flow cytometer (Millipore, USA) excited with blue 
laser (488 nm). Cells in different phases of cell cycle were evaluated using 
Incyte software.

Influence of alliin on ractive oxygen species and 
Mitochondrial membrane potential
Intracellular reactive oxygen species  (ROS) was assessed with DCFDA 
(2,7‑dichlorofluorescein diacetate)  staining[15] to identify the mode 
of action of alliin. Cells were seeded at a density of 2 × 105 cells ml−l in 
6‑well plates with different concentrations of alliin treatment. After 24 h 
of treatment, cells were washed with PBS and resuspended in 1  ml of 
complete media containing 10 µM DCFDA. After incubation of 30 min 
in dark, fluorescence was measured by flow cytometer at an emission of 
488 nm to measure the level of ROS produced.
To determine the changes in the mitochondrial membrane 
potential  (ΔΨm), approximately 2  ×  105  cells/well of AGS cells in a 
12‑well plate were treated with 50–200 µM alliin and incubated for 
indicated time periods. Cells were harvested by centrifugation, washed 
twice in PBS, and then re‑suspended in Rhodamine‑123  (4 µM). The 
cells were then incubated at 37°C in dark for 30 min and immediately 
analyzed by flow cytometry as previously described. The green signals 
were measured at E × 485/Em 535 nm.

Western blot analysis
Immunoblot of apoptosis‑related proteins was done by a standard 
protocol.[18] After treatment of AGS cells with respective concentrations 
of alliin, cells were lysed with RIPA buffer and centrifuged at 12000 g 
for 30  min. The supernatant collected was checked for total protein 
concentration. Then, equal amount of protein (50 µg) was resolved on 
a 12% SDS‑polyacrylamide gel for electrophoresis and then transferred 
to PVDF membrane by a semidry transfer unit  (Hoefer). Membranes 
were blocked with Tris‑buffered saline  (TBS) containing 5% nonfat 
dry milk for 2 h to avoid nonspecific binding sites and incubated with 
1:1000 dilution of primary antibodies  (β‑Actin, caspase‑9, caspase‑3, 
Bax, Bcl‑2, and cytochrome‑C from Santa Cruz Biotechnology, USA) 
overnight, and then washed with TBS containing 0.1% Tween‑20 and 
incubated with HRP‑conjugated secondary antibody at 1:2500 dilution 
for 90  min at room temperature. After proper washing with TBS 
containing 0.1% Tween‑20 for three times, the transferred proteins were 
visualized on X‑ray photographic film and quantified by Imaje J software 
is NIH Imaje J 1.5Oi.

Statistical analysis
Data were analyzed using ANOVA test with the P  <  0.05  (*) and 
P  <  0.01  (**) levels of significance and interpolation of results were 
performed using GraphPad Prism software, and the results were 
expressed as mean ± standard error of the mean P < 0.05 was considered 
significant.

RESULTS
Chemical analysis of garlic extracts
In the present study, the content of alliin, a sulfoxide present in both fresh 
and dried garlic was estimated. Alliin eluted immediately after the void 
volume, which corresponds to a retention time of 3.65  min. A  typical 
high‑performance liquid chromatogram of standard alliin  (a), fresh 
garlic (b), and dried garlic extract (c) is shown in Figure 1 The alliin content 
in the aqueous extract of fresh garlic was observed to be more than that of 
the dried garlic extract. The data revealed that fresh garlic contains higher 
amount of alliin (0.25 µg/mg) in comparison to dried garlic (0.13 µg/mg).

