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Purpose: This study used network pharmacology to explore how Yiqi Yangyin Tongluo Formula (YQYTLF) alleviates diabetic
nephropathy (DN), focusing on the AGE-RAGE signaling pathway.

Methods: Active compounds and targets of YQYTLF were identified via TCMSP, and a herb-compound-target network was
constructed using Cytoscape. Differentially expressed genes from DN kidney tissues (GEO dataset GSE104948) were intersected
with drug targets for KEGG and GO enrichment analysis. Protein-protein interaction (PPI) networks were analyzed in STRING and
visualized in Cytoscape. A DN rat model was treated with YQYTLF, with weekly monitoring of body weight, food and water intake.
Fasting blood glucose (FBG), insulin (FINS), serum creatinine (Scr), blood urea nitrogen (BUN), and urinary albumin excretion rate
(UAER) were measured. HOMA- and HOMA-IR assessed beta cell function and insulin resistance. Kidney pathology was evaluated
by HE and Sirius Red staining. Kidney tissue levels of AGEs, oxidative stress markers (ROS, MDA, GSH, SOD), and RAGE
expression (by WB) were analyzed. Molecular docking assessed binding between active compounds and core targets.

Results: Network pharmacology identified 13 core targets, 8 enriched in the AGE-RAGE pathway. YQYTLF significantly reduced
FBG, FINS, Scr, BUN, UAER, HOMA-IR, renal index, and pruritus while improving HOMA-B in DN rats. Renal pathological
changes including Bowman’s capsule dilation, mesangial proliferation, and fibrosis were alleviated. YQYTLF inhibited kidney AGEs,
oxidative stress, and RAGE expression. Molecular docking confirmed strong binding between active ingredients and core targets.
Conclusion: YQYTLEF alleviates DN in rats by inhibiting AGE-RAGE pathway activation and reducing oxidative stress, providing
a theoretical basis for DN therapy.

Keywords: diabetes nephropathy, Yiqi Yangyin Tongluo formula, AGE-RAGE, inflammation, network pharmacology

Introduction

Diabetic nephropathy (DN) is one of the most prevalent complications of diabetes mellitus all over the world and the
major cause of the end-stage renal disease.'” Approximately 50% of end-stage renal disease cases are attributed to
DN.** The functional characteristics of DN include proteinuria and albuminuria, while its pathological features are
characterized by glomerular hypertrophy, mesangial expansion, and tubulointerstitial fibrosis.” ® At present, the treatment
of DN mainly involves nutritional intervention and the control of blood glucose and hypertension, including taking
hypoglycemic drugs that directly affect renal function and drugs that inhibit the renin-angiotensin system.'*” However,
the current treatment of DN is limited to delaying the onset and progression of the disease and cannot effectively reverse
renal injury and dysfunction or prevent the development of end-stage renal disease.”'® Traditional Chinese medicine
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(TCM) has been proved to play a role in alleviating kidney diseases including DN.'""'* Thus, investigating the molecular
mechanisms through which TCM alleviates DN is crucial for its management.

TCM has long been an important resource for protecting human health, improving quality of life, and treating various
diseases, including diabetes and its complications.'*'® The herbal compound Yi Qi Yangyin Tong Luo Fang (YQYTLF)
has been shown to have significant effects in improving DN.'” However, the specific mechanisms of action of YQYTLF
have not been fully elucidated. TCM formulas have shown promising prospects in improving chronic kidney diseases
(CKD), including DN, through multi-target and multi-pathway mechanisms.'®'? In recent years, studies have confirmed
that both single herbs and compound TCM preparations exhibit beneficial effects in alleviating renal injury and metabolic
dysfunction in DN models.?>*' These findings provide a theoretical basis for further exploring the therapeutic mechan-
isms of Yiqi Yangyin Tongluo Formula (YQYTLF) in the treatment of DN.

