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Crude Extract of Garlic Induced Caspase-3 Gene Expression
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Abstract. Garlic (Allium sativum) is a popular spice, a
remedy for a variety of ailments and is also known for its
medicinal uses as an antibiotic, antithrombotic and
antineoplastic agent. Epidemiological and animal studies
have shown that garlic consumption reduces the incidence of
cancer e.g. in the stomach, colon, breast and cervix. The aim
of this study was to investigate whether garlic extract has any
influence on caspase-3 activity and gene expression and on
the signal induction of apoptosis in vitro. As an assay system,
the flow cytometry assay, Western blotting and cDNA
microarray were applied in human colon cancer colo 205
cells. Our results indicated that garlic extract, when
administered to the colo 205 cell cultures, reduced the
percetange of viable cells, induced apoptosis, increased the
levels of Bax, cytochrome c and caspase-3, but decreased the
level of Bcl-2. The results also showed that raw extract of
garlic decreased the mitochondrial membrane potential and
increased the caspase-3 activity and gene expression. We
conclude that crude extract of garlic can induce apoptosis in
colo 205 cells through caspase -3 activity, by means of a
mitochondrial-dependent mechanism.
Garlic is identified as a class of natural Allium vegetables,
and is also used as a food additive throughout the world.
Allium vegetables, and/or their constituents, have been
demonstrated to reduce the risk of cardiovascular diseases
by lowering the serum cholesterol level (1), inhibiting
platelet aggregation (2) and increasing fibrinolysis (3);
decreasing cancer risk through inhibiting carcinogen
activation and/or increasing detoxification of activated
carcinogens (4, 5), and they also exhibit antitumour

Correspondence to: Jing-Gung Chung, Department of Microbiology,
School of Medicine, China Medical University, No 91, Hsueh-Shih
Road, Taichung 404, Taiwan, R.O.C. Tel: +886-4-2205-3366, Fax:
+886-4-2205-3764, e-mail: jgchung@mail.cmu.edu.tw
Key Words: Garlic extract, caspase-3, colon cancer cells.

0258-851X/2006 $2.00+.40

activities (6). It has also been reported that these vegetables
have antibacterial (7), antifungal (8) and antiviral (9)
effects, promote the immune system (10) and have antiaging functions (11, 12).
Cell death can be divided into necrosis and apoptosis.
Apoptosis is a tightly regulated process of programmed
cell death, which is implicated in development and tissue
homeostasis of multicellular organisms, to eliminate
abundant and unwanted cells that occur in various
physiological and pathological conditions (13-15). It is
also well documented that abnormalities in cell death
control can lead to a variety of diseases, including cancer.
The pathways of apoptosis can be divided into
mitochondrial or intrinsic pathways, that are initiated
from internal events within the cell and death receptor, or
extrinsic pathways, that occur at the cell surface, which
result in the proteolytic activation of cysteine proteases
(caspases) (16). Although garlic components had been
demonstrated to induce apoptosis in human colon cancer
cells (17, 18) and in leukemia HL-60 cells by caspase-3
activity (19), there have been no reports of crude garlic
extract (CGE)-induced caspase-3 gene expression and
apoptosis in human colon colo 205 cells. Therefore, the
aim of this study was to examine whether or not CGE
induces capspase-3 activity before leading to apoptosis in
human colon colo 205 cells.

