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Background: Chronic kidney disease (CKD) is considered a global public health problem with high morbidity and mortality. Yishen
Qingli Heluo granule (YQHG) is representative traditional Chinese medicine (TCM) remedy for clinical treatment of CKD. This study
aims to explore the mechanism of YQHG on CKD through network pharmacology and experimental validation.

Methods: Traditional Chinese Medicine Systems Pharmacology (TCMSP) database and wide-scale literature mining were applied to
screen active compounds of YQHG. Multiple bioinformatic tools and online databases were applied by us to obtain relevant targets of
YQHG and CKD. The intersection targets between YQHG and CKD were considered as candidate targets. The compound-target, herb-
candidate target and protein—protein interaction networks were constructed and visualized for topological analyses. GO and KEGG
enrichment analyses were conducted to determine the biological processes and signaling pathways. Molecular docking was used to
verify the reliability of network pharmacology. Finally, pharmacological evaluation was performed to explore the mechanism of
YQHG against CKD on a 5/6 nephrectomy model.

Results: Seventy-nine candidate targets, ten core biological processes and one key signaling pathway (p53) were screened. PTGS2
was identified as a key target based on H-CT network. The molecular docking showed that Quercetin, Kaempferol, Luteolin were three
key compounds with the best binding activity. In addition, IL6 and Quercetin could form a stable complex with high binding affinity
(=7.29 kcal/mol). In vivo experiment revealed that YQHG improved kidney function and fibrosis in 5/6 nephrectomized rats.
Moreover, the decreased expression of PTGS2, IL6, and the increased expression of pS3 were observed in kidney tissue. Notably,
the gut microbiota of rats treated with YQHG was reshaped, which was characterized by a reduced ratio of Firmicutes/Bacteroidota.
Conclusion: Our results predicted and verified the potential targets of YQHG on CKD from a holistic perspective, and provided
valuable direction for the further research of YQHG.
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Introduction

Chronic kidney disease (CKD) is increasingly recognized as a global public health issue with high morbidity (8724 per
100,000 people) and mortality (15.9 per 100,000 people)." The risk factors and disease pathways that lead to compro-
mised kidney function are diverse and poorly clarification. Consequently, few strategies are available to delay the
progression of CKD, with most current treatment strategies centred around reducing proteinuria, lowering blood pressure
and uric acid. For instance, renin-angiotensin system inhibitors are the main therapeutic drugs for the treatment of CKD
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in terms of reducing proteinura and protecting kidney function.>> However, study reported that these drugs may not help
prevent the progression of CKD to end-stage kidney disease (ESRD);* moreover, they might cause a series of side
effects, such as increased serum potassium, creatinine, and cancer risk.”® At present, the number of people receiving
kidney replacement therapy has exceeded 2.6 million and is expected to double to 5.4 million worldwide by 2030.° Once
CKD progresses to ESRD, it will not only bring economic burden to patients, but also affect their quality of life to a great
extent. Accordingly, there is an urgent need to explore potential therapeutic drugs to prevent and treat CKD in this field.

Traditional Chinese Medicine (TCM) has been recognized as potential treatment option for CKD because of its
proven effectiveness, wide range of applications, and few side effects. Many cases have shown that TCM herbs is
regarded as an alternative source for delaying the progression of CKD due to conventional experience and multi-target
characteristics.''* Yishen Qingli Heluo granule (YQHG) was independently developed by Jiangsu Province Hospital of
Chinese Medicine as TCM remedy for the clinical treatment of CKD. The clinical studies had demonstrated that YQHG
could improve the clinical symptoms and reduce the level of serum creatinine (Scr). Moreover, the progression of CKD3
to CKD4 could also be delayed by YQHG."*'* Our previous study showed that YQHG could attenuate kidney injury by
regulating autophagy, apoptosis and inflammatory response.'”> However, most studies on the granule mainly centred
around some classic signaling pathways such as MAPK, TGF-B and related pathways, which was lack of comprehen-
siveness. Due to the absence of effective systematic methods in the past, the research on the effective compounds, targets
and corresponding pharmacological mechanisms of YQHG against CKD is limited. Hence, the researches have been
focused on the mechanism of a monomer or active compound of YQHG in treating CKD. However, YQHG is like
a sophisticated orchestra of various instruments. How these 10 herbs work together to play the perfect repertoire still
needs to be explored. Therefore, it’s important to find novel avenues to comprehensively understand the mechanisms of
YQHG against CKD. Network pharmacology is a cutting-edge methodology, which is first proposed by Hopkins.'® This
method is consistent with the holistic view of TCM. In recent years, it has been widely used to elucidating the
mechanisms of TCM in the treatment of chronic disease, including CKD.'”"°

In this study, we first used the network pharmacology approach as a tool to explore the active compounds of YQHG
and investigate its underlying mechanism of action in the treatment of CKD. Then, molecular docking was used to verify
the reliability of network pharmacology. In addition, we validated the nephroprotective potential of YQHG and key
targets expressions in 5/6 nephrectomized rats. It’s worth noting that previous studies had shown that the gut microbiota
played an important role in the therapeutic effect of TCM.?>?** The gut microbiota could change the chemical
composition of TCM herbs to make it had a different bioavailability, biological activity or toxicity than the precursor.
TCM herbs could also reshape the diversity and composition of gut microbiota to alleviate related disease.> Hence, 16S
rRNA sequencing is used to analyze the relationship among TCM herbs, CKD and the profile of gut microbiota, laying
the foundation for further research on YQHG. The details of the analysis process of this research are shown in Figure 1.

Materials and Methods

Network Pharmacology Analyses

Acquiring of Active Compounds and Related Targets in YQHG

Compounds of the each herb in YQHG were obtained from TCMSP database (https://old.tcmsp-e.com/tcmsp.php) and
wide-scale literature mining. The compounds were filtered through the ADME evaluation system, in which oral
bioavailability (OB) and drug-likeness (DL) were the main parameters. OB>30% and DL>0.18 were the thresholds
values of ADME filtering method recommended by TCMSP database.”* TCMSP, STITCH (http://stitch.embl.de/),
PubChem (https://pubchem.ncbi.nlm.nih.gov/) and Swiss Target Prediction (http://www.swisstargetprediction.ch/) data-

bases were utilized to identify the targets corresponding to each active compound in YQHG. The Uniprot (https://www.
uniprot.org/) database was used to standardize the results.

