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ARTICLE INFO ABSTRACT

Keywords: Chronic hepatitis (CH) encompasses a prevalent array of liver conditions that significantly
q‘r"nif hepatitis contribute to global morbidity and mortality. Yiguanjian (YGJ) is a classical traditional Chinese
Ylguanjll(anh . medicine with a long history of medicinal as a treatment for CH. Although it has been reported
g?x’;/r STiTagrmaco o8y that YGJ can reduce liver inflammation, the intricate mechanism requires further elucidation. We

used network pharmacology approaches in this work, such as gene ontology (GO) analysis, Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis, and network-based analysis of protein-
protein interactions (PPIs), to clarify the pharmacological constituents, potential therapeutic
targets, and YGJ signaling pathways associated with CH. Employing the random walk restart
(RWR) algorithm, we identified GNAS, GNB1, CYP2E1, SFTPC, F2, MAPK3, PLG, SRC, HDACI,
and STAT3 as pivotal targets within the PPI network of YGJ-CH. YGJ attenuated liver inflam-
mation and inhibited GNAS/STATS3 signaling in vivo. In vitro, we overexpressed the GNAS gene
further to verify the critical role of GNAS in YGJ treatment. Our findings highlight GNAS/STAT3
as a promising therapeutic target for CH, providing a basis and direction for future investigations.

Random walk restart algorithm

1. Introduction

Chronic hepatitis (CH) is a global public health concern. It features several hallmarks, such as high morbidity, high mortality, long
course, and easy deterioration [1]. Hepatotoxic medications, alcohol consumption, and hepatitis virus infection are conditions that
contribute to CH. It can extensively damage liver parenchymal cells, induce liver dysfunction, and eventually cause irreversible liver
failure. The majority of viral infections do not cause any symptoms, but if they continue, they can cause cirrhosis, hepatocellular
cancer, and other liver problems [2]. According to recent research, cirrhosis and hepatocellular carcinoma are most frequently caused
by CH, and hepatocellular carcinoma is an important cause of death in patients with CH [2]. Patients with hepatocellular carcinoma
often experience high rates of recurrence and metastasis post-surgery, significantly impacting their quality of life and resulting in a low
five-year survival rate [3,4]. Most clinical drugs for treating hepatocellular carcinoma have not achieved good therapeutic effects, and
liver transplantation is still the only effective treatment for end-stage liver disease, especially hepatocellular carcinoma. However, only
1/10,000 patients with liver disease underwent liver transplantation on time. Therefore, it is imperative to find efficient treatment
approaches for treating CH to lower the number of individuals who develop hepatocellular carcinoma [5].
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Yiguanjian (YGJ) is a traditional Chinese medicine that dates back to the Qing Dynasty, with roots in the Treatise on Medical Cases.
It comprises six botanical drugs: Shengdi, Shashen, Gougizi, Maidong, Chuanlianzi, and Danggui. In Chinese medicine, YGJ is
renowned for its ability to nourish the liver and kidney, detoxify the liver, and regulate qi. It is commonly prescribed for conditions
characterized by liver and kidney yin deficiency, liver depression, and stagnation of qi. YGJ is particularly effective in alleviating liver
discomforts, such as chest and epigastric dystonia, acid swallowing, and bitter vomiting, while also improving liver disorders [6].
Recent research has investigated various pharmacological effects of YGJ, which include antitumor, anti-inflammatory, antioxidant,
antifibrotic, hepatoprotective, and anti-diabetic properties [7]. Following many years of use, YGJ is now accepted as an effective
therapy for liver fibrosis and CH. YGJ can regulate M1/M2 macrophage polarization and treat hepatic inflammation [7].YGJ also
balances metabolic disorders, regulates metabolites, such as heptaphylloside, taurine, and uric acid, and exerts anti-inflammatory and
antioxidant effects to alleviate systemic inflammatory responses [8]. Clinical studies revealed that YGJ not only alleviated clinical
symptoms in patients with liver disease but also reduced serum alanine transaminase (ALT) and aspartate transaminase (AST) levels.
Although numerous studies have demonstrated the significant role of YGJ in reducing liver inflammation, restoring liver function, and
treating CH, the precise mechanism of its action remains unclear [9,10].

Herein, we systematically examined the potential molecular mechanism of YGJ using network pharmacology to investigate how
Traditional Chinese Medicine disease treatment offers numerous benefits. This approach enables a comprehensive understanding of
the intricate interactions among medications, illnesses, and biological systems from a holistic perspective, mirroring the approach
embraced by traditional Chinese medicine [11,12] (Fig. 1).
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Fig. 1. Flowchart of the whole study design.
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2. Methods
2.1. Gathering of active ingredients and identification of relevant targets

The Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) provides absorption, distri-
bution, metabolism, and excretion (ADME) parameters for most traditional Chinese medicines. We utilized an OB value (systemic
bioavailability after oral absorption and distribution) of >30% and a DL value (structural similarity between compounds and clinically
used medications in the DrugBank database) of >0.18 as screening criteria to identify the active ingredients in 4 components of YGJ:
Shashen, Gouqizi, Chuanlianzi, and Danggui. We researched the active ingredients of Shengdi and Maidong in the literature, applying
the same screening criteria (OB value > 30% and DL value > 0.18). The putative targets of the bioactive ingredients in the YGJ
decoction were predicted using the TCMSP database, and 209 YGJ targets were obtained for further analysis.

2.2. Prediction of CH-related targets

We obtained disease-related genes utilizing the recently updated GeneCard database (https://www.genecards.org/) and DisGeNET
(https://www.disgenet.org/), employing keywords such as “chronic hepatitis," " liver inflammation,” “chronic hepatitis B," “chronic
hepatitis C," “chronic hepatitis D," and “chronic hepatitis E" [13]. After removing duplicate target information, a total of 1095 un-
duplicated genes linked to CH were found.

