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Garlic (allium sativum) possesses anti-proliferative properties that can be used in anticancer intervention as promising 
cancer chemo-preventive constituent. Diallyl disulfide (DADS) is an oil soluble sulfur organic compound. We investigated 
DADS inhibitory activity against colon cancer (Caco-2) cells viability or proliferation. Cells were incubated with DADS at 
concentrations, 400µM, 500µM, 600µM and 700µM for 72h at 37°C and 5% CO2. DADS effect was dose-dependently. 
IC50 concentration of DADS, inhibited the viability and proliferation of treated Caco-2 cells in vitro and induced apoptosis 
even by DNA fragmentation or Bcl-2 reaction expression inhibition. Future study will may deal with further investigations 
of DADS possible usages as a new alternative or complementary chemotherapeutic agent for human cancer types specially 
colon cancer type.

INTRODUCTION
Recently, there has been encouraging progress, from a west-
ern perspective, in cancer research field regarding Chinese 
Herbal Medicines (CHM) as an effective therapeutic method 
to improve cancer survival scavenge, increase tumor response 
or reduce chemotherapy toxicity and keep cancer from recur-
ring. For example, it has been demonstrated that garlic (alli-
um sativum) possesses anti-mutagenic or anti-proliferative 
properties that can be used in anticancer interventions[1]. 
Thus, garlic derivatives are believed to be a promising a cancer 
chemo-preventive constituent for its anticancer role by induc-
ing apoptosis, inhibiting differentiation, inhibiting tumor an-
giogenesis and reversing multidrug resistance[2]. Lipid-soluble 
organic compounds from garlic that possess the most effective 
antiproliferative agents warranting further study as antitumor-
igenic agents. Diallyl disulfide (DADS) is an oil soluble sulfur 
organic compound has recently become more appealing as an 
anticarcinogenic agent due to its ability to induce apoptosis 
in vitro and inhibit the growth of tumors in animal studies in 
vivo[3]. Further elucidation of apoptosis associated to cellular 
proteins which regulated by DADS and other natural products 
that are pro-apoptotic, is important because of their anticar-
cinogenic agents[4].

Apoptosis, a programmed cell death, occurs under a variety of 
physiological and pathological conditions that control develop-
ment and homeostasis of multicellular organisms[5]. Apoptosis 
induction was recognized to be the best strategy for agents to 
kill cancer cells. Bcl-2 protein action mechanism has not been 
fully defined but may involve oxidative phosphorylation and/or 
mitochondrial electron and metabolite transport, and its main 
effect is to prolong cell survival by avoidance of apoptosis[6]. 
Bcl-2 expression confers resistance to a variety of chemothera-
peutic agents in vitro[7], but any deregulation of its expression 
lead to accelerate the apoptotic progress of cancer cells.

Colorectal cancer is the cause of more than 1/2 million deaths 
worldwide, and it was ranked as the third leading cause of 
cancer-related death after lung cancer and stomach cancer[8]. 
Epidemiological studies have shown strong evidence that diet 
and lifestyle play an important role in preventing cancer. In 
particular, an increased consumption of fruits and vegetables 
is associated with decreasing in cancer onset and mortality[9]. 
Therefore, in this study we focused on DADS role as natural 
bioactive compound in the induction of cytotoxicity and apop-

tosis in human colorectal carcinoma cell line (Caco-2) in vitro.

MATERIALS AND METHODS
Chemical reagents: MTT salt or 3-(4,5-dimethylthi-
azole-2-yl)-2,5-diphenyl tetrazolium bromide, dimethylsul-
foxide (DMSO), commercial methanol, commercial ethanol, 
commercial acetone, Tris-HCl, edetic acid, Triton-X100, RNase 
A, proteinase K, NaCl, 2-propanol, phosphate-buffered saline 
(PBS), ethidium bromide, agarose gel, Peroxidase, trypsin, He-
matoxylin and eosin (Hx&E) stain, Bcl-2 monoclonal antibody, 
biotinylated immunoglobulin secondary antibody and diallyl 
disulfide (DADS) were purchased from Sigma-Aldrich, Egypt. 

