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Abstract. The inhibitory effect of matrine (MA) was studied 
in combination with irinotecan (CPT-11) on proliferation of 
human colon carcinoma cell line HT29. We also explored the 
mechanism of cell apoptosis induction in HT29. HT29 cells 
were treated with different concentrations of MA and CPT-11 
alone and in combination. The growth inhibition in HT29 
cells was evaluated using MTT assay. Apoptosis was detected 
using AV-PI double staining flow cytometry. Transmission 
electron microscopy was used to detect structural changes in 
cells. Topoisomerase (TOPO) I, Bax and Caspase-3 expression 
levels were evaluated using western blot analysis. MA and 
CPT-11 alone and in combination, inhibited the proliferation 
of HT29 cells, whereas the combination treatment exhibited 
higher inhibitory effect (P<0.01). This suggests the existence of 
synergistic cytotoxicity. Compared with each treatment alone, 
the combination treatment caused more significant damage to 
cell structure, and caused a significantly higher apoptosis rate 
(P<0.01). Additionally, the combination treatment increased 
TOPO I, Bax and Caspase-3 expression levels (P<0.01). In 
conclusion, MA in combination with CPT-11 synergistically 
inhibited HT29 cell proliferation and induced apoptosis in 
these cells. The mechanism may be related to upregulation of 
the TOPO I, Bax and Caspase-3 protein expression.

Introduction

Colon cancer is one of the most common intestinal malignan-
cies, ranking third in gastrointestinal cancers. In recent years, 
colon cancer incidence has been on the increase annually 
due to changes in people's lifestyle and diet (1). Patients with 
colon cancer do not show obvious early symptoms. Most 
patients are diagnosed during intermediate and late stages, and 
approximately 35% of patients are diagnosed during late stage. 

Patients experienced high incidence of metastasis and recur-
rence within 5 years after surgery (1). At present, the treatment 
of colon cancer is largely surgery-based, followed by adjuvant 
chemotherapy. However, chemotherapy often leads to drug 
resistance in colon cancer patients who experience adverse 
effects as well, thereby affecting the efficacy of chemotherapy 
and patient life quality (2).

Irinotecan (CPT-11), a DNA topoisomerase (TOPO) 
inhibitor, becomes effective after it is metabolized to 
7-ethyl-10-hydroxycamptothecin (SN-38) in vivo. The metabo-
lite SN-38 binds specifically to DNA TOPO, breaking the DNA 
double-strand structure and eventually leading to apoptosis (3,4). 
At present, CPT-11 is used as the first-line chemotherapy drug 
for patients with colorectal cancer, but patients usually experi-
ence serious adverse effects including delayed diarrhea. Thus, 
clinical applications of CPT-11 are limited (5). Matrine (MA) is 
a natural compound extracted from root of Sophora flavescens 
with a wide range of pharmacological activities including anti-
hepatic fibrosis, anti-viral, anti-arrhythmic, anti-inflammation 
and anti-tumor (6). It was discovered that MA can inhibit cell 
growth in different types of cancer including gastric, cervical, 
lung, liver, breast, and colon cancer (7,8).

It was reported that MA could function synergistically with 
chemotherapeutic drugs, not only enhancing chemotherapeutic 
effects, but also reversing chemotherapy drug resistance (9). 
Previous findings showed that MA can enhance the treatment 
of CPT-11 in patients with colorectal cancer, and reduce the 
adverse effects of CPT-11 (10). However, the molecular mecha-
nism of the combination treatment of MA and CPT-11 in colon 
cancer has not been studied adequately.

In order to evaluate the synergistic inhibitory effects of the 
combination treatment and the underlying molecular mecha-
nisms, in the present study, we treated colon cancer cells HT29 
with MA in combination with CPT-11. Our results provided 
some experimental basis for colon cancer treatment using the 
combination therapy of MA and CPT-11.

