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Purpose: Dispelling dampness, relieving turbidity and dredging collaterals decoction (DED), is a traditional Chinese medicine used in
the treatment of hyperuricemia. We aimed to explore the effect and mechanism of DED in the treatment of hyperuricemia.
Methods: The effects of DED (9.48, 4.74, and 2.37 g/kg/d) on potassium oxonate (750 mg/kg/d)-induced hyperuricemia in rats were
evaluated by serum uric acid (UA), creatinine (CRE), blood urea nitrogen (BUN), and renal pathological changes. Network
pharmacology was used to identify the effective components and targets of DED, and the key targets and signaling pathways for its
effects on hyperuricemia were screened. Molecular docking was used to predict the action of DED. H&E, immunohistochemistry, WB,
and PCR were used to validate the network pharmacology results.

Results: DED can effectively alleviate hyperuricemia, inhibit UA, CRE, BUN, and xanthine oxidase (XOD) activity, and reduce renal
inflammatory cell infiltration and glomerular atrophy. The experiment identified 27 potential targets of DED for hyperuricemia, involving 9
components: wogonin, stigmasterol 3-O-beta-D-glucopyranoside, 3-acetoxyatractylone, beta-sitosterol, stigmasterol, diosgenin, narin-
genin, astilbin, and quercetin. DED can relieve hyperuricemia mainly by inhibiting RAGE, HMGBI, IL17R, and phospho-TAK1, and by
regulating the AGE-RAGE and IL-17 signaling pathways.

Conclusion: DED can alleviate hyperuricemia by inhibiting XOD activity and suppressing renal cell apoptosis and inflammation via the
AGE-RAGE signaling pathway and IL-17 signaling pathway. This study provides a theoretical basis for the clinical application of DED.
Keywords: dispelling dampness, relieving turbidity, dredging collaterals, hyperuricemia, network pharmacology

Introduction

Hyperuricemia is an independent risk factor for diseases such as gout, chronic kidney disease, hypertension, cardiovas-
cular and cerebrovascular diseases, and diabetes; and is also an independent predictor of premature death. Hyperuricemia
is caused by purine metabolism disorders,' characterized by elevated serum uric acid levels. Although commonly used
urate-lowering drugs such as allopurinol, febuxostat, and benzbromarone have some effectiveness, their long-term use
leads to significant adverse effects.” Therefore, finding a safe and effective drug is urgent.

Studies have proven that hyperuricemia is a systemic disease that can induce renal inflammation by activating NLRP3,
promote cardiomyocyte apoptosis through ROS expression upregulation, and regulate TGF-f pathways to promote cell
autophagy™ According to the theory of traditional Chinese medicine, “dispelling dampness, relieving turbidity and dredging
collaterals” are the basic treatment principles of hyperuricemia renal injury.®” “Dispelling dampness, relieving turbidity and
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dredging collaterals decoction (DED)” consists of yam rhizome, rhizoma smilacis glabrae, cortex phellodendri,
Atractylodis rhizoma, medicinal cyathula root, semen coicis, and Ligusticum wallichii. Atractylodis rhizoma and semen
coicis contain various anti-inflammatory and anti-apoptotic ingredients that are used to dispel dampness.®’ The yam rhizome,
rhizoma smilacis glabrae and cortex phellodendri play a significant role in regulating uric acid transporters and glucose
transporters in renal tubules'®'? and are used to relieve turbidity. Magnograndiolide is the main component of medicinal
cyathula root and Ligusticum wallichii in promoting blood circulation and removal of blood stasis and has anti-inflammatory,
antioxidant and antifibrosis effects'> used for promoting dredging collaterals. The above drugs are used together to relieve
hyperuricemia. The mechanism is still unclear due to the characteristics of multicomponent and multitarget DED.

Due to the complex nature of the ingredients and mechanisms of DED, it is difficult to reflect the systematic effect of
DED on hyperuricemia through research on a single component or target. This study used network pharmacology and
molecular docking to screen for the potential pharmacological components and targets of compounds.'*'> Network
pharmacology plays an important role in elucidating the therapeutic mechanisms of traditional Chinese medicine,
especially for the targeting characteristics of the multiple pathways of traditional Chinese medicine, and combined
with animal model verification, it elucidates the mechanism of DED in hyperuricemia treatment.

