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Abstract. Matrine (C15H24N2O) is an alkaloid extracted 
from the Chinese herb Sophora flavescens that has anti‑fibrotic 
and anti‑cancer properties. The aim of the present study was 
to determine the chemopreventive effect of matrine on the 
development of primary hepatocellular carcinoma (HCC) 
and its possible association with the suppression of the 
Notch signaling pathway. The rats were randomly divided 
into four groups: Control, model, low‑dose matrine and 
high‑dose matrine groups. The model was established by 
combining a partial hepatectomy with diethylnitrosamine 
(DEN) + 2‑acetylaminofluorene (2‑AAF). Low‑ and high‑dose 
matrine groups received intragastric administration of matrine 
(0.25 and 2.5 g/l of matrine, respectively). DEN + 2‑AAF 
injections and hepatectomy were not performed in the control 
group. All rats were sacrificed 2, 4 and 7 weeks after hepa-
tectomy. HCC‑like histopathological lesions were detected 
using hematoxylin and eosin staining. The expression levels 
of α‑1‑fetoprotein (AFP), albumin (ALB), Notch1 and Hes1 
were analyzed using immunohistochemistry. Hepatic lobule 
structure loss, liver tissue necrosis and inflammatory cell infil-
tration, and edema degeneration were observed in the model 
group. By contrast, hepatocyte cord structure was restored 
and hepatocyte edema degeneration was significantly reduced 
after 7 weeks of treatment with matrine. In addition, compared 
with the model group, matrine reduced the expression of AFP, 
increased the expression of ALB and reduced the expression 

of Notch1 and Hes1 (only for high‑dose matrine; all P<0.05). 
The findings suggested that matrine could prevent the early 
development of HCC‑like lesions in a rat model, possibly by 
modulating Notch pathway activation.

Introduction

Hepatocellular carcinoma (HCC) is the most common type 
of primary liver cancer. With an age‑adjusted incidence of 
10.1 cases per 100,000 persons per year, HCC is ranked as 
the sixth most common neoplasm and the third leading cause 
of cancer‑associated death worldwide  (1). In China, HCC 
is ranked as the fourth most common malignant tumor and 
the third most deadly disease (2,3). HCC frequently occurs 
in patients with chronic liver diseases, such as cirrhosis, or 
following infection of hepatitis B or C virus. Additionally, 
non‑alcoholic fatty liver disease (NAFLD) has been consid-
ered another important risk factor for HCC. The association 
between metabolic syndrome, diabetes, obesity and HCC 
in NAFLD patients has been supported by retrospective 
studies (4‑7).

Currently, the main therapeutic strategies for HCC 
include surgery (tumor resection or liver transplantation), 
radiation therapy and targeted drug therapy. Sorafenib, an oral 
multi‑kinase inhibitor, was the first drug that was approved for 
first‑line treatment of advanced HCC. Notably, HCC‑associated 
mortality can be prevented by avoiding certain risk factors, 
e.g. hepatitis B virus vaccination of infants (8) and the preven-
tion of metabolic syndrome through the use of metformin 
in patients with diabetes or propranolol in patients with 
hepatitis C virus‑related cirrhosis (1,9). These methods could 
prevent first primary and second primary recurrence, which is 
critical to improve the prognosis (10).

In addition to chemically synthesized agents, certain 
natural products, including coffee, vitamin E and fish oil, 
as well as phytochemicals, might also reduce the risk of 
HCC (10). Matrine is an active alkaloid extracted from the dry 
roots of Sophora flavescens, also known as ‘Ku‑Shen’ in tradi-
tional Chinese medicine, which has been used for treatment 
of various diseases, including HCC and liver fibrosis (11,12). 
Matrine has proven effective in inhibiting HCC proliferation 
and migration in vitro, specifically in SMMC‑7721 cells (13), 
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Huh‑7 cells  (14) and HepG2 cells  (15) and by inhibiting 
HCC tumor growth in vivo (15,16). The anti‑tumor effect of 
matrine has also been verified in squamous cell carcinomas. 
Antitumor B, a Chinese herbal mixture of six plants containing 
matrine, has been demonstrated to inhibit the development of 
4‑nitroquinoline‑1‑oxide‑induced oral squamous cell carci-
nomas in mice (17) and lung squamous cell carcinomas in 
a mouse model (18). However, the majority of these studies 
emphasize the effect of matrine on an established tumor. The 
preventive effect of matrine on the formation of HCC tumors 
remains to be elucidated.

