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Abstract. Matrine is a Chinese medicine, which is widely 
utilized for the attenuation of liver injuries and promotion of 
liver regeneration. It was previously observed that the in vivo 
administration of matrine promoted oval cell‑mediated liver 
regeneration in a rat model, suggesting that this compound 
may affect the differentiation of hepatic progenitor cells. The 
present study aimed to determine the mechanisms underlying 
this observation and to investigate the effect of matrine on 
the differentiation of the WB‑F344 rat hepatic progenitor 
cell line. Matrine was administered to rats, and rat serum 
was collected. WB‑F344 cells were cultured in the presence 
or absence of the rat serum for 24‑72 h, and the effects on 
cell viability and proliferation were assessed using acridine 
orange/propidium iodide staining and a 3‑(4,5‑dimethyl-
thiazol‑2‑yl) ‑2,5‑diphenyltetrazolium bromide assay. The 
expression of albumin (ALB, a hepatocyte marker) and the 
notch signaling pathway ligand, Jagged 1, were assessed 
using immunohistochemistry and western blotting, and 
the mRNA transcription of ALB, Jagged 1 and hairy and 
enhancer of split‑1 (HES1, another notch signaling ligand) 
were measured using reverse transcription‑polymerase chain 
reaction analysis. The results showed that proliferation of 
the WB‑F344 cells was inhibited by matrine serum in a 
concentration‑ and time‑dependent manner. Matrine serum 
downregulated Jagged 1 and HES1, and upregulated ALB, 
indicating the induction of WB‑F344 cell differentiation. The 
effects of matrine serum were reversed by supplementing the 
culture medium with 0.1 mol/l parathyroid hormone, a Notch 
signaling pathway activator. In conclusion, matrine induced 

hepatic differentiation of the hepatic progenitor cells, likely 
by inhibiting the Jagged 1/HES1 signaling pathway.

Introduction

Liver transplantation is the only efficacious clinical treatment 
available for end‑stage liver disease, which can significantly 
increase rates of survival and improve quality of life. However 
a shortage of donors, high surgical costs and risks of immune 
rejection limit the application of liver transplantation, and 
novel alternative therapies are urgently required (1).

Previously, stem cell‑based liver regeneration has been 
suggested as a potential technique in the treatment of end‑stage 
liver disease. Several types of exogenous stem cells can be 
differentiated into hepatocytes, including induced pluripotent 
stem cells (2), embryonic stem cells (3), bone marrow mesen-
chymal stem cells (4) and hematopoietic stem cells. Therefore, 
these exogenous cells types may offer potential for use as seed 
cells for liver regeneration. In addition, candidate endogenous 
adult stem/progenitor cells can be recruited from the terminal 
bile ductules and activated, to proliferate and differentiate 
into hepatocytes and promote liver regeneration  (5). The 
liver oval cells of the liver also possess stemness potential, 
which can give rise to hepatocytes and express the hepatocyte 
marker (6).

Various strategies have been investigated to induce 
hepatocyte differentiation in stem cells, including the use 
of growth factors (7) and hepatic stem cell niches (8), and 
there is increasing interest in the use of potential of tradi-
tional Chinese medicines to alter the proliferation and 
differentiation of stem cells. In previous years, the effects of 
several traditional Chinese medicines on stem cell behavior 
have been characterized. For example, β‑Elemene, derived 
from Curcumae Radix, has been reported to inhibit angio-
genesis by targeting Notch‑1 in cancer stem‑like cells (9). The 
Chinese herbal medicine, Yin‑Chen‑Hao‑Tang, has also been 
implicated in the inhibition of fatty liver progression through 
increasing adiponectin and promoting endothelial progenitor 
cell survival (10).