Materials and methods

Materials. The following cells, reagents and supplies were 
purchased from commercial sources: MA and CPT-11 from 
Aladdin Reagents Co., Ltd. (Shanghai, China); human colon 
cancer HT29 cells from Cell Bank of the Chinese Academy 
of Sciences (Shanghai, China); RPMI-1640 medium and fetal 
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bovine serum (FBS) from HyClone Laboratories, Inc. (Logan, 
UT, USA); TOPO I, Bax, Caspase-3, GAPDH primary anti-
body, and HRP-labeled secondary antibody from Proteintech 
Group, Inc. (Wuhan, China); cell lysis solution, BCA protein 
concentration assay kit, and Annexin V-FITC apoptosis detec-
tion kit from Beyotime Institute of Biotechnology (Nantong, 
China). This study was approved by the Ethics Committee of 
The First Hospital of Lanzhou University.

Cell culture. HT29 cells were incubated in RPMI-1640 
medium containing 100 U/ml of penicillin, 100 µg/ml of strep-
tomycin and 10% FBS at 37˚C with 5% CO2. When the cell 
growth reached the log growth phase, the cells were treated 
with trypsin to obtain a single cell suspension, and then were 
seeded into different culture plates or culture dishes for group 
experiments according to the experimental requirements.

MTT assay determination of survival rate of HT29 cells. The 
study was divided into the experimental group and the normal 
control group. MA and CPT-11 were dissolved in DMSO. HT29 
cells in the logarithmic growth phase were collected and seeded 
into a 96-well plate at 200 µl of 1x104 cells/ml cell suspension. 
After 24 h incubation, the experimental group was further 
divided into 12 subgroups for different treatments: 4 subgroups 
for MA treatment alone with final MA concentrations of 0.25, 
0.5, 1.0 and 2.0 mg/ml; 4 subgroups for CPT-11 treatment alone 
with final CPT-11 concentrations of 1.25, 2.5, 5.0 and 10.0 µg/ml; 
and 4 subgroups for combination treatment with final concen-
trations of 0.25 mg/ml MA + 1.25 µg/ml CPT-11, 0.5 mg/ml 
MA + 2.5 µg/ml CPT-11, 1.0 mg/ml MA + 5 µg/ml CPT-11, and 
5.0 mg/ml MA + 10.0 µg/ml CPT-11. Five wells was set for each 
concentration. Equal volumes of culture medium were added 
to wells for the normal control group. After 24 h, the culture 
medium was discarded, and wells were washed 3 times with 
PBS, followed by addition of 100 µl of MTT (5 mg/ml) per well 
and incubation for 4 h. DMSO (100 µl) was added to each well, 
followed by agitation for 10 min in the dark and measurement 
of absorbance value (OD value) at 570 nm by ELISA. The cell 
inhibition rate was calculated using the formula: inhibition rate 
(%) = 100 x (OD value of normal control group - OD value of 
experimental group)/OD value of normal control group.

Analysis of apoptosis. Based on the MTT assay results, an 
appropriate drug concentration was chosen that provided a 
20-30% inhibition rate (IC20-IC30) for the experiment. Cells 
were divided into 4 groups: the normal control group (control), 
the MA group (concentration 0.5 mg/ml), the CPT-11 group 
(concentration 1.25 µg/ml), and the combination group (MA 
0.5 mg/ml + CPT-11 1.25 µg/ml). HT29 cells in the logarithmic 
phase were seeded into a 6-well plate. After attachment, the 
cells were treated with different drugs at the selected concen-
tration described above. After 24 h of incubation, the cells were 
washed 3 times with PBS, followed by trypsin digestion and 
centrifugation. We closely followed the instructions provided in 
the apoptosis detection kit by the manufacturer. The collected 
cells were re-suspended in 0.3 ml binding buffer, followed 
by the addition of 5 µl Annexin V and 5 µl PI. After 15 min 
of incubation at room temperature in the dark, samples were 
diluted with 0.2 ml of binding buffer and analyzed by flow 
cytometry (Becton-Dickinson, New York, NY, USA).