The Notch signaling pathway is a conserved and complex 
signaling pathway. Its key components include Notch receptor 
(notch1‑4), Notch ligand (delta‑like 1, 3, 4, Jagged1 and 
Jagged2), and target genes Hes and Hey. The Notch signaling 
pathway has a key role in regulating the development of 
embryos and organs and controlling cell‑fate, including cell 
proliferation, differentiation, apoptosis, regeneration and other 
cellular activities (19). Notch deregulation has been indicated 
to be involved in a number of pathological processes in the 
liver, including HCC and HCC‑accompanied liver fibrosis (20). 
Notably, matrine inhibits the infiltration of inflammatory 
monocytes and fibrosis in CCl4‑injured livers  (21). The 
inhibitory effect on liver fibrosis was also reported for matrine 
derivative MD‑1 (11). In addition, previous findings revealed 
that matrine induces hepatic differentiation of hepatic progen-
itor cells, likely by inhibiting the Notch signaling pathway (22). 
Therefore, it is important to determine if matrine could prevent 
the development of primary HCC by suppressing the Notch 
signaling pathway.

The resistant hepatocyte animal model reflects the early 
signs of HCC and is commonly used to determine the preven-
tive role of chemical agents in HCC initiation (23). In the 
present study, a resistant hepatocyte rat model was established 
by partial hepatectomy combined with treatment of diethyl-
nitrosamine (DEN) and 2‑acetylaminofluorene (2‑AAF). The 
model was further used to analyze the effect of matrine on the 
early changes of liver carcinogenesis.

Materials and methods

Animals models. A total of 48 male Sprague‑Dawley rats (clean 
grade; 6 weeks old; average weight, 120±20 g) were purchased 
from the Laboratory Animal Center of the Hebei Medical 
University. The animals were maintained in the National 
Grade II Experimental Animal Center in a sterile environment 
(temperature, 22±1˚C; relative humidity, 50±1% and a 12‑h 
light/dark cycle). All animals had access to drinking water 
and forage. Additionally animals' health and behavior were 
monitored twice a day at 7:30 a.m. and 6 p.m. by a veterinary 
officer. In addition, all animal studies were approved and 
supported by Laboratory Animal Ethics Committee of Fourth 
Hospital Hebei Medical University (certificate no. 2017026).

The rats were randomly divided into four  groups 
(n=12/group): Control, model, low‑dose matrine and high‑dose 
matrine groups. The model, low‑dose matrine and high‑dose 
matrine groups were used to generate preneoplastic lesions for 
the liver model. Briefly, rats were intraperitoneally injected 
with 200 mg/kg DEN (batch no. 1002279831; Sigma‑Aldrich; 
Merck  KGaA) just on the first day, then low‑dose and 

high‑dose matrine groups received intragastric administration 
of matrine (batch no. 0301010007160301; Ningxia bauhinia 
pharmaceutical Co., Ltd.) at a dosage of 1.25 and 12.5 mg/kg 
respectively twice per day at 8 a.m. and 5 p.m., which lasted 
from intraperitoneal injection of DEN to the killing of 
rats. The interval between two processes was no more than 
10 min, so that this experiment can study matrine preventive 
treatment. While the rats in the model group were given an 
equal volume of saline solution via gavage. Two weeks after 
DEN injection, rats received daily intragastric administra-
tion of 2‑AAF (batch no. 1002176257; Sigma‑Aldrich; Merck 
KGaA) at a dosage of 15 mg/kg for 3 days. Following this, 
a partial (2/3) hepatectomy was performed. Preoperatively, 
rats were anesthetized by intraperitoneal injection of 
10% chloral hydrate (batch  no.  20161212; Tianjin Damao 
Chemical Reagent Factory) at a dosage of 300 mg/kg, which 
was much lower than the LD50 of 480 mg/kg. Three days 
after the surgery, rats continued to be administered 2‑AAF 
for 1 week. Each rat was weighed before each intragastric 
administration and given the drug according to its weight 
to ensure a uniform standard for each administration. In the 
control group, equivalent abdominal opening/closing surgery 
and intragastric administration of an equal volume of saline 
were conducted. However, no DEN injection or 2‑AAF supple-
mentation was provided and no hepatectomy was performed 
in the control group. Partial hepatectomy and intraperitoneal 
injection of drugs always followed the principle of sterility, 
and 3 rats died due to postoperative intraperitoneal hemor-
rhage, which was caused by the surgical ligation suture falling 
off, but no obvious peritonitis was observed. In this experi-
ment, there were 48 rats in total, 4 rats in each group at each 
time point. The 3 dead rats were distributed among different 
experimental groups. In each group, at least 3 rats were still 
survived at each time point, which met the needs of the experi-
mental statistics (24,25). Each group of rats were sacrificed 
in 3 batches at 2, 4 and 7 weeks after hepatectomy. At the 
end of the administration period, animals ate and drank freely 
for 4 h. The rats were anesthetized by intraperitoneal injection 
of 10% chloral hydrate (300 mg/kg), then they were killed 
by extirpation of eyeballs and exsanguination (26‑28). They 
were confirmed dead by observation of respiratory and cardiac 
arrest and the absence of any pain response to needle puncture 
of the extremities. The livers were then carefully dissected 
and immediately fixed in 10% formalin for 24 h at 4˚C for 
subsequent experiments (Fig. 1).