Materials and Methods

Drug Target Screening
Inquiry through TCMSP database (http://tcmspw.com/tcmsp.php) to eliminate the in DED with seven kinds of Chinese medicine
effective active ingredient and targets. Hyperuricemia disease related targets through DisGeNET (https://www.disgenet.org/) to
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query the Database. Use Venny 2.1 database (https://bioinfogp.cnb.csic.es/tools/venny/) to remove the DED and hyperuricemia

hematic disease targets for overlay analysis.

Protein-Protein Interaction (PPI) Network
The overlapping genes were introduced (https://string-db.org/) to construct PPI model, and Cytoscape3.9.1 was used for

visualization.

Component-Target-Disease Network
Component, target, and disease were introduced into Cytoscape3.9.1 to construct a composite target network, and the
relationships among them were analyzed by visualization processing.

Gene Ontology (GO) and Pathway Enrichment
Overlap the role of the relationship between targets and pathways, by DAVID2021 (https://david.ncifcrf.gov/). The target
was imported into DAVID for GO analysis and KEGG path analysis, and visualization was carried out.

Molecular Docking

In order to further understand the binding ability of key targets and compounds in DED, we have interacted with key
compounds and targets in DED through molecular docking. The three-dimensional (3D) structure of the compound is
first obtained from ChemDraw, and its energy is minimized by ChemOffice software. The receptor 3D structure was
obtained from the PDB database (https://www.rcsb.org/). After residue removal, deoxidation and hydrotreatment by
PyMOL software, AutoDockTools 1.5.6 software converted the format of receptor and ligand into PDBQT, AutoDock
Vina platform simulated the selected target, and selected the conformation with the best binding affinity as the final

docking conformation. The visualization was carried out by PyMOL software.

DED Preparation

DED was composed of 30 g yam rhizome, 30 g rhizoma smilacis glabrae, 15 g cortex phellodendri, 20
g Atractylodis rhizoma, 30 g medicinal cyathula root, 30 g semen coicis, and 15 g Ligusticum wallichii. All reagents
were purchased from the Pharmacy of Traditional Chinese Medicine, Western Theater Command General Hospital
(Chengdu, China). Add distilled water and boil for 1.5 h under 0.08 MPa pressure, repeated 3 times. Filter the extract
under reduced pressure and concentrate it to a relative density of 1.0-1.2. After vacuum drying, the sample was ground
into a fine powder.

Establishment of the Animal Model
The study was approved by the Animal Research Ethics Committee of The General Hospital of Western Theater
Command (Chengdu, China) and complied with the Guidelines for Animal Experiments (Ethical approval number:
2022EC2-007). Forty-eight male SD rats at 6 weeks of age and weighing 180-200 g were purchased from Chengdu
Dashuo Biotechnology Co., Ltd. (China; license no. SCXK 2015-030). All rats were maintained on a 12/12-h light dark
cycle, were allowed free access to water and food, and were acclimated for at least 7 days prior to surgery.
Hyperuricemia was induced in rats by potassium oxazinate (PO) intragastric administration.'® The model method was
as follows: except for the control group, which was given the same amount of normal saline by intragastric adminis-
tration, the other groups were given 750 mg/kg/d PO by intragastric administration once a day for 14 consecutive days.'®
All male rats were divided into six groups: control group (control, n=8), hyperuricemia model group (HU, n=8), low-dose
group (DED-L, n=8), medium-dose group (DED-M, n=8), high-dose group (DED-H, n=8) and benzbromarone (BBR,
n=8) group. The drug volume of the treatment group was 10 mL/kg, and the dose was 9.48 g/kg/d in the high-dose group,
4.74 g/kg/d in the medium-dose group, and 2.37 g/kg/d in the low-dose group. The control group and model group were
given the same amount of normal saline by intragastric administration. The BBR group was given BBR intragastrically at
1 mg/kg/d. The drug was administered once daily for 14 days. After administration, all rats fasted for 12 h and were
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anesthetized with 3% pentobarbital sodium, and then blood was removed to separate the serum. Kidney tissue samples
were collected and stored at —80 °C and 4% paraformaldehyde (BL539A, Biosharp, China) for further testing.

