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Abstract. The pathogenesis of liver fibrosis involves the acti-
vation of hepatic stellate cells (HSCs) into muscle fiber cells 
and fibroblasts. The aim of the current study was to inves-
tigate whether plantamajoside (PMS) exerted antifibrosis 
effects by affecting HSCs activation and survival during 
liver fibrosis, and to investigate the underlying mechanism. 
HSC‑T6 cells were activated by exposure to platelet‑derived 
growth factor BB (PDGF‑BB), and were subsequently treated 
with increasing concentrations of PMS (0, 20, 40, 80 and 
160 µg/ml). Cell viability, apoptosis, migration and invasion 
were determined using the Cell Counting Kit‑8 (CCK‑8) 
assay, flow cytometry and the Transwell assay, respectively. 
Results indicated that PDGF‑BB significantly activated 
HSC‑T6 cells, demonstrated by increased cell proliferation, 
enhanced cell migration and invasion as well as increased 
expression of α‑smooth muscle actin (α‑SMA) and collagen 
type 1 α 1 (Col1α1). PMS inhibited proliferation, induced 
cell apoptosis and prevented cell migration and invasion in 
PDGF‑BB‑treated HSC‑T6 cells in what appeared to be a 
dose‑dependent manner. PMS appeared to dose‑dependently 
reduce the protein and mRNA levels of α‑SMA and Col1α1 
in PDGF‑BB‑treated HSC‑T6 cells. Furthermore, the results 
of the present study suggested that PMS administration 
inhibited the protein expression of phosphorylated‑protein 
kinase B in what appeared to be a dose‑dependent manner. 
In conclusion, the data indicated that PMS exhibited an anti-
fibrotic effect in the liver by inhibiting hepatic stellate cell 
activation and survival.

Introduction

Liver fibrosis is a compensatory response in the process of 
tissue repair following liver damage and inflammation caused 
by various chronic pathogenic factors (including viral infec-
tion, immune attack and drug toxicity) (1,2). If liver fibrosis is 
diagnosed and treated at an early stage, normal liver tissue struc-
ture and function may be restored. However, if left untreated it 
progresses to irreversible end‑stage cirrhosis and liver cancer 
and has an extremely high mortality (3). The pathogenesis of 
liver fibrosis is complex. Although different etiological factors 
involve diverse pathophysiological processes, the activation 
of hepatic stellated cells (HSCs) is a common process in the 
development of liver fibrosis (4). A variety of immune factors 
activate HSCs and increase the expression levels of α‑smooth 
muscle actin (α‑SMA) and collagen type 1 α 1 (Col1α1), 
thereby forming collagen fibers and extracellular matrices that 
lead to liver fibrosis (5). At present, various drugs have been 
used for the treatment of liver fibrosis, including vitamins, 
nucleoside analogs, liver‑protecting enzymes and interferon 
treatment (6,7). However, their efficacy remains unsatisfac-
tory, and the prevention and treatment of liver fibrosis are 
challenging (7,8). Therefore, it is of great practical significance 
to elucidate the mechanisms underlying the occurrence and 
development of liver fibrosis and to identify effective strategies 
for its treatment.

Plantamajoside (PMS), a natural compound extracted 
from Psyllium asiatica, has long been used in folk medi-
cine (9). PMS is a phenylpropanoid glycoside and previous 
studies have revealed that it has a wide range of biological 
activities, including antioxidant, anti‑inflammatory and 
antitumor effects (10‑13). A recent study demonstrated that 
PMS suppresses the progression of respiratory inflamma-
tory diseases by inhibiting the inflammatory response (14). 
Furthermore, PMS regulates human umbilical vein endothe-
lial cell adhesion function via the mitogen‑activated protein 
kinase/nuclear factor‑κb signaling pathway  (15). However, 
the potential effects of PMS on liver fibrosis have not been 
investigated.

