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Abstract

This study aimed to investigate the inhibitory effect of emodin on human colon cancer SW620 cells and
the possible mechanisms. SW620 cells were cultured and treated with emodin with concentration of 0,
10, 20, 40, 80, 160 μmol/L. After treatment, the cell proliferation and apoptosis were detected. The
expressions of B-Cell Lymphoma-2 (Bcl-2), Bcl-2 associated X (Bax) and p53 protein in cells were
determined. Results showed that, emodin with all concentration could inhibit the proliferation of SW620
cells. The apoptosis rates of SW620 cells in 20, 40, 80 and 160 μmol/L emodin group were significantly
higher than 0 and 10 μmol/L emodin group, respectively (P<0.05). The percentage of SW620 cells in
G0/G1 phase in 10, 20, 40, 80 and 160 μmol/L emodin group were significantly higher than 0 μmol/L
emodin group, respectively (P<0.05), and the percentage of SW620 cells in S phase in 10, 20, 40, 80 and
160 μmol/L emodin group were significantly lower than 0 μmol/L emodin group, respectively (P<0.05).
Bcl-2 protein expression level of in 20, 40, 80 and 160 μmol/L emodin group was significantly lower than
0 and 10 μmol/L emodin group, respectively (P<0.05). Bax protein expression level in 40, 80 and 160
μmol/L emodin group was significantly higher than that in 0, 10 and 20 μmol/L emodin group,
respectively (P<0.05). p53 protein expression level in 10, 20, 40 and 80 and 160 μmol/L emodin was
significantly higher than 0 μmol/L emodin group, respectively (P<0.05). In conclusion, emodin has
inhibitory effect on the growth of SW620 cells. This effect may be related to its regulation on Bcl-2, Bax
and p53 expressions in cells.
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Introduction
Colon cancer is one of common malignant tumors in
gastrointestinal tract. With the development of economy and
the change of life style, the incidence of colon cancer is
increasing day by day, and the incidence is higher especially in
population with 41-51 years old [1]. More than half of colon
cancer cases originate from the adenoma canceration. The
morphology of colon cancer is presented by the hyperplasia,
adenoma and canceration and corresponding chromosomal
changes at different stages [2]. With the development of
molecular biology, the concurrent gene expressions of
molecules are gradually recognized. It is believed that, the
occurrence and development of colon cancer is a multi-step,
multi-stage and multiple genes involved process [3].

The surgery combined with chemotherapy is the main
treatment for colon cancer [4]. It is shown that most natural
products have the anti-tumor activity, and can regulate and
improve the immune function of body [5]. It is a hot spot to
search for anti-tumor natural products with high efficiency and

low side effects. Emodin is the main active ingredient of
rhubarb.

Researches [6,7] show that, emodin has a variety of
pharmacological effects including anti-infection, inhibition of
inflammation reaction, antibacterial activity and others. In
recent years, it is found that, emodin has inhibitory effects on a
variety of tumor cells and solid tumors in vivo and in vitro, and
can induce the apoptosis of tumor cells [8,9]. However, the
application of emodin on treatment of colon cancer cells is less
reported. If it is confirm that emodin has therapeutic effects on
colon cancer, this will further broaden the range of therapeutic
medicine for colon cancer and the application range of emodin.
In this study, it is the first time to investigate the effects of
emodin on the proliferation, apoptosis and cell cycle of human
colon cancer SW620 cells, and explored the related
mechanisms.

The objective was to provide a basis for further clinical
application of emodin to treating colon cancer.
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Materials and Methods

Culture of SW620 cells
Human colon cancer SW620 cells were purchased from the
Cell Bank of Chinese Academy of Sciences (Shanghai, China).
The cells were cultured in RPMI 1640 medium containing 10%
fetal bovine serum (Fuzhou Maixin Biotechnology
Development Co., Ltd., Fuzhou, China) in a constant
temperature incubator (37ºC, 5% CO2, saturated humidity).
The cells in logarithmic growth phase were used for the next
experiments.

