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Abstract. Colorectal cancer (CRC) ranks third in incidence and 
second in mortality among all types of cancer, and due to its 
insidious onset and lack of early symptoms, it is usually diag‑
nosed at a later stage. Saponins, a class of compounds abundant 
in plants, have been reported to possess prominent anti‑tumour 
properties. The use of ginsenoside Rg3 in the clinical setting was 
authorized by the National Medicinal Products Administration 
of China. In the present study, total saponins from Rhizoma 
Panacis Majoris (RPMTG) were prepared, and the pharmaco‑
logical mechanisms underlying the anti‑CRC effects of RPMTG 
were investigated. The effect of RPMTG on the proliferation, 
cell cycle progression and apoptosis of HCT116 and SW620 
cells were detected by MTT, flow cytometry and western blot‑
ting assays, and it was demonstrated that RPMTG could inhibit 
the proliferation of HCT116 and SW620 cells with IC50 values 
of 315.8 and 355.1 µg/ml, respectively, induce cell cycle arrest in 
the S and G0/G1 phase, and trigger apoptosis by downregulating 
the expression of the anti‑apoptotic proteins Bcl‑2, Bcl‑xL and 
induced myeloid leukaemia cell differentiation protein Mcl‑1, 
and increasing the expression of the pro‑apoptotic proteins Bax 
and Bad, cleaved caspased‑3 and poly(ADP)‑ribose polymerase. 
These findings suggested that RPMTG induced apoptosis 

through mitochondrial‑related pathways. In addition, RPMTG 
also decreased the expression of phosphorylated (p)‑extracel‑
lular signal‑regulated kinase and increased p‑c‑Jun N‑terminal 
kinase (p‑JNK) and p‑p38. Moreover, the effects of RPMTG 
on cell proliferation and apoptosis were partially reversed when 
the JNK and p38 mitogen‑activated protein kinase (MAPK) 
pathways were inhibited, indicating that RPMTG triggered 
apoptosis mainly via regulating JNK and p38 MAPK signalling. 
Therefore, RPMTG may have potential as an anti‑CRC agent, 
and further evaluations are needed.

Introduction

Colorectal cancer (CRC) is a type of malignant tumour that 
arises from the epithelial cells of the mucosal lining of the 
colon or rectum, and ranks third in incidence and second in 
mortality among all cancers worldwide, with its occurrence, 
growth and metastasis being affected by irregular diet, lack 
of exercise and genetic factors (1,2). It has been predicted that 
the number of new cases of CRC worldwide will increase to 
>2.2 million by 2030 (2). With the advances in surgical resec‑
tion, radiotherapy, chemotherapy, adjuvant chemotherapy, 
receptor‑targeted therapy and other therapeutic measures, 
significant progress has been achieved in the clinical treat‑
ment of CRC (3). Surgical resection remains the preferred 
treatment method for local CRC, whereas the applicability 
of postoperative chemotherapy is limited by side effects and 
the development of drug resistance, which may significantly 
reduce patient compliance and quality of life (4‑6).

Herbal medicines and natural products are known sources 
of anti‑tumour drugs, such as paclitaxel derived from the 
bark of the Pacific yew Taxus brevifolia, camptothecin 
derived from the root bark of Camptotheca acuminate and 
podophyllotoxin derived from the rhizome of Diphylleia 
sinensis (7‑9). Saponins, a class of ingredients abundant in 
plants, have been recognised for their anti‑tumour properties, 
with ginsenosides derived from Panax ginseng (P. ginseng), a 
species in the Panax genus of the Araliaceae family, consid‑
ered as the most active components (10,11). Ginsenosides 
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include the 20(S)‑protopanaxadiol and 20(S)‑protopanaxatriol 
saponins (12). Among the hundreds of compounds included 
in P. ginseng, ginsenoside Rg3 has been authorized for 
use as a clinical drug by the National Medicinal Products 
Administration of China (13).

Panax japonicus var. Major is another species in the Panax 
genus, and its root, named Rhizoma Panacis Majoris, has been 
found to predominantly contain saponins, polysaccharides and 
organic acids (14). Previous studies have demonstrated that the 
decoction of Rhizoma Panacis Majoris can inhibit prolifera‑
tion and induce apoptosis of human liver cancer SMMC‑7721 
cells and human promyelocytic leukaemia HL‑60 cells, 
whereas the polysaccharides of Rhizoma Panacis Majoris can 
inhibit tumour growth and prolong survival in a H22 hepatoma 
mouse model through enhancing immunity (15,16). However, 
the effect of saponins from Rhizoma Panacis Majoris on CRC 
has not been investigated to date.

