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Abstract: Aim of the present study was to investigate the anti-tumor effect of cidan and cisplatin alone or in combination in the Hela cervical cancer cell and mice tumor xenograft. MTT assay was used for analysis of cell proliferation and Annexin-V/PI FACS assay for the induction ofapoptosis. The results from MTT assay revealed a significant
reduction in viability of Hela cells by cidan and cisplatin in dose and time dependent manner. Cidan and cisplatin
reduced the viability of Hela cells at 48 h to 43.4 and 39.2%, respectively (P<0.05). Incubation of with cidan and
cisplatin alone or in combination induced apoptosis in 46.54, 52.27 and 74.69%, (P<0.05) respectively at 48 h.
Western blot analysis revealed a significant increase in the expression of pro-apoptotic factorcaspase-3 in Hela cells
on treatment with the combination of cidan and cisplatin. In mice tumor xenograft model, tumor growth was significantly inhibited in the group treated with combination of cidan and cisplatin after 14 days compared to 30 days
in the cisplatin treatment group. The results from TUNEL assay revealed that proportion of apoptotic cells was significantly higher in the mice treated with cidan and cisplatin combination compared to cidan or cisplatin treatment
groups alone (P<0.05). Thus, cidan enhances the anti-tumor effect of cisplatin both in vitro and in vivo, therefore
the combination can be used as efficient treatment strategy for cervical cancer.
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Introduction
Cervical cancer is one of the commonly detected cancers in females which affects more than
510,000 women and leads to 288,000 deaths
every year [1]. The estimated 5-year survival
rate of the cervical carcinoma patients is more
than 70% and the prognosis of advanced or
recurrent cervical cancer is very poor [2].
Currently, the treatment strategies for cervical
carcinoma include, radiation therapy and chemotherapy alone or in combination with herbal
medicines [3, 4]. Combination with herbal constituents from traditional Chinese medicine
(TCM) have resulted development of the efficient treatment strategies for cancers [5, 6].
One of the potent chemotherapeutic agents for
treatment of cervical cancer is cisplatin and its
use has led to more than 20% response rate
[7]. Studies have demonstrated that use of single chemotherapeutic agent has limited success in inhibiting cancer particularly, metasta-

sis. Thus, combination of the various chemotherapeutic agents investigated to develop efficient treatment strategies.
Traditional Chinese Medicine (TCM) either alone
or in combination with standard chemotherapeutic agents has been used for the treatment
of various types of cancers. TCMs exhibit their
effect through inhibition of the carcinoma cell
growth [8-11] and by improving the immune
system [12]. Cidan, the mixture of 10 plant
extracts is used for the treatment of cancer
without inducing any side effects. The major
component of the cidan is β-elemene which is
reported to exhibit dose dependent inhibitory
effect on the growth of hepatocellular carcinoma cells, HepG2. Studies have revealed that
β-elemene induces apoptosis, arrests cell cycle
and promotes expression of Fas and Fas ligand
[13, 14]. Furthermore, in pulmonary carcinoma
cells β-elemenein combination with other chemotherapeutic agents improved the efficacy of

Cidan and cisplatin combination inhibits cervical cancer
were conducted. The mice
were housed under laminar
airflow conditions, temperature-controlled and 12-h/12h light/dark cycle. All the
animal experiments were
performed according to the
guidelines for animal care
and use Animal Ethics Committee of the College of
Medicine at Inje University.
Cell lines and culture

Figure 1. Cidan and cisplatin exhibit dose and time-dependent inhibitory effect on the proliferation of Hela cells. The cells were treated with 5 to 50 mg/
ml doses of cidan and cisplatin and then analyzed by MTT assay. (*P<0.05)
compared to the control cell cultures.

treatment therapy [15]. In the present study,
antitumor effect of cidan alone or in combination with cisplatin against cervical carcinoma
was investigated. It was observed that cidan
treatment inhibited cell proliferation and induced apoptosis in cervical carcinoma cells.
Moreover, cidan enhanced the anti-tumor activity of cisplatin significantly.
Materials and methods
Chemicals and reagents
Cidan and other common chemicals were purchased from Sigma-Aldrich (St. Louis, MO,
USA). DMEM medium was obtained from Gibco
(Gaithersburg, MD, USA) and 10% fetal bovine
serum from Gibco-BRL (Grand Island, NY, USA).
Animals
Twenty nude mice (BALB/cAnNCrj-nu/nu) fiveweek-old were purchased from Charles River
Japan, Inc. (Kanagawa, Japan). The animals
were acclimatized to the laboratory environment for one week before the experiments
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Human cervical cancer cell
line Hela was purchased
from the American Type Culture Collection (Manassas,
VA, USA). The cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) and 1%
streptomycin and penicillin.
Incubation of the cells was
performed in a 5% CO2 incubator at 37°C.
MTT assay