Matrine, an alkaloid extracted from Sophora flavescens 
AIT, is reported to possess pharmacological properties, 
and has been found induce a series of therapeutic effects, 
including anti‑fibrotic activity and the induction of cancer cell 
apoptosis (11). Matrine has been applied in the treatment of 
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liver fibrosis (12) and it has been found to protect the liver from 
hepatic ischemia/reperfusion injury (13). In our previous study, 
it was demonstrated that the in vivo administration of matrine 
promoted oval cell‑mediated liver regeneration through down-
regulation of the recombination signal‑binding protein (RBP)‑JΚ 

hairy and enhancer of split‑1 (HES1) signaling pathway, 
suggesting that this compound may affect the differentiation 
of hepatic progenitor cells (14). The aim of the present study 
was to characterize the mechanisms underlying these previous 
observations. The present study aimed to investigate whether 
exposure to matrine serum can affect the proliferation and 
differentiation of hepatic progenitor cells in vitro, and to investi-
gate the mechanism by which matrine affects the differentiation 
of hepatic progenitor cells, in order to provide novel insights 
regarding matrine‑promoted liver regeneration in vivo.

Materials and methods

Reagents. Matrine (cat. no. 110805‑200306) was purchased from 
the Chinese National Institute of Pharmaceutical and Biological 
Products (Beijing, China). Fetal bovine serum and RPMI 1640 
medium were purchased from Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). Polyacrylamide, sodium dodecyl 
sulfate (SDS), 3‑(4,5‑dimethylthiazol‑2‑yl) ‑2,5‑diphenyltet-
razolium bromide (MTT) and L‑glutamine were purchased 
from Sigma‑Aldrich (St. Louis, MO, USA). TRIzol reagent 
was purchased from Invitrogen; Thermo Fisher Scientific, 
Inc.). Parathyroid hormone (PTH) was obtained from Bachem 
(Bubendorf, Switzerland), the BCA™ Protein Assay kit 
was purchased from Thermo Fisher Scientific, Inc. and the 
RNAprep pure Cell/Bacteria kit was purchased from Qiagen 
(Hilden, Germany). Antibodies against ALB, Jagged 1, HES1 
and β‑actin were obtained from Santa Cruz Biotechnology, Inc. 
(Danvers, MA, USA).

Preparation of matrine serum. A total of 40 male Sprague‑Dawley 
rats weighing ~300‑400 g (age, 2.5 months) were obtained from 
the Animal Center of Chinese Academy of Medical Sciences 
(Beijing China). Rats were housed in an air‑conditioned room 
under a 12 h light/dark cycle and had ad libitum access to water 
and food. The room temperature was 23‑25˚C. These rats were 
divided into an experimental group and a control group, each 
containing 20 rats. The rats received esophageal infusion of 
either 2.5 g/l matrine in physiological saline (experimental 
group) or physiological saline (control group) twice each day 
for 7 days. The matrine infusion was administered at a dose 
of ~1 ml/100 g. Subsequently, 1 h following the final infusion, 
blood from the inferior vena cava was collected and maintained 
at 4˚C for 4 h, following which the blood was centrifuged at 
600 x g for 10 min to obtain the matrine drug or control serum 
samples, which were sterilized by filtering through a 0.22 µm 
millipore filtration membrane and stored at ‑20˚C for further 
use. The animal use and care protocol for the animal experi-
ments in the present study was approved by the Institutional 
Animal Care and Use Committee of Capital Medical University 
(Beijing, China), and the study was approved by the ethics 
committee of Capital Medical University.

Cell culture and exposure to matrine serum. Rat hepatic 
progenitor cells (WB‑F344) were purchased from the Drug 

Research Institute, Chinese Academy of Medical Sciences, 
and were cultured in RPMI‑1640 medium supplemented with 
10% fetal bovine serum at 37˚C in 5% CO2. The WB‑F344 
medium was supplemented with 5, 10, 20 and 40% serum from 
the rats administered with saline (negative control) or matrine 
(matrine serum) for 24 or 72 h at 37˚C, as indicated.