Network pharmacology using big data has become a powerful tool for investigating the mechanisms of TCM
formulas with the development of bioinformatics.”> This method is different from previous research methods, as it
provides a systematic framework to address various scientific issues.*® It is particularly suitable for analyzing multi-target
drugs®* and has become one of the promising methods to accelerate drug development.”® Therefore, analysing YQYTLF
by network pharmacology can help to further understand the mechanism of YQYTLF in treating DN.

This study aims to utilize network pharmacology to investigate the potential mechanisms of YQYTLF in treating DN,
identify its active ingredients, targets, and pathways of action, provide a theoretical foundation for further understanding
its effects, and offer scientific evidence to support its clinical application.

Methods
|dentification of Active Ingredients and Target Prediction of YQYTLF

YQYTLF consists of Astragalus membranaceus, Codonopsis pilosula, Salvia miltiorrhiza, Ophiopogon japonicus,
Schisandra chinensis, Trichosanthes kirilowii, Dioscorea opposita, Panax notoginseng, Adenophorae Radix, Glehnia
littoralis, Earthworm, Rehmannia glutinosa, Plantago asiatica, Alisma orientalis, and Cornus officinalis. We utilized the

TCM Systems Pharmacology Database (TCMSP) platform (https://old.tcmsp-e.com/index.php) to identify active com-

pounds, applying the criteria of oral bioavailability (OB) > 30% and drug-likeness (DL) > 0.18.%° The potential targets of
the active components of YQYTLF were obtained through the TCMSP target module. Additionally, we supplemented the
active components of YQYTLF herbs using the Herb Database (http://herb.ac.cn/). To show the relationships between
active chemicals and possible targets, the network was displayed using Cytoscape 3.10.2. The bioactive substances and
targets are represented by nodes, and the molecular interactions between them are shown by edges.

Collection and Analysis of DN Target Genes

We intersected the differentially expressed genes (DEGs) between DN kidney tissues and normal tissues (P < 0.05) from
the GEO dataset GSE104948 with the drug targets. This intersection was visualized using Cytoscape 3.10.2. The
intersecting factors were subjected to Gene Ontology (GO) enrichment analysis via the DAVID platform (https:/
davidbioinformatics.nih.gov/).?” The STRING platform (https:/string-db.org/) was used to perform Kyoto

Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis, and pathways were ordered based on the
quantity of enriched genes in each signaling pathway. The human gene expression datasets used in this study were
obtained from publicly available and anonymized databases (GEO). No identifiable personal information was included,
and no direct contact with human participants occurred. According to Items 1 and 2 of Article 32 of the Measures for
Ethical Review of Life Science and Medical Research Involving Human Subjects (effective February 18, 2023, China),
studies using legally obtained, publicly available data or anonymized information that do not involve harm to human
subjects, sensitive personal information, or commercial interests may be exempt from ethical review. Therefore, no

additional institutional ethical approval was required for this study.
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PPl Network Analysis
The STRING platform was used to collect protein-protein interaction (PPI) data for all YQYTLF targets. Cytoscape
software was then used to examine these targets’ connection (degree).

Molecular Docking

The key components and targets were used in a molecular docking analysis. The primary active chemicals’ three-
dimensional structures were obtained from PubChem and transformed into Protein Data Bank (PDB) format using
Python-enhanced Molecular Graphics Tool (PyMOL).?® The core targets’ structures were obtained from the PDB (https:/
www.rcsb.org/). PyMOL was used to identify active binding sites after water molecules, metal ions, and tiny ligands
were eliminated. AutoDock Vina 1.1.2 was used to prepare Protein Data Bank, Partial Charge (Q), Torsion (T) format
(PDBQT) files for docking simulations. The binding energy, which indicates the stability of the target-compound
complex, was calculated, and docking poses with the lowest binding energy were visualized in PyMOL to examine
specific binding interactions.

