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Abstract 

Purpose: To investigate the effect of saikosaponin A (SSa) on liver fibrosis, and the underlying 
mechanism of action.   
Methods: Sprague-Dawley (SD) rats were treated with carbon tetrachloride (CCl4) in an in vivo model of 
liver fibrosis. The effect of SSa on liver fibrosis was determined by spectrophotometry, Sirius staining, 
and western blotting. The mechanism of SSa in autophagy and NOD-like receptors containing pyrin 
domain 3 (NLRP3) inflammasome were examined by western blotting.  
Results: Saikosaponin A treatment reduced CCl4-induced serum aminotransferase (ALT) and aspartate 
aminotransferase (AST) levels, hydroxyproline (HYP) content, relative protein expression of alpha-
smooth muscle actin (α-SMA), as well as Collagen 1 and deposition of collagenous fiber in liver tissues 
(p < 0.05). Saikosaponin A administration also downregulated the CCl4-induced protein levels of 
Hedgehog signaling pathway-related proteins that mediate autophagy and the NLRP3 inflammasome in 
hepatic tissues (p < 0.05).  
Conclusion: Saikosaponin A mitigates liver fibrosis by suppressing Hedgehog signaling pathway-
mediated autophagy and NLRP3 inflammasome in CCl4-induced rats. Thus, SSa is a potential drug for 
the management of liver fibrosis. 
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INTRODUCTION 
 

Liver fibrosis, a representative pathological 
feature of chronic liver diseases, primarily results 
from alcoholism, viral hepatitis, steatohepatitis, 
and metabolic disorders developed from chronic 
liver injury [1]. Without appropriate attention and 

treatment, liver fibrosis advance to cirrhosis, 
hepatoma, and end-stage liver syndrome, among 
which cirrhosis and liver cancer account for 3.5 
% of all deaths worldwide [2]. Numerous reports 
have demonstrated that hepatic fibrosis is 
reversible [3,4]. The inversion generally occurs 
too infrequently or slowly to avert life-threatening 
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complications, particularly in advanced fibrosis 
[3]. Therefore, anti-fibrosis agents are needed. 
 
Multiple mechanisms are involved in liver 
fibrosis, including autophagy and NOD-like 
receptors containing the pyrin domain 3 (NLRP3) 
inflammasome [4]. Autophagy and 
inflammasome mediate the activation of hepatic 
stellate cells (HSCs) [4]. Autophagy plays a dual 
role in the progression of liver fibrosis. On the 
one hand, increased autophagy activates HSCs 
to accelerate fibrosis development. On the other 
hand, excessive autophagy can suppress the 
fibrosis process. NLRP3 inflammasome is 
strongly involved in the progression of sterile 
inflammation, a pivotal factor for fibrosis [5]. 
Therefore, agents that target autophagy and the 
NLRP3 inflammasome may be candidates for 
liver fibrosis treatment. 
 
Saikosaponin A (SSa), a triterpenoid glycoside 
with the formula, C42H68O13, is the primary active 
component of Radix bupleuri (Chinese name: 
Chai Hu) that has exhibited multiple 
pharmacological characteristics, such as anti-
inflammation, anti-oxidation, anti-tumor, and 
neuromodulation [6]. Wu et al [7] reported that 
SSa ameliorates hepatic antioxidant activity and 
prevents CCl4-induced hepatic injury. In addition, 
SSa and/or curcumin attenuate hepatic 
inflammation and fibrosis in carbon tetrachloride 
(CCl4)-treated rats [8]. Furthermore, 
saikosaponin D (SSd) alleviates liver fibrosis by 
regulating autophagy and the NLRP3 
inflammasome [9,10]. However, the effect and 
mechanism of SSa on liver fibrosis remain 
unknown. In the present study, Sprague-Dawley 
(SD) rats were treated with CCl4 to construct an 
in vivo liver fibrosis model. The effect and 
potential mechanism of SSa on liver fibrosis were 
investigated in CCl4-treated rats. 
 