Evaluation of cell viability and inhibition. The WB‑F344 cells 
were seeded into flat plates (Costar 3524; Corning Inc., Corning, 
NY, USA) at a density of 5x104/cm2 and the culture medium was 
supplemented with 5‑40% matrine serum. After 24 h at 37˚C, 
cell viability was determined using acridine orange/propidium 
iodide (AO/PI) staining (Sigma‑Aldrich), using a standard 
protocol. After 24, 48 and 72 h at 37˚C, the proliferation rates 
of the WB‑F344 cells were evaluated using an MTT assay. 
Proliferation inhibition was calculated by comparison with cells 
incubated with culture medium only.

MTT assay. The WB‑F344 cells were seeded into 96‑well plates 
at a density of 2x104/cm2 and incubated overnight. The medium 
was replaced with fresh RPMI 1640 medium supplemented 
with 5, 10 or 20% matrine serum. After 48 h, MTT (5 mg/ml; 
20 ml) was added to each well. After 4 h at 37˚C, the medium 
was replaced with 150 ml dimethyl sulfoxide and incubated 
for 20 min. The optical density (OD) at 490 nm was measured 
using an Evolution™ 300 spectrophotometer (Thermo Fisher 
Scientific, Inc.). The inhibition ratio was calculated according 
to the following formula: Inhibition ratio = (1 ‑ experimental 
OD) / control * 100%. The experiments were repeated three 
times.

Reverse transcription‑polymerase chain reaction (RT‑PCR) 
analysis of the expression of Jagged 1, HES1 and ALP. To deter-
mine the effects of matrine on the differentiation of WB‑F344 
cells, RNA was extracted from the cells following incubation 
in the presence or absence of 5, 10 and 20% matrine serum for 
24 or 48 h, and RT‑PCR was performed to assess the expres-
sion levels of Jagged 1, HES1 and ALP. To further establish 
the mechanism of action, WB‑F344 cells were incubated at a 
density of 2x104/cm2 in the presence or absence of 20% matrine 
serum for 48 h, following which the cultures were supplemented 
with 0.1 mol/l PTH, an activator of the Notch signaling pathway, 
and incubated for a further 24 h. The WB‑F344 cells were 
collected and total RNA was extracted using an RNAprep Pure 
Cell/Bacteria kit (Tiangen Biotech Co., Ltd., Beijing China). 
Standard procedures were followed to obtain first‑strand cDNA 
using a one‑step RT‑PCR kit (Qiagen GmbH, Hilden, Germany) 
according to the manufacturer's protocol. The total volume of 
the PCR reaction system was 20 µl, including 1 µl cDNA sample, 
1 µl forward primers and 1 µl reverse primers, 10 µl 2X Power 
Taq PCR MasterMix (BioTeke Corporation, Beijing, China) and 
7 µl double‑distilled H2O. The PCR cycling conditions were 
as follows: Initial denaturation at 94˚C for 5 min, followed by 
25 cycles, which consisted of denaturation at 94˚C for 30 sec, 
renaturation at 58˚C for 30 sec and annealing/extension at 72˚C 
for 45 sec. The primers used were follows: JAGGED 1, forward 
5'‑ATG​CGG​TCC​CCA​CGG​ACG​CG‑3' and reverse 5'‑ACA​
CTC​AGG​ACC​CAT​CCA​GC‑3'; HES1, forward 5'‑CAA​CAC​
GAC​ACC​GGA​CAA​ACC​‑3' and reverse 5'‑AGT​GCG​CAC​CTC​
GGT​GTT​AAC​‑3'; β‑actin, forward 5'‑GCC​ATG​TAC​GTA​GCC​
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ATC​CA‑3' and reverse 5'‑GAA​CCG​CTC​ATT​GCC​GAT​AG‑3'. 
ALP, forward 5'‑TGT​CCC​CAA​AGA​GTT​TAA​AGC​TG‑3' and 
reverse 5'‑TCT​TTA​TCT​GCT​TCT​CCT​TGT​CTG​G‑3'. PCR 
products were detected by 2% agarose gel electrophoresis and 
were stained by ethidium bromide. The band intensity was 
quantified using ImageJ 1.48u software (National Institutes of 
Health, Bethesda, MD, USA). Signal intensity of the amplified 
product was normalized to its respective β‑actin signal intensity.

