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Salvia miltiorrhiza Bunge, a traditional Chinese medicine, is widely used in the treatment of a variety of diseases and syndromes.
Tanshinone IIA (TIIA), a phenanthrenequinone-class derivative extracted from S. miltiorrhiza, is one of its main active
components and has anti-inflammatory effects on various tissues and cells. ,is study aimed to investigate the beneficial effects of
TIIA on nonalcoholic steatohepatitis (NASH) induced in mice using a methionine choline deficiency (MCD) diet and the
underlying mechanism of these. Our results reveal that TIIA remarkably ameliorated hepatic steatosis and inflammation and
decreased the serum levels of liver dysfunction markers while increasing the levels of serum total cholesterol and triglycerides in
MCD-fed mice. TIIA significantly reduced mRNA levels of the inflammatory factors TNF-α, IL-6, and TGF-β. Similarly, TIIA
inhibited caspase-3 and Bax-mediated apoptosis in MCD-fed mice. Together, our data indicate that TIIA inhibits the formation of
MPO and CitH3 in neutrophil extracellular traps and inhibits apoptosis mediated by caspase-3 and Bax in hepatocytes, thereby
mitigating inflammatory progression in an MCD diet-induced NASH mouse model.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the most
common liver diseases worldwide. Nonalcoholic steatohe-
patitis (NASH) is a progressive form of NAFLD that may
progress to liver fibrosis, cirrhosis, and hepatocellular car-
cinoma (HCC) [1, 2]. ,e pathophysiology of NASH is
complex and remains unclear.

Innate immune activation plays a key role in NASH
pathogenesis [3]. Studies have demonstrated that neutro-
phils are pivotal protagonists in NASH, participating in the
initiation and development of the disease [4]. In 2004,
Brinkman et al. [5] discovered that activated neutrophils
could also participate in the capture and killing of

pathogens by releasing neutrophil extracellular traps
(NETs). NETs are a form of extracellular reticular structure
that can resist toxic factors and kill bacteria. ,ey are
composed of more than 30 proteins, including histones,
neutrophil elastase (NE), myeloperoxidase (MPO), ca-
thepsin G, and leukocyte protein 3 (PR3) [6]. Although
NETs can kill bacteria, excessive NET formation leads to
tissue deterioration as a result of inflammation [7]. Nu-
merous studies have revealed the pivotal contribution of
NETs and their components to NASH pathogenesis.
Rensen et al. [8] found that MPO deficiency can signifi-
cantly reduce the activation of hepatic stellate cells, fibrosis
development, and accumulation of hepatocyte damage,
suggesting that MPO plays an important role in NETs and
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promotes NASH pathogenesis and progression. Pulli et al.
[9] studied a NASH model established using NE-knockout
mice and wild-type mice. ,e results showed an increase in
NE expression in the liver tissue of wild-type NASH mice,
while NASH mice lacking NE displayed reduced body
weight, reduced dyslipidaemia, and downregulated in-
flammation. NE can regulate ceramide metabolism in the
liver in vivo and in vitro, suggesting that NETs play an
important role in NASH by promoting inflammation. In
addition, platelet-neutrophil interactions are important in
NET-induced thrombosis, in both infectious and nonin-
fectious diseases. Elevated levels of the MPODNA complex,
a NETmarker, have been found in blood serum of patients
with NASH [10].