In the present study, total saponins from Rhizoma Panacis 
Majoris (RPMTG) were prepared, the effects of RPMTG 
on the proliferation, cell cycle and apoptosis of HCT116 and 
SW620 cells were investigated, and the underlying molecular 
mechanism was elucidated.

Materials and methods

Plant material. Panax japonicus var. major was collected from 
the Taibai region of Qinling Mountains in the Shaanxi Province 
of China, and was identified morphologically and histologically 
by Professor Wei Wang (TCM Identification Department of 
Shaanxi University of Chinese Medicine, Xianyang, China). The 
roots of the plant were processed by the TCM resource labora‑
tory at the Shaanxi University of Chinese Medicine (Xianyang, 
China) and authenticated as Rhizoma Panacis Majoris, and a 
voucher specimen (herbarium no. 20180920) has been depos‑
ited in the Medicinal Plants Herbarium, Shaanxi University of 
Chinese Medicine (Xianyang, China).

Preparation of RPMTG. The dried crude materials were 
extracted with 70% ethanol three times. After removing 
the solvent under reduced pressure, the ethanol extract was 
suspended in H2O, subjected to macroporous resin (DIAION® 
HP20 gel, Mitsubishi Gas Chemical Company, Inc.) column 
chromatography and eluted with a gradient solvent system of 
ethanol (i.e., 0, 20, 60 and 95% ethanol) to yield four frac‑
tions. The fractions were detected by UV spectrophotometry 
(UV‑2600i; Shimadzu Corporation) and high‑performance 
liquid chromatography‑electrospray ionization‑tandem mass 
spectrometry [Agilent 1260 HPLC (Agilent Technologies, 
Inc.) equipped with QTRAP® 4500 MS system (SCIEX)]. A 
SunFire C18 column (150x4.6 mm, 5 µm; Waters Corporation) 
was used with 30˚C column temperature. The mobile phase 
consisted of A (H2O + 0.05% HCOOH) and B (CH3CN + 0.05% 
HCOOH) using a gradient elution of 0‑5 min, 10‑23% B; 
5‑15 min, 23‑35% B; 15‑20 min, 35‑48% B; 20‑25 min, 
48‑96% B; 25‑28 min, 96‑10% B; 28‑30 min, 10% B. The 
volume flow was 0.8 ml/min, and the injection volume was 5 µl.

The 60% ethanol fraction was identified as the total sapo‑
nins site with 73.09% RPMTG content, and 15 saponins were 
determined as ginsenosides Rb2, Re, Ro, Rd, Rg1, Rb3, Rb1, Rc, 
Rh2, F2, Rg3 and Rf, Panax notoginseng saponin R1, Panax 

zingiberensis saponin R1 and chikusetsusaponin IVa. Finally, 
RPMTG powder was obtained after freeze‑drying and used in 
mechanistic studies.

Cell culture. The human CRC cell lines HCT116 and SW620 
were purchased from The Cell Bank of Type Culture Collection 
of The Chinese Academy of Sciences. HCT116 and SW620 
cells were cultured in Dulbecco's modified Eagle's medium 
(DMEM; Gibco; Thermo Fisher Scientific, Inc.), supple‑
mented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.), 
100 U/ml penicillin and 100 µg/ml streptomycin. The HCT116 
(1x104 cells/well) and SW620 (2x104 cells/well) cells were 
pretreated with JNK inhibitor (SP600125, 10 µM; Beyotime 
Institute of Biotechnology) and p38 inhibitor (SB203580, 
10 µM; Beyotime Institute of Biotechnology) for 2 h, and then 
treated with 250 µg/ml RPMTG for 24 h in a 37˚C incubator 
containing 5% CO2. In subsequent experiments, the effects of 
RPMTG combined with JNK inhibitors or p38 inhibitors on 
proliferation and apoptosis were evaluated.

