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Purpose: Yinhua Gout Granules (YGQ) is a traditional Chinese medicine preparation with a variety of pharmacological effects, and
its clinical efficacy in the treatment of gouty arthritis (GA) has been fully confirmed. However, the pharmacodynamic basis of YGG
and its anti-inflammatory mechanism of action in GA are unknown. The objective of this study was to identify the active components
and molecular mechanisms of YGG in the treatment of GA.

Methods: Ultra-performance liquid chromatography-electrospray ionization tandem mass spectrometry (UPLC-ESI-MS/MS) and
network pharmacology were used to identify and predict the potential active ingredients and related signaling pathways. Then, we
revealed the anti-GA effects of YGG based on pharmacodynamic experiments in GA rats. Finally, we integrated transcriptomics and
network pharmacology to elucidate the potential mechanism of action and verified the putative mechanism by molecular docking,
immunohistochemical (IHC) and Western blot.

Results: We have identified 10 major active components of YGG that may have anti-GA effects, such as ferulic acid, rutin, luteolin,
etc. Using molecular docking, we found that 10 major compounds could bind well to TNF, PTGS2, IL-6, IL1p, NOS2 and PTGS1, and
the binding energies were all less than —5 kcal/mol. Animal studies have shown that YGG can improve joint inflammation and
inflammatory cell infiltration, reduce serum UA, BUN and Cr levels (p<0.01), and decrease IL-1f, IL-6, TNF-a, COX-2 and PGE2
levels in synovial tissue (»p<0.01), which are associated with the pathogenesis of GA. IHC and Western blot results showed that YGG
could regulate TLR4/MYDS88/NF-kB pathway to inhibit the inflammatory response induced by GA.

Conclusion: This study found that YGG could not only improve the disease of GA by inhibiting the production of UA in the body,
but also target the regulation of TLR4/MYD88/NF-«B signaling pathway through a variety of active components to achieve effective
therapeutic effects on GA.
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Introduction

Gouty arthritis (GA) is a common metabolic disease in humans caused by abnormalities in purine metabolism and
excessive Uric acid (UA) production.! Hyperuricemia (HUA) is the basis for the occurrence and development of GA.
During the HUA stage, the UA level continues to increase, leading to the deposition of Uric Acid Sodium (MSU) crystals
in and around the joints, and then stimulating the body to produce a large number of pro-inflammatory factors, such as
Interleukin-1f (IL-1p), Interleukin-6 (IL-6), tumor necrosis factor-o (TNF-a), etc. Eventually induces GA, accompanied
by severe pain and acute inflammation.> GA occurs in approximately 1-4% of the general population, and in a few
countries, the prevalence is as high as 10%, affecting mainly middle-aged and elderly people and significantly more men
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than women.” In addition, the global incidence of GA is on the rise due to improper dietary habits, inadequate exercise
and disorders of metabolism.* Currently, effective treatments for GA include reducing inflammation, lowering UA levels
in blood and urine, and dissolving MSU crystals to improve arthritis function. Therefore, in the clinical treatment of GA
in western medicine, most of them use combination therapy. On the one hand, drugs such as allopurinol tablets,
febuxostat tablets, probenecid tablets, and benzbromarone are used to reduce the production of UA or increase the
metabolism of UA in patients.” On the other hand, the use of colchicine, non-steroidal anti-inflammatory drugs
(NSAIDs), corticosteroids and painkillers to inhibit articular inflammation in patients with development and ease the
pain.° However, long-term use of these drugs may cause adverse reactions such as leukopenia, skin and mucous
membrane damage, bone marrow suppression, gastrointestinal tract damage, liver and kidney damage.” Therefore, it is
imperative to explore new treatments for GA, especially therapeutic drugs from alternative medicine. GA has been
treated in China for thousands of years using Chinese medicine.® Compared with Western medicine, Chinese medicine
has the efficacy of multitargeting and treating both the symptoms and the root cause of GA and can control the
inflammation of GA in a safer way.’

Yinhua Gout Granules (YGG), an in-house preparation of Xi’an Traditional Chinese Medicine Hospital, have achieved
good efficacy in the treatment of acute attacks of gouty arthritis. YGG is composed of ten herbs, including Lonicera japonica
Thunb, Scrophularia ningpoensis Hemsl, Angelica sinensis (Oliv). Diels, Glycyrrhiza uralensis Fisch, Rehmannia glutinosa
Libosch, Paeonia lactiflora PalL, Atractylodes macrocephala Koidz, Amomum villosum Lour, Ligusticum chuanxiong Hort,
and Dioscorea opposite Thunb (Table 1). A variety of herbs in YGG have been reported to have significant anti-inflammatory
or anti-GA effects. For example, Lonicera japonica Thunb has the efficacy of clearing heat and removing toxins, dispersing
wind and clearing collaterals, and its active ingredient, rutin, can produce significant anti-inflammatory, antibacterial,
antioxidant, and bone and soft tissue repair effects by targeting pro-inflammatory factors such as IL-1B, TNF-a, and other
pro-inflammatory factors.'® Scrophularia ningpoensis Hemsl and Glycyrrhiza uralensis Fisch also has the effect of heat-
clearing and detoxifying, it contains many kinds of flavonoids ingredients can influence the expression of inflammatory
cytokines, which regulate the NF-kB signaling pathways, in order to realize the anti-inflammatory analgesic effect.'™'? In
addition, many clinical trials have shown that taking Yinhua Gout granules can significantly relieve the symptoms of gouty
arthritis. For example, Bai et al treated 112 patients with gouty arthritis using YGG and diclofenac sodium extended-release
capsules, and the results showed that Yinhua Gout granules had a significant therapeutic effect on gouty arthritis.'*> Zhang
et al also found through clinical studies that YGG could effectively treat gout attacks by reducing UA levels in the blood and
urine of patients.'* Lei et al used YGG to study the clinical treatment of 62 patients with GA, and the results showed that
YGG could effectively regulate the expression of pro-inflammatory factors (IL-1B, IL-8 and TNF-a) in patients with GA,
improve the inflammatory response, reduce the level of serum UA, and thus improve the symptoms of patients with GA.'
However, the composition of YGG is very complex. To date, only single herbs or components in YGG have been extensively
studied for their anti-GA effects. The overall mechanism of action of multicomponent YGG has not been reported, and it is
not known whether the interaction between the components affects the mechanism of YGG in treating GA. Therefore, there

Table | The Latin Name, English Name, Chinese Name, and Grams of Herbs in YGG

Latin Name English Name Chinese Name | Grams(g)
Lonicera japonica Thunb Lonicera japonica Flos Jin Yin hua 30
Scrophularia ningpoensis Hemsl Scrophulariae Radix Xuan Shen 30
Angelica sinensis (Oliv.) Diels Angelicae sinensis Radix Dang Gui 20
Glycyrrhiza uralensis Fisch Glycyrrhizae Radix Et Rhizoma Gan Cao 10
Rehmannia glutinosa Libosch Rehmanniae Radix Di Huang 15
Paeonia lactiflora PalL Paeoniae Radix Alba Bai Shao 20
Atractylodes macrocephala Koidz | Atractylodis macrocephala Rhizoma Bai Zhu 20
Amomum villosum Lour Amomi Fructus Sha Ren 6
Ligusticum chuanxiong Hort Chuanxiong Rhizoma Chuan Xiong 15
Dioscorea opposite Thunb Dioscoreae Rhizoma Shan Yao 30
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is an urgent need to elucidate the mechanism of anti-GA action of YGG, which will be important to guide the clinical
application of YGG.