Animal Husbandry

This study has been approved by the Animal Ethics Committee of The First Affiliated Hospital of USTC (Anhui
Provincial Hospital) (No. 2025-N(A)-023), and all procedures involving animals were conducted in accordance with the
National Institutes of Health Guide for the Care and Use of Laboratory Animals (8th edition, 2011). A total of 24 male
Sprague—Dawley (SD) rats (6 weeks old, 220-250 g) were obtained from Shanghai Yilebo Biological Technology Co.,
Ltd. They were maintained in a controlled environment with a 12-hour light/dark cycle, a temperature of 22 + 2°C, and
a relative humidity of 50 + 5%. The rats were given free access to food and water and were acclimatized for one week.

Animal Grouping and Modeling

Rats were split up into the following groups at random: Control, DN, Saline, YQYTLF. The rats in the Control group
were given a normal diet (ND), while the other rats were provided with a high-fat diet (HFD). After three weeks of
exposure to the respective diets, rats on the HFD were injected with streptozotocin (STZ) (30 mg/kg/day, STZ; HY-
13753, MedChemExpress) dissolved in 0.1 M citrate buffer (HY-B1610N, MedChemExpress, New Jersey, USA)
intraperitoneally for ten consecutive days after overnight fasting. The vehicle (0.1 M citrate buffer) was given in
a comparable volume to rats who were fed a regular diet. Following a STZ injection, blood glucose levels were measured
with a glucose meter. Rats were only considered diabetic and included in the study if their blood glucose levels were > 15
mM for two consecutive morning fasting readings. Based on these criteria, the success rate of diabetes induction was
approximately 85%, which confirms the reliability of the DN model used in this study.

Drug Treatment

The basic composition of YQYTLF consists of: Astragalus membranaceus (20 g, 2318050, TRT, Beijing, China),
Codonopsis pilosula (15 g. 100155415539, TRT), Salvia miltiorrhiza (10 g,100013741708, TRT), Ophiopogon japonicus
(10 g, 1026899, TRT), Schisandra chinensis (10 g,7507088, TRT), Trichosanthes kirilowii (10 g, 10135591022840,
Beijing TRT, China), Dioscorea opposita (10 g, 100088412657, TRT), Panax notoginseng (3 g, 100016085336, TRT),
Adenophorae Radix (10 g, 100119288650, Sichuan fuxitang pharmacy Co., Ltd, China), Glehnia littoralis (10 g,
100007552599, TRT), Earthworm (10 g, 10130606377112, BAOYUANTANG, Guangdong, China), Rehmannia gluti-
nosa (10 g, 100051065215, TRT), Plantago asiatica (10 g, 100049097440, XIUNIANTANG, Guangdong, China),
Alisma orientalis (10 g, 100114697979, Banshannong, Xiamen, China), and Cornus officinalis (10 g, 100101765358,
TRT). The herbal formula was decocted in water, concentrated, and prepared into a 2 g/mL stock solution. The adult
equivalent dosage was calculated based on the body surface area ratio between rats and a 60 kg adult (6.3). The
equivalent dosage for rats was approximately 0.418 g/kg.?® The formula used for dosage calculation is: Adult dosage (g/
kg) = Total adult dosage (g) / 60 kg; Rat dosage (g/kg) = Adult dosage (g/kg) / 6.3.
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Rat Physiological Parameters and Sample Collection

The body weight, food intake, and water intake of all rats were monitored weekly from week 0 to week 4 during the
experiment. Urine samples were collected over a 24-hour period before the last day of the experiment using metabolic
cages. On day 28, after an overnight fast, blood samples were collected from the tail vein. At the experiment’s
conclusion, rats were euthanized with an overdose of pentobarbital sodium (200 mg/kg, P3761, Sigma-Aldrich,
Darmstadt, German). The kidneys were then removed, weighed, and stored at —80°C for subsequent analysis.

