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Purpose: This study investigated the mechanism of TSF in treat
experimental validation.

.9.1 software for network topological analysis. The

atform. Metascape database conducted enrichment analysis

Results: The network analysis show twork targeted 24 important targets and 149 significant pathways. TSF
might have an impact by focusin, ives such as TP53, PTEN, AKT1, BCL2, BCL2L1, PINK-1, PARKIN, LC3B, and
NFE2L2, along with various Our findings demonstrated that TSF effectively repaired the structure of
mitochondria in db/db mij nhanced the mRNA levels of PINK-1. WB and IHC findings indicated that TSF had
a notable impact on RKIN signaling pathway in db/db mice, significantly increasing LC3 and NRF2
expression

Conclusion: Our r TSF effectively addresses DN by activating the PINK-1/PARKIN signaling pathway and
enhancing

Keyworg @ etes nephropathy, network pharmacology, mitophagy, PINK1/Parkin pathway

Diabetic Nephrdathy (DN) is widely recognized as a significant contributor to end-stage renal diseases globally.' The
prevalence of DN in China also shows a rapid growth trend. From 2009 to 2012, the prevalence of diabetic nephropathy
in patients with type 2 diabetes in China was 30—50% in community patients.” Early identification, regulation of blood
sugar levels, and strict control of blood pressure are the currently recommended approaches for managing DN, with
a preference for utilizing angiotensin-converting enzyme inhibitors/angiotensin receptor blockers.* However, it is well
known that the progression of DN involves multiple mechanisms, such as the elevated activity of polyol and hexosamine

pathways, excessive advanced glycation end products (AGEs), and protein kinase C (PKC) isoforms, and inadequate
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antioxidant defense.”® These pharmacological treatments for DN may not effectively delay diabetic kidney damage in
many clinical practices.

In the past few years, a growing amount of research has examined the significance of mitophagy in DN.”*® Mitophagy,
a specific type of autophagy responsible for eliminating damaged or surplus mitochondria, is crucial for maintaining the
balance of cellular energy and is involved in kidney function.® According to recent studies, it has been indicated that as
kidney damage advances, mitophagy may become overwhelmed or hindered, resulting in the accumulation of mitochon-
drial fragments and ultimately causing the death of cells.® This is confirmed in previous studies. In the model of type 1
diabetes in Ins2+Akita] mice, the renal function and tubular interstitial fibrosis could be enhanced by administering
MitoQ orally. This enhancement is strongly associated with the upregulation of PINK/Parkin pathways, which are crucial
in regulating mitophagy in renal tubules.”* In the db/db mouse, activating PINK 1/Parkin signaling by Astragalus could

safeguard the kidneys against inflammation injuries.”'? These prove the pivotal roles of the PINK in pathway as

controls mitophagy and the PINK1/Parkin pathway.
Traditional Chinese medicine (TCM) has extensively treated DN and has shown

for all herbal studies in this work. A prior investigation indicat
function in individuals diagnosed with DN.'> Neverthelas

remains uncertain.

(Radix Stefs
parameters are

: 2)”’, “Taoren (Semen Persicae)”, and “Da Huang (Radix et Rhizoma Rhei)”. The set
ollows: oral bioavailability (OB) must be equal to or greater than 30%, and drug-likeness (DL) must
be equal to or greaW@athan 0.18. To forecast the potential targets of the candidate ingredients, TCMSP and Swiss Target

Prediction (http://swisstargetprediction.ch/) were employed. The UniProt database standardized the target nomencla-

ture (https://www.uniprot.org/).

Screening of DN and Mitophagy-Related Targets
The potential genes that DN and mitophagy may affect were acquired from the Online Mendelian Inheritance in Man
(OMIM) database (https://omim.org/); DisGeNET database (https://www.disgenet.org/); Pharmacogenetics and

Pharmacogenomics Knowledge Base database (PharmGkb), (https://www.pharmgkb.org/), DrugBank (https://go.drug
bank.com/) and the Therapeutic Target & Drug Data (TTD) database (https://db.idrblab.net/ttd/).
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Figure | The study flowchart. Schematic diagram of the integrated pharmacology strategy approach th i i of components, network analysis,
molecular docking and vivo experimental verification to investigate the mechanisms of TSF treatmen

Construction of the TSF-Component-Target

Protein-Protein Interaction (PPI) Network
By creating a Venn diagram, we acquired the common targef@of the TSFhen treating DN. Cytoscape 3.8.1 software
was used to import data regarding the active compogent of the
a PPI network, the overlapping goals of TSF and D the STRING database (https://cn.string-db.org/).

ytoscape 3.8.1 software was utilized to acquire the

A threshold of 0.90 was set for the minimum interact
PPI network graphs of TSF for DN.