MTT assay. Cell viability was detected by the MTT assay 
(Sigma‑Aldrich; Merck KGaA). HCT116 and SW620 cells 
were digested, dispersed and inoculated in 96‑well plates at a 
density of 1x104 cells/well and 2x104 cells/well, respectively. 
The cells were cultured in complete DMEM and incubated in a 
37˚C incubator containing 5% CO2. After cells were allowed to 
proliferate for 24 h, RPMTG at different concentrations (0, 100, 
200, 250, 300, 400 and 500 µg/ml) was added; after 12 and 24 h, 
15 µl MTT was added into each well of the blank group and the 
RPMTG treatment group; after a further 4 h, DMSO was added, 
and the plates were analysed at 490 nm on a microplate reader 
(Thermo Fisher Scientific, Inc.). The ratio of cell survival was 
calculated against that of the untreated CRC cell group.

Cell cycle assay. Cell cycle progression was assessed by flow 
cytometry (FACSCanto II; BD Biosciences). Cells were treated 
with different concentrations (0, 100 and 200 µg/ml) of RPMTG 
for 24 h, washed with PBS, and fixed with absolute ethanol at 
‑20˚C overnight. Then, cells were collected, and 100 µl RNase A 
was added to resuspend the cells. Propidium iodide (PI; 400 µl, 
50 µg/ml; Beyotime Institute of Biotechnology) was added and 
allowed to act in the dark for 30 min. The content of PI‑labelled 
DNA in the cells was then quantified by flow cytometry. FlowJo 
version 10 software (FlowJo LLC) was used for analysis. The 
experiments were performed three times.

DAPI staining. DAPI staining was used to evaluate the specific 
morphological changes in the nucleus that induced apoptosis. 
HCT116 and SW620 cells were seeded into 6‑well plates at a 
density of 1x105 cells/ml and 2x105 cells/ml (2 ml per well), 
respectively. Cells were treated with different concentrations 
(0, 100, 200 and 250 µg/ml) of RPMTG for 24 h, then washed 
with PBS, fixed with 4% paraformaldehyde for 15 min in a 
37˚C incubator containing 5% CO2 and stained with 5 µg/ml 
DAPI (Beyotime Institute of Biotechnology) in the dark for 
15 min at room temperature. Finally, cells were examined with 
an inverted fluorescence microscope (magnification, x20), 
representative digital images were acquired for analysis. The 
mean number of nuclear apoptotic cells and cell count of 10 
selected fields (500x500 pixel2) in the images were calculated.
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Apoptosis assay. Early and late (lower and top right corner of the 
flow dot plot, respectively) stage apoptosis were detected by the 
Annexin V/PI detection kit (Absin Bioscience, Inc.) according to 
the manufacturer's instructions. HCT116 and SW620 cells were 
treated with different concentrations (0, 100, 200 and 250 µg/ml) 
of RPMTG for 24 h, and the cells were collected, washed with 
pre‑cooled PBS, and resuspended in 300 µl 1X Binding Buffer 
(BD Biosciences). The cells were stained with 5 µl Annexin V‑FITC 
and 5 µl PI for 15 min in the dark. Then, apoptotic cells were 
detected using flow cytometry (FACSCanto II; BD Biosciences), 
and FlowJo 7.6 software (FlowJo LLC) was used to determine the 
proportions (%) of each subpopulation of cells.

Western blot analysis. Western blotting was used to determine 
changes in protein expression that were associated with RPMTG 
treatment. After treatment with RPMTG, the cells were 
collected and lysed in RIPA lysis buffer (Beyotime Institute of 
Biotechnology) containing protease and phosphatase inhibitors 
in an ice bath. Subsequently, the lysates were removed and the 
supernatant was collected by centrifugation at 10,000 x g for 
10 min at 4˚C. The total protein concentration in each sample 
was determined using a BCA protein analysis kit (Tiangen 
Biotech Co., Ltd.). The protein samples (10 µg/lane) were loaded, 
separated via 10% SDS‑PAGE, and subsequently transferred 
onto PVDF membranes (EMD Millipore). The membrane was 
incubated with blocking solution (5% skimmed milk) at room 
temperature for 1 h, and incubated with the corresponding 
primary antibodies overnight at 4˚C. The following primary 
antibodies were used: Bcl‑2 (cat. no. 15071; Cell Signaling 
Technology, Inc.), Bcl‑xL (cat. no. 10783‑1‑AP; ProteinTech 
Group, Inc.), induced myeloid leukaemia cell differentiation 
protein Mcl‑1 (Mcl‑1; cat. no. 16225‑1‑AP; ProteinTech Group, 
Inc.), cytochrome c (cat. no. 11940; Cell Signaling Technology, 
Inc.), Bax (cat. no. 5023; Cell Signaling Technology, Inc.), 
Bad (cat. no. 10435‑1‑AP; ProteinTech Group, Inc.), cleaved 
caspase‑9 (cat. no. 9509; Cell Signaling Technology, Inc.), 
cleaved caspase‑3 (cat. no. 9661; Cell Signaling Technology, 
Inc.), cleaved poly(ADP)‑ribose polymerase‑1 (cleaved PARP‑1; 