The activation and proliferation of HSCs as well as their 
synthesis and secretion of extracellular matrix serve important 
roles in the development of liver fibrosis (16). Activated HSCs 
may transform into myofibroblasts, secreting a large amount of 

Plantamajoside exerts antifibrosis effects in the liver 
by inhibiting hepatic stellate cell activation

YUN WANG1  and  DONGLIANG YAN2

1Department of Pharmacy, Obstetrics and Gynecology Hospital Affiliated to Nanjing Medical University, 
Nanjing, Jiangsu 210004; 2Department of General Surgery, The Second Affiliated Hospital of 

Nantong University, Nantong, Jiangsu 226001, P.R. China

Received August 4, 2018;  Accepted March 18, 2019

DOI:  10.3892/etm.2019.7843

Correspondence to: Dr Dongliang Yan, Department of General 
Surgery, The Second Affiliated Hospital of Nantong University, 
6 North Huaixiang Road, Nantong, Jiangsu 226001, P.R. China
E‑mail: yandl0804@163.com

Key words: liver fibrosis, hepatic stellate cells, plantamajoside, 
platelet‑derived growth factor



WANG  and  YAN:  EFFECT OF PLANTAMAJOSIDE ON LIVER FIBROSIS2422

collagen fibers to promote the formation of liver fibrosis (5,17). 
Inhibiting the activity of HSCs may therefore effectively delay 
the progression of liver fibrosis (5,18). Activated HSCs have 
been widely used as a cell model of liver fibrosis  (19‑21). 
Platelet‑derived growth factor BB (PDGF‑BB)‑induced 
HSC‑T6 cell activation has been previously used to study liver 
fibrosis in vitro (20,22).

The present study aimed to investigate whether PMS may 
prevent liver fibrosis by affecting the activation and survival 
of HSCs, and to explore the underlying molecular mechanism. 
The results obtained in the current study may provide a theo-
retical basis for the development of novel treatment strategies 
for the clinical treatment of liver fibrosis.

Materials and methods

Cell culture and treatment. HSC‑T6 cells (cat no. R‑HSC‑T6; 
Shanghai Kalang Biological Technology Co., Ltd., Shanghai, 
China) were cultured in Dulbecco's modified Eagle medium 
(DMEM; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) containing 10% fetal bovine serum (FBS; Invitrogen; 
Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin 
(Gibco; Invitrogen; Thermo Fisher Scientific, Inc.). The cells 
were incubated at 37˚C with 5% CO2.

To activate HSC‑T6 cells, cells were serum‑starved in 
FBS‑free DMEM for 24  h and then exposed to 10  ng/ml 
PDGF‑BB (Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) 
as previously described (19,20).

HSC‑T6 cells were subsequently treated with increasing 
concentrations (20, 40, 80 and 160 µg/ml) of PMS (purity 
>99%; Best‑Reagent Company, Chengdu, China), or equal 
amount of solvent control, at 37˚C for the time indicated in 
the different experiments. PMS was dissolved in a solution of 
equal ratio ethanol and ultrapure water.

Cell proliferation assay. The Cell Counting Kit‑8 (CCK‑8) 
assay was performed to determine the effect of PMS on the 
proliferation of HSC‑T6 cells. First, 1x104 HSC‑T6 cells 
without PDGF‑BB treatment were plated per well in a 96‑well 
plate and treated with increasing concentrations (0, 20, 40, 80 
and 160 µg/ml) of PMS for 48 h. In addition, PDGF‑BB treated 
HSC‑T6 cells (1x104 cells per well) were plated into a 96‑well 
plate and treated with increasing concentrations (0, 20, 40, 80, 
and 160 µg/ml) of PMS for 48 h, or treated with 160 µg/ml 
PMS for 12, 24 and 48 h. A total of 10 µl CCK‑8 solution was 
added to each well and incubated at 37˚C for an additional 2 h. 
Cell proliferation was assessed by measuring the absorbance 
at a wavelength of 450 nm using a FLUOstar® Omega micro-
plate reader (BMG Labtech GmbH, Ortenberg, Germany).

