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Abstract
Introduction—Garlic supplementation in diet has been shown to be beneficial to cancer patients.
Recently, its pharmacological role in the prevention and treatment of cancer has received
increasing attention. However, the mechanisms by which garlic extract (GE) induces cytotoxicity,
oxidative stress, and apoptosis in cancer cells remain largely unknown.

Objective—The present study was designed to use HL-60 cells as a test model to evaluate
whether or not GE-induced cytotoxicty and apoptosis in human leukemia (HL-60) cells is
mediated through oxidative stress.

Methods—Human leukemia (HL-60) cells were treated with different concentrations of GE for
12 hr. Cell survival was determined by MTT assay. The extent of oxidative cell/tissue damage was
determined by measuring malondialdehyde (lipid peroxidation biomarker) concentrations by
spectrophotometry. Cell apoptosis was measured by flow cytometry assessment (Annexin-V and
caspase-3 assays) and agarose gel electrophoresis (DNA laddering assay).

Results—Data obtained from the MTT assay indicated that GE significantly (p < 0.05) reduced
the viability of HL-60 cells in a concentration-dependent manner. We detected a significant (p <
0.05) increase in malondialdehyde (MDA) concentrations in GE-treated HL-60 cells compared to
the control. Flow cytometry data showed a strong concentration-response relationship between GE
exposure and Annexin-V positive HL-60 cells. Similarly, a statistically significant and
concentration-dependent increase (p <0.05) were recorded with regard to caspase-3 activity in
HL-60 cells undergoing late apoptosis. These results were confirmed by data of DNA laddering
assay showing a clear evidence of nucleosomal DNA fragmentation in GE-treated cells.

Conclusion—Our finding indicates that GE-induced cytotoxicity and apoptosis in HL-60 cells
involve phosphatidylserine externalization, caspase-3 activation, and nucleosomal DNA
fragmentation associated with the formation of MDA, a by-product of lipid peroxidation and
biomarker of oxidative stress. At therapeutic concentrations, GE-induced cytotoxic and apoptotic
effects in HL-60 cells is mediated by oxidative stress.
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Introduction
Garlic is a vegetable that belongs to the Allium class of bulb-shaped plants, which also
includes onions, chives, leeks, and scallions. It is widely consumed in many countries as
spice and as condiment in many dishes, and for medicinal purposes. A laboratory study
revealed that garlic extract contains high content of sulfur, arginine, oligosaccharides,
flavonoids, and selenium, all of which are beneficial to human health [1]. In addition,
crushed or processed garlic contains several organosulfur compounds such as allicin, diallyl
sulfide, and diallyl disulfide which are valuable precursors for glutathione biosynthesis [2,
3]. Ancient Egyptian records revealed that garlic is used as remedy for a variety of diseases
[4]. Several in vivo studies indicate that garlic and sulfur-containing garlic compounds
suppress the incidence of tumors in rodent models [5-7]. Studies also indicate that sulfur-
containing garlic compounds have anti-mutagenesis and anti-carcinogenesis effects [1].
Numerous pharmacological studies have demonstrated that garlic has many beneficial health
effects [8-10]. Recently, consumption of allium vegetables, especially garlic and onions, has
been linked to a reduced risk of stomach cancer [11]. Another study indicates that a greater
intake of allium vegetables (more than 10 g per day vs. less than 2.2 g per day), particularly
garlic and scallions, is associated with an approximately 50 percent reduction in prostate
cancer risk [12].

