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Schisandrin B regulates macrophage polarization and alleviates 
liver fibrosis via activation of PPARγ
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Background: Schisandrin B (Sch B), the main ingredient of Schisandra chinensis, displays many bioactivities. This 
study aimed to identify the drug target of Sch B against liver fibrosis and describe the related molecular mechanisms.
Methods: The effects of Sch B on liver fibrosis and macrophage polarization was investigated in vivo and in 
vitro. Furthermore, we analyzed the regulatory effect of Sch B on peroxisome proliferator-activated receptor 
gamma (PPARγ).
Results: Our data showed that Sch B dramatically alleviated liver inflammation and fibrosis and inhibited 
macrophage activation via PPARγ. Sch B binds with PPARγ by molecular docking. Immunofluorescence double 
staining showed that PPARγ was mainly expressed in macrophages rather than hepatic stellate cells (HSCs) in liver 
fibrosis. Importantly, Sch B strongly inhibited macrophage polarization in fibrotic livers compared with the model 
group. Further, the results revealed that Sch B efficiently inhibited macrophage polarization and also decreased the 
levels of inflammatory cytokines in vitro. Knockdown of PPARγ by small interfering RNA (siRNA) inhibited the 
effect of Sch B on macrophage polarization. Mechanistically, Sch B regulated macrophage polarization through 
inhibition of the nuclear factor (NF)-κB signaling pathway via PPARγ both in vivo and in vitro.
Conclusions: These results suggested that Sch B alleviated carbon tetrachloride (CCl4)-induced liver 
inflammation and fibrosis by inhibiting macrophage polarization via targeting PPARγ.
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Introduction

Schisandrin B (Sch B), the main bioactive ingredient of 
Schisandra chinensis, has been used in Asia for centuries to treat 
chronic liver disease resulting from hepatitis virus infection 
(1-4). Liver fibrosis is characterized by excessive deposition 
of extracellular matrix (ECM) at the injury site, which can 
lead to liver failure. However, few treatment options are 
currently available (5-8) and therefore, the development 

of new therapeutic drugs for liver fibrosis, along with an 
understanding of the molecular mechanisms involved, is 
vitally important. In our previous studies, we found that Sch 
B mitigated carbon tetrachloride (CCl4)-induced liver fibrosis 
in rats by blocking the transforming growth factor beta 
(TGF-β)/Smad signaling pathway (9). However, the potential 
molecular mechanisms of Sch B against liver fibrosis remain 
unclear, and the drug target of Sch B is unknown. 
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Hepatic stellate cells (HSCs) are the most important 
cell type involved in the development and progression of 
liver fibrosis (6,10). HSCs are activated by inflammatory 
cytokines and secrete large amounts of collagen protein, 
leading to excessive deposition of ECM (8). HSCs have 
become an important therapeutic target for liver fibrosis. 
Hepatic macrophages have also been found to perform 
a function in the progression and regression of liver  
fibrosis (11). Macrophages are highly heterogeneous 
immune cells which have a proinflammatory M1 phenotype 
and an anti-inflammatory M2 phenotype (12,13). M1 
macrophages promote the pathological process of liver 
fibrosis by producing proinflammatory cytokines, while 
M2 macrophages inhibit the activation of M1 macrophages 
to exert an anti-liver fibrosis effect. Several studies have 
demonstrated that Sch B inhibits inflammation (14-18), 
and previous research findings have confirmed that the 
anti-inflammatory effects of Sch B are closely related to 
inhibition of macrophage activation and activation of the 
antioxidant system (14,19). However, in the process of liver 
fibrosis, it is not clear whether the anti-inflammatory effect 
of Sch B is related to the activation of macrophages. 

