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Abstract. Salvianolic acid B (Sal B) has previously reported 
anti‑hepatic fibrosis effects, though it is not clear if it can 
inhibit hepatic fibrosis by regulating the hedgehog (Hh) 
signaling pathway. The aim of the present study was to explore 
the roles and mechanism of Sal B in preventing and treating 
liver fibrosis in rats. The study also aimed to determine the 
role of the Hh signaling pathway in this process. A rat model of 
liver fibrosis was induced through the subcutaneous injection 
of 50% carbon tetrachloride, followed by treatment with Sal B. 
After gavage, blood was collected to detect serum markers of 
liver injury. The degree of liver fibrosis and tissue damage was 
assessed using histopathological analysis. Western blotting and 
reverse transcription‑quantitative PCR were used to detect the 
expression levels of TGF‑β1 and Hh signaling pathway‑related 
genes, including Sonic hedgehog (Shh) protein, membrane 
protein receptor protein patched homolog 1 (Ptch1), membrane 
protein receptor Smoothened (Smo) and transcription factor 
glioma‑associated oncogene homolog 1 (Gli1). Serum alanine 
aminotransferase, aspartate aminotransferase and total bili‑
rubin levels were decreased, whilst levels of albumin were 
increased in rats with liver fibrosis that were treated with Sal B 
(P<0.05). Additionally, significant increases in TGF‑β1, Shh, 
Ptch1, Smo, Gli1 and α‑smooth muscle actin expression levels 
were observed in the liver tissues of rats with hepatic fibrosis 
(P<0.05). However, Sal B treatment significantly reduced the 
expression levels of these proteins (P<0.05). In conclusion, the 
results of the present study suggested that the Hh signaling 
pathway may be activated during the process of rat liver 
fibrosis. Thus, Sal B may exert its anti‑hepatic fibrosis effects, 
at least in part, by inhibiting the activation of the Hh signaling 
pathway.

Introduction

Liver fibrosis is a chronic repair response caused by various 
stimulus injuries, including ethanol, viruses, toxins or various 
drugs (1). Due to an imbalance between the degradation and 
synthesis of the extracellular matrix (ECM), normal hepatic 
structures are destroyed by progressively increasing levels of 
ECM in the liver parenchyma (1). Liver fibrosis is a common 
and frequently occurring clinical disease that can further 
develop into liver cirrhosis or hepatocellular carcinoma (2). 
However, this process is reversible (3,4), and thus it is critical 
to prevent chronic liver disease from developing into cirrhosis 
and liver cancer.

Hepatic stellate cells (HSCs) serve a key role in the devel‑
opment of liver fibrosis, as they are the primary target cell 
affected by a range of fibrotic factors, such as Platelet‑derived 
growth factor (PDGF) and transforming growth factor  β 
(TGF‑β) (5‑7). The hedgehog (Hh) signaling pathway is the key 
mediator of several basic processes in embryonic development 
and serves a vital role in controlling cell fate, differentiation, 
survival and proliferation (8,9). It has been demonstrated that 
Hh ligands are released by injured liver cells in the process 
of liver fibrosis, which bind to the membrane receptor protein 
patched homolog 1 (Ptch1) on the surface of HSCs, releasing 
the inhibitory effect of Ptch1 on the membrane receptor 
Smoothened (Smo). The entry of the full‑length glioma‑asso‑
ciated oncogene homolog 1 (Gli; a nuclear transcription factor) 
into the nucleus is promoted by activated Smo, which in turn 
activates HSCs to promote transformation into myofibroblasts 
(MFBs); MFBs then secrete numerous collagen fibers, leading 
to liver fibrosis (10).

Salvianolic acid B (Sal B; an aromatic acid compound) is 
the primary water‑soluble component of Salvia miltiorrhiza, 
which has been revealed to possess strong antioxidant 
activity (11) and exert protective effects on blood vessels, the 
pancreas and other tissues (12). Sal B has been demonstrated to 
improve rat vascular endothelial function by inhibiting endo‑
thelial cell apoptosis and reducing pancreatic morphological 
injury by decreasing the concentration of pancreatic tissue 
malondialdehyde (12,13). Sal B has also been used in the treat‑
ment of chronic liver diseases, particularly in the treatment 
of liver fibrosis (14). Currently, to the best of our knowledge, 
only the study by Yu et al (15) has used liver fibrotic mice as a 
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model to study whether Sal B inhibits the activation and prolif‑
eration of HSCs by interfering with the Hh signaling pathway. 
Additionally, the study only assessed the levels of Ptch1, Smo 
and Gli2 genes in the Hh signaling pathway using reverse 
transcription‑quantitative (RT‑q)PCR. Thus, it is necessary to 
conduct further studies to evaluate whether Sal B can affect rat 
liver fibrosis through the Hh signaling pathway.

