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Purpose: Non-alcoholic fatty liver disease (NAFLD) is the main form of chronic liver
disease in the world. Astragaloside IV (ASIV) has been tested in experimental models of
different diseases. The purpose of this study was to evaluate the effect and protective
mechanism of ASIV on NAFLD.

Methods: Lipopolysaccharide (LPS)- and palmitate acid (PA)-induced RAW264.7 cells and
LO2 cells were used as a NAFLD model. The mice NAFLD model was evaluated by
hematoxylin-eosin staining (HE staining), and aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels. Liver lipid metabolism was evaluated by triglyceride (TG)
and total cholesterol (TC) kits and oil red O staining. Oxidative stress indicators were
examined through biochemical methods. Inflammatory factors were explored through
enzyme-linked immuno sorbent assay (ELISA), real-time quantitative PCR and oxidative
stress indicator kits. The expression levels of 5-LO (5-lipoxygenase) and leukotriene A4
hydrolase (LTA4H) were checked by real-time quantitative PCR and Western blotting.
Apoptosis was detected by Annexin V-FITC/PI cell apoptosis detection kit.

Results: Our results showed that in vivo ASIV significantly reduced liver tissue damage, and
serum AST, ALT and serum TG levels in NAFLD mice. In vitro, ASIV reduced cell supernatant
TG and TC content increased by PA treatment, and significantly decreased the accumulation of
intracellular lipid droplets induced by PA treatment. Additionally, ASIV reduced reactive oxygen
species (ROS) and malondialdehyde (MDA) levels, and restored glutathione peroxidase (GSH-
Px) levels in PA-treated LO2 cell supernatant. Furthermore, ASIV inhibited the production of
proinflammatory cytokines (IL-6 and TNF-a) in RAW264.7 cells induced by LPS. We also found
that ASIV downregulated the expression of 5-LO and LTB4 (leukotriene B4) in NAFLD mice.
Moreover, ASIV restored apoptotic protein (Bax and Bcl-2) expression in PA-treated LO2 cells.
Conclusion: ASIV may reduce liver steatosis, hepatocyte oxidative stress and apoptosis,
and decrease liver inflammation, thereby attenuating the progression of NAFLD and thus
might be of therapeutic interest.

Keywords: astragaloside IV, non-alcoholic fatty liver disease, lipid accumulation, oxidative

stress, apoptosis

Introduction

Non-alcoholic fatty liver disease (NAFLD) is an emerging health problem world-
wide, with significantly increasing morbidity in the past two decades.'> NAFLD
covers the disease spectrum from isolated hepatic steatosis (simple steatosis) to
non-alcoholic steatohepatitis (NASH), which is characterized by hepatocellular
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damage, persistent liver inflammation and fibrosis, and
eventually develops into cirrhosis and liver cell carci-
noma (HCC).** Simple steatosis is a relatively benign
disease, and the pathological and biological processes of
its evolution into NASH are complex and multiphase.>*
Development of NAFLD involves multiple pathogenic
factors such as fat accumulation, lipotoxicity, inflamma-
tion, oxidative stress and mitochondrial dysfunction.’”
Feeding high fat diet (HFD) has been recognized to
cause liver steatosis and inflammation in experimental
mice, and there is obvious oxidative damage in the
liver.® It has been reported that mice fed a HFD for
12-16 weeks can replicate the histopathological and
pathogenic characteristics of NAFLD.” Fat accumulation
in the liver results from the increased uptake of circulat-
ing lipids, increased nascent lipid production, and

impaired fatty acid oxidation.'®

Many studies have
shown that saturated fatty acids, especially palmitic acid
(PA), are the most abundant free fatty acids (FFA) in the
diet and serum which can increase liver fat and insulin
resistance. Additionally, these FFA can activate endoplas-
mic reticulum stress and accelerate mitochondrial
metabolism.'""'?> Moreover, the accumulation of reactive
oxygen species (ROS) promotes liver cell dysfunction and
even cell apoptosis.'” Studies have shown that mitochon-
drial disorders and oxidative stress are the core of the
pathogenesis of NAFLD.'* ROS may be formed by FFA
oxidation in peroxisomes and microsomes and activation
of macrophages.'”> ROS can lead to cell damage by
destroying several bioenergy reactions involved in oxida-
tive phosphorylation and trigger a vicious cycle of oxida-
tive damage.'® In liver cells, mitochondrial dysfunction
can amplify apoptosis signals, mitochondrial membrane
depolarization, oxidative phosphorylation, and ATP (ade-
nosine triphosphate) depletion.!” Therefore, liver cells
cannot maintain structural and functional integrity and
initiate proapoptotic signals, and mitochondrial events
are affected by Bcl-2 family proteins, the regulation of
antiapoptotic protein Bcl-2 (B-cell lymphoma-2) and
proapoptotic protein Bax (Bcl-2 Associated X Protein).'®