Fishing for Candidate Targets of YQHG in Treating CKD

Targets related to CKD were acquired from GeneCards (https://www.genecards.org/), OMIM (http://www.omim.org/),
DisGeNET (https://www.disgenet.org/), TTD (http://db.idrblab.net/ttd/) and MalaCards (https://www.malacards.org/)
databases. All the collected targets of CKD and YQHG were merged after being standardized by Uniprot database.
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Figure | The work flow of the study. (A) Compounds screening and targets fishing. (B) Multi-level data analysis. (C) Experimental validation.

-

The candidate targets of YQHG against CKD were identified by the Venn platform (http://bioinformatics.psb.ugent.be/
webtools/Venn/), and the results were used for further analysis.

Network Construction

(1) Compound-target (C-T) network of YQHG: The data of active compounds and their corresponding targets were
imported into Cytoscape software (v3.6.0, Boston, MA, USA) to construct the C-T interaction network. The degree
centrality, betweenness centrality and closeness centrality were evaluated by Network Analyzer plug-in of Cytoscape
software. According to the three topological parameters of each node, the key active compound of YQHG were selected
and analyzed. (2) Herb-Candidate target (H-CT) network of YQHG: The data of 10 herbs and candidate targets were
imported into Cytoscape software to construct the H-CT interaction network. The pie chart was used to indicate the herb
to which the candidate target (represented by circular nodes) belonged. (3) Protein-protein interaction (PPI) network of
candidate targets: The visualization of PPI network was obtained by combining STRING database (https://string-db.org/)
and Cytoscape software. The species were limited to Homo sapiens, and the PPI confidence score>0.9 was the filtering

parameter recommended by STRING database.”> Nodes and edges represent candidate targets and protein-protein
interactions in the PPI network, respectively. In this study, the core target proteins were selected and identified by the
parameter “ Degree ”. Degree was used to evaluate the topological importance of the nodes in the network, which was
calculated by Network Analyzer plug-in of Cytoscape software.

GO and KEGG Pathway Enrichment Analysis

In order to investigate the key terms of GO biological process and critical signaling pathways of candidate targets, the
R package (clusterProfiler, version 4.1.0) was used for GO and KEGG enrichment analysis.”® Adjusted P value<0.05 was
considered statistically significant.

Molecular Docking

In the study of molecular docking, Autodock Vina 1.1.2 software was used to determine the binding mode and
interactions between the key active compounds of YQHG and hub proteins identified based on PPI and network analyzer
analyses. This approach involved the following main steps: (1) Ligand molecule preparation. The 3D structures of active
compounds were download in mol2 format from TCMSP database. AutodockTools 1.5.6 was used to open the ligand
molecule, add hydrogen, gasteiger charge, detection of ligand root, search and definition of rotatable bond, and finally
save it in pdbqt format. (2) Receptor molecule preparation. The 3D structures of hub proteins were download from RCSB
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Protein Data Bank (www.rcsb.org). AutodockTools 1.5.6 was used to upload the protein. After adding all hydrogen
atoms, calculating gasteiger charge and combining non-polar hydrogen, it is defined as the receptor and saved as pdbqt
format. (3) Setting of docking parameters. AutoGrid tool to set the parameters of the docking box (X-Y-Z coordinates
and grid size). In order to increase the accuracy of calculation, the exhaustiveness value was set to 20. (4) Execution and
output. Autodock Vina 1.1.2 software was used for semi flexible docking, and the best conformation was selected as the
final docking conformation. (5) Analysis and visualization. The conformation with the best binding affinity was selected
for docking mode analysis. The binding affinity of the protein was less than —5 kcal/mol, suggesting that the protein had
a certain binding activity with the compound.?” The docking results of compound and protein with the best conformation
were analyzed and visualized by PyMol software.

Preparation of YQHG

YQHG (batch number 20051031) was composed of 10 single TCM granules: Angelicae Sinensis Radix (Danggui, DG),
Achyranthis Bidentatae Radix (Niuxi, NX), Centella Asiatica (L.) Urban (Jixuecao, JXC), Polygonati Rhizoma
(Huangjing, HJ),Smilacis Glabrae Rhixoma (Tufuling, TFL), Radix Rhei Et Rhizome (Dahuang, DH), Pyrrosiae
Folium (Shiwei, SW), Hedysarum Multijugum Maxim (Huangqi, HQ), Serissa Japonica (Thunb.) Thunb (Liuyuexue,
LYX), Polygoni Cuspidati Rhizoma Et Radix (Huzhang, HZ), which was manufactured by Jiangyin Tianjiang
Pharmaceutical Co., Ltd. (Wuxi, Jiangsu, China). The ratios of the single TCM granule to the corresponding crude
drug were listed in Table 1. All the above granules were authenticated by Professor Wei Sun (Nanjing University of
Chinese Medicine, Nanjing, Jiangsu, China). The weight-based drug dosing format (per kg) was used in this study to
calculate the YQHG doses in rats.”® Calculated with an adult body weight of 70 kg, the clinical equivalent dose
converted into rats was 2.8g/kg, which was used as the medium dose of YQHG. The low dose and high dose in this
study were half and twice the medium dose of YQHG, respectively. UHPLC-MS was conducted to confirm the stability
and effectiveness of YQHG extract.

Construction of 5/6 Nephrectomy and YQHG Administration

Male Sprague Dawley (SD) rats (no. 20210312Aazz0619000112, 6-8 weeks old, 200-230g) were provided by Vital
River Experimental Animal Co., Ltd. (Zhejiang, China). Rats were housed in a specific pathogen-free experimental
animal center of Nanjing University of Chinese Medicine. Specifically, rats were housed in plastic cages and provided
with sufficient standard food and water freely. The environmental conditions of the room where the rats were raised
included temperature (2242°C), humidity (50+10%), and 12/12 hour light/dark cycle. All animal experiments were
performed according to the protocol approved by Animal Care and Use Committee of Nanjing University of Chinese
Medicine [permission number 202101A047]. The guidelines followed for the welfare of the laboratory animals was
Laboratory Animal Guidelines for Ethical Review of Animal Welfare (GB/T 35892-2018). All surgeries were performed
under appropriate anesthesia, and every efforts were made to minimize animal suffering.