"o

2.3. Building YGJ-CH networks

We constructed a human protein interaction network comprising 11,812 nodes and 247,200 edges using the Search Tool for the
Retrieval of Interacting Genes (STRING) database [14]. The STRING database gathers and consolidates all publicly accessible protein
interaction network data. It aims to achieve an all-encompassing and objective network of protein interactions, including both indirect
(functional) and direct (physical) interactions. STRING offers functional associations between pairs of proteins, accompanied by af-
finity scores that range from 0 to 1. These scores indicate the degree of confidence in protein interactions based on all available ev-
idence, including computational predictions and experimental validation data. We established a network specifically for Homo
sapiens, which only included data with an affinity score of 0.9 or higher, to guarantee the accuracy of our data. This network, referred
to as the protein-protein interaction network (PPI), comprised 9941 nodes and 227,186 edges. Subsequently, we utilized the target
genes of YGJ and CH diseases to build a more accurate PPI network related to YGJ-CH using Cytoscape 3.8.2.

2.4. Network-based identification of important genes in the YGJ-CH network based on YGJ targeting

Originally, Random Walks were designed to investigate a network’s global topology. Particles were simulated to move repeatedly
from one node to a randomly selected neighboring node [15]. Later research found that the Random Walk (RWR) algorithm could
measure the affinity between the seed node and all other nodes in the network. In the algorithm, we used the restart probability (r)
between a seed node and a node to denote the affinity [16]. The RWR algorithm was used to target and select important genes in the
YGJ-CH network. Briefly, the YGJ-CH network was considered the core PPI network involved in the treatment of CH by YGJ. Using YGJ
genes as seed genes in the core network, the RandomWalkRestartMH R package [17,18] was applied, and the “r” value was set to 0.75
[15,19,20]. The ten leading gens with the highest affinity scores for YGJ for CH were obtained and were considered the important
genes for YGJ for chronic hepatitis.

2.5. Network construction and enrichment analysis

The genes with the top 50 affinity scores were selected and evaluated using Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment analyses and the DAVID Database (https://david.ncifcrf.gov/). The obtained KEGG pathway ref-
erences were screened, and since cancer-related pathways would affect our CH mechanism study, we appropriately deleted some
cancer-related pathways that were more intrusive to our analysis results. The results with important enrichment at a corrected p-value
of <0.05 were subsequently visualized using the Microbiology Letter website (https://www.bioinformatics.com.cn/)

2.6. Yiguanjian preparation

YGJ ingredients (20 g of Shengdi, 9 g of Shashen, 9 g of Maidong, 12 g of Gougqizi, 9 g of Danggui, and 4.5 g of Chuanlianzi) were
purchased from Beijing Tongrentang (Beijing, China). The YGJ mixture was soaked in distilled water for 2 h. It was then boiled and
simmered for 20 min. The decoction was poured out, distilled water was added, and the mixture was simmered for another 30 min. The
decoction was mixed twice and concentrated into sterile bottles with a concentration of 6.67 g/mL. Finally, the bottles were stored at
4°C.
2.7. Animal model

A total of 27 male Wistar rats (180-200 g) were kept in a pathogen-free (SPF) environment with unrestricted access to food and


https://www.genecards.org/
https://www.disgenet.org/
https://david.ncifcrf.gov/
https://www.bioinformatics.com.cn/

X. Jiang et al. Heliyon 10 (2024) e29977

water. After a week of acclimatization feeding, the rats were randomly split into Normal (n = 9) and Model groups (n = 18). The Model
group was intraperitoneally injected (i.p.) with 3 mL/kg of CCL4 solution twice weekly for 8 weeks to construct the CH model. For
consistency, rats in the Normal group were given the same volume of olive oil on the same schedule as Model rats. Successful modeling
was judged by hematoxylin and eosin (H&E) staining of liver tissues at the end of the 8th week. CH rats with successful modeling were
randomly split into the YGJ group and the Model group (n = 9/group). Rats in the YGJ group were given 6.67 g/kg YGJ once a day for 4
weeks, and equal volumes of distilled water were administered to both the Normal group and the Model group. The body surface area
index values of rats and humans were used to calculate the YGJ dosage. The clinical adult YGJ decoction dosage is 63.5 g. Thus, the
YGJ dose administered to the rats was calculated at 6.3 times that dose. Capital Medical University’s Ethics Committee (Ethics number:
AEEI-2015-123) approved the use of the experimental techniques and laboratory animals. Animal suffering was minimized during the
experiment.

2.8. Sample collection

After the 12-week experimental period, the rats were anesthetized with pentobarbital sodium (25 mg/kg; i.p.). Blood was collected
and left at room temperature for 60 min. Then, the serum was separated by centrifugation at 1500 g for 30 min and kept frozen at
—80 °C for ALT and AST testing. The liver was removed right away, washed with pre-cooled phosphate-buffered saline (PBS), blotted
clean of PBS with gauze, weighed, photographed, and preserved in liquid nitrogen and 4% paraformaldehyde. Samples preserved in
liquid nitrogen were used for Western blots and Real-time quantitative PCR assays. Samples preserved in paraformaldehyde were
embedded in wax blocks for Histopathological and immunohistochemical testing.

2.9. Histopathological and immunohistochemical examinations

Sections were stained with H&E and Masson’s trichrome to evaluate the severity of the histological changes. Sections were also
stained for immunohistochemical analysis of STAT3 protein expression. The results were visualized using a Nikon Eclipse 80i light
microscope (Nikon, Tokyo, Japan). Three random fields were chosen from each group and photographed and ImageJ was used to
calculate the positive areas.

