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Introduction

C olorectal cancer is one of the most common cancers and a 
major cause of cancer-related deaths worldwide, and it 
runs after gastric cancer, lung cancer and esophageal can-

cer in China.1 It will become one of the most malignant tumors 
with high incidence, increasing morbidity and mortality. Despite 
the primary treatment for colorectal cancer, including surgical re-
section and chemotherapy (most often by 5-Fluorouracil), it is an 
important for clinicians and researchers to treat colorectal cancer, 
using more effective chemotherapy drugs and novel approaches. 

Selenium, an essential trace element for human health, has at-
tracted great interest in cancer chemoprevention. And the mecha-

various functions such as the prevention of DNA damage, oxida-
2,3 Selenium compounds with higher 

concentrations have antitumor activity by inducing cell growth 
inhibition and apoptosis on cancer cells in vitro concomitantly 
with an increase in Bax/Bcl2 ratio, Bak and Bid proteins, as well 
as decrease in Bcl2 expression.4–6 Nadiminity, et al.7 reported that 

by selenoproteins activation as glutathione peroxidase (Gl-Ppx). 
Sodium selenite, a major inorganic form of selenium, is most often 
used in chemo-preventive studies.8 Nevertheless, the anti-tumor 
effects of selenium occur in a limited range of dosages, below 
which it cannot perform its anticancer effects and above which it 
shows the toxicity to the human health. Therefore, it is essential to 
seek another kind of synergistic antitumor drug with low side ef-
fect, which can enhance the tumor killing effect of sodium selenite.

On the other hand, a large number of natural plants are wide-
ly used as functional health products for additional nutritional 

beyond basic nutrition and prevent chronic diseases.9 Ginseng, 
one of the most well-known botanical supplements, originates in 

are the main active ingredients in ginseng, and has a wide variety 
of biological activities including: immunity improvement, anti-

10 Ginsenoside-Rh2 (G-Rh2) 

impacts on tumor prevention.11,12 Interestingly, Jia, et al. reported 
that G-Rh2 has marvelous synergy effects of some chemothera-
peutic drugs, even at a non-effective dosage.13,14 This Biological 

cancer treatments.
Due to the lack of curative treatments for the advanced colorec-

tal cancer, it is important to explore additional trials for the suc-
cessful development of an effective therapeutic approach. In this 
study, we aim to evaluate if sodium selenite and G-Rh2 combina-
tion results in a synergistic anticancer effect that could contribute 
to lower systemic toxicity.
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Materials and Methods

Cell culture 
Human colorectal carcinoma cell line, HCT-116, was purchased 

from the American Type Culture Collection (ATCC). Cell growth 
was performed in RPMI 1640 medium (Sigma) with 10% (v/v) 
fetal bovine serum (FBS, Biochrom), and 2 mM L-glutamine 

with 5% CO2 at 37ºC, and passaged with 0.25% trypsinization ev-
ery fourth day. For cell detection, HCT-116 cells were seeded in a 
concentration of 4 × 105 cells/mL. After being cultured up to 80% 

and treated for 24~72 h with sodium selenite (Sigma) (10 nM 

Cell growth inhibition assays
Cell proliferation was measured by the cell counting kit-8 (CCK-

8, Dojiondo) method.15 Absorbance values were normalized to the 

CCK-8 solution. Cells were then incubated at 37ºC for 2 h, and 
the absorbance value at 450 nm were measured in a microplate 
reader (BioRad, Model 680). Half maximal inhibitory concentra-
tion were abbreviated as “IC50”.

Cell cycle analyses
Cell cycle distribution was evaluated at 0, 24, and 72 hours, re-

spectively by analyses of DNA content according to the previous 
reports.16 6 cells were collected and treated with 1 
mL of pre-cold propidium iodide (PI, sigma) solution (0.5 mg/

at room temperature in the dark for 10 min and immediately ana-

Cell apoptosis assay
The apoptotic rate of cultured HCT-116 cells was detected with 

FCM analysis. Apoptotic cells were labeled by Annexin V-FITC/

adjusted to a concentration of 1 × 106 cells/mL with pre-cold 
 

min at room temperature in the dark. Finally, the apoptotic rate of 
cells was determined at 488 nm under FCM.