cat. no. 13371‑1‑AP; ProteinTech Group, Inc.), extracellular 
signal‑regulated kinase (ERK; cat. no. 4696; Cell Signaling 
Technology, Inc.), phosphorylated (p‑)ERK (cat. no. 4370; Cell 
Signaling Technology, Inc.), c‑Jun n‑terminal kinase (JNK; cat. 
no. 9252; Cell Signaling Technology, Inc.), p‑JNK (cat. no. 4668; 
Cell Signaling Technology, Inc.), p38 (cat. no. 8690; Cell 
Signaling Technology, Inc.), p‑p38 (cat. no. 4511; Cell Signaling 
Technology, Inc.), cyclin A (cat. no. 18202‑1‑AP; ProteinTech 
Group, Inc.), cyclin D (cat. no. 60186‑1‑AP; ProteinTech Group, 
Inc.), cyclin‑dependent kinase 2 (CDK2; cat. no. 10122‑1‑AP; 
ProteinTech Group, Inc.), p21 (cat. no. 103551‑AP; ProteinTech 
Group, Inc.) and β‑actin (cat. no. 3700; Cell Signaling Technology, 
Inc.). These primary antibodies were used at 1:1,000 dilution. 
After washing three times with TBS with Tween‑20 (0.05%), 
the membranes were subsequently incubated with anti‑mouse 
IgG, HRP‑conjugated antibody (cat. no. 7076; Cell Signaling 
Technology, Inc.) or anti‑rabbit IgG HRP‑conjugated antibody 
(cat. no. 7074; Cell Signaling Technology, Inc.) for 1 h at room 
temperature. The secondary antibodies were used at 1:5,000 
dilution. Positive antibody binding was then visualized by ECL 
detection (Wuhan Boster Biological Technology Co., Ltd.). 
Finally, ImageJ software (version 1.8.0; National Institutes of 
Health) was used for densitometry.

Statistical analysis. All data are expressed as the mean ± SD 
of at least three independent experiments. Statistical analysis 
was performed using SPSS 22.0 software (IBM Corp.) and 
GraphPad Prism 8.0 software (GraphPad Software, Inc.). One 
way ANOVA was used for statistical analysis, followed by 
Bonferroni's post hoc test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

RPMTG inhibits the proliferation of HCT116 and SW620 cells. 
HCT116 and SW620 cells were treated with different concentra‑
tions of RPMTG (100‑500 µg/ml) for 12 and 24 h, and cell viability 
was determined by the MTT assay. As shown in Fig. 1A and B, 

Figure 1. RPMTG inhibits the viability and proliferation of HCT116 and SW620 cells. The (A) HCT116 and (B) SW620 cells were allowed to grow and adhere 
for 24 h, after which RPMTG (0, 100, 200, 250, 300, 400 and 500 µg/ml) was added and cell proliferation was determined at 12 and 24 h. Data are expressed as 
the mean ± SD from three independent experiments. *P<0.05, **P<0.01 and ***P<0.001 vs. control group. RPMTG, total saponins from Rhizoma Panacis Majoris.
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cell viability decreased with increasing RPMTG concentra‑
tions, and the proliferation inhibition rate increased gradually. 
The IC50 values of HCT116 cells at 12 and 24 h were 424.4 and 
315.8 µg/ml, respectively; the IC50 values of SW620 cells at 12 
and 24 h were 386.2 and 355.1 µg/ml, respectively.