In recent years, because the systematic and holistic research model of network pharmacology is in line with the
characteristics of the holistic concept of Chinese medicine and can be based on the relationship between drug constituents
and disease targets revealed through visualization tools, the active components and potential mechanisms of action of
Chinese medicine for treating diseases can be better presented.'® Transcriptomics is widely used for research at the
molecular level because of its high throughput.'!” Unlike the theoretical predictions of network pharmacology, transcrip-
tomics takes tissues as the object of study to objectively reveal disease development processes and molecular mechan-
isms from a practical point of view. Through the integration of transcriptomics and network pharmacology, the precise
mechanism of drug action can be more comprehensively elucidated.

In this study, we identified and characterized the main components of YGG by UPLC-ESI-MS/MS. Subsequently,
we conducted in vivo experiments to evaluate the effect of YGG on GA. In addition, we obtained the weight index of
each herb using the principle of YGG’s monarch and minister combination as the standard, in conjunction with the OB
value and relative content of each constituent, and determined its potential absorption by the blood in theory. Potential
active components and mechanisms of action of YGG were predicted by network pharmacological analysis, and we
employed molecular docking technology to confirm the binding of YGG active components to their core targets.
Transcriptomic approaches were integrated to further explore the mechanism of action of YGG in the treatment of
GA. Finally, IHC and Western Blot were used to verify and explore the exact mechanism of YGG anti-GA effect,
providing scientific basis for its clinical application (Figure 1).

Materials and Methods

Drugs and Reagents
YGG (20220310) was provided by the Preparation Department of Xi’an Hospital of Traditional Medicine (China).
Colchicine (101176) was purchased from the National Institutes for Food and Drug Control (China). Allopurinol
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Figure | A strategy to obtain more accurate mechanisms by integrating transcriptomics and network pharmacology.
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(A800424) was acquired from Shanghai Macklin Biochemical Co., Ltd. (China). Potassium oxonate (PO) (S17112) and
MSU (S30775) were obtained from Shanghai Yuan Ye Biotechnology Co. (China). Uric acid (UA) (C012-2-1), creatinine
(Cr) (CO11-2-1), urea nitrogen (UN) (C013-2-1) and xanthine oxidase (XO) (20220830) kits were obtained from Nanjing
Jiancheng Bioengineering Institute (China). ELISA detection kits, including IL-1p (202207), IL-6 (202207) and TNF-a
(202207), were purchased from Shanghai Enzyme Link Biotechnology Co. (China). Primary antibodies against TLR4
(19811-1-AP), IkBa (10268-1-AP), and p65 (10745-1-AP) were purchased from Proteintech Group, Inc. Antibodies
against IKKo/B (ab178870), p-IKKo/B (ad194528), p-p65 (ad76302), and GAPDH (ad8245) were purchased from
Abcam, and antibodies against MYD88 (BS-1047R) and p-IkBa (ET1609-78) were purchased from Huabio (China).
The HRP-goat anti-rabbit secondary antibody (SA00001-2) was purchased from Proteintech Group, Inc. (China).

Instrumentation and UPLC—-ESI-MS/MS Conditions

UPLC separation was performed using Hypersil Gold C;g (2.1*100 mm, 1.9 pm). Gradient elution was performed with
0.1% (v/v) formic acid in deionized water (eluent A) and acetonitrile (eluent B). All eluents were filtered, degassed, and
stored under pressure. The flow rate was 0.3 mL/min. The gradient elution procedure is shown in Table 2.

Full scan mass spectra were evaluated on a Q-Exactive mass spectrometer by acquisition software. The electrospray
ionization (ESI) conditions included a sheath gas flow rate of 45 Arb, an auxiliary gas flow rate of 10 Arb, spray voltages
of +3.5 kV and —3.5 kV in positive and negative modes, respectively, a capillary temperature of 275 °C, and an auxiliary
gas heater temperature of 450 °C.

The analysis was performed using Compound Discoverer 3.0 software, using the online mz Cloud spectral library and
the Thermo Scientific mz Vault spectral library for retrieval in conjunction with available chemical composition
information.

Animal Experiment

120 male pathogen-free SD rats (8 weeks old, 200 g +20 g) Chengdu Dashuo Experimental Animal Co., Ltd. (Chengdu,
China, licensed ID: SCXK (Sichuan) 2020—030). Each rat was kept in a clean rearing cage at a controlled temperature of
23 °C £ 1 °C. After 7 days of acclimatization, 120 SD rats were randomly divided into 6 groups as follows: the control
group, the model group, the positive group, the YGG-L group, the YGG-M group, and the YGG-H group, with 20 rats in
each group. Except for the control group, the rats in each group were intraperitoneally injected with 300 mg/kg potassium
oxonate suspension for 14 consecutive days to simulate the symptoms of elevated UA levels in the GA rat model. From
Day 12, except for the control group, 0.1 mL of MSU suspension at a mass concentration of 25 mg/mL was injected into
the right ankle joint at 45° into the medial tibial tendon with a sterile syringe, 3 days in a row.'® Contralateral joint
capsule protrusion and the appearance of redness and swelling in the joint were considered to be the criteria for
a successful injection. During the experiment, equal volumes of saline were administered by gavage to the control and
model groups, 10 mg/kg allopurinol and 1 mg/kg colchicine were given to the positive group, and YGG were
administered once daily to the drug delivery group at different concentrations for 14 consecutive days. The dose for
rats was 10 mg/kg by gavage. At the end of the experiment, all rats were anesthetized with 3% pentobarbital

Table 2 Gradient Elution Table

Time | 0.1% Formic Acid in | Acetonitrile(%)
Deionized Water(%)

0 98 2

| 98

15 60 40

25 2 98

30 2 98

33 98 2
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intraperitoneally injected, and serum and related tissues were collected. During this period, all rats were allowed free
access to water and food.

Biochemical Sample Collection and Analysis

On Day 14, 1 h after the end of drug administration, the abdominal aortas of the rats were punctured for blood under
anesthesia. All blood samples were placed at room temperature for 1 h and centrifuged at 4 °C and 3000 r/min for 10
min. The serum was isolated and then kept at —80 °C. Immediately after death of the rat, the right ankle joint was excised
and incised along the median to expose the ankle joint cavity, and the synovial tissue peripheral joint capsule and
surrounding soft tissues were removed. In a 4% paraformaldehyde solution, the yellowish synovial tissue from the joint
cavity was extracted and fixed. Bilateral kidneys were quickly removed on an ice table, blotted dry on filter paper,
weighed on an electronic analytical balance, and the kidney coefficients were calculated. The right kidney tissue was
fixed with 10% paraformaldehyde and prepared for use, while the left kidney tissue was stored in lyophilized tubes at
—80 °C until analysis. A 10% liver tissue homogenate was prepared by mixing liver tissue (100 mg) from each rat with
cold saline solution (900 pL). All homogenized samples were centrifuged at 4 °C and 3000 r/min for 10 min. The
supernatants were transferred and stored at —80 °C until analysis.