The innate immune mechanism is the main driving factor
of inflammation and other pathological manifestations in
NAFLD." Recruited bone marrow-derived macrophages
are a key factor in acute and chronic hepatitis, and the
inflammatory microenvironment containing lipopolysac-
charide (LPS) and palmitate induces the polarization of
macrophages to the proinflammatory M1 type-, which pro-
duces to maintain chronic

inflammatory  cytokines

inflammation, and can promote fibrosis by releasing fibrotic
cytokines.”*?! In addition, 5-lipoxygenase (5-LO) is mainly
expressed in inflammatory cells, including monocytes, mast
cells and B lymphocytes.? In the liver, macrophages are the
only place where the 5-LO pathway is metabolized™.
A variety of studies have confirmed the relationship between
the 5-LO metabolic pathway and NASH.>* The study by
Martinez-Clemente et al showed that in the hyperlipidemia
model of non-alcoholic fatty liver in mice, ApoE -/- mice
lacking 5-LO had reduced liver inflammation; and macro-
phage infiltration; and reduced caspase-3 and NF-kB activ-
ities, and the expression of proinflammatory cytokines was
reduced.”” Taken together, these findings indicate that the
5-LO pathway has a key role in the progression of NAFLD.

Traditional Chinese medicine has been used to treat
hepatic disease with few side effects for thousands of
years.”® ASIV is the main active ingredient of
Astragalus, a well-known Chinese medicine, and has
been proven to have various pharmacological effects
such as antioxidative stress, antiinflammatory, antiapopto-
sis, and antifibrotic effects.’’ It has been reported that
ASIV reduces PA-induced lipid accumulation and endo-
plasmic reticulum stress in hepatocytes.”® Emerging evi-
dence also shows that ASIV reduces liver damage by
reducing oxidative stress and inflammation.”> However,
the effects of ASIV on NAFLD and its underlying mechan-
ism are not completely understood.

In the present study, using an in vivo and in vitro
NAFLD model, we explored whether the mechanisms
underlying the protective effects of ASIV on NAFLD
involve oxidative stress, lipid accumulation, inflammation
and apoptosis in the liver.

Materials and Methods

Reagents

Penicillin-Streptomycin  Liquid, Roswell Park Memorial
Institute (RPMI) 1640 medium and fetal bovine serum
(FBS) were purchased from Solarbio Co., Ltd (Beijing,
China), BAX (1:1,000,#Q07812,cell signaling),BCL-2
(1:2,000,bs-0032R,Bioss) and GAPDH (1:1,000,ZS-25778,
ZSGB-BIO), ASIV was purchased from shzeye biomart
(Shanghai, China). Enzyme-linked immunosorbent assay
(ELISA) kits for TNF-a and ELISA kits for IL-6 and ELISA
kits for LTB4 were purchased from Multisciences CO., Ltd.
(hangzhou, china). 5-LO (1:1,000,C49G1, Cell signaling) and
LTA4H (1:1,000,SC-367021, SANTA) were purchased from
Cell Signaling, SANTA CRUZ or Abcam. LPS and PA were

1872

Dove!

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Liang et al

purchased from American Sigma. Carboxymethyl Cellulose
(CMC) was purchased from sigma (USA), Serum plasma
alanine aminotransferase (ALT) and aspartate aminotransfer-
ase (AST) Activity Assay Kit were purchased from Nanjing
JianCheng Bioengineering Institute (Jiangsu, China), total
cholesterol (TC) and triglyceride (TG) kits and reactive oxy-
gen species (ROS) and malondialdehyde (MDA) and glu-
tathione peroxidase (GSH-Px) were purchased from Jian
Cheng Biotechnology Company (Nanjing, China),Annexin
V apoptosis detection kit were purchased from eBioscience
(USA), BCA Protein Assay Kit were purchased from
Beyotime Biotechnology (Shanghai, China).