CKD was induced in 24 rats by a two-step 5/6 nephrectomy as previously described.”” The procedure of the two
operations was as follows: ablated 2/3 of the left kidney parenchyma (avoid the kidney hilum), and then quickly placed
a gelatin sponge on the incision surface to stop bleeding for 4-5 minutes. One week later, a right-sided unilateral
nephrectomy was performed. The kidney pedicle was ligated with a sterile 3—0 suture, and then the right kidney was
resected. The abdominal cavity was flushed with 0.9% sterile saline to avoid postoperative abdominal adhesion after two
surgical operations. Induction and maintenance of anesthesia (consumption of Isoflurane was 6mL/h and 3mL/h, respec-
tively) during the operation were carried out with the Rodent Gas Anesthesia Machine (Yuyan-ABS). Six rats underwent
sham operation were used as control. CKD rats were randomly divided into four groups (n=6 for each group). The subgroups
and the daily dose of gavage substances were as follows: I) Model group (sterile water); Il Low-Dose YQHG group (1.4g/kg
YQHG); III) Middle-Dose YQHG (2.8g/kg YQHGQG); IV) High-Dose YQHG (5.6g/kg YQHG). During the experiment, all
rats were weighed twice a week, and the drug doses were adjusted accordingly. At the end of the experiment, urine and fecal

samples were collected from rats before sacrificed. Blood samples and kidney tissues were collected for further studies.
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Table | Details of YQHG

Herb Name Latin Name Family Genus Parts Used Amount Used (g) Ratio
Danggui Angelicae Sinensis Radix Umbelliferae Angelica L. Root 4 2:5
Niuxi Achyranthis Bidentatae Radix Amaranthaceae Achyranthes L. Root 3 3:10
Jixuecao Centella Asiatica (L.) Urban Umbelliferae Centella L. Herba 3 1:10
Huangjing Polygonati Rhizoma Liliaceae Juss. Polygonatum Mill. Rhizome 8 2:5
Tufuling Smilacis Glabrae Rhixoma Liliaceae Smilax L. Rhizome 2 I:15
Dahuang Radix Rhei Et Rhizome Polygonaceae Rheum L. Rhizome 2 1:3
Shiwei Pyrrosiae Folium Polypodiaceae Pyrrosia Mirbel. Leave 2 1:10
Huanggqi Hedysarum Multijugum Maxim Leguminosae sp. Astragalus Linn. Root 4.5 3:20
Liuyuexue Serissa Japonica (Thunb.) Thunb Rubiaceae Juss. Serissa Comm. ex Juss. Whole plant | 1:30
Huzhang Polygoni Cuspidati Rhizoma Et Radix Polygonaceae Reynoutria Houtt. Rhizome, Root | 1:15
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Reagents

Scr, blood urea nitrogen (BUN) and urinary protein quantification assay kits (CO11-2-1, C013-2-1, C035-2-1) were
purchased from Nanjing Jiancheng Biotech Co., Ltd. (Nanjing, Jiangsu, China). IL-6 ELISA kit (bsk00042) was
purchased from Nanjing Jinyibai Biotech Co., Ltd. (Nanjing, Jiangsu, China). BCA protein concentration assay kit
(PC0020) was obtained from Beijing Solarbio Science & Technology Co., Ltd. (Beijing, China). Anti-PTGS2 antibody
(ab179800), Anti-p53 antibody (ab227655), Anti-GAPDH antibody (ab181602) and Goat Anti-Rabbit IgG H&L (HRP)
(ab6721) were purchased from Abcam (Cambridge, UK).

Scr, BUN and 24h Urinary Protein Quantification

Scr, BUN and 24h urinary protein levels were measured using Scr, BUN and urinary protein quantification assay Kkits
according to the instructions. Among them, urinary protein quantification was undertaken by 24h urine collection with
metabolic cages on the day before the rats were sacrificed. The formula is as follows: Urinary protein (mg/24h) = urinary
protein concentration (mg/L)x24h urine volume (L).

Histopathologic Evaluation of Kidney Tissues

Rat kidneys were rinsed with precooled PBS (Solarbio) and then fixed in 4% paraformaldehyde (biosharp). Sections
(4um) were cut from paraffin-embedded kidney tissue and stained with hematoxylin and eosin (H&E) or Masson’s
trichrome (Masson) (Solarbio). Light microscope images were photographed using a Digital Slide Scanner (Type
specification: Pannoramic DESK, P-MIDI, P250; Company: 3D HISTECH; Country: Hungary; Scanning software:
Pannoramic Scanner). The steps for calculating the area of glomerular and tubulointerstitial fibrosis were as follows:
First of all, CaseViewer2.4 software was used to select the glomerular (tubulointerstital) area for 40ximaging. Try to fill
the entire field of view with the tissue, and ensure that the background light of each image was consistent. Secondly,
Image-Pro Plus 6.0 software performed image analysis, set pixel as the standard unit, and two fields of view were
selected for each slice. Finally, the fibrosis area was evaluated, that was, the percentage of fibrosis area (%) = glomerular
(tubulointerstital) fibrosis area/glomerular (tubulointerstital) areax100%.

Gut Microbiota Analysis

Feces of all rats in the five groups (Sham, Model, L-D YQHG, M-D YQHG, H-D YQHG) were collected for gut microbiota
analyses. The four main steps involved in the sequencing of gut microbiota were as follows: I) Extraction of genome DNA:
The total DNA of feces were extracted by E.Z.N.A.® Soil DNA Kit (Omega Bio-tek) according to manufacturer’ s protocols.
DNA concentration and purity were monitored on 1% agarose gel. II) PCR amplification: The V3-V4 region of 16S rRNA
gene was amplified using specific primer (338F 806R) with the barcode. The PCR amplification was carried out using
TransStart Fastpfu DNA polymerase kit. III) PCR products quantification, mixing and purification: Refer to the preliminary
quantification results of electrophoresis, QuantiFluor™ -ST Assay Kit (Promega) was used to detect and quantify the PCR
products, and then mix the corresponding proportions according to the sequencing requirements of each sample. Then, the
mixture of PCR products was purified with GeneJET Gel Extraction Kit (Thermo Fisher Scientific). IV) Library preparation
and sequencing: The profiling was carried out on the MiSeq platform (Illumina, Inc., San Diego, CA). Fast Length Adjustment
of Short reads (FLASH, Version 1.2.11) was used to filter 16S rRNA sequencing data. Operational taxonomic units (OTUs)
were picked at a 97% similarity cut-off, and the purified amplicons were sequenced on an Illumina MiSeq platform at
Majorbio Biopharm Technology Co. Ltd. (Shanghai, China) according to the standard protocols.

