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Abstract
AIM: To investigate the effects of allicin on both telomerase
activity and apoptosis in gastric cancer SGC-7901 cells.

METHODS: The gastric cancer SGC-7901 adenocarcinoma
cells were treated with allicin and the cell cycle, inhibitory
rate, apoptosis, telomerase activity and morphologic changes
were studied by MTT assay, flow cytometry (FCM), TRAP-
PCR-ELISA assay, light microscope, electron microscope
respectively. Results were compared with that of AZT (3’-
Azido-3’-deoxythymidine).

RESULTS: SGC-7901 cells were suppressed after exposure
to allicin of 0.016 mg/ml, 0.05 mg/ml, and 0.1 mg/ml for
48 h. Compared with the control, the difference was
significant (P<0.05). Allicin could induce apoptosis of the
cells in a dose-dependent and non-linear manner and
increase the proportion of cells in the G2/M phase. Compared
with the control, the difference was significant in terms of
the percentage of cells in the G2/M phase (P<0.05). Allicin
could inhibit telomerase activity in a time-dependent and
dose-dependent pattern. After exposure to allicin at 0.016
mg/ml for 24 hours, SGC-7901 cells showed typical
morphologic change.

CONCLUSION: Allicin can inhibit telomerase activity and
induce apoptosis of gastric cancer SGC-7901 cells. Allicin
may be more effective than AZT.
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INTRODUCTION
The relationship between telomere, telomerase and cancer has
been the hotspot of study since Kim found telomerase activity
in cancer in 1994. It was reported that telomerase activity and
malignancy had a close association. Telomerase activity was
detected in approximately 80-90 % of immortal cells. In
contrast, telomerase activity was not detected in most mature
somatic cells[1-3]. The observed differences in telomerase
activity in normal versus tumor derived cells led to the
hypothesis that the activation of telomerase might be essential
to tumor progression and the proliferation of tumor cells, and

that telomerase might represent a suitable target for highly
specific anti-cancer therapies[4,5]

     Gastric cancer is the most common alimentary tract cancer
in China in terms of incidence. It is one of the malignancies
that do serious harm to people’s health with a high mortality
and are short of effective therapeutic methods. Researchers
are not only trying to enchance the therapeutic effects of the
current methods but also working hard to find new ways and
medicines to treat gastric cancer. We have studied the
relationship between telomere, telomerase and malignancies,
and tried to find new medicines to treat gastric cancer since
1997 in our laboratory. The results suggest that the presence
of telomerase activity itself can be used as an excellent tool
for the early diagnosis of cancer[6-8]. We carried out further
studies to try to find out medicines from traditional Chinese
herbs, which can inhibit telomerase activity and provide a new
therapeutic approach on gastric cancer. Allicin is the bulb of
Allium. Epidemiological studies and animal experiments have
suggested that several garlic-derived compounds have potential
anticarcinogens[8-13]. Allicin is one of them, but the mechanism
of anticancer is not clearly demonstrated. In this paper, we
first studied the effect of 3’-Azido-3’-deoxythymidine (AZT)
on telomerase activity and apoptosis. Then the test was
continued by using cheap allicin, instead of the expensive AZT.
The results were compared between allicin and AZT.

MATERIALS AND METHODS
Materials
Allicin was obtained from HeFeng Pharmaceutical Company
(15 mg/ml, Batch Number: 010101). AZT was purchased from
Sigma Company. Human gastric adenocarcinoma SGC-7901
cell line was obtained from the Cell Biology Institute of Chinese
Academy of Sciences. RPMI-1640 was the product of GBICO.
Fetal bovine serum (FBS) was purchased from Tianjin
Hematological Diseases Research Institute. Trypsin,
tetrazolium bromide (MTT), ribonuclease A, DMSO and
propidium iodide (PI) were purchased from the Sino-American
Hua Mei Biotechnology Company of Beijing. The telomerase
detection kits were obtained from the Sino-American Hua Mei
Biotechnology Company of Shanghai.

Methods
Cell culture  Cells were maintained in RPMI-1640
supplemented with 10 % fetal bovine serum (FBS),
streptomycin (100 µg/ml) and penicillin (100 IU/ml) at 37 
in a humidified atmosphere containing 5 % CO2.
Effect of allicin on cell proliferation of SGC-7901 cells  SGC-
7901 cells were suspended at a concentration of 5×104/ml. Then
200 µl of the cell suspension was placed in each well of a
replicate 96-well microtiter plate. The cells were allowed to
adhere overnight. Then different concentrations (0.016 mg/ml,
0.05 mg/ml, 0.1 mg/ml) of allicin were added to the cells. MTT
assay was performed after 48 h growth. 40 µl of 5 mg/ml of
MTT was added to each well followed by incubation for 4 h at
37 . The formazan crystals were dissolved in 200 µl
DMSO and the absorbance measured by enzyme-linked
immunosorbent assay (ELISA). Optical density value (OD)



