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Abstract: This study investigates the inhibitory effect and potential mechanism of ligustrazine combined with pae-
onol on hepatic fibrosis, as to provide a new therapeutic strategy for clinical hepatic fibrosis. The degree of liver 
injury collagen deposition and inflammation was assessed by hematoxylin and eosin staining, Masson, Sirius red 
staining and biochemically serum analysis. ATP and ROS levels in each group were detected by chemical fluores-
cence method. The apoptotic rate was measured by Tunel assay. Mito-Tacker fluorescence staining and mitochondri-
al DNA copy number were measured to observe the effect of ligustrazine or/and paeonol on mitochondrial function 
of hepatic stellate cell (HSC). The expression of relevant proteins and genes were evaluated by using immunofluo-
rescence RT-PCR and western blot. Ligustrazine or/and paeonol significantly improve the pathological changes in 
liver tissue induced by CCl4, however, they reduced the levels of liver and fibrosis markers in tissue and serum. ROS, 
NOX1 and NOX2 were significantly increased and GSH was decreased in HSC, with the intervention of Ligustrazine 
or/and paeonol. We further found that Ligustrazine or/and paeonol can effectively inhibit liver inflammation in vivo. 
The expression of TNF-α, IL-6 and IL-8 was upregulated in HSC. Moreover, Ligustrazine or/and paeonol promotes 
apoptosis and inhibit proliferation of HSC. Additionally, the inhibiting effects of the drug on collagen deposition was 
due to the interference with the expression of signaling pathway related proteins and genes such as, MMPS, TGF-β, 
PDGF and BMP-2 in HSC. Mitochondrial activity of HSC was inhibited by Ligustrazine or/and paeonol. The inhibitory 
effects of ligustrazine or/and Paeonol on mitochondrial function is partially balanced by mitochondrial protective 
agent SS-31. Ligustrazine combined with paeonol exerts significant anti-hepatic fibrosis effect in vivo and in vitro. 
This may due to the disruption of HSC mitochondrial function, thereby induced promoting oxidative stress, apopto-
sis, inflammation and inhibiting the formation and deposition of extracellular matrix. 
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Introduction 

Liver disease is a major health problem world-
wide, which may develop into cirrhosis, portal 
hypertension, hepatic encephalopathy and ev- 
en lead to liver failure and death if not treated 
on time. Hepatic fibrosis is characterized by 
excessive deposition of extra cellular matrix 
(ECM) which is a compensatory response to  
tissue repair of various chronic liver injuries [1]. 
It has been suggested that, the activation of 
hepatic stellate cells (HSC) plays an important 
role in the formation of hepatic fibrosis [2]. If 

there is no effective treatment, fibrous nodules 
will form that will destroy the normal structure 
and function of liver. The liver injuries develop 
into cirrhosis eventually and some even into 
liver cancer. Liver disease attacks many people 
in China and various chronic hepatopathy seri-
ously effects human health and life worldwide, 
therefore it is more pressing to clarify the mech-
anism of various hepatopathy and seek possi-
ble treatment strategies. 

Hepatic fibrosis is a complex pathological pro-
cess involving multiple cells and pathways rath-
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er than dominated and regulated by a single 
cell or signaling pathway. Modern medicine be- 
lieves that by reducing the production of colla-
gen fibers and enhancing their degradation, 
liver fibrosis can be reversed, with the possibil-
ity of reversal of cirrhosis [3]. However, there 
are few anti-fibrosis drugs with definite curative 
effect and few side effects at present, most of 
which are still in the experimental research 
phase. At this time, traditional Chinese medi-
cine shows its unique advantages of integrate 
regulation. Some traditional Chinese medicine 
(TCM) such as salvia miltiorrhiza (dang-shen), 
Ligusticum wallichii (chuan-xiong), Artemisia 
apiacea (qing-hao) and their extracts, deriva-
tives and some compound preparations under 
the guidance of TCM theory has been proved in 
experimental study that shows obvious anti-
hepatic fibrosis effect [4-6]. Combined with 
TCM characteristic or holistic therapy, treat-
ment based on syndrome differentiation, clini-
cal efficacy can be improved by work out basic 
principles of treatment at all stages and adopt 
multiple methods. 

