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 Background: The aim of this study was to investigate the effects of Saikosaponin-d (SSd) combined with radiotherapy on 
SMMC-7721 hepatoma cell lines and its mechanism.

 Material/Methods: SMMC-7721 hepatoma cell lines are selected in our research. With MTT (methylthiazolyldiphenyl-tetrazolium-
bromide) method, the effects of SSd and radiation on inhibiting SMMC-7721 cell growth were investigated. 
We also used transmission electron microscopy (TEM) to observe ultrastructural changes of cells. Colorimetry 
methods were used to measure content changes of glutathione (GSH) and malondialdehyde (MDA) in cells.

 Results: Both SSd and radiation inhibited the growth of SMMC-7721 cells. The combination of SSd and radiotherapy 
had a time-dependent synergistic effect. Radiation caused ultrastructural damage to cells, and the damage 
was enhanced in combination with SSd. Radiation decreased the GSH content and increased the MDA content 
in cells, and this effect was suppressed after the intervention of SSd.

 Conclusions: SSd can inhibit the growth of SMMC-7721 hepatoma cell lines in vitro. Additionally, it significantly enhances 
the effects of radiation on inhibiting the growth of SMMC-7721 hepatoma cell lines, and up-regulates the an-
tioxidant level after the radiotherapy. Thus, SSd could be an ideal radiotherapy sensitizer for the treatment of 
liver cancer.
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Background

Hepatocellular carcinoma is one of the major diseases that se-
verely threat human health. The morbidity and mortality of liver 
cancer are increasing [1,2]. According to WHO statistics, there 
are about 1 million new cases of liver cancer per year world-
wide [3,4]. In China, liver cancer accounts for 41% of all new 
cancer cases annually. With constant technological advance-
ment, radiotherapy has become a key approach of liver can-
cer treatment. However, liver presents poor tolerance and low 
radiosensitivity in radiotherapy. The adverse effects of radia-
tion interfere with the smooth implementation of radiother-
apy and diminish its effects. Thus, seeking effective radiation 
sensitizers has become a focus in the research field of liver 
cancer treatment in recent years.

Saikosaponin-d (SSd) is the dominant active ingredient iso-
lated and extracted from a traditional Chinese medicinal herb 
Bupleurum. It has various functions like inhibiting tumor cell 
growth and proliferation [5], inducing tumor cell apoptosis 
[6], inhibiting tumor metastasis [7], and sensitizing radiother-
apy [8,9]. Due to its extremely dynamic antineoplastic activi-
ty, SSd is expected to be an effective radiation sensitizer. The 
present study observed the in vitro effects of SSd and radia-
tion on SMMC-7721 hepatoma cell lines, analyzed its mech-
anism, and provides certain theoretical contributions for fur-
ther clinical practice.

Material and Methods

Cells and reagents

SMMC-7721 hepatoma cell lines was purchased from the 
Medical Experimental Animal Center of the Fourth Military 
Medical University (Xi’an, China) and SSd was obtained 
from Sigma Chemical (St. Louis, MO). The Glutathione 
Malondialdehyde Detection kit was purchased from Nanjing 
Jiancheng Bioengineering Institute.

Cell culture and experimental groups

The cells were cultured in RPMI-1640 medium (PAA Laboratories 
GmbH, Austria) supplemented with 10% fetal bovine serum 
(FBS), 100 units/ml penicillin G, and 100 µg/ml streptomycin 
sulfate (GIBCO, Invitrogen) in a humidified atmosphere con-
taining 5% CO2 at 37°C. Three groups of SMMC-7721 cells were 
treated with radiation alone, SSd alone, or a combination of ra-
diation and SSd. Group S is the Saikosaponin-d group; Group 
R is the radiation group; and Group R+S is the combination 
of Saikosaponin-d with radiation. Radiation was delivered at 
a dose of 2 Gy (6 MV, and a dose rate of 400 cGy/min) by us-
ing an X-ray linear accelerator at room temperature. SSd was 

also administered at concentrations (3 µg/ml) as described 
previously [9]. SSd was added to the cultures at 2 h before ir-
radiation. Control cultures received a carrier solvent consist-
ing of 0.1% DMSO. All study procedures were approved by 
the Animal Care and Use Committee of Medical College, Xi’an 
Jiaotong University.