Materials and Methods
Chemicals and reagents. Trypan blue, ribonuclease-A, Tris-HCl, triton
X-100 and propidium iodide (PI) were obtained from Sigma
Chemical Co. (St. Louis, MO, USA). Potassium phosphates, dimethyl
sulfoxide (DMSO) and TE buffer were purchased from Merck Co.
(Darmstadt, Germany). RPMI 1640 medium, penicillin-streptomycin,
trypsin-EDTA, fetal bovine serum (FBS) and glutamine were
obtained from Gibco BRL (Grand Island, NY, USA). The caspase-3
activity assay kit was bought from Boehringer Mannheim (Mannhein,
Germany). CGE was prepared in our laboratory.
Human colon cancer cell line. The human colon adenocarcinoma
cell line (colo 205) was obtained from the Food Industry
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Research and Development Institute (Hsinchu, Taiwan). The
colon cancer cells were placed into 75-cm3 tissue culture flasks
and grown at 37ÆC under a humidified 5% CO2 atmosphere in
RPMI 1640 medium supplemented with 10% FBO and 2%
penicillin-streptomycin (10,000 U/ml penicillin and 10 mg/ml
streptomycin).
Effects of CGE on the viability of colo 205 cells. The colo 205 cells
were plated in 12-well plates at a density of 2.5x105 cells/well and
grown for 24 h. CGE, at final concentrations 0, 0.5, 1 and 2 Ìg/mL,
was then added. DMSO (solvent) was used as a control. For
determining cell viability, the trypan blue exclusion test and flow
cytometry were used, as described previously (20).
Flow cytometry analysis of DNA content for assaying apoptosis in colo
205 cells treated with various concentrations of CGE. Approximately
2.5x105 cells/well of colo 205 in a 12-well plate with final
concentrations (0, 0.5, 1 and 2 Ìg/ml) of CGE were incubated in
an incubator for 48 h before harvesting the cells by centrifugation.
The cells were fixed and assayed by flow cytometry, as described
previously (20).
DNA fragmentation electrophoresis analysis. Colo 205 cells were
plated in 10-cm dishes at a density of 5x106 cells/well and grown
for 24 h. They were then treated with 1 Ìg/ml CGE while only
adding DMSO (solvent) for the control, and grown at 37ÆC in
humidified 5% CO2 for 72 h for the DNA fragmentation
electrophoresis assayed, as described previously (20).
Effects of CGE on the mitochondrial membrane potential of colo 205
cells. Cells were treated with or without CGE (final concentrations
0, 0.5, 1 and 2 Ìg/ml) for 24 h to detect the changes of
mitochondrial membrane potential. The level of mitochondrial
membrane potential of the colo 205 cells was determined by flow
cytometry (Becton Dickinson FACS Calibur), using DiOC6 (4
mol/L). The cells were harvested and washed twice, re-suspended
in 500 Ìl of DiOC6 (4 mol/L) and incubated at 37ÆC for 30 min,
before analysis by flow cytometry (21).
Caspase-3 activity determination in colo 205 cells treated with or
without CGE. Colo 205 cells were plated in 12-well plates at a
density of 5x105 cells/well and grown for 24 h. The various
concentrations of CGE with the added DMSO (solvent) for the
control were grown at 37ÆC in humidified 5% CO2 for 24 h. The
cells were then harvested and lysed in lysis buffer to determine
caspase-3 activity, as described previously (21).
Inhibition of CGE-induced apoptosis by the caspase inhibitor (zVAD-fmk) in colo 205 cells. In order to examine whether or not
caspase-3 activation was involved in the apoptosis triggered by
CGE, the cells were pretreated with the cell-permeable broadspectrum caspase inhibitor, z-VAD-fmk, 3 h prior to treatment
with CGE. Apoptosis and caspase-3 activity were determined, as
described above (21)
Western blotting to examine the effect of CGE on Bax, Bcl-2,
cytochrome c and caspase-3 in colo 205 cells. The total protein was
collected from colo 205 cells treated with or without various
concentrations of CGE 24 h before the Bax, Bcl-2, cytochrome c
and caspase-3 levels were measured by sodium dodecylsulfate
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polyacrylamide gel electrophoresis (SDS-PAGE) and Western blot,
as described previously (20, 21)
Microarray hybridization to examine caspase-3 gene expression in colo
205 cells after treatment with CGE. The total RNA was extracted
from colo 205 cells treated with or without 2 Ìg/mL CGE by using
the Qiagen RNeasy Mini Kit at 24 h. cDNA microarrays were
applied, as described previously (22).
Statistical analysis. The Student’s t-test was used to analyze the
statistical significance between the CGE-treated and control groups.