Animals and Experiments

The animal protocol of this study were approved by the
Medical Experimental Animal administrative Committee of
Jiangxi Province, China. All animal experiments are followed
the Guide for the Care and Use of Laboratory Animals pub-
lished the US National Institutes of Health Publication. Make

2930 male

animal models according to literature methods,
8-week-old Kunming mice with 18+2g body weight were
purchased from the experimental animal center of the
Jiangxi university of traditional Chinese medicine (Jiangxi,
China). Animals were kept in specific pathogen free(SPF)
condition and fed a standard diet with free access to water in
temperature-controlled room (24 + 1°C) with humidity of
40%—80%. For our experiments, the mice were randomly
divided into five groups (n=8 in each group): control group,
HFD group, ASIV-L (20 mg/kg) group, ASIV-M (40 mg/kg)
group, ASIV-H (80 mg/kg) group. Mice fed with HFD for 16
weeks, while the control animals were fed with standard
rodent diet. Three weeks later, the HFD-fed mice were intra-
gastric administrated different doses of ASIV (dissolved in
0.5% CMC), while the control mice received the same volume
of 0.5%CMC. The body weight was measured weekly. At the
end of the intervention, all the animals fasted overnight and
were anesthetized with Ketamine (240 mg/kg) and Xylazine
(30 mg/kg) intraperitoneally, and then the blood and liver of all
groups were collected, which was stored individually on —80 °
C, until assay.

Histological Examination
Liver tissues were fixed in 4% paraformaldehyde,
embedded in paraffin and cut into 4-pm sections.
Histological assessment of the liver tissue sections was
performed following hematoxylin and eosin (HE) staining.
Each slide was photographed in randomly selected five

fields under the same magnification (x100).

Biochemical Measurements

Serum plasma alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) activities as liver injury mar-
kers, were measured using an ALT and AST Activity
Assay Kit (Nanjing JianCheng Bioengineering Institute,
Jiangsu, China). The OD value was measured with
a microplate reader (Leica Microsystems) at 510 nm. The
contents of liver TG were analyzed with a commercially
available enzyme detection kit (Nanjing JianCheng
Bioengineering Institute, Jiangsu, China).

Cell Culture

LO2 cells and RAW264.7 cells were propagated in RPMI
1640 supplemented with 10% FBS and containing 100 U/
mL penicillin and 100 U/mL streptomycin. Cells were
grown in vitro at 37°C and 5% CO2. When the cell fusion
reached 80%, LO2 cells were stimulated with 0.25 mM PA
for 24h, then with different concentrations of ASIV (low
L, 20 pg/mL; medium M, 60 pg/mL; high H, 100 pg/mL)
for 24 h; 1 ug/mL LPS-treated RAW264.7 cells for 8 h,
then with different concentrations of ASIV (low L, 20 pg/
mL; medium M, 60 pg/mL; high H, 100 pg/mL) for 24
h. LO2 cells and RAW264.7 cells were obtained from the
National Infrastructure of Cell line Resource (Wuhan,
China).

Cell Treatment and Viability Test

Cell viability was quantified by the Thiazole Blue (MTT)
assay. Cells were seeded in a 96-well plate (5x10* cells/
well) and treated with ASIV for 24h, and then incubated
with 20ul/well MTT (0.5mg/mL) for 4 hours. After incu-
bating, the culture medium was removed, and 150ul/well
DMSO was added. Absorbance was measured at 450nm
with a microplate spectrophotometer.

Test for the Contents of Total
Cholesterol (TC) and Triglyceride (TG)

The cell supernatant was obtained as previously described,
the TC and TG concentrations were detected by using the
TG and TC kits according to the manufacturer’s instruc-
tions (Jian Cheng Biotechnology Company, Nanjing,
China).

Measurement of Intracellular ROS, MDA,

GSH-Px
The LO2 cells (4x10°cells/well) were seeded in a 6-well
plate, after treatment with different concentrations of
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ASIV (low L, 20pg/mL; medium M, 60pg/mL; high H,
100pg/mL) and 0.25 mM PA, the ROS and MDA and
GSH-Px (Jian Cheng Biotechnology Company, Nanjing,
China) was performed to determine the levels of reactive
oxygen species (ROS) and malondialdehyde (MDA) and
glutathione peroxidase (GSH-Px).