Biochemical Parameters and Kidney Index Measurement

Serum was extracted from blood samples by centrifuging them for 20 minutes at 4°C at 3000 rpm. A glucose meter and
enzyme-linked immunosorbent assay (ELISA) kits (ERINS, Invitrogen, Waltham, MA, USA) were used to test the levels
of fasting blood glucose (FBG) and fasting insulin (FINS). The Homeostasis Model Assessment of Insulin Resistance
(HOMA-IR) and p-cell function (HOMA-B) were computed using the following formulas:*> HOMA- = 20 x FINS /
(FBG - 3.5); HOMA-IR = (FINS x FBG) / 22.5.

Serum creatinine (Scr) was assessed using an ELISA kit (E-EL-0058, Elabscience, Wuhan, China), blood urea
nitrogen (BUN) was measured with a colorimetric assay kit (E-BC-K183-S, Elabscience), and urinary albumin excretion
rate (UAER) was determined using an ELISA kit (E-EL-R0362, Elabscience). Calculate the kidney index by dividing the
kidney weight (mg) by the body weight (g).

Pruritus Assessment

In order to evaluate the itching of diabetes rats, the scratching behavior was recorded and quantified. The Von Frey
filaments (0.7 mN) were used to induce scratching responses on the dorsum of the neck, and the total number of scratches
was recorded to determine the pruritus score.

Hematoxylin and Eosin (HE) and Sirius Red Staining

Store kidney tissue in 4% paraformaldehyde (158127, Sigma-Aldrich) for 24 hours. Then, dehydrate, dry, and embed in
paraffin. Sections were deparaffinized by immersion in xylene (534056, Sigma-Aldrich) for 5 minutes, rehydrated using
ethanol (E7023, Sigma-Aldrich), and stained with Hematoxylin and Eosin (HE) or Sirius Red. For HE staining, sections
were stained with hematoxylin (HHS16, Sigma-Aldrich) for 5 minutes, differentiated in 1% hydrochloric acid alcohol,
and counterstained in 0.2% ammonia water for 1 minute. Sections were then stained with eosin (HT110132, Sigma-
Aldrich) for 1 minute and dehydrated in ethanol. For Sirius Red staining, sections were stained with Sirius Red solution
(365548, Sigma-Aldrich) for 1 hour and differentiated in 1% hydrochloric acid alcohol. Finally, the sections were
mounted with Organo/Limonene Mount™ (08015, Sigma-Aldrich) and observed under a Nikon Eclipse E200 micro-
scope (Nikon Corporation, Tokyo, Japan).

Biochemical Analysis

Following the manufacturer’s instructions, ELISA kits were used to measure AGEs (abx150316, Abbexa, Cambridge,
UK) and GSH (abx257145, Abbexa) levels. ROS levels in rat kidney tissues were measured using the DCFH-DA assay
kit (EEA019, Invitrogen). MDA (EEAO1S5, Invitrogen) and SOD (EIASODC, Invitrogen) levels were measured using
colorimetric assay Kkits.

Western Blot (WB) Analysis
Trypsin was used to digest the kidney tissues, and they were subsequently lysed in RIPA buffer (R0278, Sigma-Aldrich)

on ice for half an hour while being shaken intermittently every five minutes. The supernatant was obtained following
centrifugation at 12,000 rpm for 10 minutes at 4 °C. The BCA Protein Assay Kit (23227, Thermo Fisher Scientific,
Waltham, MA, USA) was used to measure the protein concentrations. SDS-PAGE was used to separate the proteins,
which were then moved to a PVDF membrane (88518, Thermo Fisher Scientific) and blocked for an hour using 5% non-
fat milk. Primary antibodies against RAGE (1:1000, PA1-075, Invitrogen) and GAPDH (1:50,000, 4A9L6, Invitrogen)
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were added to membranes, which were then incubated for the entire night at 4 °C. Following washing, membranes were
left at room temperature for an hour to incubate with HRP-conjugated secondary antibody (1:10,000, 31460, Invitrogen).
Protein bands were detected using ECL chemiluminescence reagent (32106, Thermo Fisher Scientific), and relative
protein density was analyzed using ImagelJ software.