Transmission electron microscope observation of cell ultra-
structure change. Cells were treated and collected according 
to the method explained above. Cell pellet was immersed in 
2.5% glutaraldehyde and left at 4˚C for 48 h. After cell fixa-
tion, the sample was treated with osmium tetroxide for 30 min 
and then dehydrated in acetone at a series of concentrations. 
The sample was then embedded in embedding resin, followed 
by cutting into ultrathin sections with a microtome and lead-
uranium double staining. The prepared sections were observed 
and photographed under a transmission electron microscope 
(TEM) (JEOL, Tokyo, Japan).

Western blot analysis of protein expression. Cells were treated 
and collected according to the method explained above. 
Collected cells were lysed using cell lysis buffer and centrifuged 
at 10,500 x g for 15 min at 4˚C to collect the supernatant. The 
concentrations of extracted proteins were determined using 
BCA kit. A sample containing 40 µg of proteins from each group 
was applied to SDS-PAGE electrophoresis and transferred to the 
membrane using a wet system. After the membrane was blocked 
with 10% skimmed milk powder, the TOPO I, Bax, Caspase-3 
and GAPDH (dilution, 1:1,000) primary antibodies were added 
respectively, followed by overnight incubation at 4˚C. Then 
HRP-labeled secondary antibody (dilution, 1:2,000) was added, 
followed by incubation at room temperature for 2 h, ECL dark-
room development, and scanning.

Statistical analysis. The experimental data were expressed as 
mean ± standard deviation, and were processed using SPSS 
13.0 software (IBM Corp., Armonk, NY, USA). Differences 
between groups were analyzed using ANOVA single factor 
analysis of variance, and the difference was considered statis-
tically significant at P<0.05. The drug-drug interaction in the 
combination treatment was tested using the Jin (Zhengjun) 
formula: q = Ea + b/(Ea + Eb – Ea x Eb), where Ea + b represents 
the inhibition rate of the combination treatment, and Ea and Eb 
represent the inhibition rates of MA and CPT-11 treatments 
alone, respectively. If 0.85<q<1.15, it indicates the total effect 
was the sum of their individual effects. If q>1.15, it indicated a 
synergistic effect between the two drugs. If q<0.85, it indicated 
that the two drugs had an antagonistic effect.

Results

Effect of MA in combination with CPT-11 on the prolifera-
tion of HT29 cells. The effects of MA and CPT-11 treatment 
alone and in combination on the proliferation of HT29 cells 
were examined using MTT assay. The results indicated that 
proliferation of HT29 cells was inhibited by MA and CPT-11 
treatment alone and in combination (Table I). Additionally, the 
inhibition rate of the combination treatment was significantly 
higher than those of MA and CPT-11 treatment alone (P<0.01) 
at the same concentrations. Combination treatments of MA 
(1 mg/ml) with CPT-11 (5 µg/ml) and MA (2 mg/ml) with 
CPT-11 (10 µg/ml) had synergistic effects (q>1.15).

Effect of MA in combination with CPT-11 on apoptosis of 
HT29 cells. In order to study the pro-apoptotic effect of drugs 
on HT29 cells and determining the underlying mechanism, 
a drug concentration at which cell proliferation is partially 
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inhibited was chosen. Thus, drug concentrations providing a 
20-30% inhibition rate (IC20-IC30) were considered appropriate 
for this experiment. Based on MTT results, the concentrations 
of 0.5 mg/ml for MA and 1.25 µg/ml for CPT-11 were chosen 
to evaluate the effects of the combination treatment on apop-
tosis of HT29 cells. Fig. 1 shows that the apoptosis rates in 
the normal control group, the MA group, the CPT-11 group 
and the combination treatment group were 2.82, 25.24, 22.93 
and 45.03%, respectively. Apoptosis rate in the combination 
treatment group was significantly higher than those registered 
in individual drug alone groups (P<0.01).

