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Si-Wei-Qing-Gan-Tang (SWQGT) is a Chinese medicine formula that is widely used as a
folk remedy of herbal tea for the treatment of chronic hepatitis, like non-alcoholic
steatohepatitis (NASH), around Ganzhou City (Jiangxi province, China). However, the
underlying mechanisms of this formula against NASH are still unknown. This study aimed
to explore the effect andmechanisms of SWQGT against NASH. A network pharmacology
approach was used to predict the potential mechanisms of SWQGT against NASH. Then
a rat model of NASH established by feeding the methionine and choline deficient (MCD)
diet was used to verify the effect and mechanisms of SWQGT on NASH in vivo. SWQGT (1
g/kg/d and 3 g/kg/d) were given by intragastric administration. Body weight, liver weight,
serum biochemical indicators, liver triglyceride and total cholesterol were all measured.
Tumor necrosis factor-a (TNF-a), Interleukin (IL)-1b, IL-6 levels in the livers were evaluated
using ELISA. Hematoxylin and eosin (HE) and Oil Red O staining were used to determine
histology, while western blot was used to assess the relative expression levels of the
nuclear factor-kB (NF-kB) pathway- and autophagy-related proteins. Functional and
pathway enrichment analyses revealed that SWQGT obviously influenced inflammation-
related signal pathways in NASH. Furthermore, in vivo experiment showed that SWQGT
caused a reduction in liver weight and liver index of MCD diet-fed rats. The formula also
helped to reduce hepatomegaly and improve pathological liver changes and hepatic
steatosis. SWQGT likewise reduced liver TNF-a, IL-1b, and IL-6 levels and down-
regulated p-NF-kB p65, p-p38 MAPK, p-MEK1/2, p-ERK1/2, p-mTOR, and p62, while
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up-regulating p-ULK1 and LC3II protein expression levels. SWQGT could improve NASH
in MCD diet-fed rats, and this effect may be associated with its down-regulation of NF-kB
and activation of autophagy.
Keywords: Si-Wei-Qing-Gan-Tang, non-alcoholic steatohepatitis, network pharmacology, inflammation,
NF-kB, autophagy
INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a metabolic liver
disease characterized by excess lipid deposition in hepatocytes,
and its disease spectrum includes non-alcoholic steatohepatitis
(NASH), fibrosis, cirrhosis, and hepatocellular carcinoma (HCC)
(Ullah et al., 2019). The current global incidence of NAFLD is
about 25.24%, and approximately 59% of the NALFD patients
with structural liver biopsy have progressed to NASH (Younossi
et al., 2016). Remarkably, NASH has become the second most
common cause for liver transplantation, while NAFLD and
NASH are the second major cause of HCC (Fazel et al., 2016).

The pathogenesis of NASH is not fully understood. Current
theories suggest that inflammation is an important factor in the
development of simple steatosis to NASH (Pierantonelli and
Svegliati-Baroni, 2019). Inflammation not only causes liver cell
injury and apoptosis, but also promotes liver lipid accumulation
(Kim and Lee, 2018). In NAFLD, signals derived from fat tissues
and intestinal bacteria flora, promote the release of inflammatory
cytokines, and cause inflammation in the liver (Bessone et al.,
2019). Nuclear factor-kB (NF-kB) transcription factor
stimulated by various factors is linked closely to metabolism
and plays a key role in inflammation (Cai et al., 2018). NF-kB
activation increases the production of downstream inflammatory
factors, such as Tumor necrosis factor-a (TNF-a), Interleukin
(IL)-1b, and these inflammatory factors have been reported to
enable steatosis and liver tissue damage, promoting the
occurrence and development of NASH (Watanabe et al., 2004;
Kubes and Mehal, 2012). Recent studies have shown that
autophagy also plays a significant role in the occurrence and
development of NASH. Its activation has been reported to reduce
intracellular lipid droplets and attenuate inflammation, thus the
regulation of autophagy may be a potential therapeutic approach
in NAFLD/NASH (Allaire et al., 2019).

There are currently no agents approved for the treatment of
NASH (Konerman et al., 2018). Thus, there is a need for safe and
effective NASH drugs pending in-depth investigations. Various
Chinese herbs have shown varying degrees of improvement in
NASH and are predominantly safe (Bagherniya et al., 2018).
Chinese medicine formula is a combination of several Chinese
herbal medicines with multi-target and multi-mechanism
features, thus it is plausible that these substances could provide
a potential healing impact on the multifactorial NASH (Jadeja
et al., 2014; Fiorucci et al., 2018). Some traditional Chinese
medicine (TCM) formulae, such as the ErChen and
QuYuHuaTanTongLuo Decoctions, have been proved to have
a certain degree of therapeutic effect on NASH patients (Zhang
et al., 2008).
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The main pathogenesis of NASH in the perspective of TCM is
dampness-heat retention, and the corresponding treatment is
clearing heat and removing dampness. Si-Wei-Qing-Gan-Tang
(SWQGT) is a Chinese medicine formula that constitutes
Artemisia capillaris Thunb, Hedyotis diffusa Willd, Gardenia
jasminoides Ellis, and Taxillus sutchuenensis (Lecomte) Danser
following the clearing heat and removing dampness principles.
This formula has been prescribed widely as a folk remedy of
herbal tea for improving the symptoms of chronic hepatitis, like
NASH, in Ganzhou City, China. Moreover, active ingredients in
these herbs, like Quercetin (Marcolin et al., 2013), have been
reported to reduce liver fat and inflammation and alleviate liver
damage, which points to a potential therapeutic effect on
NAFLD/NASH. Despite the extensive use of SWQGT by folk
healers, neither scientific experiments nor clinical trials have
been carried out to verify its effectiveness or explore its underling
mechanisms against NASH.