GO and KEGG Enrich
The identified shared target
which includes the Kyoto

F Components and DN Targets
ed into the Metascape Database (http://metascape.org/) for Annotation,

as “H species”. The mog@hi outcomes from GO and KEGG enrichment analyses were filtered based on their

Penerated small molecule compounds, specifying a maximum of 10,000 iterations. The crystal
portant targets screened in the previous step were obtained in PDB format using the RCSB PDB database
brg/). Next, the surflex-dock geom docking mode in Sybyl-X 2.1.1 was employed to prepare ligands and

proteins for molecular docking. Furthermore, the outcomes of the molecular docking were visualized using Pymol 4.6.0
software.

Experimental Validation

After a week of acclimatization, the average body weight of the db/m mice was 22.30 + 1.20 g, while the db/db mice had
an average body weight of 43.95 + 3.24 g. We divided 24 db/db mice into three groups randomly: the model group (db/
db, n = 8), the low-dose treatment group (db/db + L-TSF at 6.79 g/kg/d, n =8), and the high-dose treatment group
(db/db + H-TSF at 20.36 g/kg/d, n =8). Eight mice (n =8) were used as the control group in the experiment. We provided
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a high-fat diet to db/db mice for eight weeks. Throughout the investigation, every mouse was provided unrestricted water
and food availability. We measured the animals’ physical and chemical parameters, which included weight, urine samples
collected in a metabolic cage (UACR, urine albumin-creatinine ratio), and blood samples (glucose, creatinine, urea,
blood lipid, and albumin levels). Approval for this study was obtained from the Ethics Committee of Zhejiang Chinese
Medicine University (IACUC-20210315-05). The principles of laboratory animal welfare follow the 3R principle:
Reduction, Replacement, and Refinement. We minimize the number of tests and animals used while ensuring the
quantity and accuracy of data information. GemPharmatech Co., Ltd (Nanjing, China) provided eight-week-old male
mutant diabetic (db/db) mice (LEPR gene knockout) and non-diabetic (db/m) littermates (control) (LEPR wild-type).
Abdominal dissection promptly separated and extracted the kidneys, which were then weighed and prepared
for polymerase chain reaction (PCR), Western blotting, hematoxylin-eosin (HE) staining, and electron micro-

scopic assessment. Western blotting and RT-qPCR were conducted to identify the mRNA ¢ ion levels of

analysis.

In this investigation, the subsequent substances were employed: Protein Extracti .
Protein BCA Quantification Kit (KGI lot 20211020, China), Protein Simple Kit IN (NBP-29838,
Novus Biologicals, LLC, Centennial, CO, USA), and PINK-1 (ER1706-27, Hu, ). LC3 (AG5257,
Beyotime, CHINA) and NRF-2 (NBP-29838, Novus Biologicals, LLC, i he RT-PCR primers

confirm the precision of network pharmacology findings.

Preparation of TSF
The composition of TSF consisted of “Huangqi (Radix A i @, “Danggui (Radix Angelicae Sinensis)”,
“Jixuecao (Centella asiatica (L.) Urb.)”, “Fangji (Radi S iac Tetrandrae)”, “Taoren (Semen Persicae)”, and “Da
Huang (Radix et Rhizoma Rhei)” in a proportion of 21
immersed for half an hour, boiled for half an | : Qthermal heat on two occasions, and subsequently strained.

