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A B S T R A C T

Gegen Qilian Decoction (GGQLD) is a well-established classic Chinese medicine prescription in treating non-
alcoholic steatohepatitis (NASH). However, the molecular mechanism of GGQLD action on NASH is still not
clear. This study aimed to assess the anti-NASH effect of GGQLD, and to explore its molecular mechanisms in
vivo and in vitro. In HFD-fed rats, GGQLD decreased significantly serum triglyceride (TG), cholesterol (CHO),
total bile acid (TBA), low-density lipoprotein (LDL), free fatty acid (FFA) and lipopolysaccharide (LPS) levels,
increased levels of differentially expressed proteins (DEPs) Ahcy, Gpx1, Mat1a, GNMT, and reduced the ex-
pression of ALDOB. In RAW264.7 macrophages, GGQLD reduced the expression levels of inflammatory factors
TNF-α and IL-6 mRNA, and diminished NASH by increasing differentially expressed genes (DEGs) CBS, Mat1a,
Hnf4α and Pparα to reduce oxidative stress or lipid metabolism. The results of DEGs verification also showed
that GGQLD up-regulated expressions of Hnf4α, Pparα and Cbs genes. In HepG2 cells, GGQLD decreased IL-6
levels and intracellular TG content, and inhibited FFA-induced expression of toll-like receptor 4 (TLR4). In
summary, GGQLD abates NASH associated liver injuries via anti-oxidative stress and anti-inflammatory response
involved inhibition of TLR4 signal pathways. These findings provide new insights into the anti-NASH therapy by
GGQLD.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is a metabolic disease
characterized by excessive deposition of intrahepatic lipids. It is now a
serious health problem with high incidence of NAFLD affecting 25 % of

the adult population worldwide [1–4]. NAFLD is closely related to
diabetes, where insulin resistance is a major pathogenesis of NAFLD
[1]. Many other factors, including metabolic parameter disorders, en-
dotoxin-induced cytokine release, and oxidative stress, contribute to the
development and progression of NAFLD [5]. A significant proportion of
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patients with NAFLD progress to nonalcoholic steatohepatitis (NASH),
which is a leading cause of cirrhosis and liver cancer [3,6]. Therefore,
therapeutic ways to prevent and treat NASH are under intensive re-
search.

Although the pathogenesis of NASH is not yet clear, the "two-hit
hypothesis" theory suggests that oxidative stress and inflammation are
two major drivers of NAFLD to NASH [7]. In liver simple steatosis, liver
fibrosis and hepatocyte death may be caused by oxidative stress and
inflammation [8,9]. Oxidative stress may be triggered by excessive
reactive oxygen species (ROS) and inflammation, and is now considered
as major factor to the progress of NAFLD to NASH, where ROS may
promote hepatic insulin resistance and necrotic inflammation [10].
Moreover, oxidative stress initiates hepatic inflammation and fibrosis
[11]. In liver steatosis, mitochondrial dysfunction and oxidative stress
occur to promote the development of NASH. The use of natural anti-
oxidants and n-3 PUFA (especially DHA) may prevent oxidative stress
and the development of mitochondrial dysfunction through retaining
the activity of PPAR-α transcription factors [12,13]. Inflammation is a
complex reaction through a signal cascade to cause cellular damage.
This process produces proinflammatory cytokines, such as interleukin 1
β (IL-1β), interleukin 6 (IL-6) and tumor necrosis factor α (TNF-α) [14].
Once inflammation occurs, mast cells and white blood cells move to
specific sites, leading to increase in oxygen uptake, ROS accumulation,
and oxidative stress [15].