RPMTG induces cell cycle arrest in HCT116 and SW620 cells. 
To determine whether RPMTG‑induced inhibition of cell 
proliferation was mediated via cell cycle arrest, flow cytom‑
etry analysis was performed (Fig. 2). HCT116 and SW620 cells 
were treated with RPMTG (0, 100 and 200 µg/ml). As shown 
in Fig. 2, compared with the control group, HCT116 and SW620 
cells were arrested at the G0/G1 and S phase, respectively; the 
percentage of HCT116 cells in the G0/G1 phase increased from 

37.47 to 45.90% (Fig. 2A), and the percentage of SW620 cells 
in the S phase increased from 53.79 to 66.89% (Fig. 2B). In 
addition, western blotting demonstrated that the expression 
levels of the G0/G1 phase‑associated proteins cyclin D and p21 
were decreased and increased, respectively, by RPMTG treat‑
ment in HCT116 cells (Fig. 2C). However, the expression levels 
of the S phase‑associated proteins cyclin A and CDK2 were 
decreased in SW620 cells (Fig. 2D). These results revealed 
that the inhibition of the proliferation of HCT116 and SW620 
cells by RPMTG was mediated via cell cycle arrest at the 
G0/G1 and S phases.

RPMTG induces morphological changes and apoptosis in 
HCT116 and SW620 cells. DAPI staining was used to evaluate 

Figure 2. RPMTG induces cell cycle arrest in HCT116 and SW620 cells. Flow cytometry was used to determine the cell cycle distribution and ratio of (A) HCT116 
and (B) SW620 cells treated with RPMTG at concentrations of 0, 100 and 200 µg/ml for 24 h. (C) Western blot analysis of cyclin D and p21 expression in HCT116 
cells after treatment with RPMTG. (D) Western blot analysis of CDK2 and cyclin A expression in SW620 cells after treatment with RPMTG. The integrated 
band density was determined by ImageJ software, and β‑actin served as the internal control. Data are expressed as the mean ± SD from three independent 
experiments. *P<0.05, **P<0.01 and ***P<0.001 vs. control group. RPMTG, total saponins from Rhizoma Panacis Majoris; CDK, cyclin‑dependent kinase.
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the specific morphological changes. The results are shown 
in Fig. 3A and B. It was observed that the nuclear structure 
of control cells was not altered, whereas, after RPMTG (0, 
100, 200 and 250 µg/ml) treatment for 24 h, the cells exhibited 
changes in the nuclear structure, such as shrunk, fragmented 
nuclei. The proportion of cells with nuclear apoptosis has 
increased in a dose‑dependent manner. Furthermore, the mean 
cell count of 10 selected fields (500x500 pixel2) in the images 
was calculated (Fig. 3A and B). The results indicated that 
RPMTG treatment induced cell apoptosis.

To further verify whether RPMTG induced cell apop‑
tosis, RPMTG (0, 100, 200 and 250 µg/ml) was used to treat 
HCT116 and SW620 cells for 24 h, and then flow cytometry 
was performed to detect the proportion of apoptotic cells. 
As shown in Fig. 3C and D, the total percentage of apoptotic 
cells among HCT116 and SW620 cells treated with 250 µg/ml 
RPMTG was 21.40 and 18.63%, respectively. These results 
demonstrated that RPMTG treatment induced apoptosis of 
HCT116 and SW620 cells.

RPM TG af fects the expression of mitochondrial 
pathway‑related proteins in HCT116 and SW620 cells. The 
effects of RPMTG on the expression levels of mitochondrial 
apoptosis‑related proteins (Bcl‑2, Bcl‑xL, Mcl‑1, cytochrome c, 

Bax, Bad, cleaved caspase‑9, cleaved caspase‑3 and cleaved 
PARP‑1) in HCT116 and SW620 cells were detected. As shown 
in Fig. 4A and B, following RPMTG treatment, the expression 
levels of the anti‑apoptotic Bcl‑2, Bcl‑xL and Mcl‑1 proteins 
were reduced, whereas the expression levels of cytochrome c, 
Bax, Bad, cleaved caspase‑9, cleaved caspase‑3 and cleaved 
PARP‑1 were increased. Thus suggesting that RPMTG could 
induce the release of cytochrome c into the cytoplasm and then 
activate the downstream caspase cascade involving caspase‑9 
and caspase‑3. These results indicated that the apoptosis of 
CRC cells induced by RPMTG was associated with the mito‑
chondrial pathway.

RPMTG regulates mitogen‑activated protein kinase (MAPK) 
signalling in HCT116 and SW620 cells. Subsequently, the 
effect of RPMTG on the MAPK signalling pathway was inves‑
tigated, as this pathway has been demonstrated to be important 
in cancer cell apoptosis, ERK regulates cell proliferation and 
differentiation, whereas JNK and p38 activation are related to 
apoptosis (17,18). As shown in Fig. 5A and B, the expression 
ratio of p‑ERK/ERK was decreased, whereas p‑JNK/JNK and 
p‑p38/p38 ratios were increased. The results demonstrated that 
the induction of CRC cell apoptosis by RPMTG may be medi‑
ated via the MAPK signalling pathway.