In the present study, a rat model of liver fibrosis was 
induced to evaluate the roles of Sal B in liver fibrosis and its 
influence on the Hh signaling pathway. The research of this 
experiment may help to provide a new perspective and target 
for anti‑hepatic fibrosis, whilst providing more experimental 
and theoretical basis for the clinical use of Sal B for liver 
fibrosis and protect liver function.

Materials and methods

Establishment of a rat model of liver fibrosis. All animal care 
and experimental procedures were approved by the Ethics 
Committee of Wannan Medical College (Anhui, China) and 
performed in accordance with the committee guidelines. 
A total of 32 male Sprague Dawley rats (6‑7 weeks old with 
an average body weight of 172.3±5 g) were provided by the 
Laboratory Animal Center of Zhejiang Academy of Medical 
Sciences [license no. SCXK (Zhejiang) 2019‑0002]. All rats 
were placed under standard conditions at a stable tempera‑
ture of (24±2˚C) with a relative humidity 45‑60% and 12‑h 
light/dark cycle. They also had free access to water and 
standard food. After 1 week of adaptive feeding, rats were 
randomly divided into four groups as follows (n=8 each group): 
i) Normal control; ii) model; iii) positive control; and iv) Sal B 
group. Rats of the model, positive control and Sal B groups 
were injected subcutaneously in the abdomen region with 50% 
carbon tetrachloride (CCl4)/corn oil solution at 1 ml/kg for 
12 weeks (twice per week). An equivalent volume of normal 
saline was injected subcutaneously into the rats in the normal 
control group. From the 7th week onwards, 0.1 mg/kg colchi‑
cine (cat. no. C90100; Shanghai Jizhi Biochemical Technology 
Co., Ltd.) (16) was administered to the positive control group 
by oral gavage for 6 weeks (once per day) and 60 mg/kg Sal B 
(cat. no. JKBm0226; Shanghai Jingke Chemical Technology 
Co., Ltd.) (17) was administered to the Sal B group by oral 
gavage once a day for 6  weeks. During the experiments, 
animals were weighed once a week and doses were adjusted 
based on body weight (according to the administration stan‑
dard of colchicine 0.1 mg/kg or Sal B 60 mg/kg). At 12 h 
after the final administration, rats were anesthetized by intra‑
peritoneal injection of sodium pentobarbital (40 mg/kg). After 
taking 3 ml of blood from the abdominal aorta with a blood 
sampling needle, the abdominal aorta was cut to allow for 
sacrifice of the rats by exsanguination. Finally, after the death 
of the rats was confirmed by respiratory and cardiac arrest, the 
liver tissues were collected.

Histopathological examination. Tissues were fixed with 4% 
paraformaldehyde using a portion of liver tissues from each 
group for 24 h at 4˚C. The fixed tissues were then dehydrated 
and paraffin embedded. Next, a Leica‑RM2235 microtome 
(Leica Microsystems GmbH) was used to slice the tissues to a 
thickness of 5 µm. The staining of three slices from each liver 

was performed using hematoxylin and eosin (H&E), Sirius 
red and immunohistochemistry (IHC). For the H&E staining 
procedure, paraffin slices were dewaxed in xylene for 6‑10 min 
and then rehydrated with a descending ethanol gradient. At 
room temperature, the slices were placed in the hematoxylin 
solution for 8‑12 min, then rinsed with running water for 
1‑2 min, differentiated with 1% HCl‑alcohol for 10‑20 sec, 
rinsed again with running water and incubated with the eosin 
dye solution for 1‑3 min. After ascending gradient alcohol 
dehydration, the slices were hyalinized in xylene and sealed 
with neutral gum. Sirius red staining was performed according 
to the protocols of the Sirius Red Stain Kit (cat. no. AG1470; 
Shanghai Jizhi Biochemical Technology Co., Ltd.).