Cell invasion and migration assay. The effect of PMS on the 
migration and invasion of PDGF‑activated HSC‑T6 cells was 
determined using Transwell assay. In brief, chamber inserts 
(24‑well transwell plate; 8 mm pore size) were coated with 
200 mg/ml Matrigel® at 37˚C and dried overnight under sterile 
conditions for the invasion assay. A total of 1x104 cells HSC‑T6 
cells were suspended in serum‑free DMEM containing 
various concentrations of PMS (0, 20, 40, 80 and 160 µg/ml) 
and seeded into the upper chamber. A total of 600 µl DMEM 
containing 20% FBS was added to the lower chamber. Cells 

were incubated for 48 h at 37˚C. Migratory or invasive cells 
on the basolateral side of the insert were fixed with 100% 
methanol at room temperature for 10 min and stained with 
0.1% crystal violet at room temperature for 15 min. The migra-
tory or invasive cells in five random fields were counted using 
a light microscope (magnification, x200).

Cell apoptosis assay. Cell apoptosis in the present study was 
analyzed using the Annexin V‑Fluorescein Isothiocyanate 
(FITC)/Propidium Iodide (PI) Apoptosis Detection kit 
(cat  no.  70‑AP101‑100; MultiSciences, Hangzhou, China) 
following the manufacturer's protocol. After treating with 
various concentrations (0, 20, 40, 80, and 160 µg/ml) of PMS 
for 48 h, PDGF‑activated HSC‑T6 cells were stained with 5 µl 
Annexin V‑FITC and 5 µl PI for 30 min at room tempera-
ture in the dark. A flow cytometer was used to analyze cell 
apoptosis. The early and late apoptosis rates were calculated 
in the current study using WinMDI software (version 2.5; 
http://www.cyto.purdue.edu/flowcyt/software/Winmdi.htm).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from HSC‑T6 cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scienfitic, Inc.), 
according to the manufacturer's protocol, and reverse‑tran-
scribed into cDNA using the miScript Reverse Transcription 
kit (Qiagen GmbH) according to the manufacturer's protocol. 
qPCR was subsequently performed using the SYBR® Green 
PCR Master mix (Thermo Fisher Scientific, Inc.). The 
sequences of the primer pairs used are presented in Table I. 
Amplification conditions for qPCR were as follows: 5 min at 
95˚C, followed by 35 cycles at 95˚C for 15 sec, 40 sec at 55˚C, 
and 72˚C for 1 min. mRNA levels were quantified using the 
2‑ΔΔCq method and normalized to the internal reference gene 
GAPDH (23).

Western blot assay. Total protein was extracted from 
HSC‑T6 cells treated with or without PDGF‑BB, or from 
PDGF‑activated HSC‑T6 cells treated with various concentra-
tions (0, 20, 40, 80 and 160 µg/ml) of PMS for 48 h, using 
radioimmunoprecipitation buffer (cat no. P0013E; Beyotime 
Institute of Biotechnology, Shanghai, China). Total protein 
was quantified using a bicinchoninic acid assay kit (Pierce; 
Thermo Fisher Scientific, Inc.). Protein samples (30 µg/lane) 
were separated via SDS‑PAGE on a 12% gel. The separated 
proteins were subsequently transferred onto a polyvinylidene 
difluoride membrane and blocked in 5% skimmed milk at room 
temperature for 1.5 h. The membranes were incubated with 
the following primary antibodies: Anti‑p‑AKT (cat no. 4060), 
anti‑AKT (cat no. 4685), anti‑BCL‑2 (cat no. 4223), anti‑Bax 
(cat  no.  5023) anti‑α‑SMA (cat  no.  19245), anti‑Col1α1 
(cat no. 84336) and β‑actin (cat no. 4970; all 1:1,000; Cell 
Signaling Technology Inc., Danvers, MA, USA) overnight 
at 4˚C. Membranes were subsequently incubated with a 
horseradish peroxidase‑conjugated  secondary antibody 
(cat no. 7074; 1:2,000; Cell Signaling Technology Inc.) at room 
temperature for 2 h. Protein bands were visualized using the 
Enhanced Chemiluminescence Detection system (Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
protocol. The band densities of p‑AKT were analyzed using 
Gel‑Pro‑Analyzer software (version 6.3; Media Cybernetics, 
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Inc., Rockville, MD, USA), and the relative protein level of 
p‑AKT was shown as fold of the control group. Each experi-
ment was performed three times.