Enzyme-Linked Immunosorbent Assay
Cells at a confluence of approximately 80%—-90% were
plated in 6-well plates at the density of 1x10° cells/well.
Then, the RAW264.7 cells were treated with LPS and
different concentrations of ASIV (low L, 20pg/mL; med-
ium M, 60pg/mL; high H, 100pg/mL). After incubation,
collect the cell supernatant and determine the concentra-
tion of LTB4, IL-6 and TNF-a with an ELISA kit accord-
ing to the manufacturer’s instructions.

Oil Red O Staining

Oil red o staining was used to assess the change of intra-
cellular lipid droplets. After treated with corresponding
drugs, the cells were washed twice with PBS and fixed
with 4% paraformaldehyde for 25 min, and the cells were
stained with oil red o working fluid for 15 min. Then, the
cells were counterstained with hematoxylin for 5 minutes.

Western Blotting

RIPA lysis buffer was used for total protein extraction and
all of the proteins were quantified using the BCA protein
assay reagent. The same amount of protein was separated
by SDS-PAGE and transferred to polyvinylidene fluoride
membrane. Then, the membrane was blocked with skim
milk for 1 hour, and combined with primary antibody Bax
(1:1,000,#Q07812,cell  signaling),Bcl-2  (1:2,000,bs-
0032R,Bioss), 5-LO (1:1,000,C49G1, Cell signaling),
LTA4H (1:1,000,SC-367021, SANTA) and GAPDH
(1:1,000,Z28-25778,ZSGB-BIO) at 4°C overnight. After
incubating with HRP-conjugated secondary antibody
(1:2000,ZB-2301,ZSGB-BIO) for 1 hour, the membrane
was washed with TBST buffer and subjected to chemilu-
minescence treatment. The signals were analyzed and
(NIH, Bethesda,

quantified by software

MD, USA).

Image J

RNA Extraction and Quantitative

Real-Time Polymerase Chain Reaction
Total RNA was extracted using TRIzol reagent. CDNA
was synthesized using a reverse transcription kit. QPCR

was performed in duplicate using SYBR Green I (Takara,
Japan) and an ABI 7500 system (Applied Biosystems,
Foster, CA). The specific primers were designed by
RiboBio (Guangzhou, China). Target gene expression
was standardized for GAPDH levels. The relative fold
change in target gene expression was calculated using
the 2-AACt method. The primer sequences are listed in
Table 1 (Sangon Biotech Co., Ltd., Shanghai, China).

Apoptosis Assays

Flow cytometer was used to evaluate the apoptosis of LO2
cells. After treated with corresponding drugs, the LO2
cells were washed with PBS, and stained with fluorescent
dye-conjugated Annexin V (5pL) and propidium iodide (5
plL) at 4°C and in the dark for 2 h. According to the
manufacturer’s instructions, the detection was performed
using Annexin V apoptosis detection kit (eBioscience,
USA). Finally, the data was analyzed with FlowJo soft-
ware (Becton-Dickinson-San Jose, USA).

Statistical Analysis

All data are expressed as mean + standard deviation (SD).
Statistical analysis was performed by SPSS v18.0 statistical
software (IBM Corp., Armonk, NY, USA). The t-test was
used to analyze the statistical comparison between the two
groups, and the analysis of variance (ANOVA) was used for
the post hoc test, and then the comparison between the
multiple groups was performed. P<0.05,<0.01 was consid-
ered statistically significant, denoted by *and *, respectively.

Table | Primer Sequences Used in This Study

Primer Sequence
TNF-a F: 5-CTC CAG GCG GTG CCT ATG T-3'
R: 5-GAA GAG CGT GGT GGC CC-3’
IL-6 F: 5-GAG GAT ACC ACT CCC AAC AGA CC-3'
R: 5-AAG TGC ATC ATC GTT GTT CAT ACA-3'

5-LOX F: 5-GGA CCT CAG CAT GTG GTATG-3'

R: 5-GCT GGG TCA GGG GTA CTT TA-3'
LTA4H F: 5'-GTC CCG AAA GAA CTG GTG-3'

R: 5-CCA AAG CAA TCA GGT AGC A-3'
GAPDH F: 5'-GTC CCG AAA GAA CTG GTG-3'

R: 5-CCA AAG CAA TCA GGT AGC A-3'