Figure 3. RPMTG induces morphological changes and induces apoptosis in HCT116 and SW620 cells. (A) HCT116 and (B) SW620 cells were treated with 
RPMTG at increasing concentrations (0, 100, 200 and 250 µg/ml) for 24 h, following which, shrinkage was observed, with condensation of nuclear chromatin, 
marginalization and chromatin DNA breaks. Scale bar, 100 µm. (C) HCT116 and (D) SW620 cells were treated with RPMTG (0, 100, 200 and 250 µg/ml) for 
24 h and analysed by Annexin V/PI flow cytometry. The lower right quadrant indicates the percentage of early apoptotic cells. Data are expressed as the 
mean ± SD from three independent experiments. *P<0.05, **P<0.01 and ***P<0.001 vs. control group. RPMTG, total saponins from Rhizoma Panacis Majoris.
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To further confirm whether the apoptosis induced by 
RPMTG was dependent on the JNK and p38 MAPK signal‑
ling pathways, HCT116 and SW620 cells were pretreated with 
JNK and p38 inhibitors (SP600125 and SB203580, respec‑
tively), and then treated with RPMTG (250 µg/ml). The MTT 
assay demonstrated that the combination of RPMTG with 
SP600125 or SB203580 could markedly reverse the inhibitory 
effect of RPMTG on cell viability (Fig. 6A and B). In addi‑
tion, the western blotting results revealed that the combination 
of RPMTG with SP600125 or SB203580 could reduce the 
expression levels of p‑JNK, p‑p38, the pro‑apoptotic proteins 
Bax and cleaved caspase‑3, and increase the expression of the 
anti‑apoptotic protein Bcl‑2 (Fig. 7A and B). These results 
suggested that RPMTG‑induced apoptosis was associated with 
the activation of the JNK and p38 MAPK signalling pathways.

Discussion

CRC clinical chemotherapy is restricted by systemic toxicity, 
such as moderate myelosuppression, nausea, vomiting, 

diarrhoea and other adverse reactions (4). Adjuvant chemo‑
therapy is only effective in 25% of patients, which indicates 
that >70% of patients suffer more from the toxic effects, 
rather than experiencing the therapeutic benefits (3‑6). 
Furthermore, the 5‑year survival rate for CRC is <10% (19). 
Therefore, new drugs for CRC with high efficiency and low 
toxicity are urgently needed. Saponins in natural medicines 
with a broad range of pharmacological activities have been 
attracting increasing attention, among which ginsenosides 
derived from P. ginseng have been found to play an impor‑
tant role in the prevention and treatment of cancer (10). For 
example, total ginsenosides can induce human non‑small 
cell lung cancer cell death (20), whereas ginsenoside Rh2 has 
been reported to inhibit human prostate and breast cancer 
cell proliferation (21,22). In particular, ginsenoside Rg3 has 
been approved for clinical use, either alone, which has been 
shown to inhibit the proliferation of CRC and breast cancer 
cells (23,24), or as a supplement to chemotherapy drugs, 
such as Adriamycin in liver cancer and cyclophosphamide in 
lung cancer (25,26). RPMTG was extracted from the roots 