ELISA kits were used to measure the levels of TNF-, IL-1pB, IL-6, COX-2, and PGE2 in accordance with the
manufacturer’s standard protocol. UA, Cr, UN, and XO assay kits were purchased from Nanjing Jiancheng Institute of
Biological Engineering, and serum and liver biochemical tests were performed according to the corresponding manu-
facturer’s instructions.

Evaluation of Ankle Swelling in Rats

The increase in the diameter of the right ankle joint was considered an indicator for the evaluation of gouty arthritis.
A marker was used to mark the same position on each rat to ensure that the calipers were measuring at the same
position. Right ankle swelling was considered the difference between the basal value before MSU suspension injection
and the detected values observed at different time points (0, 2, 6, 12, 24, 36, 48 h) after MSU suspension injection.
That is, [ankle detected value (mm) - ankle base value (mm)]/ankle base value (mm)*100%. To ensure the results were
as accurate as possible, the entire measurement process was carried out by a single experimenter to reduce unnecessary
human error.

Histopathological Evaluation of the Kidney and Synovium

Fresh synovial and renal tissue was embedded in a decalcifying solution for three days after being treated with 4%
paraformaldehyde. Subsequently, wax tissue blocks were cut into sections, and hematoxylin-eosin (HE) staining was
carried out using paraffin-embedded Carrier slides in accordance with a set methodology. Histological images of the
kidney and synovium were recorded by a panoramic section scanner.

Network Pharmacology Analysis

YGG Component Attribution

To attribute and screen the components of YGG, we screened and attributed the components obtained from UPLC-ESI-
MS/MS analysis using a database search of the Traditional Chinese Medicine Systematic Pharmacology Database and
Analysis Platform (TCMSP). Oral bioavailability (OB) > 30% and drug-likeness (DL) > 0.18 were employed as
screening criteria. In addition, to ensure that all components of YGG were fully considered, we reviewed the literature
reports of all medicinal herbs included in YGG, and the components that were clearly reported were also included in the
main components of YGG. Finally, all the components were attributed to the original herbs contained in YGG to obtain
the main components of YGG.

Antigout Target Prediction of YGG
Using the TCMSP, Herb and PDB databases, all drug component targets were retrieved. All disease targets associated
with GA were obtained using the CTD, OMIM and Gene Cards databases. These database results were aggregated, and
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duplicate items were removed. Subsequently, the action target of YGG was localized to the GA action target, and the
potential target of the anti-GA action of YGG was obtained.

Establishment of the YGG Weighting Index

YGG is made up of a wide variety of bioactive components, but the relative contents of each active component found in
YGG are notably different from one another. Oral bioavailability (OB) is an essential determinant of the pharmacokinetic
process and in vivo drug properties. YGG is an herbal compound consisting of 10 herbs, and the principles of its
monarch and minister are also important parameters in the treatment of diseases.

First, we used the AHP method to determine the importance of each component in the compound using the compound
monarch as the criterion and combining the pharmacological effects of each component in the literature. Then, the weight
index Xi of each component was obtained by the SPSSPRO online data analysis platform. Finally, to more clearly
illustrate the significance that major active components play in the pharmacological mechanism, we established the
relationship between YGG monarchs and ministers, the relative content of each component, and the oral
bioavailability:'’

Ci = Ri*0Oi"Xi

The relationship shows that Ci represents component I, Ri represents the relative content of component I in the total
composition, Oi represents the oral bioavailability of component I, and Xi represents the weighting index of component I.

Ti=Y Ci

i=1
The relationship shows that Ti denotes the corresponding target sum of component I.
P =(To+T:+To+ - - - +Tn)

The sum of the corresponding objectives of the pathway P in the relational equation.

The weighting index is composed of the product of three elements. We obtained the weighting index of all
components using Eq. Among them, the weight index of the cumulative targets, ie, Ti, is determined by the weight
index of the constituents because the YGG has multiple constituents that correspond to multiple targets. Finally, the
targets are involved in the process of pathway functioning. Therefore, the weight index of each pathway was obtained
and reordered based on the above relationships.

Network Construction and Functional Enrichment Analysis

The targets of YGG-regulated GA were identified, and we used Cytoscape 3.7 software to construct and visualize the
“drug-compound-target” network. In addition, all targets regulating gouty arthritis were placed in the bioinformatics
package and R software, and the genes were analyzed using GO functional enrichment analysis as well as KEGG
pathway enrichment analysis. The results were reordered based on the weight index, and the critical value was set at
p < 0.05.

Molecular Docking

The binding ability of the main components of YGG and the core protein was verified using a molecular docking
technique. The PubChem database was used to obtain the component 3D structures, and the major protein receptor 3D
structures were obtained from the UniProt database. Subsequently, PyYMOL software was used to dehydrogenate the
protein and remove the small molecule ligands from the protein receptor. Finally, the molecular docking of the treated
protein receptors and ligands was performed using AutoDockTools 1.5.6 software, and their binding energies were
recorded.

Transcriptomics Analysis

Using TRIzol reagent, total RNA was extracted from randomly selected synovial tissues. Determination of synovial
tissue RNA concentration and integrity were performed using the Agilent 5400 Analyzer. The RNA purity was examined
by agarose gel electrophoresis. Then, the obtained cDNA libraries were subjected to library quality control according, for
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example, to the effective concentration. The HISAT2 software was used to align the measured genome with the reference
genome. Based on the alignment results, Stringtie was used to reconstruct transcripts and RSEM was used to calculate
the expression of all genes in each sample. Finally, we used DESeq2 software for differential expression analysis to
obtain the differentially expressed genes of the samples. The Illumina NovaSeq 6000 was used to carry out the
sequencing in its entirety. For more scientific sequencing results, differentially expressed genes were screened with
a cutoff value of p < 0.05 and |Fold Change| > 2. GO and KEGG enrichment analyses were performed on differential
genes using cluster Profiler software, and p < 0.05 was used as the threshold for screening significant enrichment results.

Immunohistochemical Analysis

The fixed tissues were washed using deionized water to remove impurities and then embedded using paraffin wax.
Paraffin-embedded synovial tissue was dewaxed using xylene. Antigen repair was performed using citric acid antigen
repair buffer and a microwave oven. Subsequently, the sections were incubated for 25 minutes at room temperature in 3%
hydrogen peroxide to inhibit endogenous peroxidase. The primary antibody was applied overnight at 4 °C, and then the
HRP-labeled secondary antibody was incubated for 60 min at room temperature. Finally, hematoxylin was used to
restrain for 3 min, and images were acquired by microscopic photography.

Western Blot Analysis

Proteins were extracted from synovial tissue using RIPA tissue cell rapid lysate according to a standard protocol. BCA
protein quantification reagent was used to determine the protein concentration in tissues. Then, according to the protein
quantification results, the requisite proteins were added to the electrophoresis tank with the correct amount of loading
buffer and PAGE gel, and an appropriate amount of electrophoresis buffer was added for electrophoretic separation and
electrical transfer to a nitrocellulose membrane (NC). The membrane was blocked for 1 hour using 5% skim milk powder
and incubated overnight at 4 °C with primary antibody. Finally, the HRP-labeled secondary antibody was incubated with
the membrane for 1 h at 37 °C, and color development was performed by the Tanon-5200 system.