Abbreviations: ASIV, astragaloside IV; NAFLD, non-alcoholic fatty liver disease;
PA, palmitate acid; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
TG, triglyceride; TC, total cholesterol; NASH, non-alcoholic steatohepatitis; HCC,
liver cell carcinoma; HFD, high fat diet; FFA, free fatty acids; ROS, reactive oxygen
species; LPS, lipopolysaccharide; 5-LO, 5-lipoxygenase; MDA, malondialdehyde;
GSH-Px, glutathione peroxidase; TNF-a, tumor necrosis factor; IL-6, interleukin 6.
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Results
Effects of ASIV on Body Weight and Liver
Weight of NAFLD Model Mice

Changes in the body weight of mice in each group were
measured after 6 weeks of intervention and at the end of the
experiment after 12 weeks (Figure 1A). A high-fat emulsion
diet increased body weight in the HFD group compared to
the control group after 6 weeks (P<0.01). Treatment with
ASIV significantly attenuated the body weight increase com-
pared to the HFD group after 12 weeks (P<0.01). As shown
in Figure 1B, the liver weights of the mice were significantly
reduced in the ASIV group in response to 6 weeks ASIV
treatment compared to the HFD group (P<0.01).

ASIV Alleviated Liver Injury in

HFD-Induced Fatty Liver

Serum TG, ALT and AST levels increased markedly in the
HFD group compared to the control group (Figure 1C,
P<0.01) which confirmed the successful establishment of the
NAFLD model in our study. These findings were in parallel
with histopathological alterations observed in HE staining of
liver sections. HE staining indicated that ASIV treatment of
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mice significantly attenuated liver pathological injury
(Figure 2) and liver inflammation. These results indicated
that ASIV treatment can significantly attenuate liver injury.

Effect of ASIV on the Viability of

PA-Induced LO2 Cells

To explore the pathogenesis of NAFLD, 1 pg/mL LPS and
0.25 mM PA were used in RAW264.7 cells and LO2 cells
to establish NAFLD models in vitro. We tested the effect
of ASIV at a concentration range of 0-200 pg/mL on cell
viability. Cell viability decreased significantly at 200 pg/
mL ASIV concentrations. Therefore, we selected 20 pg/
mL, 60 pg/mL and 100 pg/mL of ASIV for interference
with RAW264.7 cell and LO2 cell induction by LPS and
PA respectively.

Effects of ASIV on Lipid Accumulation in
PA-Induced LO2 Cells

To confirm whether ASIV affects PA-induced LO2 cell lipid
accumulation, LO2 cells were treated with 0.25 mM PA for
24 h, and then cells were treated with ASIV for 24 h. AS
shown in Figure 3, it was observed that lipid droplets were

B Liver Weight
2.0+
Hite
1.5 o]

Liver Weight (g)
s

serum AST (UIL)

o
N N
&8

Figure | ASIV alleviated lipid accumulation in mice fed with HFD. (A) Body weight, (B) liver weight of mice, (C) TG, serum ALT and AST levels; Data expressed as mean +
S.D. (n =8). ###p< 0.01, compared to the Control. ***P < 0.05, ***P < 0.01, compared to the HFD.
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Figure 2 ASIV alleviated liver histopathological damage in mice fed with HFD. E staining of liver section of mice. Black arrow indicated lipid accumulation. Lipid was
accumulated within hepatocytes (white circle) (magnification 100X).
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Figure 3 ASIV attenuates lipid accumulation in LO2 cells induced by PA. (A) Oil Red O staining were evaluated to examine the level of lipid accumulation (magnification
100X). (B) The concentration of TG and TC in LO2 cells. (C) Cell viability was tested using MTT assay. **P< 0.0] compared to the Control, while *#P< 0.05 and **P <
0.0l compared to the PA-treated group.
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significant in PA-induced LO2 cells. Furthermore, the addi-
tion of ASIV to PA-induced cells significantly decreased the
lipid accumulation. Consistently, compared with the control
group, the intracellular TG and TC contents were dramati-
cally increased by PA treatment. However, TC and TG
levels in the ASIV+PA group were significantly lower than
those in the PA group. Thus, ASIV can inhibit PA-induced
lipid accumulation in LO2 cells.