Furthermore, increased hepatocyte apoptosis has been
observed in animal models and patients with NASH [11].
,e main apoptotic pathways include death receptor ac-
tivation and the mitochondrial and endoplasmic reticular
pathways. ,ese pathways can lead to hepatocyte apoptosis
and contribute to NASH pathogenesis. ,e death receptor
pathway is a TNF family-mediated apoptosis signalling
pathway that activates caspase-8 and cleaves the active
fragment tBid formed by bids, resulting in altered mito-
chondrial permeability [12]. ,is causes the release of
cytochrome c and apoptosis-inducing factors, the activa-
tion of a caspase cascade involving caspase-3, caspase-6,
and caspase-7, and, finally, apoptosis [12]. Alkhouri et al.
[13] found that the death receptor apoptosis pathway in
serum of patients with NASH was significantly overactive,
suggesting that it is involved in NASH pathogenesis. Mi-
tochondria are central to apoptosis. ,e mitochondrial
pathway involves the proapoptotic proteins Bcl-2 and Bax,
which play key roles in regulating hepatocyte apoptosis.
Studies have shown ultrastructural mitochondrial damage
in patients with NASH, and the deeper the lesion, the more
obvious the functional damage [14]. Endoplasmic reticu-
lum stress (ERS) is the core of the ERS pathway, which not
only increases the expression of inflammatory factors but
also triggers the phosphorylation of tumour necrosis factor
receptor-associated factor 2, which leads to the activation
of JNK and mediates apoptosis [15]. In recent years [16],
apoptotic inhibitors have been developed to treat NASH.
,erefore, inhibition of hepatocyte apoptosis and NET
formation are promising for the diagnosis and treatment of
NASH.

Tanshinone IIA (TIIA) is one of the main active
components in Salvia miltiorrhiza. It has been reported to
have antioxidant [17], anti-inflammatory [18], anti-
atherosclerotic [19], anticancer [20], and other pharma-
cological effects and has been widely used in the treatment
of cardiovascular diseases [21]. Recent studies have dem-
onstrated that TIIA-attenuated CCl4-induced liver injury
and fibrosis inhibit the proliferation and activation of
hepatic stellate cells (HSC) [22]. TIIA reduced liver injury
induced by CCl4 combined with alcohol in a cirrhotic rat
model by promoting the proliferation and differentiation of
endogenous hepatic stem cells [23]. Furthermore, TIIA
treatment can reduce the production of reactive oxygen
species and malondialdehyde, reduce existing reactive

oxygen species, and ameliorate steatosis [24]. However,
whether TIIA can attenuate inflammation in NASH re-
mains unclear. In this study, we aimed to investigate the
beneficial effects of TIIA on NASH induced in C57BL/6
mice using a methionine choline deficiency (MCD) diet.
Our findings offer insights into the therapeutic potential of
TIIA for NASH.

2. Materials and Methods

2.1. Animals and Treatments. Pathogen-free 7-week-old
female C57BL/6 mice (18–20 g) were purchased from the
Experimental Animal Centre of Kunming Medical Uni-
versity (Kunming, Yunnan, China). Mice were acclimatised
in the facility seven days before the start of the experiment
under standard environmental conditions (23± 2°C, 12/
12 h light/dark cycle with lights on at 08 : 00) and had ad
libitum access to food and water. All animals received
humane care according to the institutional animal care
guidelines approved by the Experimental Animal Ethics
Committee of Kunming Medical University. Mice were
randomly divided into three groups (n � 8 per group). ,e
control group was continuously fed standard chow, the
NASH group was fed MCD, and the NASH+TIIA group
was fed the MCD diet (A02082002B, Research Diets)
(composition: sucrose 455.3 g/kg, L-amino acids 171.4 g/
kg, corn starch 150 g/kg, corn oil 100 g/kg, maltodextrin
50 g/kg, mineral mix 35 g/kg, cellulose 30 g/kg, sodium
bicarbonate 7.5 g/kg, and vitamin mix 10 g/kg). Mice in the
drug treatment group were intraperitoneally injected with
TIIA at 30mg/kg body weight per day during MCD diet
feeding and were weighed daily. ,e mice in the remaining
groups were intraperitoneally injected with an equal vol-
ume of normal saline. ,e doses of TIIA were selected
based on previous studies in mice. At the end of the
treatment period, the eyeballs were extracted for blood
collection. ,e serum was collected by centrifugation, and
the liver tissue was stored at −80°C for cryopreservation or
fixed in 4% paraformaldehyde until subsequent use.