Statistical Analysis

Experimental data analyzed and mapped using IBM SPSS Statistics 26.0 and GraphPad Prism 8.3.0 softwares. Normally
distributed data were tested using one-way ANOVA, data with a skewed distribution were tested using the Kruskal—
Wallis test, and the post hoc test was performed using Tukey’s test. A difference of p < 0.05 was considered statistically
significant.

Results

YGG Chemical Composition ldentification

The unknown analytes were identified by UPLC-ESI-MS/MS analysis, and positive and negative ion flow maps of
all components of YGG were obtained (Figure 2). A total of 94 components were obtained, including apigenin,
luteolin, rutin, paeonol, chuanxiong lactone A, paeoniflorin and ligustilide. Finally, the 94 components were
attributed by the information of the herbal components included in TCMSP and reported in the literature, and the
results are shown in Table S1.

Effect of YGG on UA Generation in GA Progression

It is well known that elevated UA levels are the main manifestation of GA and are often used clinically along with Cr and
BUN to assess kidney function status. In the model group, the kidney index was significantly increased (p<0.01),
indicating that elevated UA had a significant effect on the kidney (Figure 3A). UA levels in model group rats is
significantly higher than the control group (p < 0.01), indicating the PO successfully induced rats of GA increased uric
acid of symptoms (Figure 3B). However, both positive drug and different doses of YGG could effectively reverse this
change, indicating that both drugs have therapeutic effects on UA elevation. Interestingly, the treatment effect in the
YGG-H group was comparable to that of positive group. The effect of YGG on renal function was comprehensively
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evaluated by measuring serum Cr and BUN. As shown in Figure 3C-D, compared with the control group, the model
group had noticeably elevated levels of serum Cr and UN (p<0.01), and after YGG treatment, serum Cr and BUN were
significantly lower (»<0.01). The results showed that YGG was effective in suppressing the symptoms of UA elevation in
GA. In addition, as shown in Figure 3E, hepatic XO activity was significantly higher in the model group rats than in
control rats (p<0.01). Hepatic XO activity was significantly downregulated after allopurinol treatment in the positive
group rats. Similarly, hepatic XO activity was significantly decreased after YGG treatment (p<0.01). Details of the
significance of the data are shown in Table S2. The results suggest that YGG reduces UA production and accumulation
in vivo by inhibiting hepatic XO activity. Kidney tissues HE dyed further confirmed the YGG can effectively reduce the
UA level. The overall structure of normal rat kidney tissue was normal, with clear glomerular structure and no obvious
degeneration, such as atrophy necrosis and dilated tubular pattern. The renal tubular epithelial cells did not show
significant edema shedding necrosis, and the tissue was not infiltrated by obvious inflammatory cells. The kidney tissue
results of the model group rats were abnormal, and a large amount of loose edema and necrotic detachment of renal

tubular epithelial cells as well as marked dilatation were observed (Figure 3F).

Effect of YGG on the Inflammatory Response During GA Progression

Evaluation of ankle swelling in rats, as shown in Figure 4A, revealed that the ankle joint swelling of rats in the model
group was substantially greater than that of rats in the control group (p<0.01), while no significant changes were found
in the ankle joint of the control group at any time after the injection of an equal volume of saline. This showed that
intra-articular injections did not have any effect on the swelling of the ankle and that MSU-induced gouty arthritis
modeling was a success. The degree of swelling in the rats reached its peak 12 h after modeling, when redness and
swelling were evident in the right joint. Notably, the model group showed greater joint swelling than the control group
at different time points.

We measured the serum levels of IL-1B, IL-6, and TNF-a in rats to assess the anti-inflammatory effects of YGG
(Figure 4B-D). The model group levels of IL-1B, IL-6, and TNF-a were significantly higher than those of the control
group (p<0.01), suggesting that MSU-induced gouty arthritis was accompanied by an acute inflammatory response. YGG
significantly reduced the production of IL-1B, IL-6 and TNF-a in serum (p<0.01) compared with the model group. In
addition, the effects of MSU-induced inflammation were further evaluated by measuring the levels of COX-2, PGE2, IL-
1B, IL-6 and TNF-ain synovial tissue (Figure 4E-I). The levels of COX-2, PGE2, IL-1fB, IL-6 and TNF-awere
significantly increased in the MSU-induced model group compared to the control group (p<0.01), and the production
of COX-2, PGE2, IL-1B, IL-6 and TNF-ain synovial tissue was shown to be considerably reduced in the YGG therapy
group (p<0.01). Details of the significance of the data are shown in Table S3.

HE staining further verified the above assay results. The synovial tissue of rats in the model group showed more
synovial cells with obvious necrosis, nuclear consolidation and lysis of synovial cells, and severe inflammatory cell
infiltration. After YGG treatment, the synovial structure of the tissue was clear, and the aforementioned pathological
modifications improved significantly (Figure 4J). Based on the data, YGG improved the degeneration of synovial cells, as
evidenced by sparing, edema, proliferation, and necrosis, inhibited inflammatory cell infiltration and had significant
therapeutic effects on MSU-induced inflammation.

Network Pharmacology Analysis

YGG Component Screening

Using OB> 30% and DL> 0.18 as the screening criteria, the 94 identified major components were further screened. Due
to the incompleteness of the database, all components could not be fully considered. Therefore, on the basis of database
screening, components clearly reported to have medicinal value in the literature were also included in the active
components of YGG to achieve a comprehensive study. The final 42 active components were obtained (Table 3), and
these active components were used as the basis for network pharmacology prediction.
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Figure 4 Effect of YGG on the inflammatory response during GA progression. (A) Determination of right ankle joint swelling in rats at different time points (2, 6, 12, 24, 36,

48 h) after MSU suspension injection. (B—D) Effects on serum IL-1p, IL-6 and TNF-a. (E) Effect on COX-2 in ankle joint. (F) Effect on PGE2 in ankle joint. (G-I) Effects on
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Histological examination of the synovial with H & E staining (x200).
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Table 3 Main Active Ingredient of YGG

MOL ID Name OB% | DL Herb

MOLO001955 Chlorogenic acid 11.93% | 0.33 Lonicera japonica Flos

MOLO003065 | Cryptochlorogenic acid | 10.48% | 0.33 Lonicera japonica Flos

MOL000008 Apigenin 23.06% | 0.21 Lonicera japonica Flos

MOL000006 Luteolin 36.16% | 0.25 Lonicera japonica Flos

MOL00288I Diosmetin 31.14% | 0.27 Lonicera japonica Flos

MOL000009 Cynaroside 7.29% | 0.78 Lonicera japonica Flos

MOLO003118 Isochlorogenic acid C 1.78% | 0.69 Lonicera japonica Flos

MOL003067 Isochlorogenic acid B 1.71% | 0.69 Lonicera japonica Flos

MOL001875 Isochlorogenic acid A 1.79% | 0.69 Lonicera japonica Flos

MOL000432 a-Linolenic acid 45.01% | 0.15 Scrophulariae Radix

MOL007088 Cryptotanshinone 52.34% | 0.4 Scrophulariae Radix

MOL000737 Morin 0.4623 | 0.27 Rehmanniae Radix

MOL009289 Calycosin-7-O-f- 41.60% | 0.8 Glycyrrhizae Radix Et Rhizoma

D-glucoside
MOL004876 Glycyrrhizic acid 19.62% | 0.11 Glycyrrhizae Radix Et Rhizoma
MOL004804 18 B-Glycyrrhetintic 22.05% | 0.74 Glycyrrhizae Radix Et Rhizoma
Acid