2.10. Biochemical indicators of hepatic function
ALT and AST concentrations were measured using an automatic biochemical analyzer (Hitachi, Tokyo, Japan).
2.11. YGJ-containing serum preparation

A total of 20 rats were kept in an SPF setting with unlimited access to food and water. The rats were split into groups at random: YGJ
and Control (n = 10/group). Rats in the YGJ group were administered YGJ suspension (6.67 g/kg) by oral gavage twice daily for 3 d,
while the Control group was given the same amount of distilled water twice daily for 3 d. During the administration period, all rats
were fed normally and fasted for 12 h before the last dose. One hour after the last dose, the rats were anesthetized. Blood samples were
obtained from the abdominal aorta and left at room temperature for 60 min before centrifugation (1500 g for 30 min). After being
collected, the serum was inactivated for 30 min at 56 °C. YGJ-containing sera and normal sera were obtained by filtration and stored at
—20 °C for further in vitro experiments.

2.12. Cell culture

RAW264.7 cells were procured from Procell Life Sciences Technology (China, CL-0190). The cells were cultured adherently in
Dulbecco’s Modified Eagle Medium (DMEM) (Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin solution (P/S). Passaging of cells was conducted upon reaching 80% confluence. Of note, trypsinization can
induce morphological alterations in RAW264.7 cells. Therefore, during cell passaging, gentle detachment was achieved via repeated
aspiration with a 5 mL pipette. Cells were then enumerated using a cell counter and passaged at a concentration of 1 x 10° cells/mL.
Stable cell growth was maintained for 2-3 generations to ensure consistency for subsequent experiments.

2.13. Cell viability assay

The Cell Counting Kit-8 was used to assess the vitality of the cells (CCK-8, C6005). RAW264.7 cells were inoculated in 96-well
plates and stabilized for 12 h. Subsequently, the cells were treated with varying concentrations of lipopolysaccharide (LPS; 0.01,
0.1, 0.5, and 1 pg/mL) or different concentrations of YGJ-containing serum (10% YGJ-containing serum, 5% YGJ-containing serum,
and 2.5% YGJ-containing serum) for 12 and 24 h. Following treatment, the cells were washed with PBS, and the medium was dis-
carded. After that, 10% CCK8 was added to DMEM basal media and incubated with the cells for 30 min without exposure to light. The
cell culture plates were placed in an enzyme marker (BioRad, Model680, CA, USA), and the absorbance was detected at 450 nm. This
was done to screen for LPS modeling conditions and assess the toxicity of YGJ-containing serum. Subsequently, using the afore-
mentioned method, medium containing YGJ serum and LPS (1 pg/mL) was administered sequentially to screen for the optimal
therapeutic concentration of YGJ-containing serum.
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2.14. Cell transfection

RAW264.7 cells were divided into the OE-NC group (negative control) and the OE-GNAS group (transfected with a GNAS-
overexpressing plasmid). Before transfection, the cells were suspended in DMEM medium containing 10% FBS, seeded into 6-well
plates (1 x 10° cells/mL), and cultured until reaching 80% confluence. At this point, the medium was replaced with a DMEM basal
medium. The cells were then transfected using Lipofectamine 2000 (11668030; Invitrogen, Carlsbad, CA, USA) with 25 pmol/mL of
the plasmids (OE-NC and OE-GNAS: 5'GCAGAAGACAAGCAGGUCUATT). After 6 h of transfection, the DNEM complete medium was
replaced. After 36 h, the cells were harvested, and transfection efficiency was evaluated.

2.15. Cell grouping

RAW264.7 cells were divided into 5 groups: Normal group, Model group, YGJ group, OE-GNAS + YGJ group, and OE-GNAS group.
The cells in the OE-GNAS and OE-GNAS + YGJ groups were then transfected as described in section 2.14. The YGJ and OE-GNAS + YGJ
groups were cultured in the presence of 5% YGJ-containing serum, while the remaining groups were cultured with normal rat serum.
After 24 h, all groups except for the Normal group were stimulated with LPS (1 pg/mL) for 24 h and collected for subsequent assays.

2.16. Western blot analysis

RIPA buffer was added to liver tissues and cells and placed on ice for 20 min for lysis (Lablead, Beijing, China, CAT: PO013B),
vigorously vortexed and oscillated to ensure thorough lysis, and then centrifuged at 12,000 g for 25 min to collect supernatant
containing the proteins. The protein content of each supernatant was determined using the BCA protein assay and standardized to the
same level by adding protein loading buffer and RIPA buffer solution. Generally, tissue protein was quantified at 6 pg/pL and cellular
protein at 2 pg/pL. The proteins were denatured at 95 °C for 10 min and an equivalent quantity of sample protein was separated by
10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis at 90 v. After electrophoresis, they were electrotransferred onto
polyvinylidene (PVDF) membranes (Millipore, MA, USA) at 300 mA for 1.5 h. The PVDF membrane was then incubated for 1 h in 5%
skimmed milk.

Primary antibodies were prepared in 5% skimmed milk, and the cut PVDF membranes were individually incubated with specific
primary antibodies at 4 °C overnight. Subsequently, the membranes were incubated with anti-rabbit IgG (1:5000 Jackson Immuno
Research, PA, USA, CAT: 312-005-003) or anti-mouse IgG-HRP (1:5000 Proteintech, Wuhan, China, CAT: SA00001-1) for 2 h. The
blots were then imaged using an Image Lab system (Bio-Rad ChemiDoc XRS, CA, USA), and Western blots were densitometrically
analyzed with ImageJ software. Protein expression levels were compared with GAPDH internal reference proteins to determine dif-
ferences in expression. All experiments were conducted in triplicate.