Statistical analysis. Results were expressed as the mean 
values  ±  standard deviation. All data analyses were 
performed using SPSS software (version 17; IBM Corp., 
Armonk, NY, USA). Comparisons between two groups 
were made using Student's t‑test and comparisons between 
multiple groups were analyzed by one‑way analysis of 
variance with a Tukey's post‑hoc test. All experiments 
were repeated three times. P<0.05 indicated a statistically 
significant difference.

Results

PDGF‑BB activates HSC‑T6 cells. HSC‑T6 cells were acti-
vated by treatment with 10 ng/ml PDGF‑BB as previously 
described (19,20). PDGF‑BB significantly increased HSC‑T6 

cell proliferation (Fig. 1A), migration (Fig. 1B) and inva-
sion (Fig. 1C). Furthermore, compared with HSC‑T6 cells 
which were not treated with PDGF‑BB, α‑SMA and Col1α1, 
markers of activated HSCs, were significantly increased in 
PDGF‑BB‑treated HSC‑T6 cells (Fig. 1D‑F). Taken together, 
the data indicated that HSC‑T6 cells were activated by 
treatment with PDGF‑BB.

PMS inhibits activated HSC‑T6 cell proliferation. HSC‑T6 
cells were treated with various concentrations (0, 20, 40, 80 and 
160 µg/ml) of PMS for 48 h. Cell viability was subsequently 
measured. Results indicated that none of the concentrations 
of PMS used had significant effects on the cell viability of 
HSC‑T6 cells (Fig. 2A). Activated HSC‑T6 cells were treated 
with various concentrations (0, 20, 40, 80, and 160 µg/ml) of 
PMS for 48 h, or treated with 160 µg/ml PMS for 12, 24 and 
48 h. CCK‑8 assay results revealed that PMS inhibited HSC‑T6 
cell proliferation ability in what appeared to be a dose‑ and 
time‑dependent manner (Fig. 2B and C).

Figure 1. Effect of PDGF‑BB on HSC‑T6 cells. HSC‑T6 cells were treated with 10 ng/ml PDGF‑BB for 24 h. (A) Cell viability was detected using the 
Cell Counting Kit‑8 assay and expressed as % of the control. The cell (B) migration and (C) invasion were measured using a Transwell assay. (D) The 
protein levels of α‑SMA and Col1α1 were detected using western blotting. The mRNA levels of (E) α‑SMA and (F) Col1α1 were determined using reverse 
transcription‑quantitative polymerase chain reaction. Data are presented as the mean ± standard deviation. *P<0.05, **P<0.01 vs. the control group (HSC‑T6 
cells not treated with PDGF‑BB). PDGF‑BB, platelet derived growth factor. PDGF‑BB, platelet‑derived growth fact or BB; α‑SMA, α‑smooth muscle actin; 
Col1α1, collagen type 1 α 1.

Table I. Primer sequences used for reverse transcription‑quantitative polymerase chain reaction.