Determination of cell proliferation
SW620 cells in logarithmic growth phase (1 × 105 cells/ml)
were inoculated in 96-well culture plate, 100 μL in each well.
Based on the suitable dose range obtained in preliminary
experiments, emodin (Sigma-Aldrich Corp., MO, USA) was
diluted with RPMI 1640 medium into 5 different
concentrations (10, 20, 40, 80, 160 μmol/L), and then was
added to the 96-well plates, 100 μL in each well, 5 wells in
each group. The control group was treated with equal volume
of RPMI 1640 medium. The culture was performed at 37ºC,
with 5% CO2 and saturated humidity, for 24, 48 and 72 h,
respectively. At the end of culture, 20 μL MTT (5 mg/ml,
Sigma-Aldrich Corp., MO, USA) was added to each well,
followed by continued culture for 4 h. Finally the supernatant
was discarded, and 100 μL DMSO (Sigma-Aldrich Corp., MO,
USA) was added. The Optical Density (OD) value of each well
was detected at 540 nm in Multiskan FC microplate reader
(Thermo Fisher Scientific, Inc., MA, USA). The inhibition rate
of SW620 cell growth was calculated as follows: inhibition
rate (%)=(1-ODsample/ODcontrol) × 100%.

Detection of cell apoptosis
SW620 cells in logarithmic growth phase (1 × 105 cells/ml)
were inoculated in 6 bottles with volume of 50 ml, 1 ml for
each bottle. After cell adhesion, 1 ml of emodin with 5
different concentrations (10, 20, 40, 80, 160 μmol/L) was
added to the bottle. The control group was added with 1 ml of
RPMI 1640 medium. The culture was performed at 37ºC, with
5% CO2 and saturated humidity for 48 h. The mixture was
centrifuged at 256 Xg for 10 min. The cells were collected,
followed by washing using Phosphate Buffer Saline (PBS) (pH
7.4) (Fuzhou Maixin Biotechnology Development Co., Ltd.,
Fuzhou, China) for 3 times. Finally the propidium staining was
performed for 30 min, and the apoptosis of SW620 cells was
measured by flow cytometry.

Detection of B-cell lymphoma-2, Bcl-2 associated X
and p53 protein expression
Expressions of B-Cell Lymphoma-2 (Bcl-2), Bcl-2 associated
X (Bax) and p53 protein were detected by Western-blot
method. The related reagents were provided by Fuzhou Maixin
Biotechnology Development Co., Ltd. (Fuzhou, China).
SW620 cells which were treated with different concentrations

of emodin for 48 h were collected, and were washed with PBS
for 3 times. 100 μL of cell lysate was added. The mixture was
centrifuged at 256 Xg for 10 min, and then the protein was
quantified. The 10% sodium dodecyl sulfate polyacrylamide
gel electrophoresis was performed for 3 h to separate the
protein, followed by transferring to nitrocellulose membrane.
After washing with PBS for 3 times, 15 min for each time, 1%
bovine serum albumin was used to block the non-specific
antigen for 2 h. After blocking, the membranes were incubated
with primary antibodies and second antibodies, followed by the
corresponding incubation, respectively. Enhanced
chemiluminescence substrate was added, followed by exposing
with Gel Doc 2000 gel Imaging System (Bio-Rad Laboratories,
Inc., PA, USA). The relative levels of Bcl-2, Bax and p53
protein expressed as ratio of OD to β-actin for each group.

Statistical analysis
All statistical analysis was carried out using SPSS 22.0
software (SPSS Inc., Chicago, IL, USA). The data were
presented as mean ± SD, and were compared using single
factor analysis of variance with SNK-q test. P<0.05 was
considered as statistically significant.

Results

Effect of emodin on proliferation of SW620 cells
Emodin with all concentration of 10-160 μmol/L could inhibit
the proliferation of SW620 cells. The tumor cell growth
inhibition rate increased with the increase of both the emodin
concentration and treatment time. When the emodin
concentration was 160 μmol/L, and the treatment time was 72
h, the tumor cell growth inhibition rate was the highest, which
was 91.04 ± 4.11% (Figure 1).

Figure 1. Effect of emodin on proliferation of SW620 cells. aP<0.05
compared with 10 μmol/L group; bP<0.05 compared with 20 μmol/L
group; cP<0.05 compared with 40 μmol/L group; dP<0.05 compared
with 80 μmol/L group.

Effect of emodin on apoptosis of SW620 cells
Figure 2 showed that, when SW620 cells were treated with
emodin for 48 h, their apoptosis rate increased with the
increase of emodin concentration. The apoptosis rates in 20,
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40, 80 and 160 μmol/L emodin group were significantly higher
than that in 0 and 10 μmol/L emodin group, respectively
(P<0.05). The highest apoptosis rate was 42.12 ± 6.02%.
However, there was no significant difference between 80 and
160 μmol/L emodin groups (P>0.05).