For the IHC staining procedure, after dewaxing and hydra‑
tion (identical to the H&E staining procedure), the tissue sections 
were incubated in 3% H2O2‑methanol at room temperature for 
30 min. After washing with PBS, the sections were blocked 
with 5% goat serum (cat. no. SL038; Beijing Solarbio Science & 
Technology Co., Ltd.) for 12 min at room temperature and then 
incubated with the α‑SMA antibody (1:200; cat. no. bs‑0189R; 
BIOSS) overnight at  4˚C. After washing with PBS, the 
sections were incubated with the secondary antibody (1:500; 
HRP‑conjugated goat anti‑rabbit IgG polymer; cat. no. 18001; 
Chengdu Zhengneng Biotechnology Co., Ltd.; https://en.zen‑bio.
cn/prod_view.aspx?TypeId=115&Id=408364&FId=t3:115:3) at 
room temperature for 40 min. Subsequently, at room tempera‑
ture, the sections were stained with DAB (Enhanced DAB 
chromogenic Kit; cat. no. DA1016; Beijing Solarbio Science 
& Technology Co., Ltd.) for 3 min and then counterstained 
with hematoxylin for 4 min at room temperature. The sections 
were then dehydrated with an ascending alcohol gradient and 
sealed using neutral gum. Finally, a light microscope was used 
to observe the sections and images (magnification, x100) were 
captured with an Olympus microscope (IXplore; Olympus 
Corporation).

Serum biochemistry. Blood that was collected from the 
abdominal aortas of anesthetized rats was centrifuged to 
separate the serum at 4˚C at 1,000 x g for 15 min. An auto‑
matic biochemical analyzer Chemray 800 (Rayto Life and 
Analytical Sciences Co., Ltd.) was subsequently used to detect 
serum alanine aminotransferase (ALT), aspartate aminotrans‑
ferase (AST), total bilirubin (TBIL) and albumin (ALB) levels.

Western blot analysis. After total protein was extracted by 
using RIPA buffer (cat. no. R0010; Beijing Solarbio Science 
& Technology Co., Ltd.) from the rat liver tissue (50 mg) 
obtained from each group, the protein concentration was 
measured using a BCA Protein Assay Kit (cat. no. A53226; 
Thermo Fisher Scientific, Inc.). A total of 10 µg protein was 
loaded onto a gel (10% separated gel) for SDS‑PAGE and 
transferred to PVDF membranes. The membranes were 
subsequently blocked with 5% skimmed milk for 2 h at 37˚C. 
After washing with TBS‑Tween 20 (TBST, containing 0.05% 
Tween‑20), the membranes were incubated with TGF‑β1 
antibody (cat. no. 3711; 1:1,000; Cell Signaling Technology, 
Inc.) and β‑actin antibody (cat.  no.  4970; 1:1,000; Cell 
Signaling Technology, Inc.) overnight at 4˚C. The following 
day, HRP‑conjugated Anti‑rabbit lgG antibody (cat. no. 7074; 
1:2,000; Cell Signaling Technology, Inc.) were applied to 
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the TBST‑washed membranes and incubated at 37˚C for 2 h. 
After washing with TBST, Clarity™ Western ECL Substrate 
(cat. no. 1705060; Bio‑Rad Laboratories, Inc.) was added to the 
membranes, and protein bands were analyzed using ImageJ 
software (version 1.8.0; National Institutes of Health).

RT‑qPCR. A Total RNA Kit I (cat. no. R683 4‑01; Omega 
Bio‑Tek, Inc.) was used to extract total RNA from the liver 
tissues of rats in each group, after which the concentration was 
measured using a microplate reader. According to the instruc‑
tions of the Universal RT‑PCR Kit (cat.  no. RP1105‑50T; 
Beijing Solarbio Science & Technology Co., Ltd.), 1 µg total 
RNA was reverse transcribed into cDNA. The temperature 
protocol of reverse transcription was as follows: 42˚C for 
60 min followed by 70˚C for 10 min. Subsequently, according 
to the instructions of the SYBR green fluorescent quantitative 
kit (cat. no. BL698A; Biosharp Life Sciences), the mRNA 
expression levels of Sonic hedgehog (Shh), Ptch1, Smo and Gli1 
were detected using qPCR. The StepOnePlus™ Real‑Time 
PCR System (Thermo Fisher Scientific, Inc.) was then used 
to quantify mRNA levels. β‑actin was used as a control to 
measure the mRNA expression levels of genes related to the 
Hh signaling pathway via the comparative 2‑ΔΔCq method (18). 
The thermocycling conditions for qPCR were as follows: 
One cycle at 95˚C for 5 min; followed by 40 cycles at 95˚C 
for 10 sec, 60˚C for 30 sec and 72˚C for 30 sec. The primer 
sequences of this study are shown in Table I.