Results
Effects of CGE on the viability of colo 205 cells. The results
demonstrated that the crude extract of garlic induced
cytotoxicity on colo 205 cells, and that these effects were
dose-dependent (Figure 1).
CGE induced apoptosis in colo 205 cells. The data from flow
cytometry demonstrated that CGE induced apoptosis (subG1 occurrence), and that this effect was also dosedependent (Figure 2). The DNA gel picture indicated that,
in colo 205 cells treated with 2 Ìg/ml of CGE, DNA
fragmentation was induced (Figure 3).
Effects of CGE on the mitochondrial membrane potential in
colo 205 cells. The data from flow cytometry assays provided
in Table I indicate that CGE decreased the mitochondrial
membrane potential, and that this effect was also dosedependent (Table I).
Caspase-3 activity determination in colo 205 cells treated with
or without CGE. The results indicated that CGE increased
the caspase-3 activity in colo 205 cells and that this effect
was also dose-dependent (Figure 4A).
Inhibition of CGE-induced apoptosis by the caspase inhibitor
(z-VAD-fmk) in colo 205 cells. The data demonstrated that
CGE induced apoptosis, and that cells treated with caspase
inhibitor showed a decrease in the percentage of apoptosis
(Figure 4B). Apparently, caspase-3 is involved in CGEinduced apoptosis.
Western blotting to examinine the effect of CGE on Bax, Bcl2, cytochrome c and caspase-3 expressions in colo 205 cells.
The results indicate that CGE induced Bax, cytochrome c
and caspase-3 expressions, but decreased Bcl-2 expression
(Figure 5).
Microarray hybridization to examine the gene expression of
caspase-3 in colo 205 cells after treatment with CGE. The
results demonstrate that CGE induced caspase-3 gene
expression (Figure 6).
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Figure 1. Percentage of the viable colo 205 cells after CGE treatment.
Colo 205 cells (1x105cells/ well; 12 well plates) were cultured in RPMI
1640 medium + 10% FBS with CGE for 24 h. Then the cells were
collected by centrifugation and the viable cells were determined by flow
cytometry, as described in Materials and Methods. The data represent the
mean±S.D. of three experiments. *p<0.05

Figure 2. Effects of CGE on colo 205 cells apoptosis (sub-G1 group).
Colo 205 cells were cultured with 0, 0.5, 1 and 2 Ìg/mL CGE for 48 h,
and the cells were harvested and analyzed for the sub-G1 group. The
percentage of colo 205 cells in apoptosis was evaluated by flow cytometry
as described in Materials and Methods. The data represents the
mean±S.D. of three experiments. *p<0.05

Table I. Flow cytometric analysis of mitochondrial membrane potential
in human colon cancer cells (colo 205) with or without various
concentrations of CGE treatment for 24 h.
Crude extract of garlic (CGE)
(Ìg/mL)
0 (control)
0.5
1
2

Figure 3. CGE induced DNA laddering fragmentation in colo 205 cells.
Colo 205 cells were incubated with or without CGE for 48 h, then DNA
degradation was analyzed by gel electrophoresis, as described in Materials
and Methods.

Discussion
Recently, there has been increased inerest in the
chemoprevention of gastrointestinal cancer. So far, many
minor dietary components have been found to inhibit various
stages of carcinogenesis (23). The anticarcinogenic effects of
Allium vegetables, that derive from epidemiological data as
well as from laboratory animal studies, have been reported.
A case-control study involving 564 patients with stomach
cancer and 1131 controls documented an inverse correlation