Epidemiological studies, preclinical investigations and clinical trials support the role of
garlic compounds as potent cancer chemopreventive agents. A recent report indicates that
allicin (a biological active compound of garlic) induces mitochondrial release of cytochrome
c, activation of caspase 9 and 3 and DNA fragmentation in U937 cells in a concentration-
and time-dependent manner [13]. Although it is known that oxidative insults to DNA can
lead to mutations in crucial genes, which may ultimately lead to cancer [14], one of the
molecular mechanisms by which bioactive compounds induce cytotoxicity and apoptosis is
through oxidative stress. Many studies have shown that garlic possesses antioxidant and
anti-lipid peroxidative effects [15, 16]. From recent study in Tunisia, Hamlaoui-Gasmi et al.
have reported that garlic could modulate oxidative stress in rats depending on its route of
administration. They have shown that oral administration of high dose of garlic increases
antioxidant enzyme activity including catalase (CAT), peroxidase (POD) and superoxide
dismutase (SOD) in rat brain. However, intraperitoneal administration of garlic increases
MDA, H2O2 and LDH levels in brain on rats [17]. It has been also reported that aged garlic
extract exerts its cancer-inhibitory action in different and complementary ways, due to the
variety of compounds present in the extract [15]. Although published studies indicate that
garlic has medicinal properties effective against many diseases other than leukemia, the
molecular mechanisms under which this herbal medicine exerts its therapeutic effect in
cancer cells remain largely unknown. Therefore, the present study was designed to use
HL-60 cells as a test model to evaluate whether or not GE-induced cytotoxicty and apoptosis
in human leukemia (HL-60) cells is mediated through oxidative stress.

Materials and Methods
Chemicals and test media

Growth medium RPMI 1640 containing 1mmol/L L-glutamine was purchased from Gibco
BRL products (Grand Island, NY). Fetal bovine serum (FBS), phosphate buffered saline
(PBS), and MTT assay kits were obtained from Sigma Chemical Company (St. Louis, MO).
Lipid peroxidation kit was purchased from Calbiochem-Novabiochem (San Diego, CA).
Annexin V fluorescein isothiocyanale (FITC) kit (contains annexin V FITC, binding buffer
and propidium iodide [PI]), and active caspase-3 kit were obtained from BD Biosciences
(Pharmingen, Becton Dickinson Co., San Diego, CA, USA).
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Preparation of garlic extract
Garlic extract was prepared by homogenizing the required amount of garlic powder in an
appropriate volume of distilled water to prepare a concentration of 100 mg/mL. The
homogenate was centrifuged at 3000 × g for 10 min to remove particulate matter and the
supernatant fraction was used for the experiment. Garlic extract is composed of different
biologically active molecules of health benefit [1].

Tissue/cell culture
Human leukemia (HL-60) cell line was purchased from the American Type Culture
Collection – ATCC (Manassas, VA). This cell line has been derived from peripheral blood
cells of a 36-year old Caucasian female with acute promyelocytic leukemia (APL). In the
laboratory, cells were stored in the liquid nitrogen until use. They were next thawed by
gentle agitation of their containers (vials) for 2 min in a water bath at 37°C. After thawing,
the content of each vial of cell was transferred to a 25 cm2 tissue culture flask, diluted with
up to 10 mL of RPMI 1640 containing 1 mmol/L L-glutamine (GIBCO/BRL, Gaithersburg,
MD) and supplemented with 10% (v/v) fetal bovine serum (FBS), 1% (w/v) penicillin/
streptomycin. The 25 cm2 culture flasks (2 × 106 viable cells) were observed under the
microscope, followed by incubation in a humidified 5% CO2 incubator at 37° C. Three times
a week, they were diluted under same conditions to maintain a density of 5 × 105/mL, and
harvested in the exponential phase of growth. The cell viability was assessed by the trypan
blue exclusion test (Life Technologies), and manually counted using a hemocytometer.

Cell treatment and biochemical test for cell viability
The in vitro cytotoxicity and anti-cancer effect of garlic extract against HL-60 cells was
determined by MTT assay [18]. Briefly, to 180 μL aliquots in six replicates of the cell
suspension (5x 105 cells/mL) seeded to 96-well polystyrene tissue culture plates, 20 μL
aliquots of stock solutions were added to each well using distilled water as solvent to make-
up final garlic extract (GE) concentrations of 2, 4, 6, 8, and 10 mg/mL. Control cells
received 20 μL of distilled water. Cells were placed in a humidified 5% CO2 incubator for
12 hr at 37°C. After incubation, 20 μL aliquots of MTT solution (5 mg/mL in PBS) were
added to each well and re-incubated for 4 h at 37 °C following by low centrifugation at 800
rpm for 5 min. Then, the 200 μL of supernatant culture medium were carefully aspirated and
200 μL aliquots of dimethylsulfoxide (DMSO) were added to each well to dissolve the
formazan crystals, followed by incubation for 10 min to dissolve air bubbles. The culture
plate was placed on a Biotek microplate reader and the absorbance was measured at 550 nm.
All assays were performed in six replicates for each GE concentration. Statistical analysis
was done to determine the means ± SDs of cell viability. Cell viability rate was calculated as
the percentage of MTT absorption as follows: % survival = (mean experimental absorbance/
mean control absorbance×100).