Statistical analysis. Data were analyzed using GraphPad Prism 
6 software (GraphPad Software, Inc.) and are presented as the 
mean ± SD of three repeats. One‑way ANOVA with Bonferroni 
post hoc test was used for multiple comparisons. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Sal B treatment inhibits the CCL4‑induced histopathological 
deterioration of the liver. The results of H&E and sirius red 
staining revealed no liver fibrous tissue hyperplasia in the 
normal control group. However, the fibrotic liver tissue of the 
model group exhibited a large amount of hyperplasia. When 

compared with the model group, there was a marked reduction 
in fibrous tissue hyperplasia present in the positive control and 
Sal B groups. IHC results demonstrated that α‑smooth muscle 
actin (SMA) was not expressed in the liver tissues of the 
normal control group, whereas positive expression was present 
in the model, positive control and Sal B groups. Furthermore, 
in comparison with that in the Sal B and positive control 
groups, higher α‑SMA expression levels were present in the 
liver tissues of the model group (Fig. 1). These results suggest 
that CCL4‑induced liver histological changes can be inhibited 
by Sal B.

Sal B treatment reduces liver damage caused by CCl4. Liver 
function serum marker analysis demonstrated that the serum 
levels of ALT, TBIL and AST were all significantly increased, 
while ALB levels were significantly decreased (all P<0.05) in 
the Sal B, model and positive control groups compared with 
the normal control group. In addition, when compared with 
the Sal B and positive control groups, significantly higher 
serum ALT, TBIL and AST levels, and significantly lower 
ALB levels, were observed in the model group (all P<0.05). 
Serum ALT, AST, TBIL and ALB levels did not significantly 
differ between the positive control group and the Sal B group 
(Table II). The analysis of serum markers suggests that Sal B 
could protect and improve liver function.

TGF‑β1 protein expression levels. The protein expression 
levels of TGF‑β1 were analyzed using western blotting. The 
results demonstrated that when compared with the normal 
control group, TGF‑β1 expression levels were increased in 
the model, positive control and Sal B groups (all P<0.05). 
Significantly higher TGF‑β1 levels were also observed in the 
model group compared with the positive control and Sal B 
groups (both P<0.05). No marked differences in TGF‑β1 levels 
were present between the positive control group and the Sal B 
control group (Fig. 2A). This study further confirmed that 
TGF‑β1 is an effective cytokine in causing liver fibrosis.

Sal B inhibits the CCl4‑induced activation of the Hh signaling 
pathway. The results of qPCR analysis indicated that 
compared with that in the normal control group, there was a 

Table I. Primer Information.

Gene	 Accession number	 Sequence (5'→3')	 Tm	 PL (bp)

Shh	 NM_017221.1	 F: TCAAGTCCAGCTGAAGTCCG	 59.68	   88
		  R: TTTCCCGGTTGCTTATCTGG	 57.88	
Ptch1	 NM_001389256	 F: ACGCTCCTTTCCTCTTGAGAC	 59.73	 168
		  R: TGAACTGGGCAGCTATGAAGT	 59.37	
Smo	 NM_012807.1	 F: TCCATTTCTCCCTGGTGCCT	 60.85	 122
		  R: AGTCCGAGTCTGCATCCAAG	 59.47	
Gli1	 NM_001191910.1	 F: AACTCCACGAGCACACAGG	 59.93	 106
		  R: GGCAGTCCGTCTCATACACA	 59.47	
β‑actin	 NM_031144.3	 F: TTGCTGACAGGATGCAGAA	 56.96	 101
		  R: ACCAATCCACACAGAGTACTT	 56.57	

Tm, melting temperature; PL, product length; F, forward; R, reverse.

https://www.spandidos-publications.com/10.3892/etm.2021.11039
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significant increase in Shh, Ptch1, Smo and Gli1 expression 
levels in the model, positive control and Sal B groups (all 
P<0.05). Furthermore, increased levels of Shh, Ptch1, Smo 
and Gli1 expression levels were observed in the model group 
compared with the Sal B and positive control groups (all 
P<0.05). No significant differences in Shh, Ptch1, Smo and 
Gli1 mRNA levels were observed between the positive control 
group and the Sal B group (Fig. 2B). The aforementioned 
results revealed that Hh signaling pathway is involved in the 
process of liver fibrosis, where Sal B can inhibit the activation 
of Hh signaling pathway.