2.2. Reagents. Antimyeloperoxidase, anti-Bax, anticitrulli-
nated histone 3, and anti-caspase-3 were purchased from
Abcam (Cambridge, MA, USA); anti-caspase-9 was pur-
chased from Proteintech (Proteintech Group, Inc., USA);
and β-actin antibody was purchased from Cell Signaling
Technology (Danvers, Massachusetts, USA); TRIzol was
purchased from Invitrogen (Waltham,Massachusetts, USA);
PrimeScipt™ RTMasterMix and SYBRPremixEX™II were
purchased from TaKaRa (Japan), and sulfotanshinone so-
dium injection. Sangon Biotech (Shanghai, China) synthe-
sized the primers for synthesis.

2.3.BiochemicalAnalysis. Serum aspartate aminotransferase
(AST), alanine aminotransferase (ALT), triglyceride (TG),
total cholesterol (TC), and total bilirubin levels were mea-
sured using commercial assays with an automated analyser
(Roche Diagnostics, Mannheim, Germany).
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2.4. Histopathology. Liver samples were collected from each
mouse and fixed in 4% paraformaldehyde for at least 24 h at
room temperature, embedded in paraffin, sectioned into
5 μm tissues, and then stained with haematoxylin-eosin.
Lipid accumulation in the liver was evaluated using Oil Red
O (ORO) staining. Frozen sections were washed twice with
PBS, then washed with 60% isopropanol for 1min, dried at
room temperature, stained with diluted ORO for 30min,
washed with distilled water and PBS for 5min each, and
sealed. Finally, the sections were washed with running water
and mounted using glycerin buffer. Sections were photo-
graphed using an Axioscope microscope (Carl Zeiss,
Germany).

2.5. Immunohistochemistry. Mouse liver tissues were fixed
in 4% paraformaldehyde and embedded in paraffin. Liver
tissue (5 μm thick) was cut for immunohistochemical
analysis. ,e tissue sections were dewaxed with xylene and
dehydrated with ethanol. After immersion in a citric acid
antigen repair solution at a pH of 6.0, the sections were
washed with PBS. ,e slices were immersed in a 3% H2O2
solution at room temperature for 15min to block en-
dogenous peroxidase activity. ,e sections were then
incubated with anti-MPO (1 : 40) overnight at 4°C. HRP-
conjugated anti-rabbit secondary antibody was used
during the first incubation, and the sections were then
stained with 3,3′-diaminobenzidine (DAB), the substrate
of chromogenic peroxidase. Last, the sections were stained
with haematoxylin and examined under a light
microscope.

2.6. MPO Activity Determination. Liver MPO activity was
determined using an MPO test kit purchased from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China, A044-
1-1). Frozen liver tissue was added nine times to normal
saline ice homogenate, centrifuged at 3,000 r/min for 10min,
and colorimetry was performed according to kit instructions
to detect MPO activity.

2.7. TUNEL Staining. Hepatocyte apoptosis was detected
using a TUNEL Assay kit purchased from the Beyotime
Institute of Biotechnology (Shanghai, China, C1091),
according to the manufacturer’s protocol. Briefly, paraffi-
nized sections of liver tissue were dewaxed and hydrated,
and protease K solution was added to remove tissue pro-
tein. Next, buffer containing 3% H2O2 was added. ,e
reaction was carried out at room temperature for 20min.
,e TDT enzyme reaction solution was added dropwise,
and the reaction was carried out at 37°C for 1 h. Samples
were incubated with streptavidin-horseradish peroxidase
(HRP) at 37°C for 30min. DAB staining, haematoxylin
restaining, dehydration, and transparent sealing of the
brain slides were examined microscopically. For TUNEL
staining of apoptotic cell count, three sections of each
animal’s liver were randomly taken, and the tissue-rich area
was selected from each section using a light microscope at
400-fold magnification. Apoptotic cells appeared

brownish-yellow in colour. ,e proportion of apoptotic
cells was calculated by dividing the number of apoptotic
cells by the total number of cells.