Considering the complexity of the formation 
and development of hepatic fibrosis, the effec-
tive anti-hepatic fibrosis activity of the active 
ingredients in traditional Chinese medicine and 
its active ingredients, and the lack of clinical 
effective chemical drugs, we propose a strate-
gy to combine the active ingredients of tra- 
ditional Chinese medicine for the treatment  
of hepatic fibrosis [7, 8]. Our previous studies 
have confirmed that Ligustrazine and Paeonol 
have definite anti-hepatic fibrosis effects [9, 
10]. The purpose of our research was to inves-
tigate whether Ligustrazine combined with pae-
onol have synergistic anti-fibrotic effect in 
inhibiting collagen production in liver, as well as 
their working mechanism. 

Materials and methods 

Animals and treatment 

All experimental animals received appropriate 
humane care in accordance with guidelines  
of National Institutes of Health (USA), and the 
experimental procedures of animals were ap- 
proved by the institutional and local committee 
on the care and use of animals of Nanjing 
University of Chinese Medicine (Nanjing, China). 
Male Sprague-Dawley rats weigh between 200 
and 250 g, were obtained from Shanghai Slac 
Laboratory Animal Co., Ltd. (Shanghai, China), 

and divided into 5 groups i-e (control group, 
model group, ligustrazine group (100 mg/kg), 
paeonol group (100 mg/kg) and combination 
group (combined therapy with ligustrazine 100 
mg/kg and paeonol 100 mg/kg) according to 
the method of randomized allocation. 50% olive 
oil CCl4 reagent was intraperitoneally injected 
to four groups of rats, except for control group, 
which were injected with pure olive oil 1 ml/kg 
per rat, twice a week. The treatment group was 
given corresponding drugs by gavage once 
every other day. The rats were fed in the quiet 
environment under room temperature, and we- 
re ad libitum to eat and drink. After treatment 
and modeling, serum indexes of liver fibrosis 
and liver tissue injury were detected by semi-
automatic biochemical instrument and enzyme-
linked immunosorbent assay (ELISA). 

Cell experiment

Cells were divided into model group, ligustra-
zine group (20 μM/L), paeonol group (25 μM/L) 
and combined intervention group (Combined 
intervention with ligustrazine 20 μM/L and pae-
onol 25 μM/L). HSC-T6 (Shanghai Cell Bank  
of Chinese Academy of Sciences) cells were 
selected as experimental cells (HSC-T6 cells 
were activated automatically after culturing in 
specific medium) and were treated for 24 hours.

Histopathological observation 

Liver tissue was fixed with 10% neutral formal-
dehyde solution and embedded in paraffin. The 
sections cuts were 4~5 μm thick. After routine 
H&E staining, optical microscope was used to 
observe the pathological variation of liver  
tissue. After Masson and Sirius red staining, 
the collagen fiber deposition in liver tissue  
was observed. Internationally accepted ISHAK 
pathological score of liver biopsy and fibrosis 
staging criteria were used to evaluate inflam-
matory response score and fibrosis stage of all 
specimens. 

Serological index detection 

The contents of ALT, AST, ALP, LDH, LN, Collagen 
IV, HA, PC III, Hydroxyproline, IL-6 and IL-8 in 
serum were measured by automatic biochemi-
cal analyzer. 

Determination of ATP contents in mitochondria 

The ATP contents in HSC mitochondria were 
determined by ATP detection kit. Supernatant 
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fluid was taken after mitochondria was centri-
fuged, and standard curve of ATP content of 
mitochondria in each group was obtained 
according to the instructions. After that the ATP 
content of mitochondria in each group was  
calculated according to the manufacturer’s 
instructions. 