Statistical Analyses
The information is present
SPSS version 25.0 in
Diego, CA, USA) a

variance test, assuani
determined tg

Table | Primer Sequence

Primer Sequence (5’ to 3’)

m PINKIF TTCTTCCGCCAGTCGGTAG

m PINKIR CTGCTTCTCCTCGATCAGCC
m PARKINF GAGGTCGATTCTGACACCAGC
m PARKINR CCGGCAAAAATCACACGCAG
m GAPDHF TGTGTCCGTCGTGGATCTGA
m GAPDHR TTGCTGTTGAAGTCGCAGGAG
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Results

TSF Active Compound and Target Gene Screening and Identifying DN Targets

After eliminating duplicates, 44 active constituents of TSF were identified from the TCMSP database (Supplementary
Table 1). These include “Huangqi (Radix Astragali seu Hedysari)”, “Danggui (Radix Angelicae Sinensis)”, “Jixuecao
(Centella asiatica (L.) Urb.)”, “Fangji (Radix Stephaniac Tetrandrae)”, “Taoren (Semen Persicae)”, and “Da Huang
(Radix et Rhizoma Rhei)”. Fifteen components of Huangqi, two components of Danggui, two components of Jixuecao,
two components of Fangji, nigh components of Dahuang, eighteen components of Taoren. The prediction of target TSF
was conducted using the TCMSP and Swiss Target Prediction databases. The UniProt database was utilized to
standardize the names and eliminate duplicates, resulting in 226 marks (Supplementary Table 2). We used OMIM,
DisGeNET, DrugBank, and TTD databases to explore the genes associated with “Diabetes kidney disease or Diabetic

Mitophagy”, we utilized the TSF target intersection. We obtained a total of 24 intersg@pion ¥ . (Figy@e 3A).

Interactions Using TSF
The String database imported 24 commonly known TSF and DN t i rgets, with a restriction to

network, resulting in the acquisition of the PPI network grap i y in TSF. The PPI network graphs
contained 24 nodes and 348 edges, exhibiting an average no nd an average local clustering coefficient of
0.806. The top 10 targets were TP53, PTEN, AKT1, BCL 1A, MAPKI1, TGFB1, MAPK14, PARPI
(Figure 3B and Supplementary Table 4). Cytoscape, ware w onstruct the “drug (TSF)-components-target-

disease (DN and mitophagy)” network and to scr ive components of TSF for DN treatment, as shown in

DH6

DH2 DH DH8
DH4 DH5
DH7
CL2  CCNBI  PTGS1 ~ JUN  ADRAID  KLF7 F10 IFNG  CHEKI MBLACI GABRAS  ESR1
RASSF1  VEGFA CHRM1 ADHIB CASP8  IL1A  HIFA  DIO1  TP53  HK2  EGRR  ACHE
CXCL2  IL1B PLAT  CA2 CHRNA7 DPP4  HSPBI CYPIAl PCOICE TOP2A  IGFBP3  HTR3A
ICAM1 CHRM4 E2F2 ADRA1A  PPARD EIF6. NCOA1 BAX SPP1 CHUK NCOA2 KDR TR1G
TR5 -~ TR7
GSTP1  CXCL11 SLC6A4 CYPIBI IGHG1 PPP3CA ADRA2C CASP3  CDC2  F2R  CXCL10  PARP1
CHRNA2 DRD1 CDKN1A INSR  TOP1  HSF1  MAOA NKX3-1 ~NCF1  PPARA  NR1I3  HMOX1 TRa . TRE
MMP2  AKT1 GABRA3 PRSSI  RRB  ELKI CYPIA2 ADRBI PRKACA RELA  ALOXs  ODC1 TR2 TR13
GABRA1 COL3A1 SLC2A4 SCNSA CLDN4  GIC1  CAV1 BCL2L1 PPARG  TGFBI AKRIC3 NOS2  MET  GRIA2 TR14 TR TR3
STAT1  ADHIC NFKBIA ~ POR  CASP9  DAT1 SLC6A3 OPRD1  cobT ~ TP63  IRF1  MMPY CYP3Ad  F3 S &
TNFSF15 ERBB2  ERBB3 MAPK14 SERPINET OLR1 F7 TFAP1  NPEPPS DCAF5 RUNX2 CHRM3 PDE3A  HSPAS TR9 TR15
PKIA CHEK2 PGR PON1 CRP AHR CALM1 ccL2 CTRB1 XDH MAP2 PCNA PIK3CG  SULT1E1 B N
TR12 TR17
AR KBKB  ACPP  FASN  AHSAT OPRM1 PYGM  RAF1  E2F1  PTGS2 CCND1 PSMD3 NR3C2  gyrB