Figure 4. RPMTG affects the expression of mitochondrial pathway‑related proteins in HCT116 and SW620 cells. The expression of apoptosis‑related pro‑
teins was detected by western blotting. (A) HCT116 and (B) SW620 cells were treated with different concentrations of RPMTG (0, 100, 200 and 250 µg/
ml) for 24 h, and then the expression levels of Bcl‑2, Bcl‑xL, Mcl‑1, cytochrome c, Bax, Bad, cleaved caspase‑9, cleaved caspase‑3 and cleaved PARP‑1 were 
detected by western blotting. ImageJ software was used to determine the density ratio of each protein band to the β‑actin band. Data are expressed as the 
mean ± SD of three independent experiments. *P<0.05, **P<0.01 and ***P<0.001 vs. control group. RPMTG, total saponins from Rhizoma Panacis Majoris; 
PARP‑1, poly(ADP)‑ribose polymerase‑1; Mcl‑1, induced myeloid leukaemia cell differentiation protein Mcl‑1.
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Figure 5. RPMTG regulates MAPK signalling in HCT116 and SW620 cells. (A) HCT116 and (B) SW620 cells were treated with different concentrations 
of RPMTG (0, 100 and 250 µg/ml) for 24 h, and the protein expression levels of the MAPK signalling pathway‑related proteins p‑ERK, ERK, p‑JNK, 
JNK, p‑p38 and p38 were evaluated by western blotting. ImageJ software was used to determine the density ratio of each phosphorylated protein band to 
its total protein counterpart. Data are expressed as the mean ± SD of three independent experiments. *P<0.05, **P<0.01 and ***P<0.001 vs. control group. 
RPMTG, total saponins from Rhizoma Panacis Majoris; ERK, extracellular signal‑regulated kinase; JNK, c‑Jun N‑terminal kinase; p‑, phosphorylated; 
MAPK, mitogen‑activated protein kinase.

Figure 6. Effect of JNK and p38 inhibitors on the viability of HCT116 and SW620 cells. The two cell types were pretreated with JNK inhibitor (SP600125) and 
p38 inhibitor (SB203580) for 2 h, and then treated with 250 µg/ml RPMTG for 24 h. (A) MTT assay revealed the effects of the JNK inhibitor (SP600125) and 
p38 inhibitor (SB203580) on the viability of HCT116 cells. (B) MTT assay revealed the effects of the JNK inhibitor (SP600125) and p38 inhibitor (SB203580) on 
the viability of SW620 cells. Data are expressed as the mean ± SD of three independent experiments. **P<0.01 and ***P<0.001 vs. control group; #P<0.05, 
##P<0.001 vs. RPMTG group. RPMTG, total saponins from Rhizoma Panacis Majoris; JNK, c‑Jun N‑terminal kinase.
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of P. japonicus var. Major, a species in the Panax genus of 
the Araliaceae family as P. ginseng. After being processed 
by macroporous resin column chromatography, the content 
of saponins in RPMTG reached 73.09% as detected by UV 
spectrophotometry, and 15 ginsenosides were determined by 
HPLC‑ESI‑MS/MS, which indicated that RPMTG may be 
effective against tumour cells. Therefore, the present study 

was undertaken to investigate the effects of RPMTG against 
CRC cells.

The results demonstrated that RPMTG exerted an 
anti‑CRC effect by inhibiting cell proliferation, inducing cell 
cycle arrest and promoting apoptosis of HCT116 and SW620 
cells. The MTT assay revealed that the proliferation of HCT116 
and SW620 cells treated with RPMTG was significantly 

Figure 7. Effect of JNK inhibitor and p38 inhibitor on the apoptosis of HCT116 and SW620 cells. The two cell types were pretreated with JNK inhibitor 
(SP600125) and p38 inhibitor (SB203580) for 2 h, and then treated with 250 µg/ml RPMTG for 24 h. Western blot analysis of the expression of p‑JNK, total 
JNK, p‑p38, total p38, Bcl‑2, Bax and cleaved caspase‑3 in (A) HCT116 and (B) SW620 cells. ImageJ software was used to determine the density ratio of the 
p‑JNK and p‑p38 bands relative to total protein content in SW620 cells, and the density ratio of the Bcl‑2, Bax and cleaved caspase‑3 bands relative to the 
β‑actin band. Data are expressed as the mean ± SD of three independent experiments. *P<0.05, **P<0.01 and ***P<0.001 vs. control group; #P<0.05, ##P<0.01 and 
###P<0.001 vs. RPMTG group. RPMTG, total saponins from Rhizoma Panacis Majoris; JNK, c‑JunN‑terminal kinase; p‑, phosphorylated.
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reduced in a dose‑dependent manner, suggesting that RPMTG 
exerted an antiproliferative effect on CRC cells (Fig. 1). It is 
worth noting that the IC50 screening results of MTT test were 
between 300‑400, but in the process of the experiment, it was 
found that its efficacy was too significant. In order to improve 
the detection of protein, the maximum concentration of 
250 µg/ml was chosen. The cell cycle is crucial for the control 
of cell proliferation. It is commonly known that the expression 
of the cyclin/CDK complex plays a pivotal role in G0/G1 and 
S phase progression. During the G0/G1 phase, cyclin D binds 
with CDK2 or CDK4 to promote cell cycle progression, and is 
highly expressed (27). The CDK inhibitor p21 acts as a cell cycle 
inhibitor by inhibiting the binding process, thereby leading to 
cell cycle arrest in the G0/G1 phase (28). During the S phase, 
cyclin A partners with CDK2 to initiate DNA replication from 
preformed replication initiation complexes, accelerating the 
process of cell division from the S to the G2 phase (29). The 
results of the present study demonstrated that RPMTG treat‑
ment inhibited the expression of cyclins A and D and CDK2 
activity, causing G0/G1 and S phase arrest of HCT116 and 
SW620 cells, respectively (Fig. 2).