With rapid development of bioinformatics, network
pharmacology provides a new method to predict or reveal the
complex mechanisms of TCM formula (Zuo et al., 2018). In the
present study, we performed a network pharmacology approach
to predict the potential pathways of SWQGT. Then, a rat model
of NASH was established by feeding the methionine and choline
deficient (MCD) diet, and used to verify the effect and
mechanisms of SWQGT on NASH in vivo. While animal
experiments are the best way to predict human response
(Garattini and Grignaschi, 2017), the results, we hope, will
provide a basis for further clinical research of SWQGT.
MATERIALS AND METHODS

Chemicals and Reagents
The components of SWQGT are shown in Table 1, with all four
herbs collected from Ganzhou City (Jiangxi province, China) in
July 2018. The plants were identified by Dr. X.B.Z. of the
Shenzhen People's Hospital, and voucher specimens (no.
2018091301, 2018091302, 2018091303, and 2018091304 for A.
capillaris, H. diffusa, G. jasminoides, and T. sutchuenensis,
respectively) were deposited at Center Lab of Longhua Branch,
Shenzhen People's Hospital, Second Clinical Medical College of
Jinan University, Shenzhen, China. Sprague Dawley (SD) rats
(License Number: SCXK (Lu) 20140007) were purchased from
Jinan Pengyue Laboratory Animal Breeding Co., Ltd (Jinan
province, China). The MCD diet and methionine and choline-
sufficient (MCS) diet were processed by Trophic Animal Feed
High-Tech Co., Ltd (Nantong City, Jiangsu province, China).
The triglyceride (TG) assay kit, total cholesterol (TC) assay kit,
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high-density lipoprotein cholesterol (HDL-c) assay kit, low-
density lipoprotein cholesterol (LDL-c) assay kit, alanine
aminotransferase (ALT) assay kit, aspartate transaminase
(AST) assay kit, Oil Red O stain kit, and myeloperoxidase
(MPO) assay kit were obtained from the Nanjing Jiancheng
Bioengineering Institute (Nanjing City, Jiangsu province, China).
TNF-a, IL-1b, and IL-6 ELISA kits were acquired from Shanghai
Jianglai Biotechnology Co., Ltd (Shanghai City, China). Nuclear
protein extraction kit was from Shanghai Sangon Biotech Co. Ltd
(Shanghai City, China). TRIzol™ Reagent was obtained from
Invitrogen (Carlsbad, CA, USA). RevertAid First Strand cDNA
Synthesis Kit was from Thermo Fisher Scientific Inc (Waltham,
MA, USA). Forget-Me-Not™ EvaGreen® qPCR Master Mix was
obtained from Biotium (Hayward, California, USA). Antibodies
against NF-kB p65, p-NF-kB p65 (Ser536), p38 MAPK, p-p38
MAPK (Thr180/Tyr182), MEK1/2, p-MEK1/2 (Ser217/221),
ERK1/2, p-ERK1/2 (Thr202/Tyr204), PI3K, AKT, p-AKT
(Ser473), mTOR, p-mTOR (Ser2481), ULK1, p-ULK1 (Ser555),
LC3A/B, GAPDH, and Lamin B1 were obtained from Cell
Signaling Technology (Danvers, MA, USA). Anti-p62 antibody
was from Beyotime Institute of Biotechnology (Shanghai City,
China). The hepatoprotective drug Polyene Phosphatidylcholine
Capsule (PPC, Essentiale, Sanofi-aventis Pharma Ltd.) was used
as a positive functional control (He et al., 2017).
Frontiers in Pharmacology | www.frontiersin.org 3
Preparation of SWQGT
SWQGT was boiled twice for 1 h each in 300 ml of water. The
aqueous extracts were mixed and concentrated to 3 g/ml (crude
herbal concentration), then filtered through a 0.22 mmmicroporous
membrane, with the resulting solution ready for use. Identification
of major compounds in the herbs of SWQGT for quality control
was conducted using ultra-performance liquid chromatography-
quadrupole time of flight mass spectrometry (UPLC-QTOF-MS)
system, equipped with a UPLC apparatus (Ultimate 3000, Thermo
Fisher Scientific, USA) and a QTOF-MS mass analyzer (Maxis
Impact, Bruker, Germany). The chromatographic separation was
performed on an Agilent Eclipse Plus C18 column (50 mm, 2.1 mm
ID, 1.8 mm). The aqueous phase was a mixture of acetonitrile (A)
and water (B), and the gradient elution procedure was set as follows:
0–20min, 5%–13% A; 20–50 min, 13–40% A; 50–60 min, 40–80%
A. The mass analyses were performed using an ESI interface in the
negative ion mode with the following operation parameters:
capillary voltage 4500 V; end plate offset, −500 V; nebulizer
pressure, 0.4 bar; drying gas, 6 L/min and gas temperature 180˚C.
Full scan mass spectra were recorded over the range 50–1500 m/z.
The UPLC chromatograms of SWQGT and its single herb were
shown in Figure S1. The results of UPLC-QTOF-MS and
tentative identification by comparison to reports from literature
were shown in Table S1.
TABLE 1 | Components of SWQGT.