EXPERIMENTAL 
 
Animals and ethical considerations 
 
Adult male SD rats (8 weeks, 200 - 250 g) were 
provided by Junke Biological Co., LTD. (Nanjing, 
China) and fed to standard laboratory conditions 
for seven days before experiments. The rats 
were offered rodent chow and water freely and 
were fed at 22 oC with 40 - 60 % relative humidity 
and a 12-h/12-h light-dark cycle. All the 
procedures were strictly performed following the 
Guide for the Care and Use of Laboratory 
Animals [11]. The Animal Ethical Care 
Committee of Qiqihar Medical University 
approved the study (approval no. QMU-AECC-
2021-239). 
 

Model and treatment 
 
Fifty rats were randomly divided into five diverse 
groups (n = 10), including control, CCl4, 
CCl4+SSa (5 mg/kg/day), CCl4+SSa (10 
mg/kg/day) and CCl4+SSa (20 mg/kg/day). Rats 
in the CCl4, CCl4+SSa (5 mg/kg/day), CCl4+SSa 
(10 mg/kg/day) and CCl4+SSa (20 mg/kg/day) 
groups were first intraperitoneally administered 
with CCl4 with a dose of 0.3 ml/kg twice a week 
for eight consecutive weeks. Carbon 
tetrachloride (1601168; Sigma, St. Louis, MO, 
USA) was dissolved in olive oil (1:3, v/v) 
(IO9000; Solarbio, Beijing, China) before use. 
Next, rats in the CCl4 + SSa (5, 10, and 20 
mg/kg/day) group were intragastrically 
administered 5, 10, and 20 mg/kg body weight 
per day of SSa (CAS:20736-09-8; IS0500; 
Solarbio), while rats in the CCl4 group were 
intragastrically administered the same dose of 
0.9 % normal saline.  
 
Rats in the control group were first 
intraperitoneally injected with 0.3 ml/kg of olive 
oil and then intragastrically administered with 0.9 
% normal saline. Twenty-four hours after the last 
administration, all the rats were sacrificed by 
intraperitoneal injection of sodium pentobarbital 
sodium (100 mg/kg). Blood from the abdominal 
aorta, and liver tissues were collected for 
subsequent assays. 
 
Biochemical determinations 
 
The serum level of alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST), as 
well as the content of hydroxyproline (HYP) in 
liver tissues, was examined using glutamic-
pyruvic transaminase (GPT) activity assay kit 
(BC1550, Solarbio), glutamic-oxalacetic 
transaminase (GOT) activity assay kit (BC1560, 
Solarbio), and hydroxyproline (HYP) content 
assay kit (BC0250, Solarbio). The absorbance of 
each sample was read at 505 nm (for both ALT 
and AST) and 560 nm (for HYP) using a 
microplate reader (Thermo Fisher Scientific, 
Waltham, MA, USA). 
 
Sirius staining 
 
Liver tissue samples were immobilized into 10 % 
neutral buffered formalin (G2161; Solarbio) 
overnight and then underwent dehydration, 
clearance, embedding, and excision. Next, 5-µm 
sections were stained with Sirius staining, and 
then images were obtained using light 
microscopy (Olympus, Tokyo, Japan) and 
analyzed using Image-Pro Plus 6.0 software 
(Media Cybernetics, USA). 
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Western blotting 
 
Total proteins were extracted from liver tissues 
using RIPA buffer (R0010; Solarbio), and the 
protein concentration was determined using the 
BCA Protein Assay Kit (PC0020; Solarbio). Next, 
20-µg protein samples were dissolved with 
sodium dodecyl sulfate poly(acrylamide) gel 
electrophoresis (SDS-PAGE) and electrically 
transferred instantly. Following blocking with 5 % 
skim milk (Anchor, Switzerland) for 1 h at room 
temperature, the membranes were treated with 
antibodies targeting alpha-smooth muscle actin 
(α-SMA; 1:50000; ab124964; Abcam, 
Cambridge, UK), Collagen 1 (1:1000; ab255809; 
Abcam), Beclin-1 (1:1000; ab62557; Abcam), 
p62 (1:1000; ab91526; Abcam), microtubule-

associated light chain 3 (LC3) Ⅱ/Ⅰ (1:1000; 