Western Blot and ELISA

The total protein of frozen kidney samples was extracted with RIPA lysis buffer (Beyotime) containing 1% PMSF
(Beyotime). Protein concentration was determined by BCA protein concentration assay kit (Solarbio) according to the
instructions. Proteins were separated by SDS-PAGE gels and transferred onto PVDF membranes (Solarbio). After
blocking with 5% BSA (Solarbio), the membranes were incubated with primary antibodies PTGS2 (1:1000), p53
(1:1000), GAPDH (1:10,000) at 4°C overnight. Subsequently, the membranes were washed with TBST (Solarbio) and
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incubated for 60 minutes at room temperature with Goat Anti-Rabbit IgG H&L (HRP) (1:20,000). The membranes were
incubated with Ultrasensitive ECL Detection Kit (Proteintech) for 1-2 minutes, and then detected on the BIO-RAD
ChemiDoc XRS+ Gel Imaging System (Bio-Rad, California, USA). The gray values of the protein bands were analyzed
using the Image Lab software (Bio-Rad).

PBS was added to the kidney tissue (ImL/0.1g), and electro-homogenized sample was centrifuged to collect the
supernatant. Subsequently, the rat IL-6 ELISA kit was used to detect the expression of IL-6 according to the instructions.

Statistical Analysis
All data were expressed as meantSEM. GraphPad Prism 9.0 software (GraphPad, CA, USA) was used for statistical
analysis and image construction. We combined QQ plots (Supplementary Figure 1) with the Shapiro—Wilk test to assess

data normality. For normally distributed data, one-way ANOVA followed by Tukey’s test was used. For non-normally
distributed data, Kruskal-Wallis test followed by non-parametric Wilcoxon rank-sum test was used. p<0.05 was
considered statistically significant.

Results

Information on Active Compounds and Related Targets of YQHG

A total of 63 active compounds of YQHG were selected from the TCMSP database and wide-scale literature mining. All
active compounds satisfied the ADME filtering method, OB>30% and D1L.>0.18. The numbers of compounds for each herb in
YQHG were 17 (NX), 13 (TFL), 16 (HQ), 10 (HZ), 10 (DH), 8 (HJ), 5 (SW), 2 (DG), 2 (JXC), 1 (LYX) (Table S1). Among the
63 active compounds, there were 9 compounds that existed in more than one herb. For example, compound Quercetin could be
found in 6 herbs (HQ, NX, HZ, TFL, SW, JXC) of YQHG.

We identified 250 targets for 63 active compounds (Table S2). The number of potential targets affected by active
compounds from HQ, NX, HZ, TFL, SW, JXC, HJ, DH, DG, and LYX were 208, 201, 193, 174, 169, 150, 55, 43, 30 and
11, respectively. Many active compounds exerted their pharmacological effects through binding to more than one target
simultaneously. For instance, wogonin, as an active compound in NX, can interact with 43 targets, including TP53,
CASP3, PTGS2, IL-6 and so on.

Candidate Targets of YQHG Against CKD

Through databases screening, 1161 CKD-related targets were obtained (526 in OMIM database, 379 in DisGeNET
database, 331 in GeneCards database, 113 in MalaCards database, and 73 in TTD database). The intersection targets were
shown by a Venn diagram (Figure 2A).

dLL

1082

The targets of YQHG The targets of CKD

Figure 2 Venn diagrams. (A) The targets of CKD. CKD-related targets obtained from five databases (OMIM, DisGeNET, GeneCards, MalaCards, TTD). (B) Candidate
targets of YQHG in the treatment of CKD.
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The potential targets of YQHG were overlapped with CKD-related targets by the Venn platform (Figure 2B). A total
of 79 intersecting targets were selected as candidate targets for YQHG against CKD (Table 2). Herein, we investigated
the distribution of CKD relevant targets among the 10 herbs (72 from HQ, 72 from HZ, 69 from NX, 64 from SW, 64
from TFL, 59 from JXC, 21 from HJ, 15 from DH, 9 from DG, 2 from LYX) via a Venn analysis. These 79 targets were
then used to construct H-CT network by Cytoscape.

Network Visualization

(1) C-T network. In order to reveal the synergistic effects of multi-compound and multi-target in the 10 herbs of
YQHG (Figure 3A) and evaluate its mechanism of action, a C-T network analysis was carried out (Figure 3B). The

Table 2 Candidate Targets of YQHG in the Treatment of CKD

Uniprot Gene Protein Name Uniprot Gene Protein Name
Symbol Symbol
Q9UNQO | ABCG2 ATP-binding cassette sub-family G member 2 P22301 ILI0 Interleukin-10
P00326 ADHIC Alcohol dehydrogenase 1C PO1583 ILIA Interleukin-1 alpha
P07550 ADRB2 Beta-2 adrenergic receptor PO1584 ILIB Interleukin-1 beta
P31749 AKTI RAC-alpha serine/threonine-protein kinase P60568 IL2 Interleukin-2
P05067 APP Amyloid beta A4 protein PO5112 IL4 Interleukin-4
P10275 AR Androgen Receptor P05231 IL6 Interleukin-6
Q07812 BAX Apoptosis regulator BAX P06213 INSR Insulin receptor
P10415 BCL2 Apoptosis regulator Bcl-2 P35968 KDR Vascular endothelial growth factor receptor 2
P42574 CASP3 Caspase-3 P28482 MAPKI Mitogen-activated protein kinase |
Q14790 CASP8 Caspase-8 Q00987 MDM2 E3 ubiquitin-protein ligase Mdm2
P04040 CAT Catalase P0858I MET Hepatocyte growth factor receptor
Q03135 CAVI Caveolin-1 P03956 MMPI Interstitial collagenase
P13500 CCL2 C-C motif chemokine 2 P08253 MMP2 72 kDa type IV collagenase
P24385 CCNDI G/S-specific cyclin-D1 P14780 MMP9 Matrix metalloproteinase-9
P29965 CD40LG CDA40 ligand PO5164 MPO Myeloperoxidase
P38936 CDKNIA Cyclin-dependent kinase inhibitor | P14598 NCFI Neutrophil cytosol factor |
P42771 CDKN2A Cyclin-dependent kinase inhibitor 2A, isoforms Ql6236 NFE2L2 Nuclear factor erythroid 2-related factor 2
1/2/3
P11229 CHRMI Muscarinic acetylcholine receptor Ml P35228 NOS2 Nitric oxide synthase, inducible
P20309 CHRM3 Muscarinic acetylcholine receptor M3 P29474 NOS3 Nitric oxide synthase, endothelial
P08912 CHRM5 Muscarinic acetylcholine receptor M5 P08235 NR3C2 Mineralocorticoid receptor
P02452 COLIAI Collagen alpha-1(l) chain P27169 PONI Serum paraoxonase/arylesterase |
P02741 CRP C-reactive protein P37231 PPARG Peroxisome proliferator-activated receptor gamma
P27487 DPP4 Dipeptidyl peptidase IV 014684 PTGES Prostaglandin E synthase
POI133 EGF Pro-epidermal growth factor P23219 PTGSI Prostaglandin G/H synthase |
P00533 EGFR Epidermal growth factor receptor P35354 PTGS2 Prostaglandin G/H synthase 2
P04626 ERBB2 Receptor tyrosine-protein kinase erbB-2 Q04206 RELA Transcription factor p65
P03372 ESR1 Estrogen receptor Q13950 RUNX2 Runt-related transcription factor 2
P00734 F2 Thrombin Q96EB6 SIRTI NAD-dependent deacetylase sirtuin-|
P02751 FNI Fibronectin Q01959 SLC6A3 Sodium-dependent dopamine transporter
P17302 GJAI Gap junction alpha-| protein P31645 SLC6A4 Sodium-dependent serotonin transporter
P09488 GSTMI Glutathione S-transferase Mu | P03973 SLPI Antileukoproteinase
P09211 GSTPI Glutathione S-transferase P P00441 SODI Superoxide dismutase [Cu-Zn]
Q16665 HIFIA Hypoxia-inducible factor |-alpha P10451 SPPI Osteopontin
P09601 HMOXI Heme oxygenase | P42224 STATI Signal transducer and activator of transcription |-alpha/
beta
P04792 HSPBI Heat shock protein beta-| P07204 THBD Thrombomodulin
P28223 HTR2A 5-hydroxytryptamine 2A receptor P04637 TP53 Cellular tumor antigen p53
P05362 ICAMI Intercellular adhesion molecule | P19320 VCAMI Vascular cell adhesion protein |
POI579 IFNG Interferon gamma P15692 VEGFA Vascular endothelial growth factor A
PII717 IGF2 Insulin-like growth factor Il P47989 XDH Xanthine dehydrogenase/oxidase
P17936 IGFBP3 Insulin-like growth factor-binding protein 3
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Figure 3 Network visualization. (A) The 10 herbs of YQHG. (B) C-T network of YQHG. The C-T network is constructed by the active compounds (circle) and their
corresponding potential targets (rhombus). (C) H-CT network of YQHG. The 79 candidate targets (circles) of YQHG against CKD are connected with their corresponding
herbs (octagons). The color of the target represents their corresponding herbs. (D) PPl network of candidate targets.