Growth inhibitory activity of alliin
The antiproliferative activity of alliin in relation to gastric cancer 
was investigated by its effect on cell growth in human AGS cell 
line. The result indicated that alliin showed a marked growth 
inhibition in a dose‑dependent manner with half maximal inhibitory 
concentration  (IC50) value very closely to 100 µM which was 
evidenced by the reduction of viable cells shown in Figure 2 by keeping 
vincristine  (IC50‑15 µM) as a standard. Hence, the IC50 concentration 
of alliin was considered for further mechanistic studies. In the case of 
normal intestinal cell INT‑407, alliin neither induced proliferation nor 
inhibited the cell growth.
AGS cells treated with alliin stained by AO/EB dual stain evaluates the 
nuclear morphology of apoptotic cells. Cells stained green represent 
viable cells, whereas yellow staining represented early apoptotic cells, 
and reddish or orange staining represents late apoptotic cells. In the 
control, uniformly green live cells with normal and large nucleus 

Figure  1: High-performance liquid chromatography of garlic 
extracts (a) high-performance liquid chromatography of standard 
alliin (b) high-performance liquid chromatography of dried garlic 
(c) high-performance liquid chromatography of fresh garlic

c

b

a
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Figure 2: Cell viability potential of alliin, fresh garlic extract and dried garlic extract in gastric adenocarcinoma and normal intestinal (INT-407) cells. The data 
are expressed as mean ± standard error of the mean of three separate experiments

Figure 3: Morphological changes of alliin-treated cells by AO/EB staining viewed under ×20. Gastric adenocarcinoma cells without treatment show live cells 
gastric adenocarcinoma cells treated with 50 µM alliin show early apoptotic cells gastric adenocarcinoma cells treated with 100 µM alliin show late apoptotic 
cells

were observed, whereas in alliin‑treated cells yellow, orange, and red 
staining was observed [Figure 3]. Alliin‑treated cells showed significant 
morphological changes such as cell shrinkage and reduced cell density 
when compared with untreated cells. Hence, it confirms that alliin 
significantly induced apoptosis in gastric cancer cells.
In the present investigation, DNA fragmentation analysis was done 
to determine the presence of apoptosis in alliin‑treated AGS cells. 
However, the control AGS cells had higher confluency of monolayer, 
and they were morphologically normal. Condensed and fragmented 
nuclei of AGS cells with alliin treatment at 100 and 200 µM were 
observed compared to untreated normal AGS cells which is shown 
in Figure 4. In this connection, DNA fragmentation analysis in the 
present investigation denotes that AGS cells treated with alliin at 
concentrations of 50, 100, and 200 µM resulted in DNA damage.

Quantification of apoptosis
By taking into account the growth‑inhibitory effects and apoptotic event, 
we were interested in quantifying the number of apoptotic cells induced 
by alliin in AGS cells. The combination of Annexin V‑FITC and PI allows 
the differentiation among early apoptotic cells (annexin V positive, PI 
negative), necrotic cells  (annexin V positive, PI positive), and viable 
cells  (annexin V negative, PI negative). Notably, in alliin‑treated cells, 
the percentage of apoptotic cells increased from 0.01% in control cells to 
56% [Figure 5]. The results of dual‑color flow cytometry analysis confirmed 
that alliin can induce apoptosis in AGS cells in a dose‑dependent manner.
To determine whether suppression of cell proliferation by alliin results 
from inhibition of cell cycle progression, cell cycle analysis was carried 

out to evaluate the distribution of actively dividing cells before the 
induction of apoptosis. Cell cycle analysis for both in control cells 
and cells treated with alliin are shown in representative histogram in 
Figure  6a and the respective peaks for different phases of cell cycle is 
shown in Figure  6b. The results shown in Figure  6a represented that 
alliin dose‑dependently increased the S‑phase population in AGS cells 
and a corresponding decrease of cells in G2‑M phase.

Alliin-mediated reactive oxygen species 
generation and mitochondrial membrane 
depolarization (ΔΨm)
The elevations in intracellular ROS induced by alliin in AGS cells were 
detected by DCFDA (2,7‑dichlorofluorescein diacetate) which is a 
cell‑permeant indicator for ROS that is nonfluorescent until the acetate 
groups are removed by intracellular esterases and oxidation occurs within 
the cell. Green (C‑DCDHF‑DA) fluorescence intensities of alliin‑treated 
cells shown in Figure 7 are higher than those of control cells.
Depolarization of ΔΨm results in the loss of Rhodamine‑123 from the 
mitochondria and a decrease in intracellular fluorescence. The loss of 
mitochondrial membrane potential to a small extent was observed in AGS 
cells after exposure with increasing concentrations of alliin [Figure 8] in 
comparison to control cell.