was measured at a wavelength of 570 nm. Each assay was
performed three times and the average results were calculated.
Effect of allicin on telomerase activity of SGC-7901 cell
Cultured cells in logarithmic growth were digested by 0.25 %
trypsin and suspended at a concentration of 2×104/ml, then
5 ml was placed into a cell culture flask of 25 ml and allowed
to adhere overnight. Cells were harvested after 12 h, 24 h, and
36 h. Cells were washed once with PBS and scraped into a
wash buffer, The cells were washed in the buffer, homogenized
in 150 µl cell lysis buffer, and incubated on ice for 30 min.
Cell homogenates were then centrifuged at 12 000×g for 20 min
at 4 . The supernatants were recovered and snap-frozen in
liquid nitrogen and stored at -80 . The TRAP-PCR-ELISA
assay was performed using a telomerase detection kit. In brief,
2 µl of tissue extract and 48 µl TRAP reaction mixture were
placed into tubes, PCR was then performed at 94  for 120 s
and at 94  for 30 s, at 48  for 30 s, at 72  for 90 s for 35
cycles. The PCR products (25 µl) were hybridized to a
digoxigenin (DIG)-labelled telomeric repeat specific detection
probe. The PCR products were immobilized via the biotin-
labelled primer to a streptavidin-coated microtiter plate. The
immobilized PCR products were detected with a peroxidase-
conjugated anti-DIG antibody and visualized following
addition of the stop reagent. The microtitre plate was assessed
on an enzyme-linked immunosorbent assay (ELISA) plate
reader at a wavelength of 490 nm.
Effect of allicin on the cell cycle of SGC-7901 cells  Cell culture
was the same as before, and treated with allicin. Cultured cells
were harvested after 24 h and fixed with 70 % cold ethanol for
4 h. The percentage of the cells in different cell cycle was
determined by a flow cytometer. Analysis of the DNA content
was done by using FACSalibur. Briefly, 1×105 cells were
suspended in 0.2 % Triton-X-100/PBS solution containing
0.5 % ribonuclease A, After incubation for 20 min, DNA was
stained with 50 ug/ml of propidum iodide (PI), then applied to
flow cytometer analysis at the inspiring wavelength of 488 nm.
Effect of allicin on morphological changes of SGC-7901
cells  Observations under light microscope The cells were
treated with 0.016 mg/ml allicin for 24 h, 48 h, then
morphological changes were observed under the inverted light
microscope and photographed.
Observations under transmission electron microscope
(TEM)  For TEM, SGC-7901 cells were incubated in culture
dishes with allicin for 24 h. A total of 5×106 cells were pelleted
at 12 000×g for 5 min and washed twice with PBS. Cells were
fixed in 2.5 % cold glutaraldehyde, 0.1 M of sodium cacodylate/
1 % sucrose buffer for 24 h. The cells were washed three times
with PBS, then postfixed in 1 % osmium tetroxide (60 min),
encapsulated in 1 % agar, stained with uranyl acetate and
phosphotungstic acid, and dehydrated in a series of graded
ethanolic solutions, finished with propylene oxide before
finally embedded in Epon 812-Araldite mixture. Ultrathin
sections (50 nm) were cut on a LKL-208 ultramicrotome and
placed under 200 mesh standard copper grids, examined with
an HA-600 transmission electron microscope.

Statistical analysis
The oneway test was used to evaluate the significance of cell
proliferation, cell cycle and apoptosis. The ANOVA was used
to evaluate the significance of telomerase activity. P<0.05 was
considered statistically significant.

RESULTS
Effects of allicin, AZT on cell proliferation
SGC-7901 cells were treated with different concentrations of
allicin for 48 h. MTT assay was used to measure cell
proliferation. The results are shown in Figure 1. Allicin could

inhibit gastric cancer cell proliferation in A dose-dependent
pattern. Allicin’s action was notably stronger than AZT (Figure
2). At the highest concentration, the inhibitory rate of allicin
on SGC-7901 was 89 %, while that of AZT was only 52.6 %.

Figure 1  Effect of allicin on cell proliferation.

Figure 2  Effect of AZT on cell proliferation.

Figure 3  Effect of allicin on telomerase activity.

Figure 4  Effect of AZT on telomerase activity.

Effects of allicin on telomerase activity
The cells were harvested after treated at different concentrations
of allicin for 12 h, 24 h, and 36 h, respectively. SGC-7901
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cells were treated by AZT for 48 h, 72 h, 96 h. Then the cells
were harvested. The telomerase activity was measured by
TRAP-PCR-ELISA assay. The results suggested that both
allicin and AZT could inhibit telomerase activity by different
degrees (Figures 3 and 4).