Discussion

Liver fibrosis is a serious health problem, which can further 
develop into liver cirrhosis or even hepatocellular carcinoma if it 
is not treated in a timely and effective manner (19,20). However, 
as this process is reversible (4,19), it is vitally important to 
slow or reverse the development of liver fibrosis when treating 
various chronic liver diseases, such as autoimmune hepatitis, 
cholestatic liver diseases and non‑alcoholic fatty liver disease, 
and to reduce the occurrence of cirrhosis. This has therefore 
become an important topic in current medical research.

Table II. Effects of Sal B on the serum indices of liver function in rats with liver fibrosis.

Group	 N	 ALT, U/l	 AST, U/l	 TBIL, µmol/l	 ALB, g/l

Normal control	 8	 38.84±4.38	 121.42±16.14	 0.76±0.27	 37.72±6.10
Model	 8	 193.48±12.15a	 378.97±53.58a	 25.47±5.96a	 21.79±3.18a

Positive control	 8	 91.14±9.86a,b	 222.82±42.92a,b	 16.74±4.36a,b	 31.13±4.92a,b

Sal B	 8	 87.68±9.21a,b	 196.62±37.71a,b	 14.79±3.91a,b	 27.92±2.85a,b

aP<0.05 vs. the normal control group; bP<0.05 vs. the model group. Data are presented as the mean ± SD. ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; TBIL, total bilirubin; ALB, albumin; Sal B, salvianolic acid.

Figure 1. Histopathological images of rat liver tissue. H&E staining revealed hyperplastic fibrous tissue in a cord‑like structure. Fibrous tissue was stained red 
following sirius red staining. IHC results revealed the presence of α‑smooth muscle actin through a yellowish‑brown stain. Black arrows indicate hyperplastic 
fibrous tissue or expressed α‑smooth muscle actin. Scale bar, 100 µm. H&E, hematoxylin & eosin; IHC, immunohistochemistry; Sal B, salvianolic acid B.
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The incidence and progression of liver fibrosis is a complex 
pathological process that involves a series of cytokines and 
multiple signaling pathways  (21). For example, oxidative 
stress is an important factor in promoting inflammation and 
fibrosis (22). A previous study revealed that during liver fibrosis, 
the mitochondrial function of liver cells is impaired and the 
regulatory abilities of AMP‑activated protein kinase/peroxi‑
some proliferator‑activated receptor α are decreased  (23). 
Additional studies have also demonstrated that mitochondria 
produce excessive superoxide anions, hydrogen peroxide and 
other reactive oxygen species, with the accumulation of the 
latter causing further damage to mitochondria and oxidative 
stress damage to liver tissue  (23,24). Oxidative stress can 
activate NF‑κB, nuclear factor‑erythroid‑related factor 2 and 
other pathways to regulate gene transcription, protein expres‑
sion, cell apoptosis and the activation of HSCs (25‑27). HSC 
activation is critical to the incidence of liver fibrosis (5,28). 
When the liver is stimulated by various pathogenic factors, 
such as ethanol, drugs, toxins or viruses, HSCs are acti‑
vated and transform into MFBs that secrete large quantities 
of collagen to disrupt the balance of the ECM. This causes 
liver parenchyma to be replaced by progressively increasing 
quantities of ECM, and gradually leads to the formation of 
liver fibrosis (29,30). A previous study has demonstrated that 
upregulated levels of α‑SMA (a marker of HSC activation) 
are present in the liver tissues of fibrotic rats and that Sal B 
can inhibit HSC activation, thereby reducing the expression 
of α‑SMA (14). In the present study, immunohistochemical 
staining was performed for α‑SMA in the liver tissue of each 
group of rats. The results revealed no α‑SMA staining in the 
normal control group, whereas positive staining was observed 
in the model, positive control and Sal B groups. Furthermore, 
compared with those in the positive control and Sal B groups, 
evidently higher α‑SMA expression levels were observed in 
the model group, further confirming that activated HSCs were 
present in the pathological liver tissues of rats. HSC activation 

and α‑SMA expression were also suppressed by Sal B, which 
hindered liver fibrosis.