The following primary antibodies were used: GNAS (1:1000 Abcam, USA, CAT: 283266), Phospho-STAT3 (1:1000 Cell Signaling
Technology, USA, CAT: 9145), Phospho-STAT3 (1:2000 Abcam, USA, CAT: ab76315), STAT3 (1:1000 Cell Signaling Technology, USA,
CAT: 9139), and GAPDH (1:5000 Proteintech, China, CAT: 60004-1-Ig-100UL).

2.17. Real-time quantitative PCR analysis

TRIzol reagent (TaKaRa, Beijing, China) was added to liver tissues and cells and vortexed with shaking for 20 min to extract total
RNA. Chloroform was added at a ratio of 1:5 (chloroform to TRIzol reagent) to isolate RNA. Then, isopropanol was added to precipitate
the RNA, and it was purified by adding 75% ethanol. Finally, the extracted total RNA was dissolved in 20 pL of DEPC-treated water. The
concentration and purity of RNA were determined spectrophotometrically according to the A260/A280 ratio, which was expected to
be in the range of 1.8-2.0. For mRNA detection, 5000 ng of total RNA was reverse-transcribed to complementary DNA (cDNA) using
the Reverse Transcription Kit (Servicebio, Wuhan, China, CAT: G3337). The reaction consisted of 4 pL of 5 x SweScript All-in-One
SuperMix for qPCR, 1 pL gDNA Remover, total RNA, and surplus double-distilled HyO5 in a 20 pL reaction volume. Next, gPCR was

Table 1

Primer sequences.
Primer name Sequences 5-3'
GAPDH-F CTGGAGAAACCTGCCAAGTATG
GAPDH-R GGTGGAAGAATGGGAGTTGCT
GNAS-F GTCCTCGCTGGGAAATCG
GNAS-R CCACGGCGCAGGTAAAGT
STAT3-F TTAGGGCCTGGTGTGAACTAC
STAT3-R CATGATGTACCCTTCATTCCA
IL-6-F CAACGCTGCTGGGAGTCTTGT
IL-6-R GACAAGGCTTTTTGTTGTTTGCTTC
IL-IB-F GCCCATCCTCTGTGAC TCAT
IL-Ip-R AGGCCACAGGTATTTTGT
IL-I8-F GCCTGTGTTCGAGGA TATGACT

IL-I8-R CCTTCACAGAGAGGGTCACAG
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performed using the SYBR Green Taq kit (Servicebio, Wuhan, China, CAT: G3320) on a 7500HT Fast Real-time PCR system. The
reaction consisted of 10 pL of 5 x SYBR Green qPCR Mix, 0.4 pL of forward primer (10 pM), 0.4 pL of reverse primer (10 pM), cDNA,
and surplus double-distilled H,O5 in a 20 pL reaction volume. The PCR assay was conducted under the following conditions: 1) 30 s at
95 °C, and 2) 40 cycles of 20 s at 95 °C, 20 s at 60 °C, and 20 s at 72 °C. Four replicate wells were set up for each gene and repeated 3
times. Gene expression was quantified by the comparative Ct method (AACt), and the relative expressions were calculated using the

2744Ct method. The specific primers for qRT-PCR are shown in Table 1.

2.18. Immunofluorescence staining
The paraffin sections were sequentially deparaffinized in xylene and various concentrations of ethanol. Subsequently, the sections
were blocked with 10% normal goat serum for 1 h, followed by overnight incubation at 4 °C with anti-GNAS antibody (1:500, Abcam,
Cambridge, MA, UK, CAT: 283266) and anti-STAT3 antibody (1:200, Cell Signaling Technology, USA, CAT: 9139). After washing with
PBS, the sections were incubated with CY3-conjugated goat anti-rabbit IgG (H + L) (1:300, Servicebio, Wuhan, CAT: GB21303) and
488-conjugated goat anti-mouse IgG (H + L) (1:300, Servicebio, Wuhan, CAT: GB25301) for 2 h. The sections were coated with an
antifade mounting medium containing 4’,6-diamidino-2-phenylindole (DAPI) and examined with a Nikon Ti2-U fluorescence mi-
croscope (Nikon Instruments, Wetzlar, Japan). Three random fields were selected and photographed, and the fluorescence intensity

was analyzed using ImageJ.
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bars, 50 pm). (F) Liver interleukin 6 (IL-6) levels. (G) Liver interleukin 18 (IL-18) levels. (H) Liver interleukin 1p (IL-1f) levels. Data represent the
mean + SD (n = 3); *p < 0.05, **p < 0.01.

2.19. Statistical analysis

All data are expressed as means + SD. The Student’s t-test was utilized for statistical comparisons between any 2 groups, while one-
way ANOVA and Dunnett’s multiple comparison test were used for comparisons among multiple groups. GraphPad Prism 9 was used to
generate all bar plots. P-values of < 0.05 indicated statistically significant differences.
3. Results
3.1. YGJ compounds and targets

A total of 44 unduplicated compounds and 209 unduplicated targets of YGJ were found, and distributed among 5 locations in

Shengdi, 8 in Shashen, 35 in Gougqizi, 5 in Maidong, 2 in Danggui, and 6 in Chuanlianzi. Gouqizi was identified as the botanical drug
with the highest contribution ratio to the collected compounds and targets (Fig. 2A).

3.2. CH-related genes and YGJ-CH network

A total of 1095 disease genes for CH were predicted using the online database, and a YGJ-CH subnetwork was constructed based on
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and STAT3 fluorescence intensity. (J) The representative photomicrographs of immunohistochemistry staining of STAT3 in paraffin-embedded liver
samples (original magnification, x 400; scale bars= 25 pm). (K) Quantitative analysis of the STAT3 positive relative area. Data represent the mean
+ SD (n = 3); *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

the PPI network, containing 1998 nodes and 17,435 interactions.