Hematoxylin and eosin (H&E) staining. Organs were collected, 
fixed with 10% formalin and dehydrated using a gradient 
alcohol series (60, 70, 80, 90, 95 and 100% ethanol) followed 
by two xylene treatments. The samples were embedded in 
paraffin, then tissues were cut into 5‑µm‑thick sections. Tissue 
sections were subsequently deparaffinized in xylene and rehy-
drated with a gradient alcohol series (100, 70 and 50% ethanol) 
and stained using H&E. The sections were stained with 
hematoxylin staining for 5 min at 37˚C and 1% eosin for 3 min 
at 37˚C. All liver sections were observed under a light micro-
scope (magnification, x400).

Immunohistochemistry. Immunohistochemistry was 
performed as described previously  (29). Briefly, hepatic 
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tissue was harvested, fixed in 10%  formalin and perme-
ated with paraffin wax. Subsequently, tissues were cut into 
6‑7‑µm‑thick sections, which was in line with international 
standards. The sections were then attached to the slides 
with polylysine membranes and incubated for 4.5 h at 65˚C. 
Following this, sections were dewaxed, rehydrated and 
treated with hydrogen peroxide to block the endogenous 
peroxidase activity. Slides were incubated with rabbit anti‑rat 
α‑1‑fetoprotein (AFP) polyclonal antibody (cat. no. ab46799; 
1:80; Abcam), rabbit anti‑rat albumin (ALB) monoclonal 
antibody (cat. no. ab207327; 1:75; Abcam), rabbit anti‑rat 
Notch1 monoclonal antibody (cat.  no.  3608; 1:400; Cell 
Signaling Technology, Inc.) and rabbit anti‑rat Hes1 mono-
clonal antibody (cat.  no.  BM4488; 1:100; Wuhan Boster 
Biological Technology Co., Ltd.). Following this, slides were 
washed, incubated with a ready‑to‑use horseradish peroxi-
dase‑labeled goat anti‑rabbit IgG polymer (cat. no. PV‑6001; 
Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.) 
at 37˚C for 20 min and then subjected to incubation with 
diaminobenzidine chromagen at 37˚C for 20 min. Images 
were captured using an Olympus  BX51T‑PHD‑J11 light 
microscope (Olympus Corporation). Immunohistochemical 
staining was quantified with Image‑Pro Plus 5.1 for Windows 
software (Media Cybernetics, Inc.) using the measurement 
function. Randomly selected areas were used for analysis 
by electing 3 slides for each rat and 5 fields for each slide, 
and combined the number of positive cells with the strong 
expression of protein and showed the expression intensity of 
protein as accurately as possible in the form of quantitative 
data. The number of positive cells and the color intensity of 
positive cells were obtained, and the immunohistochemical 
score (IHS) was calculated as follows: A, positive cell 
number grading: 0‑1%=0, 1‑10%=1, 10‑50%=2, 50‑80%=3 
and 80‑100%=4; B, color intensity of positive cells: Grade 0 
(negative), 1 (weak positive), 2 (positive), 3 (strong positive); 
IHS=A x B (30).