GSTM1 GABRA2 ABCG2 PRKCB HSP90AB1 ACACA ~ RB1  PTGER3 PTEN  LYZD2 CXCL8  HERCS [[¥] SoD1
CHRM2  PRKCA  HAS2 IL10  PRKCE  FGFR4  ACP3 L6 MAOB  NR1I2 CHRMS5 MMP1  GSTM2 ADRA2A SULT1A3

ESR2  ADRB2  FOS SLPI PLAU  DUOX2 CDKN2A BIRC5 ADRATB MPO  HTR2A  RXRA RUNXIT1 PTPN1  MAPK1

oGt DG-Y--Y-

Figure 2 The network of the relationship between the active ingredients and the targets of TSF. A represents the common ingredient that HQ and JXC share. B represents
the common ingredient that HQ and TR share. C represents the common ingredient that DG, DH, FJ, and TR share. The rectangle inside each traditional Chinese medicine
represents all the gene targets of TSF.

Abbreviations: HQ, huanggi; DH, dahuang; TR, taoren; JXC, jixuecao; FJ, fangji; DG, dangui.
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Figure 3 Screening of critical tar; . (A) Venn diagram of targets among DN, TSF and Mitophagy. (B) Results of PPl network analysis of TSF
interfering with the intersecti nn diagram. (C) Through PPl network mapping, results of drug (TSF)-components-target-disease (DN and mitophagy)
network. A represents the com i that HQ and JXC share. C represents the common ingredient that DG, DH, F), and TR share. The green nodes represent the

common targets shared with DN

Enrichment Analysis
The GO enrichment analysis identified a total of 1824 biological processes (BPs), 76 cellular components (CCs), and 94

molecular functions (MFs). The main focus of this work was on the enrichment of BPs in the regulation of pathways that
lead to cell death, modification of peptidyl serine, regulation of internal pathways that lead to cell death, response of cells
to chemical stress, and internal pathways that lead to cell death; CCs were mainly found at the cytoplasmic side of the
membrane, in cell projections bound to the plasma membrane, in cytoplasmic projections of neurons, in the nuclear shell,
and in cytoplasmic compartments; MFs primarily included binding to DNA-binding transcription factors, binding to
transcription factors specific to RNA polymerase II and DNA, binding to protein phosphatase 2A, activity of forming
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Table 2 The 5 Core Ingredients of TSF

Mol ID Molecule Struture OB DL Degree | Source
MOL000098 | Quercetin 46.43 0.28 31 HQ
o o xc
PP
f /IJET,
0”7 7o ‘; )
MOL000358 | Beta-sitosterol 36.91 0.75 20 TR, FJ
. DG
\’/ .’L‘/
SO
MOL000422 Kaempferol 4].88 .24 Q
S
L
MOL00047 Aloe-emodin 83. 0.24 7 DH
MOL001368 | 3-Oq 37.86 0.38 3 TR

ith proteins, and binding to phosphatases (Figure 4A). The analysis of KEGG pathways resulted in 149
re found to be significant. The five most significant KEGG pathways included the AGE—RAGE
signaling pathway in diabetic complications, Apoptosis, Autophagy—animal, Chronic myeloid leukemia, Endocrine
resistance, Fluid shear stress, and atherosclerosis Hepatitis B. The target-pathway network was built with the DN-
mitophagy-related pathways (Figure 4B, Table 3). Each pathway interacted with the common targets, indicating that TSF
could treat DN-mitophagy through multiple pathways.