Statistical Analysis

Prism 9 software (GraphPad, USA) was used to analyze the data, and the results are shown as mean + SD. For
comparisons between two groups, a t-test was employed. Tukey’s post hoc test was used after a one-way or two-way
ANOVA for comparisons between three or more groups. Statistical significance was defined as a p-value of less
than 0.05.

Results

Active Components and Target Prediction of YQYTLF

By searching the TCMSP database, the chemical components of 12 herbs in YQYTLF were identified, and a total of 192
compounds were obtained.*® Among them, contains 20 compounds, Codonopsis 21, Salvia 65, Schisandra 8, Tacca 2,
Chinese Yam 16, Panax notoginseng 8, South and North Ginseng 5 and 8, Plantago 9, Alisma 10, and Cornus 20. After
eliminating redundancy, 170 compounds were confirmed. The target genes of these compounds were predicted:
Astragalus had 462 targets, Codonopsis 185, Salvia 899, Schisandra 30, Tacca 5, Chinese Yam 144, Panax notoginseng
253, South Ginseng 45, North Ginseng 256, Plantago 195, Alisma 9, and Cornus 130. After removing duplicates, 143
target genes were retained. Using Cytoscape 3.10.2, a herb-compound-target network with 390 nodes and 1786 edges
was created (Figure 1).

Enrichment Analysis of YQYTLF Targets in Treating DN

The potential therapeutic targets of YQYTLF for DN were identified by intersecting the disease targets with drug targets.
A total of 99 potential targets was obtained for YQYTLF in treating DN (Figure 2A and B). GO analysis revealed that
these core genes were mainly involved in biological processes such as cell transcriptional regulation, signal transduction,
stress response and inflammation. These genes were localized to the plasma membrane and extracellular regions, playing
roles in cell signaling, gene regulation, apoptosis, cell cycle regulation, and oxidative stress and metabolic regulation
(Figure 2C). Significant enrichment in pathways such AGE-RAGE signaling, TNF signaling, and IL-17 signaling was
found by KEGG analysis, underscoring their critical involvement in the development and progression of diabetes
problems (Figure 2D).

Identification of Core Targets in YQYTLF Treatment for DN

To identify the core targets of YQYTLF in treating DN, an herb-compound-disease target network was constructed.
Using the cytoHubba plugin in Cytoscape, the top three components based on network analysis were MOL000098
(quercetin), MOL000006 (luteolin), and MOL000422 (kaempferol) (Figure 3A). These core targets were further analyzed
through the PPI network, constructed by intersecting the targets in the STRING database and visualized using Cytoscape
3.10.2 (Figure 3B). Degree and MCC rankings in cytoHubba were used to determine the top ten core targets (Figure 3C
and D). After eliminating duplicates, 13 core targets were confirmed. Notably, these core targets were enriched in the top
10 KEGG pathways. Among them, 8 core targets (JUN, STAT3, IL6, TNF, CASP3, AKTI1, BCL2, TP53) were
specifically enriched in the AGE-RAGE signaling pathway (Figure 3E). In addition, we demonstrated through pathway
mapping on the KEGG platform that the YQYTLF target is mainly enriched in the AGE-RAGE signaling pathway
(Figure 3F). These findings suggest that YQYTLF primarily alleviates DN through the AGE-RAGE signaling pathway.

Effect of YQYTLF on Blood Glucose and Renal Protection in Diabetic Rats
Validate the alleviating effect of YQYTLF on DN by constructing DN rats. At the beginning of the treatment, there were no
significant differences in body weight, food intake, or water consumption among the four experimental groups. However,
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Figure | Herbal Compound Target Network Diagram.