DNA copy number

DNA was extracted and quantified. The mea-
surement of amount of mtDNA (NADH dehydro-
genase, subunit 1 [ND1]) relative to the previ-
ously described (27) nuclear gene HGB was 
used to calculate mtDNAcn. The Real-Time PCR 
System was used to implement experiment  
of qPCR, with SYBR Green Master Mix. The for-
ward and reverse primer sequences of ND1 
gene were 5’-AAC ATA CCC ATG GCC AAC CT and 
5’-AGC GAA GGG TTG TAGTAG CCC, respective-
ly. The forward and reverse primer sequences 
of HGB gene were 5’-GCT TCT GAC ACA ACT GTG 
TTC ACT AGC and 5’-CAC CAA CTT CAT CCA CGT 
TCA CC, respectively. Additionally, the cycling 
conditions for ND1 and HGB were initial heating 
step of 95°C for 10 min, followed by 40 cycles 
of 95°C for 15 s, 58°C for 20 s, and 72°C for 
20 s. 10 ng DNA was used in each sample, 
which was amplified in triplicate. The same  
reference sample was used to amplify ND1  
and the single-copy gene HGB in separate runs. 
The standard curve of five-point serial-dilution 
series with reference DNA was established. 

Mitotracker 

Based on Kit instructions, the staining of mito-
tracker was carried out. In short, NRCs were 
coated on the cover slips, which were subse-
quently stained with 0.01 μM MitoTracker® 
Red FM for half h after treatment, and mounted 
with DAPI with PBS cleaning. The laser scan-
ning confocal microscope was used to image 
the NRCs. Based on the data of six fields 
observed and counted randomly; the percent-
age of fragmented mitochondria was calculat-
ed by using the following formula:

Percentage of fragmented mitochondria (%) = 
cells with fragmented mitochondria/the total 
number of cells.

ROS assay

The ROS levels were measured in HSC in vitro 
and in the mouse lung in vivo. By using the ROS 
Assay Kit, ROS levels on cells were measured 

according to the manufacturer’s guidelines. 
Briefly, after incubation for 24 h in 6-well plates, 
HSCs were treated with different reagents at 
specified concentrations for 24 h. In our experi-
ment, after PBS cleaning and incubation with 
DCFH-DA solutions (10 μM) for 20 min, HSCs 
were imaged by using fluorescence microscope 
(excitation: 488 nm, emission wavelengths: 
525 nm). In addition, HSCs was detached by 
trypsinization and then suspended in DCFH-DA 
solution (10 μM) for 20 min. The fluorescence 
intensity was detected under the condition of 
flow cytometry. 

Tunel assay 

Based on TUNEL peroxidase apoptosis detec-
tion kit instructions, the apoptosis of cells was 
implemented. The TUNEL-positive cells were 
checked by light microscopy. Apoptotic HSC 
was identified by positive TUNEL staining and 
morphology (cell shrinkage, chromatin conden-
sation or/and imagination, and formation of 
apoptotic bodies).

Western blot anaylsis

Precooled RIPA lysate was added at 1:5 mass/
volume ratio to 100 mg liver tissue, instantly 
followed by PMSF and phosphatase inhibitor. 
After incubation on ice for 30 minutes, the cen-
trifugation was performed for liver tissue with 
the condition of 4°C, 15000 rpm/min for 15 
min. The supernatant was taken as cell lysate. 
HSC was decomposed with cold RIPA pyrolysis 
buffer to get cell lysates. The cell lysates were 
stored overnight at -20°C. BCA method was 
used to determine the protein concentration. 
The rest were added with 6 × electrophoretic 
buffer of equal volume and boiled water bath 
for 10 minutes. Before experiment, the protein 
was centrifuged 4500 rpm/min-1 for 10 min, 
sampled with prepared SDS-PAGE gel (sample 
size 50 μg), electrophoresed 40 mA for 1.5 h, 
and transferred to PVDF membrane under 100 
V/1.5 h, sealed with skimmed milk powder  
then incubated with primary and secondary 
antibodies. Electro-chemiluminescence (ECL) 
was used to color and image analysis system to 
practice semi-quantitative analysis. 

Real-time PCR 

According to the instruction, extraction of total 
RNA of liver tissue and HSC was carried out 
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with Trizol reagent, and RNA content was deter-
mined by enzyme labeling instrument. Reverse 
transcript mRNA into cDNA and the reverse 
transcription products were obtained for real-
time quantitative PCR. Using GAPDH as internal 
reference, the specific primers of PCR were 
listed as follows. Real-time fluorescence quan-
titative PCR based on comparative cycle thresh-
old value was used to detect the relative 
expression of mRNA. The content of mRNA in 
each sample was standardized by the content 
of GAPDH in each internal reference. 