3.3. Prediction of the key CH-related genes by the RWR algorithm

Using the YGJ seed genes as a basis, RWR analysis was conducted on the PPI network to determine affinity scores and identify the
important genes in CH. As shown in Table 2, the approach yielded the top 10 genes (GNAS, GNB1, CYP2E1, SFTPC, F2, MAPK3, PLG,
SRC, HDAC1, and STAT3) as hub genes. GNAS is a frequently mutated gene in human cancers; mutations in this gene are seen in many
different types of cancer, including liver, lung, pancreatic, and rectal cancers [21-25]. Elevated GNAS expression induces
inflammation-associated hepatocellular carcinoma progression and poor prognosis. GNAS induces hepatic inflammation by activating
STATS3 via IL-6/STAT3 [26,27]. STAT3 inhibition reduces the release of interleukin (IL)-17 and exerts anti-inflammatory and hep-
atoprotective effects [28]. The active ingredient of YGJ, quercetin, exerts anti-inflammatory effects by inhibiting STAT3 polarization
and increasing macrophage polarization to the M2 phenotype [29].

Therefore, based on the results of the RWR analysis, we speculated that YGJ could exert a therapeutic effect in CH via GNAS/
STATS3. The biological functions and enriched signaling pathways of these genes were then investigated by GO and KEGG analyses.
From the top 20 pathways identified by KEGG enrichment analysis, we retrieved a total of 6 signaling pathways related to liver diseases
as core pathways (Rapl, PI3K-Akt, AGE-RAGE, FoxO, and hepatitis B) (Fig. 2B). The Rap1 signaling pathway can effectively regulate
the inflammatory response. Rap1lA can enhance nuclear factor (NF)-xB activity through AGE/RAGE signaling, resulting in increased
tumor necrosis factor (TNF)-a expression and the generation of free radicals, thereby promoting inflammation [30]. The PI3K-AKT
signaling pathway is essential to regulating metabolism, protein synthesis, and inflammation, as well as influencing cell prolifera-
tion, division, and autophagy. Research has demonstrated a close association between activation of the PI3K/AKT pathway and
inflammation in acetaminophen-induced liver injury [17]. Additionally, CD73 has been found to inhibit the activation of the
inflammasome, suppress hepatocyte apoptosis, and attenuate steatohepatitis through the PI3K/AKT signaling pathway [18]. AGE is
associated with liver function and liver injury [31]. Oxidative stress and inflammation brought on by AGEs can exacerbate liver
damage. AGEs negatively impact the polarization and anti-inflammatory functions of M2 macrophages [32] while promoting the
pro-inflammatory response of M1 macrophages. They activate the RAGE receptor initiating multiple signaling pathways, including
PKC, PI3K/Akt, JAK/STAT, and MAPK/ERK. Activation of these intrinsic pathways subsequently triggers other transcription factors
such as NF-kB and Egr-1, leading to the upregulation of inflammation, oxidative damage, and alterations in cell motility, adhesion, and
metabolism, ultimately resulting in tissue damage [33]. GO analysis indicated that the potential targets were focused on the level of
organic matter and lipid metabolism in biological progression, oxidoreductase activity in molecular function, and plasma membrane
levels in cellular components (Fig. 2C).

3.4. YGJ attenuates liver injury in CH rats

The therapeutic effect of YGJ was investigated using a carbon tetrachloride (CCL4)-induced CH rat model. Significant changes in rat
body weight were seen after CCL4 and YGJ interventions. The results showed that CCL4 intervention reduced the body weight of the
rats, and YGJ treatment prevented this, which contributed to weight gain in the CH rats (Fig. 3A). YGJ not only affected the body
weight of the CH model rats but also the serum AST and ALT levels, which are indicators of liver injury. YGJ reversed CCL4-induced
increases in serum ALT and AST (Fig. 3B-C). Observation of the rat livers revealed distinct differences among the groups. In com-
parison to the Normal group, the livers in the Model group exhibited a dark red color, rough surfaces with varying-sized granules, and
adhesions between liver lobes. Occasional adhesions were also observed between the liver surface and the thoracic diaphragm.
However, significant changes were observed in the YGJ group. The livers appeared light red, with smooth and soft surfaces and
reduced adhesions between liver lobes (Fig. 3D). These findings collectively indicate that YGJ has the potential to ameliorate CCL4-
induced liver injury.

Table 2

Top 10 genes ranked by RWR analysis.
Rank Gene Score
1 GNAS 0.004139757
2 GNB1 0.003588509
3 CYP2E1 0.002329857
4 SFTPC 0.002142542
5 F2 0.001826949
6 MAPK3 0.001753551
7 PLG 0.001647389
8 SRC 0.00160871
9 HDAC1 0.001484327
10 STAT3 0.001454819
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3.5. YGJ reduces hepatic inflammation in CH rats

H&E staining revealed distinct histological differences in the liver tissues of the rats across the groups. In the Normal group, he-
patocytes exhibited an orderly arrangement, with intact hepatic lobular structures and nuclei. Only a few cells showed signs of in-
flammatory infiltration. Conversely, the Model group displayed a disorganized hepatocyte arrangement, disrupted hepatic lobular
structures, extensive inflammatory cell infiltration, and hepatocyte necrosis. However, in the YGJ group, there was a notable
improvement in hepatocyte arrangement, with reduced cell necrosis and inflammatory infiltration compared to the Model group.
Masson staining demonstrated variations in collagen deposition within the liver tissues. Minimal collagen deposition was observed in
the Normal group, with occasional scattered collagen among the hepatocytes. In contrast, the Model group exhibited widespread
collagen deposition throughout the hepatic tissues. However, in the YGJ group, there was less collagen deposition (Fig. 3E).