Effect of cidan or cisplatin on the proliferation
of Hela cells was analyzed by MTT method. In
this procedure, the cells were distributed at a
density of 2.5 × 105 cells per ml into the 96-well
flat-bottom plates in 100 µl DMEM medium.
Various concentration of cidan or cisplatin were
added to each well of the plate and incubated
for 48 h. After incubation, 150 µl MTT (5 mg/ml
PBS) solution was added to each well of the
plate and incubated for 4 h. Then the supernatant was decanted and 50 µl DMSO was added
to each well of the plate. Absorbance for each
well of the plate was recorded at 570 nm three
times.
Apoptosis assay
Effect of cidan or cisplatin alone or in combination on the induction of apoptosis in Hela cells
was analyzed using fluorescein isothiocyanate
(FITC)-Annexin V Apoptosis Detection kit I (BD
Biosciences, San Jose, CA, USA). The cells at a
density of 2 × 105 cells per well were distributed in 100 mm culture dishes, and incubated for
48 h with cidan of cisplatin alone or in combina-
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Figure 2. Cidan or cisplatin alone or in combination induced
apoptosis in Hela cells at 48 h. The cells after incubation
were analyzed using Annexin V and propidium iodide (PI)
staining by flow cytometry method. **P<0.05, cidan+cisplatin
vs. control; *P<0.05, cidan or cisplatin vs. control.

tion. The cells were then harvested, centrifugedfor 10 min at 500 × g and the cell pellets
were treated with Annexin V binding buffer (40
mM CaCl2, 10 mM HEPES/NaOH and 2.5 mM
MgCl2). Then to each of the plate was added
FITC-conjugated Annexin V (5 µl) and propidium
iodide (PI; 5 µl) and incubation was continued
for 20 min under dark conditions. FluorescenceActivated Cell Sorting (FACScan) instrument
(Becton-Dickinson, Franklin Lakes, CA, USA)
was used for the analysis of the apoptotic cells.
Western blot assay
Hela cells after incubation for 48 h with cidan
or cisplatin alone or in combination were harvested and lysed to extract the total proteins.
Bio-Rad protein assay kit (Bio-Rad, Shanghai,
China) was used for the determination of concentration of the proteins. The protein samples
(30 µg) were isolated using 12% SDS-PAGE and
were then transferred onto PVDF membranes.
The membranes were washed three times withTris-buffered saline and Tween (TBST; Probe
Co. Ltd., Guangzhou, China) followed by incubation for 45 min in blocking buffer (5% dried milk
in PBS). Then the membrane was incubated for
overnight with primary antibodies at 4°C. The
primary antibodies used were against caspase-3, cleaved caspase-3 and β-actin (Santa
Cruz Biotechnology, Santa Cruz, CA, USA,
1,000-fold dilution). The membranes were
washed twice with TBST followed by incubation
with anti- mouse-conjugated secondary antibodies (Santa Cruz Biotechnology, Santa Cruz,
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CA, USA, 1,000-fold dilution) for 1 h more. For
the visualization of blots enhanced chemiluminescence detection system (Amersham) was
used. β-actinwas used as the internal loading
control.
Treatment strategy
The mice were divided randomly into four
groups of 5 each; control, cidan, cisplatin and
cidan+cisplatin groups. The animals in the
cidan, cisplatin and cidan+cisplatin groups
were anesthetized using ketamine (90 mg/kg)
and xylazine (10 mg/kg) mixture followed by
administration of Hela cells (2 × 105) subcutaneously. The mice in the cidan, cisplatin and
cidan+cisplatin groups were injected 10, 5 and
10+5 mg/mml doses of cidan, cisplatin and
cidan & cisplatin daily for 30 days. The animals
in the control group received same volume of
normal saline. Tumor size was recorded for
each of the animal on the alternative days to
calculate the tumor volume.
Histological examination
On day 31, the animals were sacrificed to
extract the tumor tissues from each mice after
anesthetization. The tissue samples were then
analyzed by using a terminal deoxynucleotidyl
transferase mediated dUTP nick end labeling
(TUNEL) assay. This was performed using In
Situ Cell Death Detection kit conjugated with
horseradish peroxidase (Roche Applied Science, Indianapolis, IN, USA), as per the manual
protocol and a Leica DMI microscope (Leica,
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Figure 3. Cidan or cisplatin alone or in combination increase the expression of proapoptotic factor caspase-3 in
Hela cells. The cells were incubated with 23.34 mg/ml cidan and 18.74 mg/ml cisplatin of both and then analyzed
by western blot assay.

Figure 4. Cisplatin and combination of cidan and cisplatin inhibited tumor growth in the Hela tumor xenograft
model. The mice were treated with the cidan, cisplatin and cidan+cisplatin groups were injected 10, 5 and 10+5
mg/mml doses of cidan, cisplatin and cidan & cisplatin daily for 30 days. The animals in the control group received
same volume of normal saline. On alternative days tumor volume for each animals was determined. **P<0.05
cidan+cisplatin vs. control; cisplatin vs. control.