There is no specific drug to treat NASH yet. Traditional Chinese
medicine (TCM) has some advantages in the prevention and treatment
of NAFLD or NASH, reaching multiple targets and pathways [16].
Gegen Qilian Decoction (GGQLD) is a classic prescription, containing
extracts of Lobed Kudzuvine Root (Puerariae Lobatae radix) (Gegen)
from Pueraria lobata (Wild.) Ohwi (Fabaceae), Baical Skullcap Root
(Scutellariae Radix) (Huangqin) from Scutellaria baicalensis Georgi (La-
miaceae), Golden Thread (Coptidis Rhizoma) (Huanglian) from Coptis
chinensis (Ranunculaceae) and Liquorice Root (Glycyrrhizae Radix et
Rhizoma Praeparata cum Melle) (Zhigancao) from Glycyrrhiza uralensis
(Fabaceae). All herbs are recorded in the Chinese Pharmacopoeias.
GGQLD originally comes from “Treatise on Cold Pathogenic Diseases”
compiled by Zhong-Jing Zhang, which is one of the founding book of
TCMs. Clinically, GGQLD was used to treat effectively T2DM [17,18].
Previous work from us and other laboratories demonstrated that
GGQLD improved insulin sensitivity in T2DM [19,20]. In addition,
combination of GGQLD and metformin had a synergistic effect on gly-
cemic control in the treatment of T2DM [21]. NASH was closely related
to insulin resistance and treated effectively by GGQLD [22–24]. How-
ever, the mechanism of GGQLD action is not clear. Therefore, this ex-
periment was designed to explore possible mechanism of GGQLD
treatment of NASH. Proteomics and transcriptomics have been suc-
cessfully performed to explore novel biomarkers in monitoring Chinese
medicine treatments [25–27].

Employing proteomics and transcriptomics technologies, the mole-
cular mechanism of GGQLD in improving NASH was thoroughly in-
vestigated in rats in vivo and in hepatic cells in vitro. Results may pro-
vide new therapeutic mechanism in the treatment of NASH by Chinese
medicines in GGQLD.

2. Materials and methods

2.1. Animals

60 male SD rats (220±20 g of body weight) and High-fat diet
(HFD) were obtained from Hunan SJA Laboratory Animal Co., Ltd
(Hunan, China). Experiments on rats were carried out in accordance
with the guidelines approved by the Animal Ethics Committee, Jiangxi
University of TCM (approval number JZLLSC 2018-0053). All rats had
free access to tap water. The rats were housed in an environmentally
controlled breeding room (humidity: 60±5%, temperature: 20±2 °C,
12 h light/dark cycle).

2.2. Preparation of GGQLD

GGQLD was prepared according to the method described in our
previous work [19]. Briefly, the medicinal materials of GGQLD were
from Zhihetang Traditional Chinese Medicine Pieces Co., Ltd.
(Zhangshu, China), and certified by Deng Kezhong, an associate pro-
fessor of the School of Pharmacy, Jiangxi University of Traditional
Chinese Medicine (Nanchang, China). Dry herbs including Pueraria lo-
bata Wild. Ohwi No. 171205, Scutellaria baicalensis Georgi No. 171201,
Coptis chinensis Franch No. 171203, and Glycyrrhiza uralensis Fisch No.
171206 at the ratio of 8:3:3:2 w/w/w/w, these Chinese herbal medi-
cines were purchased from Jiangxi Zhihetang Chinese Herbal Pieces
Co., Ltd. Zhangshu, China.

2.3. GGQLD extracts sample preparation for LC-LTQ/Orbitrap Pro analysis

The quality control of GGQLD was done according to the method
described in our previous study [19] and as described previously
[28–30] with a slight modification relating to the instrument and
chromatographic conditions.

GGQLD sample analysis was performed using the LC-LTQ / Orbitrap
Pro instrument and data analysis was performed using Xcalibur 2.1
software (Thermo Fisher Scientific, USA).