MOLO001789 Isoliquiritigenin 85.32% | 0.15 Glycyrrhizae Radix Et Rhizoma

MOL000417 Calycosin 47.75% | 0.24 Glycyrrhizae Radix Et Rhizoma

MOL002928 Oroxylin A 41.37% | 0.23 Glycyrrhizae Radix Et Rhizoma

MOL00484 1 Licochalcone B 76.76% | 0.19 Glycyrrhizae Radix Et Rhizoma

MOL004912 Glabrone 5251% | 0.5 Glycyrrhizae Radix Et Rhizoma

MOL000497 Licochalcone A 40.79% | 0.29 Glycyrrhizae Radix Et Rhizoma

MOL004903 Liquiritin 65.59% | 0.74 Glycyrrhizae Radix Et Rhizoma

MOL000874 Paeonol 28.79% | 0.04 Paeoniae Radix Alba

MOL001924 Paeoniflorin 53.87% | 0.79 Paeoniae Radix Alba

MOL007003 Benzoylpaeoniflorin 31.27% | 0.75 Paeoniae Radix Alba

MOL000044 Atractylenolide Il 47.50% | 0.15 Atractylodis macrocephala Rhizoma

MOL000045 Atractylenolide IlI 68.11% | 0.17 Atractylodis macrocephala Rhizoma

MOL002208 Senkyunolide A 26.56% | 0.07 Chuanxiong Rhizoma

MOL002124 a-Asarone 35.61% | 0.06 Chuanxiong Rhizoma

MOL002189 3-n-Butylphathlide 47.90% | 0.07 Angelicae sinensis Radix

MOLO002111 3-Butylidenephthalide 42.44% | 0.07 Angelicae sinensis Radix

MOL000701 Quercitrin 4.04% | 0.74 Amomi Fructus

MOL000437 Isoquercitrin 1.86% | 0.77 Amomi Fructus

MOL0004 14 Caffeic acid 54.97% | 0.05 Lonicera japonica Flos, Scrophulariae Radix

MOL003333 Verbascoside 2.94% | 0.62 Scrophulariae Radix, Rehmanniae Radix

MOL000360 FER 39.56% | 0.06 Scrophulariae Radix, Angelicae sinensis Radix, Rehmanniae Radix, Chuanxiong

Rhizoma

MOL000748 | 5-Hydroxymethylfurfural | 45.07% | 0.02 Scrophulariae Radix, Rehmanniae Radix, Amomi Fructus

MOL002201 Ligustilide 51.30% | 0.07 Angelicae sinensis Radix, Chuanxiong Rhizoma

MOL002102 Levistilide A 2.15% | 0.82 Angelicae sinensis Radix, Chuanxiong Rhizoma

MOL000415 Rutin 3.20% | 0.68 Lonicera japonica Flos, Glycyrrhizae Radix Et Rhizoma

MOL00056 | Astragalin 14.03% | 0.74 Lonicera japonica Flos, Glycyrrhizae Radix Et Rhizoma, Paeoniae Radix Alba,
Dioscoreae Rhizoma

MOL000513 Gallic acid 31.69% | 0.04 Paeoniae Radix Alba, Chuanxiong Rhizoma

Potential Targets of YGG in the Treatment of GA
The results are shown in Figure 5A. Venn diagrams were constructed by matching the drug component targets with the

disease gene targets. A total of 908 disease targets and 666 component targets were identified, with 223 targets being
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Figure 5 Network pharmacology predicts potential targets of YGG for GA treatment. (A) Venn diagram of YGG component genes and GA genes. (B) YGG drug-
component-target network diagram. The following is a detailed annotation of the common components of the different herbs of YGG. Al: Caffeic acid, A2: Verbascoside,
A3: Ferulic acid, BI: 5-Hydroxymethylfurfural, B2: Ligustilide, B3: Levistilide A, Cl: Rutin, C2: Astragalin, C3: Gallic acid.

found to be common between drug components and diseases. The results suggest that the drug components correspond-
ing to these intersecting targets may have therapeutic effects on GA.

Construction of the Drug-Component-Target Interaction Network
The drug-component-target network includes a total of 275 nodes and 1392 edges (Figure 5B). The triangle indicates the
drug, the circle indicates the component, the square indicates the shared component, and the diamond indicates the gene
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target. The degree of a node reflects the number and strength of links connected to the node and is a measure of the
degree to which the node is embedded in the network. The larger the degree value, the more connected the nodes, and the
more important the corresponding drug components.

Establishment of the YGG Weighting Index

Based on the pharmacological effects of the monarchs and minister of YGG and the components reported in the
literature, we used 10 herbs as indicators for the weighting index and determined the priority of each indicator as
follows: Lonicera japonica Flos > Scrophulariae Radix = Angelicae sinensis Radix > Rehmanniae Radix = Paeoniae
Radix Alba = Chuanxiong Rhizoma = Glycyrrhizae Radix Et Rhizoma > Atractylodis macrocephala Rhizoma = Amomi
Fructus = Dioscoreae Rhizoma. The weighting indices of the herbs are shown in Table 4. The weight indices of the 10
herbs calculated using the AHP method were 15.676% for Lonicera japonica Flos, 12.538% for Scrophulariaec Radix and
Angelicae sinensis Radix, 9.517% for Rehmanniae Radix, Paeoniae Radix Alba, Chuanxiong Rhizoma and Glycyrrhizae
Radix Et Rhizoma, and 7.059% for Atractylodis macrocephala Rhizoma, Amomi Fructus and Dioscoreae Rhizoma.

GO Functional Enrichment and KEGG Pathway Enrichment Analyses

To elucidate the biological functions of the 223 targets and identify their associated key pathways, GO and KEGG
enrichment analyses were conducted. A total of 2730 biological processes (BP), 174 molecular functions (MF), 55
cellular components (CC) and 148 KEGG pathways were obtained. The obtained enrichment items were reordered, and
the results are shown in Figure 6.

GO enrichment analysis before screening: The targets were mainly distributed in cellular components such as
membrane rafts, membrane microdomains, endoplasmic reticulum lumen, organelle outer membrane, and plasma
membrane signaling receptor complexes. The targets are involved in biological processes such as cellular responses to
biological stimuli and lipopolysaccharides through cytokine activity and phosphatase binding. After rescreening by
weighting index, the targets are mainly distributed in cellular fractions such as plasma membrane rafts and cytoplasmic
vesicle lumen. Through cytokine receptor binding, cytokine and receptor ligand activity, and other mechanisms, it
participates in the positive regulation of cytokine production, the inflammatory response, leukocyte-mediated immunity,
and other biological processes.

KEGG pathway enrichment analysis prior to screening: The targets are mainly involved in signaling pathways such as
cytokine—cytokine receptor interactions, PI3K-Akt and MAPK. After rescreening by weighting index, signaling pathways
such as NF-kB, TNF and IL-17, in which the targets are involved, are more closely related to gouty arthritis.