Statistical analysis 

The measurement data were described with 
mean ± SD and the comparison between gro- 
ups was analyzed by one-way ANOVA. The SPSS 
17.0 software was used for statistical analysis. 
Comparisons between the two groups were 
performed using Student’s unpaired t-test. P 
value less than 0.05 was considered statisti-
cally significant. 

Results 

Ligustrazine or/and paeonol mitigates liver 
injury and fibrosis in rats 

We initially investigated the effects of Ligu- 
strazine or/and paeonol on liver injury and fibro-
sis in vivo. After H&E staining, Masson and 
Sirius red staining, the hepatic cord of the  
control group were arranged neatly. On the  
contrary, the structure of hepatic lobule was 
destroyed in model group. In hepatic cord 
arranged mussily, inflammatory cell were infil-
trated, and hepatic cell edema was observed. 
Moreover, a large number of fibrous tissue was 
proliferated, and some pseudo lobules were 
formed. In ligustrazine or/and paeonol group, 
the degeneration and necrosis of hepatocytes 
were significantly reduced, so did the connec-
tive tissue and hepatocyte edema, with occa-
sionally pseudo lobular formation and inflam-
matory cell infiltration (Figure 1A). Compared 
with model group, the levels of ALT, AST, ALP 
and LDH in ligustrazine and paeonol group 
were significantly lowered, and the effect of 
combination group was more obvious. Com- 
pared with model group, the levels of LN, 
Collagen IV, HA, PC III, and Hydroxyproline in 
ligustrazine and paeonol group were signifi-
cantly lower (Figure 1B). Western blot further 
showed that the protein and gene expression of 
α-SMA, Collagen Ι and fibronectin was highly 
expressed in the model group, while the expres-

sion was inhibited in paeonol and ligustrazine 
group, and it was significantly downregulated in 
the combination group (Figure 1C and 1D).

Ligustrazine or/and paeonol induced oxidative 
stress of HSC 

Next we explored the molecular events underly-
ing Ligustrazine or/and paeonol inhibition of 
proliferation and activation of HSC. We all know 
that ROS play an important role in various cel-
lular regulatory processes, so the effect of 
drugs on oxidative stress of HSC has attracted 
much attention for the first time. Compared 
with the control group, the expression level of 
ROS gene in HSC was significantly increased in 
the combination group (Figure 2A). The combi-
nation group increased the expression level  
of NOX1 and NOX2 gene and protein, and 
decreased the oxidation of GSH (Figure 2B, 
2C). These results suggest that the combina-
tion of drugs can increase the level of oxidative 
stress in HSC, and may disrupted HSC mito-
chondrial function by oxidative stress.

Ligustrazine or/and paeonol enhance inflam-
mation of HSC 

In previous studies, we found that Ligustrazine 
and paeonol had good anti-inflammatory eff- 
ects. In this study, we further explored the anti-
inflammatory effects of the combination of two 
drugs. Immunofluorescence staining showed 
that, the expression of α-SMA and TNF-α in- 
creased significantly in model group, while the 
expression decreased after paeonol and ligust-
razine intervention. The effect of combination 
of Paeonol and ligustrazine was more evident 
(Figure 3A). By assessing the gene expression 
level of IL-6 and IL-8 in serum, we found that 
the combination group had potential anti-
inflammatory effects (Figure 3B). Western blot 
results showed that, the combined treatment 
group significantly increased the expression of 
TNF-α and IL-6 protein in HSC (Figure 3C). 
Paeonol or ligustrazine can increase the gene 
expression level of TNF-α, and the combined 
treatment is more effective (Figure 3D).

Ligustrazine or/and paeonol on HSC cycle and 
expression of apoptosis-related protein 

Inhibition of cell proliferation ability is the key to 
inhibit HSC activation. We then investigated the 
effect of Ligustrazine and paeonol on HSC pro-
liferation and apoptosis. Western blot results 
showed that paeonol group, ligustrazine group 
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and combination group promotes cyclin-depen-
dent kinase negatively regulate the expression 
of protein P21 and P27, and then inhibit cell 
proliferation. At the same time, they could  
promote the expression of apoptotic regulatory 
protein Bax, executive protein Caspase-3 and 
its activation index PARP-1; inhibit the expres-
sion of Bcl-2, so to promote cell apoptosis 
(Figure 4A). The combination group also signifi-
cantly promoted Caspase-3 gene expression 
(Figure 4B). Tunnel method results showed that 
the apoptotic status of HSC was more obvious 
in the combination group (Figure 4C).