2.4. Animal model and experimental groups

The experiment was performed as previous reports [31–34]. Briefly,
male SD rats (180−220 g) were purchased from Hunan SJA Laboratory
Animal Co., Ltd (Hunan, China). After 1 week of normal feeding
adaptation, the rats were randomly divided into 2 groups: normal diet
group and high-fat diet (HFD) group (Wuhan Wanqianjiaxing Bio-
technology Co., Ltd., China). HFD contained 82.5 % basic diet, 2%
cholesterol, 10 % lard, 5 % egg yolk powder and 0.5 % bile salt. After
17 weeks of feeding with HFD, the obese rats in the HFD group were
further randomly divided into 5 groups, each group was given the
corresponding drug for 49 days while fed with HFD: (1) model group:
taking the same amount of normal saline; (2) GGQLD-H: treated with
11.2 g / kg body weight/day of GGQLD; (3) GGQLD-M: treated with
3.73 g / kg body weight/day of GGQLD; (4) GGQLD -L: treated with
1.24 g / kg body weight/day of GGQLD; and (5) positive drug group:
5.25 mg pioglitazone hydrochloride/ kg body weight/day, pioglitazone
hydrochloride tablets (batch No. 151201) were provided by Hangzhou
Zhongmei Huadong Pharmaceutical Co., Ltd. (Zhejiang, China). The
GGQLD extract dosage was determined according to the preliminary
experiment. The treatment of GGQLD was for 49 days. During the
treatment, the rat was weighed weekly; diet, drinking water, animal
behavior, mental state, hair and feces of the rats were observed and
recorded daily. The experiment ended 24 weeks with 17 weeks feeding
and 7 weeks of drug treatment. The animals were anesthetized with 10
% chloral hydrate chloral hydrate was provided by Sinopharm Che-
mical Reagent Co., Ltd., China; batch No. 20180305 and blood was
collected for the analysis of biochemical indicators. Triglyceride TG
assay kit batch number 187831, cholesterol CHO assay kit batch
number 182011 and low-density lipoprotein cholesterol LDL-C assay kit
batch number 180661 were provided by Zhongsheng Beikong Bio-
technology Co., Ltd. Beijing, China; total bile acid TBA assay kit batch
number 20180725 and free fatty acid NEFA assay kit batch number
20180804 were provided by Nanjing Jiancheng Bioengineering Re-
search Institute Nanjing, China; the Lipopolysaccharide LPS assay kit
batch number 18050077 was provided by Xiamen Bioendo Technology
Co., Ltd. Xiamen, China. Liver tissue was washed with physiological
saline solution, weighed, and part fixed, and the rest stored at −80 °C.

2.5. Analysis of biochemical indicators

Serum total cholesterol (CHO), triglyceride (TG), total bile acid
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(TBA), low density lipoprotein cholesterol (LDL-C), endotoxin (LPS)
and nonesterified fatty acid (NEFA) were measured according to the
manufacturer's kit instructions.

2.6. Histopathology assay

Histopathology assay was done according to the method described
previously by Marcolin and Shah [35,36] with a slight modification.
Briefly, the liver tissue was fixed in 4% formaldehyde solution, which
was then dehydrated in a graded ethanol series (70–100 %), and em-
bedded in paraffin, sectioned, stained with hematoxylin and eosin (H&
E). Histology was observed under a DMI3000B microscope (Leica,
Germany), and photographed at 200× magnification for analysis.

2.7. Liver tissue proteomics

Liver tissue proteomics in the liver tissues was determined using a
modified method of Deng, Shen and Zhang [37–39].

Proteomics studies were performed using a nanoliter-linear ion trap-
electrostatic orbitrap high resolution mass spectrometer (Nano-LC-LTQ-
Orbitrap-MS). The liquid phase conditions were set as follows: mobile
phase A was 0.1 % formic acid water, phase B was 0.1 % formic acid
acetonitrile (0–10 min, 5–10 % B; 10–65 min, 10–22 % B; 65–100 min,
22–32 % B; 100–110 min, 32 %–90 % B; 110–120 min, 90 % B), flow
rate 300 nL/min, injection volume 2 μL, column temperature 20 °C. The
mass spectrometry conditions were set to: First-level map scanning
mode: FTMS, secondary map scanning mode: ion trap, scanning range:
300−1800 Da, scanning mode: positive ion, voltage: 2 KV.

2.8. Preparation of GGQLD-containing serum and cytotoxicity assay

Gegen Qinlian Decoction-containing serum (GGQLD-CS) was pre-
pared according to the method described previously [19]. Cytotoxicity
assay was performed as our previous report [19].

2.9. Cell culture

The RAW264.7 and HepG2 cells were purchased from the Cell Bank
of the Committee of Culture Collection of the Chinese Academy of
Sciences, and the cells were derived from the American Type Culture
Collection (ATCC). Cell culture was done as described previously
[40–43]. Briefly, all RAW264.7 and HepG2 cells were cultured in
Dulbecco's Modified Eagle Medium (DMEM) containing high glucose,
glutamine and sodium pyruvate in a humidified atmosphere of 37 °C,
5% CO2. The cells were seeded at a density of 2 × 105 cells/mL in the
culture plate, and then the experiment was performed when the cells
reached 60 % confluence. RAW264.7 cells were incubated with lipo-
polysaccharide (LPS) to induce inflammation. The cells were divided
into 6 groups: control group, blank group, model group, 20 % GGQLD-
CS group, 10 % GGQLD-CS group, 5% GGQLD-CS group, and 10 %
pioglitazone hydrochloride group (positive control). Ensure that the
proportion of serum in each group is 20 %, and the insufficient part is
supplemented with blank serum.