Cell line and cell culture: Caco-2 cell line, was obtained 
from American Type Culture Collection (ATCC, USA). They 
were sub-cultured as monolayer according to instructions pro-
vided by ATCC in Dulbecco modified Eagle medium (DMEM) 
supplemented with 10% heat inactivated (56°C, 30min) fetal 
bovine serum, 2mmol/L L-glutamine, 100U/mL Penicillin-Strep-
tomycin and 100U/mL Amphotericin B at 37°C in a humidi-
fied atmosphere of 5%CO2. Cells were used when monolayer 
reached 80% confluence in all experiments. Cell propaga-
tion media and supplements were purchased from Invitrogen 
(Carlsbad, CA).

Methods: 1.Cell Viability Assay: In vitro evaluation of 
antiproliferation effect: growth inhibition was evaluated by 
MTT assay. MTT salt or 3-(4,5-dimethylthiazole-2-yl)-2,5-di-
phenyl tetrazolium bromide was reduced by mitochondrial 
dehydrogenases to water blue insoluble formazans[10]. Viable 
cell number/well was directly proportional to formazans pro-
duction. 25 × 103cells were seeded into each well of 96-well 
plate, incubated with culture medium overnight (12h), re-
placed with fresh medium containing DADS at concentrations 
of 400µM, 500µM, 600µM and 700µM for 72h at 37ºC in 
an incubator with 5%CO2. After incubation, DADS modified 
medium was replaced by 100μL of MTT (0.5mg/mL) medium 
for incubation (3h at 37°C and 5%CO2) with DMSO and left 
for 10min on a platform shaker to solubilize converted for-
mazan. Absorbance values were determined at 570nm test 
wavelength and 630nm reference wavelength (Spekol 1200 
spectrophotometer). Untreated cells were as positive con-
trol cells and all values were correlated with this set of data. 
Experiment was performed in triplicates. Inhibition Percent-
age=[1–(net Absorbance of treated well/net Absorbance of 
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positive control well)]x100% was plotted against DADS con-
centrations. 

2.Determination of DNA fragmentation: cells were seed-
ed in 60-mm petri dishes at density 4x105cells/plate (treated 
cells by IC50 concentration of DADS and positive control cells). 
Adherent and floating cells were collected by centrifugation 
at 1000×g/5min. Cell pellet was suspended in cell lysis buff-
er (Tris-HCl 10mmol/L pH7.4, edetic acid 10mmol/L pH8.0, 
0.5%Triton-X100) and kept at 4ºC/10min then, lysate was 
centrifuged at 25.000×g/20min. Supernatant was incubated 
with RNase A 40μg/L/1h (37ºC), incubated with proteinase K 
40μg/L/1h (37ºC), mixed with NaCl 0.5mol/L and 50% 2-pro-
panol overnight (-20ºC), then centrifuged at 25.000×g/15min. 
After drying, DNA was dissolved in buffer (Tris-HCl 10mmol/L 
pH7.4, edetic acid 1mmol/L pH8.0) and separated by 2%aga-
rose gel electrophoresis at 100V for 50min. DNA was visual-
ized under ultraviolet light after staining with ethidium bro-
mide[11].

3.Cytological changes investigation: detached and trypsin-
ized cells (IC50 concentration of DADS treated cells and posi-
tive control cells) were collected and centrifuged at 2000rpm 
for 5min. Cell pellet was resuspended with 100μL of PBS (pH 
7.3). 10μL of the suspension were smeared on a glass slide, 
allowed to air-dry, fixed with cool methanol for 5min be-
fore proceeding by Hx&E and examined under light micro-
scope[12].