active compounds corresponding to the abbreviations in Figure 3 were shown in Table S1. The C-T network consisted
of 63 active compounds, 250 targets, and 914 C-T interactions (313 nodes and 914 edges). The average degree

centrality, betweenness centrality, and closeness centrality values were 14.67, 0.02, and 0.33, respectively. The above

topological parameters of 12 compounds were higher than the average, which were shown in Table 3. These
compounds were considered to be the main active compounds of YQHG in the treatment of CKD. The average

number of targets for each herb was 123, indicating the multi-target properties of these herbs. A total of 31 key targets

satisfied the screening rules (degree centrality>3.656, betweenness centrality>0.003, closeness centrality>0.333), of

Table 3 The Topological Parameter Analysis of Top 12 Compounds in YQHG

Number Compound Degree Betweenness Closeness
Centrality Centrality Centrality

| Quercetin 150 0.513 0.527

2 Kaempferol 6l 0.122 0.412

3 Luteolin 55 0.105 0.393

4 7-O-methylisomucronulatol 44 0.066 0.385

5 Wogonin 43 0.055 0.378

6 Stigmasterol 30 0.064 0.375

7 Baicalein 35 0.078 0.374

8 Isorhamnetin 34 0.037 0.374

9 Physovenine 37 0.045 0.372

10 Formononetin 38 0.051 0.371

I Hederagenin 23 0.044 0.368

12 Aloe-emodin 22 0.025 0.362
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which PTGS2 has the highest filtering parameters (degree centrality=41, betweenness centrality=0.085, closeness
centrality=0.516). (2) H-CT network. To explore the synergistic effects of YQHG at the individual herb level, we
constructed a H-CT network (Figure 3C). We found that 6 herbs covered more than 75% of the 79 candidate targets, of
which HQ and HZ both covered 91%. Interestingly, the 10 herbs in YQHG shared a common target, which is PTGS2.
The existence of this target is a manifestation of the synergistic effect of TCM, which may be involved in the
pathological process of CKD. (3) PPI network. The proteins with combined score>0.90 were chosen to construct PPI
network (Figure 3D). The parameter “Degree” was used to evaluate the topological importance of the nodes in the
network. The top 6 proteins obtained by the network analyzer in Cytoscape software were TP53, AKT1, RELA, IL6,
MAPKI1 and ESRI.
7-O-methylisomucronulatol, wogonin, Stigmasterol) and six protein targets screened through the C-T and PPI net-

Subsequently, the top 6 active compounds (Quercetin, Kaempferol, Luteolin,

works were used for further analysis.

GO and KEGG Enrichment Analysis

GO terms were classified according to biological process, molecular function and cellular component, and the top 10
were shown in Figure 4A. Candidate target proteins of molecular function category were mostly associated with receptor
activator activity and receptor ligand activity. Target proteins in cellular component category were enriched in membrane
microdomain and membrane raft. As for GO biological process, it played a major role in the above three GO terms.
Therefore, clarifying the relevant biological process of YQHG against CKD pointed out the direction for the mechanism
to a certain extent. According to 79 candidate targets of YQHG in the treatment of CKD, top 10 biological processes
were identified. They focused on two areas: (1) Regulation of cell cycle and apoptosis (epithelial cell proliferation,
regulation of apoptotic signaling pathway, negative regulation of apoptotic signaling pathway). (2) Regulation of reactive
oxygen species (ROS) metabolic process (response to oxidative stress, reactive oxygen species metabolic process,
response to oxygen levels, cellular response to oxidative stress, response to reactive oxygen species, regulation of
reactive oxygen species metabolic process, positive regulation of reactive oxygen species metabolic process). To further
elucidate the potential mechanisms of YQHG against CKD, we screened top 40 KEGG pathways by clusterProfiler
(Figure 4B). The results showed that 8 important signaling pathways (p53, Toll-like receptor, VEGEF, T cell receptor,