Wetzlar, Germany) was used for the tissue
analysis.
Statistical analysis
The data expressed are the mean ± standard
deviation (SD). The data obtained for various
groups was compared by using Student’s t-test
and was analyzed using Microsoft Excel 2010
software (Microsoft Corporation, Redmond,
WA, USA). Differences were considered statistically significant at P<0.05.
Results
Cidan treatment exhibits inhibitory effect on
Hela cell proliferation
The results from MTT assay showed a concentration and time dependent reduction in the
proliferation rate of Hela cells on treatment
with cidanandcisplatin (Figure 1). Increase in
the concentration of cidan from 10 to 30 mg/
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mlled to decrease in the proliferation rate of
Hela cells from 95.6 to 43.4% at 48 h (P<0.05).
Treatment of the Hela cells with cisplatin at 5
and 30 mg/ml reduced cell proliferation to 82.7
and 39.2%, respectively at 48 h. For cidanand
cisplatinthe IC50 values were 23.34 and 18.74
mg/ml, respectively at 48 h.
Induction of apoptosis in Hela cells by treatment with cidan
Apoptosis induction in Hela cells on treatment
with cidan and cisplatin was analyzed using
Annexin V/PI double staining by flow cytometric
method. The cells were incubated with IC50 concentration of cidan and cisplatin alone or in
combination for 48 h. In Hela cells, cidan and
cisplatin treatment at 23.34 and 18.74 mg/ml
concentrations induced apoptosis in 46.54
and 52.27%, respectively at 48 h (Figure 2A).
However, treatment of Hela cells with cidan and
cisplatin combination for 48 h increased the
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Figure 5. Analysis of the apoptosis in tumor cells of mice tumor xenograft following one month treatment with cidan,
cisplatin and their combination. The tumor samples were extracted and then analyzed by terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling (TUNEL) staining.

proportion of apoptotic cells to 74.69%, (P<
0.05) (Figure 2B).
Effect of cidan and cisplatin on the activation
of caspase-3 in Hela cells
The results from western blot analysis revealed
a significantly (P<0.05) higher level of caspase-3 expression in Hela cells treated with
the combination of cidan and cisplatin compared to the cells treated with cidan or cisplatin
alone (Figure 3).
Effect of cidanand cisplatin on the Hela cell
tumor xenograft growth
Tumor growth in the cisplatin treatment group
of mice was reduced significantly after 1 month
compared to the control (P<0.05). Cidan treatment exhibited inhibitory effect on the tumor
growth in mice but the reduction in growth was
lower compared to the cisplatin treatment
group. However, the growth of tumor in mice
treated with combination of cidan and cisplatin
was significantly inhibited at day 14 of the
treatment (P<0.05) (Figure 4).
Effect of cidan and cisplatinon tumor cells in
vivo
Analysis of the effect of cidan and cisplatin
combination on tumor xenograft mice model
was performed using TUNEL assay. The results
revealed that cidan and cisplatin combination
treatment induced apoptosis inthe tumor xenograft cells (Figure 5). The proportion of apoptotic cells was significantly higher in the mice
treated with cidan and cisplatin combination
compared to cidan or cisplatin treatment
groups alone (P<0.05).

13876

Discussion
TCMs exhibit their effect through inhibition of
the carcinoma cell growth [8-11] and by improving the immune system [12]. Cisplatinis a standard antitumor drug which inhibits carcinoma
cell proliferation by damaging cellular DNA and
activating pro-apoptotic factors [16]. Effect of
the cisplatin on cervical carcinoma in combination with various other drugs has been investigated [17-19]. The present study was aimed to
investigate the effect of cidan alone and in
combination with cisplatin on the cervical carcinoma. Results from the present study revealed
a concentration and time dependent reduction
in the proliferation rate of Hela cells on treatment with cidanandcisplatin. The IC50 values
for cidanand cisplatin were determined to be
23.34 and 18.74 mg/ml, respectively. Treatment with cidan or cisplatin induced apoptosis
significantly in Hela cells compared to the control cells at 48 h. However, combination of the
cidan and cisplatin markedly increased the proportion of apoptotic Hela cells compared to
cidan or cisplatin alone. Analysis of the proapoptotic factors using western blot assay
revealed higher expression in cells treated with
a combination of cidan and cisplatin compared
with cidan or cisplatin alone. Cisplatin exhibited
significantly higher inhibitory effect on the
tumor growth in Hela tumor xenograft mice
model compared to the cidan. However, combination of the cidanand cisplatin showed synergistic effect on the inhibition of tumor growth in
the mice model. Combination of cidanand cisplatin significantly inhibited tumor growth in the
mice after 14 days compared to 30 days in the
cisplatin treatment group. Cidan alone could
not significantly inhibit the tumor growth in the
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tumor xenograft mice model. In the present
study the mechanism underlying interaction
between cidan and cisplatin was not fully
understood. Cidan efficiently enhanced the
antitumor effect of cisplatin against Hela cancer cells and in tumor xenograft mice model.
In summary, cidanenhances the anti-tumor
effect of cisplatin both in vitro and in vivo,
therefore the combination can be used as efficient treatment strategy for cervical cancer.
Further studies to understand the mechanism
of action of cidan and cisplatin combination are
under process.
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