YGG Main Active Components

The top 10 active components with degree values obtained by Cytoscape 3.7.1 software were ferulic acid, rutin, gallic
acid, luteolin, apigenin, ligustilide, caffeic acid, astragalin, chlorogenic acid and paeonol. Combined with literature
reports, these components were finally identified as the main active components of YGG, as shown in Table 5. The top 6

Table 4 YGG Drug Weighting Index

Ingredient Eigenvector | Weighting Maximum Cl
Value (%) Characteristic Root

Lonicera japonica Flos 1.622 15.676 10.019 0.002
Scrophulariae Radix 1.297 12.538

Angelicae sinensis Radix 1.297 12.538

Rehmanniae Radix 0.985 9.517

Paeoniae Radix Alba 0.985 9.517

Chuanxiong Rhizoma 0.985 9.517

Glycyrrhizae Radix Et Rhizoma 0.985 9.517

Amomi Fructus 0.730 7.059

Atractylodis macrocephala Rhizoma 0.730 7.059

Dioscoreae Rhizoma 0.730 7.059
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Figure 6 Network pharmacology predicts potential signaling pathways for YGG treatment of GA. (A—F) Biological process (BP), cellular component (CC), and molecular
function (MF) of YGG before and after weight index calculation were analyzed. (G-H) KEGG enrichment analysis of target compounds in YGG before and after ranking by
weight index algorithm.

core targets in terms of degree were obtained, as shown in Table 6. Combining the weighting index and literature reports,
the core targets of YGG for GA were finally identified as TNF, PTGS2, IL6, IL1B, NOS2, and PTGSI.

Drug Component-Target Molecule Docking Validation

The 10 major active components, including ferulic acid, gallic acid, luteolin, apigenin and ligustilide, were validated using
molecular docking techniques. The free energy of binding is less than 0, which indicates that the molecules of drug
components and ligand receptors can bind spontaneously, and the lower the binding fraction is, the more stable the complex
formed; the results are shown in Table 7. A thermal map of the docking binding energy of the main active components to
the core target molecules was obtained and is shown in Figure 7. The results showed that the binding energy of the 10
components to the major protein receptors was less than —5 kcal/mol, indicating that the ten active components had good
binding ability to the core targets. The 10 components ferulic acid, rutin, gallic acid, luteolin, apigenin, ligustilide, caffeic
acid, astragalin, chlorogenic acid and paeonol were further verified as the main active components of YGG for GA.

Transcriptomic Analysis Reveals the Signaling Pathway of YGG for GA Treatment
To effectively validate the predicted results of the network pharmacology analysis, key targets and pathways were
screened. Further insight into the possible mechanism of action of YGG on GA was gained by using synovial

Table 5 YGG Main Active
Ingredient Information Table

Active Ingredient | Degree
FER 160
Rutin 124
Gallic Acid 104
Luteolin 95
Apigenin 85
Ligustilide 68
Caffeic acid 64
Astragalin 44
Chlorogenic acid 43
Paeonol 33
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Table 6 YGG Main Active
Target Information Table

Active Target | Degree
TNF 52
PTGS2 51
IL6 47
ILIB 42
NOS2 40
PTGSI 33

Table 7 Docking Binding Energy of the Main Active Ingredients of YGG to the Target Protein Molecules (Kcal/Mol)

FER Rutin | Gallic Acid | Luteolin | Apigenin | Ligustilide | Caffeic Acid | Astragalin | Chlorogenic Acid | Paeonol
TNF -55 -8 -57 7.3 =72 —6.4 =59 -83 -7 -53
PTGS2 -7 —-10.4 —6.9 -9.2 -87 74 —6.6 -9.4 -8.1 6.5
IL6 —6.3 -85 —6.2 —8.6 -84 —6.6 —6.8 -7.8 -7 —6.2
ILIB 5.1 =7.1 -5 —6.3 —6.1 =52 -6 -7 -7 -5
NOS2 -5.8 —-10.5 -6 -9.2 -9.5 74 -5.9 -83 -85 -6
PTGSI -52 -85 -6 -83 -82 —6.8 —6.3 =77 -78 —6.4

transcriptomics. Analysis of biochemical indices, expression levels of inflammatory factors and pathological sections in
animal experiments showed that the YGG-H group was effective in the treatment of gouty arthritis. Moreover, the
inhibitory effect was significantly higher than that of YGG-L and YGG-M. Therefore, the YGG-H group was selected as
the treatment group for transcriptomic analysis.

Between the control and model groups, a total of 424 differentially expressed genes (DEGs) were found, 227 of
which were upregulated and 197 of which were downregulated (Figure 8A). In the model and YGG-H groups, a total of
1158 DEGs were identified, of which 767 were upregulated and 391 were downregulated (Figure 8B). A total of 1604
DEGs were identified in the control group and YGG-H group, of which 1128 were upregulated and 476 were down-
regulated (Figure 8C). Cluster analysis visually showed (Figure 8A—C) that the expression levels of DEGs changed
significantly between groups, and the upregulated DEGs caused by MSU were significantly reversed after YGG
treatment. These results suggest that large changes in rat synovial tissue genes occur after MSU injection, and early
feeding of YGG can inhibit this change to some extent, which is consistent with the biochemical index findings.

Combined energy
TNF -

PTGS2-
IL6 -
IL1B-
NOS2-

PTGSI -

Figure 7 Docking binding energy information of YGG active component and core target molecules.
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Figure 8 Transcriptomic analysis reveals the signaling pathway of YGG treatment of GA. (A) Volcano plot showing the number of DEGs in the control group vs the model
group; and these DEG heatmaps. Blue indicates downregulated genes and red indicates upregulated genes. (B) Volcano plot showing the number of DEGs in the model group
vs the YGG group; and heat map of these DEGs. Blue indicates downregulated genes and red indicates upregulated genes. (C) Volcano plot showing the number of DEGs in
the control group vs the YGG group; and a heat map of these DEGs. Blue indicates downregulated genes and red indicates upregulated genes. (D—E) GO enrichment in the
top 30 DEG rankings in the control group vs in the model group; KEGG enrichment in the top 30 DEG rankings. (F-G) GO enrichment in the top 30 DEG rankings in the
model group vs in the YGG group; KEGG enrichment in the top 30 DEG rankings.

In addition, further transcriptomics-based enrichment analysis was performed to reveal the underlying mechanism of
this change. Analysis of GO enrichment of DEGs in the control and model groups revealed (Figure 8D) that DEGs are
predominantly distributed in membrane rafts, plasma membrane rafts, extracellular matrix, and lipoprotein particles. The
targets are involved in biological processes such as leukocyte migration, cytokine-mediated signaling pathways, positive
regulation of cytokine production, and cellular response to external stimuli through signaling receptor activator activity,
peptide binding activity, and protein-coupled receptor binding. Expression of the GO enrichment analysis of DEGs in the
model and YGG groups (Figure 8F). DEGs are mainly distributed in cellular components such as membrane micro-
domains, the extracellular matrix, synaptic membranes, and receptor complexes. The targets are implicated in the
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regulation of the inflammatory response and other biological processes through cytokine binding, DNA-binding tran-
scriptional activator activity, and cytokine receptor activity. Taken together, YGG may treat gouty arthritis through
inflammatory response modulation, which remains consistent with the pathological section results. KEGG pathway
analysis was used to assess the biological significance of YGG for GA and to elucidate the multipathway multitarget
effects of YGG for MSU-mediated GA. KEGG enrichment analysis of DEGs in the control and model groups
(Figure 8E) showed that a total of 178 pathways were enriched, among which the TNF, NF-xB, IL-17 and MAPK
signaling pathways were the most significant. KEGG enrichment analysis of DEGs in the model and YGG groups
(Figure 8G) showed that a total of 200 pathways were enriched, among which the PI3K-Akt, NF-xB, and IL-17 signaling
pathways were the most significant. In summary, MSU may alter the expression levels of DEGs through the IL-17 and
NF-kB signaling pathways to cause gouty arthritis, while YGG reverses this change by regulating the NF-«xB, IL-17, and
MAPK signaling pathways, which in turn inhibits inflammation.