ab128025; Abcam), NLRP3 (1:1000; ab263899; 
Abcam), pro-caspase-1 (1:500; AF5418; Affinity, 
Jiangsu, China), cleaved caspase-1 (1:500; 
AF4005; Affinity), apoptosis-associated speck-
like protein containing a C-terminal caspase 
activation and recruitment domain (ASC; 1:2000; 
ab180799; Abcam), patched1 (PTCH1; 1:1000; 
ab90438; Abcam), glioma-associated oncogene 
homolod-1 (GLI1; 1:2000; ab273018; Abcam), 
Hedgehog-interacting protein (HIP1; 1:10000; 
ab181238; Abcam), histone deacetylase 1 
(HDAC1; 1:100; ab19845; Abcam) and GAPDH 
(1:10000; ab181602; Abcam) overnight at 4 °C. 
Subsequently, the membranes were incubated 
with goat Anti-Rabbit IgG H&L (HRP) (1:20000; 
Abcam) for 2 h at room temperature and 
visualized using the ECL Western Blotting 
Substrate (PE0010; Solarbio). The gray values 
were analyzed using QUANTITY ONE software 
(Bio Rad, Hercules, CA, USA). 
 
Statistical analysis 
 
Data are reported as mean ± standard deviation 
(SD), and differences were tested using one-way 
analysis of variance (ANOVA) followed by a post 
hoc Bonferroni test, using SPSS 26.0 software 
(IBM, Armonk, New York, USA). P < 0.05 was 
defined as statistically significant. 
 

RESULTS 
 
SSa alleviated CCl4-induced liver fibrosis 
 
To investigate the effect of SSa on liver fibrosis, 
rats were treated with CCl4 to simulate hepatic 
fibrosis. After injection with CCl4, the serum 
levels of ALT and AST as well as the HYP 
content in liver tissues were significantly 
increased. These promotions were neutralized 
following treatment with SSa in a dose-
dependent manner (Figure 1a). Consistently, 

SSa treatment also markedly decreased the 
CCl4-induced relative protein expression of α-
SMA and Collagen 1 in hepatic tissues in a dose-
dependent manner (Figure 1 b). In addition, CCl4 
induced the production of collagenous fiber, 
which was notably suppressed with the 
administration of SSa (Figure 1 c). Thus, SSa 
mitigated CCl4-induced liver fibrosis in rats. 
 

 
 
Figure 1: SSa relieved CCl4-induced liver fibrosis in 
rats. Rats were first intraperitoneally administered with 
0.3 ml/kg CCl4 twice a week for eight consecutive 
weeks, and then intragastrically injected with 5, 10, 
and 20 mg/kg/day SSa. (a) The serum levels of ALT 
and AST as well as the HYP content in liver tissues as 
measured using commercial kits and standard 
spectrophotometric procedures. (b) The relative 
protein expression of α-SMA and Collagen 1 in hepatic 
tissues as examined by western blotting. The data 
were normalized to GAPDH expression. (c) The 
collagenous fiber of liver tissues was determined by 
Sirius staining. **P < 0.01 vs. control; ##P < 0.01 vs. 
CCl4 

 
SSa inhibited CCl4-induced autophagy 
 
The effect of SSa on autophagy was addressed 
in CCl4-treated rats. Carbon tetrachloride 
injection markedly enhanced the relative protein 

expression of Beclin-1 and LC3 ⅠⅠ/ LC3 Ⅰ but 

reduced the relative protein expression of p62 in 
hepatic tissues. These changes were reversed in 
a dose-dependent way following the introduction 
of SSa (Figure 2). Therefore, SSa suppressed 
autophagy in CCl4-treated rats. 
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Figure 2: SSa repressed autophagy in CCl4-treated 
rats. The relative protein expression of Beclin-1, p62, 

and LC3 ⅠⅠ/ LC3 Ⅰ in liver tissues was examined 

using western blotting. The data were normalized to 
GAPDH expression. **P < 0.01 vs. control; ##p < 0.01 
vs. CCl4 

 

 
 