Statistical analysis. Statistical analyses were performed 
using SPSS 19.00 (IBM Corp). All data were expressed as 

mean ± standard deviation and experiments were repeated at 
least three times. Data were analyzed using one‑way analysis 
of variance followed by Student‑Newman‑Keuls post hoc test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Matrine reduces the development of histopathological HCC‑like 
lesions. Normal gross morphology and hepatic lobule structures 
were indicated in the control group. Furthermore, no significant 
infiltration of inflammatory cells in the manifold area was 
observed in the control group (Fig. 2). By contrast, the hepatic 
lobule structures and the structure of liver cell cords were 
severely damaged, and the liver cell membrane was damaged 
2 weeks after partial hepatectomy in model group. Moreover, 
edema degeneration was observed in a number of hepatocytes 
and a large number of inflammatory cells infiltrated the hepatic 
portal area in model group. A total of 4 weeks after surgery in 
model group, no significant alterations in liver tissue necrosis 
or inflammation were observed and injury of hepatic lobule 
structure was still visible, together with hepatocyte edema and 
necrosis. However, 7 weeks after surgery, a small proportion of 
cellular cord structures were detected (Fig. 2).

In the low‑dose matrine group, a small proportion of the 
hepatocyte cord structures were restored 4 weeks after opera-
tion. 7 weeks after partial hepatectomy, the hepatocyte edema 
degeneration was reduced and hepatocyte nodule structures 
were recovered (Fig. 2). In the high‑dose matrine group, a 
higher protective effect was observed in the week 4 and 7 
compared with the model group and low‑dose matrine group. 
Furthermore, discernible lobular structures and a large number 
of normal liver cell structures were indicated in the high‑dose 
matrine group. In addition, edema degeneration of liver cells 
and inflammatory cell infiltration were reduced in the high‑dose 
matrine group (Fig. 2).

Matrine reduces the expression of AFP in the liver of resistant 
hepatocyte rats. AFP is a glycoprotein expressed in hepatoblast 

Figure 1. The workflow of animal manipulation of this study. Asterisks indicate sample collection time points following 2/3 hepatectomy. DEN, diethylnitro-
samine; 2‑AAF, 2‑acetylaminofluorene; i.g, intragastric.
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stem cells, hepatic cancer stem cells and hepatoma cells. When 
the liver is damaged, an increase of AFP often indicates the 
severity of damage. The continuous increase of AFP may 
indicate that part of liver tissue has become cancerous (31,32). 
According to immunohistochemistry results, AFP was distrib-
uted in the cytoplasm and nuclei of liver cells (Fig. 3). No AFP 
expression was detected in the control group. Notably, AFP 
expression was significantly upregulated at 2, 4 and 7 weeks 
after surgery in the model group (P<0.01; Fig. 3). In addition, 
the AFP expression levels in the model groups at 2 and 4 weeks 
were significantly increased compared with week 7 in the model 
group (P<0.05 at 2 and 4 weeks; Fig. 3). This indicated that 
HCC‑like lesions occurred at earlier time points.

In the low‑dose matrine and high‑dose matrine groups, the 
expression of AFP was significantly decreased at week 2 and 4 
compared with the model group; however, it was still increased 
compared with the control group (low‑dose matrine group vs. 
model group: P<0.05 at 2 weeks and P<0.01 at 4 weeks; high‑dose 
matrine group vs. model group: P<0.01 at 2 weeks and P<0.05 
at 4 weeks; Fig. 3). In addition, there was no significant differ-
ence in AFP signal between the model group and low‑dose or 
high‑dose matrine groups at week 7 (Fig. 3).

Matrine improves the expression of ALB in the liver of resis‑
tant hepatocyte rats. ALB is secreted by normal hepatocytes 

and is often used to distinguish between hepatocytes and 
hepatoblasts. According to the immunohistochemistry results, 
ALB was mainly distributed in the cytoplasm of liver cells 
(Fig. 4). Strong ALB expression was detected in the control 
group. However, the expression of ALB in the model group 
was significantly suppressed at week 2, 4 and 7 compared 
with the control group (P<0.05). In the low‑dose matrine and 
high‑dose matrine groups, significantly increased expression 
was observed at week 2, 4 and 7 compared with the model 
group (P<0.05). In addition, significant differences were found 
between the low‑dose matrine and high‑dose matrine groups. 
Notably, the expression of ALB in the high‑dose matrine 
group was increased compared with in the low‑dose matrine 
group at 4 and 7 weeks (Fig. 4).