receptor activator activity ® Pathways in cancer [ ]
. - Bladder cancer ®
receptor ligand activity ® Prostats cancer
cytokine receptor binding ® Pancreatic cancer
cytokine activity ® Leishmaniasis
phosphatase binding [10) u ’:“'"‘“
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protein phosphatase binding (9] Chagas disease (American trypanosomiasis)
integrin binding Glioma
growth factor receptor binding Focal adhesion
- . pS3 signaling pathway
antioxidant activity (7 Non-small cell lung cancer
peroxidase activity (6) Amocbiasis
membrane microdomain @ Toxoplasmosis Count
Apoptosis
membrane raft
N @ Chronic myeloid leukemia ®
vesicle lumen ® Endometrial cancer @ »
cytoplasmic vesicle lumen 110) ONTOLOGY 2 Cytokine—cytokine receptor interaction
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secretory granule lumen < L
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carly endosome (9] @ « % Small cell lung cancer 16
endoplasmic reticulum lumen (8] @ Z Colorectal cancer
plasma membrane raft o § Rheumatoid arthritis N
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response to oxldative stress Amyotrophic lateral sclerosis (ALS)
P NOD-like receptor signaling pathway
epithelial cell proliferation 24) Allograft rejection
reactive oxygen species metabolic process 2 Graft-versus-host disease
response to oxygen levels 2] Hepatitis C
regulation of apoptotic signaling pathway 7] Viral myocarditis
N Calcium signaling pathway
cellular response to oxidative stress Intestinal immune network for IzA production
response to reactive oxygen species Thyroid cancer
negative regulation of apoptotic signaling pathway ® J“"‘iT’;lT; ‘{ﬁ"”:!“ﬂ P“‘:‘“'»‘
; gnaling pat
regulation of reactive oxygen species metabolic process ® MAFK ::t::]::t l;:m::i
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Figure 4 GO and KEGG enrichment analysis for candidate targets of YQHG against CKD. (A) GO enrichment analysis. GO terms are classified according to biological
process (BP), molecular function (MF) and cellular component (CC). The top 10 terms of each one are presented. (B) KEGG enrichment analysis. The top 40 KEGG
signaling pathways are presented. The X-axis represents the rich factor, bubble size represents the count of targets enriched in terms and the color represents the p value.
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Nod-like receptor, Calcium, JAK-STAT, MAPK) were identified as CKD-related target pathways, and p53 was con-
sidered to be the most critical one.

Molecular Docking of Core Active Compounds and Proteins

To further verify the accuracy of network pharmacology, the binding affinity between key active compounds and hub
proteins was analyzed by molecular docking method based on Autodock Vina software. The binding affinity of the six
active compounds (Quercetin, Kaempferol, Luteolin, 7-O-methylisomucronulatol, Wogonin, Stigmasterol) to hub pro-
teins (TP53, AKTI1, RELA, IL6, MAPK1, ESR1) were all less than —5 kcal/mol, indicating that they possessed good
binding activity. The details of the binding affinity were shown in Table 4. Hydrogen bonding plays a critical role in
stabilizing compound-protein bonding interactions. Therefore, the favorable bond distance between H-donor and
H-acceptor atoms is ensured to be less than 3.5 A [24]. Quercetin, Kaempferol and Luteolin were the best in the binding
mode with six proteins in present study. Moreover, an UHPLC-MS approach was established to reveal the stability of
YQHG (Figure S2A and B) and quantify the key active compounds (Quercetin, Kaempferol and Luteolin) in the extract
(Table S3, and Figure S2C and D). The docking results of compound and protein with the best conformation were shown

in Figure 5.

YQHG Improved Kidney Function and Fibrosis in 5/6 Nephrectomized Rats

A comprehensive assessment of kidney appearance (colour, capsule, border), related parameters (Scr, BUN, urinary
protein, glomerular fibrosis area, tubulointerstitial fibrosis area), and kidney tissue pathology (H&E, Masson) were
conducted to explore the potential therapeutic value of YQHG on CKD. To this end, 5/6 nephrectomy model and YQHG
dosing regimen was established (Figure 6A). As expected, the model group exhibited weight loss, pale kidneys, uneven
borders, and a hard-to-peel capsules. Remarkably, treatment with YQHG in a dose-dependent manner impeded disease
progression, which was shown by increased body weight of rats, recovery of reddish-brown kidneys, integrity of borders,
and smoothness of the capsules (Figure 6B and C). Scr, BUN, and urinary protein are the key markers indicating the
kidney dysfunction. Our results showed that compared with the model group, YQHG significantly reduced the levels of
the three parameters in a dose-dependent manner (Figure 6D-F). Histopathological analysis clearly showed inflammation
infiltration, mesangial expansion, tubular atrophy and dilation, glomerular sclerosis, and interstitial fibrosis in 5/6
nephrectomy rats, all of which were dramatically ameliorated by YQHG treatment (Figure 6G). In addition, histopatho-
logical indicators including glomerular fibrosis area and tubulointerstitial fibrosis area were examined upon YQHG
treatment. Here, we found YQHG treatment significantly decreased the glomerular fibrosis area (Figure 6H). Moreover,
H-D YQHG treatment significantly decreased tubulointerstitial fibrosis area (Figure 6I). Taken together, these data
indicated that YQHG had a profound protective effect on 5/6 nephrectomized rats, which was characterized by
alleviating tissue damage, improving kidney function and reducing kidney fibrosis.

YQHG Reshaped Gut Microbiota by Reducing Firmicutes/Bacteroidota Ratio in 5/6

Nephrectomized Rats

TCM herbs interact closely with gut microbiota and affect their composition.>’ On the contrary, the gut microbiota also
plays an important role in converting carbohydrates, proteins, lipids and small non-nutritive chemicals from TCM
herbs into chemical metabolites that may have beneficial or adverse effects on human health.’! Given that gut

microbiota homeostasis plays an important role in the efficacy of TCM herbs,*? 34

we then investigated the effects
of YQHG on gut microbiota in 5/6 nephrectomized rats. We analyzed gut microbiota at two different taxonomic levels
(phylum and genus). PCoA revealed that the gut microbial composition of the YQHG groups was close to that of the
sham group and distinct from that of the model group (Figure 7A and F). The community analysis at the phylum level
showed that compared with the sham group and the YQHG groups (Figure 7B), the gut microbial composition of the
model group changed in certain bacteria, such as Firmicutes and Bacteroidota. Specifically, L-D YQHG treatment
significantly reduced the abundance of Firmicutes (Figure 7C) and increased the abundance of Bacteroidota

(Figure 7D). Importantly, the ratio of these two bacteria was significantly reduced by YQHG treatment in a dose-
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Table 4 The Binding Affinity Between Active Compounds and Hub Proteins

PDB Proteins Affinity (kcal/mol)
ID
Quercetin Kaempferol Luteolin 7-O-methylisomucronulatol Wogonin Stigmasterol

6SI3 TP53 —7.14 -7.27 —7.84 —6.98 -7.28 —5.45
4GVI AKTI —7.52 —7.83 -7.16 —6.49 —-7.08 —5.68
V)7 RELA -7.79 —7.65 —7.41 —6.81 —6.95 —5.64
IBQU IL6 -7.29 =722 =7.19 —6.81 —6.66 =5.71
4QP2 MAPK | -7.90 —7.63 -7.69 —6.56 —6.87 —6.08
7KCD ESRI =779 -7.73 —8.48 =7.17 -7.29 —6.01

dependent manner (Figure 7E). Moreover, the gut microbiota at the genus level was reshaped in the YQHG groups,
which was shown by community barplot and Circos plot (Figure 7G and H). Taken together, these results demonstrated
that YQHG treatment effectively restored the composition of the gut microbiota and reduced the ratio of Firmicutes/
Bacteroidota (F/B), thereby promoting the normalization of gut microbial ecosystem in order to exert the curative
effect of TCM herbs.