Effect of MA in combination with CPT-11 on the ultrastruc-
ture of HT29 cells. TEM results are shown in Fig. 2. Cells in 
the normal control group maintained cell membrane integrity. 
Microvilli were present on the membrane surface, while 
chromatin was distributed uniformly. Cells in the MA and 
the CPT-11 treatment alone groups underwent cell membrane 
blebbing, cell shrinkage, and chromatin condensation, which 
are characteristics for cells in apoptosis state. Cells in the 
combination treatment group suffered further membrane 
damage, and experienced nuclear fragmentation and forma-
tion of apoptotic bodies in the cells, showing a more severe 
apoptotic state.

Effect of MA in combination with CPT-11 on protein expression 
in HT29 cells. Western blot analysis results are presented in 
Fig. 3. MA treatment alone at 0.5 mg/ml was able to upregulate 
the expression of TOPO I significantly in HT29 cells. When 
MA was used in combination with CPT-11, the upregulation 
of TOPO I expression was even higher (P<0.01). Compared 
with the normal control group, groups of MA treatment 
alone, CPT-11 treatment alone and combination treatment all 
had significantly higher levels of Bax and Caspase-3 expres-
sion (P<0.01). Bax and Caspase-3 expression levels in the 

combination treatment group were higher than the individual 
drug treatment alone groups (P<0.01).

Discussion

Colon cancer is a malignant tumor with relatively higher inci-
dence, and the incidence is on the increase annually in China 
due to the change in eating habits (11). Due to the absence 
of any obvious early clinical symptoms, many patients with 
colon cancer are usually diagnosed when the disease is 
already in late-stage and is already too late for surgical inter-
vention (12). Chemotherapy is the main treatment method for 
late-stage colon cancer. Currently 5-FU in combination with 
oxaliplatin or CPT-11 is the most common chemotherapy 
regimen used in clinic. However, many adverse effects of 

Figure 1. Flow cytometry measurement of apoptosis rates of different treat-
ment groups. **P<0.01, compared with normal control group; &&P<0.01, 
combination treatment group compared with MA treatment alone group; 
##P<0.01, combination treatment group compared with CPT-11 treatment 
alone group. MA, matrine; CPT-11, irinotecan.

Table I. Effects of MA and CPT-11 treatment alone and in combination on proliferation of HT29 cells (n=5).

 Drug concentration
 -------------------------------------------------------------------
MA (mg/ml) CPT-11 (µg/ml) OD value Inhibition rate (%) q-value Drug-drug interaction

0 0 1.221±0.053 0
0.25 0 1.072±0.086 12.20a

0.5 0 0.892±0.078 26.95a

1 0 0.783±0.025 35.87a

2 0 0.575±0.034 52.91a

0 1.25 0.942±0.063 22.85a

0 2.5 0.765±0.051 37.35a

0 5 0.553±0.027 54.71a

0 10 0.497±0.016 59.29a

0.25 1.25 0.841±0.025 31.08a,b 0.96 Sum
0.5 2.5 0.522±0.042 57.25a,b 1.06 Sum
1 5 0.151±0.012 87.61a,b 1.23 Synergistic
2 10 0.057±0.007 95.29a,b 1.19 Synergistic

aP<0.01, compared with normal control; bP<0.01, compared with individual drug treatment alone at the same dose. MA, matrine; CPT-11,  
irinotecan.
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chemotherapeutic drugs may seriously affect patients' quality 
of life (13).

Large-scale clinical trials indicated that CPT-11 treat-
ment of advanced colorectal cancer can achieve an efficiency 
of approximately 49%, mainly due to primary or secondary 
drug resistance to CPT-11 (14). It was found that CPT-11 can 
be metabolized into an active metabolite known as SN-38 in 
human body, which can specifically bind to TOPO in tumor 
cells, inhibit its activity, and eventually induce apoptosis (4). 
DNA TOPOs are ubiquitous enzymes in the cell nucleus that 

can catalyze the cleavage and ligation of DNA strands, thereby 
regulating the topological state of DNA (15). Recent studies 
revealed that the downregulation of TOPO expression in 
tumor cells could be the main reason for resistance to CPT-11. 
This may reduce the drug target sites and ultimately results in 
a reduction in CPT-11 efficiency (3).