Upregulation of Notch1 expression in the liver of resistant 
hepatocyte rats is reduced by matrine treatment. Notch1 is 
the primary receptor of the Notch signaling pathway and was 
used as the indicator for the activity of Notch pathway in the 
present study. According to immunohistochemistry results, 
Notch1 was primarily distributed in the cytoplasm of liver 
cells (Fig. 5). No Notch1 expression was detected in the control 
group. Notably, compared with the control group, Notch1 
expression was significantly upregulated at week 2, 4 and 7 in 
the model group (P<0.01 at 2 weeks, P<0.01 at 4 weeks and 

Figure 2. Histopathology of HCC‑like lesions in different groups. The livers of rats from the control, model, low‑dose matrine and high‑dose matrine groups 
were examined by hematoxylin and eosin staining. Compared with the control group, the model group rats developed HCC‑like lesions that exhibited hepatic 
lobule structure loss, liver tissue necrosis, inflammatory cell infiltration and edema degeneration. Matrine treatment at low or high doses decreased the progres-
sion of these HCC‑like characteristics. Normal hepatocyte nodule structures were restored (as shown by red arrows). The higher dose of matrine exhibited 
protection at an earlier (4 weeks) time point compared with low‑dose treatment (magnification, x400). HCC, hepatocellular carcinoma.
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P<0.001 at 7 weeks; Fig. 5). This suggested that the HCC‑like 
lesions were accompanied with Notch pathway activation.

In low‑dose matrine and high‑dose matrine groups, signifi-
cantly reduced Notch1 expression was observed at week 4 
compared with the model group (low‑dose matrine group vs. 
model group at 4 weeks: P<0.05; high‑dose matrine vs. model 
group weeks: P<0.01; Fig. 5); however, no significant differ-
ences were found at week 4 between low‑dose matrine and 
high‑dose matrine groups. There was no significant difference 
in Notch1 staining between the model group and either of the 
matrine groups at 2 and 7 weeks (Fig. 5).

Upregulation of Hes1 expression in liver of the resistant 
hepatocyte model is reduced by matrine treatment. Hes1 is the 
predominant downstream target gene of the Notch signaling 
pathway and its expression level was used as the indicator 
for Notch signaling activity. The present data indicated that 
Hes1 was primarily distributed in the nuclei of liver cells 
(Fig. 6). No Hes1 expression was detected in the control group. 
Notably, compared with the control group, Hes1 expression 
was significantly upregulated at 2, 4 and 7 weeks after a partial 
hepatectomy in the model group (P<0.001 at 2 weeks, P<0.01 
at 4 weeks and P<0.01 at 7 weeks; Fig. 6).

Figure 4. Elevation of ALB expression in the resistant hepatocyte model is enhanced by matrine treatment. The expression and distribution of ALB in rat livers 
from the control, model, low‑dose matrine and high‑dose matrine groups were examined by immunohistochemistry (images in left panel and quantification 
in right panel). The orange color indicated the presence of ALB. Compared with the control group, the model group rats exhibited lower ALB distribution. 
Matrine treatment at low or high doses enhanced the expression of ALB at 2, 4 and 7 weeks. Data was presented as the mean ± standard error of the mean. 
***P<0.001 vs. the control group; ##P<0.01 and ###P<0.001 vs. the model group; ΔΔP<0.01 and ΔΔΔP<0.001 vs. the low matrine group. Magnification, x400. ALB, 
albumin.

Figure 3. Elevation of AFP expression in the resistant hepatocyte model is reduced by matrine treatment. The expression and distribution of AFP in rat 
livers from the control, model, low‑dose matrine and high‑dose matrine groups were examined by immunohistochemistry staining (images in left panel and 
quantification in right panel). The orange color indicated the presence of AFP. Compared with the control group, the model group rats exhibited elevated AFP 
distribution. Matrine treatment at low or high doses decreased this elevation at 2 and 4 weeks. Data was presented as the mean ± standard error of the mean. 
*P<0.05, **P<0.01 and ***P<0.001 vs. the control group; #P<0.05 and ##P<0.01 vs. the model group; &P<0.05 vs. the model group at 7 weeks. Magnification, x400. 
AFP, α‑1‑fetoprotein.
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In the low‑dose matrine group, Hes1 expression was not 
significantly altered compared with the model group. However, 
in the high‑dose matrine group, significantly reduced Hes1 
expression was observed at week 2 and 4 compared with the 
model group (P<0.05 at 2 weeks and P<0.05 at 4 weeks; Fig. 6). 
There was no significant difference in Hes1 staining between 
the model group and either of the matrine groups at 7 weeks 
(Fig. 6).