Figure 2. Effect of emodin on apoptosis rate of SW620 cells. aP<0.05
compared with 0 μmol/L group; bP<0.05 compared with 10 μmol/L
group; cP<0.05 compared with 20 μmol/L group; dP<0.05 compared
with 40 μmol/L group.

Figure 3. Effect of emodin on expression of Bcl-2 protein in SW620
cells. aP<0.05 compared with 0 μmol/L group; bP<0.05 compared
with 10 μmol/L group; cP<0.05 compared with 20 μmol/L group;
dP<0.05 compared with 40 μmol/L group; eP<0.05 compared with 80
μmol/L group. Bcl-2: B-Cell Lymphoma-2.

Effect of emodin on cycle of SW620 cells
After treatment with emodin, the cycle of SW620 cells was
obviously changed. The percentage of SW620 cells in G0/G1
phase in 10, 20, 40, 80 and 160 μmol/L emodin group were
significantly higher than that in 0 μmol/L emodin group,
respectively (P<0.05), and the percentage of SW620 cells in S
phase in 10, 20, 40, 80 and 160 μmol/L emodin group were
significantly lower than that in 0 μmol/L emodin group,
respectively (P<0.05). In addition, there was significant
difference of percentage of SW620 cells in G0/G1 phase or S
phase between each two groups among 10, 20, 40, 80 and 160
μmol/L emodin (P<0.05), with no significant difference
between 80 and 160 μmol/L emodin groups (P>0.05) (Table 1).

Effect of emodin on expression of Bcl-2 protein in
SW620 cells
As shown in Figure 3, the relative expression level of Bcl-2
protein in SW620 cells decreased with the increase of emodin
concentration. The relative expression level of Bcl-2 protein in
20, 40, 80 and 160 μmol/L emodin group was significantly
lower than that in 0 and 10 μmol/L emodin group, respectively
(P<0.05). In addition, there was significant difference of Bcl-2
protein level between each two groups among 20, 40, 80 and
160 μmol/L emodin (P<0.05), with no significant difference
between 0 and 10 μmol/L emodin groups (P>0.05).

Table 1. Effect of emodin on cycle of SW620 cells (%).

Emodin
concentration
(μmol/L)

G0/G1 phase S phase M phase

0 39.45 ± 1.03 46.61 ± 2.36 15.14 ± 2.41

10 52.23 ± 1.31a 35.45 ± 2.03a 13.11 ± 1.22

20 61.04 ± 1.67ab 31.58 ± 1.21a 8.06 ± 1.05ab

40 69.38 ± 1.29abc 24.51 ± 1.27abc 7.12 ± 1.03ab

80 76.51 ± 29.21abcd 19.04 ± 1.17abcd 5.13 ± 1.18abc

160 78.34 ± 2.27abcd 17.19 ± 1.02abcd 5.09 ± 1.03abc

aP<0.05 compared with 0 μmol/L group; bP<0.05 compared with 10 μmol/L
group; cP<0.05 compared with 20 μmol/L group; dP<0.05 compared with 40
μmol/L group.

Figure 4. Effect of emodin on expression of Bax protein in SW620
cells. aP<0.05 compared with 0 μmol/L group; bP<0.05 compared
with 10 μmol/L group; cP<0.05 compared with 20 μmol/L group;
dP<0.05 compared with 40 μmol/L group; eP<0.05 compared with 80
μmol/L group.

Effect of emodin on expression of Bax protein in
SW620 cells
Figure 4 showed that, the relative expression level of Bax
protein in SW620 cells increased with the increase of emodin
concentration. The Bax protein level in 40, 80 and 160 μmol/L
emodin group was significantly higher than that in 0, 10 and 20
μmol/L emodin group, respectively (P<0.05). There was
significant difference of Bax protein level between each two
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groups among 40, 80 and 160 μmol/L emodin (P<0.05), with
no significant difference among 0, 10 and 20 μmol/L emodin
groups (P>0.05).

Effect of emodin on expression of p53 protein in
SW620 cells
With the increase of emodin concentration, the relative
expression level of p53 protein in SW620 cells also increased.
There was significant difference of p53 protein level between
each two groups among 0, 10, 20 40 and 80 μmol/L emodin
(P<0.05), with no significant difference between 80 and 160
μmol/L emodin groups (P>0.05) (Figure 5).

Figure 5. Effect of emodin on expression of p53 protein in SW620
cells. aP<0.05 compared with 0 μmol/L group; bP<0.05 compared
with 10 μmol/L group; cP<0.05 compared with 20 μmol/L group;
dP<0.05 compared with 40 μmol/L group; eP<0.05 compared with 80
μmol/L group.