In HepG2 cells, cells were divided into 6 groups, and fatty degen-
eration was induced with long-chain fatty acid (FFA) (oleic acid:

palmitic acid ratio of 2:1). The cells were divided into 6 groups: control
group, model group, 20 % GGQLD-CS group, 10 % GGQLD-CS group,
5% GGQLD-CS group and 10 % pioglitazone hydrochloride (positive
control). Ensure that the proportion of serum in each group is 20 %, and
the insufficient part is supplemented with blank serum.

2.10. Real-time reverse transcription-polymerase chain reaction (RT-PCR)

As previously described in work from this laboratory [19] and the
others [44,45], briefly, RAW264.7 cells containing GGQLD-CS were
treated by 0.1 μg/mL LPS for 6 h. the assay for TNF-α and IL-6 gene
expression was performed by quantitative real-time reverse transcrip-
tion-polymerase chain reaction (RT-PCR) in a LightCycler®96. The
primer sequences were shown in Table 1. The amplification conditions
were: 95 °C, initial denaturation for 30 s, 40 amplification cycles, de-
naturation at 95 °C for 5 s, and constant temperature extension at 60 °C
for 30 s. The mRNA level of β-actin was used as an internal control
normalized gene, and expressed as a relative fold change to the model
group. The 2−ΔΔCt method was used to calculate the relative fold
change in gene expression.

2.11. Transcriptomics research

Transcriptomics analysis was performed as previously reported
[46–48], and transcriptome sequencing of samples was completed at
Shenzhen Huada Gene Technology Co., Ltd.. Briefly, RAW264.7 cells
containing GGQLD-CS were treated in a 6-well plate by 1 μg/mL LPS for
6 h. The analysis was performed by the RNA-Seq method (BGI-SEQ 500
sequencing platform, Shenzhen Huada Gene Co., Ltd., China). Total
RNA was extracted with TRIzol reagent (Invitrogen, Carlsbad, CA,
USA), and RNA concentration was measured with NanoDrop (Thermo
Fisher Scientific, Waltham, MA, USA). RNA was then enriched, frag-
mented, and reverse transcribed to synthesize double-stranded DNA. A
single-stranded circular DNA library was obtained, then sequencing was
performed. Gene analysis was performed on these data, and a gene
having two or more different multiples and a Q value of ≤ 0.001 was
defined as a differentially expressed gene (DEG). The DEG was analyzed
by GO annotation function classification, KEGG pathway enrichment,
and String and Cytoscape network analysis.

2.12. Verification of partial DEGs

According to the method mentioned above, RAW264.7 macrophage
cell inflammatory response model was induced with 1 μg / mL LPS, and
20 % GGQLD-CS group, 5% GGQLD-CS group, and 10 % pioglitazone
hydrochloride group (positive control) were added for 6 h. Quantitative
PCR was performed as described by Zhang [19]. Briefly, total RNA was
extracted from cells with Trizol reagent (Ambion; Thermo Fisher Sci-
entific, Inc., USA), 1 μg of RNA was reverse transcribed into cDNA with
Reverse Transcription Kit (TaKaRa, Lot: AJ11542A, Japan), the primer
sequences were shown in Table 1. According to the manufacturer's in-
structions, fluorescence quantitative PCR was performed with TB Green
Premix Ex Taq Kit (TaKaRa, Lot: AIF1691A, Japan) on the Light Cycler®
96 instrument. The relative mRNA expression of the target gene in each
sample was calculated using 2−ΔΔCT.

Table 1
Primers for PCR of TNF-α gene, IL-6 gene, and partially differentially expressed genes.

Genes Sense Antisense

TNF-α GTAGCCCACGTCGTAGCAAA ACAAGGTACAACCCATCGGC
IL-6 GTCCTTCCTACCCCAATTTCCA TAACGCACTAGGTTTGCCGA
Hnf4α TACCTTCCTCCGCCATCTGACTTC GTGACTCCTACCCTCTGCCTTACC
Cbs ATGGCGACTGAAGAACGAAATCCC ATCTCCTCGGCGGTGTCATCG
Ppara ACGATGCTGTCCTCCTTGATGAAC GATGTCACAGAACGGCTTCCTCAG
β-actin TGAGCTGCGTTTTACACCCT GCCTTCACCGTTCCAGTTTT
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2.13. TG assay and oil red O staining of HepG2 cells

TG assay and oil red O staining of HepG2 cells were determined
using a modified method described in our previous work [19] and
others [78].