Apoptosis related molecules assays
Determination of Bax, Bcl2 and caspase-3 were conducted by 

-
-

centrifugation at 1000 rpm for 5 min. 

Bcl2 antibody respectively. Samples were then followed by incu-
bation for 15 min in the dark and rinse with phosphate buffer (pH 
= 7.4) one time. For caspase3 detection, cells were labeled with 

-
thrin, followed by incubation in the dark for 30 min.

Reactive oxygen species determination

previous study.17 5 cells were incubated with 5 uM 

for 60 min in the dark, washed twice with phosphate-buffered 
saline (PBS), resuspended in 0.5 mL PBS and immediately ana-

(DCFH2-DA) to DCFH2 by intracellular esterase. Upon excita-

to the intracellular level of ROS.

Transmission electron microscopy (TEM)
After incubation with sodium selenite and/or G-Rh2 for 24 

hours, the cells were harvested by trypsinization, washed twice 

-
ries of ethanol and embedded in epoxy resin. Ultra-thin sections 
(70 nm) were cut, and stained with 0.2% lead citrate and 1% ura-
nyl acetate. Images were observed and captured under a TEM 
(Jeol, JEM-1230) at 80 kV.

Statistical analyses
-

sessed for P-values < 0.05 according to t-tests.

Results

Antiproliferative effect of sodium selenite and G-Rh2 on colon cancer cells 
Sodium selenite and G-Rh2 inhibit colon cancer cells (HCT-

116) growth in a dose and time dependent-manner. Half maximal 
inhibitory concentration values (IC50) of sodium selenite 
(Figure 1A) and G-Rh2 (Figure 1B) were reached for approxi-

proliferative effect (Figure 1C). It suggested that sodium selenite 
and Rh2 combination have a synergistic effect on cell growth in-
hibition.

Cell cycle arrest

sodium selenite and/or G-Rh2 treated cells were measured to de-
-

turbing cell cycle-related events.
The results showed that sodium selenite treatment blocked the 

cell cycle at the S boundary, and approximately 46% cells were 
accumulated at this phase. After G-Rh2 treatment, there showed 
a G1 arrest, and there about 53% cells were blocked in G1 stage. 
However, the combination of drugs induced G1 and S phase arrest 

Cell apoptosis rate analysis
To investigate if sodium selenite and G-Rh2 combination has 

the synergistic effect of inducing the HCT-116 cell apoptosis, the 
apoptotic rate was quantitatively analyzed by FCM. As shown in 

increase the apoptotic rate in HCT-116 cells compared to the 
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control group, and the apoptotic rates were approximately 7.6%, 
13.0% and 1.9%, respectively, after 24 h of treatment. While the 
apoptotic rate in combined group was about 28.0%, which was 

Expression of apoptosis- related molecules
Apoptosis- related molecules Bcl2 and Bax are members of the 

Bcl2 family, play an anti-apoptotic and proapoptotic role, respec-
tively.  Caspase-3 expression was evaluated, to analyze some of 
the mechanisms, which may participate in cell death induced by 
sodium selenite alone and in combination with Rh2, Bax/Bcl2 
ratio. Figure 3 showed an increase in the apoptotic molecules 
caspase-3 expression and Bax/Bcl2 ratio in all drugs treatment 

-
ference in caspase-3 expression and Bax/Bcl2 ratio between the 
drugs of combination group and one drug-induced group. 

ROS production
The ROS levels in HCT-116 cells were evaluated to examine, 

whether sodium selenite and G-Rh2 combination-induced cyto-
toxicity could be associated with ROS production. As shown in 
Figure 4, this combination induced ROS depletion in HCT-116 
cells compared to sodium selenite and G-Rh2alone, after 24 h 
treatment.