Previously, we used RNA sequencing to show that Sch B 
protects against liver fibrosis through multiple mechanisms, 
including antioxidant and anti-inflammatory activities, 
inhibition of endoplasmic reticulum stress, and regulation 
of immune response (20). Further, we found that the 
peroxisome proliferator-activated receptor gamma (PPARγ) 
signaling pathway was the main target of Sch B. Several 
studies have reported that PPARγ alleviates inflammatory 
response, liver fibrosis, and nonalcoholic fatty liver disease 
(NAFLD) through the inhibition of HSC activation and 
Kupffer cell polarization (21-24). However, the role of Sch 
B on the PPARγ pathway and macrophage polarization 
in vivo and in vitro remains unclear. In this study, we 
investigated the effect of Sch B on the PPARγ pathway 
and macrophage polarization and clarified its underlying 
molecular mechanisms. In particular, we focused on the 
cellular localization and biological function of PPARγ in 
liver fibrosis. We present the following article in accordance 
with the ARRIVE reporting checklist (available at https://
dx.doi.org/10.21037/atm-21-4602).

Methods 

Reagents 

Sch B was purchased from Selleck Chemicals (Houston, 

TX, USA). Carbon tetrachloride (CCl4) was purchased from 
Chinasun Specialty Products Co., Ltd. (Changshu, Jiangsu, 
China). Lipopolysaccharide (LPS) was purchased from 
Sigma-Aldrich (St. Louis, MO, USA). Rabbit anti-PPARγ, 
anti-F4/80, anti-alpha smooth muscle actin (α-SMA), 
anti-CD86, Lamin B1, and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) antibodies were obtained from 
Affinity Biosciences (Changzhou, Jiangsu, China). Rabbit 
antibodies against nuclear factor (NF)-κB and phospho-
IκBα were purchased from Cell Signaling Technology 
(Danvers, MA, USA). Secondary antibodies used in western 
blotting and immunohistochemical staining were purchased 
from Affinity Biosciences. Secondary antibodies used in 
immunofluorescence staining were purchased from Abcam 
(Cambridge, MA, USA). 

Cell culture and experimental design

Murine macrophage RAW264.7 cell line was purchased 
from the Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). RAW264.7 cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM) solution, 
supplemented with 10% fatal bovine serum (FBS),  
100 U/mL penicillin, and 100 μg/mL streptomycin at 37 ℃ 
in a 5% CO2 atmosphere. 

We used LPS to induce macrophage M1 differentiation 
to assess the effects of Sch B on macrophage activation. 
Cells were cultured in 24-well plates overnight. After  
24 hours, cells were serum-starved and treated with LPS 
and Sch B (10, 30, and 50 μM) for an additional 24-hour 
period. Subsequently, the cell supernatant was collected and 
the levels of inflammatory cytokines were detected using an 
enzyme-linked immunosorbent assay (ELISA) according to 
the instruction manual. 

Further, we induced PPARγ expression knockdown using 
small interfering RNA (siRNA) transfection. RNAiMAX and 
siRNA transfection reagent INTERFERin were premixed in 
antibiotic-free medium according to the instruction manual. 
Once RAW264.7 cells reached about 50% density, we started 
transfecting PPARγ siRNA (GenePharma, Shanghai, China). 
After 24 hours of transfection, the cell medium was replaced 
by DMEM with 10% FBS. 

Docking experiment

The crystal structure of PPARγ was obtained from the 
Protein Data Bank (PDB ID: 3R8A) (25). Water molecules 
were removed from the structure. The docking site selection 
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was based on the 5 Å amino acid residues surrounding the 
original ligand. Molecular docking was performed using the 
CDOCKER module of Discovery Studio 2016 (Accelrys, 
San Diego, USA). The number of top hits was set as 30 
and the pose cluster radius was set to 0.1. The best pose 
was selected according to CDOCKER energy value. The 
binding results were visualized in PyMol.

Animal experiments 

Male Sprague-Dawley rats weighing 150–200 g were 
purchased from the Shanghai Laboratory Animal Center 
(Shanghai, China). The rats were housed under appropriate 
temperature (25±2 ℃), humidity (50–60%), and light 
conditions (12-hour light/dark cycle). Experiments were 
performed under a project license (No. 20194Y0357) 
granted by ethics committee of the Naval Military Medical 
University, in compliance with the Naval Military Medical 
University guidelines for the care and use of animals.

The rats were randomly assigned to the control 
group, model group, and Sch B group (25 or 50 mg/kg). 
Each group contained 8 rats. Liver fibrosis rats received 
intragastrical administration of CCl4 (50% CCl4 dissolved 
in olive oil; 2 mL/kg) twice a week for 8 weeks. Rats in the 
Sch B group were administered CCl4 for 4 weeks and then 
treated with Sch B at a dose of either 25 or 50 mg/kg daily, 
respectively. In the control group, rats received an equal 
volume of olive oil. At the end of the experiment, rats were 
sacrificed with pentobarbital sodium, and liver tissue was 
collected for further analysis. 