Cell viability determination

Cell viability was detected by MTT assay. SMMC-7721 cells were 
seeded into a 96-well plate (5×103 cells/well) and incubated 
at 37°C in 5% CO2 for various periods as desired. MTT solu-
tion (5 mg/ml; Sigma, St. Louis, MO) was added (20 µl/well) 
and the cells were incubated for another 4 h. Supernatants 
were removed and formazan crystals were dissolved in 200 µl 
of DMSO. Optical density was determined at 492 nm by us-
ing a multi-microplate test system (POLARstar OPTIMA, BMG 
Labtechnologies, Germany). The assay was conducted in qua-
druplicate. The inhibition rate (IR) of cell growth was calculat-
ed using the following equation: IR=(1-average OD value of ex-
perimental group/average OD value of control group) ×100%.

Transmission electron microscope (TEM) observation of 
ultrastructural changes of hepatoma cells

SMMC-7721 cells in each experimental group were collected, 
digested by 2.5g/L trypsin, centrifuged at 3000 r/min, washed 
by PBS and kept in EP tubes. Next, cells were fixed first by 
25 g/L glutaraldehyde, then by 10g/L osmic acid, dehydrated 
by graded ethanol, infiltrated, and embedded in epoxy resin. 
After slicing by the ultramicrotome, cells were stained by ura-
nyl acetate and lead citrate. Next, a Hitachi H-600 transmis-
sion electron microscope was used for observation, filming, 
and photographing.

Determination of MDA and GSH content in hepatoma cells

Cells at the logarithmic growth phase were taken and digest-
ed by 0.25% trypsin. Then, cells were treated by mechanical 
isolation into single-cell suspension, which was diluted with 
RPMI 1640 medium to the concentration of 4×104 cell/mL. 
Next, the suspension was inoculated into a flask of 25 ml, with 
3 ml for each tube. All tubes were cultured for 24 h at an in-
cubator with saturation humidity and 5% CO2 at 37°C. After 
that, the culture solution was replaced by fresh solution. RPMI 
1640 was added in Group C and Group R. Additionally, Group 
R received 2 Gy of radiation at the same time of culture solu-
tion replacement. Three mg/L SSd was added in Group S and 
3 mg/L SSd combined with 2 Gy of radiation were adminis-
tered for Group R+S. After 48 h of further culturing, cells were 
collected and MDA and GSH content were determined accord-
ing to kit instructions.
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Statistical analysis

Quantitative data are presented as the mean ± standard er-
ror of the mean (SEM) and analyzed by one-way ANOVA. 
Statistical analyses were performed using SPSS software (ver-
sion 13.0). Tukey’s post hoc analyses were conducted to as-
sess the difference between groups. Data were considered 
significant if P<0.05.

Results

Effects of SSd and radiation on inhibiting hepatoma cell 
growth

Under a 100× light microscope, the number of cells in each 
group (Figure 1) was counted. The cell number in the inter-
vention group was less than in the control group. SSd com-
bined with radiation had a significantly greater inhibition of 
cell growth. MTT demonstrated that SSd and radiation could 
inhibit the growth of SMMC-7721 cells, and the combined use 
of both SSd and radiation showed time-dependent synergies, 
as shown in Figure 2. At different time points, differences in 
the inhibition rates between Group R+S and Group R were sta-
tistically significant (P<0.05).

Observation of hepatoma cell apoptosis

Under the transmission electron microscope, the shape of con-
trol hepatoma cell was regular, with a circular cell nucleus in the 
center of cells, nucleolus in the center of cell nucleus, and rich 
organelles. Cell ultrastructure in Group S was similar to that 
of Group C. The structure of some hepatoma cells in Group R 
was not clear and some organelles expanded slightly. The cell 

volume in Group R+S was reduced but the volume of cell nu-
clei was larger, showing significant deformity. In the nucleus, 
intranuclear pseudoinclusion was formed. The nucleolus was 
large and obvious, often locating at the center or moving aside. 
The number of organelles was reduced and most organelles 
expanded. A remarkable amount of microvilli-like protrusions 
in some cytomembranes was also observed. The connecting 
structures among cells decreased, indicating that radiation in-
duced hepatoma cell damage and the damage was significant-
ly enhanced after the combined application of SSd (Figure 3).

Effects of SSd and radiation on GSH and MDA contents in 
hepatoma cells

Compared with cells in Group C, GSH contents of cells in Group 
R decreased from 475.31±67.25 mg/g prot to 396.25±40.32 

Figure 1.  Effects of SSd and radiation on 
hepatoma cell (×100 in magnification). 
C – control group; S – Saikosaponin-d 
group; R – radiation group; R+S – the 
combined group of Saikosaponin-d 
with radiation.