Chinese name Botanical name Part used Proportion

Yinchen Artemisia capillaris Thunb Aerial part 1

Baihuasheshecao Hedyotis diffusa Willd Herb 1

Zhizi Gardenia jasminoides Ellis Root 0.5

Sangjisheng Taxillus sutchuenensis (Lecomte) Danser Stem and leaf 0.5
May 2020 | Volume 11
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Prediction of the Mechanisms of SWQGT
Against NASH Based on Network
Pharmacology
The ingredients of four herbs in SWQGT were retrieved from
Traditional Chinese Medicines Systems Pharmacology (TCMSP,
http://tcmspw.com/tcmsp.php) (Ru et al., 2014). Evaluation of
the ADME (Absorption, Distribution, Metabolism and
Excretion) was used to predict the pharmacokinetics of the
components. Ingredients with OB ≥ 30% and DL ≥ 0.18 were
chosen for further analyses (Xu et al., 2012). The protein targets
of these components were retrieved from TCMSP and DrugBank
databases, and standardized using UniProt KB database (Ru
et al., 2014; Lee, 2015). The list of NASH-related targets were
collected from OMIM (https://omim.org/) and DisGeNET
(https://www.disgenet.org/) using the search term of
“nonalcoholic steatohepatitis” and “nonalcoholic fatty liver
disease” (Hamosh et al., 2005; Pinero et al., 2017). To predict
the mechanisms of SWQGT against NASH, a Component-
Target network was constructed with overlapped targets, and
plotted using Cytoscape (Cai et al., 2019). Putative targets were
further put into DAVID (https://david.ncifcrf.gov/) for
enrichment analyses in KEGG (Kyoto Encyclopedia of Genes
and Genomes) pathways and GO (Gene Ontology) terms
associated with biological processes (BP), molecular functions
(MF), and cellular components (CC).
Animal Experiments
SD rats (male, 7 weeks old, 201 ± 10.7 g, mean ± SD) were kept at
the SPF animal center (12 h of daylight cycle, 18˚C–22˚C). After
acclimation for 2 weeks, the rats were assigned to five groups
with a table of random numbers (eight rats per group): the MCS
group, MCD group, SW-L group (low dose SWQGT group),
SW-H group (high dose SWQGT group), and PPC group.
Briefly, random numbers between 0 and 1 generated using the
RAND() command in EXCEL (Microsoft Corporation, USA)
were assigned to each rat. The random numbers were then sorted
from small to large and assigned to groups of five in turn. Rats in
the MCS group were fed with the MCS diet, while rats in the
other four groups had the MCD diet. Additionally, rats in the
SW-L group and SW-H group received SWQGT at a dose of 1 g/
kg/d and 3 g/kg/d, respectively, via gavage, whereas rats in the
MCS group andMCD group received equal amounts of water via
gavage. PPC (120 mg/kg/d) was also given by intragastric
administration. One rat in each group was randomly chosen to
verify the pathological progress of NASH at 3 weeks, and these
animals were excluded from the experiment. The other rats (n =
7 per group) were anesthetized with 10% chloral hydrate (3 ml/
kg) at 4 weeks. Abdominal aortic blood was collected, and the
rats were sacrificed. Following sacrifice, liver tissues of rats were
harvested and weighed, and the liver indices were counted (liver
index = liver weight/body weight × 100).

All animal treatments complied with the protocols approved
by the Institutional Animal Care and Use Committee of the
Shenzhen People's Hospital. The same committee approved this
research (Approval Document No. LL-KT-201701017).
Frontiers in Pharmacology | www.frontiersin.org 4
Histology Determination
Liver tissues were cut into small pieces, fixed in neutral formalin
for 24 h, dehydrated, embedded in paraffin, and then cut into 10
mm slices and stained with hematoxylin and eosin (HE). Liver
tissue used for Oil Red O staining were frozen and sectioned into
10 mm slices, then stained with Oil Red O and counter-stained
with hematoxylin.

Biochemical Analyses
Abdominal aorta blood was centrifuged at 3,000 rpm for 10 min,
after which the resulting serum was collected for further use.
Nine hundred microliters of the homogenate medium was added
to 100 mg of liver tissues, and the mixture was homogenized. The
ensuing supernatant was collected after centrifugation at 3,000
rpm for 10 min. Serum TC, serum TG, serum HDL-c, serum
LDL-c, serum AST, serum ALT, liver TG, and liver TC were
evaluated according to the manufacturer's instructions. Liver
TNF-a, IL-1b, and IL-6 were assessed following instructions for
the procedure provided with the ELISA kits. The hepatic MPO
activity was determined using an assay kit according to the
manufacturer's instructions.

Western Blotting
Protein expression levels were detected using western blot with
antibodies of NF-kB p65 (1:1,000), p-NF-kB p65 (1:1,000), p38
MAPK (1:1,000), p-p38 MAPK (1:1,000), MEK1/2 (1:1,000), p-
MEK1/2 (1:1,000), ERK1/2 (1:1,000), p-ERK1/2 (1:1,000), PI3K
(1:1,000), AKT (1:1,000), p-AKT (1:2,000), TLR4 (1:1,000),
mTOR (1:1,000), p-mTOR (1:1,000), ULK1 (1:1,000), p-ULK1
(1:1,000), LC3 (1:1,000), p62 (1:2,000), GAPDH (1:1,000), and
Lamin B1 (1:1,000). Liver tissues were homogenized on ice in
RIPA Lysis Buffer with protease inhibitors, and the supernatant
was collected after centrifugation. A BCA Protein Assay Kit was
then used for the assessment of protein concentration in the
supernatant. For nuclear protein preparation, liver samples were
extracted by a commercial kit according to the manufacturer's
instructions. GAPDH was used as total protein loading controls,
while Lamin B1 as a nuclear protein loading control. The
samples were separated by SDS-PAGE gel and transferred to
PVDF membranes. After blocking with 5% non-fat milk for 1 h
at room temperature, the membranes were probed with the
respective primary antibodies, followed by incubation with
peroxidase-conjugated secondary antibodies. An ECL reagent
was added to the membranes, and a chemiluminescent imaging
system was used to visualize target proteins.