Immunohistochemistry. The WB‑F344 cells incubated in the 
presence or absence of 20% matrine serum for 48 h were fixed 
in 4% paraformaldehyde, and immunohistochemistry against 
Jagged1 and ALB was performed to examine the expression 
of ALB and Jagged 1 using conventional methods (15). The 
immunostained samples were observed using an Olympus 
BX51 microscope (Olympus Deutshland GmbH, Hamburg, 
Germany). Immunohistochemical staining was quantified with 
Image‑Pro Plus 6.0 for Windows software (Media Cybernetics, 
Inc., Rockville, MD, USA) using its measurement function. The 
positively stained area was labeled and calculated according to 
the software guidelines. The intensity of immunostaining was 
expressed as positive cell area / total cell area x 100%.

Western blotting. The WB‑F344 cells incubated in the pres-
ence or absence of 20% matrine serum for 48 h were lysed 
using protein lysate buffer. Following the removal of debris 
through centrifugation at 12,000 x g for 20 min at 4˚C, the 
protein content was determined using a BCA™ Protein Assay 
kit (Thermo Fisher Scientific, Inc.). Total protein (30 µg) was 
loaded onto 12% polyacrylamide‑SDS gels and electrophoresed, 
followed by transfer onto polyvinylidene difluoride membranes 
under a constant electronic current of 300 mA for 2 h. Following 
blocking in 5% fat‑free milk, the membranes were incubated 
with rabbit polyclonal anti‑ALB (1:2,000; cat. no. sc‑50536), 
goat polyclonal anti‑Jagged 1 (1:2,000; cat. no. sc‑34473) and 
rabbit polyclonal anti‑HES1 (1:2,000; cat. no. sc‑25392) anti-
bodies at 4˚C overnight, and were subsequently incubated with 
horseradish peroxidase‑conjugated goat anti‑rabbit and rabbit 
anti‑goat immunoglobulin G secondary antibodies (1:10,000; 
cat.  nos.  ZB‑5301 and ZB‑2306, respectively; ZSGB‑Bio, 
Beijing, China) at room temperature for 1 h. Protein separa-
tion was detected via enhanced chemiluminescence (Applygen 
Technologies, Inc., Beijing, China). The signals for ALB, 
Jagged 1 and HES1 were normalized to that of goat polyclonal 
anti‑β‑actin (1:2,000; cat. no. sc‑1616).

Statistical analysis. All data are expressed as the mean ± stan-
dard deviation of experiments repeated at least three times. 
Data were analyzed using SPSS 17.0 (SPSS, Inc., Chicago, IL, 
USA). The statistical significance of differences in quantitative 
data were analyzed using one‑way analysis of variance and 
Student‑Newman‑Keuls test for multiple comparisons. P<0.05 
was considered to indicate a statistically significant difference.

Results

Effects of matrine treatment on the viability of WB‑F344 
hepatic progenitor cells. To determine the effects of 
matrine on the viability of hepatic progenitor cells in the 
present study, WB‑F344 cells were incubated in medium 

supplemented with the serum of animals administered with 
saline or matrine (matrine serum) for 24 h, and cell viability 
was measured using AO/PI staining. Supplementation of the 
culture medium with control serum or with 5‑20% matrine 
serum had no significant effect on the viability of the 
WB‑F344 cells (P>0.05), however, when the culture medium 
contained 40% matrine serum, cell viability was reduced 
(P<0.05; Fig. 1A and B). Therefore, only 5, 10 and 20% drug 
serum were used in the subsequent experiments.