Intervention of HepG2 cells by administration according to Yin and
Xia [79,80]. HepG2 cells were incubated with 1 mM long-chain fatty
acid for 24 h, TG assay was carried out according to the manufacturer's
kit instructions. For oil red O staining, the cells were washed twice with
PBS, fixed in 4% formaldehyde solution for 30 min, washed twice with
PBS to remove formaldehyde, then stained with oil red O for 10 min,

and washed twice with distilled water. The cells were then synchro-
nized with 60 % isopropanol and finally stained with hematoxylin for
1−2 min. The cell staining was observed and analyzed under the mi-
croscope.

2.14. Assay of IL-6 level in HepG2 cells

HepG2 cells were incubated with 0.4 mM long-chain fatty acid for
24 h, IL-6 level in HepG2 cells was measured using a human-specific
ELISA kit, according to the manufacturer’s instructions.

Fig. 1. Effect of GGQLD on serum biochemical parameters in NASH rats. Columns showed TG level (A), CHO level (B), TBA level (C), LDL-C level (D), LPS level (E)
and NEFA level (F) in NASH rat serum. Results were expressed as mean±SD (n = 9). #P<0.05 or ##P<0.01 vs normal diet group (ND); *P<0.05 or **P<0.01
vs high fat diet (HFD) group by Student’s t-test. TG, triglyceride; CHO, cholesterol; TBA, total bile acid; LDL-C, low density lipoprotein cholesterol; LPS, lipopoly-
saccharide; NEFA, non-esterified fatty acid.
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2.15. Toll-like receptor (TLR4) protein level in HepG2 cells

Cell grouping and administration were performed as the method of
the above HepG2 cells experiment. Briefly, HepG2 cells were incubated
with 1 mM long-chain fatty acid for 24 h, after intervention of HepG2
cells by administration, the proteins were extracted from HepG2 cells.
TLR4 proteins were determined by Western blot using a modified
method of Fu and Pal [81,82]. Briefly, protein was separated by SDS-
PAGE, and transferred onto PVDF membrane (Merck Millipore, Ger-
many). The resulting membrane was blocked with phosphate buffer
solution containing TBST, supplemented with 5% skim milk (US BD) for
2.5 h at room temperature, then washed 3 times with TBST. The specific
TLR4 primary antibody (dilution factor 1:10000, Santa Cruz Bio-
technology, batch number #K1213) and β-actin (dilution factor
1:10000, Abcam, batch number GR206286-16) were diluted in TBST
containing skim milk and the membrane was incubated at 4 °C over-
night. Subsequently, the membrane was washed with TBST, followed by
incubation with the secondary antibody (Abcam, batch number
GR297014-2) at room temperature for 2 h, then washed again with
TBST. The protein was finally detected with a chemiluminescent sub-
strate (Millipore, Billerica, USA). All bands were subjected to integral
optical density analysis using Image J software.

2.16. Statistical analysis and bioinformatics analysis

Statistical analysis was performed using Student's t-test. The data
were expressed as mean± standard deviation ("n" represented the
number of samples). The histogram of the data analysis was generated
by SigmaPlot 10.0 software.

3. Results

3.1. LC-LTQ/Orbitrap pro analysis of GGQLD extract

Mass spectrometry results showed that the GGQLD extract con-
tained complex components, including various major active ingredients
of each unit of the drug. Further, by secondary mass spectrometry, 39
major compounds of GGQLD were finally obtained, some important
active ingredients were included, such as puerarin, liquiritigenin, ja-
trorrhizine, coptisine, baicalin, palmatine, and berberine.

3.2. Effect of GGQLD on body mass

The body weights of all groups increased within 24 weeks. At the
same time, compared with the model group, the body weights of the
drug-administered group and the normal group were less. However,
effect of GGQLD was not significant on body weight changes.

3.3. Effects of GGQLD on serum biochemical parameters in NASH rats

As shown in the Fig. 1, the levels of TG, CHO, LDL-C, LPS, NEFA,
TBA, and TG in the model group were significantly higher than those in
the normal diet group (P<0.01 or P<0.05). The TG and CHO levels
were significantly lower in the high- and low-dose GGOLD groups and
the pioglitazone group (P<0.01, P<0.05) (Fig. 1A, B). The levels of
TBA and LPS in GGOLD groups and the pioglitazone group were sig-
nificantly reduced (P<0.01, P<0.05) (Fig. 1C and E, respectively).
The LDL-C level in the high-dose GGOLD group was significantly lower
(P<0.01) (Fig.1D). The NEFA levels in the high-dose GGOLD group
and the pioglitazone group were significantly lower (P<0.01)
(Fig.1F).