Histological analysis

We used hematoxylin/eosin (H&E), Sirius Red, and Masson’s 
trichrome staining to conduct histological examinations, 
using methods described previously (9,20). The area density 
of collagen deposition was quantified by Image-Pro Plus 
6.0 software. Pathological sections were photographed and 
recorded by microscopy (Olympus, Tokyo, Japan).

Immunofluorescence staining

A detailed description of the immunofluorescence staining 
method was included in our previous study (26). Briefly, 
liver tissue sections were deparaffinized and blocked in 
phosphate-buffered saline (PBS) with 3% bovine serum 
albumin (BSA). The sections were labeled with primary 
antibodies F4/80 (1:200 dilution) and α-SMA (1:200 

dilution) overnight at 4 ℃ and subsequently incubated with 
antibody PPARγ (1:100 dilution) for double staining. Next, 
the fluorescent secondary conjugated Alexa Fluor-488 and 
Alexa Fluor-555 were incubated at room temperature for 
2 hours. After washing, the cell nuclei were counterstained 
with 4',6-diamidino-2-phenylindole (DAPI). Finally, the 
stained sections were analyzed via fluorescence microscopy 
(BX51, Olympus, Japan).

Immunohistochemistry staining analysis

Paraffin-embedded liver sections were dewaxed, hydrated, 
and subjected to antigen retrieval according to standard 
protocols as previously described (26,27). Nonspecific 
protein was blocked by 5% BSA. Subsequently, the 
sections were incubated with primary antibodies CD86 
(1:200 dilution) overnight at 4 ℃. The sections were 
washed with PBS and incubated with horseradish 
peroxidase (HRP)-conjugated goat anti-rabbit secondary 
antibodies. Finally, the liver tissue sections were stained 
with 3,3'-diaminobenzidine tetrahydrochloride (DAB) and 
visualized by light microscope.

Western blot analysis 

Western blot analysis was performed as previously described (9). 
The nuclear and cytoplasmic protein from RAW264.7 cells 
were extracted using a Protein Extraction Kit (Beyotime 
Biotechnology, Jiangsu, China). Protein concentration 
was quantified by the Bradford method. Equal amounts of 
proteins were then separated by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred onto nitrocellulose membranes. Immunoblotting 
was conducted using the following antibodies: rabbit anti-
PPARγ (1:200 dilution), NF-κB p65 (1:200 dilution), 
phospho-IκBα  (1:200 dilution), histone H3 (1:500 
dilution), and β-actin (1:500 dilution) at 4 ℃ overnight. 
The membranes were washed the next day and then 
incubated with secondary antibody at room temperature. 
The western blot bands were visualized using an enhanced 
chemiluminescence system (Fusion FX7 Spectra, Vilber 
Lourmat, Eberhardzell, Germany) and then analyzed using 
Quantity One software (Bio-Rad Laboratories, CA, USA) 
according to standard methods. 

Statistical analysis

The data are presented as the mean ± SD. Comparisons 
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Figure 1 Sch B prevents CCl4-induced liver fibrosis. (A) H&E staining, Masson’s trichrome staining, and Sirius red staining of liver sections, 
the red arrows represent the pathological morphology of liver tissue, magnification: ×100. (B) The area of Masson’s trichrome staining in 
liver (%). (C) The area of Sirius red staining in liver (%). Data are mean ± SD (n=8). ###, P<0.001 versus the control group; *, P<0.05, **, 
P<0.01, ***, P<0.001 versus the model group. 

were performed using one-way ANOVA in GraphPad Prism 
5. A value of P<0.05 was considered statistically significant.