	 Sequence (5'‑3')
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Primer	 Forward	 Reverse

BCL2	 TTGGATCAGGGAGTTGGAAG	 TGTCCCTACCAACCAGAAGG
BAX	 CGTCCACCAAGAAGCTGAGCG	 CGTCCACCAAGAAGCTGAGCG
α‑SMA	 TCCAGAGTCCAGCACAATACCAG	 AATGACCCAGATTATGTTTGAGACC
Col1α1	 GTGAGACAGGCGAACAGG	 GACCAGCAGGACCAGAGG
GAPDH	 CTTTGGTATCGTGGAAGGACTC	 GTAGAGGCAGGGATGATGTTCT

Col1α1, collagen type 1 α 1; α‑SMA, α‑smooth muscle actin.
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PMS induces apoptosis in activated HSC‑T6 cells. 
PDGF‑activated HSC‑T6 cells were treated with various 
concentrations (0, 20, 40, 80, and 160 µg/ml) of PMS for 
48 h, then cell apoptosis was evaluated using the Annexin 
V‑FITC/PI apoptosis detection kit. PMS induced HSC‑T6 
cell apoptosis in what appeared to be a dose‑dependent 
manner (Fig. 3A and B). The protein and mRNA levels of the 
apoptosis‑associated genes BCL‑2 and BAX were measured. 
The results obtained suggested that the protein and mRNA 
levels of BCL‑2 and BAX were significantly decreased and 
increased, respectively, in activated HSC‑T6 cells, in what 
appeared to be a dose‑dependent manner, following PMS 
treatment (Fig. 3C‑E).

PMS inhibits activated HSC‑T6 cell migration and invasion. 
The effect of PMS on HSC‑T6 cell migration and invasion 
was investigated using a Transwell assay. As presented in 
Fig. 4A and B, compared with the control group, PMS treat-
ment appeared to dose‑dependently reduce the migratory and 
invasive abilities of activated HSC‑T6 cells. This suggested 
that PMS had an inhibitory effect on the migration and inva-
sion of activated HSC‑T6 cells.

PMS inhibits α‑SMA and Col1α1 expression in activated 
HSCT6 cells. As presented in Fig. 5, the protein (Fig. 5A) and 

mRNA (Fig. 5B and C) levels of α‑SMA and Col1α1 were 
increased in PDGF‑BB‑treated HSC‑T6 cells compared with 
the cells from the control group. PMS treatment appeared 
to dose‑dependently reduce the protein and mRNA levels of 
α‑SMA and Col1α1 in PDGF‑BB‑treated HS‑T6 cells.

PMS inhibits the activation of the PI3K/AKT signaling 
pathway in activated HSC‑T6 cells. As presented in Fig. 6, 
compared with HSC‑T6 cells which were not exposed to 
PDGF‑BB, PDGF‑BB treatment significantly enhanced 
the protein level of p‑AKT in HSC‑T6 cells (Fig. 6A‑C). 
Compared with the control group, the protein level of p‑AKT 
was reduced in what appeared to be a dose‑dependent manner 
in PDGF‑BB‑treated HSC‑T6 cells following exposure to 
PMS (Fig. 6D‑F).

Discussion

The present study demonstrated that PMS might dose‑depend-
ently inhibit the activation and proliferation in PDGF‑BB‑treated 
HSC‑T6 cells. Additionally, it increased apoptosis and reduced 
cell migration and invasion. Furthermore, PMS inhibited 
the protein expression of p‑AKT in what appeared to be a 
dose‑dependent manner in PDGF‑BB‑treated HSC‑T6 cells. 
The results obtained demonstrated that PMS inhibited HSC 

Figure 2. Effect of PMS on the cell viability of PDGF‑BB treated HSC‑T6 cells as determined by the Cell Counting Kit‑8 assay. (A) HSC‑T6 cells were treated 
with various concentrations (0, 20, 40, 80 and 160 µg/ml) of PMS for 48 h. Activated HSC‑T6 cells were treated with (B) 0, 20, 40, 80 and 160 µg/ml of PMS 
for 48 h or (C) 160 µg/ml PMS for 12, 24 and 48 h. Data are presented as the mean ± standard deviation. *P<0.05, **P<0.01 vs. the 0 µg/ml PMS treated group; 
#P<0.05, ##P<0.01 vs. 0 h treatment group. PMS, plantamajoside; PDGF‑BB, platelet‑derived growth factor BB; α‑SMA, α‑smooth muscle actin; Col1α1, 
collagen type 1 α 1.
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activation and survival, suggesting that PMS may exhibit an 
antifibrotic effect in the liver.