Quantitative Real-Time PCR Analysis
MCP-1, EMR1 mRNA expression levels were determined by
quantitative real-time PCR. Briefly, total RNA was isolated from
the liver samples using TRIzol Reagent according to the
manufacturer's protocol. Then, cDNA was synthesized by
reverse transcription with a RevertAid First Strand cDNA
Synthesis Kit. Quantitative real-time PCR was performed using
Forget-Me-Not™ EvaGreen® qPCR Master Mix. The fold change
of gene expression was calculated through relative quantification
(2−DDCt). Primers used for qPCR are listed as follows: MCP-1
May 2020 | Volume 11 | Article 530
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forward primer: TAGCATCCACGTGCTGTCTC; MCP-1
reverse primer: GAGCTTGGTGACAAATACTACAGC; EMR1
forward primer: TCTCTCTGGTATGTCTCGCCT; EMR1
forward primer: CGCAAGCTGTCTGGTTGTC; GAPDH
forward primer: TGATGGGTGTGAACCACGAG; GAPDH
reverse primer: TCATGAGCCCTTCCACGATG.

Statistical Analyses
GraphPad Prism 7.0 were used for statistical analyses. Datasets of
qPCR and western blot were analyzed using One-way ANOVA
with Dunnett's multiple comparisons test, and these data are
presented as mean ± standard deviation (SD). Other data were
analyzed using Mann-Whitney U test, and these data are
presented as median and interquartile range. p < 0.05 was
considered to be statistically significant.
RESULTS

Network Pharmacology Analyses of
SWQGT
In order to predict the potential mechanisms of SWQGT, we first
perform a network pharmacology approach. Components of
each herb in SWQGT were collected and 26 components were
screened out with OB ≥ 30% and DL ≥ 0.18. Several of the
selected components were identified as main constituents of
SWQGT in Table S1 using the UPLC-QTOF-MS system. A
total of 212 potential targets of these components were predicted
through database retrieval. Detailed information of components
Frontiers in Pharmacology | www.frontiersin.org 5
in SWQGT and their candidate targets were shown in Table S2.
Comparing the candidate targets of SWQGT with 508 candidate
targets relating to NAFLD/NASH from database there was an
overlap of 53 targets, which were assumed as the putative targets
of SWQGT against NAFLD/NASH and used to construct a
Component-Target network (Figures 1A, B).

As predicted pathways by the bioinformatics methods showed
higher consistency with microarray confirmation than predicted
genes (Fang et al., 2017), we payed more attention to enriched
pathways than specific genes. KEGG pathways in which the 53
putative targets showed significant enrichment contained toll-like
receptor signaling pathway, TNF signaling pathway, cytokine-
cytokine receptor interaction, NF-kB signaling pathway, etc,
indicating that the effect of SWQGT against NAFLD/NASH was
closely related to inflammation (Figure 1C). GO enrichment in
terms associated with biological processes also revealed that
SWQGT may regulate inflammatory response (Figure 1D).

SWQGT Reduced Liver Weight and Liver
Index in MCD Diet-Fed Rats
To verify the effect of SWQGT on NASH, the MCDmodel in rats
was used in our study. Compared with the MCS diet-fed rats,
feeding on the MCD diet for 4 weeks caused body weight
decrease (p < 0.001) (Figure 2A). Rats in SW-H group showed
slight but significant weight loss when compared with the MCD
group. The liver weight and liver index of rats in the MCD group
were significantly higher than those of rats in the MCS group (p <
0.001). Rats in the PPC group showed significant reduced liver
weight (p < 0.01) and liver index (p < 0.05), compared with rats
A B

C D

FIGURE 1 | Network construction and function analyses of Si-Wei-Qing-Gan-Tang (SWQGT). (A) Venn diagram of candidate targets in SWQGT and non-alcoholic
steatohepatitis (NASH). (B) The Component-Target network. (C) The KEGG pathway enrichment analyses of 53 putative targets. (D) The GO enrichment analyses of
53 putative targets.
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in the MCD group (Figures 2B, C). Rats in the SW-L and SW-H
groups also had lower liver weight and liver index than rats in the
MCD group (p < 0.05, p < 0.01) (Figures 2B, C). Per these
results, SWQGT reduced the liver weight and liver index gain
caused by the MCD diet in rats.

SWQGT Affected Serum Biochemical
Indicators in MCD Diet-Fed Rats
The results of serum biochemical analyses were shown in
Figure 3. The ALT and AST levels of rats in the MCD group
were significantly higher than those in the MCS group (p <
0.001), and PPC treatment alleviated MCD diet-induced ALT
and AST increase (p < 0.05, p < 0.01). However, there was no
significant difference in the levels of these indicators between the
SW-L and SW-H groups and the MCD group (Figures 3A, B).
There was no significant difference in serum TG levels between
the five groups (Figure 3D). Serum TC, HDL-c, and LDL-c levels
in the MCD group were significantly lower than those in the
MCS group (p < 0.001, p < 0.001, p < 0.01), while all three
Frontiers in Pharmacology | www.frontiersin.org 6
indicators in the PPC group were increased significantly when
compared with the levels in the MCD group (p < 0.01) (Figures
3C–F). HDL-c levels in the SW-L and SW-H groups were
significantly higher than those in the MCD group (p < 0.05,
p < 0.001), and serum TC levels in the SW-H group were
significantly higher those in the MCD group (p < 0.01)
(Figures 3C, E).