Matrine inhibits the proliferation of WB‑F344 cells. To evaluate 
the effect of matrine on the proliferation of WB‑F344 cells, the 
present study measured the proliferation of WB‑F344 cells 
incubated in the presence of absence of matrine serum for 24, 48 
and 72 h using an MTT assay. The inhibition of matrine serum 
inhibited the proliferation of the WB‑F344 cells in a concentra-
tion‑ and time‑dependent manner (Fig. 1C), whereas control 
serum had no effect on cell proliferation (data not shown).

Matrine promotes the hepatic differentiation of WB‑F344 
cells. The differentiation of WB‑F344 hepatic progenitor cells 
into hepatic cells is characterized by the expression of ALB, 
a biomarker of mature hepatic cells. To evaluate the effect 
of matrine on the differentiation of hepatic progenitor cells, 
the transcription and distribution of ALB in WB‑F344 cells 
incubated with 5‑20% matrine serum were determined using 
RT‑PCR analysis. The transcription of ALB was enhanced 
by incubation with matrine serum in a time‑ and concentra-
tion‑dependent manner (Fig. 2A).

In liver regeneration, several cell signaling pathways affect 
repair of the injured liver. Notch signaling has been implicated 
in the differentiation of stem cells (16). The present study used 
RT‑PCR analysis to measure the expression levels of the Notch 
signaling pathway ligands, Jagged 1 and HES1, in WB‑F344 
cells incubated with matrine serum. The results demonstrated 
concentration‑ and time‑dependent reductions in the expression 
levels of Jagged 1 and HES1 (Fig. 2A and B).

To further evaluate the effects of matrine on hepatic 
progenitor cell differentiation, the present study used immu-
nohistochemistry to assess the levels of ALB and Jagged 1 in 
the WB‑F344 cells incubated with matrine serum. The results 
revealed that incubation with 20% matrine serum significantly 
increased the content of ALB in the cytoplasm and plasma 
membrane, and reduced the content of Jagged 1 (Fig. 3A and B; 
P<0.01). The western blotting confirmed these observed 
differences in the contents of ALB, Jagged 1 and HES1 in the 
WB‑F344 incubated with matrine serum. A 20% concentra-
tion of matrine serum significantly promoted the accumulation 
of ALB, and reduced the accumulation of Jagged 1 (Fig. 3C; 
P<0.01). These results suggested that matrine promoted the 
differentiation of WB‑F344 cells and downregulated the Notch 
signaling pathway.

Matrine promotes the hepatic differentiation of WB‑F344 cells 
by inhibiting the Notch signaling pathway. To further investi-
gate whether the Notch signaling pathway was involved in the 
hepatic differentiation of WB‑F344 cells induced by matrine, 
the present study pre‑treated the WB‑F344 cells with 20% 
matrine serum, and then supplemented the medium with PTH, 
which is an activator of the Notch signaling pathway (17). The 
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Figure 1. Viability and growth of WB‑F344 exposed to matrine serum. (A) Viability of WB‑F344 cells incubated in the presence or absence of matrine serum 
for 24 h, evaluated using acridine orange/propidium iodide staining. (a) Control; (b) 5% matrine serum; (c) 10% matrine serum; (d) 20% matrine serum; 
(e) 40% matrine serum (scale bar=100 µm). (B) Quantification of WB‑F344 cell viability *P<0.05, compared with the other groups. (C) Inhibition of WB‑F344 
proliferation, assessed using a 3‑(4,5‑dimethylthiazol‑2‑yl) ‑2,5‑diphenyltetrazolium bromide assay following incubation in the presence or absence of matrine 
serum for 24‑72 h. *P<0.05 and **P<0.01 for 5% group, vs. 24 h; #P<0.05 and ##P<0.01 for 10% group, vs. 24 h; ∆P<0.05 and ∆∆P<0.01 for 20% group, vs. 24 h.