H&E Staining

The kidney tissues of rats in each group were fixed with 4% paraformaldehyde, and 6 sections (4 pm) were randomly
selected for routine H&E (BL700B, Biosharp, China) staining. The morphological changes in kidney tissues were
observed by ordinary light microscopy (DM3000, Leica, GER).

Detection of Serum Hyperuricemia-Related Indicators

Serum uric acid (BC1365, Solarbio, China), serum creatinine (BC4915, Solarbio, China), and blood urea nitrogen
(BC1535, Solarbio, China) were prepared according to the reagent instructions (Multiskan GO, Thermo, USA) to
determine the absorbance of each sample.

Determination of Xanthine Oxidase Activity

Rat liver tissue (1.0 g) was weighed and added to precooled normal saline at a ratio of weight (mg) to volume (uL)=1:10.
The liver homogenate was prepared by mechanical homogenization in an ice water bath at low temperature. The liver
homogenate was centrifuged at 3500 rpm/min for 10 min (4 °C), and the supernatant was obtained. Xanthine oxidase
activity was determined using an XOD kit (BC1095, Solarbio, China). Ten microliters of tissue homogenate supernatant
and serum were added to 40 pL of hypoxanthine and 40 pL of hydroxylamine hydrochloride and incubated at 37 °C for
20 min. Then, 60 pL of 4-aminobenzenesulfonamide and 60 pL of N-(1-naphthyl)-ethylenediamine were added and
incubated at 37 °C for 20 min. The absorbance value was measured at 530 nm. The xanthine oxide activity of the sample
to be detected was calculated by determining the standard (sodium nitrite) and blank absorbance.

Western Blot

The total protein of each group was extracted by a protein extraction kit (KGP250, KeyGEN, China) and quantified by
a protein quantification kit (KGP902, KeyGEN, China). The protein sample size was 20 pg. The total protein was
obtained by SDS-PAGE (P1200, Solarbio, China), and the protein was transferred to solid-phase carrier PVDF
membrane (IPFL00010, Millipore, Germany), and the primary antibody was added: anti-RAGE (ab216329, abcam,
UK), anti-HMGB1 (6893, CST, USA), anti-IL-17RA (bs-2606R, Bioss, China), anti-TAK1 (ab109526, abcam, UK),
anti-Phospho-TAK1 (bs-5435R, Bioss, China), anti-B-actin (bs-0061R, Bioss, China), incubated overnight at 4 °C, added
secondary antibody: Goat anti-rabbit (bs-0295G, Bioss, China), Goat anti-mouse (bs-0296G, Bioss, China), incubated at
room temperature for 40 min and added substrate (WBKLS0100, Millipore, Germany), developed by chemiluminescent
image (A300, Azrue, USA).

Real-Time Quantitative PCR

Total RNA was extracted by TRIzol (155596—026, Thermo, USA). Subsequent experiments were conducted with a total
RNA purity between 1.8 and 2.0 (260 nm/280 nm), and cDNA was obtained by a reverse transcription kit (RR047A,
TAKARA, Japan). Two microliters of ¢cDNA was added to 2.5 pL SYBR premix Ex Taq, 1.0 uL forward primer
(Table 1), 1.0 pL reverse primer (Table 1), and 8.5 uL. RNase Free dH,O and mixed thoroughly. According to the RT—
gPCR kit (RR820A, TAKARA, Japan) manufacturer’s instructions, the initial step was 95 °C for 30s, followed by 40
cycles of 95 °C for 5 s and 60 °C for 30s. Gene expression was detected by fluorescence quantitative RT—qPCR (CFX96,
Biorad, USA). Relative gene expression was calculated by using the AACT method using the Equation 2 2", with
GAPDH as an internal quantitative control.