2.8. Quantitative Reverse Transcription Polymerase Chain
Reaction. A quantitative reverse transcription polymerase
chain reaction (RT-qPCR) was used to determine the ex-
pression of genes involved in inflammation. Total RNA from
liver tissue was extracted using TRIzol (Invitrogen) according
to the manufacturer’s instructions. Approximately 1 μg of
RNA was reverse-transcribed into cDNA using the Prime-
Script RT Reagent kit (TaKaRa, Japan). RT-qPCR was per-
formed in a Roche analyser using 96-well reaction plates,
pairs of oligonucleotide primers, and TB green Premix EX
Taq™ II for the mouse tumour necrosis factor (TNF)-α
(sense: ACTGGCAGAAGAGGCACTCC, antisense:
GCCACAAGCAGGAATGAGAA), interleukin (IL) 6 (sense:
TCCATCCAGTTGCCTTCTTG, antisense: AAGCCTCC-
GACTTGTGAAGTG), transforming growth factor (TGF)-β
(sense: GCAACAATTCCTGGCGTTACCTTG, antisense:
CCTGTATTCCGTCTCCTTGGTTCAG), and β-actin
(sense: TATCGGACGCCTGGTTA, antisense:
TGTGCCGTTGAACTTGC).,e relative expression level of
mRNA was calculated using 2ΔΔct. ,e primers for the target
genes were synthesised by Sangon Biotech Co., Ltd.
(Shanghai, China).

2.9. Western Blotting. Liver proteins were extracted using
RIPA Lysis Buffer (Beyotime, China) and 100mM phe-
nylmethanesulfonyl fluoride (Beyotime). ,e supernatant
was collected via centrifugation at 4°C for 5min.,e protein
samples were electrophoretically separated using sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to polyvinylidene difluoride mem-
branes (PVDF) membranes. Membranes were incubated
with primary antibodies (caspase-3, CitH3, Bax, and cas-
pase-9) at 4°C overnight. After washing three times with
TBST, the membranes were incubated with secondary an-
tibodies for 1 h at room temperature. Proteins were detected
using an enhanced chemiluminescence (ECL) reagent.
Following another triple wash, proteins were visualised
using a chemiluminescence system. ,e intensities of pro-
tein bands in the Western blot were quantified using the
ImageJ software.

2.10. Double-Labelled Immunofluorescence. For immuno-
fluorescent staining of paraffin sections, 5 μm-thick liver
tissue sections were deparaffinized with xylene and rehy-
drated with ethanol and water. After immersion in citric acid
antigen repair solution (pH 6.0), the sections were washed
with PBS. ,e slices were immersed in 3% H2O2 solution at
room temperature for 15min to block endogenous perox-
idase activity. ,e liver tissues were incubated with primary
antibodies against anti-MPO and CitH3 and fluorescent
secondary antibodies 488-goat anti-rabbit and cy3-goat anti-
rabbit. Sections were observed under a Nikon upright
fluorescence microscope. Nuclei stained by DAPI were blue
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upon excitation with ultraviolet light, and positive expres-
sion was determined by observing the corresponding
fluorescein-labelled red or green light.

2.11. Statistical Analysis. Result analysis and mapping were
performed using SPSS 16.0 and GraphPad Prism 5.0, and the
experimental data were expressed as mean± standard de-
viation (S.D.). One-way analysis of variance was used to
compare multiple groups, and Dunnett’s test was used to
compare two samples. Differences were considered statis-
tically significant at P< 0.05.

3. Results

3.1. Effects of TIIA on Body Weight, Food Intake, and Liver
Weight inMicewithNASHInducedbyMCDDiet. To explore
the effect of TIIA in the treatment of NASH, C57/BL6 mice
were fed a normal or MCD diet for up to six weeks, and
changes in body weight, food intake, and liver weight were
assessed. Compared to the control group, the body weight
of mice in the NASH group decreased between 2 and 6
weeks. Compared to the NASH group, the body weight of
mice in the TIIA group increased at 3–6 weeks
(Figure 1(a)). ,e food intake of mice in the control group
remained stable during the modelling period, while the
food intake of mice in the NASH and TIIA groups showed a
downward trend (Figure 1(b)). Beginning in the third week,
the food intake of mice in the TIIA group was higher than
that of mice in the NASH group (Figure 1(b)). Moreover,
we found that MCD-fed mice displayed a decrease in liver
weight and that liver weight increased after TIIA treatment,
but the difference was not statistically significant
(Figure 1(c)).