Effect of alliin on apoptosis-related proteins
Changes in the level of apoptotic‑related proteins (Bax, Bcl‑2, caspase‑9, 
caspase‑3, and cytochrome‑C) were examined to determine the 
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Figure  5: Apoptosis assay by annexin V-PI-based immunofluorescence. The GRN-HLog axis denotes annexin-V, and the RED-HLog axis denotes PI. The 
numbers indicated represent the percentage (mean ± standard deviation) of gated annexin-V+/PI − and annexin-V+/PI + cells. Results are mean of triplicate 
analysis

Figure  4: DNA fragmentation analysis of gastric adenocarcinoma cells 
with alliin treatment. Lane 1 represents MW marker of 1  kb, Lane 2 
represents control cell, and Lane 3, 4, and 5 shows alliin at different 
concentrations (50,100, and 200 µM)

mechanism by which alliin induces apoptosis [Figure 9]. It is evidenced 
that alliin significantly downregulated Bcl‑2 and upregulated Bax 
expression. Similarly, treatment of AGS cells with alliin also significantly 

induced the release of cytochrome C from the mitochondrial matrix 
which induces the caspase cascade in a dose‑dependent manner.

DISCUSSION
Cancer is a conglomeration of a group of pathologies which share similar 
characteristics in the various types of cancer.  All living cells in the body 
as well as people of all ages and in both genders are affected by this 
deadly disease.[19] Gastric cancer which involves multifaceted causation 
comparatively affects a large number of old‑aged people leading to 
increased mortality. Hence, identifying a possible intervention to combat 
the disease condition is imperative. Garlic which is a common spice used 
in the Indian kitchen possesses intrinsic medicinal properties such as 
anti‑inflammatory, antioxidant, anticancer, antifungal, and antibacterial 
property.[20‑24] A number of studies revealed that allicin a bioactive 
compound of garlic exhibits anticancer property.[25] However, there are 
very few studies on alliin, the precursor of allicin. Hence, it prompted us 
to study the role of alliin and identify the mechanism of action in gastric 
cancer.
Alliin, a natural constituent of fresh garlic and a derivative of amino acid 
cysteine, has been evaluated for its apoptotic potential in this study. As 
per the HPLC analysis, the alliin content in fresh garlic is higher when 
compared to dried garlic. As it has been noted that garlic enzymatically 
produces allicin when injured, but not all of the alliin is being converted 
to allicin. Levels of alliin content can vary with different processing 

Figure 6: Effect of alliin on cell cycle distribution in gastric adenocarcinoma cells. (a) Flow cytometric histogram representing percentage of gated cells in 
different phases of cell cycle. (b) Respective peaks showing DNA distribution in different phases of cell cycle.*P < 0.05 and ****P < 0.0001 in alliin (50,100 and 
200 µM) in comparison to control cells

ba
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including nonsteroidal anti‑inflammatory drugs. The present study reveals 
that alliin inhibits growth and induces apoptosis within 24 h of treatment 
which was confirmed by AO/EB staining. Further, after only 24  h of 
treatment, alliin prevented cells from entering the G2‑M phase of the cell 
cycle, resulting in the accumulation of cells in the S phase. Some studies 
reported that different organosulfur compounds of garlic similarly block the 
cell cycle at the G1 or G2/M phase of both malignant and nonmalignant cells. 
The compounds such as ajoene and diallyl sulfide arrested the HL‑60 human 
myeloid leukemia cells at the G2/M phase[28,29] while S‑allylmercaptocysteine 
caused a G1 arrest in human umbilical vein endothelial cells.[30]