Fig. 2. GGQLD improved histological characteristics of NASH (AeF) induced by high-fat diet (HFD) in rats after H&E staining. (A) normal diet group; (B) HFD group;
(C) HFD + pioglitazone group; (D) HFD + high-dose GGQLD group; (E) HFD + middle-dose GGQLD group; (F) HFD + low-dose GGQLD group. Black arrow
indicated ballooning of hepatocytes, white arrows indicated inflammation, and blue arrow indicated steatosis of hepatocytes. (Original magnification ×200).
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3.4. Effect of GGQLD on the pathological morphology of liver tissue in
NASH rats

Histological analysis of livers stained with H&E is currently the gold
standard for the diagnosis of NASH [83,84]. Our results showed that
NASH appeared in this rat model, showing a large number of diffuse fat
vacuoles of different sizes, globular changes in hepatocytes, and sig-
nificant inflammation (Fig. 2B). The GGQLD groups restored partially
the normal morphology and structure of liver tissue, while the steatosis
and inflammation of hepatocytes were significantly improved (Fig. 2).

3.5. Proteomics analysis

To investigate the molecular mechanism of GGQLD against NASH,
we performed proteomics studies on liver tissue. As shown in the
Table 2, 6 NASH-related differentially expressed proteins (DEPs) were
screened. These DEPs were involved in fatty acids, oxidative metabo-
lism, and NASH anti-oxidant processes.

3.6. GGQLD reduced inflammatory factors in LPS-induced inflammation of
RAW264.7 and FFA-induced inflammation of HepG2 cells

To determine the effect of GGQLD on inflammation, expression le-
vels of TNF-α and IL-6 mRNA in LPS-treated RAW264.7 cells and IL-6
protein levels in FFA-treated HepG2 cells were examined. As shown in
Fig. 3, compared with the control group (normal group), the TNF-α and
IL-6 mRNA levels and IL-6 protein levels in the model groups (LPS or
FFA treated) were significantly higher (P<0.01 or P<0.05). The le-
vels of TNF-α mRNA were significantly lower in GGQLD groups and
pioglitazone group (P<0.01 or P<0.05) (Fig. 3A). The IL-6 mRNA
levels were significantly lower in the medium dose group of GGQLD
(P<0.05) (Fig. 3B). The IL-6 protein levels were significantly reduced
in GGQLD groups and pioglitazone group (P<0.05) (Fig. 3C).

3.7. Transcriptionomic analysis

Based on the bioinformatics analysis of the transcriptomics data,
there were 293 differentially expressed genes (DEGs) between the
model group and the GGQLD group, of which 274 were up-regulated
genes and 19 down-regulated genes, 4 of which were closely related
with NASH (Table 3).

3.8. Verification of Hnf4α, Pparα, and Cbs genes

As shown in Fig. 4, compared with the control group (normal
group), Hnf4α, Pparα, and Cbs in the model group were significantly
lower (P<0.01). Compared with the model group, the expression le-
vels of Hnf4α and Pparα mRNA in the high-dose, low-dose of GGQLD
and pioglitazone groups were significantly increased (P<0.05,
P<0.01), and the expression levels of Cbs mRNA in the low dose of
GGQLD group and pioglitazone group were higher (P<0.05 or
P<0.01).

3.9. Intracellular TG detection and oil red O staining

HepG2 cells were incubated with or without 1 mM FFA. The effects
of GGQLD-CS on FFA-induced HepG2 cells steatosis were determined
by oil red O staining and TG content. As shown in Fig. 5, compared with
the control group (normal group), FFA group (model group) HepG2
cells showed a large number of red lipid droplets of varying sizes, and
significantly increased TG levels (P<0.01). Compared with the model
group, the GGQLD-CS significantly reduced the TG content (P<0.01)
and lipid droplet formation. These results showed that GGQLD may
diminish steatosis induced by FFA in HepG2 cells.Ta
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3.10. GGQLD inhibited FFA-induced expression of TLR4 in HepG2 cells

To investigate the effect of GGQLD on TLR4 signaling, the expres-
sion of TLR4 was determined by Western blot. The results showed that
GGQLD and Pioglitazone diminished the increase in expression of TLR4
by FFA (Fig. 6).