Effects of ASIV on Oxidative Stress in

PA-Induced LO2 Cells

We explored the effect of ASIV on PA-induced ROS,
MDA and GSH-Px generation in LO2 cells. As depicted
in Figure 4, PA exposure markedly enhanced the content
of ROS and MDA, while GSH-Px activity significantly
decreased, however, incubation with ASIV dramatically
abolished these trends. Our results suggested that ASIV
suppressed PA-induced oxidative stress in LO2 cells.

Effects of ASIV on Apoptosis in

PA-Induced LO2 Cells

To validate the contribution of ASIV to PA-induced LO2
cell apoptosis, we revealed that PA was mitigated by an
Annexin V-FITC/PI double staining assay. Consistently, as
shown in Figure 5, incubation with PA upregulated the
mRNA levels of Bax and Bax protein expression, whereas
down-regulated the mRNA level of Bcl-2 and Bcl-2 pro-
tein expression. Together, these data demonstrate that
ASIV inhibits PA-induced apoptosis in LO2 cells.

ASIV Can Effectively Improve the

Production of Inflammatory Factors in
RAW?264.7 Cells Induced by LPS

To assess whether ASIV inhibits inflammation, we examined
the levels of the inflammatory factors TNF-a and IL-6 in the
cell culture supernatants. As shown in Figure 6, we examined
the secretion of IL-6 and TNF-o. in RAW?264.7 cells, which
were markedly decreased in response to ASIV treatment.
Consistent with the ELISA results, we used qRT-PCR to exam-
ine IL-6 and TNF-a levels. The LPS treated group significantly
improved the mRNA levels of IL-6 and TNF-o, while ASIV
inhibited such increases. Collectively, these data support that
ASIV effectively inhibits inflammation in RAW?264.7 cells.

ASIV Protects NAFLD Mice from
HFD-Induced Inflammation by Inhibiting

the 5-LO/LTB4 Pathway

To confirm further the possible regulatory mechanisms by
which ASIV protects NAFLD mice, the levels of inflammation
related proteins (5-LO and LTA4H) were examined by Western
blotting. AS shown in Figure 7, we found that ASIV reduced
the levels of 5-LO and LTA4H in NAFLD mice. The mRNA
levels of 5-LO and LTA4H showed a similar tendency. ELISA
revealed that ASTV dramatically upregulated the concentrations
of LTB4 in NAFLD mice. Finally, we found that the 5-LO
metabolite LTB 4 levels markedly improved in NAFLD mice.
Furthermore, ASIV treatment reversed the elevation of LTB4
levels, indicating that 5-LO/LTB4 signaling was enhanced in
NAFLD mice. However, ASIV could reverse this tendency.
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Figure 4 ASIV inhibits PA-induced oxidative stress in LO2 cells. The levels of ROS, MDA, and the activity of f GSH-Px were measured by commercial kits. “*P < 0.05 and
##p< 0.01 compared to the Control, while *#P < 0.05 and ***P < 0.01 compared to the PA-treated group.
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Figure 5 ASIV suppressed apoptosis in PA-induced LO2 cells. (A) Apoptosis of LO2 cells was examined by flow cytometry. (B) Apoptosis rate was qualified. (C) The
expression of apoptosis-related proteins including Bcl-2 and Bax was tested using Western blot. P< 0.05 and *P< 0.01 compared to the control, while **P < 0.05

compared to the PA-treated group.

Discussion

The progression of non-alcoholic fatty liver to non-alcoholic
steatohepatitis is mainly due to the accumulation of liver
lipids that triggers lipotoxicity, promotes macrophage activa-
tion, and has multiple effects with inflammation and oxida-
tive stress, resulting in fibrosis and other adverse outcomes.*'
Since the pathogenesis of NASH is a complex molecular
network of reprogramming, effective treatment strategies
should target a variety of pathological pathways and have
a protective effect on all aspects of liver function.>® In this
study, we reported that astragaloside IV is involved in multi-
ple beneficial effects in the disease.