Molecular Docking
The DN study revealed the involvement of mitochondria and autophagy in multiple biological processes and signal
pathways. Molecular docking was performed with the top 5 compounds and the top 5 core targets (TP53, PTEN,
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AKTI1, BCL2, and BCL2L1), as well as targets associated with mitophagy (PINK-1, PARKIN, LC3B, NFE2L2
[NRF2]). NFE2L2 and NRF2 are two names for a protein. (https://www.genecards.org/). The selection process

identified these compounds for the analysis. Typically, a binding energy below —7 signifies a strong attachment of
the compound to the target. Molecular docking ability score was shown in Figure 5. The findings indicated that
Kaempferol strongly binds to the LC3B target, with a binding energy of —8.9 kcal/mol. It also displayed a similar
strong binding affinity to the PARKIN target, with a binding energy of —8.9 kcal/mol. Furthermore, Aloe-emodin
demonstrated favorable binding to the PINK1 target. LC3B, PARKIN, and PINK1 exhibited strong affinity for each
component from the target’s perspective, with a binding energy below —7 kcal/mol. Aloe-emodin and Kaempferol
showed a robust binding relationship to all targets except NRF2, a signaling factor, with a binding energy below —7
kcal/mol, as observed from a compound standpoint. The visual analysis findings showed that the compounds were

attached to the amino acid pockets of each protein and established hydrogen bonds, van der W; ces, and Pi-n

forces with amino acid residues. (Figure 6) (Supplementary Table 5).

Effect of TSF on Physical and Chemical Tests in DN Mice
The study found that the db/db+vehicle group had significantly higher bod, i cose (Glu),
Creatinine (Cr), Total cholesterol (Tch), Urine albumin-creatinine ratio (AC apoprotein (LDL),
Triglyceride (TG), and Blood Urea Nitrogen (BUN) levels compared to norma ) (P< 0.05). The
level of albumin (Alb) was significantly elevated in the db/db+vehicle
group) (P< 0.05). Following the administration of TSF medication, both

ow dose and high-dose groups

A GO R¥sults of @hree Ontologies
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Figure 4 Continued.
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Figure 4 The GO and KEGG enrichment analysis of critical t; richment analysis includes Cell assembly [CC], Molecular function [MF] and Biological

process [BP]. (B) The top 30 KEGG signaling pathways.

els compared to the vehicle group (P< 0.05). The levels of Alb were
ed to the db/db+vehicle group (P< 0.05). LDL and BUN levels were

exhibited a decrease in Cr, Tc

pvalue GenelD
1.54299E-13 | BCL2/BAX/TP53/AKTI/MAPK8/VCAMI/PPP3CA/MAPK 14/
BCL2LI/MAPKI/NFE2L2/CHUK
2.26726E-13 | PRKACA/BAX/TGFBI/TP53/AKT I/MAPK8/PPP3CA/BCL2LI/
MAPK /CHUK/CDKN2A/PTEN
hsa05212 9 3.5362E-13 BAX/TGFBI/TP53/AKT I/MAPK8/BCL2LI/MAPK I /CHUK/
CDKN2A
hsa01522 | Endocrine resistance 9 3.76621E-12 | PRKACA/BCL2/BAX/TP53/AKT I/MAPK8/MAPK |4/MAPK I/
CDKN2A
hsa04933 | AGE-RAGE signaling pathway in 9 4.53749E-12 | BCL2/BAX/TGFBI/PRKCD/AKT I/MAPK8/VCAMI/MAPK 14/
diabetic complications MAPK
hsa05161 | Hepatitis B 10 1.03169E-11 | BCL2/BAX/TGFBI/TP53/PCNA/AKT I/MAPK8/MAPK |4/
MAPK |/CHUK
hsa05220 | Chronic myeloid leukemia 8 2.38477E-11 | BAX/TGFBI/TP53/AKTI/BCL2LI/MAPK I/CHUK/CDKN2A
(Continued)
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Table 3 (Continued).