from the second to the fourth week, the DN group showed a decrease in body weight and increased food and water intake
compared to the control group. YQYTLF treatment effectively reversed these symptoms (Figure 4A), indirectly attesting to
the DN model’s effective establishment. As expected, the DN group had significantly elevated FBS and FINS levels
compared to the control group, while YQYTLF treatment significantly reduced these levels (Figure 4B). Additionally,
YQYTLF treatment improved the HOMA-B index and decreased the HOMA-IR index (Figure 4C). In the renal function
assessment, the DN rats had markedly elevated Scr, BUN, and UAER, while YQYTLF treatment effectively suppressed the
increase in Scr, BUN, and UAER induced by HFD/STZ (Figure 4D). Furthermore, DN rats exhibited itching behavior and
increased kidney index, both of which were significantly improved after YQYTLF treatment (Figure 4E and F). HE staining
results showed Bowman’s capsule dilation and mesangial proliferation in the kidneys of the DN rats, which were markedly
improved after YQYTLF treatment (Figure 4G). The diabetic rats had renal interstitial fibrosis, as seen by Sirius red staining,
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while YQYTLF treatment effectively alleviated the fibrosis (Figure 4H). In conclusion, these data indicate that YQYTLF can
effectively reduce blood glucose levels in diabetic rats and protect kidney function.

YQYTLF Alleviates Oxidative Stress in DN Through the AGE-RAGE Axis

There are studies indicating that the mechanism of high glucose induced cell damage involves oxidative stress.”'
Moreover, we have found through GO analysis that the core target genes of YQYTLEF in treating DN are closely related
to oxidative stress. The AGE/RAGE signaling pathway has been proven to exacerbate oxidative stress in diabetes,*” with
AGE stimulation promoting the expression of the AGE receptor RAGE.* ELISA results revealed that AGE levels were
markedly elevated in the kidneys of diabetic rats, but YQYTLF treatment effectively reduced these levels (Figure 5A).
Biochemical analysis showed increased ROS and MDA levels in the kidneys of DN rats, which were markedly decreased
following YQYTLF treatment (Figure 5B and C), suggesting that YQYTLF mitigates oxidative stress. Furthermore,
YQYTLF treatment significantly reversed the reduction in kidney GSH and SOD levels (Figure SD-E), highlighting its
potential in supporting the renal antioxidant defense system. Western blot analysis confirmed that RAGE expression in
the kidneys of diabetic rats was markedly elevated compared to the control group, but YQYTLF treatment reversed this
increase (Figure 5F). These findings indicate that YQYTLF inhibits the activation of the AGE-RAGE axis, alleviates
oxidative stress, and protects kidney tissue in the progression of DN.
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Figure 5 YQYTLF alleviates oxidative stress in DN through the AGE-RAGE axis. (A) ELISA detection of AGE levels in rat kidney tissue. (B~E) Biochemical analysis of ROS,
MDA, GSH, and SOD levels in rat kidney tissue. (F) WB detection of RAGE expression in rat kidney tissue. n = 6. *** P < 0.0001. Three or more sets of data will be
analyzed using one-way ANOVA, and Tukey’s will be used for post hoc testing.

Molecular Docking

We performed molecular docking between the top three active compounds, quercetin, luteolin, and kaempferol, and the
top 10 core targets (TNF, PTGS2, CASP3, IL1B, MMP2, TP53, TGFBI1, ESR1, ICAMI, EGF) obtained from the
intersection analysis (Figure 6A). The docking results were analyzed based on binding energy, with a binding energy of <
—4.25 kcal/mol indicating moderate binding affinity, < —5.0 kcal/mol indicating high binding affinity, and < —7.0 kcal/
mol indicating very strong binding affinity.>* In this study, although we performed molecular docking between the target
protein and small molecule compounds, in some cases, the distance between the compound and the protein was too large,
preventing effective docking. Additionally, we conducted docking analysis between luteolin and PTGS2 and found some
spatial compatibility between the two, but no stable binding was formed, primarily due to the lack of hydrogen bonding.
As a result of the above factors, we ultimately obtained 15 valid molecular docking results. According to the molecular
docking heatmap, all 15 docking results showed binding energies < —5.0 kcal/mol, and 13 of them (86.7%) had binding
energies < —7.0 kcal/mol (Figure 6B). Additionally, we visualized the 15 docking results (Figure S1). Clearly, our results
suggest that these active compounds have strong interactions with the target proteins in DN.