Immunohistochemistry

The tissues were dehydrated and embedded, sliced (4 pm), dewaxed and rehydrated, then placed in 100 °C acid repair
solution (BL619A, Biosharp, China) for 2 min, and blocked with endogenous peroxidase by 3% H,O,, and incubated
with goat serum (AR1009, BOSTER, China) for 10 min. The following antibodies were added: anti-IL-6 (bs-4539R,
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Table 1 Primers Which Have Been Used for RT-qPCR

Primer Name Sequence 5’-3’ Product Length
RAGE Forward: GTCCAACTACCGAGTCCGAGTCTAC 209 bp
Reverse: GCCTCCTGGTCTCCTCCTTCAC
HMGBI Forward: GCCCATTTTGGGTCACATGG 76 bp
Reverse: TGCAGGGTGTGTGGACAAAA

ILI7TR Forward: ATCTTGCCAACAACAGACCTGACTC 246 bp
Reverse: GACGATGATCTTGGAACCGCTCTC

TAKI Forward: CGCCATCGCAGGTCCTTAACTTC 269 bp
Reverse: GCCTCCTTCAGCATACTCCATCAC

GAPDH Forward: AGTGCCAGCCTCGTCTCATA 77 bp
Reverse: GGTAACCAGGCGTCCGATAC

Bioss, China), anti-Caspase-8 (bsm-33190 M, Bioss, China), and anti-IL-1p (bs-0812R, Bioss, China). The samples were
incubated at 4 °C overnight, and the protein localization and expression were detected by an immunohistochemical kit
(PV9000, ZSGB, China). The changes in protein expression in renal tissue were observed by ordinary optical microscopy
(x 200), and the density of each group was calculated by Image-Pro Plus (IPP).

Statistical Analysis

SPSS 25.0 software was used for statistical analysis of the experimental data. For normally distributed data, one-way
ANOVA or unpaired two-tailed Student’s ¢-test was used to determine the differences among groups. For nonnormally
distributed data, the Kruskal-Wallis test was used. All the data are expressed as the mean =+ standard deviation.
Statistically significant differences were considered significant at p = 0.05, *p < 0.05, **p < 0.01, and ***p < 0.001.

Results
Effective Ingredients of DED

We screened the effective ingredients and target points of DED, and the results showed that DED contains 72 effective
ingredients and has 245 and 196 target points for hyperuricemia and DED, respectively. Among them, 27 potential target
points for DED in hyperuricemia corresponded to 9 effective ingredients (Figure 1A). The PPI network represents the
interactions among the target points. The 27 target nodes related to 184 edges, with an average node degree of 13.6 and
an average local clustering coefficient of 0.81. The PPI enrichment P value was less than 1.0e-16 (Figure 1B). The top 10
hub genes included IL6, TNF, CCL2, VEGFA, MAPK3, IL1B, CASP3, PPARG, CAT, and IL10. The darker and larger
the node’s color, the more critical the protein may be in the treatment of hyperuricemia (Figure 1C). These results suggest
that these proteins may be more crucial in the treatment of hyperuricemia with DED.

DED Alleviates Hyperuricemia in Rats

The effect of DED on hyperuricemic nephropathy was explored by HE staining. The results showed that compared with
the control group (Figure 2A), the model group (Figure 2B) had local inflammation, cytoplasmic vacuoles and dilation,
and partial glomerular atrophy in renal tissues. Compared with the model group, the low, medium, and high doses of
DED and the BBR group (Figure 2C-F) all improved renal damage, with the medium dosage obtaining a significant
effect, mainly manifested as smaller inflammatory lesions and significant relief of glomerular atrophy. The serum levels
of UA, CRE, and BUN are important indicators of renal function changes. The results showed that compared to the
control group, the model group had significantly increased levels of UA, CRE, and BUN (p < 0.001), while the medium
and high doses of DED significantly reduced the levels of these substances in the blood (p < 0.05) (Figure 2G-I). Low-
dose DED had no significant effect on adjusting BUN (p > 0.05). The results suggest that DED can effectively alleviate

hyperuricemia, yet the target site of action remains unclear.
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A

DED Hyperuricemia

Figure | Key targets and interaction network of the drug. The overlapping gene targets between DED and hyperuricemia (A). The interaction relationships between
corresponding proteins of the targets and the differentiation of the importance of targets (B and C).

Network Analysis of the Effect of DED on Hyperuricemia

Network pharmacology has significant advantages in analyzing the targets of traditional Chinese medicine formulas for
disease.!” Twenty-seven potential targets were analyzed using the DAVID database, resulting in 176 GO entries, including 145
biological processes (BP), 10 cell compositions (CC), and 21 molecular functions (MF). The top 10 entries of BP, CC, and MF
were selected based on the P value, and a graph was drawn using the GraphPad (Figure 3A). BP mainly includes positive
regulation of gene expression, positive regulation of pri-miRNA transcription from the RNA polymerase Il promoter, response
to activity, etc.; CC mainly includes extracellular space, extracellular region, and macromolecular complex, etc.; MF mainly
includes identical protein binding, cytokine activity, macromolecular complex binding, etc.