3.2. TIIA Attenuates Liver Dysfunction Status in MCD-In-
duced NASH. Mice fed the MCD diet developed steato-
hepatitis, similar to the histology of NASH liver disease. We
found that MCD induced a significant increase in the
activity of ALTand AST (Figure 2(a)), which are markers of
liver dysfunction. TIIA treatment significantly altered the
activity of ALT and AST, which completely prevented the
increase in liver transaminase levels in MCD-fed mice
(Figure 2(a)). In addition, when compared to the control
group, the MCD diet significantly reduced serum triglyc-
eride and total cholesterol levels in NASH mice, and the
serum TC and TG levels showed an upward trend after
TIIA treatment (Figure 2(b)). Compared to the control
group, the serum bilirubin levels of NASH mice increased
and total bilirubin levels decreased after TIIA treatment
(Figure 2(c)). Collectively, these data support the idea that
TIIA has beneficial effects on liver function and blood
cholesterol status.

3.3.TIIAAlleviates Liver Steatosis and Inflammation inMCD-
InducedNASH. We observed that after 6 weeks of an MCD
diet, the liver tissue of the model mice was pale yellow and
had a reduced volume when compared to the liver tissue of

control mice. ,e liver appeared dark red after TIIA
treatment (Figure 3(a)). H&E staining showed hepatic
steatosis, ballooning, and inflammatory cell infiltration in
MCD-induced NASH mice when compared to normal
mice. TIIA treatment significantly reduced steatosis in
mice (Figure 3(b)). Oil Red O staining results showed that
a large number of red lipid droplets accumulated in the
NASH group, and the number of droplets decreased
significantly after TIIA treatment (Figure 3(c)). Taken
together, histological analysis showed that TIIA signifi-
cantly reduced steatosis, ballooning degeneration, in-
flammatory infiltration, and lipid deposition in NASH
mice.

3.4. TIIA Modulates Hepatic Expression of Inflammation in
MCD-Induced NASH. In recent years, studies have found
that a variety of inflammatory factors and adipocytokines,
including TNF-α and IL-6, play a role in NASH patho-
genesis. High expression of TNF-α and IL-6 [25] was
detected in patients with NASH, which has been shown to
play a key role in NASH pathogenesis [26]. TNF-α can
activate IL-6, IL-8, and other cytokines, form an inflam-
matory cascade, induce liver inflammation, lead to insulin
resistance (IR), and cause NASH [27]. We performed RT-
qPCR to determine whether TIIA could reduce the ex-
pression of TNF-α and IL-6 in NASH mice. Compared to
the control group, the mRNA levels of the proinflammatory
cytokines TNF-α and IL-6 were significantly increased in
the liver tissue of MCD-fed mice.,emRNA levels of TNF-
α and IL-6 were significantly reduced by TIIA treatment
(Figure 4(a) and 4(b)). Moreover, fibrosis is one of the
pathological features of NASH, and its progression can also
be regarded as the progression of inflammation. TGF-β is
an important regulatory factor in liver fibrosis. To explore
whether TIIA can inhibit fibrosis progression, TGF-β ex-
pression was analysed using RT-qPCR. ,e results showed
that TIIA treatment reduced TGF-β mRNA levels
(Figure 4(c)).

3.5. TIIA Inhibited the Formation of MPO and CitH3. We
performed immunohistochemical analysis to investigate
whether TIIA reduces MPO expression in NASH mice.
Compared to the control group, the expression of MPO in
the NASH group was significantly increased. However, TIIA
significantly inhibited MPO upregulation (Figures 5(a) and
5(b)). MPO test kit analysis showed that TIIA treatment
reduced MPO expression in the livers of NASH mice
(Figure 5(c)). Western blot analysis showed that TIIA
treatment reduced CitH3 expression in the livers of NASH
mice (Figure 5(d)), demonstrating the efficacy of TIIA in the
inhibition of NET formation. In addition, using an immu-
nofluorescence assay, we found that TIIA inhibited the
expression of MPO and CitH3 (Figure 5(e)).