Discussion
It is found that, the occurrence and development of many kinds
of malignant tumors are caused by the serious blocking of the
cell apoptosis process, which results in the infinite malignant
proliferation of tumor cells [10]. Apoptosis plays an important
role in the control of cell proliferation, tumorigenesis and
growth. Inducing apoptosis has become a new target for cancer
therapy [11]. The commonly clinically used chemotherapy
drugs can induce the apoptosis of tumor cells, but they often
have a lot of side effects. Therefore, more and more attention
has been paid on the search for new anticancer drugs from
natural plants and animals.

Rhubarb is the root and rhizome of medicinal plant Rheum
palmatum L. In traditional Chinese Medicine, rhubarb has the
function of purgation, purging heat, blocking bleeding,
detoxification, invigorating circulation and removing blood
stasis [12]. Emodin is the main active ingredient of rhubarb.
Research shows that, emodin can inhibit the growth of tumor
cells, induce the apoptosis, inhibit the angiogenesis, induce
tumor cell differentiation, reverse tumor cell resistance, and
enhance the sensitivity of tumor cells to drugs. It plays an anti-
tumor role with multiple targets and multiple pathways [13].
Emodin has a strong inhibition and killing effect on liver
cancer, breast cancer, lung cancer, bladder cancer and cervical

cancer, and has a time- and dose-dependent manner, but has no
obvious toxicity to normal cells [14]. This study investigated
the effects of emodin on the proliferation, apoptosis and cycle
of human colon cancer SW620 cells. Results showed that,
emodin could inhibit the proliferation of SW620 cells and
promote the apoptosis. In addition, emodin could block most
cells in the G0/G1 phase. This indicates that, emodin has
inhibitory effect on the growth of SW620 cells.

Bcl-2 is the B cell lymphoma/leukemia-2 gene. This gene has
the carcinogenicity. The promotion of tumor growth is not
based on by its induction of tumor cell proliferation, but on its
regulation of apoptosis. Bcl-2 can regulate the permeability of
mitochondrial membrane to prevent the release of cytochrome
C into the cytoplasm and inhibit cell apoptosis [15]. On the one
hand, the excessive expression of Bcl-2 protein can greatly
reduce the occurrence of apoptosis. On the other hand, the
expression level of Bcl-2 protein is directly proportional to the
sensitivity of apoptosis [16]. Bax is a member of Bcl-2 family,
which is highly homologous to Bcl-2. However, the function of
Bax is contrary to Bcl-2. Bax can induce the apoptosis. Bax
directly binds to the mitochondrial membrane, and change the
membrane permeability, which causes the release of
cytochrome C into the cytoplasm, and activates the Caspase
family, thus inducing the apoptosis [17]. Results of this study
showed that, the relative expression level of Bcl-2 protein in
SW620 cells decreased with the increase of emodin
concentration, and the relative expression level of Bax protein
increased with the increase of emodin concentration. This
indicates that, emodin can down-regulate the expression of
Bcl-2 protein and up-regulate the expression of Bax protein in
SW620 cells, which may be related to its inhibitory effect on
SW620 cells.

As a tumor suppressor gene, p53 is a hot spot in the research of
tumor apoptosis in recent years. It is reported that, more than
50% of human tumors are related to the deletion or mutation of
p53 gene [18]. p53 has the ability of monitoring the integrity of
cell genome, blocking the cell proliferation and promoting the
apoptosis. When the damage of DNA in some phase of cell
cycle occurs, p53 initiates the related program to repair the
damage. If the repair fails, the program of inducing apoptosis is
initiated, and the mutant cells are eliminated. Therefore, p53 is
called as the "molecular police" [19]. In the present study, with
the increase of emodin concentration, the relative expression
level of p53 protein in SW620 cells was increased. This
indicates that, the inhibitory effect of emodin on SW620 cells
may also be related to its up-regulation of p53 protein
expression.

In conclusion, emodin can inhibit the growth of human colon
cancer SW620 cells. The possible mechanism may be related
to its up-regulation of Bax and p53 protein expression in
SW620 cells, and down-regulation of Bcl-2 protein expression
in SW620 cells. This study has provided a basis for further
clinical application of emodin to treating colon cancer.
However, whether there are other mechanisms on inhibitory
effect of emodin on SW620 cells, and whether emodin has
inhibitory effect on other types of colon cancer cells need to be
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further investigated. In addition, in the next, the in vivo
experiments should be performed to study the anti-tumor
effects of emodin.
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