Based on the component-target-disease analysis, we created a network of 17 KEGG pathways for DED. The results
showed that there were 10 KEGG pathways shared between DED and hyperuricemia, indicating that they have common
targets for anti-hyperuricemia. Network pharmacology revealed the importance of IL6, TNF, CCL2, VEGFA, MAPK3,
IL1B, CASP3, PPARG, CAT, and IL10. Therefore, DED may mainly alleviate cell apoptosis and the immune response
through the AGE-RAGE signaling pathway and IL-17 signaling pathway and work together with other pathways to
alleviate hyperuricemia (Figure 3B).
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Figure 2 Histological changes in the kidney structure. (A) Control group. (B) Model group. (C) DED low-dose group. (D) DED medium-dose group. (E) DED high-dose
group. (F) BBR group. (G) Changes in serum UA levels in each group. (H) Changes in serum CRE levels in each group. (I) Changes in serum BUN levels in each group. The
data in each group of eight rats are presented as the mean + standard deviation (%S). ***p < 0.001; **p < 0.01; ns p > 0.05.

Molecular Dock

Molecular docking analysis was conducted to investigate the binding between the key components of DED and the key
targets. Typically, ligand—receptor pairs with low energy binding conformational stability are more likely to interact. The
results showed that the key targets TNF, VEGF, and IL6, bonded well with all key components, and their binding free
energy was relatively low, ranging from —6.2 to —9.0 kcal/mol (Table 2). Among them, TNF had the lowest energy with
stigmasterol (—7.3 kcal/mol), VEGF had the lowest energy with diosgenin (—9.0 kcal/mol), and IL6 had the lowest energy
with diosgenin (—7.8 kcal/mol). The visualization of molecular docking displayed the results of 9 pairs of molecular
targets (Figure 4A-I), suggesting that DED may alleviate hyperuricemia by binding to multiple targets.

Effect of DED on Serum and Liver XOD Activity in Hyperuricemic Rats

XOD is a critical enzyme involved in the generation of uric acid. With comparison to the control group, the serum XOD
activity level in the model group was significantly increased (p < 0.001). Compared to the model group, benzbromarone
effectively inhibited serum and liver XOD activity. DED at medium (p < 0.001) and high (p < 0.001) doses effectively
inhibited liver XOD activity, especially in the high-dose group, in which the downregulation was the largest. However,
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Figure 3 Network pharmacology. (A) Enrichment of biological processes of key targets. (B) Component-target-pathway network diagram; red represents components,
blue represents targets, and green represents pathways.

DED did not have a significant effect on serum XOD activity (p > 0.05). These results suggest that DED may alleviate
hyperuricemia by inhibiting liver XOD activity (Figure 5A and B).

Expression Changes of Key Target Proteins

We validated the network pharmacology results using IHC and measured the expression changes of IL-6, CASP-8, and IL-1
in each group. The results showed that, compared to the control group, the model group had significantly increased expression
of IL-6, CASP-8, and IL-1p (p < 0.001). Compared to the model group, DED significantly inhibited the expression of IL-6,
CASP-8, and IL-1B (p < 0.05) (Figure 5C-F). Among them, the low- and high-doses of DED had the most significant
downregulatory effect on IL-6 (p < 0.01), the high-dose of DED had the most significant downregulatory effect on CASP-8
(p<0.001), and the medium-dose of DED had the most significant downregulatory effect on IL-1f (p <0.001). In combination
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Table 2 Binding Energy Between Selected Targets and Active Compounds

Molecule Name Binding Energy (Kcal/Mol)
TNF VEGFA IL6
3f-acetoxyatractylone —6.6 7.1 —6.2
Astilbin —6.7 =77 —6.9
Beta-sitosterol —6.3 =79 -7.0
Diosgenin =73 -9.0 -7.8
Naringenin —6.6 -7.3 -6.8
Quercetin —6.8 -7.3 -6.7
Stigmasterol =73 -8.6 -6.7
Stigmasterol 3-O-beta-D-glucopyranoside —6.8 -7.8 -6.9
Wogonin -7.0 -6.7 —6.4

with the molecular docking results, the experimental results suggest that DED may alleviate the progression of hyperuricemia
by targeting the binding of IL-6, CASP-§, and IL-1f.