ID Description Count | pvalue GenelD

hsa04210 | Apoptosis 9 7.52012E-11 BCL2/BAX/TP53/AKT I/MAPK8/BCL2L I/MAPK I/PARP1/CHUK

hsa05418 | Fluid shear stress and atherosclerosis 9 9.16067E-11 BCL2/TP53/AKT I/MAPK8/VCAMI/MAPK14/CAV I/NFE2L2/
CHUK

hsa04140 | Autophagy - animal 9 1.04228E-10 | PRKACA/BCL2/PRKCD/AKT I/MAPK8/BCL2LI/MAPK 1/
HIFIA/PTEN

hsa05208 | Chemical carcinogenesis - reactive 10 2.47611E-10 | PRKCD/AKT I/MAPK8/MAPK 14/MAPK I/HIFI A/NFE2L2/

oxygen species CHUK/PTEN/PTPNI

hsa05225 | Hepatocellular carcinoma 9 5.0321E-10 BAX/TGFBI/TP53/AKT I/BCL2L1/MAPK I/NFE2L2/CDKN2A/
PTEN

hsa05145 | Toxoplasmosis 8 5.64739E-10 | BCL2/TGFBI/AKTI/MAPK8/MAPK | 4 PK |/CHUK

hsa05131 | Shigellosis 10 6.7595E-10 BCL2/BAX/TP53/PRKCD/AKT I/} 2L1/
MAPK/CHUK

hsa04071 | Sphingolipid signaling pathway 8 9.20109E-10 | BCL2/BAX/TP53/AKTI/ N
hsa04722 | Neurotrophin signaling pathway 8 9.20109E-10
hsa01524 | Platinum drug resistance 7 9.94197E-10
hsa05167 | Kaposi sarcoma-associated herpesvirus | 9 1.81211E-09
infection
hsa05210 | Colorectal cancer 7 3.20186E-09
hsa04010 | MAPK signaling pathway 10 3.68884E-09
hsa05235 | PD-LI expression and PD-I checkpoint | 7 4.08347E-09
pathway in cancer
hsa05170 | Human immunodeficiency virus | 9 3.97133E-09
infection
hsa05222 | Small cell lung cancer 7 5. CL2/BAX/TP53/AKT I/BCL2LI/CHUK/PTEN
hsa05163 | Human cytomegalovirus infection 9 6.70 A/BAX/TP53/AKT I/PPP3CA/MAPK | 4/MAPK I /CHUK/

CDKN2A
TGFBI/TP53/AKT I/PPP3CA/MAPK 14/MAPK | /CDKN2A/PTEN
PRKCD/AKT I/MAPK8/PPP3CA/MAPK I 4/MAPK I/CHUK

hsa04218 | Cellular senescence

hsa04625 | C-type lectin receptor signaling
pathway

hsa04659 | Th17 cell differentiation
hsa05152 | Tuberculosis
hsa05218 | Melanoma
hsa04115 | p53 signaling path

1.59615E-08 | TGFBI/MAPK8/PPP3CA/MAPKI4/MAPKI/HIFIA/CHUK
2.46069E-08 | BCL2/BAX/TGFBI/AKTI/MAPK8/PPP3CA/MAPK 4/MAPK I
4.33288E-08 | BAX/TP53/AKTI/MAPKI/CDKN2A/PTEN

4.712E-08 BCL2/BAX/TP53/BCL2L1/CDKN2A/PTEN

6

Effect of T
The db/db

ical Changes in DN

aracteristics of DN in HE staining, such as glomerular enlargement and alterations in the
loops revealed inadequate opening, while the tubular epithelial cells appeared swollen and
. The h1stolog1cal lesions in the db/db+TSF-L (low dose) and db/db+TSF-H groups (high dose) were
considerably reduc&@gompared to the vehicle group. Following the implementation of TSF, there was an enhancement in
glomerular hypertrophy and an amelioration in the augmented thylakoid matrix compared to the db/db group.

Using an electron microscope, the glomerular podocyte structure and renal tubular mitochondrial ultrastructure were
examined in all the mice. Compared to the control group, the group of vehicles exhibited localized thickening of the
glomerular basement membrane, disarrayed podocyte formations, and significant swelling along with extensive fusion of
podocytes. Following the administration of the medication, there was a notable enhancement in peduncle fusion in both
the TSF-L (low dosage) and TSF-H (high dosage) groups compared to the control group. In addition, the group of

vehicles exhibited evident damage to the cellular structure, a reduced number of autophagic vesicles, and a disrupted
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Figure 5 Binding energy heatmap of molecular docking between core ingredients and key targets. Each row represe
ingredients.

epresent five core

organization of mitochondria compared to the normal group. Significantly, ing@yncrease in autophagic
vesicles observed in both the low dose and high-dose groups, suggestin

Furthermore, the utilization of transmission electron microscopy isti agic vacuoles surrounding
mitochondria in both the low dose and high-dose cohorts, in contrast to the c 1 group. The data suggested that TSF

stimulated mitophagy in the DN mice (Figure 8).