Biochemical test for oxidative stress by lipid peroxidation assay
Lipid peroxidation is traditionally quantified to measure malondialdehyde (MDA) and 4-
hydroxynonenal. The extraction procedure and measurement of the extracted MDA was
performed according to the manufacturer’s instructions (Calbiochem-Novabiochem, San
Diego, CA). Malondialdehydes (MDA) are formed during lipid peroxidation [19]. Briefly, 2
× 106 HL-60 cells/mL untreated as a control and cells treated with garlic extract (GE) were
incubated in a total volume of 10 ml growth medium for 12 hr. After the incubation period,
cells were collected in 15 mL tubes, followed by low-speed centrifugation. The cell pellets
were re-suspended in 0.5 ml of Tris-HCl, pH 7.4, and lysed using a sonicator (W-220;
Ultrasonic, Farmingdale, NY) under the conditions of duty cycle-25% and output
control-40% for 5 sec on ice. A 200μl aliquot of the culture medium was assayed for MDA
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according to the lipid peroxidation assay kit protocol. The absorbance of the sample was
read at 586 nm, and the concentration of MDA was determined from a standard curve.

Biochemical test for apoptosis detection by annexin V FITC/PI assay
To evaluate early apoptosis in human leukemia (HL-60) cells exposed to garlic extract (GE),
we performed the flow cytometry assessment using annexin V FITC/PI staining kit.
Annexin-V binds to cells that express phosphatidylserine on the outer layer of the cell
membrane, and PI stains the cellular DNA of those that have a compromised cell membrane.
This allows for the discrimination of live cells (unstained with either fluorochrome) from
apoptotic cells (stained only with annexin-V) and necrotic cells (stained with both annexin-
V and PI) [20]. Briefly, 1 × 106 cells/mL were washed in PBS, re-suspended in binding
buffer (10 mM Hepes/NaOH pH 7·4, 140 mM NaCl, 2·5 mM CaCl2), and stained with
FITC-conjugated annexin V (Pharmingen, Becton Dickinson Co., San Diego, CA, USA).
Then, cells were incubated for 15 min in the dark at room temperature, washed with binding
buffer and analyzed by flow cytometry (FACS Calibur; Becton-Dickinson) using CellQuest
software.

Biochemical test for apoptosis detection by caspase-3 assay
Caspase-3 assay was carried out using a commercially available kit (Phycoerythrin-
Conjugated Polyclonal Active Caspase-3 Antibody Apoptosis Kits, Pharmingen). HL-60
cells were grown in RPMI 1640 containing 1 mmol/L L-glutamine (GIBCO/BRL,
Gaithersburg, MD) and supplemented with 10% (v/v) fetal bovine serum (FBS), 1% (w/v)
penicillin/streptomycin. Two mL of cells (1 × 106cells/mL) were added to each well of 24
wells and treated with 2, 4, 6, 8, and 10 mg/mL of garlic extract (GE) for 12hr. Control cells
were processed exactly as GE-treated cells, except GE treatment of these cells was
eliminated. Control and GE-treated cells were assayed for caspase-3-like protease according
to a previously described protocol [21]. Briefly, 1 × 106cells/mL were washed per
concentration with cold PBS (pH 7.4). Washed cells were suspended in Cytofix/Cytoperm
solutions and incubated for 20 min on ice. Cells were pelleted and washed with Perm/Wash
buffer. Cells were then centrifuged at 3000 rpm for 5 min and re-suspended in 0.2 mL Perm/
Wash, 20 μL PE-conjugaled polyclonal rabbit anti-active caspase-3 antibody and incubated
at room temperature for 30 min. Cells were re-suspended in 0.5 mL of perm/wash buffer and
analyzed by flow cytometry (FACS Calibur; Becton-Dickinson) using CellQuest software.