DED Inhibits the AGE-RAGE Signaling Pathway

Through experimental validation of the enriched pathway results from network pharmacology, the results showed that
compared to the control group, RAGE expression in the model group’s kidney tissues was significantly increased (p <
0.001). Compared to the model group, the low (p > 0.05), middle (p > 0.05), high-dose (p < 0.01) and BBR groups (p <
0.01) of DED were able to downregulate RAGE expression, but only the high-dose and BBR groups had significant
differences. Consistent with the expected results, potassium oxonate significantly promoted HMGB1 expression (p <
0.001). Compared to the model group, the low (p > 0.05), middle (» < 0.01), high-dose (p < 0.001), and BBR groups (p <
0.01) of DED were able to downregulate the expression of both RAGE and HMGBI, but only the middle- and high-dose

A TNF-3B-acetoxyatractylone B TNF-beta-sitosterol C TNF-astilbin

G

Figure 4 Molecular docking and visualization results. (A—C) Visual results of the docking between three key components and TNF. (D-F) Visual results of the docking
between three key components and VEGF. (G-I) Visual results of the docking between three key components and IL6.
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groups and the BBR group had significant differences. The PCR results were consistent with the WB results, and DED
significantly downregulated the expression of the RAGE and HMGBI1 genes. These results suggest that DED may inhibit
the activation of the AGE-RAGE signaling pathway and alleviate hyperuricemia (Figure 6A—C and G).
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DED Inhibits the IL-17 Signaling Pathway

In the experiment, changes in the expression of another key signaling pathway protein and gene were simultaneously
detected. The results showed that compared with the control group, the model group had significantly elevated IL17R
expression in kidney tissue (p < 0.001), no significant difference in total TAK1 expression (p > 0.05), and increased
phospho-TAK1 expression (p < 0.01). Compared with the model group, DED at low (p < 0.001), medium (p < 0.001),
high-dose (p < 0.001), and BBR groups (p < 0.001) significantly downregulated IL17R expression; DED at low (p <
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0.05), medium (p < 0.05), high-dose (p < 0.01), and BBR groups (p < 0.001) significantly downregulated phospho-TAK 1
expression, blocking pathway activation. The PCR results were consistent with the WB results, showing that DED could
significantly downregulate IL17R gene expression (p < 0.05), while TAK1 expression showed no significant differences
(p > 0.05). These results suggest that DED may inhibit the activation of the IL-17 signaling pathway and alleviate
hyperuricemia (Figure 6D-G).

Discussion

Based on multiple complications of hyperuricemia and side effects of existing drugs, there is an urgent need to find a new
adjuvant medication. In this study, we found that DED can significantly reduce serum uric acid, CRE and BUN levels and
downregulate XOD activity, thereby improving renal lesions caused by hyperuricemia. It was also found that DED may
alleviate hyperuricemia by inhibiting the activation of the AGE-RAGE signaling pathway and IL-17 signaling pathway
(Graphical Abstract).

Traditional Chinese medicine (TCM) is increasingly receiving attention worldwide, with an increasing number of
traditional Chinese medicines being used as the clinical treatment of hyperuricemia.” Studies have proven that hyper-
uricemia is directly related to uric acid metabolism disorder. Sodium urate crystal deposition is the main clinical
manifestation of hyperuricemia, and XOD is the key rate-limiting enzyme involved in uric acid metabolism. High
XOD activity can lead to excessive synthesis of UA.'® It has been shown that based on the principles of dispelling
dampness, clearing turbidity, and promoting blood circulation, TCM can significantly alleviate hyperuricemia.'® This
article combines dispelling dampness, relieving turbidity, and unblocking collaterals, and based on previous research,?%?!
innovatively introduces the DED compound formula. As a whole Chinese herbal compound, many components and
corresponding components of DED have been proven to alleviate hyperuricemia.®® In this study, the experimental results
show that DED can inhibit XOD activity in the liver in PO-induced hyperuricemic rats and inhibit the inflammation and
apoptosis of kidney cells, which is consistent with the conclusions of related studies.'® Surprisingly, DED did not affect
serum XOD activity, possibly due to its inability to target all other tissues capable of producing XOD.** The results
suggest that the effect of DED on reducing uric acid is mainly to target liver XOD, inhibit its activity, and then inhibit the
production of xanthine, thereby reducing uric acid production.