Transmission electron microscope
The ultra-structural information of sodium selenite and Rh2 

treated cells was examined using a TEM. After 48 h treatment 
of two kinds of inducers, cells were collected and analyzed. Un-
treated cells showed no obvious autophagic features (Figure 5A). 
In sodium selenite or Rh2 treatment group, there were very few 
numbers of cytoplasmic inclusions that were wrapped in a double-
membrane in the cytoplasm were observed (Figures 5B and 5C). 
However, there were numerous autophagosomes in the cytoplasm 
of HCT-116 cells, exposing on combination of sodium selenite 
and G- Rh2 (Figure 5D).

Figure1. A) B) C)

P P 

Cell cycles
G1 G2M S

0 24 72 0 24 72 0 24 72

Control 71.1 ± 1.3 32.3 ± 0.9 49.7 ± 2.0 15.2 ± 1.1 30.9 ± 2.1 22.8 ± 0.4 13.7 ± 0.7 36.8 ± 1.7 27.5 ± 0.2

24.4 ± 0.3 23.1 ± 0.2 21.7 ± 0.5 29.3 ± 2.1 19.5 ± 0.6 33.1 ± 2.0 46.3 ± 1.0 47.4 ± 2.3 45.2 ± 1.9

56.3 ± 1.7 52.2 ± 2.0 50.1 ± 0.9 25.1 ± 0.1 22.5 ± 2.0 19.5 ± 2.3 18.6 ± 0.5 25.3 ± 1.0 30.4 ± 3.0

41.1 ± 0.9 45.6 ± 2.3 42.7 ± 1.4 15.7 ± 0.1 12.1 ± 0.2 18.3 ± 1.1 43.2 ± 1.7 42.3 ± 1.9 39.0 ± 2.6

Table1. 
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Figure 2. A) B) C)
)

Figure 3. A) B)
P

Figure 4.
P

P
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iscussion

In recent decades, diagnosis and treatments for cancers have 
improved greatly. However, the incidence of colorectal cancer is 

treatments, colorectal cancer has been associated with poor prog-
nosis. Large clinical trials have demonstrated that an elevated se-
lenium intake may notably be associated with reduced cancer risk 
or the development, dissemination and recidivating of cancer.18–20 
Mariana, et al. demonstrated that sodium selenite induced PC3 
metastatic prostate cancer cells death in a dose and time depen-
dent manner.16 Also, they found that sodium selenite has a syner-
gistic antitumor effect by combining with docetaxel. On the other 
hand, ginsenoside Rh2, one of the main components of ginseng, 
has also attracted much research interesting for its anticancer 
characteristics.

Therefore, we are interested to evaluate if sodium selenite and 
ginsenoside Rh2 combination results in a synergistic anticancer 
effect on colorectal cancer cells that could also contribute to sys-
temic toxicity reduction.

Our results indicated that sodium selenite and G-Rh2 combina-
tion play synergistic anti-proliferative and cytotoxic effects on 
HCT-116 cells. This synergistic anti-tumor role can be achieved 
by using a lower dose of drug exposure. Such a characteristic of 

synergistic effect can contribute to the systemic toxicity reduc-
tion, and it is a very important aspect in clinical application. As 
documented previously, sodium selenite and Rh2 alone inhibits 
cell growth, by arresting cells to the growth phase, including 
G2/M, G1/S and S respectively.4,21,22 In the present study, we also 
found that combination of sodium selenite and G-Rh2 strongly 
inhibits the growth of HCT-116 cells, and induces Gl phase-arrest 
and S phase-prolongation. 