SWQGT Decreased Liver Fat
Accumulation in MCD Diet-Fed Rats
The liver tissue morphology (Figure 4A) showed that the livers
of rats in the MCS group were dark red, the capsules were
normal, the edges were sharp, and the touch was elastic. In the
MCD group, the livers of rats swelled, the color of the livers was
yellowish, the films were tense, the edges were blunt, and the
touch was softer. Rats in the SW-L, SW-H, and PPC groups, in
terms of liver size, color, and touch, were better than those in the
MCD group. HE staining results (Figure 4B) showed that the cell
boundaries in the liver tissues of rats in the MCS group were
A B C

FIGURE 2 | Effect of Si-Wei-Qing-Gan-Tang (SWQGT) and PPC on body weight, liver weight and liver index of rats in each group. (A) body weight, (B) liver weight,
(C) liver index. Methionine and choline-sufficient (MCS) group: MCS diet-fed rats, methionine and choline deficient (MCD) group: MCD diet-fed rats, SW-L group: rats
fed with low dose of SWQGT and MCD diet, SW-H group: rats fed with high dose of SWQGT and MCD diet, PPC group: rats fed with PPC and MCD diet. The data
are presented as median and interquartile range, ##p < 0.01, ###p < 0.001, vs. MCS group; *p < 0.05, **p < 0.01 vs. MCD group.
A

B D

E

F

C

FIGURE 3 | Effect of Si-Wei-Qing-Gan-Tang (SWQGT) and PPC on serum ALT, AST, total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-c)
assay kit, and low-density lipoprotein cholesterol (LDL-c) levels of rats in each group. (A) serum ALT, (B) serum AST, (C) serum TC, (D): serum TG, (E) serum HDL-c, (F)
serum LDL-c. Methionine and choline-sufficient (MCS) group: MCS diet-fed rats, methionine and choline deficient (MCD) group: MCD diet-fed rats, SW-L group: rats fed
with low dose of SWQGT and MCD diet, SW-H group: rats fed with high dose of SWQGT and MCD diet, PPC group: rats fed with PPC and MCD diet. The data are
presented as median and interquartile range, ## p < 0.01, ### p < 0.001 vs. MCS group; * p < 0.05, * p < 0.01, *** p < 0.001 vs. MCD group.
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apparent, the blue stained nucleus was at the center of the cell,
the structure of the hepatic cord was clear, and there was no
obvious lesion. A large number of fat vacuoles were found to
exist in the liver tissues of the MCD group rats, and even adjacent
cells fused into a piece. The cell boundaries of the tissues of rats
in this group were unclear, the nucleus was squeezed to one side,
and the structure of the hepatic cord was not lucid enough. The
fat vacuoles in the SW-L, SW-H, and PPC groups diminished
relatively, compared to the MCD group, and the hepatic cord
structures were restored to some extent.

Oil Red O staining (Figure 4C) showed that there was a large
amount of orange-red lipid droplets in the liver tissues of the
MCD group rats. Lipid droplets in the SW-L, SW-H, and PPC
groups reduced relatively compared with the MCD group. Our
analyses of the TG content in liver tissues revealed that TG levels
increased significantly in the livers of the MCD group rats,
compared with the levels in the MCS group rats (p < 0.001),
whereas, the liver TG levels in the SW-L, SW-H,and PPC groups
decreased significantly, compared with those in the MCD group
animals (p < 0.05, p < 0.01, p < 0.05) (Figure 4E). In addition, the
MCD group rats had lower liver TC levels, compared with levels
in the MCS group rats, while rats in the SW-L, SW-H, and PPC
groups showed restored TC levels (p < 0.05, p < 0.01, p < 0.05),
compared with the MCD group (Figure 4D). These results
demonstrated that SWQGT alleviated abnormal liver lipid
Frontiers in Pharmacology | www.frontiersin.org 7
accumulation and pathological changes caused by the MCD
diet in rats.

SWQGT Decreased NF-kB Activation and
Reduced Liver Tissue Inflammation in
MCD Diet-Fed Rats
Considering the enriched pathways of SWQGT in inflammation,
as well as the vital role of NF-kB in the inflammatory response
(Liu et al., 2017; Cai et al., 2018), we examined the expression of
NF-kB-related proteins. The p-NF-kB p65 protein levels of liver
tissues in the MCD group rats increased significantly compared
with those in the MCS group (p < 0.001), whereas, the p-NF-kB
p65 protein levels in the SW-L and SW-H groups decreased
significantly, compared with those in the MCD group (p < 0.05, p
< 0.01) (Figures 5A, B). In addition, nuclear levels of NF-kB p65
also increased significantly (p < 0.001), and they were
significantly decreased in SW-L and SW-H groups when
compared with those in the MCD group (p < 0.05, p < 0.01)
(Figures 5A, C). These results suggest that NF-kB was activated
in the livers of MCD diet-fed rats, and the intervention of
SWQGT down-regulated the activation of NF-kB.