Under physiological conditions, free fatty acids, trigly-
cerides and total cholesterol in the body are in a dynamic
balance.>® Hepatic steatosis is caused by the imbalance
between the increase and loss of lipid accumulation in
the liver, increased lipolysis of visceral adipose tissue,
activation of hepatic new fat formation, and diet rich in
high calories and fat, Liver intramitochondrial beta-
oxidation is reduced, leading to increased production and
accumulation of plasma free fatty acids, oxidized low-
density lipoproteins and triglycerides.>* A large number
of studies have revealed that mice fed a high-fat diet have

increased body weight and liver index, and obvious stea-
tosis, hepatitis, dyslipidemia and liver lipid peroxidation.
Here, we further evaluated liver lipid metabolism changes
by applying in vivo mice and in vitro LO2 cell NAFLD
models. Consistent with previous studies,’® our data
demonstration that the body weights and liver weight in
the mice disease model were significantly increased, the
levels of liver injury markers (ALT and AST) and trigly-
cerides were significantly increased, and the liver tissue
pathology showed obvious inflammatory infiltration and
steatosis. ASIV treatment significantly reduced the above
indicators, representing that ASIV effectively improved
lipid metabolism disorders and liver function in NAFLD
mice. In vivo studies first clarified the close relationship
between ASIV and NAFLD. Previous studies have
exposed that ASIV reduces lipid accumulation in HepG2
cells and mice primary liver cells.?® Compared with his
research, our results in LO2 cells display that compared
with the in vitro NAFLD model group, ASIV administra-
tion significantly reduced TC and TG levels. Oil red
O staining also indicated that ASIV treatment significantly
reduced the formation of intracellular lipid droplets. The
above in vitro and in vivo experiments consistently prove
that ASIV can reduce lipid accumulation in NAFLD.
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Figure 6 LPS-induced the expression of inflammatory cytokines in RAW264.7 cells. (A) The contents of TNF-a and IL-6 were measured using ELISA kits. (B) IL-6 and TNF-
o mRNA expression in RAW?264.7 cells was analysed by real-time PCR. *#P< 0.01 compared to the control, while ¥P < 0.05 and ***P < 0.01 compared to the LPS-treated

group.

Lipotoxicity refers to the accumulation of ectopic lipids
in nonfat tissues and entry into harmful pathways, leading to
inflammation, and oxidative stress and cell apoptosis.*
Mitochondrial dysfunction can impair fat homeostasis in
the liver and cause excessive production of ROS.*® These
ROS are believed to play an important role in inducing the
fatal liver cell damage associated with NAFLD.*
Mitochondria adapt to increased liver lipid content by
increasing Beta-oxidation, however, this leads to an increase
in the production of ROS, this increase in mitochondrial ROS
production may play an important role in the occurrence of
insulin resistance in the later stages of NAFLD.?’ Oxidative
stress occurs through the release of ROS, the combination of

ROS and polyunsaturated fatty acids (PUFA) leads to lipid
peroxidation and produces aldehyde byproducts (MDA),
which cause oxidative damage to cells.*® Changes in lipid
peroxidation markers (GSH-Px and MDA) and other sub-
stances have been observed in NAFLD/NASH patients, and
their concentration is related to the degree of disease.*” In this
experiment, we tested the markers of oxidative stress, the
content of ROS, MDA and GSH-Px. The results exhibited
that after PA induction, the content of ROS and MDA
increased significantly, and the content of GSH-Px decreased
sharply, representative that the cells experienced severe oxi-
dative stress, dysfunction of the antioxidant system; however
in the PA-induced cells treated with ASIV, the decrease in
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ROS and MDA levels and the increase in GSH-Px levels
designate that the antioxidant capacity of the cells was
improved, and relieved cell stress damage. This finding sug-
gests that ASIV may protect against NAFLD by inhibiting
hepatic oxidative stress in the liver.

Hepatocyte apoptosis is an important mechanism for the
development of NAFLD disease.*® Apoptotic hepatocytes
stimulate immune cells and hepatic stellate cells to develop
liver fibrosis by producing inflammasomes and cytokines.*'
Apoptosis is mediated by the death receptor external pathway
or internal mitochondrial organelle pathway.** In steatosis,
with the accumulation of free saturated fatty acids, mitochon-
drial transition pores (mPTP) and mitochondrial DNA are
damaged, ATP synthesis efficiency is reduced, ROS is over-
produced, proapoptotic Bax protein is activated, Bcl-2 pro-
tein is inhibited,
permeability (MOMP) and Bax channels are opened during

and outer mitochondrial membrane

apoptosis.*> Our results illustration that ASIV can signifi-
cantly ameliorate PA-induced hepatocyte apoptosis, reduce
Bax protein expression, and restore Bcl-2 protein expression.
In general, consistent with previous reports, the expression
changes of Bax and Bcl-2 mediated by mitochondrial
damage play an important role in NAFLD cell apoptosis.'”
These results demonstrate that ASIV may produce its pro-
tective effects by inhibiting hepatic cell apoptosis in NAFLD.