Discussion

Traditional Chinese medicine has been shown to be effective 
for treating patients with HCC. A number of preclinical studies 
have indicated that matrine possesses an anti‑tumor effect 
against HCC (14,33,34). However, it remains to be determined 
if matrine has a chemopreventive effect against HCC. In this 

study, a resistant hepatocyte model of hepatocarcinogenesis 
(initiation with DEN, selection/promotion with 2‑AAF and 
partial hepatectomy) was constructed. This model includes 
the stimulatory factor associated with tissue regeneration after 
hepatectomy (33) and reflects the early signs of HCC. Thus, 
this model is commonly used to determine the preventive role 
of chemical agents in HCC initiation. For example, this model 
has been used to demonstrate the chemopreventive effect of 
folic acid on preneoplastic lesions (35). Similar effects have 
been observed when applying caffeic acid phenethyl ester (36) 
and ethanol ethanol extract of Phellinus merrillii (37).

In this study, a resistant hepatocyte rat model was used to 
explore the chemopreventive effect of matrine on the develop-
ment of HCC. Compared with the control group, rats in the 
model group exhibited loss of hepatic lobule structure, signs of 
damage to structure of liver cell cords and a reduced number 

Figure 5. Elevation of Notch1 expression in the resistant hepatocyte model is attenuated by matrine treatment. The expression and distribution of Notch1 in rat 
livers from the control, model, low‑dose matrine and high‑dose matrine groups were examined by immunohistochemistry staining (images in left panel and 
quantification in right panel). The orange color indicated the presence of Notch1. Compared with the control group, the model group exhibited elevated Notch1 
distribution. Matrine treatment at low or high doses attenuated this elevation at 2 and 4 weeks. Data was presented as the mean ± standard error of the mean. 
*P<0.05, **P<0.01 and ***P<0.001 vs. the control group; #P<0.05 and ##P<0.01 vs. the model group; Magnification, x400.

Figure 6. Elevation of Hes1 expression in the resistant hepatocyte model is attenuated by matrine treatment. The expression and distribution of Hes1 in rat 
livers from the control, model, low‑dose matrine and high‑dose matrine groups were examined by immunohistochemistry staining (images in left panel and 
quantification in right panel). The orange color indicated the presence of Hes1. Compared with the control group, the model group rats exhibited elevated Hes1 
distribution. High‑dose matrine treatment attenuated this elevation at 2 and 4 weeks. Data was presented as the mean ± standard error of the mean. *P<0.05, 
**P<0.01 and ***P<0.001 vs. the control group; #P<0.05 vs. the model group; ΔΔP<0.01 vs. the low matrine group. Magnification, x400.
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of liver cells. Moreover, infiltration of inflammatory cells in 
the hepatic portal area was observed, suggesting the presence 
of multiple pre‑cancerous characteristics. The present results 
indicated that the liver damage of the low‑dose matrine and 
high‑dose matrine groups was mildly alleviated 4  weeks 
after partial hepatectomy, and was restored at 7 weeks after 
operating (including the restoration of hepatic cord and lobule 
structures and reduction of liver cell necrosis) when compared 
with the model group. Higher restoration was observed in the 
high‑dose matrine group compared with the low‑dose matrine 
group. This was consistent with a previous study, which 
examined the matrine derivative MD‑1 effect on a hepatic 
fibrosis rat model; their data indicated that fibrosis, necrosis 
and inflammatory cell infiltration were all restored 4 weeks 
after modeling (11).