Biochemical test for apoptosis detection by agarose gel electrophoresis
DNA fragmentation analysis was conducted to confirm the apoptotic mechanism of garlic
extract (GE). Briefly, 2mL of cells (1 × 106cells/mL) were added to each well of 24 wells
and treated with 2, 4, 6, 8 and 10 mg/mL of garlic extract (GE) for 12hr. Control cells were
processed exactly as GE-treated cells, except GE treatment of these cells was eliminated.
After the incubation period, cellular DNA was extracted from whole cultured cells using
genomic DNA isolation reagents from Roche Molecular Biochemicals (Indianapolis, IN)
according to the manufacturer’s protocol. Extracted DNA samples were placed into the well
of agarose gel. The agarose gels were run at 75 volts until the purple tracer marker migrated
to approximately 2 cm before the end of the gel. After electrophoresis, the gel was stained
with ethidium bromide, and photographed under UV light [22].

Statistical analysis
Experiments were performed in triplicates. Data were presented as means ± SDs. Where
appropriate, one-way ANOVA or Student paired t-test was performed using SAS Software
available in the Biostatistics Core Laboratory at Jackson State University. P-values less than
0.05 were considered statistically significant.
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Results
Inhibition of HL-60 cells proliferation by garlic extract

We used the MTT assay to examine the cytotoxic effect of garlic extract (GE) on HL-60
cells for 12 hr (Figure 1). Data generated from these experiments clearly showed that GE
exposure significantly reduces the viability of HL-60 cells in a concentration-dependent
fashion. Higher percentages of non-viable cells were noted in cells cultured at high GE
concentrations within the range doses of 8 and 10 mg/mL.

Induction of malondialdehyde (MDA) production in HL-60 cells by garlic extract
Oxidative stress constitutes one of the molecular mechanisms by which bioactive
compounds induce cytotoxicity and apoptosis. To determine the extent of oxidative cell
damage in HL-60 cells exposed to garlic extract (GE), we performed lipid peroxidation
assay. Our result obtained from this assay showed a significant (p < 0.05) increase in
malondialdehyde (a by-product of lipid peroxidation and biomarker of oxidative stress)
concentrations in GE-treated HL-60 cells compared to the control. A maximum level (27.75
μM) of malondialdehyde (MDA) production in HL-60 cells was observed at 6 mg/mL of GE
exposure compared to (18.75 μM) in the control. This increase demonstrates that GE
augments MDA production in HL-60 cells by 48% at 6 mg/mL of exposure when compared
to the control (Figure 2).

Modulation of phosphotidylserine externalization in HL-60 cells by garlic extract
Flow cytometry analysis was performed to investigate the apoptotic effects of garlic extract
(GE) on HL-60 cells. Cells were dual-stained with Annexin V-FITC and propidium iodide
(PI). The percentage of apoptotic cells in the control, and cells treated with GE were 5.0 ±
0.0%, 11.5 ± 2.1%, 18.0 ± 1.4%, 22.5 ± 0.7, 17.5 ± 2.1 and 15.0 ± 1.4% in 0, 2, 4, 6, 8 mg/
mL respectively (Figures 3 and 5). GE-treated HL-60 cells were significantly different
(P<0.05) compared to the control group according to ANOVA Dunnett’s test.

Activation of caspase-3 in HL-60 cells by garlic extract
The activity of caspase-3 in human leukemia (HL-60) cells exposed to garlic extract (GE)
was assessed by flow cytometry. As seen in Fig 3, there was a strong concentration-response
relationship between caspase-3 activation in HL-60 cells and GE exposure. After 12 hr of
exposure, the percentages of caspase-3 positive cells (apoptotic cells) were 7.5 ± 0.7%, 12.0
± 4.0%, 15.5 ± 3.5%, 21.0 ± 1.4%, 19.5 ± 2.8, and 19.5 ± 6.2% in 0, 2, 4, 6, and 8 mg/mL of
GE, respectively (Figures 4 and 5). GE-treated HL-60 cells were significantly different
(P<0.05) compared to the control group according to ANOVA Dunnett’s test.