4.Immunocytochemical investigations: by detection of Bcl-
2 by immunocytochemistry staining kits. The procedure was 
done according to manufacturer’s instructions, simplified as: 
1-2 drops of Peroxidase was applied to cells (IC50 concentra-
tion of DADS treated cells and positive control cells) on slide 
(10min), followed by blocking solution (10min). Cells were 
fixed in ethanol:acetone (9:1) for 30min at -20°C and then 
rinsed with cold PBS at room temperature. Cells were incubat-
ed overnight with primary monoclonal antibody against Bcl-2 
at dilution of 1:75 at 4°C, then in Tris buffer and biotinylated 
immunoglobulin secondary antibody[13]. Between each step, 
slide was washed with washing buffer (PBS) with 0.1%Tween 
20). Slides were mounted and examined under light micro-
scope. 

5.Statistical analysis: results were presented as means±-
standard deviations (SD). Analysis of variance (ANOVA) for 
two variables (Two Way ANOVA) was used together with 
student t-test. Significant analysis of variance results were 
subjected to post hoc and was set at P<0.05 and high signifi-
cance at P≤0.01[14].

RESULTS
1.Cell Viability Assay: In vitro evaluation of antiprolifer-
ation effect.
Cytotoxic effect of different concentrations of DADS (400µM, 
500µM, 600µM and 700µM) for 72h on Caco-2 cell line was 
determined by MTT assay (Figure 1). Cells number started to 
reduce immediately after treatment with DADS concentrations 
in a dose dependent manner. All concentrations were found 
to be high significantly different (P≤0.01) in respect to their 
antiproliferative and apoptotic effects when compared with 
positive control cells. Cell inhibition percentage was gradu-
ally increased with DADS concentration increasing and 96% 
of cell inhibition was observed when cells were treated with 
700µM/72h. Cell proliferation reduced about 22% and 40% 
when cells were treated with 400µM and 500µM for 72h, re-
spectively. Cells proliferation decreased to 55% when treated 
with concentration of 600µM/72h.

2.Determination of DNA fragmentation by DNA laddering 
assay.
DNA degradation into multiple internucleosomal fragments 
is apoptosis distinct biochemical hallmark. Nuclear DNA iso-
lated from Coca-2 cancer cells was separated by agarose gel 
electrophoresis, stained with ethidium bromide and a typical 
ladder formation was observed upon 72h when treated with 

DADS concentration at 600µM whereas untreated cells did 
not show typical ladder (Figure 2). Results indicated that DADS 
induced DNA fragmentation which was caused by apoptosis.

3.Cytological changes investigation.

Positive control cells had round nuclei, distinct small nucleo-
li and homogeneous chromatin with an accentuated nuclear 
membrane (Figure 3a). After Coca-2 cells treatment by DADS 
concentration at 600µM/72h, apoptotic cells were identified 
by a series morphological changes as an important experimen-
tal proof of underlying processes alterations appeared as: bleb 
plasma membrane, cellular shrinkage, chromatin condensation 
as granules, scant vacuolated cytoplasm, degrading nucleus 
and apoptotic bodies formation were observed (Figure 3b, 3c 
and 3d).

4.Immunocytochemical investigations.

 Positive control Coca-2 cells, Bcl-2 protein reaction was con-
sidered positive (over expression of Bcl-2 protein) when over 
50% of cells had nuclear brown staining, with slight intensi-
ty degrading in the same field (Figures 3e). After Coca-2 cells 
treatment by DADS concentration at 600µM/72h, those fields 
that had necrotic or apoptotic nucleus as sign for DADS ap-
optotic effect with Bcl-2 negative reaction (no nuclear brown 
stain) (Figure 3f).

Figure 1: DADS effect with different concentrations on Caco-
2 cells viability. Values means were calculated [mean±SD, n 
(for each concentration)=4]. 