YQHG Regulated the Expression of PTGS2, P53 and IL-6 in 5/6 Nephrectomized Rats
H-CT network, KEGG pathway enrichment analysis and molecular docking predicted that three key protein targets
(PTGS2, p53, IL6) were involved in YQHG against CKD. Therefore, the expressions of PTGS2 and p53 were examined
upon YQHG treatment. Here, we found H-D YQHG treatment significantly decreased the expression of PTGS2 in kidney
tissue (Figure 8A and B). Moreover, H-D YQHG could regulate the expression of p53 to a certain extent (Figure 8A and C).
Next, we evaluated the inhibitory effect of YQHG on IL6 expression. After YQHG treatment, the expression of IL6 was
significantly decreased in kidney tissue (Figure 8D).
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Figure 6 YQHG improves kidney function and fibrosis in 5/6 nephrectomized rats. (A) Construction of 5/6 nephrectomy model and YQHG dosing schedule. (B) The
kidney of the rats was photographed (n=6). (C) The body weight of the rats was measured (n=6). (D—F) Effects of YQHG treatment on levels of Scr, BUN, and urinary
protein in 5/6 nephrectomized rats (n=6). (G) Representative images of H&E (40xMagnification, Scale bar 20um) staining and Masson (40%Magnification, scale bar 20um)
staining of kidney tissues (n=6). (H-I) Quantitative analysis of glomerular fibrosis area and tubulointerstital fibrosis area based on Masson staining (n=6). All data are
expressed as mean+SEM. For normally distributed data (body weight, Scr, urinary protein, glomerular fibrosis area, tubulointerstital fibrosis area), one-way ANOVA followed
by Tukey’s test was used. For non-normally distributed data (BUN), Kruskal-Wallis test followed by non-parametric Wilcoxon rank-sum test was used. **P < 0.01 vs the
sham group; *P < 0.05, ™P < 0.01 vs the model group.

Discussion

Yishen Qingli Heluo granule (YQHG) is representative traditional Chinese medicine (TCM) remedy for clinical
treatment of CKD.?> Network pharmacology is considered as novel and effective method to clarify the underlying
mechanisms of complex TCM herbs, which is consistent with the holistic view of TCM. Therefore, based on various
available databases and software, we applied network pharmacology to explore the potential mechanisms of YQHG in
the treatment of CKD. At the same time, animal experiments were conducted to verify the reliability of the network
pharmacology results. In this study, a CKD rat model was constructed by 5/6 nephrectomy. Removal of 5/6 kidney
parenchyma effectively reduces the number of nephrons, which in turn leads to elevated perfusion, filtration and pressure
in the residual nephrons. Persistent overload leads to 1/6 remnant kidney unable to maintain homeostasis, which
ultimately contributes to the gradual loss of renal function.® At present, the 5/6 nephrectomy model has been recognized
as the classical model most similar to human CKD. It completely simulates the disease process from acute renal failure to
renal function compensation and decompensation. The model rats with 10-week duration 5/6 nephrectomy tended to
belong to the stage of decompensation. It has been widely used to study the therapeutic effect of drugs on CKD.>”°
Moreover, the 5/6 nephrectomy model also show significant gut microbiota dysbiosis,***'
in this study.

and this model may be suitable
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Figure 7 YQHG reshaped gut microbiota by reducing Firmicutes/Bacteroidota ratio in 5/6 nephrectomized rats. (A) PCoA on phylum level (n=6). (B) Relative abundance of
gut microbiota on phylum level (n=6). (C and D) Relative abundance of Firmicutes and Bacteroidota on phylum level (n=6). (E) The ratio of Firmicutes/Bacteroidota on
phylum level (n=6). (F) PCoA on genus level (n=6). (G) Relative abundance of gut microbiota on genus level (n=6). (H) Circos diagram of species-sample relationship on
genus level (n=6). The small semicircle (left half circle) indicates the composition of the gut microbiota in each group, the color of the outer ribbon represents which group it
comes from, the color of the inner ribbon represents the gut microbiota, and the length represents the relative abundance of gut microbiota in the corresponding group; the
large semicircle (right half circle) indicates the distribution ratio of gut microbiota in different groups on genus level. The outer color band represents the gut microbiota, the
inner color band represents different groups, and the length represents the distribution ratio of the group in a certain gut microbiota. All data are expressed as mean+SEM.
For normally distributed data (Firmicutes, Bacteroidota), one-way ANOVA followed by Tukey’s test was used. For non-normally distributed data (Firmicutes/Bacteroidota),
Kruskal-Wallis test followed by non-parametric Wilcoxon rank-sum test was used. *P < 0.05, ¥*P < 0.0 vs the sham group; *P < 0.05, *P < 0.01 vs the model group.

Our present study clearly indicated that YQHG treatment significantly prevented the progression of CKD, character-
ized by increased body weight, improved kidney appearance and function, reduced tissue damage in 5/6 nephrectomized
rats. Regardless of the cause, kidney fibrosis is a common result of most progressive kidney diseases and is closely
related to worsening kidney function. Importantly, we demonstrated that 5/6 nephrectomized rats treated with YQHG
showed a significant improvement in kidney fibrosis, as evidenced by the reduction in the area of glomerular and
tubulointerstitial fibrosis. Therefore, our results suggested that YQHG had a comprehensive protective effect on kidney
function and fibrosis.