The pathologic studies showed overall higher tissue injury scores in the Model groups compared to the Normal group (Tables 3 and
4). The injury score for the YGJ group was lower than that of the Model group (P < 0.01). We examined the expression of various
inflammatory cytokines in different groups to investigate the impact of YGJ on mitigating liver inflammation (Fig. 3F-H). qRT-PCR
analysis revealed that IL-6 expression was increased in liver tissues after CCL4 stimulation compared to the Normal group. Howev-
er, IL-6 levels decreased significantly following treatment with YGJ. Similar trends were observed for other inflammatory factors, such
as IL-18 and IL-1f, indicating the effectiveness of YGJ in alleviating inflammation in the rat model of CH.

3.6. YGJ inhibits GNAS/STATS signaling in CH rats

We then evaluated the potential effects of YGJ on the GNAS and STAT3 signaling pathways in different groups (Fig. 4A-D). Western
blot analysis showed that, compared to the Normal group, the Model group exhibited elevated GNAS protein expression, with no
notable change in STAT3 protein expression, whereas the level of p-STAT3 protein was markedly higher. Conversely, compared to the
Model group, the YGJ group demonstrated markedly reduced GNAS protein expression and decreased levels of p-STAT3 protein. These
findings suggest that YGJ may regulate the GNAS gene and influence the activation of its downstream genes, thereby mitigating liver
inflammation. The qRT-PCR analysis results were consistent with the Western blot analysis. The relative expression of miRNAs for
GNAS and STAT3 was increased in the Model group and decreased in the YGJ group (Fig. 4E-F). The same results were also
demonstrated by immunofluorescence and immunohistochemistry. The immunofluorescence findings revealed that, relative to the
Normal group, the fluorescence intensity of GNAS and STAT3 was notably augmented in the Model group. However, following YGJ
treatment, the fluorescence intensity of both GNAS and STAT3 exhibited a decrease. Interestingly, GNAS and STAT3 displayed syn-
chronized changes in fluorescence intensity, suggesting a correlation between the 2 proteins (Fig. 4G-I). The immunohistochemical
results revealed a marked rise in the STAT3-positive area in the Model group compared to the Normal group. However, in the YGJ
group, there was a notable decrease in the STAT3-positive area. Both fluorescence intensity and positive area served as reliable in-
dicators of target protein expression (Fig. 4J-K). Collectively, all results indicated that YGJ improved liver injury and suppressed
hepatic inflammation through GNAS/STATS3 signaling in CH rats.

3.7. Effect of YGJ-containing serum on RAW264.7 cell viability and inflammation

Next, we evaluated the ability of YGJ to repress inflammation in vitro and investigated the related mechanisms. The CCK-8 assay
was used to evaluate the viability of RAW264.7 cells incubated in YGJ-containing serum for 12 h and 24 h. Compared with the control
group, no reduction in cell viability was observed in the YGJ-containing serum-treated groups, suggesting that YGJ-containing serum
was not cytotoxic (Fig. 5A). We examined the effect of varying concentrations of LPS (0.01, 0.1, 0.5, 1 mg/mL) on cell viability at
different points (12 h and 24 h) to determine the optimal concentration for modeling the inflammatory stimulation of RAW264.7 cells.
At 24 h, a significant decrease in the viability cell cultured treated with LPS at 1 pg/mL was observed (Fig. 5B). Therefore, this
concentration was chosen as the modeling concentration for use in later research. The cell viability of the LPS-stimulated group
decreased, whereas that of the YGJ-containing serum groups increased (Fig. 5C). The most significant increase was observed in the 5%
YGJ-containing serum group. Therefore, that concentration was chosen as the treatment dose for use in subsequent studies.

3.8. YGJ-containing serum reduces LPS-induced inflammation in RAW264.7 cells

We generated GNAS-overexpressing RAW264.7 cells to further investigate whether YGJ attenuated the expression of inflammatory
factors by regulating GNAS gene expression. Western blot and qRT-PCR analyses confirmed that GNAS was highly expressed at both
the protein and mRNA levels in cells transfected with the OE-GNAS plasmid but not in cells transfected with the OE-NC control

Table 3

The criteria for liver tissue histopathology assessment.
Criterion Description
Lobular Inflammation The severity relative to the Standard Control (grade 0) group graded (0-3)
Hepatocyte Death Hepatocyte death graded (0-3) based on the percentage of hepatocyte deaths
Lobules of liver The severity relative to the Standard Control (grade 0) group graded (0-3)
hepatic fibrosis Hepatic fibrosis graded (0-3) based on the percentage of collagen area
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Table 4

Histopathological assessment of liver.
Criterion Group

Normal Model YGJ

Lobular Inflammation 0.5 1.5 1
Hepatocyte Death 0 0 0
Lobules of liver 0.4 1.2 0.7
hepatic fibrosis 0.5 1.4 0.8
Total liver tissue injury score 1.4 4. 1% 2.5%%

Histopathologic injury scores in mice at the 12th week. ***P < 0.001, in comparison with Normal group. **P < 0.01, in com-
parison with Model group.

(Fig. 5D-E). The inflammatory factor assay revealed that LPS significantly elevated the expression of IL-6 compared to the Normal
group. Transfection with OE-GNAS further heightened the expression of IL-6. However, treatment with YGJ attenuated the elevated
expression of IL-6 induced by LPS and OE-GNAS. Similar results were observed for the inflammatory factor IL-1f. These findings
suggest that both LPS stimulation and GNAS overexpression can induce cellular inflammation, whereas YGJ treatment effectively
reduces the expression of inflammatory factors, indicating its therapeutic potential in treating inflammation. (Fig. 5F-G).