Discussion
Diabetic kidney disease (DKD) has increasing morbidity and mortality, especially from cardiovascular
complications.'®>> Diabetes involves a series of microvascular and macrovascular complications.>® DN is one of the
common microvascular complications of diabetes, which increases the incidence rate and mortality of diabetes patients.’
The management of diabetes mainly focuses on strict blood glucose control, antihypertensive, and lipid-lowering
treatments; however, these measures have not been effective in preventing the progression of DN in most patients.*®
TCM has shown significant efficacy in improving and preventing diabetes nephropathy.’®***° Therefore, investigating
the mechanisms by which TCM improves DN could help advance treatment options for DN.

To further understand the molecular mechanism of YQYTLF in treating DN, we screened the active compounds of
the drug using the TCMSP database, a leading database of systems pharmacology for drug discovery from TCM and
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mol) of active compounds with core target proteins. The color scale represents binding affinity, with darker shades indicating stronger binding. Blank cells indicate no
significant binding or docking was not performed.
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predicted their potential targets.*'**> We then constructed a drug-compound-target network using Cytoscape. By perform-
ing an intersection analysis of drug targets and the DEGs from the DNGSE104948 dataset (p < 0.05), we identified 99
intersection factors. These core genes are mainly involved in cellular transcriptional regulation, signal transduction, stress
responses, and inflammation, and are located on the plasma membrane and extracellular regions, demonstrating functions
related to cellular signaling, gene regulation, apoptosis, cell cycle control, oxidative stress and metabolic regulation.
Inflammatory and stress response pathways are closely associated with the development of CKD including DN,***¢
suggesting that YQYTLF plays a crucial role in DN treatment. Additionally, AGE-RAGE signaling, TNF signaling, and
IL-17 signaling pathways were significantly enriched in the genes studied. We also constructed an herbal-compound-
disease target network and analyzed it using the Cytoscape plugin cytoHubba. Notably, the top three active compounds in
YQYTLF quercetin, luteolin and kaempferol are all flavonoid compounds. Among numerous natural compounds,
flavonoids are known for their prominent pharmacological activities, including antidiabetic, antioxidant, antihypertensive
properties, and anti-inflammatory effects.*” *° Specifically, quercetin exhibits antioxidant, anti-allergic, anti-
inflammatory and anti-apoptotic activities.”® Luteolin alleviates DN through its anti-inflammatory effects,”’ while
kaempferol protects against DN and renal fibrosis by exerting antioxidant and anti-inflammatory actions.”>>® These
studies suggest that quercetin, luteolin, and kaempferol mainly exert their effects through anti-inflammatory and
antioxidant pathways. Moreover, the 13 core targets selected based on Degree and MCC rankings in cytoHubba were
enriched in the top 10 pathways from KEGG enrichment analysis, with eight core targets (JUN, STAT3, IL6, TNF,
CASP3, AKT1, BCL2, and TP53) enriched in the AGE-RAGE signaling pathway. AGEs are markers of DN, and their
binding with the AGE receptor (RAGE) mediates oxidative stress and chronic inflammation, leading to kidney
damage.”*>> AGE-RAGE signaling promotes NF-kB expression.’® Clearly, the active compounds in YQYTLF may
influence DN through the AGE-RAGE pathway.

We established a DN rat model and performed oral administration of YQYTLF. DN rats exhibited significant weight
loss, increased food and water intake, which were reversed by YQYTLF treatment. Additionally, YQYTLF treatment
significantly suppressed the increase in FBS, FINS and HOMA-IR index, as well as the decrease in HOMA-J index after
modeling. Clearly, YQYTLF has a blood glucose-lowering effect. Furthermore, YQYTLF treatment inhibited the
elevation of Scr, BUN, and UAER induced by HFD/STZ. YQYTLF also reduced the itching behavior and kidney
index in DN rats. We further evaluated the structural and functional changes in the kidneys and found that YQYTLF
treatment significantly inhibited Bowman’s capsule expansion, mesangial proliferation, and renal interstitial fibrosis in
DN rats. Clearly, we have confirmed that YQYTLF exerts therapeutic effects on DN.