In the process of programmed cell death that triggered by fol-
lowing exposure of cells to stimuli, the protein Bcl-2 interferes 
with the activation of caspases by preventing the release of cyto-
chrome c, while this release can be induced by Bax.23 Thierry et 
al.24 demonstrated that Bcl-2 prolongs cell survival after Bax-in-
duced release of cytochrome c, thus inhibits the programmed cell 
death (apoptosis). Therefore, it is helpful to understand the effect 
on apoptosis induction by sodium selenite, ginsenoside Rh2, or in 
combination through the evaluation of Bax/Bcl2 ratio. Previous 
researches had proved that sodium selenite induces an increase in 
Bax/Bcl2 ratio and caspase-3 expression.16,25 Kim, et al. demon-
strated that Rh2 induces apoptosis via activation of caspase-1 and 
-3 and up-regulation of Bax in human neuroblastoma.26 Our re-
sults are also indicated that both sodium selenite and G-Rh2 could 
promote an increase in Bax/Bcl2 ratio and caspase-3 expression, 

-

Figure 5. A) B) C)
) a, b, c, d (d1, d2, d3) -
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tion. However, it has reported that G-Rh2 can induce apoptosis 
independently of Bcl-2, Bcl-xL, or Bax pathways in rat glioma 
C6Bu-1 cell line,27 suggesting that G-Rh2 can induce cell apopto-
sis through multiple pathways. Cell apoptosis rate analysis results 

-
bination can greatly enhance the apoptotic rate of HCT-116 cells. 
However, we cannot exclude other apoptotic pathways or proteins 
that may be involved the cell death process, such as membrane or 
extrinsic apoptotic pathways.16 

ROS plays the role of either inducing cell death or activating 
some survival pathways to protect cells from death. The exact ef-
fect of ROS on a particular cell type is likely depending on the 
nature and levels of ROS that be induced. Moreover, it could be 
a result of peroxides conversion into hydroxyl radicals. Previous 
reports have shown that both sodium selenite and Rh2 can induce 
ROS secretion in some cell lines.16,28,29 We also surprisingly found 
that sodium selenite and Rh2 combination can greatly induce 
ROS depletion after 24 h of treatment. It suggested that this com-
bination may more effectively inhibit the antioxidant system, and 
then leads to oxidative lesion by reactive hydroxyl radicals and 
consequent cell death.

Autophagy is a highly conserved survival response to growth 
limiting conditions, such as nutrient depletion, hypoxia and the 
presence of cytotoxic drugs,30,31 and involve in many physiologi-
cal and pathological processes, including infections, neurodegen-
eration, myopathies and cancers.32 The role and mechanism of au-
tophagy in carcinogenesis is still uncertain to date, but it is report-
ed that activation of autophagy may block tumor growth in the 
early stage of carcinogenesis.33 Transmission electron microscopy 
technique is one of the most widely used methods for morphologi-
cal observation of autophagosome. Multiple studies have shown 
that sodium selenite and Rh2 alone can also induce autophagy in 
vitro in various cancer cells, including leukemia HL60 cells,34 hu-
man lung carcinoma cells35 and human colorectal cancer cells.36 In 

-
nation induces the accumulation of giant autophagosomes, which 
were double membrane-enclosed vesicles containing organelles 
in cells. TEM results suggest the synergetic anti-cancer cells ef-
fect of the combination drug, to a certain extent, is dependent on 
the activation of autophagic cell death.16

In conclusion, our results showed that sodium selenite and 
G-Rh2 combination plays a synergistic colorectal cancer cells 
killing activities through multiple mechanisms including cell 
cycle blocking, induction of autophagy, promotion of Bax/Bcl-2 
ratio and capase-3 level and depletion of ROS production. These 
data suggest that sodium selenite and G-Rh2 combination maybe 
a promising therapeutic approach for colorectal cancer treatment. 
In addition, by reducing drug concentration, drugs of combination 
may greatly decrease the systemic side effects in patients. How-
ever, more studies need to be accomplished. However, there are 
still a large number of in vitro and in vivo studies that need to be 
accomplished before entering the further clinical trials.
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