3.9. YGJ reduces inflammation by inhibiting GNAS and suppressing activation of the GNAS/STAT3 pathway

Next, we explored the effects of YGJ on GNAS and STAT3 signaling in vitro. The Western blot results showed that LPS and OE-GNAS
stimulation increased GNAS protein expression and STAT3 activation, and YGJ decreased GNAS expression and inhibited STAT3
activation. (Fig. 6A-D). qRT-PCR analysis revealed that the expression of the GNAS and STAT3 genes was significantly increased in the
LPS and OE-GNAS groups. Notably, the levels of GNAS and STAT3 were decreased in the YGJ and YGJ + OE-GNAS groups (Fig. 6E-F).
All these results suggest that YGJ reduced inflammation by inhibiting the GNAS/STAT3 signaling pathway and that GNAS is partic-
ularly important.

4. Discussion

CH is a liver disease with high morbidity and mortality rates. It has been increasing globally and poses a significant threat to public
health [34]. Especially in the Asia-Pacific region, CH is a major cause of cirrhosis and hepatocellular carcinoma [35]. Given that severe
cirrhosis and hepatocellular carcinoma are irreversible conditions, the aggressive treatment of CH becomes particularly crucial to
retard disease progression. While therapeutic drugs commonly employed in clinical practice, such as interferon and entecavir, exert
definite antiviral effects, they may also have certain side effects and prove costly, thereby amplifying the financial burden on patients.
Traditional Chinese medicine, in contrast, has demonstrated superior efficacy in the treatment of CH, with minimal side effects and a
favorable safety profile. Hence, it holds promise as a potential therapeutic option for CH. A substantial body of clinical and experi-
mental research has confirmed the beneficial effects of YGJ. It not only improves symptoms and safeguards liver function but also
diminishes liver injury while regulating collagen metabolism in liver tissue. YGJ has been widely used in the treatment of chronic liver
diseases, including CH, liver fibrosis, and cirrhosis. YGJ has been shown to effectively address chronic liver injury by targeting the
MAPK/NF-kB pathway [9]. It regulates the Wnt signaling pathway to suppress astrocyte activation, thereby mitigating liver fibrosis
and impeding cirrhosis progression [10]. Recent findings indicated that YGJ reduced hepatic inflammation by inhibiting M1
macrophage polarization [7].

Previous studies have employed a network pharmacology strategy to explore the mechanism behind the benefits of YGJ in treating
chronic liver disease. However, the mechanism in CH remains unclear. Our study represents an innovative extension of previous
research into the direct targets of YGJ in the treatment of chronic liver disease. Unlike previous studies, we employed the Whole
Human Protein Database to explore the potential targets of YGJ for treating CH in a broader context. Our hypothesis was that YGJ
potentially targets nearby targets in addition to direct targets in treating CH. We focused more on neighboring targets and introduced
the RWR algorithm to identify important genes through RWR scores. Based on the RWR rankings, GNAS was identified as the most
significant target for CH treatment with YGJ. GNAS is closely linked with various malignancies, such as liver cancer, colorectal cancer
[36], lung cancer [37], and biliary tract cancer [38]. Within this research, we verified that YGJ reduced GNAS expression and inhibited
STATS3 activation, thus reducing the inflammatory response. We also showed that YGJ can reduce inflammation in CH, indicating that
this treatment may prevent progression to liver cancer. Compound screening in the search for targets and pharmacodynamic analysis
facilitated a comprehensive exploration of the therapeutic benefits of YGJ for CH, thereby opening up new avenues for the treatment of
CH and the prevention of liver cancer.

TCMSP screening of YGJ compounds and the experimental validation showed that the decoction contained a variety of pharma-
cological constituents, such as quercetin, Kaempferol, Rhodiola, p-sitosterol, and dousterol, that can reduce inflammation and have
therapeutic effects on CH. Recent research showed that quercetin reduced liver inflammation and fibrosis by modulating M1
macrophage polarization [39]. Kaempferol was found to mitigate oxidative stress and inflammation by suppressing the NF-kB/p65 and
Nrf2/HO-1 pathways [40]. It treats CH by attenuating HBsAg and HBeAg, activating caspase-3, and down-regulating the PI3K-Akt
signaling pathway [41]. Rhodiola rosea glycosides have been shown to decrease creatinine enzyme levels and regulate
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Fig. 5. Effect of YGJ-containing serum on RAW264.7 cell viability and inflammation. (A) Effect of YGJ-containing serum on the viability of
RAW264.7 cells. (B) Effects of LPS on the viability of RAW264.7 cells. (C) Effects of YGJ-containing serum on the viability of RAW264.7 cells after
LPS stimulation. (D-E) Western Blot and qRT-PCR analyses of the OE-GNAS transfection efficiency (See Supplementary Material 5D for unadjusted
strips). (F-G) Quantification of IL-6 and IL-1p mRNA determined by qRT-PCR. Data represent the mean + SD (n = 3); *p < 0.05, **p < 0.01, ***p <
0.001, ****p < 0.0001.

inflammatory responses in serum. Additionally, they possess potent free radical scavenging abilities and aid in the treatment of
furan-induced hepatocellular injury. Rhodiola rosea glycosides were also shown to exert hepatoprotective properties by inhibiting the
anti-inflammatory and antioxidant activation of the SIRT1/NF-kB pathway and NLRP3 inflammatory vesicles [42]. Both p-sitosterol
and stigmasterol can induce the apoptosis of human hepatocarcinoma cells and significantly increase cellular reactive oxygen species
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Fig. 6. YGJ-containing serum inhibited GNAS/STATS3 signaling in LPS-stimulated RAW264.7 cells. (A) Expression of GNAS determined by Western
Blot (See Supplementary Material 6A for unadjusted strips). (B) Quantitative analysis of the GNAS/GAPDH expression ratio. (C) Expression of signal
transducer and activator of transcription (STAT3) and phosphorylated STAT3 (p-STAT3) determined by Western Blot (See Supplementary Material
6C for unadjusted strips). (D) Quantitative analysis of the p-STAT3/STAT3 expression ratio. (E-F) Quantification of GNAS and STAT3 mRNA
determined by qRT-PCR. Data represent the mean + SD (n = 3); *p < 0.05, **p < 0.01, ****p < 0.0001.

and Ca?" levels [43].