Liver fibrosis is a healing response to various insults (24,25). 
Advanced liver fibrosis results in a number of pathological 

and biochemical changes, including distortions in the normal 
structure of the liver, which lead to metabolic abnormalities or 
hepatocellular carcinoma (26,27). Liver fibrosis is associated 
with significant morbidity (28). However, there are currently 

Figure 4. PMS inhibits cell migration and invasion in platelet‑derived growth factor BB‑treated HSC‑T6 cells. Activated HSC‑T6 cells were treated with 0, 20, 
40, 80 and 160 µg/ml of PMS for 48 h and the number of (A) migrated and (B) invasive cells was measured using a Transwell assay. Data are presented as the 
mean ± standard deviation. *P<0.05, **P<0.01 vs. control group. PMS, plantamajoside.

Figure 3. PMS induces apoptosis in platelet‑derived growth factor BB treated HSC‑T6 cells. Activated HSC‑T6 cells were treated with 0, 20, 40, 80 and 
160 µg/ml of PMS for 48 h. (A) Representative plots and (B) quantification from flow cytometry analysis of apoptosis. The early and late apoptotic cells were 
calculated and expressed as % of total cells. (C) The protein levels of BCL2 and BAX were detected using western blotting. The mRNA levels of (D) BCL2 
and (E) BAX were determined using the reverse transcription‑quantitative polymerase chain reaction. Data are expressed as the mean ± standard deviation. 
*P<0.05, **P<0.01 vs. control group. PMS, plantamajoside; BCL2, BCL2 apoptosis regulator; BAX, BCL2 associated X, apoptosis regulator; PI, propidium 
iodide; FITC, fluorescein isothiocyanate.
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no effective therapeutic interventions for liver fibrosis (8,28). 
Therefore, it is of great significance to identify new and 
effective strategies for the treatment of liver fibrosis. There 
is increasing evidence indicates that several cell types are 
involved in the development of liver fibrosis (29,30). However, 
activation of HSCs is a central process in the pathogenesis of 
liver fibrosis (4), and the activation of HSCs is mediated by a 
variety of inflammatory factors and growth factors (5). PMS, 
a major natural compound extracted from Psyllium asiatica, 
was demonstrated to regulate the inflammatory response and 
influence cell survival in vitro and in vivo (10‑15). However, 
the potential effects of PMS on liver fibrosis had not been 
investigated. Therefore, the present study explored whether 
PMS exerts an antifibrotic effect by affecting the activation 
and survival of HSCs.

PDGF‑BB is the most potent mitogenic cytokine for 
HSCs (29) and it inhibits HSC apoptosis, senescence or quies-
cence (31). PDGF‑BB has been widely used for the activation 
of HSCs to study liver fibrosis in vitro (19,20). In the present 
study, PDGF‑BB was used to activate HSC‑T6 cells. Consistent 
with previous studies  (19,20,32), PDGF‑BB significantly 
activated HSC‑T6 cells in the current study, demonstrated 
by increased cell proliferation, enhanced cell migration and 
invasion ability, and increased α‑SMA and Col1α1, markers 
of activated HSCs (33,34). The activated HSC‑T6 cells were 
treated with various concentrations (0, 20, 80 and 160 µg/ml) 
of PMS, and cell proliferation, apoptosis, migration and inva-
sion were determined by the CCK‑8 assay, flow cytometry and 
the Transwell assay, respectively. The results of the present 
study revealed that PMS might dose‑dependently inhibit 