4. Discussion

NASH is closely related to insulin resistance and type 2 diabetes
[50,85]. In our previous research, we confirmed that GGQLD totally
prevented or partially reduced insulin resistance in type 2 diabetes
[19]. In the present study, by proteomics and transcriptomics tech-
nologies, the effects and molecular mechanism of GGQLD against NASH
were investigated in vivo and in vitro. GGQLD abates NASH associated
liver injuries via anti-oxidative stress and anti-inflammatory actions
including inhibition of TLR4 signaling pathways.

GGQLD is one of the well-known traditional Chinese formulae. By
LC-LTQ/Orbitrap Pro analysis, the GGQLD extract contained various
major active ingredients of individual medicine in the GGQLD for-
mulae. Pharmacological effects of GGQLD may be caused by these ac-
tive ingredients.

in vivo studies were performed using NASH rat model induced by
HFD. This animal model has been widely used in NASH related research
[51,52]. Pioglitazone is a commonly used drug for clinical treatment of
NASH, and its efficacy has been confirmed [53,54]. Therefore, in this
study, we used pioglitazone as a positive control drug. In this study,
GGQLD had no significant effect on body weights, but pathological
analysis showed that GGQLD significantly improved the physiological
state of liver tissue. Moreover, GGQLD significantly decreased the
serum levels of TG, CHO, LDL, TBA, FFA, and LPS in the NASH rats.
Thus, the in vivo studies in this report confirmed that GGQLD improved
the lipid metabolism, and reduced liver inflammation.

Proteomics may be used in signalling pathway studies, to elucidate
possible molecular mechanism of drug action [55]. In this study, nano-
LC-LTQ/Orbitrap-MS was used to analyze the liver tissue protein sam-
ples. The analysis revealed a total of 6 NASH-related proteins. These
proteins are involved in lipid metabolism and oxidative stress. Differ-
ential analyses of proteins associated with NASH in liver samples were
performed in this experiment. Following proteins were identified: S-
adenosyl homocysteine hydrolase (Ahcy), Glutathione peroxidase 1
(Gpx1), S-adenosylmethionine synthase (Mat1a), Glycine N-methyl-
transferase (GNMT), Carboxylesterase 2, and ALDOB (Table 2). Most of
them were related to oxidative stress.

Fig. 3. Effects of GGQLD on TNF-α and IL-6 mRNA levels in RAW264.7 cells, and IL-6 levels in HepG2 cells. (A, B) TNF-α and IL-6 mRNA levels in RAW264.7 cells.
(C) IL-6 protein level in HepG2 cells. Results were expressed as mean±SD. #P<0.05 or ##P<0.01 vs control group; *P<0.05 or **P<0.01 vs model (LPS or
FFA) group by Student’s t-test. TNF-α, tumour necrosis factor-α; IL-6, interleukin-6.

Table 3
Differentially expressed genes (DEGs) closely related with NASH.

Gene ID Other
Gene ID

log2(F/B) Trend Gene name

11720 Mat1a 9.66 up S-adenosylmethionine synthetase
15378 Hnf4α 6.92 up hepatocyte nuclear factor 4-alpha
12411 Cbs 2.13 up cystathionine beta-synthase
19013 Pparα 2.01 up peroxisome proliferator-activated

receptor alpha
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During the development of NASH, inhibition of S-adenosyl homo-
cysteine hydrolase (Ahcy) expression may cause a disturbance in trans-
sulfuration and transmethylation [56]. Glutathione peroxidase 1
(Gpx1) is an important peroxide-degrading enzyme, which promotes
the decomposition of H2O2, and protects structure and function of the
cell membrane from interference and damage by peroxide [57–59]. S-
adenosylmethionine (SAMe) synthase (Mat1a) is a signal molecule that
improves cell metabolism. A reduction in SAMe is a major driver of
NAFLD initiation and progression to NASH in humans [60]. The de-
velopment of NAFLD to liver cancer is characterized by down-regula-
tion of GNMT [61]. Through hepatocyte nuclear factor 4α (Hnf4α) in
mouse hepatocytes, carboxylesterase 2 prevents hepatic steatosis by
regulating lipolysis and lipogenesis. Hnf4α plays a key role in the
control of diabetes, obesity and NASH [62,63]. ALDOB is a glycolytic
enzyme involved in the fructose catabolic pathway, which plays a role
in gluconeogenesis and lipogenesis. It was reported that plasma ALDOB
levels were elevated in the mouse NAFLD model [64].