3.6. TIIA Modulates Hepatic Expression of Apoptotic Medi-
ators in MCD-Induced NASH. Liver tissue apoptosis plays
an important role in the occurrence and treatment of liver
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Figure 2: Effects of TIIA on serum transaminase, total bilirubin, and lipid levels in MCD-fed mice. (a) Serum transaminase level in mice
(ALTand AST). (b) Serum cholesterol and triglyceride levels. (c) Total serum bilirubin. ∗P< 0.05, when compared to the control; #P< 0.05,
when compared to NASH, n� 8.
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Figure 1: Effects of TIIA on body weight, food intake, liver weight, and liver index in mice with NASH induced by MCD diet. (a) Body
weight in the control and NASH groups differed significantly from week 2 to week 6 (∗∗P< 0.01, n� 8). ,e body weight of TIIA mice
increased from week 3 to week 6 when compared to NASH (##P< 0.01, n� 8). (b) Control mice maintained stable food intake during the
modelling period. From the third week, the food intake of TIIA mice was higher than that of NASH mice. (c) Compared to the control
group, the liver weight of the NASH group decreased (∗∗P< 0.01, n� 8). Compared with the NASH group, the liver weight of the TIIA group
increased, but the difference was not statistically significant.
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diseases [11]. Caspase-3, caspase-9, and Bax promote he-
patocyte apoptosis. To investigate the effect of TIIA on
hepatocyte apoptosis, we examined the expression levels of
caspase-3, caspase-9, and Bax via Western blotting. Com-
pared to the control group, the expression of caspase-3,
caspase-9, and Bax in the NASH group was significantly
increased. TIIA reduced caspase-3, caspase-9, and Bax ex-
pression and inhibited hepatocyte apoptosis (Figures 6(a)–
6(d)). Hepatocyte apoptosis was also measured using the
TUNEL assay and cell count. Compared to the control

group, the number of TUNEL-positive cells in the NASH
group was significantly increased, and TIIA treatment de-
creased the number of TUNEL-positive cells in the liver
(Figures 6(e) and 6(f )).

4. Discussion

In this study, we provided evidence regarding the potent role
of TIIA in reducing the severity of liver steatosis, inflam-
mation, and fibrosis in an MCD-fed NASH model.

Control THANASH

(a)

(b)

(c)

Figure 3: TIIA alleviated liver steatosis and inflammation inMCD-induced NASH. (a) Representative macroscopic appearance of livers. (b)
H&E staining of liver sections.,e black arrow indicates inflammatory cell infiltration, the red arrow indicates loose foreskin, and the yellow
arrow indicates steatosis. Original magnification: x400. (c) Oil Red O staining of liver sections from mice. Yellow arrows refer to grease
droplets. Original magnification: x400.
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Moreover, our results show that the protective effect of TIIA
involves the inhibition of hepatocyte apoptosis and NET
formation.

IL-1β, IL-6, and TNF-α are inflammatory markers. ,e
expression levels of TNF-α and IL-6 are increased in serum
of NASH animal models and patients [26]. TNF-α is one of
the main proinflammatory cytokines that regulates innate
and adaptive immune responses. It can inhibit the tran-
scription of adiponectin in adipocytes and promote in-
flammation progression. IL-6 is a proinflammatory
cytokine that plays a key role in local and systemic
proinflammatory responses [28]. Our study shows that
TIIA significantly inhibits the expression of proin-
flammatory cytokines TNF-α and IL-6 in NASH mice.
Furthermore, with a decrease in liver inflammation, the
serum levels of ALT, AST, and TBIL in TIIA-treated NASH
mice were significantly reduced, which represents a re-
duction in liver injury. Moreover, TGF-β promotes NASH
development through Smad signalling and ROS produc-
tion, leading to hepatocyte death and lipid accumulation
[29]. TIIA treatment also significantly inhibited TGF-β
expression in NASH mice.