Figure 5. PMS reduces α‑SMA and Col1α1 expression in platelet‑derived growth factor BB treated HSC‑T6 cells. Activated HSC‑T6 cells were treated with 0, 
20, 40, 80 and 160 µg/ml of PMS for 48 h. (A) The protein levels of α‑SMA and Col1α1 were detected using western blotting. The mRNA levels of (B) α‑SMA 
and (C) Col1α1 were determined using the reverse transcription‑quantitative polymerase chain reaction. Data are presented as the mean ± standard deviation. 
*P<0.05, **P<0.01 vs. control group. PMS, plantamajoside; α‑SMA, α‑smooth muscle actin; Col1α1, collagen type 1 α 1.

Figure 6. Effect of PMS on the phosphoinositide 3‑kinase (PI3K)/AKT signaling pathway in PDGF‑BB treated HSC‑T6 cells. HSC‑T6 cells were treated with 
10 ng/ml PDGF‑BB for 24 h and (A) the protein levels of p‑AKT and AKT were detected using western blotting. (B) The relative p‑AKT protein level was 
presented as a fold change. (C) The (p‑AKT/β‑actin)/(AKT/β‑actin) ratio. Activated HSC‑T6 cells were treated with 0, 20, 40, 80 and 160 µg/ml of PMS for 
48 h. (D) The protein levels of p‑AKT and AKT were detected using western blotting. (E) The relative p‑AKT protein level was presented as a fold change. 
(F) The (p‑AKT/β‑actin)/(AKT/β‑actin) ratio. Data are presented as the mean ± standard deviation. **P<0.01 vs. control group; #P<0.05 and ##P<0.01 vs. 0 h 
treatment group. PMS, plantamajoside; p‑, phosphorylated; PDGF‑BB, platelet‑derived growth factor BB; p, phosphorylated; AKT, protein kinase B.
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proliferation, induce cell apoptosis and decrease migration 
and invasion in PDGF‑BB‑treated HSC‑T6 cells. Furthermore, 
PMS may dose‑dependently reduce the protein and mRNA 
levels of α‑SMA and Col1α1 in HSC‑T6 cells treated with 
PDGF‑BB.

Multiple studies have revealed that the PI3K/AKT 
signaling pathway is activated during liver fibrosis and that 
it serves important roles in the activation of HSCs (35‑38). 
Therefore, to explore the molecular mechanism of the antifi-
brotic effect of PMS, the PI3K/AKT signaling pathway was 
investigated in the present study. The PI3K/AKT signaling 
pathway activated by PDGF‑BB treatment was inhibited by 
PMS treatment.

In summary, the results obtained in the current study 
suggested that PMS exerted an antifibrotic effect in the liver 
by inhibiting the activation of HSC and decreasing their 
survival via the PI3K/AKT signaling pathway. Therefore, 
PMS may be a promising therapeutic agent for the treatment 
of liver fibrosis. However, the present study had a number of 
limitations. The cell morphology prior to and following cell 
with PDGF‑BB and PMS was not investigated. Only one HSC 
cell line was investigated in the current study. Furthermore, 
in vitro cell experiments differ from liver fibrosis in humans. 
The aim of the current study was to provide preliminary 
results of the effect of PMS on liver fibrosis. Further studies 
are required to substantiate the results obtained in the current 
study. Future studies may demonstrate the effects of PMS on 
the clonogenic capacity of HSCs and on other HSC cell lines as 
well as the effect of higher doses of PMS. Additionally, in vivo 
and clinical studies of the effect of PMS on liver fibrosis are 
required to demonstrate the effect of PMS on liver fibrosis. 
Furthermore, the mechanisms underlying the effect of PMS on 
PDGF‑BB‑treated HSC‑T6 cells require further investigation.
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