NASH is considered a progressive form of NAFLD, which is char-
acterized by liver steatosis, inflammation, liver cell damage and varying
degrees of fibrosis [65]. LPS is derived from the gram-negative bacterial
cell-wall, which activates macrophages and releases a variety of in-
flammatory mediators, such as TNF-α and IL-6 [66]. LPS induces
RAW264.7 inflammation or oxidative stress models, which have been
widely used in inflammation-related research [67]. To determine the
effect of GGQLD on inflammation in LPS-treated RAW264.7 cells [68],

mRNA levels of TNF-α and IL-6 were detected by RT-PCR in this ex-
periment. GGQLD reduced the mRNA levels of TNF-α and IL-6. TLR4-
mediated inflammatory signaling also plays a key role in the patho-
genesis of NAFLD [42], the results of this study indicated that GGQLD
inhibited TLR4-mediated inflammation as well.

The use of transcriptomics has contributed to the development of
TCM [69]. In this study, through RNA-Seq technology, bioinformatics,
and KEGG pathway analysis, related differential genes were screened to
further elucidate the molecular mechanism of GGQLD on NASH.
GGQLD improved NASH by up-regulating cystathionine-β-synthase
(CBS), s-adenosylmethionine synthase (Mat1a), hepatocyte nuclear
factor 4-alpha (Hnf4α) and PPARα genes to limit oxidative stress or
improve lipid metabolism.

CBS acts on cystine metabolism, and catalyzes the conversion of
homocysteine to cystathionine with the involvement of SAMe [70].
Hnf4α belongs to the nuclear receptor superfamily members, which has
the function of blocking liver fibrosis, cirrhosis, liver cancer and im-
proving liver functions [71]. Peroxisome proliferator-activated re-
ceptors (PPARs) are nuclear receptors, which play a key role in reg-
ulating metabolism and inflammation. PPARα has a protective effect on
liver steatosis and inflammation of NASH [72]. NF-κB signalling
pathway is a common pathway involved in inflammation [73]. Acti-
vation of PPAR-α has a negative effect on NF-κB. Reduction of liver
PPAR-α in obesity therefore has a pro-inflammatory effect [74,75],
while the TLR4 / NF-κB pathway contributes to the development of

Fig. 4. Effects of GGQLD on Hnf4α, Pparα, and Cbs mRNA levels in RAW264.7 cells. (A, B, C) TNF-α and IL-6 mRNA levels in RAW264.7 cells. Results were expressed
as mean±SD. #P<0.05 or ##P<0.01 vs control group; *P<0.05 or **P<0.01 vs model (LPS) group by Student’s t-test. Hnf4α, hepatocyte nuclear factor 4-
alpha; Pparα, peroxisome proliferator-activated receptor alpha; Cbs, cystathionine beta-synthase.
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NASH [73]. Using immunofluorescence technology, the effect of
GGQLD on NF-κB translocation was studied. Preliminary results showed
that GGQLD partially inhibited NF-κB nuclear translocation (data not
shown). In order to further clarify the effect of GGQLD on NF-κB
translocation, it would be necessary to quantify NF-κB nuclear trans-
location by measuring levels of NF-κB p65 [76].

In addition, antioxidant action is essential in keeping liver function.
This antioxidant action is mainly regulated by the activity of the tran-
scription factor Nrf2 (Nuclear factor erythroid 2-related factor 2). Nrf2
activation may enhance the cellular antioxidant capacity [75,77]. It
would be interesting to invesitgate the effect of GGQLD on Nrf2 in the
future.

Partial DEGs (Hnf4α, Pparα, Cbs) were verified by fluorescent
quantitative PCR. The results showed that GGQLD increased expression
of DEGs. The results of this study were consistent with the outcomes of

transcriptomics. However, the DEPs screened via proteomics were not
verified and further detailed validation is required.

In conclusion, our results strongly indicate that the GGQLD abate
NASH associated liver injuries, via anti-oxidative stress and anti-in-
flammatory actions involved inhibition of TLR4 signaling pathways.
These findings provide new insights into the clinical use of GGQLD to
treat NASH, and further demonstrate the potential of GGQLD as a
therapeutic candidate to control NAFLD/NASH.
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