YGG Suppresses Inflammation Through Regulation of the TLR4/MYD88/NF-«xB
Signaling Pathway

Network pharmacological predictions at the theoretical level revealed that the NF-xB, TNF and IL-17 signaling pathways
were more closely related to gouty arthritis, whereas transcriptomic assays at the practical level revealed that the NF-«xB,
IL-17, and MAPK signaling pathways were significantly enriched in the synovial tissues of GA rats after administration
of high doses of YGG. Animal experiments showed that YGG inhibited the expression of inflammatory factors in serum
and synovial tissues of GA rats, further confirming that this potential mechanism of action is inextricably linked to the
regulation of Inflammatory response. Combined with the above experimental results, we believe that YGG achieves
inhibition of the GA process through the NF-kB signaling pathway. In addition, NF-«B is readily recognized by TLR4
and MYDSS, allowing increased expression of downstream inflammatory proteins such as IL-1B and TNF-a, which in
turn cause an inflammatory response.’?! Therefore, we believe that the TLR4/MYD88/NF-kB signaling pathway may
be YGG inhibition of GA in precise mechanism, and in the following experiment to validate it.

IHC was used to confirm the effect of YGG on the dysregulated TLR4/MYDS88/NF-kB signaling pathway
(Figure 9). Details of the significance of the data are shown in Table S4. Key proteins of the pathway, including
TLR4, MYDS88, p65, p-p65, IKKa/p, p-IKKo/B, IkBa, and p-IkBa, were identified using Western blot. In contrast to
the model group, TLR4 and MYDS88 expression levels and the p65/p-p65, IKKo/B/p-IKKa/B, and IxkBo/p-IxBa ratios
in the synovial tissue of rats in the YGG group were significantly reduced in a dose-dependent manner (Figure 10).
Details of the significance of the data are shown in Table S5. The results suggested that YGG treated the impaired
TLR4/MyD88/NF-kB signaling pathway.

Discussion
Chinese medicine is effective in treating gout. Compared with conventional Western medical treatment, Chinese
medicine treatment has the characteristics of multiple components, multiple pathways, and both primary and secondary
treatment, and the compound prescription of Chinese medicine follows the principle of the combination of monarchs and
minister. From a holistic perspective, the systemic regulation of the organism is achieved through the active components
of the drug.?” Despite years of research into the treatment of GA and some proof of the scientific validity of the research,
the number of people with GA continues to increase.”> ° The possible causes of this phenomenon are as follows: (i)
insufficient attention is given to the prevention of the chronic disease HUA, leading to the deterioration of the disease and
its development from HUA to GA; and (ii) the pathogenesis of GA is closely related to diet and lifestyle. Unfortunately,
most people have a hard time maintaining a healthy lifestyle. (iii) As we age, the organism becomes susceptible to
chronic diseases. YGG has been clinically proven to be effective and safe as an anti-inflammatory therapy for GA.*’
HUA, as an important pathological basis of GA, is closely related to GA. In this study, potassium oxonate combined
with MSU was used to establish a rat model of GA, which can well simulate the development of GA in clinical patients.
That is, from the initial elevated levels of UA in the body, to the gradual deposition of MSU in the joints resulting in an
inflammatory response that eventually develops into GA.?® XO is a crucial enzyme in the development of gout and is
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Figure 9 TLR4, MYD88, p-p65 IHC stains in rat synovial tissue. (A—C) IHC shows the expression of TLR4, MYD88 and p-p65 in rat synovial tissue (Scale bar: 50um). (D—F)
Quantification of TLR4, MYD88 and p-pé5 in rat synovial tissue. Data are expressed as mean % SD, (n=6), **p <0.01 compared with control group; *p <0.01 compared with
model group.

involved in the process of excessive UA production.”® Therefore, measuring XO activity is important to explain the
mechanism of action of how YGG reduces UA levels. We found that after oral administration of YGG, the treatment
group significantly inhibited liver XO activity, thereby significantly reducing UA levels. In addition, Cr and BUN are two
important indicators of renal function, and Cr and BUN have been shown to correlate with glomerular filtration rate and
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Figure 10 YGG suppresses inflammatory responses by regulating TLR4/MYD88/NF-«B signaling pathway. (A) The expression of TLR4, MYD88, p65, p-p65, IKKa/B, p-IKKa/
B, IkBo and p-lkBa by Western blot. (B—F) Quantitative analysis of Western blot for TLR4, MYD88, p-IKKo/p/IKKa/B, p-lcBa/lkBa, p-p65/p65. Data are expressed as mean +
SD, (n=3), #p<0.01 compared with control group; ¥p<0.05, *p<0.01 compared with model group.

kidney function.*® The results showed that all groups of YGG significantly reduced the expression levels of serum Cr and
UN in rats compared with the model group. This finding was confirmed in histopathological studies of the kidney. In
addition, the key to treating GA is to suppress inflammation. IL-1p is a highly inflammatory factor that is closely
associated with GA.>' IL-6 acts as an inflammatory stimulator and induces the synthesis of reactive proteins in the
inflammatory response,*” which in turn exacerbates the GA inflammatory response. TNF-a is a factor that contributes to
inflammation and plays a significant role in both acute and chronic forms of the condition.*® The primary function of
COX-2 is to accelerate the transformation of arachidonic acid into the neurotoxic metabolite PGE2, which in turn
encourages the release of inflammatory mediators and the progression of neurodegenerative disorders.**** The results of
this experiment showed that YGG could inhibit the expression of IL-1B, IL-6, and TNF-a proinflammatory factors as
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well as COX-2 and PGE2 in the serum and synovial tissues of GA rats induced by MSU. The same histopathological
examination of the rat synovial membrane demonstrated that YGG could significantly inhibit the development of
inflammation. In conclusion, YGG is clearly useful in the treatment of GA.