Figure 2. Transcription of ALB, Jagged 1 and HES1 in WB‑F344 cells exposed to matrine serum. The expression levels of ALB, Jagged 1 and HES1 in 
WB‑F344 cells incubated with matrine serum for 24 or 48 h were assessed using reverse transcription‑polymerase chain reaction analysis. (A) Transcription 
of ALB was enhanced and the expression levels of (B) Jagged 1 and (C) HES1 were reduced following incubation with matrine serum in a concentration‑ and 
time‑dependent manner. Data are presented as the mean ± standard deviation. ALB, albumin; HES1, hairy and enhancer of split 1. **P<0.01 compared with 
5% group; ##P<0.01 compared with 10% group.

  A

  B   C

  A   B   C

  a   b   c

  d   e
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transcription levels of Jagged 1 and HES1 were then determined 
using RT‑PCR analysis. It was observed that the addition of 
0.1 mol/l PTH ameliorated the changes in the expression levels 
of Jagged 1, ALB and HES1 induced by matrine (Fig. 4). The 
expression levels of Jagged 1, ALB and HES1 in the WB‑F344 
cells simultaneously exposed to matrine serum and PTH were 
comparable with those in the control group (P>0.05).

The promotion of Notch by PTH likely enhanced the 
transcription of Jagged 1 and HES1 in WB‑F344 exposed to 
matrine, and was accompanied with a significant decrease in 
the expression of ALB (P<0.01). These results provided further 
support for the hypothesis that matrine promotes the hepatic 
differentiation of WB‑F344 by inhibiting the Notch signaling 
pathway.

Discussion

Our previous study demonstrated that the administration 
of the traditional Chinese medicine, matrine, promotes 

oval cell‑mediated liver regeneration, suggesting that this 
compound affected hepatic progenitor cell differentia-
tion (14). In the present study, the effect of matrine on the 
differentiation of the WB‑F344 rat hepatic progenitor cell 
line were investigated. It was found that matrine affected 
the proliferation and hepatic differentiation of the WB‑F344 
cells in a concentration‑ and time‑dependent manner. It was 
demonstrated that matrine inhibited the expression of the 
notch signaling ligands, Jagged 1 and HES1, in the WB‑F344, 
and induced the expression of ALB, a biomarker of mature 
hepatocytes. Furthermore, the exogenous activation of notch 
signaling by PTH prevented the effects of matrine, reducing 
the expression of ALB, and recovering the expression of 
Jagged 1 and HES1.

Matrine, a compound extracted from Sophora flavescens 
Ait, has been used as clinically in China for a wide range of 
conditions, particularly in protecting the liver and inhibiting 
cancer, and matrine has been reported to reduce inflamma-
tion, viral replication and fibrosis (11‑14,18). It has also been 

Figure 3. Contents of ALB, Jagged 1 and HES1 in WB‑F344 cells exposed to matrine serum. The content of (A) ALB and (B) Jagged 1 in WB‑F344 
cells incubated in the (a) absence or (b) presence of 20% matrine serum for 48 h were assessed using immunihistochemical staining (scake bar=50 µm). 
(c) Immunohistochemical staining was quantified using IPWIN60 software. Data are presented as the mean ± standard deviation. **P<0.01. (C) Content of 
ALB, Jagged 1 and HES1 in WB‑F344 cells incubated in the presence or absence of 20% matrine serum, assessed using western blotting and quantified using 
IPWIN60 software. M, matrine; C, control; ALB, albumin; HES1, hairy and enhancer of split 1.

  A   B

  C

  a   b   a   b

  c   c



YANG et al:  MATRINE INDUCES HEPATIC DIFFERENTIATION3846

reported that matrine can reduce the severity of acute liver 
injury through its anti‑inflammatory and anti‑oxidative activi-
ties (13). Matrine has also been reported to modulate signaling 
pathways to inhibit the proliferation and promote the apoptosis 
of hepatoma cells (18).