KEGG and GO analysis were performed to explore the roles of the predicted YGJ targets. GO analysis indicated that the potential
targets were primarily enriched in organic matter and lipid metabolism within the biological process category, oxidoreductase activity
within the molecular function category, and plasma membrane within the cellular components category. In addition, the KEGG
findings were related to the CH pathway. After screening out cancer-related pathways and excluding the interference of cancer
pathways on the results, we retrieved a total of 6 signaling pathways related to liver diseases as core pathways (Rap1l, PI3K-Akt, AGE-
RAGE, FoxO, and hepatitis B), all of which have been connected to chronic inflammation [44-47].

Based on the RWR rankings, the leading 10 targets were GNAS, GNB1, CYP2E1, SFTPC, F2, MAPK3, PLG, SRC, HDAC1, and STAT3.
GNAS encodes the alpha-subunit of the stimulatory G protein (Gsa), which produces cAMP to control the release of neurotransmitters
and other hormones [6,48,49]. Some studies also indicated that GNAS mutations are closely associated with inflammation-associated
liver cancer [26]. Mechanistically, the loss of GNAS blocks the activation of STAT3 to suppress the inflammatory response of hepa-
tocellular carcinoma cells [27]. STAT3 interacts with a variety of signals and has significant functions in liver inflammation. Above all,
STATS3 plays a central role in multiple KEGG pathways, including the AGE-RAGE [50], FoxO [51], PI3K-Akt [51], and hepatitis B
signaling pathways.

Experiments using animal models are crucial for evaluating the effectiveness of TCM. We investigated the mechanism underlying
the therapeutic effects of YGJ in CCL4-induced liver inflammation [52]. H&E staining allows for the assessment of liver inflammation.
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According to the pathological data, CCl4 caused inflammation and liver damage in the Model group. However, YGJ successfully
stopped these pathological alterations. Serum ALT and AST are also closely connected with liver damage and liver function, serving as
indicators of inflammation and liver injury. Serum ALT and AST levels were much lower in the YGJ-treated group than in the Model
group. All data indicated that YGJ effectively alleviated CCls-induced liver injury and inflammation. In addition, the expression of
inflammatory factors, which directly reflect the degree of inflammation, was significantly reduced after YGJ treatment. Our results
suggest that YGJ treatment can reduce inflammation and restore liver function. We tested the screened genes and pathways to further
explore the mechanism. The experimental data indicated that YGJ treatment reduced GNA protein expression and inhibited STAT3
activation.

Cellular tests were conducted to better understand the therapeutic mechanism of traditional Chinese medicine. LPS is commonly
used to establish a cellular model of inflammation. We investigated the effect of YGJ-containing serum to reduce inflammation induced
by LPS and OE-GNAS in RAW264.7 cells. The results showed that the expression of inflammatory factors was lower in both the YGJ and
OE-GNAS + YGJ groups compared with the Model and OE-GNAS groups and was higher in the OE-GNAS + YGJ group than in the YGJ
group. The mechanism may be linked to the downregulation of GNAS expression. For further validation, we explored YGJ effects on the
GNAS/STAT3 pathway. The experimental results showed that YGJ-containing serum reduced GNAS protein expression and STAT3
activation in both the Model and OE-GNAS groups, and the effect was more marked in the YGJ group than in the OE-GNAS + YGJ
group. These results were confirmed at the gene expression level by qRT-PCR analysis. Thus, our study suggests that GNAS/STAT3
plays a pivotal role in liver inflammation, highlighting GNAS as a potential therapeutic target for CH. The investigation into the GNAS/
STAT3 pathway and the pivotal GNAS target has illuminated fresh perspectives for comprehending the initiation and advancement of
CH, presenting innovative therapeutic targets for its management. Leveraging this focal point, prospective diagnostic and therapeutic
methodologies can be devised for clinical application. This inquiry assists in elucidating novel mechanisms underlying CH patho-
genesis, facilitating prompt clinical interventions for CH, and presenting avenues and tactics for mitigating “inflammation-cancer"
metamorphosis correlated with CH. The study also elucidated the mechanism by which YGJ treats CH and provides considerations for
YGJ’s therapeutic potential in various diseases through its action on GNAS, thereby expanding the clinical applications of YGJ.

5. Conclusions

In conclusion, the pharmacological constituents, potential therapeutic targets, and related signaling pathways of YGJ in treating CH
were revealed by a network pharmacology system and RWR algorithm and validated. Our study suggested that the GNAS/STAT3
pathway may serve as a potential mechanism for treating CH and preventing liver cancer, with GNAS identified as a key target (Fig. 7a-
c). This breakthrough offers valuable insight for future CH investigations and expands the clinical utility of YGJ. However, our study
had some limitations. Network pharmacology is constrained and supported by existing public databases. Thus, any bias in these data
will limit the predictive accuracy of the network pharmacology analysis. In future research related to network pharmacology, we
should enhance the quality control of the databases, regularly update data, and promptly reflect the latest research developments.
Additionally, integrating data from multiple databases for comprehensive analysis is crucial. Emphasizing experimental validation and
conducting in-depth validation whenever possible should be the focus of our studies.
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