Induction of nucleosomal DNA fragmentation in HL-60 cells by garlic extract
Agarose gel electrophoresis of DNA extracted from control and garlic extract (GE)-treated
cells is presented in (Figure 6). As shown on this figure, our result showed positive
nucleosomal DNA fragmentation in nuclei isolated from human leukemia (HL-60) cells. A
small fragment of DNA double-strand breaks was detected in cells incubated in the absence
of GE. Overall, the present observation demonstrates that GE induces nucleosomal DNA
fragmentation in human leukemia (HL-60) cells.

Discussion
Garlic(Allium sativum) and its constituents have been widely used as therapeutic agents for
prevention and treatment of cancer, diabetes, cardiovascular diseases and other metabolic
diseases such as atherosclerosis, hyperlipidemia, thrombosis, hypertension, and dementia
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[23]. Experimental and clinical studies indicate that garlic reduces the cancer risk by
inhibiting carcinogen activation and/or increasing detoxification of activated carcinogens,
and exhibiting antitumor activities [4, 24, 25]. This compound also reduces the risk of
cardiovascular diseases by lowering the serum cholesterol level [8], inhibiting platelet
aggregation [26] and increasing fibrinolysis [27]. In the present study, we used the MTT
assay to examine the cytotoxic effect of garlic extract (GE) on HL-60 cells. Data generated
from this assay indicated that GE exposure significantly (p < 0.05) reduces the viability of
HL-60 cells in a concentration-dependent fashion (Figure 1). In support of our findings,
previous in vitro studies have indicated that derivatives of garlic inhibit proliferation of a
human cervical cancer (HeLa) cells [28], human prostate cancer cells and human breast
cancer cells [29]. Several population studies conducted in China have shown an association
between increased intake of garlic and reduced risk of cancers of the stomach, colon,
esophagus, pancreas, and breast [3, 30]. A recent study conducted in the San Francisco Bay
area has reported that pancreatic cancer risk is 54 percent lower in people who ate larger
amounts of garlic compared with those who ate lower amounts [31]. The biologically active
molecules of garlic that are beneficial to human health include sulfur, arginine,
oligosaccharides, flavonoids, and selenium [1]. Futhermore, processed garlic contains many
organosulfur compounds such as allicin, diallyl sulfide, and diallyl disulfide [2, 3].

To evaluate whether GE-induced cytotoxicty and apoptosis in human leukemia (HL-60)
cells is mediated by oxidative stress, we performed lipid peroxidation assay. Our result
obtained from this assay showed a significant (p < 0.05) increase in malondialdehyde (a by-
product of lipid peroxidation and biomarker of oxidative stress) concentrations in GE-treated
HL-60 cells compared to the control. We observed a maximum level (27.75 μM) of
malondialdehyde (MDA) production in HL-60 cells at 6 mg/mL of GE exposure compared
to (18.75 μM) in the control. This increase demonstrates that GE augments MDA
production in HL-60 cells by 48% at 6 mg/mL of exposure when compared to the control
(Figure 2). Similarly, Dirsch and collaborators reported that treatment of HL-60 cells with
ajoene (a major component of garlic) caused a dose- and time-dependent increase in
peroxide production [32]. Ajoene has been shown to induce apoptosis in human
promyelocytic leukemic cells through the generation of reactive oxygen species (ROSs) and
activation of nuclear factor-B [32]. In addition, a recent study indicated that garlic
compounds generate reactive oxygen species leading to activation of stress kinases and
cysteine proteases for apoptosis in human glioblastoma T98G and U87MG Cells [33]. A
study from our laboratory indicated ascorbic acid enhanced the activity of arsenic trioxide in
treated HL-60 cells by increasing its cytotoxic effect and inducing the production of
malondialdehyde [34]. Clinical studies reported that drugs such as cloroquin, quinine,
mefloquine, primaquin, artemisinin, and aprofloxanin act by the mechanisms of oxidative
stress [35, 36].