Sal B exhibits strong antioxidant activity and has been 
widely studied in the treatment of chronic liver disease (31). 
For example, in the livers of rats with non‑alcoholic steato‑
hepatitis, Sal B can improve the structure and function of the 
mitochondria by upregulating the expression of mitofusin‑2, 
so as to reduce the liver tissue damage induced by oxidative 
stress (31). It has also been reported that Sal B can inhibit 
the progression of liver fibrosis in rats by regulating the 
NF‑κB/IκBα signaling pathway, whilst significantly reducing 
the serum levels of ALT, TBIL and AST in rats with liver 
fibrosis (32). The present study determined that Sal B could 
significantly reduce serum ALT, TBIL and AST levels, and 
increase ALB levels, in the rat of model of liver fibrosis. 
These results are consistent with those already mentioned, 
indicating that Sal B plays an important role in protecting 
liver function.

The highly conserved Hh signaling pathway is critical 
to tissue renewal, damage repair and embryonic develop‑
ment (33). Studies have demonstrated that abnormal activation 
of the Hh signaling pathway is intricately associated with liver 
cancer, liver fibrosis and non‑alcoholic fatty liver  (34,35). 
However, there are few studies on the effects of Sal B on the 
Hh signaling pathway in liver fibrosis. In the present study, 
Sal B was used for the treatment of liver fibrosis in rats. The 
results revealed that Sal B reduced Shh, Ptch1, Smo and Gli1 
mRNA expression levels in the liver tissues in the model 
group, thereby inhibiting HSC activation.

HSCs can be activated by TGF‑β1, which is regarded as 
the most effective cytokine involved in the development of 
liver fibrosis (36). A previous study has demonstrated that the 
levels of TGF‑β1 in liver tissues is positively associated with 
activation of the Hh signaling pathway (37). The present study 
demonstrated that upregulated Hh signaling pathway‑associ‑
ated genes and TGF‑β1 expression levels were present in the 

Figure 2. Protein and mRNA expression levels of liver fibrosis‑related genes. (A) Representative blots and subsequent quantification of TGF‑β1 protein expres‑
sion levels. (B) mRNA expression levels of Hh signaling pathway‑related genes. aP<0.05 vs. normal control group; bP<0.05 vs. model group. Sal B, salvianolic 
acid B; Shh, Sonic hedgehog; Ptch1, patched homolog 1; Smo, smoothened; Gli1, glioma‑associated oncogene homolog 1.

https://www.spandidos-publications.com/10.3892/etm.2021.11039
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liver tissue of fibrotic rats, with Sal B treatment negatively 
regulating their expression.

Currently, to the best of our knowledge, only the study 
by Yu et al (15) has investigated whether Sal B can inhibit 
HSC activation and proliferation by interfering with the Hh 
signaling pathway. The results revealed that Sal B induced 
microRNA‑152, leading to the silencing of DNA methyltrans‑
ferase 1‑mediated Ptch1 demethylation, thereby inhibiting 
liver fibrosis. In the study, a mouse model of hepatic fibrosis 
was established and the effects of Sal B on the histological 
structure of the liver, along with the expression levels of 
a‑SMA and type I collagen, were detected. The effect of Sal B 
on the expression of Ptch1, Smo, and Gli2 genes in the HSCs 
of mice with hepatic fibrosis was also detected by qPCR (15). 
In the current study, a rat model of hepatic fibrosis was estab‑
lished and the effects of Sal B on the histological structure of 
the liver, the expression levels of Shh, Ptch1, Smo and Gli1 
genes associated with the Hh signaling pathway, and serum 
markers of liver injury were detected. By assessing the whole 
Hh signaling pathway, the present study aimed to clarify 
whether Sal B can reverse liver fibrosis in rats through the Hh 
signaling pathway.

In summary, the anti‑fibrotic effect of Sal B may be partly 
mediated through the downregulation of TGF‑β1 and by 
decreasing the activation of the Hh signaling pathway, thereby 
inhibiting the activation of HSCs, which are the key cells 
involved in the development of the fibrotic environment. The 
results may provide an experimental basis for the treatment of 
liver fibrosis. In addition, the potential clinical value of Sal B 
for the treatment of liver fibrosis and its protective effects on 
liver function were theoretically confirmed by the present 
study. As aforementioned, both mitochondrial dysfunction and 
oxidative stress are involved in the process of liver fibrosis. 
Therefore, future studies should explore the effect of Sal B on 
liver mitochondrial function and the oxidative stress response 
in liver fibrosis through in vivo and in vitro experiments. 
Additionally, it should be determined whether there is an 
association between the Hh signaling pathway, mitochondrial 
dysfunction and the oxidative stress response.
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