The analysis was performed by UPLC-ESI-MS/MS, and the online mzCloud spectral library and Thermo Scientific
mzVault spectral library were searched using Compound Discoverer 3.0 software. 94 major components of YGG were
identified. Then, 94 components were attributed by TCMSP and literature studies. There were 24 kinds of Lonicera
japonica Flos, 8 kinds of Scrophulariae Radix, 11 kinds of Angelicae sinensis Radix, Rehmanniae Radix and Chuanxiong
Rhizoma, 23 kinds of Glycyrrhizae Radix ET RhizomA, 10 kinds of Paconiae Radix Alba, 7 kinds of Amomi Fructus, 2
kinds of Dioscoreae Rhizoma and 2 kinds of macrocephala Rhizoma. However, for the attribution of major components,
nine components were found to be not attributed to the herbs in the compounds, probably due to false-positives when
matching drug components using the database, which can be subsequently confirmed by standard calibration. Network
pharmacology is frequently employed to investigate the mechanism of action of herbal medications because it facilitates
the analysis of the connection between different components, relevant targets and diseases of herbal medicines.*
Therefore, in this experiment, 45 active components of YGG were screened from 94 main components by a network
pharmacological study. We also predicted the 10 active components and core targets of YGG for the treatment of gouty
arthritis by Cytoscape software with degree as the criterion. Combined with molecular docking techniques to determine
the binding ability of the active components to the core targets, the active components of YGG for GA were further
validated. In this experiment, 10 main active components in YGG were screened and obtained, namely, ferulic acid, rutin,
gallic acid, luteolin, apigenin, ligustilide, caffeic acid, astragalin, chlorogenic acid and paeonol, and all of them
demonstrated anti-inflammatory properties. Among them, paeconol can inhibit inflammation by decreasing the levels of
TNF-o and IL-6 and increasing the expression of IL-10. Ferulic acid inhibits the NF-xB inflammatory pathway and
reduces IL-1p and TNF-o expression under mild oxidative stress.>’ Rutin effectively ameliorates the inflammatory
response by reducing the proinflammatory factor markers IL-1B, TNF-o, IL-6 and COX-2 through its powerful
antioxidant characteristics.®® Gallic acid blocks NLRP3 inflammasome activation, caspase-1 activation, and IL-1p
production in mice to reduce GA effects.’® Apigenin has antioxidant, anti-inflammatory and XO activity-inhibiting
effects.*” Ligustilide is able to reduce inflammation by inhibiting the TLR4/NF-xB signaling pathway and suppressing
P38/MAPK phosphorylation activation. Caffeic acid can reduce the expression of NF-kB, IL-1B and Caspase-3, thus
exerting anti-inflammatory effects.*’ Astragalin plays an important pharmacological role in the inflammatory response
and oxidative stress, which significantly inhibits the release of inflammatory factors and reduces apoptosis.** Chlorogenic
acid, one of the abundant polyphenols in Chinese medicine, can improve MSU crystal-induced inflammatory symptoms
by inhibiting the production of IL-1p, IL-6 and TNF-a.*’ It is clear from the information presented above that the
principal active components are able to control the inflammatory response and produce the desired effect of GA treatment
by modulating the expression of key targets.

However, the database on which network pharmacology is based has limitations and lags, resulting in a failure to reflect
the true network characteristics within the organism in a timely manner. Second, the influence of the content of herbal
components is often ignored during pharmacological studies of traditional Chinese medicine networks, resulting in a lack of
reliability of the potential mechanisms of action obtained. Therefore, we sought to disclose the pharmacological mechanism
of YGG for GA with greater precision. First, the weighted method was used to obtain a more comprehensive screening of
the results of GO and KEGG enrichment analysis obtained from traditional network pharmacology in terms of the
dispensing pattern of YGG and the oral bioavailability of drug components. Among them, the drug pathways of action
changed significantly according to the weighting index. For example, the NF-kB inflammatory pathway (from the 24th to
11th days after screening) and the IL-17 signaling pathway (from the 19th to 6th days after screening). The results suggest
that with the addition of the weighting index, network pharmacology predicts a more plausible mechanism of action.
Afterward, we performed an integrated network pharmacology and transcriptomics analysis, which finally confirmed that
YGG inhibits the development of inflammation by regulating the TLR4/MYD88/NF-kB signaling pathway.

In the development of inflammation, the production of various inflammatory cytokines is attributed to the activation of
TLR4 signaling, and its activation activates MYD88. MYD88 acts as a downstream protein of TLR4 and is required for the
induction of translocation of the transcription factor NF-kB to the nucleus.** NF-kB, a group of inflammation-associated
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transcription factors, consists mainly of heterodimers of p65 and p50 and can bind to IkBa. It is worth noting that p65
isomer is usually considered a NF - kB complex main activation of transcription factors, and has important effect on the
activation of the inflammatory response. A large number of studies have shown that the p65 isoforms involved in NF-«kB in
the TLR4/MYDS88/NF-«kB pathway are more prevalent and intensively investigated, suggesting that the p65 isoforms may
play a more important role in the TLR4/MYD88/NF-«B pathway.***® Under normal conditions, NF-kB is tightly bound to
IxBa in the cytoplasm. Activated IKKa/p catalyzes the phosphorylation and degradation of IkBa when stimulated by some
inflammatory substances. Subsequently, NF-kB is released and activated, at which point NF-kB is also phosphorylated in
the nucleus to promote gene expression.*’ >' This may further help stimulate the expression of downstream proteins such as
COX-2 and IL-1p and ultimately contribute to the inflammatory response.’® >* We validated this process in the IHC study.
We observed that the expression levels of TLR4, MYDSS, and p-p65 were significantly elevated in the model group, and
following YGG therapy, the expression of these proteins was decreased. Western blot was used to analyze the proteins
involved in this pathway to further elucidate how the pathway is altered during inflammation. We found that the expression
of TLR4, MYD88, p-p65, p-IKKa-B, and p-IkBa was significantly increased in the model group compared with the YGG
group. Our joint analysis jointly confirmed, in terms of both theoretical predictions and practical findings, that YGG
suppresses the inflammatory development of GA by regulating the TLR4/MYD88/NF-kB signaling pathway (Figure 11).

This research study and the combination of network pharmacology by transcriptome analysis, from the theoretical
level to practical level, for the treatment of YGG GA accurate way to make the complete description and validation. For
the complex mechanisms of traditional Chinese medicine research, it is good. At the same time, the good anti-GA effect
of YGG also provides a reliable candidate drug for clinical application, and improves the limitation of drug use in GA
patients. However, these studies have certain limitations. Although p65 subtypes in TLR4/MYDS88/NF-kB signal path-
way plays a more vital role, but the further research must also be considered p50 or p65 + p50 combination in the role of
GA. It can extend the scope of the current study, can also for further understanding of the role of NF - «B in
inflammatory response provide a new perspective.

w
a

v
Degraded IxkB
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Figure 11 The mechanisms of YGG on GA induced by MSU.
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Conclusion

In this study, UPLC-ESI-MS/MS and network pharmacology studies were used to screen 10 major active components of
YGG. Animal experiments have shown that YGG can reduce the level of UA in vivo by inhibiting the activity of XO on
the one hand, and alleviate the inflammatory response caused by GA by inhibiting the expression of COX-2, PGE2 and
inflammatory factors on the other hand. In addition, by integrating transcriptomic and network pharmacology approaches
and validation experiments, we confirmed that YGG could regulate TLR4/MYDS88/NF-«B signaling pathway to achieve
effective treatment of GA. In conclusion, this study not only provides a basis for studying the active components and
mechanism of action of YGG in the treatment of GA, but also provides theoretical support for its clinical application and
further strengthens the reliability of YGG clinical application. At the same time, this study also provides reliable
candidate components for future drug development for the treatment of GA.
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