Percentage of cells
stained by DiOC6
96.2±13.9
78.4±10.2
51.6±8.2*
24.1±4.1*

Values are mean±S.D. n=3. The colo 205 cells (5x105 cells/ml) were
treated with various concentrations of CGE. The zero concentration
was defined as the control. The percentage of cells that were stained
by the DiOL6 dye, and the stained cells were determined by flow
cytometry, as described in the Materials and Methods section.
*differs between CGE and control. p<0.05.

between the dietary intake of Allium vegetables and cancer
risk (24). Consumption of garlic was inversely associated with
colon cancer risk (25). The use of garlic in health products
and herbal remedies in Nigeria was also reported (26).
A more recent population-based, case-control study
conducted in Shanghai, China, examined the association
between the risk of prostate cancer and the intake of Allium
vegetables (garlic, onions, scallions, chives and leeks). This
study, involving 238 cases with histologically-confirmed
prostate cancer and 471 control subjects, concluded that men
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Figure 4. Flow cytometric analysis of the effects of CGE on colo 205 caspase-3 activity and apoptosis. The colo 205 cells were incubated with 2 Ìg/mL
CGE and/or with or without z-VAD-fmk treatment for caspase-3 activity (panel A) and apoptosis determination (panel B), as described in Materials and
Methods. The data represent the mean±S.D. of three experiments. *p<0.05

Figure 5. Representative Western blot showing changes in the levels of Bcl-2, Bax, , cytochrome c and caspase-3 in colo 205 cells after exposure to CGE.
The colo 205 cells (5x106/ml) were treated with 0, 0.5, 1 or 2 Ìg/mL CGE for 24 h then the cytosolic fraction and total protein were prepared and
determined, as described in Materials and Methods. Evaluation of the levels of Bcl-2, Bax, cytochrome c and caspase-3 expressions were estimated by
Western blotting as described in Materials and Methods.
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and caspase activation could involve two levels (30, 31). We
examined the effect of CGE on the production of radical
oxygen species (ROS) in colo 205 cells, and the data did show
that the CGE increased ROS production (data not shown).
It was also reported that ROS increased the permeability of
the mitochondrial membrane (32). Further investigations on
the chemopreventive properties of CGE are justified.
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Figure 6. Up-regulation of caspase-3 gene in colo 205 cells treated with 2
Ìg/mL CGE and assayed by cDNA microarray. Colo 205 cancer cells
(5x106 cells/mL) in 6-well plates treated with or without 2 Ìg/mL CGE
for 24 h. Red color spot represents up-regulation and green color spot
down-regulation. Circle marks the caspase-3 gene up-regulation.

with a high intake of total Allium vegetables (>10 g/day) had
a statistically significantly lower risk of prostate cancer than
those with low intake (27). Results from investigators based
on antiproliferation studies on cancerous cell-based models
suggest that the tumor-suppressive effect of garlic
corresponds with cell cycle inhibition and apoptosis
induction (19, 28, 29). However, the exact mechanism of
garlic-induced apoptosis in human colon cancers still
remains unclear. Therefore, it was worth investigating the
effects of CGE on human colon cancer cells to find the
mechanism and signal pathway, and how they lead to
apoptosis in colo 205 cells.
Our results demonstrated that CGE was cytotoxic against
colon cancer cells. The data also showed that cell death after
treatment with CGE was the result of apoptosis, and that
increased Bax levels and decreased Bcl-2 levels led to a
decrease in the mitochondrial membrane potential, which
caused caspase-3 levels to increase, finally leading to DNA
fragmentation and apoptosis. The homeostasis of the
mitochondrial membrane potential is supervised mainly by
Bcl-2 family membranes (30). The ratio of Bax/Bcl-2 is
associated with the potential of the mitochondrial membrane.
We found that CGE caused apoptosis in colo 205 cells
through increased caspase-3 activity, and this death pathway
was caspase-3-dependent since the caspase inhibitor z-VADfmk caused the decrease in caspase-3 activity, leading to a
decrease in the percentage of apoptosis in colo 205 cells. It
was reported that the link between mitochondrial changes
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