Effects of allicin on cell cycle and apoptosis
Three different concentrations of allicin acted on SGC-7901
cells for 24 h, the flow cytometry results showed the sub-G1
wave which was the apoptosis wave. Allicin could induce
apoptosis in a dose-dependent and non -linear manner (Figure
5). At the same time allicin could change the cell cycle of
SGC-7901 cell. In a certain range of concentrations, when
the concentration increased, the cells of G2/M phase increased
(Figure 6). As shown in Figures 7 and 8, AZT could also
change the cells cycle. It could increase the cells of S phase
and induce apoptosis in a dose-dependent and non-linear
manner.

Figure 5  Effect of allicin on apoptosis.

Figure 6  Effect of allicin on cells cycle.

Figure 7  Effect of AZT on apoptosis.

Effect of allicin on SGC-7901 cell morphological changes
The results of light microscopy  Cells became round after
treated with allicin for 24 h and the intercellular gaps were

loose. After 48 h, the cells were crimpled and floated. There
were a lot of fragments around the cells.

Figure 8  Effect of AZT on cell cycle.

Figure 9  Allicin-induced morphological changes of SGC-7901
cells under light microscope. A: Control, ×400; B: Treated with
16 µg/ml allicin for 24 h, ×400; C: 16 µg/ml allicin for 48 h, ×400.

Results of transmission electron microscopy  SGC-7901 cells
had big nucleoli and aberrant nuclei. There were a lot of
prominences of microvilli on the surface of cell membranes. After
treated with allicin for 24 h, the prominence was disappeared and
nuclei deflated, but the cell membranes were intact.
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Figure 10  Allicin-induced morphological changes of SGC-7901
cells under electron microscope. A: Control, ×3 500; B: Treated
with 16 ug/ml allicin for 24 h, ×3 500.

DISCUSSION
Telomeres, the ends of eukaryotic chromosomes, are composed
of tandemly repeated guanine-rich sequences 5’TTAGGG3’[14].
However, due to the nature of DNA synthesis, the 5’ ends of
telomeres are shortened by 50-100 bp with each round of cell
division. When the telomere reaches a certain critical length,
the cell cannot undergo division. This has been described as
the “end-replication” problem of linear chromosomes[15-17].
Telomerase is a ribonucleoprotein and its internal RNA
component serves as a template for directing the appropriate
telomeric sequences onto the 3’ end of a telomeric primer, and
then the cells can continue to divide[18]. To date, three major
components of telomerase, namely, human telomerase RNA
component (hTR), human telomerase-associated protein (TP)
and human telomerase catalytic subunit (hTERT) have been
identified[19]. Recent studies have demonstrated a close correlation
between telomerase activity and hTERT expression[19,20]. In a
number of laboratories, experiments have shown that down-
regulation of telomerase activity can be used to treat cancer[21-28].
AZT, which has been among the most extensively studied
reverse transcriptase inhibitors, is a telomerase inhibitor that
works on hTERT. AZT can effectively cause telomere
shortening and inhibit telomerase activity in cancer cells. The
results have shown that tumor incidence is reduced and survival
is prolonged, at the same time the number and size of
spontaneous metastases are also decreased. But AZT has toxical
effects and is so expensive that it cannot be used widely[27-29].
Allicin, which has been used to decrease blood pressure,
cholesterol and as an antioxidant, antimicrobial, etc[30-33], has
little toxicity and is easily available. In the current study, the
SGC-7901 cells were treated at different concentrations of
allicin and AZT. The results strongly suggest that allicin can
effectively inhibit telomerase activity in a time- and dose-
dependent manner. This study also indicates that allicin can
induce cell apoptosis (arrest in G2/M phase). The cause of
apoptosis is related to decreased telomerase activity. When
telomerase activity degrades, telomere shortens, mitoses of cells

are arrested, which leads to cell apoptosis[34]. It was reported
that apoptosis inhibitor Bcl-2 could modulate telomerase
activity. Overexpression of Bcl-2 leads to a significant
enchancement in the level of telomerase activity. On the other
hand, with down-regulation of Bcl-2 expression, telomerase
activity also decreases[35-37]. Some researches found that the
mechanism of degraded Bcl-2 expression by allicin was through
the secondary messengers, namely cAMP, PKC of the second
signal system, which led to overexpression of Fas and Bax,
and at the same time the Bcl-2 expression decreased[38]. But
the telomerase activity modulation is a complex system[39]. We
were unable to rigorously determine if decrease of telomerase
activity after treatment by allicin was associated with the down-
regulation of Bcl-2.
     Furthermore, this work also provides a direct comparison
between two classes of medicine, both of which can inhibit
telomerase activity and induce apoptosis. Allicin is more
effective than AZT. At the same time, both Allicin and AZT
can arrest the cells in different cell cycle phases. Allicin arrests
cells at the G2/M phase while AZT does at the S phase,
indicating that the mechanism of allicin on telomerase activity
inhibition is different from that of AZT and telomerase activity
is lack of cell cycle regulation[40-42]. In conclusion, our results
may provide important insights into using allicin as a
therapeutic approach against neoplasm.
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