The levels of CRE and BUN are important biochemical indicators for detecting renal dysfunction.”® This study found that
DED can significantly reduce serum UA, CRE and BUN levels, suggesting that DED can alleviate hyperuricemia induced by
potassium oxazinate, which may be a therapeutic strategy for renal injury. DED contains 9 effective components that
correspond to the targets of hyperuricemia, including wogonin,>* beta-sitosterol,”> stigmasterol,”® diosgenin,”’
naringenin,”® astilbin,?® and quercetin,*® which have been shown to alleviate hyperuricemia. The results of this experiment
also support these studies, as DED can improve renal tissue lesions by downregulating UA, CRE, and BUN. The effects of
stigmasterol 3-O-beta-D-glucopyranoside and 3f-acetoxyatractylone on hyperuricemia have not been reported, but their
derivatives can affect uric acid production and metabolism and have been shown in multiple studies to significantly alleviate
inflammation and inhibit cell apoptosis.>'>* Therefore, they may have significant roles in inhibiting the development of
hyperuricemia complications. The experiment confirmed that DED can significantly reverse the elevation of pro-inflammatory
cytokines in renal tissue and inhibit cell apoptosis, indicating that the renal protective effect of DED may be due to its anti-
inflammatory and anti-apoptotic effects, which is similar to previous studies.>*

In clinical practice, first-line drugs for reducing uric acid are mostly achieved by inhibiting XOD, but there are many
adverse reactions, such as headaches, liver function damage, and allergic reactions.” The results of this experiment show that
DED is similar to Western medicine and can effectively inhibit XOD activity. However, network pharmacology has found
that XOD is only one of the numerous targets of DED and may even produce a small part of the effect. This experiment found
that the active ingredients in network pharmacological analysis and molecular docking are well matched with multiple
functional targets. The results showed that DED has a significant effect on renal inflammation and apoptosis by binding to
multiple targets, such as IL6, TNF, CCL2, VEGFA, MAPK3, IL1B, CASP3, PPARG, CAT, and IL10, suggesting that it may
regulate the AGE-RAGE and IL-17 double signaling pathway.’~>~® The experimental results also confirm this viewpoint that
DED can significantly inhibit the activation of the AGE-RAGE and IL-17 double signaling pathway. Compared to a single
target, this multitarget combination may have a significant improvement effect on adverse drug reactions, making it possible
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to combine DED with clinical hyperuricemia drugs.*” DED can improve the clinical symptoms of hyperuricemia by reducing
serum UA, CRE, and BUN and protecting against kidney damage. Research shows that BBR will present varying degrees of
gastrointestinal damage,*® while DED shows no side effects. Therefore, DED and BBR have similar effects and fewer side
effects than hyperuricemia. To the best of our knowledge, this is the first study to determine the mechanism of DED in
treating hyperuricemia. Through network pharmacology and molecular docking technology, this study determined the key
mechanism by which DED alleviates hyperuricemia, but the side effects caused by the long-term use of traditional Chinese
medicine prescriptions still need further research,”® However, our research has some limitations. Although molecular docking
is only a prediction of the relationship between DED and hyperuricemia targets, more experimental evidence is needed to
determine whether there is a direct interaction between DED and hyperuricemia targets. In addition, our research on signaling
pathways still needs to be validated by adding specific antagonists and inhibitors to fully explain the cell experiments.

Conclusion

DED significantly reduced the levels of serum UA, CRE and BUN and alleviated the kidney damage caused by
hyperuricemia. Through network pharmacology and molecular docking analyses, we experimentally verified that DED
can improve hyperuricemia by regulating the AGE-RAGE and IL-17 signaling pathways, which provides a new approach
for the clinical treatment and prevention of hyperuricemia. This study provides a new theoretical basis for the drug
development of DED in the treatment of hyperuricemia.
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