We also tested the levels of inflammatory factors related to
NF-kB in the livers of rats of each group. Our findings show that
rats in the MCD group had higher liver TNF-a, IL-1b, and IL-6
levels, compared with the MCS group rats (p < 0.001) and the
A

B

C

D E

FIGURE 4 | Effect of Si-Wei-Qing-Gan-Tang (SWQGT) and PPC on histopathological examination and liver total cholesterol (TC), TG levels of rats in each group.
(A) liver morphology, (B) HE stained sections (× 200), (C) Oil Red O stained sections (× 200), (D) liver TC levels, (E) liver triglyceride (TG) levels. methionine and
choline-sufficient (MCS) group: MCS diet-fed rats, methionine and choline deficient (MCD) group: MCD diet-fed rats, SW-L group: rats fed with low dose of SWQGT
and MCD diet, SW-H group: rats fed with high dose of SWQGT and MCD diet, PPC group: rats fed with PPC and MCD diet. The data are presented as median and
interquartile range, ## p < 0.01, ### p < 0.001 vs. MCS group; * p < 0.05, ** p < 0.01 vs. MCD group.
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SW-H group rats (p < 0.01, p < 0.05, p < 0.01) (Figures 5D–F).
IL-1b and IL-6 levels were also decreased in the SW-L group
when compared with those in the MCD group (p < 0.05, p <
0.001). Rats in the SW-H group also had decreased MPO activity
(p < 0.01) compared with the MCD group rats (Figure 5G).
mRNA expression of hepatic MCP-1 and EMR1 in both the SW-
L and SW-H groups were lower than those in the MCD group (p
< 0.01) (Figures 5H, I).

SWQGT Decreased the MEK1/2/ERK1/2
and p38 MAPK Signal Pathways Activation
We then examined the NF-kB upstream pathways, including the
MEK1/2/ERK1/2, PI3K/Akt, p38 MAPK, and TLR4 signal
pathways (Lee et al., 2017). The MAPK signaling pathway,
PI3K-AKT signaling pathway, toll-like receptor signaling
pathway were also included in the pathway enrichment results
of SWQGT predicted by network pharmacology (Figure 1C). As
shown in Figures 6A–C, the p-MEK1/2 and p-ERK1/2 protein
levels in liver tissues of the MCD group rats were significantly
higher than those of rats in the MCS group (p < 0.001) and SW-
H and SW-L groups (p < 0.05, p < 0.001). The p-p38 MAPK
protein levels in liver tissues of the MCD group rats were
significantly higher than levels in the MCS group (p < 0.001)
and SW-H group (p < 0.05) (Figures 6A, F). Likewise, the PI3K
protein levels in liver tissues of the MCD group rats were
Frontiers in Pharmacology | www.frontiersin.org 8
significantly higher than those in the MCS group (p < 0.05),
but there was no significant difference in the p-AKT and TLR4
protein levels between the MCD group and the MCS group
(Figures 6A, D, E, G). The p-AKT protein levels in the SW-H
and SW-L groups exhibited no significant differences relative to
levels in the MCD group. Per these results, SWQGT down-
regulated the activation of the MEK1/2/ERK1/2 and p38 MAPK
pathways in the livers of MCD diet-fed rats.

SWQGT Decreased mTOR and Regulated
Autophagy-Associated Protein Levels
SWQGT showed a trend of enrichment in mTOR signaling
pathway (p = 0.064) (Figure 1C). In addition, mTOR can be
activated by the MEK1/2/ERK1/2 pathway, inhibiting autophagy
(Kim et al., 2013). ULK1, a key protein for autophagy initiation,
and LC3II, a marker of autophagosome formation, are
potentially key to regulating autophagy (Wang et al., 2016). In
our experiment, liver p-mTOR levels in the MCD group rats
increased significantly (p < 0.001), compared with the animals in
the MCS group (Figures 7A, B). p-ULK1 levels showed a
decreasing trend with no significant difference between the
MCS and MCD groups (Figures 7A, C). The SW-H group rats
had lower levels of p-mTOR (p < 0.001), and higher levels of p-
ULK1 and LC3II than those in the MCD group (p < 0.001, p <
0.001) (Figure 7A–D). In addition, protein expression of p62, an
A B C

D E F

G H I

FIGURE 5 | Effect of Si-Wei-Qing-Gan-Tang (SWQGT) on the nuclear factor-kB (NF-kB) protein and inflammatory mediators. (A) Western blot; (B) p-NF-kB p65
protein levels; (C) nuclear NF-kB p65 protein levels; (D) liver TNF-a levels; (E) liver IL-1b levels; (F) liver IL-6 levels; (G) liver MPO activity; (H) hepatic mRNA levels of
MCP-1; I: hepatic mRNA levels of EMR1. Methionine and choline-sufficient (MCS) group: MCS diet-fed rats, methionine and choline deficient (MCD) group: MCD
diet-fed rats, SW-L group: rats fed with low dose of SWQGT and MCD diet, SW-H group: rats fed with high dose of SWQGT and MCD diet. The data in (B, C, H, I)
are presented as the mean ± SD, while data in (D–G) are presented as median and interquartile range. #p < 0.05, ##p < 0.01, ###p < 0.001 vs. MCS group;
*p < 0.05, **p < 0.01, ***p < 0.001 vs. MCD group.
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autophagic substrate usually used to evaluate the level of
autophagy flux (Chen et al., 2016), was also reduced in the
SW-H group compared with the MCD group (Figure 7E). These
results showed that SWQGT inhibited mTOR and activated
autophagy in the livers of MCD diet-fed rats.
DISCUSSION