Increasing evidence has indicated that high glucose-induced cellular damage involves oxidative stress.*' In this
investigation, we observed that the level of AGEs in the kidneys of diabetic rats was significantly elevated, and YQYTLF
treatment significantly reduced AGEs levels. Moreover, YQYTLF treatment effectively suppressed oxidative stress in the
kidney tissue of DN rats. This indicates that YQYTLF alleviates kidney oxidative stress, thereby protecting the kidney
during the development of DN. Additionally, YQYTLF treatment reversed the increased expression of RAGE in DN rat
kidney tissues. AGE stimulation promotes the expression of AGE receptor RAGE.” It has been demonstrated that AGE/
RAGE signaling increases oxidative stress in diabetics.** Clearly, YQYTLF treatment inhibits the activation of the AGE-
RAGE axis and alleviates oxidative stress in the kidney tissue of rats, exerting a protective effect. Recent studies have
shown that TCM and their active components can improve renal oxidative damage and inflammation by modulating
redox-sensitive signaling pathways and antioxidant enzyme systems. Several studies supported this mechanism: Poria
cocos (Fuling) improved acute and chronic kidney injury and related diseases by regulating multiple signaling
pathways;>® natural products alleviated renal inflammation in DN by inhibiting NLRP3 inflammasome activation;>’
genipin gentiobioside mitigated chronic tubulointerstitial nephritis by regulating aryl hydrocarbon receptor-mediated NF-
kB/Nif2 pathway.®® These findings are consistent with our results and further support the therapeutic potential of
YQYTLF in DN through antioxidant and anti-inflammatory mechanisms.

In addition, the top three active compounds and ten core targets from molecular docking analysis revealed that all 15
compound-target complexes had binding energies below —5.0 kcal/mol,**®' with compound luteolin exhibiting the
lowest binding energy with target TNF (—6.5 kcal/mol). This indicates that the key components of YQYTLF have
strong binding affinities with core targets, providing a structural basis for modulating DN-related pathways such as AGE-
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RAGE axis. This forms the basis of pharmacological effects of YQYTLF. Among 10 core targets, 8 are enriched in AGE-
RAGE pathway. Therefore, we speculate that YQYTLF may alleviate DN by directly inhibiting AGE-RAGE pathway
and affecting downstream targets of AGE-RAGE pathway.

Although our study demonstrates that YQYTLF exerts therapeutic effects on DN in rats by inhibiting AGE-RAGE
axis and reducing renal oxidative stress, several important questions remain to be addressed in future research. Clinical
translation will require rigorous evaluation of YQYTLF’s efficacy, safety, and optimal dosing in human patients through
well-designed clinical trials. Further mechanistic investigations should focus on identifying specific contributions of core
active compounds within herbal formulation, as well as elucidating potential effects on downstream signaling pathways
(NF-kB, MAPKSs) and epigenetic regulation of RAGE expression. Given the chronic nature of DN, longer-term animal
studies will be necessary to assess sustained renoprotective effects of YQYTLF. Additionally, while our findings are
promising, future studies would benefit from formal power calculations to strengthen statistical reliability. These
comprehensive investigations will be essential for fully characterizing YQYTLF’s therapeutic potential and molecular
mechanisms in DN.

Conclusions

Through network pharmacology analysis and studies using a DN rat model, we have confirmed that YQYTLF exerts
a protective effect by inhibiting the activation of the AGE-RAGE axis and reducing oxidative stress in kidney tissues.
This finding provides a potential new strategy for the subsequent treatment of DN.
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