In this experiment, higher AFP expression was detected 
in the model group when compared with the control group. 
Furthermore, ALB expression in the model group was reduced 
when compared with the control group. The high AFP expres-
sion suggested that hepatic tissue of the model group exhibited 
severe damage. Following matrine treatment, the elevated AFP 
expression after modeling was reduced. Regarding the ALB 
expression, matrine treatment upregulated the expression when 
compared with the model group. In addition, the expression of 
ALB was increased in the high‑dose matrine group compared 
with the low‑dose matrine group. The effects of matrine on 
liver morphology and protein indicated that matrine reduces 
liver damage and inhibits the initiation of HCC‑like altera-
tions. This was consistent with a previous study, which found 
that matrine derivative MASM may inhibit the proliferation of 
HCC in a dose‑dependent manner and increase the expression 
of ALB, indicating that matrine‑like drugs could induce the 
transformation of HCC cells into hepatocytes (12). Similarly, 
matrine was able to increase the expression of ALB in hepatic 
oval cells and could induce their differentiation into hepato-
cytes (22).

Deregulation of the Notch signaling pathway has been 
reported to be involved in a number pathological processes in the 
liver, including the development of HCC and HCC‑associated 
liver fibrosis (20). To explore the Notch‑related mechanism 
involved in the preventive effect of matrine, the expression 
levels of Notch pathway components were examined. Notch1 
is the main receptor of the Notch signaling pathway, while 
Hes1 is the main downstream target gene of the pathway. In 
the model group, the expression of these two proteins was 
upregulated, suggesting that the Notch pathway was activated 
in the HCC‑mimicking model. Application of high‑dose 
matrine reduced Notch1 and Hes1 expression, demonstrating 
that matrine could inhibit the Notch signaling pathway in the 
HCC‑mimicking model. Matrine‑induced inhibition of the 
Notch signaling pathway may alleviate hepatic damage or even 
reverse hepatic cell carcinogenesis. Liu et al (38) indicated in 
a model of liver transplantation that upregulation of the Notch 
signaling pathway could promote differentiation of liver stem 
cells into hepatofibrotic cells, thereby increasing the secretion 
of collagen Iα1 and fibrillar junction protein, and aggravating 
liver damage. However, inhibition of the Notch signaling 
pathway could reverse liver damage. Similar to the results of 
the present study, matrine was reported to inhibit the expres-
sion of Notch signaling pathway genes in a dose‑dependent 

manner in hepatic oval cells, promoting hepatic oval cell 
differentiation into hepatocytes (22,39). Notably, Liu et al (40) 
also found matrine could alleviate myocardial injury and 
myocardial fibrosis by inhibiting the Notch signaling pathway.

In this experiment, the classic rat Solt‑Farber model was 
used, which is often used to assess acute liver damage and liver 
cell carcinogenesis. Unfortunately, the typical early‑cancer 
nodules were not induced, indicating that preneoplastic 
lesions were not completely generated. This might be caused 
by the inefficient dosage and/or time of the carcinogens used. 
Dezsö et al (41) also found only regenerative, not neoplastic, 
growth in rat Solt‑Farber experimental hepatocarcinogenesis 
model. They administered a dosage of 5 mg/kg 2‑AFF to 
the rats, while a larger dosage of 15 mg/kg 2‑AAF was used 
in the present study, but still did not induce HCC and the 
present study believes that the Solt‑Farber model need to be 
further improved in the future. However, a model of severe 
liver damage was made and the application of matrine could 
alleviate liver damage to a certain extent, which also demon-
strated the effect of matrine in alleviating liver inflammation 
and preventing cancer. In addition, not only has matrine 
been shown to protect the liver and prevent cancer, but other 
extracts from the dry roots of Sophora flavescnes, such as 
oxymatrine, have also been shown to be effective in the treat-
ment of liver disease (42,43). However, there was a lack of 
multi‑center research. As a result of its low cost and low side 
effects, matrine underwent a lot of research and has potential 
application in developing countries. In the future, the authors 
will further study the detailed mechanism of matrine and its 
derivatives in protecting the liver and preventing cancer.

Taken together, the resistant hepatocyte model in the 
present study was used to assess the early changes in HCC. 
Furthermore, the present study aimed to determine the effect of 
matrine in vivo. The findings indicated that matrine treatment 
inhibited the development of pre‑cancerous characteristics, 
including changes of hepatic lobule structure and expression 
changes of AFP and ALB. HCC‑associated activation of the 
Notch signaling pathway was implicated by the expression 
of Notch1 and Hes1, which was detected in the model and 
suppressed by matrine treatment. Therefore, it was concluded 
that matrine may be an effective chemopreventive agent for 
HCC and can suppress Notch activation.
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