The MCD diet is widely used in the studies of NASH, as it's
modeling time is short, and the model is highly similar to NASH
Frontiers in Pharmacology | www.frontiersin.org 9
in histopathology (Li et al., 2018). The choline deficiency and the
added methionine deficiency bring about a rapid onset of the
NASH phenotype with lobular inflammation and ballooning (Li
et al., 2018). However, the model's weight loss, low levels of blood
lipids, and normal insulin sensitivity are not consistent with the
clinical metabolic characteristics of NAFLD (Lau et al., 2018).
This model is generally considered adequate to study the
intrahepat ic events in re la t ion to NASH and the
pharmacological treatment of NASH (Van Herck et al., 2017).
As this study is the first to investigate the effect and mechanisms
of SWQGT in liver diseases, we chose the MCD diet model. In
A B
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C

FIGURE 6 | Effect of Si-Wei-Qing-Gan-Tang (SWQGT) on the levels of MEK/ERK, TAK1/p38 MAPK, and PI3K/Akt pathway related proteins. (A) Western blot; (B)
p-MEK1/2 protein levels; (C) p-ERK1/2 protein levels; (D) PI3K protein levels (E) p-AKT protein levels; (F) p-p38 MAPK protein levels; E TLR4 protein levels.
Methionine and choline-sufficient (MCS) group: MCS diet-fed rats, methionine and choline deficient (MCD) group: MCD diet-fed rats, SW-L group: rats fed with low
dose of SWQGT and MCD diet, SW-H group: rats fed with high dose of SWQGT and MCD diet. The data are presented as the mean ± SD. #p < 0.05, ###p < 0.001
vs. MCS group, *p < 0.05, **p < 0.01, ***p < 0.001 vs. MCD group.
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FIGURE 8 | The schematic diagram of SWQGT modulating NF-kB signal pathway and autophagy against MCD diet-induced NASH.
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our study, the rats developed NASH histological phenotypes
after feeding the MCD diet for 4 weeks, which is consistent with
previous reports (Van Herck et al., 2017). Remarkably, we
observed in our investigation that SWQGT reduced liver
weight and liver index in MCD diet-fed rats. Pathologic
changes are key indicators for the outcomes of this model
(Van Herck et al., 2017), and we found that SWQGT could
improve MCD diet-induced morphological abnormality and
hepatocyte ballooning. NASH patients are often accompanied
by mild hepatomegaly (Tanaka et al., 2006), and the reduction of
hepatic steatosis has also been associated with an improvement
in hepatomegaly in another clinical study (Lin et al., 2017).
SWQGT also induced a significant improvement in the liver
steatosis of MCD diet-fed rats, backed by the TG levels of liver
tissues, suggesting that SWQGT improved major indicators of
NASH in this model. The effect of SWQGT on improving
pathologic changes and liver steatosis was close to the positive
control PPC, which is a clinically used hepatoprotective drug.

The AST and ALT levels are significantly increased after 4
weeks of MCD diet. However, we did not find, after 4 weeks of
Frontiers in Pharmacology | www.frontiersin.org 10
treatment with SWQGT, that the formula improved serum ALT
and AST levels significantly. As liver biopsy remains the only
standard for clinically diagnosing NAFLD/NASH (Bedossa,
2018), some investigations indicate changes in serum ALT and
AST levels may be unreliable for the diagnosis and monitoring of
the disease (Filozof et al., 2015). In addition, the serum ALT and
AST levels are reported to have relatively large intra-individual
variation (Botros and Sikaris, 2013). Several pharmacological
studies in NASH also reported improved hepatic function with
unaltered AST and/or ALT levels (Tahan et al., 2007; Kochi
et al., 2014).

The metabolic context in MCD diet-fed animals is distinct
from human NASH (Van Herck et al., 2017), therefore, this
model is far from optimal to examine the metabolic parameters
(Ibrahim et al., 2016). In our study, serum TG, TC, LDL-c, and
HDL-c levels decreased in MCD diet-fed rats. The treatment of
SWQGT alleviated the decline of serum TC and HDL-C,
indicating that SWQGT might improve the overall health of
MCD diet-fed rats. Unexpectedly, slight weight loss was seen in
SW-H group rats when compared with those in the MCD group.
A B C

D E

FIGURE 7 | Effect of Si-Wei-Qing-Gan-Tang (SWQGT) on the levels of mTOR and autophagy related proteins. (A) Western blot; (B) p-mTOR protein levels; (C) p-
ULK1 protein levels; (D) LC3II protein levels; (E) p62 protein levels. Methionine and choline-sufficient (MCS) diet-fed rats, methionine and choline deficient (MCD)
group: MCD diet-fed rats, SW-L group: rats fed with low dose of SWQGT and MCD diet, SW-H group: rats fed with high dose of SWQGT and MCD diet. The data
are presented as the mean ± SD. #p < 0.05, ##p < 0.01, ###p < 0.001 vs. MCS group; **p < 0.01, ***p < 0.001 vs. MCD group.
May 2020 | Volume 11 | Article 530

https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Xiao et al. Si-Wei-Qing-Gan-Tang Improves NASH in MCD Rats
Some of the components in SWQGT were reported to modulate
metabolism and exert anti-obesity effects, for example, Quercetin
prevents high-fat diet-induced obesity in mice, and its anti-
obesity effects may be related to the regulation of lipogenesis
(Jung et al., 2013). However, serum indicators yield very limited
insights in the MCD-diet model (Ibrahim et al., 2016), and
whether SWQGT could improve metabolic parameters needs
further verification using other models based on the intake of
high fat diets.