Garlic has also been reported to have antioxidant properties which scavenge the reactive
oxygen species (ROS), enhancing the cellular antioxidant enzymes (superoxide dismutase,
catalase, glutathione peroxidase) thereby protecting the cells against disease-causing
oxidative damage [37]. Recently, Rahman and collaborators have reviewed the literature on
clinical trials related to the antioxidant properties of garlic and discovered seven (7)
published studies since 1993 [38]. They reported that five of the studies showed a decrease
in oxidative stress [39-41] while two other studies showed no significant change in oxidative
stress parameters [42, 43]. Further clinical trials are needed to confirm the antioxidant
properties of garlic.

However, administration of garlic can alter the activities of endogenous antioxidants,
depending on the dosage and type of antioxidants [44]. For example, a study by Banerjee et
al. has shown that use of garlic at low doses could significantly increase superoxide
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dismutase (SOD), whereas at higher doses, the activity of SOD is reduced [37].
Interestingly, we have demonstrated for the first time in the present study that GE treatment
of HL-60 cells causes increase in the production of MDA, a biomarker of oxidative stress
and cell injury. MDA production detected in the present study may be indicative of the
therapeutic mechanism of action of garlic compound in cancer cells.

To better understand the mechanism of GE-induced apoptosis, we examined the modulation
of phosphatidylserine externalization in HL-60 cells by flow cytometry. We observed that
GE induces cellular apoptosis in human leukemia (HL-60) cells in a concentration-
dependent manner, showing an increase expression of annexin positive cells in GE-treated
cells compared to the control (Figure 3). The effect of GE was more powerful at 6 mg/mL
(P<0.05) compared to the control cells. We found that the percentage of annexin positive
cells (apoptotic cells) increased gradually (P<0.05) in a concentration-dependent manner
with increasing GE concentrations and reached a maximum of 22.5 ± 0.7% cell death at 6
mg/mL after 12 hr of exposure. Above 6 mg/mL exposure, GE failed to further increase
apoptosis, probably due to the high level of cell death at/or above 8 mg/mL of exposure
(Figure 3). Consistently, previous studies had reported that garlic inhibits the growth of
human colon, lung and skin cancer cells and induces apoptosis by increasing intracellular
calcium concentrations in human colon tumor cells [45]. Biologically active compounds of
garlic, such as allicin, induce apoptosis in human epithelial carcinoma through a caspase-
independent pathway, mediated by the release of apoptotic-inducing factor (AIF) from
mitochondria and protein kinase A (PKA) activation [46]. However, the mechanism
underlying the induction of cell death by GE has not been fully elucidated.

To further understand or gain insight into the mechanism of GE-induced apoptosis, we
examined caspase-3 activation in HL-60 cells. Caspase-3 is a protein which has been shown
to play a pivotal role in the execution phase of apoptosis induced by diverse stimuli [47]. As
shown on Fig 4, we have demonstrated that GE significantly induces apoptosis of HL-60
cells in a concentration-dependent manner, at least in part, through activation of caspase-3.
We have found that the percentages of caspase-3 positive cells (apoptotic cells) increased
gradually with increasing GE concentrations and reached a maximum of 21.0 ± 1.4% cell
death at 6 mg/mL after 12 hr of exposure. Above 6 mg/mL exposure, GE failed to further
increase apoptosis, probably due to the high level of cell death at/or above 8 mg/mL of
exposure (Figure 4). This study suggests that active caspase-3 plays an important role in
executing apoptosis in GE-treated HL-60 cells. Consistent with our results, previous reports
had indicated that diallyl disulfide (a major component of garlic compound) induces
apoptosis of human leukemia HL-60 cells and triggers hydrogen peroxide generation,
activate caspase-3, and degrade poly(ADP-ribose) polymerase and fragmentation of DNA
[48 - 50]. Taken together, the flow cytometry data demonstrated that treatment of cells with
6 mg/mL GE is the optimum concentration to induce cell apoptosis (Figure 5).