The Impact of TSF on the Concentrations & PARKIN/PINK-1, LC3, and NRF-1I in
Mice with DN

As shown in Figure 9A and B, the expression leve

INK-1 in the kidney tissue samples were markedly
decreased in the vehicle group compared to the (P<U7001). Following the administration of the medication,
there was a notable increase in the exprg P K-1 mRNA in kidney tissue samples from both the low and

high dose groups compared to the " 5). Furthermore, the mRNA levels of PARKIN exhibited

a significant increase in the high- d to the vehicle group (P< 0.05). As shown in Figure 9C and D,
the expression of the PINK-1 r in the high dose group when compared to the vehicle group. Despite an
upward trend in renal PA in both the low dose and high dose groups compared to the vehicle
group, no statistically ce was observed. Significantly, the expression of PINK-1 protein in the high
dosage group show llowing treatment compared to the model group (P< 0.05). This suggests that
TSF triggers mi diated by PINK-1/PARKIN in db/db mice. Immunohistochemical analysis additionally

validated thatgth otably enhanced the levels of PINKI1 and Parkin in the kidney of db/db mice,
comparedd¥ the Figures 10A, 11A and Figures 10B, 11B). In the kidneys of the normal group, LC3
and N & used®as indicators of mitophagy, were higher than in the vehicle group. Following administration
of the offon, and NRF-2 exhibited an increase in both the low and high-dosage groups, compared to the

igures 10C, 11C and Figures 10D, 11D).

Discussion

This study investigates the mechanism of TSF in treating DN using network pharmacology. TSF has been a commonly
prescribed treatment for DN for decades. Nevertheless, further investigation is required to understand the appropriate
mechanism. Through screening the TCMSP database and supplementing with literature, 44 potential active components
of TSF for treating DN were identified. These components consist of quercetin, beta-sitosterol, kaempferol, aloe-emodin,
and 3-O-p-coumaroylquinic acid. Many of the ingredients have been demonstrated to have renoprotective activities.
Quercetin is recognized for its significant antioxidant, antiviral, antifibrotic, anti-inflammatory, and anticancer

17-19

properties. Quercetin significantly decreased the renal index, serum/plasma creatinine (SCr), blood urea nitrogen
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B pi-Sulfur
3 Pi-Alkyl

ASP-384
LEU-369

Pi-Alkyl

Figure 6 The results of molecular docking between the key ingredients (ligands) and core targets (receptors). (A) The binding effect of kaempferol and LC3B (affinity: —8.9).
(B) The binding effect of quercetin and LC3B (affinity: —8.6). (C) The binding effect of PARKIN and beta-sitosterol (affinity: —8.3). (D) The binding effect of PARKIN and
kaempferol (affinity: —8.7). (E) The binding effect of PINK| and Aloe_emodin (affinity: —8.9). (F) The binding effect of PINKI and kaempferol (affinity: —8.7).
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Figure 7 In vivo experimen
LDL. (G) Triglycerides.

intervention iNgb/db mice. (A) Body weight. (B) Blood glucose. (C) Serum creatinine. (D) Serum albumin. (E) Cholesterol. (F).
rotein/urinary creatinine). (I) BUN. *** P < 0.001; **P < 0.01; *P<0.05.