Network pharmacology is considered to be a powerful tool in
investigating the complex mechanisms of multi-components
TCM formulae (Zuo et al., 2018). In our network pharmacology
approach, 53 putative targets from 26 components included TNF-
a, IL-1b, etc, and were related to toll-like receptor signaling
pathway, TNF signaling pathway, cytokine-cytokine receptor
interaction, and NF-kB signaling pathway, which indicated that
SWQGT may regulated inflammation response. MAPK signaling
pathway and PI3K-AKT signaling pathway were also involved in
the predicted mechanisms of SWQGT against NAFLD/NASH.
Further experiments were carried out to explore the underlying
mechanisms of SWQGT based on the results from
enriched pathways.

The transcription factor NF-kB plays a vital role in regulating
inflammatory response (Liu et al., 2017). Studies have shown that
the inhibition of IKK/NF-kB signaling can reduce liver
inflammation and steatosis effectively (Wang et al., 2014). The
signal-regulated kinase (ERK) 1/2, a member of the mitogen-
activated protein kinases (MAPKs), is activated by the upstream
MAPK/ERK kinase (MEK) 1/2 signals (Kim and Choi, 2015).
Then ERK1/2 can activate NF-kB by stimulating IKK, causing
the release of inflammatory factors, such as TNF-a and IL-1b,
and promoting the development of NASH (Lee et al., 2017; Cai
et al., 2018). Inhibiting the ERK/NF-kB pathway is an effective
way to reduce liver inflammation and hepatocyte apoptosis (Yu
et al., 2019). We showed in this study that SWQGT down-
regulated the levels of the ERK/NF-kB pathway-related proteins
in the liver tissues of MCD diet-fed rats significantly, and
decreased the protein levels of TNF-a, IL-1b, and IL-6. The
pro-inflammatory gene MCP-1 was also lowered by SWQGT
treatment. These cytokines are important factors in promoting
hepatic steatosis and inflammation, causing apoptosis of liver
cells (Zhang et al., 2016; Henkel et al., 2018). In accordance with
these results, increased MPO activity and mRNA expression of
EMR1, which are indicators of neutrophil and macrophage
accumulation, respectively, were also alleviated by SWQGT
treatment. These results demonstrate that SWQGT is able to
modulate NF-kB pathway and reduce liver inflammation.
During an inflammatory response, other signals from p38
MAPK, AKT, and TLR4 can also activate the NF-kB pathway
(Lee et al., 2017). Per our results, SWQGT down-regulated p38
MAPK signaling but not AKT and TLR4 in MCD diet-fed rats.
So we speculate that SWQGT might regulate NF-kB through
ERK1/2 and p38 MAPK signals in MCD diet-fed rats.

The mammalian target of rapamycin (mTOR) can realize
changes in external signals, such as growth factors and energy,
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and exert its regulatory effects on cell growth and proliferation
(Kim et al., 2013). The above signals derived from ERK1/2 and
Akt can also activate mTOR by inhibiting the tuberous sclerosis
complex 2 (Mendoza et al., 2011). Here, we observed the
activation of ERK1/2 and mTOR but not AKT in MCD diet-
fed rats. The regulation of Akt phosphorylation in the livers of
MCD diet-fed animals seems controversial in many studies. The
levels of Akt phosphorylation have been reported to be
unregulated, down regulated, and unaltered in previous studies
(Lee et al., 2013; Li et al., 2016; Zheng et al., 2018; Lee et al.,
2019). The differences might be caused by species, strain, sex and
composition of gut microbiota, as well as dietary fat content (Van
Herck et al., 2017). Hence, we speculate that the activation of
mTOR in MCD diet-fed rats is associated with the activation of
the ERK1/2 but not the AKT signal pathway.

The activation of mTOR can inhibit LC3I/LC3II conversion
via the suppression of the UNC-51-like autophagy activating
kinase (ULK) 1 (Wang et al., 2016). Autophagy is a lysosomal-
dependent degradation process that functions to disassemble
unnecessary or dysfunctional components, and maintain cell
homeostasis (Beau et al., 2011). Studies have found that
autophagy dysfunction has a close association with
inflammation, and paves the way for the development of
NAFLD/NASH (Fukuo et al., 2014). Contrarily, enhancing
autophagy can help degrade hepatic lipids by lippophagy and
reduce lipid accumulation (Czaja, 2016). The process will further
suppress NF-kB and lessen inflammation (Trocoli and
Djavaheri-Mergny, 2011). Activating autophagy has been
reported to improve NASH in animal experiments effectively
(Chen et al., 2019). In the current research, SWQGT inhibited
mTOR activation, increased p-ULK1 and LC3II, and reduced
p62 expression in MCD diet-fed rats, which suggests that
SWQGT could promote autophagy flux by inhibiting mTOR.

Lastly, there are several limitations in our study. First,
although SWQGT improved major indicators of NASH in the
livers, its effect on metabolic parameters remains unclear due to
the limitation of the MCD diet model. Mild weight loss was seen
after high-dose of SWQGT treatment. Second, no improvement
in ALT and AST levels was seen when SWQGT did alleviate
inflammation and steatosis in the livers. Third, bioactive
ingredients and their predicted targets used to construct the
ingredient-target network may be influenced by the abundance
and accuracy of public databases. Finally, SWQGT is multi-
herbal formula, and the active ingredients are unknown.
Identification of quality markers based on biological effects and
their application in quality control will be important for the
consistency of efficacy between batches.
CONCLUSIONS

In conclusion, SWQGT improved NASH in MCD diet-fed rats,
and its protective effect was manifested specifically in reducing
hepatomegaly, reducing liver lipid accumulation, and improving
inflammation.What is more, this effect could be linked to its down-
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regulation of NF-kB through ERK1/2 and p38 MAPK signals and
activation of autophagy by mTOR inhibition (Figure 8).
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