More importantly, based on H-CT network, we discovered that the 10 herbs in YQHG shared a common target, which
was PTGS2. The existence of this target was a manifestation of the synergistic effect of TCM, which may be involved in
the pathological process of CKD. PTGS2 is pro-inflammatory enzyme, which is major pharmaceutical targets for anti-
inflammatory medicine.*? Adesso et al found that PTGS2 was involved in the regulation of inflammatory processes in
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Figure 8 YQHG regulates the expression of PTGS2, p53 and IL-6 in 5/6 nephrectomized rats. (A) Representative Western blots for PTGS2, p53 and GAPDH protein
expression in kidney tissue (n=6). (B) Relative expression of PTGS2 (n=6). (C) Relative expression of p53 (n=6). (D) Expression of IL6 in kidney tissue was determined by
ELISA. All data are expressed as mean+SEM. For non-normally distributed data (PTGS2, p53, IL6), Kruskal-Wallis test followed by non-parametric Wilcoxon rank-sum test
was used. #*P < 0.01 vs the sham group; *P < 0.05, ™P < 0.01 vs the model group.

CKD.* The activation of the inflammatory cascade leads to the accumulation of inflammatory factors in the target
organs, thereby inducing tissue fibrosis to a certain extent, and ultimately promoting the development of diseases.
Therefore, some studies focused on exploring the relationship between PTGS2 and fibrosis of certain target organs,**
including the kidney.*”*® These results suggested that reduced expression of PTGS2 may contribute to the alleviation of
tissue inflammation and fibrosis. In support of this notion, our data revealed that H-D YQHG treatment significantly
decreased the expression of PTGS2 in kidney tissue. Moreover, the area of glomerular and tubulointerstital fibrosis was
marked decreased in our study, which had been mentioned above.

KEGG enrichment analysis showed that p53 was a key signaling pathway involved in YQHG against CKD. P53,
a well-known tumor suppressor, has been found to play a role in AKI and subsequent kidney repair by regulating cell
apoptosis and autophagy.*® Our study found that H-D YQHG could up-regulate the expression of p53 to a certain extent.
In addition, GO biological process enrichment analysis also revealed the potential role of YQHG in regulating cell
apoptosis. These results suggested that the mechanism of YQHG on CKD may involve the regulation of cell apoptosis. In
follow-up mechanistic studies, we need further proof (eg, TUNEL assay, transcript level analysis) for the above findings.

In the present study, a C-T network of YQHG was constructed using the 63 active compounds and 250 responding
targets. The results indicated that Quercetin, Kaempferol, Luteolin, 7-O-methylisomucronulatol, Wogonin, and
Stigmasterol were the top 6 active compounds in YQHG. Therefore, they may be the key pleiotropic active compounds
of YQHG and exert their potential biological effects in the treatment of CKD through multiple targets. These six crucial
compounds are representative flavonoids, which have protective effects on CKD-related pathological processes. To
further verify the accuracy of network pharmacology, the binding affinity between the six active compounds and hub
proteins (TP53, AKT1, RELA, IL6, MAPK1, ESR1) was analyzed by molecular docking method. The results indicated
that compounds with the best binding mode to the six targets were Quercetin, Kaempferol, Luteolin. Quercetin has been
shown to exert multiple pharmacological activities, such as anti-inflammatory, anti-oxidant, anti-fibrosis, anti-thrombotic,
anti-tumor and vasodilation effects.”® Among these pharmacological activities, the potential of Quercetin to reduce the
occurrence and development of CKD by alleviating tubulointerstital fibrosis has also been continuously reported. It is
reported that Quercetin was able to alleviate TGF-B-induced fibrosis in kidney tubular epithelial cells by suppressing
miR-21."" Notably, Quercetin is currently in a clinical trial for treating diabetic nephropathy. The above studies provide
an important basis for further clinical research of YQHG on CKD.’? Kaempferol significantly reduced kidney inflam-
mation, fibrosis and dysfunction in mice with streptozotocin-induced diabetic nephropathy.>® Luteolin was reported to
ameliorate glomerular sclerosis and interstitial fibrosis in mice with diabetic nephropathy.’* More importantly our results
suggested that IL6 may serve as a potential target of YQHG against CKD. First, our data showed that the binding affinity
of Quercetin to IL6 was less than —5 kcal/mol, indicating that they possessed good binding activity. In addition, previous
studies reported that the reduction of IL6 expression may contribute to alleviate tissue inflammation and fibrosis in CKD
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rats.>>>® Our current study found that YQHG treatment decreased the expression of IL6 in kidney tissue, which was
consistent with previous results. The above results provided a good clue that IL6 may become a potential target of YQHG
against CKD.

The efficacy of TCM herbal treatment is closely related to its influence on the profile of gut microbiota. The active
compounds of TCM herbs may not only directly regulate host cell activity, but is also metabolized by gut microbiota.’”>®
Therefore, the disordered gut microbiota may affect the efficacy of TCM herbs in treating diseases. Notably, the gut
microbiota of rats treated with YQHG was reshaped in our study, which was characterized by a decrease in the ratio of F/
B. The reduced F/B ratio was often considered to be an indicator for the restoration of gut microbiota balance, which had
been reported in previous studies.’®>*%" Therefore, the results suggested that the protective effect of YQHG may be
partly attributed to the mediation of the gut microbiota. Based on the microbiota-transfer study (co-housing and fecal
microbiota transplantation), future studies need to verify how the gut microbiota mediates the therapeutic effect of

YQHG on CKD and to explore its impact on these key active compounds and targets.

Limitations

(1) However, CKD can result from multiple causes (for instance diabetic nephropathy is not the same as autoimmune
disease-related CKD etc.) and therefore the key active compounds and targets of YQHG will need to be tested in
additional models. (2) Moreover, current animal/cell models could not replicate all the features of human CKD. Staining
these markers in human samples or detecting their expression levels in CKD patients will be the focus of follow-up
studies. (3) The liver function, blood count and other related parameters of the treated rats can be tested to comprehen-
sively evaluate the safety of the drug. The six active compounds of YQHG for the treatment of CKD were based on
network pharmacology and molecular docking, and more extensive experiments (eg, plasma concentration determination

of the six active compounds) will be required to provide more evidence in the future.

Conclusion

In summary, we explored the potential mechanism of YQHG against CKD based on network pharmacology and
experimental validation. Our preliminarily conclusion is that YQHG can be used for treating CKD by regulating the
pS3 signaling pathway, and inhibiting the expression of PTGS2, IL6. Notably, the homeostasis of gut microbiota was
closely related to the therapeutic effects of TCM on diseases. The present results showed that YQHG was a potential
regulator of gut microbiota by reducing the F/B ratio. Our current finding suggests that YQHG may become a novel
promising TCM granule for the treatment of CKD. It would be interesting if YQHG is also effective for acute injury,
which is worth exploring further. At the same time, we propose that the “Compound-Target-Gut microbiota” databases
based on TCM herbs can be constructed in the future.
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