Results

Sch B prevents CCl4-induced liver fibrosis

We used histopathological methods to evaluate the 

protective effect of Sch B on CCl4-induced liver fibrosis 
in rats. After 2 months of treatment with CCl4, liver 
fibrosis with symptoms occurred, including liver necrosis 
and collagen deposition. As shown in Figure 1A, CCl4 
treatment resulted in severe liver damage, as indicated by 
the large area of hepatocyte ballooning degeneration and 
partial inflammatory cell infiltration in the model group. 
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Figure 2 PPARγ is the target of Sch B against liver fibrosis. (A) Immunofluorescence staining of PPARγ and DAPI in liver tissue, 
magnification: ×200. (B) Immunofluorescence intensity of PPARγ in liver tissue (%). (C) Three-dimensional diagram of Sch B binding with 
PPARγ. (D) Two-dimensional diagram of Sch B in the active site of PPARγ. ###, P<0.001 versus the control group; ***, P<0.001 versus the 
model group. PPARγ, peroxisome proliferator-activated receptor gamma; Sch B, Schisandrin B; DAPI, 4',6-diamidino-2-phenylindole.

The results of H&E staining confirmed that the liver 
injury was significantly attenuated by treatment with Sch B  
(25 and 50 mg/kg). Further, Masson’s trichrome and 
Sirius red staining confirmed that CCl4 treatment caused 
a significant deposition of ECM and collagen in the liver 
fibrosis model group (Figure 1A). As expected, Sch B 
treatment significantly decreased collagen deposition, with 
about 25% decrease in the 25 mg/kg group and about 55% 
decrease in the 50 mg/kg group (Figure 1B,1C). Overall, 
these results suggested that Sch B protected against CCl4-
induced liver injury and liver fibrosis. 

PPARγ is the target of Sch B against liver fibrosis

As previous transcriptomic studies have shown that Sch B 
regulated the PPARγ signaling pathway, we theorized that 
PPARγ may be the target of Sch B against liver fibrosis. In 
this study, we first used immunofluorescence staining to 
detect the expression of PPARγ to examine whether PPARγ 
was involved in Sch B-mediated anti-liver fibrosis effects. As 
shown in Figure 2A,2B, compared with the control group, 
the expression of PPARγ was significantly decreased in the 
model group (P<0.001). However, Sch B treatment activated 

CCl4-induced inhibition of the PPARγ signaling pathway 
and reversed the decreased levels of PPARγ. Further, 
molecular docking was performed to explore the interaction 
mechanisms of Sch B on PPARγ. As shown in Figure 2C,2D, 
Sch B was able to bind with PPARγ in the binding pocket 
region between H3 and the β-sheet, which has a hydrophobic 
entrance and interior. The main sites of Sch B interaction 
with PPARγ were ARG288, SER342, ILE341, ILE281, 
MET348, LEU353, CYS285, VAL339, and LEU330. 

Sch B inhibits macrophage activation and inflammation 
via PPARγ

Previous studies have indicated that PPARγ in HSCs or 
macrophages played an important role in the progression 
of liver fibrosis. To determine which cell (HSC or 
macrophage) mainly expressed PPARγ, immunofluorescence 
double staining of PPARγ and F4/80 (macrophage marker) 
or α-SMA (HSC marker) were performed on liver sections. 
As shown in Figure 3A, the results clearly showed that there 
was a greater coexpression of PPARγ and macrophage 
marker F4/80 in liver fibrosis tissue relative to the control 
group. We did not observe coexpression of PPARγ and HSC 
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Figure 3 Sch B inhibits macrophage activation via PPARγ. (A) Immunofluorescence staining of PPARγ and F4/80 in liver tissue; the nuclei 
were stained with DAPI (blue); magnification: ×200. (B) Immunofluorescence staining of PPARγ and α-SMA in liver tissue; the nuclei were 
stained with DAPI (blue); magnification: ×200. (C) Immunofluorescence staining of F4/80 in liver tissue; the nuclei were stained with DAPI 
(blue); magnification: ×200. (D) Immunohistochemistry staining of CD68 in liver tissue, magnification: ×200. Sch B, Schisandrin B; PPARγ, 
peroxisome proliferator-activated receptor gamma; DAPI, 4',6-diamidino-2-phenylindole.

marker α-SMA in liver fibrosis tissue sections (Figure 3B).  
As macrophages are closely related to inflammation, 
we subsequently evaluated the effects of Sch B on 
inflammation. The expression of F4/80 and CD68 were 
increased in the liver tissue of liver fibrosis mice compared 
with the control group (Figure 3C,3D). These data strongly 
indicated that Sch B inhibited macrophage activation and 
inflammation via PPARγ. 