Ligustrazine or/and paeonol on liver fibrosis 
markers, ECM major components and MMPs 
related protein and gene expression in HSC 

Multiple signaling pathways regulate HSC cell 
activation and extracellular matrix deposition. 

Therefore, our study focused on these path-
ways that regulate extracellular matrix deposi-
tion. Cytological studies showed that the ex- 
pression of α-SMA, and fibronectin and Pro- 
collagen, was higher in activated HSC, while the 
expression of matrix metalloproteinase (MMP-
2, MMP-9) was lower. Paeonol, ligustrazine and 
their combination can inhibit the expression of 
HSC activation-related proteins and mRNA ex- 
pression, and increase the expression of 
MMP-2 and MMP-9, as well as inhibit the 
expression of TIMP-1, thus inhibiting the depo-
sition of ECM and accelerating its degradation. 
The corresponding pharmacological effects  
of the combination group were better with sig-
nificant differences. Compared with the model 
group, the combination group significantly re- 
duced the expression of TGF-β, Smad2/3, 
PDGF, increased the expression of BMP-2 in 

Figure 1. Effects of ligustrazine or/and Paeonol on liver tissue, serum liver injury indices and hepatic fibrosis mark-
ers in rats. A. HE (original magnification ×200), Masson (×100) and Sirius red (×100) staining in control model, li-
gustrazine or/and Paeonol treatment group liver tissue. B. Serum ALT, AST, ALP, LDH, LN, Collagen IV, HA, PC III, and 
Hydroxyproline activities were measured by automatic biochemical analyzer, respectively. C. Western blot analyses 
of protein expression of α-SMA and Collagen Ι. D. RT-PCR analysis of Fibronectin and α-SMA gene. 1: control group, 
2: model group, 3: ligustrazine group (100 mg/kg), 4: paeonol group (100 mg/kg), 5: combination group (combined 
therapy with ligustrazine 100 mg/kg and paeonol 100 mg/kg). #, P<0.05, ##, P<0.01 and ###, P<0.001 vs. control 
group. *, P<0.05, **, P<0.01 and ***, P<0.001 vs. model group.
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Figure 2. Effect of ligustrazine or/and Paeonol on oxidative stress index of HSC. A. The ROS Assay Kit was used to 
detect the levels of ROS. B, C. Western blot and RT-PCR analyses of protein and gene expression of NOX1, NOX2 
and GSH. β-Actin was used as internal control. All the results presented were from three independent experiments. 
1: model group, 2: ligustrazine group (20 μM/L), 3: paeonol group (25 μM/L), 4: combined intervention group 
(Combined intervention with ligustrazine 20 μM/L and paeonol 25 μM/L). *, P<0.05, **, P<0.01 and ***, P<0.001 
vs. model group.

Figure 3. Effects of ligustrazine or/and Paeonol on liver fibrosis indices and inflammation indices. A. α-SMA and 
TNF-α in livers was visualized by immunofluorescence staining. Each panel represents a separate experiment. B. 
Determination of IL-6 and IL-8 in serum. A, B. 1: control group, 2: model group, 3: ligustrazine group (100 mg/kg), 4: 
paeonol group (100 mg/kg), 5: combination group (combined therapy with ligustrazine 100 mg/kg and paeonol 100 
mg/kg). C. Western blot analyses of protein expression of TNF-α and IL-6. D. RT-PCR analyses of gene expression of 
TNF-α. C, D. 1: model group, 2: ligustrazine group (20 μM/L), 3: paeonol group (25 μM/L), 4: combined intervention 
group (Combined intervention with ligustrazine 20 μM/L and paeonol 25 μM/L). #, P<0.05 and ##, P<0.01 vs. 
control group. *, P<0.05, **, P<0.01 and ***, P<0.001 vs. model group.
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HSC, and inhibit the occurrence of collagen de- 
position (Figure 5A, 5B).