ary albumin, malondialdehyde (MDA), tumor necrosis factor (TNF)-a and interleukin
Cased the activities of superoxide dismutase (SOD) and catalase (CAT) in DN animal
ac cffects of high glucose in human mesangial cell cultures are partially suppressed by Quercetin, which
involves the sWpression of NF-kB to some extent.’* Kaempferol is a natural polyflavonol that has antidiabetic
therapeutics. Earlier studies demonstrated that Kaempferol protects the kidneys and reduces fibrotic effects in DN. It
achieves this by regulating TRAF6, thereby alleviating inflammatory responses in DN.>* Aloe-emodin, an anthraquinone
type, can be discovered in aloe, rhubarb, cassia seed, and other Chinese herbal plants.** Aloe-emodin significantly
inhibited the production of NO, IL-6 and IL-6 1 in LPS-stimulated RAW 264.7 cells.?® It also inhibited the protein
expression of inducible nitric oxide synthase, the degradation of IxBa, and the phosphorylation of ERK, p38, JNK and
Akt.*> The pharmacological effect is strongly linked to eliminating oxygen free radicals and the biological activities
against tumors.”® Aloe-emodin can bind with mTORC2 and inhibit its kinase activity.”” Aloe-emodin exerts antiproli-
feration effects and induces cellular apoptosis.”® A recent experiment conducted in vivo showed that aloe-emodin has the
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Figure 8 Changes of HE staining and ultrastructural . o- pathological changes of the kidney observed by light microscopy under HE staining in the normal,
model, low-dose YHQD and high-dose YHQD s and ultrastr8 e of glomerular pedicle cells and renal tubular mitochondria under electron microscopy.

inhibit DN througihe process of mitochondrial autophagy mediated by PINK-1/PARKIN. The PINK-1/PARKIN
signaling pathway is a significant pathway that controls the function of mitochondrial autophagy.’®*' PINK-1,
a mitochondrial protein kinase, initiates mitochondrial autophagy and acts as a sensor for damaged mitochondria,
while PINK-1 recruits PARKIN into damaged mitochondria.*> Molecular docking was conducted to confirm the
impact of TSF on mitophagy targets. The top 5 active compounds of TSF and targets of mitophagy were
interconnected, respectively. The results indicated that TSF may significantly impact the PINK-1/PARKIN signaling
pathway in DN, as the five active compounds exhibited favorable docking activities with autophagy-related targets,
particularly PINK1, PAKIN, and LC3B. Hence, additional validation tests are required to uncover the impact and
mechanism of TSF.
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the treatment, tfPlevels of Cr, Tch, LDL, TG, BUN, and ACR in db/db mice showed a noticeable decrease, while the
levels of Alb exhibited a significant increase compared to the model group. Significantly, in the kidney pathology, we
observed a reduction in glomerular hypertrophy and thylakoid matrix in db/db mice following TSF treatment, compared
to the model group. Compared to the model group, the electron microscope revealed notable enhancements in peduncle
fusion and a higher abundance of autophagic vesicles in db/db mice.

Furthermore, this investigation demonstrated that TSF enhanced the expression of PINK1, Parkin, LC3, and NRF-2,
which are proteins associated with mitophagy and promoted mitophagy itself. The involvement of PINK1/Parkin
signaling pathways in mitochondrial damage and autophagic clearance is now supported by compelling evidence.*”

PINK1 is recognized for its buildup on the external layer of mitochondria and its role in assisting the transfer of Parkin
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Figure 10 Immunof hemical staining for each group in kidney tissues. (A) PINKI. (B) Parkin. (C) LC3B. (D) NRF2.

from the cytoplasm to the mitochondria. The recruiting process leads to the ubiquitination of different substances,
resulting in the improved removal of damaged mitochondria through autophagy.>* Under conditions of low oxygen
levels, the LC3-binding domain (LBD) of BNIP3 and Nix binds to LC3 on the membrane of the autophagosome, leading
to an elevation in the phosphorylation of serine residues adjacent to the LBD region.**** The conversion of LC3-I to
LC3-I** occurs during this process. The above findings concluded that TSF could potentially hinder autophagy and
mitophagy, thereby preventing diabetic kidney injury. In vivo experiments confirmed the validity of the TSF protective
effect and its ability to inhibit autophagy and mitophagy in treating diabetic kidney injury.
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pression of PINK-1/PARKIN in the mitochondrial autophagic pathway was increased by
gests that TSF could trigger mitochondrial autophagy, potentially enhancing clinical results. This

s that TSF holds promise for therapeutic use in db/db mice by activating PINK-1/PARKIN-mediated

educed urinary protein levels, improved renal function, and inhibited pathological renal damage.

research p

mitophagy.
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