Apoptosis is an orderly and closely regulated cell death 
process, and the change in cell morphology is an impor‑
tant mechanism underlying drug‑induced apoptosis (30). 
Accordingly, the induction of apoptosis in CRC cells may be 
beneficial for controlling the progression of CRC (31,32). In 
the present study, RPMTG treatment induced cell atrophy 
and typical apoptotic characteristics, such as chromatin 
condensation, apoptotic body formation, nuclear condensa‑
tion and fragmentation (Fig. 3A and B). Moreover, apoptosis 
in the early and late stages was observed by flow cytometry 
analysis (Fig. 3C and D). Mitochondrial apoptosis mediated 
by the increase of mitochondrial outer membrane permeability 
is an important cell apoptotic pathway (30). This pathway is 
mainly regulated by the balance between the expression levels 
of pro‑apoptotic and anti‑apoptotic proteins of the Bcl‑2 
family (33). The balance between anti‑apoptotic (such as Bcl‑2 
and Bcl‑xL) and pro‑apoptotic (such as Bax and Bad) members 
may be disrupted when apoptosis occurs, which may lead to 
the increased permeability of the mitochondrial membrane 
and the release of cytochrome c into the cytoplasm, causing 
activation of the downstream caspase family (34,35). In the 
present study, RPMTG treatment decreased the expression 
of the anti‑apoptotic Bcl‑2 and Bcl‑xL proteins, whereas it 
increased the expression of the pro‑apoptotic Bax and Bad 
proteins. In addition, the levels of cleaved caspase‑9 and 
cleaved caspase‑3 in the cytoplasm were increased, along with 
the increased levels of cytochrome c in the cytoplasm (Fig. 4). 
These results suggested that RPMTG may induce apoptosis 
of HCT116 and SW620 cells through mitochondrial‑related 
pathways.

The MAPK signalling pathways regulate cell prolif‑
eration, differentiation, apoptosis, migration and other cell 
processes, in response to environmental signals associated 
with cell proliferation and metabolism (36,37). MAPK family 
members expressed in CRC mainly include ERK, JNK and 
p38 (38). It has been reported that ERK is a positive regulator 
of cell survival (17). Furthermore, JNK and p38 MAPK are 
responsible for a variety of stress responses and participate 
in the regulation of apoptosis (18). In the present study, the 

expression ratio of p‑ERK/ERK was decreased, while 
p‑JNK/JNK and p‑p38/p38 were significantly increased in a 
dose‑dependent manner following RPMTG treatment (Fig. 5). 
Of note, compared with RPMTG treatment, the addition of 
the JNK inhibitor SP600125 and the p38 inhibitor SB203580 
markedly reversed the inhibitory effect on cell proliferation 
and the induction of apoptosis (Figs. 6 and 7), suggesting that 
RPMTG may induce apoptosis of HCT116 and SW620 cells 
via the MAPK signalling pathways.

While the present study suggested that RPMTG may 
exert a therapeutic effect in CRC, future in vivo experimental 
models are required to substantiate the results obtained. 
Additionally, as the effects of saponins possess surface‑active 
characteristics due to the amphiphilic nature of their chemical 
structure, and saponin treatment has been found to increase 
cell membrane permeability (39,40), further investigation is 
warranted, and thus these are the main areas of interest for 
our next study.

In conclusion, the present study demonstrated that RPMTG 
inhibited cell proliferation, caused cell cycle arrest in the G0/G1 
and S phase and induced apoptosis of CRC cells by regulating 
the activation of mitochondrial‑related and MAPK signalling 
pathways. These findings uncovered the molecular mechanism 
through which RPMTG induces cancer cell apoptosis and 
indicated that RPMTG may be valuable as a supplementary 
drug for the treatment of CRC.
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