Electron and proton transport through the inner membrane of 
mitochondria is responsible for cellular ROS generation, and 
mitochondria‑mediated abnormal ROS is widely recognized as an 
aggravating factor in numerous human diseases.[31] ROS are believed 
to involve in several cellular functions, such as cell proliferation, 
differentiation, and apoptosis.[32] In this study, the intracellular 
ROS level in AGS cells treated with different concentration of alliin 
(50 and 100 µM) was measured by DCFH‑DA assay. ROS in alliin‑treated 
groups was significantly elevated as compared with the control group 
cells. Considering the influence of alliin treatment (for 24  h) on 
cell viability and apoptosis, the attenuation of ROS production may 
dramatically be due to cell death induced by alliin. Increase in ROS 
level generation leads to potentially cytotoxic oxidative stress which is 
identified as apoptosis inducers and modulators[33] and has been revealed 
to play a vital role in chemotherapy.[32] It is worth mentioning that the 
organosulfur compound alliin is a potential modulator of apoptosis.
Mitochondrial electron transport chain is the most important internal 
resource of ROS, of which NADH is the important factor. The generation 
of increased ROS from mitochondria causes dysfunction of the electron 
transport chain. It was illustrated in Figure  7 that alliin‑triggered 
apoptosis associated with excessive ROS generation in AGS cells, 
demonstrating that alliin might exhibit anticancer activity by excessive 
generation of ROS. Typically, AGS cells treated with alliin recorded 
elevated ROS levels over vehicle‑treated control cells. Simultaneously, 
after alliin treatment on AGS cells, apoptotic protein Bax was 
upregulated whereas Bcl‑2 was downregulated and these alterations 
displaced the balance between pro‑and anti‑apoptotic family members 

conditions.[26] However, based on the results obtained in the present 
study on the two types of garlic, fresh garlic [Figure 1b] which contain 
highest content of alliin  (0.25  µg/mg) is suitable for consumption, 
whereas dried garlic [Figure 1c] contains only (0.13 µg/mg) of alliin and 
shows minimal bioactivity Figure 2. Hence, it is recommended that fresh 
garlic may be considered as effective functional food with higher amount 
of alliin compared to dried garlic.
Although other phytocompounds of garlic such as diallyl sulfide, diallyl 
disulfide, and diallyl trisulfide have been proven for their anticancer 
activity,[21,27] there are very few data available characterizing alliin’s 
anticancer activities. In this study, the effect of alliin on the proliferation 
of human gastric cancer and noncancer cell has been examined in 
detail for the first time. The present study revealed that alliin treatment 
decreased the percentage of viable cells [Figure 2], with a IC50 value of 
100 µM. Neither alliin showed any proliferation nor any reduction on 
the growth of normal cells (INT‑407) confirming its role on only cancer 
cells and not on normal cells.
Alliin’s anticancer and antiproliferative activities probably reflect several 
mechanisms of action as with other types of chemopreventive agents, 

Figure 7: Reactive oxygen species generation in gastric adenocarcinoma 
cells. The YEL-HLog on the X-axis denotes reactive oxygen species 
generation and cell count on the Y-axis

Figure 8: Mitochondrial membrane potential changes of cells treated with alliin. The GRN-HLog on the X-axis denotes mitochondrial membrane potential 
and cell count on the Y-axis
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on mitochondrial outer membrane toward apoptosis[34,35] which caused 
a loss of ∆Ψm and outburst of cytochrome‑C from the mitochondrial 
space into the cytoplasm. Cytochrome‑C in the cytoplasm forms an 
apoptosome that in turn activates caspase‑9 from its inactive state. 
The protein level of cytochrome‑C, caspases‑9 and ‑3 were found to be 
elevated by alliin treatment in AGS cells which confirms that caspase‑9 
activates procaspase‑3 to execute apoptosis.

CONCLUSION
The results of the present study revealed that alliin inhibited proliferation 
of AGS cells through induction of apoptosis and apoptotic cell death 
involves both the intrinsic and extrinsic pathways. Alliin also promoted 
S‑phase arrest in AGS cells preventing the cells to enter into G2/M phase. 
The data indicate that garlic a medicinal spice may be explored in detail 
due to its several pharmaceutical properties which can be a potentially 
effective therapy for stomach cancer. To the best of our knowledge, this 
is the first report on the anticancer activity of alliin against gastric cancer.
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