The present study reported for the first time, to the best 
of out knowledge, that matrine can affect the proliferation 
and differentiation of hepatoma stem cells. When the liver is 
severely injured, hepatocytes may be lost through apoptosis, 
necrosis or reduced proliferation. Previous investigations have 
suggested that a hepatic progenitor cell population of oval 
cells are recruited to repair the damaged liver (19). Hepatic 
oval cells are considered to represent a stem‑like cell lineage, 
originating from the intrahepatic bile ducts or bone marrow 
cells (20,21). In a rat model of partial hepatectomy, oval cells 
were recruited for involvement in liver regeneration. Therefore, 
oval cells may represent good candidate seeding cells for liver 
tissue engineering.

Liver regeneration is markedly affected by the 
local hepatic microenvironment, which is composed of 
non‑parenchymal cells, the extracellular matrix and growth 

factors, which act through paracrine or autocrine pathways 
to modulate the proliferation and differentiation of oval 
cells (22,23). This is mediated intracellularly through the 
phosphoinositide 3‑kinase/AKT‑nuclear factor‑κB signaling 
pathways (24,25).

The Notch signaling pathway is a highly conserved signal 
transduction pathway, which is essential for the differentia-
tion and proliferation of stem cells (26). In mammals, notch 
receptors, ligands, including Jagged 1 and RBP‑Jk/CBF1 in 
the nucleus, and downstream target genes, including HES1, 
have been implicated in the regulation of stem cell differen-
tiation and proliferation (27). Activation of Notch signaling 
is reported to restrict oligodendrocyte differentiation and 
promoteastrogliogenesis (28). Notch signaling has been impli-
cated in mammary stem cell and luminal cell commitment, 
and activation of Notch enhances self‑renewal and transfor-
mation (29). In liver development, Notch has been reported to 
regulate liver stem cell differentiation into hepatocytes (30). In 
the present study, it was observed that high levels of Jagged 1 
and HES1 may favor self‑renewal of WB‑F344 cells. Exposure 
to matrine inhibited the expression of Jagged 1 and HES1, and 

Figure 4. Expression levels of ALB, Jagged 1 and HES1 in WB‑F344 cells incubated with PTH and matrine. The expression levels of ALB, Jagged 1 and 
HES1 in WB‑F344 cells incubated with 0.1 mol/l PTH and 20% matrine serum for 48 h were assessed using reverse transcription‑polymerase chain reaction. 
The addition of PTH ameliorated the changes in the transcription of ALB, Jagged 1 and HES1 observed following incubation with matrine serum. Data are 
presented as the mean ± standard deviation. ALB, albumin; HES1, hairy and enhancer of split 1; PTH, parathyroid hormone; M, matrine; C, control; M+P, 
matrine serum+PTH.
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promoted the expression of ALB, a biomarker of mature hepa-
tocytes. Furthermore, the effects of matrine were ameliorated 
by the addition of PTH, an activator of the Notch signaling 
pathway. These results indicated that matrine can stimulate the 
differentiation of WB‑F344 into hepatocytes through inhibi-
tion of the Notch‑Jagged 1‑HES1 signaling pathway.

The present study represents the first report, to the best 
of our knowledge, of the effects of matrine on the hepatic 
differentiation of WB‑F344 cells. The present study demon-
strated that matrine likely induced the hepatic differentiation 
of WB‑F344 cells through a mechanism involving down-
regulation of the Notch‑Jagged 1‑HES1 signaling pathway. 
The precise molecular mechanisms underlying the effect of 
matrine on the Notch‑Jagged 1‑HES1 pathway remain to be 
elucidated, however, the present study highlights an important 
physiological component of stem cell differentiation, and 
suggest that matrine may be important in the stimulation of 
hepatic stem cell differentiation.
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