Inflammation is the basis of many pathophysiological
processes, and macrophages play a key role in the initiation,
maintenance and regression of inflammation.** NASH is an
inflammatory disease, and continuous inflammation and
immune cell infiltration are important driving forces of disease
progression.*> Most of the current research on NASH disease
focuses on the study of liver lipid accumulation and metabo-
lism. If simple steatosis cannot be controlled, then inflamma-
tion in the liver will begin, during which macrophages can be
activated and released.*® Inflammation-related cytokines can
recruit a large number of bone marrow-derived macrophages
into the liver, and differentiate into M1 type macrophages that
promote disease progression.*” M1 type macrophages play
arole in the later stage of disease development, and the effect
is greater than that of Kupffer cells, which continuously accu-
mulate in the liver and release a steady stream of inflammatory
cytokines.'”** RAW264.7 cells are mice macrophages and are
often used to construct in vitro models of NASH.*® Our
research used LPS-induced RAW264.7 cells as a model to
study the role and mechanism of ASIV in NAFLD.

The main source of proinflammatory cytokines (TNF-a
and IL-6) is released in the pathophysiological process of
NASH is macrophages.” TNF-a is the central link in the
cascade of inflammation, which can increase the release of
other proinflammatory factors and accelerate the process of
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inflammation.>® IL-6 is both a proinflammatory factor and an
anti-inflammatory factor, involved in a variety of biological
processes. TNF-a and IL-6 can directly reflect the severity of
inflammation in the body.' Therefore, we examined the effect
of ASIV on TNF-a and IL-6 in LPS-treated RAW264.7 cells.
Our results displayed that ASIV downregulated the levels of
TNF-a and IL-6 in the supernatant of RAW?264.7 cells. At the
same time, ASIV also inhibited the upregulation of TNF-a and
IL-6 mRNA in RAW264.7 cells induced by LPS. These data
imply that ASIV can effectively inhibit the overproduction of
inflammatory mediators in macrophages.

Leukotriene is a classic pro-inflammatory lipid meta-
bolism intermediate product. Arachidonic acid (AA),
which is converted from essential fatty acid n-6 polyunsa-
turated fatty acid (PUFA), is formed under catalysis by
5-lipoxygenase, and then expressed by the high-affinity
receptor BLT-1 and low-affinity receptor BLT-2.%% Broad-
spectrum and high-efficiency inflammatory effects include
the release, among others, of chemokines and lympho-
cytes, with 5-LO and LTB4 as the core signaling mole-
cules mediating the process of inflammation triggering and
amplification.” The 5-LO pathway is the main proinflam-
matory pathway in macrophages.’® Previous studies have
shown that the 5-LO pathway generates the inflammatory
mediator LTB4 which is an important factor leading to
immune liver injury.'’ In our study, ASIV significantly
reduced the expression of 5-LO and LTB4 in NAFLD
mice. These findings denote that ASIV may attenuate
NAFLD mice inflammation by inhibiting the 5-LO/LTB4
pathway.

Polyphenols are known to be the most common anti-
oxidants in the human diet, which are mainly found in
fruits, vegetables and herbs, including compounds such as
chlorogenic acid, catechins, curcumin and quercetin.’
Studies have revealed that polyphenol compounds can
prevent oxidative stress and regulate insulin resistance,
and play an important role in the treatment of non-
alcoholic fatty liver disease.’® Cardiovascular complica-
tions are the main cause of death in NAFLD, recently
studies have exposed that resveratrol can reduce BMI
and waist circumference in patients with NAFLD, but
blood lipids, serum atherosclerosis index, liver enzymes
and blood pressure have not changed significantly.”” Our
research illustrations that ASIV can reduce blood lipids
and body weight in mice. In follow-up studies, we can
further pay attention to the role of ASIV in the complica-
tions of NAFLD.

In summary, our in vivo experiments have proven that
ASIV can inhibit lipid accumulation, inflammation and
liver damage in NAFLD mice, and our in vitro experi-
ments further illustration that ASIV reduces lipid metabo-
lism, oxidative stress and apoptosis in LO2 cells, thereby
preventing NAFLD. These findings provide new ideas and
new ways to treat of NAFLD using ASIV.
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