PPARγ is necessary for Sch B inhibition of macrophage 
activation in vitro

We further verified the inhibitory effect of Sch B on 

inflammation by using LPS stimulating RAW264.7 cells  
in vitro. Consistent with the effect of Sch B in vivo, the 
results of ELISA analysis showed that Sch B strongly 
inhibited LPS-induced secretion of inflammatory cytokines 
tumor necrosis factor (TNF)-α, interleukin (IL)-6, and  
IL-1β levels (Figure 4A-4C). Importantly, to confirm 
whether PPARγ was the biological target of Sch B inhibition 
of macrophage activation, we used siRNA to silence PPARγ 
expression via the transfection of RAW264.7 cells. As shown 
in Figure 4D-4F, Sch B decreased LPS-induced secretion of 
TNF-α, IL-6, and IL-1β in the RAW264.7 cells, whereas 
the reduction was reversed by PPARγ siRNA. These results 
indicated that Sch B inhibited macrophage activation via 



Annals of Translational Medicine, Vol 9, No 19 October 2021 Page 7 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(19):1500 | https://dx.doi.org/10.21037/atm-21-4602

5000

4000

3000

2000

1000

0

250

200

150

100

50

0

100

80

60

40

20

0

TN
F-
α ,

 p
g/

m
L

IL
-6

, p
g/

m
L

IL
-1
β ,

 p
g/

m
L

5000

4000

3000

2000

1000

0

200

150

100

50

0

80

60

40

20

0

TN
F-
α ,

 p
g/

m
L

IL
-6

, p
g/

m
L

IL
-1
β ,

 p
g/

m
L

A B C

D E F

Figure 4 PPARγ is necessary for Sch B inhibition of macrophage activation in vitro. (A-C) The TNF-α, IL-6, and IL-1β content of Sch 
B inhibits LPS-induced RAW264.7 cells, respectively. (D-F) The TNF-α, IL-6, and IL-1β content of treatment with PPARγ siRNA in 
RAW264.7 cells, respectively. Data are expressed as the mean ± SD (n=3). ###, P<0.001 versus the control group; *, P<0.05, **, P<0.01, ***, 
P<0.001 versus the model group. PPARγ, peroxisome proliferator-activated receptor gamma; Sch B, Schisandrin B; TNF-α, tumor necrosis 
factor-α; IL, interleukin; LPS, lipopolysaccharide.

PPARγ, suggesting that PPARγ is the biological target of 
Sch B inhibition of macrophage activation. 

Sch B inhibits NF-κB signaling via the PPARγ/p65 
complex

It is widely accepted that the NF-κB signaling pathway plays 
a critical role in macrophage activation and inflammation 
during liver fibrosis. Therefore, we investigated the NF-
κB signaling pathway to determine whether it was involved 
in the Sch B-mediated inhibition of macrophage activation 
and anti-liver fibrosis effects. We found that in the LPS-
induced macrophage activation model, the expression of 
p65 and phosphorylation of IκBα (p-IκBα) were significantly 
increased in the nucleus and cytoplasm, respectively. 
However, Sch B treatment suppressed LPS-induced 
activation of the NF-κB signaling pathway and decreased 
the expression of p65 and p-IκBα in a dose-dependent 
manner (Figure 5A,5B). Meanwhile, the expression of 
PPARγ remained unchanged (Figure 5A,5B). Further, 
immunofluorescence staining clearly showed that Sch B 
treatment decreased the expression of phosphorylation of 
p65 (p-p65) and inhibited the NF-κB signaling pathway 

(Figure 5C). These results suggested that Sch B protected 
against liver fibrosis by inhibiting the NF-κB signaling 
pathway.