Figure 3: SSa reversed CCl4-induced activation of the 
NLRP3 inflammasome. The relative protein expression 
levels of NLRP3, ASC, cleaved caspase-1, and pro-
caspase-1 in liver tissues were determined using 
western blotting. The data were normalized to GAPDH 
expression. **P < 0.01 vs. control; ##p < 0.01 vs. CCl4 

 

SSa suppressed CCl4-induced activation of 
NLRP3 inflammasome  
 
In addition, the role of SSa in NLRP3 
inflammasome was investigated in CCl4-treated 
rats. The administration of SSa significantly 
diminished the relative protein levels of NLRP3 
(p < 0.05), ASC, and cleaved caspase-1/pro-

caspase-1 in liver tissues from CCl4-treated rats 
in a dose-dependent manner (Figure 3). Hence, 
SSa attenuated CCl4-induced activation of the 
NLRP3 inflammasome. 
 
SSa repressed CCl4-induced expression of 
Hedgehog signaling pathway 
 
The underlying mechanism was further resolved 
by determining the expressions of Hedgehog 
signaling-related proteins. The relative protein 
expression of PTCH1, GLI1, HIP1, and HDAC1 
was significantly upregulated in liver tissues after 
rats were treated with CCl4 (Figure 4). However, 
SSa treatment significantly attenuated these 
effects (p < 0.05). Thus, SSa reduced CCl4-
induced expression of Hedgehog signaling 
pathway. 
 

 
 
Figure 4: SSa decreased CCl4-induced expression of 
the Hedgehog signaling pathway. The relative protein 
expression of PTCH1, GLI1, HIP1, and HDAC1 was 
examined by western blotting. The data were 
normalized to GAPDH expression. **P < 0.01 vs. 
control; ##p < 0.01 vs. CCl4 

 

DISCUSSION 
 
Autophagy and the NLRP3 inflammasome are 
significant molecular mechanisms of liver fibrosis 
that activate HSCs [4]. Saikosaponin A and/or 
curcumin attenuate hepatic inflammation and 
fibrosis in CCl4-treated rats, but whether SSa 
relieves liver fibrosis by modulating autophagy 
and NLRP3 inflammasome remains unknown. In 
the present study, an in vivo model of liver 
fibrosis was established by induction with CCl4. 
Saikosaponin A alleviated liver fibrosis and 
inhibited autophagy and NLRP3 inflammasome 
activation in CCl4-induced rats. Mechanistically, 
SSa treatment attenuated the CCl4-induced 
expression of Hedgehog signaling pathway-
related proteins. Thus, SSa alleviates rat liver 
fibrosis by inhibiting autophagy and the NLRP3 
inflammasome through the Hedgehog signaling 
pathway.  
 
Carbon tetrachloride stimulates HSC activation, 
resulting in liver injury and the induction of liver 
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fibrosis. In the current study, CCl4 injection 
markedly increased the serum ALT and AST 
levels, HYP content, relative protein expression 
of α-SMA and Collagen 1, and deposition of 
collagenous fiber in liver tissues. During the 
conversion of HSCs from the quiescent state to 
myofibroblasts, the major components of 
extracellular matrix (ECM), such as α-SMA and 
Collagen 1 are produced in large quantities. 
Thus, the accumulation of Collagen 1 and α-SMA 
is a common feature of fibrosis in different 
organs, including the liver [12]. Serum ALT and 
AST are crucial markers of liver function, and 
HYP is a primary constituent of collagen proteins. 
The upregulation of these indicators indicates 
aggravating liver fibrosis. In the present study, 
Sirius staining showed the deposition of 
collagenous fiber in liver tissues. Thus, these 
results revealed that CCl4 induced liver fibrosis in 
rats, consistent with the previous studies [13,14]. 
Saikosaponin A treatment reduced these 
promotions, suggesting that SSa alleviated CCl4-
induced liver fibrosis. 
 