Anti-hepatic fibrosis effect of ligustrazine or/
and paeonol depend on interfering with HSC 
mitochondrial function 

There are many ways for combined therapy to 
prevent liver fibrosis, but what is its internal 
mechanism? Our results found that the ATP 
level of mitochondria in HSC was significantly 
decreased in the combination group compared 
to the control group (Figure 6A). Immunoflu- 
orescence staining demonstrated that the 
activity of mitochondria in HSC was inhibited in 
the combination group (Figure 6B). The com-
bined drug group had a significant effect on 
reducing the number of DNA replication in mito-
chondria (Figure 6C). In combination group, 
cytochrome C (Cyto C) in mitochondrial mem-
brane space was released into cytoplasm and 
caused damage to mitochondrial function in 
HSC (Figure 6D). These results suggested that 
combination therapy can reduce ATP level by 
inhibiting HSC mitochondrial function.

Compared with the combination group, the pro-
tein and gene expression of GSH and α-SMA 
increased significantly in the combined dr- 
ug+SS-31 group, while the protein and gene 
expression of TNF-α and Caspase-3 decreased. 
From the above data, it can be seen that the 
Ligustrazine and paeonol got anti-hepatic fibro-
sis effect by inhibiting the mitochondrial activi-
ty of HSC (Figure 7A, 7B). Our study suggests 
that the mechanism of inhibiting the prolifera-
tion and activation of HSC by Ligustrazine and 
paeonol may be related to the disruption of cell 
mitochondrial function.

Discussion

Liver fibrosis refers to the pathological changes 
characterized by persist existence of liver injury 
inducement, continuous necrosis of hepato-
cytes, secondary inflammation of the liver or 
persistent inflammation during repair process, 
abnormal proliferation of fibrous connective tis-
sue and excessive deposition of extracellular 
matrix in the liver. Therefore, theoretically, if we 
can eliminate pathogenic factors and stimu-
lants by numerous ways, inhibit inflammatory 

Figure 4. Effects of ligustrazine or/and Paeonol on HSC cycle and expression of apoptosis-related protein. A. West-
ern blot analyses of P21, P27, Caspase-3, Bax, Bcl-2 and PARP-1. B. RT-PCR analysis of Caspase-3 gene. C. Tu-
nel analyses apoptotic in HSC. 1: model group, 2: ligustrazine group (20 μM/L), 3: paeonol group (25 μM/L), 4: 
combined intervention group (Combined intervention with ligustrazine 20 μM/L and paeonol 25 μM/L). *, P<0.05, 
**, P<0.01 and ***, P<0.001 vs. model group.
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reactions and extracellular matrix deposition 
and promote its degradation, it is expected  
to reverse or prevent the occurrence and prog-
ress of liver fibrosis, and ultimately prevent the 
occurrence of cirrhosis. 

As active products of traditional Chinese herb-
al, ligustrazine and paeonol have been used as 
a folk remedy with heat-clearing, anti-inflamma-
tory and detoxification effects for a long time. 
Our results exhibited the effects of ligustrazine 
and paeonol on the preventing hepatic fibrosis 
in a CCl4-induced hepatic fibrosis model of rats. 
The mechanisms of combination therapy were 
investigated through the evaluation of relevant 
cytokines and analyzed the expression of pro-
tein in HSC. Finally, we confirmed that the ligus-
trazine and paeonol got anti-hepatic fibrosis 
effect by suppressing the mitochondrial activity 
of HSC.

Compared with untreated rats, high number of 
inflammatory cell infiltrates, extensive necrosis 
of hepatocytes around the lobule, and incre- 
ased deposition of collagen fibers in hepatic 

lobules were found in CCl4-treated rats through 
histopathological examination. However, these 
pathological changes could be alleviated in the 
combined treatment group. In addition, the se- 
rum levels of ALT, AST, ALP and LDH were  
significantly downregulated in the combination 
group, which are important markers of hepato-
cellular damage. The levels of LN, Collagen IV, 
HA, PC III, and Hydroxyproline were upregulated 
in the model group, whereas downregulated in 
the combination group. HSCs do not express 
α-SMA under static conditions. However, in re- 
sponse to inflammatory and cytokines, HSCs 
are activated with high expressed α-SMA, fibro-
nectin and collagen I, and a large number of 
ECM components rapidly proliferated and syn-
thesized [8]. The combination therapy could 
reduce the gene or protein expression of the 
HSC activation markers mentioned above.