Figure 2: DNA fragmentation by DNA laddering assay of ex-
tracted DNA from DADS treated cells and positive control 
cells. DNA laddering, typical for apoptotic cells, in treated 
Coca-2 cells (T), and there was no any apoptotic features in 
positive untreated cells (C). M indicating to marker.
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Figure 3: Cells in different stages of apoptosis in treated cells. 
Cell with normal morphology (a). Complete apoptotic cell (b). 
Nucleus, vacuolated cytoplasm with apoptotic bodies (c). Nu-
clear condensation (dark, condensed and irregular rounded 
nucleus), bleb membrane and  cell shrinkage (d). Bcl-2 protein 
immunocytochemistry: control positive cell showing Bcl-2 pro-
tein nuclear positive reaction (e) and treated cell showing nu-
clear negative reaction indicating cell apoptosis incidence (f). 

DISSCUTION
In Taiwan, about 15.03 persons/100 thousand people die/
year in colon cancer from reports of ‘‘People Health Bureau 
of Taiwan”[15]. Surgery, radiotherapy and chemotherapy are 
used for clinical therapy in human colon cancer. Currently the 
strategies for treatment of human colon cancer are not yet 
satisfactory[16]. Chemoprevention of colorectal cancer has be-
come essential in the modern industrialized world[17]. 

Garlic is widely consumed worldwide. Fresh garlic contains 
water, carbohydrates, proteins, fiber, fat, various amino acids, 
minerals, and vitamins[18]. Additionally, garlic includes sulfur 
compounds, specially allicin, diallyl sulfide (DAS), diallyl di-
sulfide (DADS), diallyl trisulfide (DATS), and ajoene. When gar-
lic is cut or crushed, the clove’s membrane is disrupted, and 
S-allylcysteine (SAC) sulfoxide is converted enzymatically into 

allicin by allinase[19]. Allicin is responsible for the typical odor 
of garlic, but is unstable and converts readily into mono-, di-, 
and trisulfides. Total allicin yield has been determined as 2.5 
mg/g of fresh crushed garlic, or about 5-20 mg/clove[20]. Ex-
perimental and epidemiological studies provided evidence the 
association between garlic intake and a reduced cancer risk, 
for example, esophageal, mammary, skin, pulmonary, stomach 
and lung tumors[21].

Diallyl sulfide (DAS), diallyl disulfide (DADS), diallyl trisulfide 
(DATS), ajoene, allicin, Sallyl cysteine (SAC), and Sallylmercapto-
cysteine (SAMC), lead to apoptosis by upregulation of p53, Bax, 
activation of Caspase-3, -8, and -9, JNK, p38, downregulation of 
Bcl2, and the production of reactive oxygen species (ROS)[22].

Diallyl disulfide (DADS) is a major constituent of garlic as it is 
an important oil-soluble organo-sulfur component of garlic (Al-
lium sativum), has been reported to inhibit human cancer cells 
growth as lung, skin and breast[23]. It was investigated its ef-
fects in human gastric cancer MGC803 cells. They had shown 
that the growth of MGC803 cells was inhibited by DADS[24]. 
Although DADS as an anti-tumor agent has been established, 
the exact mechanism of cytotoxic effect in apoptotic pathways 
is not completely clear and apoptotic potential mechanism of 
signal pathway in the cell remains to be evaluated. 

Apoptosis is a kind of cell death upon receiving specific sig-
nals instructing the cells with specific morphological change as 
plasma and nuclear membrane blebbings, chromatin conden-
sation, proteases activation and DNA fragmentation that are 
considered as landmarks of the apoptotic process[25]. That 
was agreed with the results of recent study after treatment by 
DADS. DADS decreased the viable percentage of cell number 
(dose dependent effect) and induced apoptosis of Caco-2 cells 
via inhibiting Bcl-2 activity. Therefore, we may presume that as 
primary mechanism involved in DADS growth-inhibitory effects 
as it considered main apoptotic signals[26]. 

CONCLUSION
Epidemiological studies have shown strong evidence that diet 
is an important role in preventing cancer. In this study, we 
have demonstrated that DADS inhibited proliferation and in-
duced apoptosis in colon cancer (Caco-2) cells. Future study 
will may deal with further investigations of the possible usages 
of DADS as an alternative and complementary chemothera-
peutic agent for human colon cancer.
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