Autophagy activates HSCs, promotes ECM 
production, and intensifies fibrosis progression. 
In addition, a review has generalized that the 
anti-liver fibrosis activity of natural compounds 
occurs by regulating the autophagy of HSCs [15]. 
Saikosaponin A represses AMPK/mTOR 
pathway-mediated autophagy that attenuates the 
activation of pancreatic stellate cells, thereby 
mitigating pancreatic fibrosis [16]. Furthermore, 
SSd, the paralog of SSa, alleviates liver fibrosis 
by inhibiting autophagy [9]. In the present study, 
CCl4 injection increased the relative protein 

expression of Beclin-1 and LC3 ⅠⅠ/ LC3 Ⅰ and 

reduced the relative protein expression of p62 in 
hepatic tissues, effects that were reversed with 

the introduction of SSa. Beclin-1, LC3 ⅠⅠ/ LC3 

Ⅰ, and p62 are strongly involved in the initiation 

of autophagy and formation of the 
autophagosome. Thus, these proteins have been 
established as typical markers of autophagy. 
Therefore, these results indicate that SSa 
restrains autophagy in CCl4-treated rats. 
 
The NLRP3 inflammasome comprises the 
NOD‐like receptor, the adaptor protein 

apoptosis‐associated speck‐like protein 
containing a CARD (ASC), and cysteine protease 
caspase 1. All components of the NLRP3 
inflammasome have been identified in HSCs and 
were found to correlate with HSC activation and 
modulate various functions of HSCs [17]. Thus, 
NLRP3 inflammasome is activated during liver 
fibrosis. Consistent with these reports, CCl4 
induced the upregulation of the relative protein 
levels of NLRP3, ASC, and cleaved caspase-
1/pro-caspase-1 in liver tissues. 

 
A series of active ingredients isolated from 
medicinal plants are known to have exhibited 
anti-liver fibrosis by suppressing activation of 
NLRP3 inflammasome. Consistently, SSa inhibits 
NLRP3 inflammasome and autophagy via 
AMPK/mTOR pathway, which induces the 
inactivation of pancreatic stellate cells, thereby 
improving pancreatic fibrosis [16]. Saikosaponin 
D can also suppress NLRP3 inflammasome 
activation to relieve liver fibrosis [10,18]. The 
present study showed that SSa diminished the 
CCl4-induced relative levels of markers of the 
NLRP3 inflammasome in liver tissues, indicating 
that SSa suppressed CCl4-induced activation of 
the NLRP3 inflammasome. 
 
The conserved Hedgehog signaling pathway 
plays a significant role in mediating survival 
factors, cell specification and proliferation, and 
tissue patterning formation during embryonic 
development. The smoothened receptor (Smo) is 
released following bond formation between 
patched receptor PTCH1 and the Hh ligand. 
Active Smo evokes the release of GliFL from 
cytoplasmic retention, which eventually 
transforms into the active form GliA (Gli1 and 
Gli2) and moves to the nucleus to activate the 
target genes [19]. In the current study, CCl4 
treatment increased the relative protein 
expression of PTCH1, GLI1, HIP1, and HDAC1 
in liver tissues, suggesting the Hedgehog 
signaling pathway was activated in CCl4-induced 
liver fibrosis, in accordance with previous studies 
[20,21]. However, SSa treatment markedly 
attenuated these effects. Saikosaponin B1 and 
Saikosaponin D inhibit the medulloblastoma via 
suppressing Hedgehog signaling pathway [22]. 
Furthermore, SSb2 also exhibits an ameliorative 
effect on kidney fibrosis by repressing the 
Hedgehog signaling pathway [23]. Together, 
these data indicate that SSa reduced CCl4-
induced activation of tHedgehog signaling 
pathway. 
 
Limitations of the study 
 
Multiple mechanisms are associated with the 
progression of liver fibrosis, thus the effect of 
SSa on other mechanisms, such as inflammation 
and oxidative stress, need to be explored in 
future studies. In addition, the direct role of 
Hedgehog signaling pathway should be verified 
by applying pharmacological blockers or other 
effective interventions. 
 

CONCLUSION 
 
The results demonstrate that SSa alleviate liver 
fibrosis and inhibits autophagy and NLRP3 
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inflammasome activation in CCl4-induced rats. 
These are the activities involved in Hedgehog 
signaling pathway. Thus, SSa can potentially be 
developed as a therapeutic agent for the 
management of liver fibrosis. 
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