The formation of ROS can be affected by mi- 
tochondria dysfunction or diminishing or/and 
inhibiting antioxidant system, and the overpro-
duction of ROS may lead to apoptosis and cell 
death [11]. NOXs expressed in HSCs play a key 

Figure 5. Effects of ligustrazine or/and Paeonol on liver fibrosis markers, ECM major components and MMPs re-
lated protein and gene expression in HSC. A. Western blot analyses of α-SMA, Fibronectin, Procollagen, MMP-2, 
MMP-9, TIMP-1, TGF-β, Smad2/3, PDGF and BMP-2. B. RT-PCR analysis of α-SMA, Fibronectin, TGF-β and PDGF 
gene. 1: model group, 2: ligustrazine group (20 μM/L), 3: paeonol group (25 μM/L), 4: combined intervention group 
(Combined intervention with ligustrazine 20 μM/L and paeonol 25 μM/L). *, P<0.05, **, P<0.01 and ***, P<0.001 
vs. model group.
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Figure 6. Effects of ligustrazine or/and Paeonol on mitochondria in HSC. A. ATP content in HSC mitochondria was 
determined by ATP detection kit. B. Illustrating the Immunofluorescence microscopic finding the number of mi-
tochondria in each group. Blue color indicates nuclei stained by DAPI. Red color indicates mitotracker-positively 
stained cells. C. Mitochondrial DNA copy number was tested. D. Western blot analyses of protein expression of Mit-
cyto C and enhances protein expression of Cyt-cyto C. 1: model group, 2: ligustrazine group (20 μM/L), 3: paeonol 
group (25 μM/L), 4: combined intervention group (Combined intervention with ligustrazine 20 μM/L and paeonol 
25 μM/L). *, P<0.05, **, P<0.01 and ***, P<0.001 vs. model group.

Figure 7. Anti-hepatic fibrosis effect of ligustrazine or/and Paeonol was required interfering with HSC mitochondrial 
function. A, B. Western blot and PCR analyses of protein or gene of GSH, α-SMA, TNF-α and Caspase-3. 1: model 
group, 2: combined intervention group (Combined intervention with ligustrazine 20 μM/L and paeonol 25 μM/L), 
combined intervention group at the same time to add mitochondrial protective agent SS-31. #, P<0.05 and ##, 
P<0.01 vs. model group. *, P<0.05, **, P<0.01 and ***, P<0.001 vs. combined group.



Ligustrazine combining paeonol mitigates hepat-fibrosis

1264 Am J Transl Res 2020;12(4):1255-1266

role in liver fibrosis [12]. The present study re- 
vealed that ligustrazine and paeonol elevated 
ROS, NOX1 and NOX2 levels, reduced the ex- 
pression of GSH as well, which suggested that 
combined therapy had an effect on lipid peroxi-
dation injury of HSC.

It is reported the inflammatory plays a crucial 
role in the process leading to organ damage 
under various stresses [13]. As mentioned pre-
viously, CCl4 treatment leads to liver injury, and 
its mechanism may be closely related with 
inflammation through elevating the secretion  
of pro-inflammatory cytokine [14]. Our results 
confirmed that the expression of TNF-α, IL-18 
and IL-6 were upregulated in CCl4-treated mice 
in vivo, which may be related with mechanism 
of liver injury. But in HSC, it was found that 
ligustrazine and paeonol reduced the expres-
sion of TNF-α and IL-6, which suggested that 
combination therapy induced inflammatory 
response in HSC.