Discussion

Our previous research reported that Sch B inhibited the 
TGF-β/Smad signaling pathway and HSC activation 
to attenuate liver fibrosis (9). However, the molecular 
mechanisms underlying the effect of Sch B against liver 
fibrosis remain largely unclear. In order to clarify the drug 
target of Sch B, we used transcriptome RNA sequencing 
and found that PPARγ is an important signaling pathway. 
Importantly, molecular docking analysis found that Sch B 
binds to PPARγ. In this study, our results suggested that 
Sch B protected against CCl4-induced liver fibrosis in mice 
by inhibiting the NF-κB signaling pathway and macrophage 
activation through activation of PPARγ. The findings of 
this study were consistent with previous studies and further 
demonstrated that PPARγ and macrophages are the drug 
target and target cells of Sch B, respectively. 

In our study, H&E, Masson’s trichrome, and Sirius red 
staining clearly reflected that Sch B could attenuate chronic 
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liver injury and liver fibrosis, which indicated that Sch B 
is a potential compound for treating liver fibrosis. PPARγ 
is a nuclear receptor known for regulating glucose and 
lipid metabolism disorders (28,29). PPARγ also exerts anti-
inflammatory effects on immune cells (30). Several recent 
studies have reported that activation of PPARγ had anti-
inflammatory effects and improved liver fibrosis (21,31). 
Our immunofluorescence staining results showed that Sch 
B treatment decreased levels of PPARγ in liver fibrosis. 
Molecular docking analysis suggested that Sch B binds to 
the PPARγ pocket through residues ARG288, SER342, 
ILE341, ILE281, MET348, LEU353, CYS285, VAL339, 
and LEU330. Therefore, our results suggested that the 
anti-liver fibrosis effect of Sch B was likely mediated by the 
activation of PPARγ signaling in the liver. 

HSCs and macrophages play a central role in the 
development and progression of liver fibrosis (6,11). 
Activation of HSCs are the main source of collagen fibers 
and ECM in the liver. PPARγ is expressed in quiescent 
HSCs, and its activation can inhibit HSC activation 
and collagen deposition (32). Kupffer cells are hepatic 
resident macrophages which can be activated by different 
stimuli and then secrete a large number of inflammatory 
cytokines. These inflammatory cytokines can activate 
HSCs and lead to the production of collagen protein. 
Macrophages have different functional phenotypes, 
including proinflammatory M1 macrophages and anti-

inflammatory M2 macrophages (12). Moreover, M1-
polarized macrophages exacerbate hepatic injury and 
inflammation through production of proinflammatory 
cytokines, such as TNF-a and IL-1b (33). In the present 
study, we used immunofluorescence double staining to 
confirm that PPARγ is mainly expressed in macrophages 
rather than HSCs in mice with liver fibrosis. We also 
found that Sch B decreased the expression of F4/80 and 
CD86 (macrophage activation markers). Similar effects 
of Sch B on RAW264.7 cell activation induced by LPS 
were observed in vitro. Further, knockdown of PPARγ 
expression by siRNA inhibited the effect of Sch B on 
proinflammatory cytokines. These results indicated that 
the anti-liver fibrosis of Sch B was related to the inhibition 
of macrophage activation by PPARγ. 

 Increasing evidence has suggested that PPARγ activation 
inhibits the NF-κB signaling pathway and protects 
against liver fibrosis in mice (34,35). PPARγ can regulate 
inflammatory response through interaction with NF-κB 
transcription factor, which can regulate multiple genes 
involved in inflammation. In this study, our results were 
consistent with previous studies and revealed that Sch B 
decreased the nuclear translocation of p65 in LPS-induced 
macrophage activation in vitro. In addition, we found levels 
of p65 appeared to be increased in mice with liver fibrosis, 
indicating that the NF-κB signaling pathway was activated 
in liver fibrosis. After Sch B treatment, the p65 expression 
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was significantly attenuated, suggesting that the anti-liver 
fibrosis effect of Sch B was related to the suppression of the 
NF-κB signaling pathway. 

In conclusion, our study demonstrated that PPARγ was 
the target of Sch B, a natural compound which has been 
shown to protect against liver fibrosis. Further, we found 
that PPARγ was mainly expressed in macrophages in liver 
fibrosis and was the key to macrophage activation. Finally, 
we found that Sch B suppressed the NF-κB/IκBα pathway 
to inhibit macrophage activation by PPARγ. These results 
suggested that Sch B has therapeutic potential against liver 
fibrosis through the activation of PPARγ.
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