To confirm the apoptotic mechanism of garlic extract (GE) for the above results, we further
examined the apoptotic response, as judged by the appearance of a DNA ladder through
agarose gel electrophoresis. We observed DNA ladders in extracts from HL-60 cells treated
with GE at concentrations of 2, 4, 6, 8 and 10mg/mL for 12 h. Consistent with our finding,
recent study indicated that allicin (a biological active compound of garlic) induced
mitochondrial release of cytochrome c, activation of caspases 9 and 3 and DNA
fragmentation in HL-60 and U937 cells in a concentration-and time-dependent manner [13].
DNA Ladder is a characteristic pattern of nucleosomal DNA fragmentation, which is the
hallmark of apoptosis. DNA fragmentation is one of the later stages of apoptosis [51].
Overall, data generated from the flow cytometry assessment (Figure 5) and DNA laddering
assay (Figure 6) support the notion that apoptosis may be a potential mechanism of garlic
action against human leukemia cancer.
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Conclusion
In the present study, we examined the molecular basis of garlic extract (GE) in vitro. Our
results indicate that GE-induced cytotoxicity and apoptosis in HL-60 cells are associated
with malondialdehyde formation, phosphatidylserine externalization, caspase-3 activation,
nucleosomal DNA fragmentation, and cell death. Although the mechanisms under which GE
exerts its therapeutic effect in human cancers remain largely unknown, we have
demonstrated in the present study that oxidative stress may be the potential mechanism for
the antiproliferative effects and apoptosis of garlic extract, suggesting its potential chemo-
preventive action in patients with acute promyelocytic leukemia. Here, we also demonstrate
in part the molecular mechanism responsible for causing cell death and apoptosis after
treating cells with GE. However, further in vitro and in vivo investigations are needed to
understand the precise mechanisms regulating the antiproliferative effects and apoptosis
induced by garlic.
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Figure 1.
Cytotoxic effect of garlic extract to human leukemia (HL-60) cells. HL-60 cells were
cultured with increasing concentrations of garlic extract (2, 4, 6, 8, and 10 mg/mL) for 12 hr
as indicated in the Materials and Methods. Cell viability was determined based on the MTT
assay. Each point represents a mean ± SD of 3 experiments with 6 replicates per dose.
*Significantly different (p <0.05) from the control, according to the Dunnett’s test.
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Figure 2.
Garlic extract (GE)-induced oxidative stress in human leukemia (HL-60) cells. Cells were
incubated for 12 hr with increasing concentrations of GE (2, 4, 6, 8, and 10 mg/mL).
Malondialdehyde (MDA) concentrations were determined as described in Materials and
Methods. *Significantly different from the control by ANOVA Dunnett’s test; P < 0.05.
Data are representative of 3 independent experiments.
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Figure 3.
Representative flow cytometry analysis data from Annexin V-FITC/PI assay. The
histograms show a comparison of the distribution of annexin V negative cells (M1) and
annexin V positive cells (M2) after 12 hr exposure to garlic extract. A = control; B = 2 mg/
mL; C = 4 mg/mL; D = 6 mg/mL; E = 8g/mL, and F = 10 mg/mL.
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Figure 4.
Representative flow cytometry analysis data from caspase-3 assay. The histograms show a
comparison of the distribution of caspase-3 negative cells (M1) and caspase-3 positive cells
(M2) after 12 hr exposure to garlic extract. A = control; B = 2 mg/mL; C = 4 mg/mL; D = 6
mg/mL; E = 8mg/mL, and F = 10 mg/mL.
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Figure 5.
Proportion of annexin V positive cells (green) and caspase-3 positive cells (red) in garlic
extract-treated HL-60 cells. Human leukemia (HL-60) cells were cultured in the absence or
presence of garlic extract for 12 hr as indicated in the Materials and Methods. Values are
shown as means ± SDs of 3 replicates per experiment. *Significantly different at p < 0.05 to
the control group.
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Figure 6.
DNA fragmentation in human leukemia (HL-60) cells exposed to garlic extract (GE) at 0
mg/mL (control with no GE treatment), 2 mg/mL, 4 mg/mL, 6 mg/mL, 8 mg/mL, and 10
mg/mL GE. M denotes the molecular weight marker. Twelve (12) μL of each sample was
electrophoresed on a 1.2% agarose as described in Materials and Methods. DNA was stained
with ethidium bromide and then visualized under UV light.
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