In the process of hepatic fibrosis, the transfor-
mation of quiescent HSCs to activated myofi-
broblasts is the central step for development. 
Besides, the elevated expression of fibrotic 
ECM proteins also plays an important role in 
the hepatic fibrosis [15]. Thus, the suppression 
of activated HSCs is considered as an impor-
tant strategy for antifibrosis therapy. Our results 
showed ligustrazine and paeonol had protec-
tive effects on hepatic fibrosis in vitro hepatic 
fibrosis through inducing apoptosis of HSC. 
Then the effects of ligustrazine and paeonol on 
the expression of different proteins regulating 
apoptosis, including p21, p27, Bax, Bcl-2, cas-
pase-3 and PARP-1, were explored in subse-
quent experiments. With the elevated expres-
sion of p21 and p27 in HSC-T6 cells, the 
activities of caspase-3, Bax, PARP-1 and the 
expression of Bcl-2 were inhibited.

TGF-β1 is a pleiotropic cytokine, which plays an 
important role in HSCs transdifferentiation to 
myofibroblasts, and induction of transcription 
of collagen and ECM components [16]. Fibro- 
nectin is a member of ECM protein, which is a 
multifunctional glycoprotein induced by HSCs. 
Fibronectin is essential for collagen matrix as- 
sembly in vitro, and can be stimulated by TGF-
β1. Fibronectin binds ECM components with 
integrin, a transmembrane receptor, and acts 
as a scaffold for collagen deposition [17]. In our 
study, the expression of TGF-β1, fibronectin, 

α-SMA and procollagen deposition were inhib-
ited after the intervention of ligustrazine and 
paeonol. These results suggested the expres-
sion of α-SMA could be induced by activated 
HSCs, which further stimulated the expression 
of TGF-β1, fibronectin and procollagen. It is 
reported that MMPS/TIMPS system is directly 
related to the regulation of liver fibrosis, and 
MMP-2 and MMP-9 play the most effective  
role by destroying the normal basolateral  
matrix [18]. However, TIMP-1 exerts its physio-
logical function by inhibiting MMP. In our study, 
the downregulated expressions of MMP-2 and 
MMP-9 in fibrotic rats indicated that there mi- 
ght be early response in liver injury. The expres-
sion of MMP-2 and MMP-9 were upregulated in 
treatment of ligustrazine and paeonol treat-
ment, thereby promoting the degradation of 
ECM and futher alleviating liver fibrosis. Be- 
sides, the expressions of TIMP-1 was signifi-
cantly increased by CCl4 injection, which were 
significantly downregulated by treatment of 
ligustrazine and paeonol. 

Mitochondria, the center of cell metabolism. 
Mechanistically, cell survival is an ATP-de- 
pendent process that requires well-organized 
mitochondria for sufficient energy production 
[7]. Our results demonstrated the depleted ATP 
synthesis and suppressed Mitochondrial DNA 
copy number were induced by incubation of 
activated mitochondria in HSC with ligustrazine 
and paeonol. Moreover, compared with control 
group, an abrupt release of cyto-c in HSC was 
induced by treatment of ligustrazine and pae-
onol. In order to verify that the combined treat-
ment is destroying the mitochondria of HSC,  
we added the mitochondrial protectant SS-31. 
SS-31 protects mitochondrial structure by in- 
teracting with cardiolipin on the inner mito-
chondrial membrane and protecting cristae 
structure [19]. SS-31 abolished the reduced in 
TNF-α and Caspase-3, at the same time 
increased expression of GSH and α-SMA.

This study suggested that ligustrazine and pae-
onol had potential protective effects on CCl4-
induced liver injury, which is dependent on  
their ability to inhibit the expression of α-SMA, 
Collagen I and Fibronectin, as well as impair of 
mitochondrial function in HSC to against hepat-
ic fibrosis (Figure 8). However, there are still 
many shortcomings in this study, which will be 
further solved in the follow-up study. It is neces-
sary to select suitable compatibility schemes of 
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ligustrazine and paeonol, and to optimize the 
related formulation in order to further improve 
the anti-hepatic fibrosis effect. To study the 
effects of ligustrazine combined with paeonol 
intervention in vitro on activation and inflam-
matory factor release of Kupffer cell. The com-
ponents of traditional Chinese medicine are 
complex. To further identify the active ingredi-
ents of ligustrazine combined with paeonol, rel-
evant pharmacological experiments and phar-
maco-chemical analysis need to be carried out.
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