Figure 2.  Effects of SSd and radiation on the inhibition ratio 
of hepatoma cell growth. C – control group; S – 
Saikosaponin-d group; R – radiationgroup; R+S – the 
combined group of Saikosaponin-d with radiation. 
* P<0.05 R+S group vs. R or S group.
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mg/g prot, and MDA contents rose from 4.95±0.38 mmol/mg 
prot to 8.96±0.69 mmol/mg prot. With the application of SSd, 
irradiated cells showed rising GSH and decreasing MDA con-
tents. The difference between the 2 groups was statistically 
significant (P<0.05). Specific data are shown in Figure 4.

Discussion

This research, as well as our previous studies, show that SSd 
inhibits the growth of SMMC-7721 hepatoma cell lines in vi-
tro, and simultaneously enhanced the effects of radiation on 
inhibiting the growth of SMMC-7721 hepatoma cell lines. The 
effects of SSd were time-dependent [6,9]. SSd is believed to 
be capable of reducing the liver damage caused by oxygen 
free radicals and other reactive substances, enhancing liver 

metabolism [10]. Therefore, SSd can protect the healthy liver 
tissues around the irradiated area. As a result, our research now 
focuses on determining whether SSd can enhance the killing 
of tumor cells while protect healthy cells during radiotherapy.

With the further research on effects of oxidative stress in ra-
diotherapy, it has been discovered that under normal phys-
iological conditions, organisms can rapidly eliminate anom-
aly-free radicals and reactive oxygen by antioxidants and 
enzymes [11,12], thus maintaining the antioxidant system ho-
meostasis in vivo [13]. After the radiation, a great amount of 
reactive oxygen can be generated, which is constantly accu-
mulated and induces oxidative stress and upsets the intracel-
lular oxidant/antioxidant balance[14]. Thereby, structural dam-
age of cells and changes in enzyme activity can be generated 
via chain reaction [15]. MDA is a decomposition product of 

Figure 3.  Ultrastructural changes of hepatoma 
cells after different sets of intervention 
(×10000 in magnification). C – control 
group; S – Saikosaponin-d group; R – 
radiation group; R+S – the combined 
group of Saikosaponin-d with 
radiation.
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Figure 4.  Effects of SSd and radiation on GSH (A) and MDA (B) contents in cells. C – control group; S – Saikosaponin-d group; 
R – radiation group; R+S – the combined group of Saikosaponin-d with radiation. * P<0.05 R group vs. control group or S+R 
group.
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lipid peroxidation, and MDA content changes reflect the de-
gree to which free radical attack cells. As an indispensible 
antioxidant enzyme, GSH has become a focus of research in 
the field of radiosensitization treatment [16]. Experiments in 
this field have shown that after radiation exposure, oxida-
tive stress of SMMC-7721 hepatoma cells can be produced, 
thus reducing GSH content and increasing MDA content in 
cells. However, SSd plays a role in regulating oxidative stress 
and increasing GSH content. GSH is the most dominant an-
tioxidant system in cells, which can rapidly eliminate exces-
sive ROS. However, the effects of SSd in the sensibilization of 
radiotherapy remain controversial. Substantial studies have 
demonstrated that increasing ROS and down-regulating SOD 
and GSH activities after radiotherapy can accomplish the sen-
sitization of radiotherapy [17]. However, Antonella et al. [18] 
pointed out that the upregulation of antioxidant expression 
can enhance the radiosensitivity of tumor cells, while protect 
healthy tissues from the radiation; our research reached sim-
ilar findings. Our findings suggest that the antioxidant effects 

of SSd are capable of regulating intracellular oxidative stress 
and scavenging free oxygen radicals. However, effects of SSd 
on enhancing the role of radiotherapy in hepatoma cell inhi-
bition are not correlated with the oxidative stress of organ-
isms. Further experiments are needed to verify the enhance-
ment approach of SSd.

Conclusions

SSd can inhibit the growth of SMMC-7721 hepatoma cell lines 
in vitro, and simultaneously enhance the effects of radiation 
on inhibiting the growth of SMMC-7721 hepatoma cell lines. 
SSd also up-regulates the antioxidant enzyme level after radio-
therapy, and may be an ideal liver cancer radiation sensitizer.
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