It was reported that MA can inhibit tumor cell prolifera-
tion through various mechanisms, such as inducing cancer cell 
differentiation and apoptosis, altering tumor cell cycle, and 
inhibiting telomerase activity (16). Unlike most chemotherapy 

Figure 3. Western blot analysis of protein expression in HT29 cells. (A) Western blot analysis bands of TOPO I, Bax and Caspase-3, and (B) gray-scale 
quantification of TOPO I, Bax and Caspase-3. **P<0.01, compared with the normal control group; &&P<0.01, the combination treatment group compared with 
the MA treatment alone group; ##P<0.01, the combination treatment group compared with the CPT-11 treatment alone group. TOPO, topoisomerase; MA, 
matrine; CPT-11, irinotecan.

Figure 2. Ultrastructures of HT29 cells in different treatment groups by TEM. (A) The normal control group, (B) the MA treatment alone group, (C) the CPT-11 
treatment alone group, and (D) the combination treatment group. TEM, transmission electron microscopy; MA, matrine; CPT-11, irinotecan.
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drugs, MA does not harm normal cell growth and division. 
Moreover, it can improve the number of white blood cells in 
patients and enhance the patient's immune system (17).

Most chemotherapy drugs can induce apoptosis in tumor 
cells. Apoptosis is a process of programmed cell death that is 
regulated by multiple intercellular and intracellular 
signals (18,19). Apoptosis is characterized by cell shrinkage, 
membrane blebbing, intracellular endonuclease activation, 
chromosomal DNA degradation, DNA fragmentation, 
nuclear/chromatin condensation, and formation of apoptotic 
bodies in cells (20,21). BAX is a pro-apoptotic protein on the 
outer mitochondrial membrane. It can form homo- or heterodi-
mers with other pro-apoptotic members BAK or tBid to disrupt 
the mitochondrial membrane, leading to the release of cyto-
chrome c into the cytoplasm and then a series of intracellular 
apoptotic responses (22). Apoptosis is a complex physiological 
process involving multiple genes. Caspase-3 plays an impor-
tant role in the process of apoptosis. When intracellular 
Caspase-3 is activated, the cell enters into the process of irre-
versible apoptosis (23).

In the present study, MA and CPT-11 treatments alone 
were found to inhibit cell proliferation and induce apoptosis 
in HT29 cells. The combination treatment exhibited a higher 
inhibition rate compared with individual drug treatment alone 
at corresponding concentrations. Moreover, the combination 
treatments of MA at 1 mg/ml with CPT-11 at 5 µg/ml and MA 
at 2 mg/ml with CPT-11 at 10 µg/ml had synergistic effects. 
AV-PI double staining flow cytometry and TEM results 
showed that the combination treatment also synergistically 
induced apoptosis. Western blot analysis results suggested 
that CPT-11 treatment alone did not induce TOPO I expres-
sion, while MA treatment alone was able to induce TOPO I 
expression. When MA was administered in combination with 
CPT-11, TOPO I expression in HT29 cells was substantially 
upregulated. Additionally, Bax and Caspase-3 expression 
levels in combination treatment was significantly higher than 
those in MA and CPT-11 treatments alone. Results obtained 
in this study were comparable to those reported in another 
clinical study (10), and proved at the molecular level that MA 
can enhance the inhibition of colorectal cancer in combination 
with CPT-11.

In conclusion, a possible mechanism of synergistic effect 
of MA in combination with CPT-11 is proposed. Firstly, MA 
upregulated the expression of TOPO I, which increased the 
number of target sites for CPT-11, thus enhanced the inhibitory 
effect of CPT-11 on HT29 cells. In addition, the combination 
treatment upregulated the expression of Bax and Caspase-3, 
activating the apoptosis signal pathways in HT29 cells. The 
present study provided the experimental basis for clinical 
application of MA in combination with CPT-11 in the treat-
ment of colon cancer.
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