Neutrophils have long been noted in NASH inflam-
matory cell infiltrates. Neutrophils are innate immune
cells that kill and capture bacteria through phagocytosis,
degranulation, and NETs. NETs are extracellular struc-
tures of histone 3, neutrophil elastase, and myeloperox-
idase [5]. Although the components of NETs have
bactericidal activity, the excessive NET formation has a
proinflammatory effect, leading to host cell damage [30].
CitH3 and MPO are NET components, and MPO and
CitH3 are key steps in NETsynthesis. MPO relies on NE to
enter the nucleus, which promotes further depolymer-
isation of chromatin and degradation of the nuclear
membrane [31, 32]. Depolymerised chromatin is released
into the cytoplasm to form NETs. In addition, protein
arginine deaminase type 4 (PAD4) promotes histone
hypercitrullination to generate CitH3, which promotes
chromatin decondensation to form NETs [33]. In our
study, we found that TIIA significantly inhibits NET
formation and the release of NETs associated with MPO
and CitH3 in the TIIA-treated NASH group.

Hepatocyte apoptosis directly or indirectly promotes
the progression of inflammation and fibrosis [34] and is

#
*

0

1

2

3

4

5

Re
lat

iv
e m

RN
A

 le
ve

l o
f 

TN
F-
α 

m
RN

A

Control NASH THA

Control
NASH
THA

(a)

#
*

0

2

4

6

8

Re
lat

iv
e m

RN
A

 le
ve

r o
f 

IL
-6

 m
RN

A

Control NASH THA

Control
NASH
THA

(b)

#
*

0

1

2

3

4

5

Re
lat

iv
e m

RN
A

 le
ve

l o
f

TG
F-
β 

m
RN

A

Control NASH THA

Control
NASH
THA

(c)

Figure 4: Effect of TIIA on the mRNA levels of inflammatory factors in MCD-fed mice. (a) Quantitative real-time polymerase chain
reaction (RT-qPCR) analyses of TNF-α, (b) IL-6, and (c) TGF-β. ∗P< 0.05 when compared to the control; #P< 0.05 when compared to
NASH, n� 8.
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the most common type of cell death in NASH [35]. ,e
activation of caspases and Bcl-2 family proteins induces
hepatocyte apoptosis and plays a role in NAFLD/NASH
activation. Caspase-3 promotes apoptosis and is an im-
portant member of the caspase family. Clinical studies
[36] have shown that the expression of caspase-3 in liver
biopsy specimens of patients with NASH is significantly
increased, and the expression of caspase-3 increases with
disease progression. Animal experiments [37] have shown
that in a diet-induced NASH model, caspase-3

inactivation has a protective effect on hepatocytes and can
slow the development of fibrosis. ,erefore, the inhibition
of caspases can be regarded as a target of NASH drug
therapy. As an important proapoptotic gene of the Bcl-2
family, the expression of Bax in the NASH group mice was
higher than that in control group mice. Bax inhibitor-1
can prevent NASH by inhibiting IRE1α [38]. Our study
also shows that TIIA treatment inhibits hepatocyte apo-
ptosis by inhibiting the expression of caspase-3 and Bax in
NASH mice.

MPO

CitH3

Merge

DAPI

Control NASH THA

(e)

Figure 5: TIIA inhibited the formation of MPO and CitH3. (a) Immunohistochemical analyses of liver myeloperoxidase (MPO). Original
magnification: x400. Arrows indicate positive cells. (b) ,e staining signal intensity analysed using Image-Pro Plus. (c) ,e liver tissues of
different groups analysed for MPO expression using a test kit. (d),e liver tissues of different groups analysed for CitH3 protein expression
via Western blotting. (e) ,e MPO and CitH3 expressed in NASH labelled by fluorescent double labelling. Original magnification: x400.
∗P< 0.05 when compared to the control; #P< 0.05 when compared to NASH, n� 3.
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5. Conclusions

In conclusion, our study shows that TIIA can ameliorate
inflammation and reduce hepatocyte apoptosis in NASH
mice by inhibiting NETformation associated with MPO and
CitH3 release, thereby reducing TNF-α, IL-6, and TGF-β
expression. ,ese results suggest the potential applicability
of TIIA as a therapeutic agent for NASH treatment.
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