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BURADAEAE S TR X AL, DA B T B kLR B, JAKQ/STAT3 {55 A4 5 38 6 75 %0007 (1995 24 3
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Abstract

Objective: Diabetic Nephropathy (DN) is the core manifestation of diabetic microvascular complica
tions, but there are still several challenges in the clinical diagnosis and treatment of DN. Existing

studies have shown that JAK2/STAT3 signaling pathway plays an important regulatory role in the

pathophysiological process of the disease. HuangKui Capsule (HKC) and Finerenone have shown p
otential as single drugs in the treatment of DN, but the mechanism of their combined action is sti
1l unclear. The aim of this study is to explore the synergistic mechanism of HKC combined with

finerenone in the treatment of DN through network pharmacology, molecular docking, kinetic simul
ation and in vitro and in vivo experiments, with a special focus on the regulation of JAK2/STAT3
signaling pathway.

Methods: 1. Network pharmacology and molecular docking: The active components of HKC (such
as Quercetin, Myricetin, and Gossypetin) and potential targets of finerenone were screened by dat
abase mining to construct a "drug-component-target-disease” network and analyze the interaction be
tween core targets and JAK2/STAT3 pathway. 2. Animal experiments: STZ-induced DN mouse mo
del was used and divided into model group, HKC group (0.45g/kg/d), finerenone group (1.55mg/kg
/d) and combination treatment group (CDI group). After 8 weeks of intervention, 24-hour urine pro
tein, serum creatinine, urea nitrogen and inflammatory factors (IL-6, TNF-a) levels were detected,
and renal pathological changes were evaluated by HE, PAS, Masson staining and immunohistochem
istry. IF and TUNEL co-staining were used to analyze the co-localization of inflammatory proteins
(MCP-1, MIP-2) and apoptosis. qRT-PCR was used to detect the mRNA expression levels of JA
K2/STAT3 pathway genes and apoptosis-related genes in renal tissues of mice in each group. West
ern blot was used to evaluate the expression abundance of JAK2/STAT3 signaling pathway, apopto
sis-related proteins and inflammatory response related proteins. 3. Cell experiments: HK2 cells wer
e treated with quercetin (Que, 40uM), finerenone (Fine, 60uM) and quercetin +Fine (Que+ FINE,
15, 30uM), respectively. Flow cytometry was used to detect the apoptosis rate of HK2 cells. Imm
unofluorescence was used to detect the expression levels of inflammatory markers (MCP-1 and MI
P-2) in each group. The expression levels of JAK2/STAT3 pathway proteins, tubular injury marker
proteins (NGAL, KIM-1) and inflammatory proteins were detected by Western blot. The combinati
on index (CI) was calculated by Chou-Talalay method to verify the synergistic effect. Signaling pa
thway mechanism verification: The STAT3 overexpression HK2 cell model was constructed to expl

ore the regulatory effect of combined drugs on STAT3-mediated inflammation and apoptosis.
Results: 1. Network pharmacology: three core components (Quercetin, Myricetin, and Gossypetin)

and 11 key targets (JAK2, STAT3, AKTI, etc.) of HKC were screened. Molecular docking and ki



netic simulation showed that Quercetin-Finerenone had a strong binding affinity with JAK2/STAT3

(AG=—65.465 kcal/mol of STAT3-quercetin complex). 2. Animal experiment: Combination treatment
significantly reduced 24-hour urinary protein in DN mice (vs. Model group, p<0.001), improved r
enal function indexes (serum creatinine, urea nitrogen), reduced inflammatory factors (IL-6, TNF-a,
p<0.01) and pro-apoptotic genes (Bax, Caspase3/8, PARP, p<0.01), and increased the high anti-ap

optotic gene Bcl-2. Pathological staining showed that the combined treatment significantly reduced

renal tubular injury markers (NGAL and KIM-1, p<0.01), and also reduced renal tubular epithelial

cell vacuolization, nuclear exfoliation, interstitial inflammatory cell infiltration (p<0.05), interstitial f
ibrosis (p<0.01), mesangial proliferation and glycogen deposition (p<0.001). Western blot showed th
at p-JAK2, p-STAT3, Bax/Bcl-2 ratio and cleaved Caspase-3/8 were down-regulated (p<0.01) and a
nti-apoptotic protein Bcl-2 was up-regulated (p<0.05) in combined group (CDI group). 3. Cell expe
riments: Quercetin and finerenone synergistically inhibited HK2 cell apoptosis (p<0.05) and inflam

matory protein expression (MCP-1, MIP-2, p<0.05) induced by high glucose combined with LPS. I
n addition, based on Chou-Talalay algorithm, there was a synergistic effect between Quercetin and

Finerenone (combination index CI<1, indicating synergistic effect). In the regulatory mechanism of
signaling pathways, Quercetin and Finerenone synergistically inhibited the phosphorylation of STA
T3 pathway in HK2 cells induced by high glucose and LPS (p<0.05), and reduced the expression

of tubular injury marker proteins (NGAL, KIM-1, p<0.05) and inflammatory proteins (IL-6, TNF-a,
p<0.05). In HK2 cells overexpressing STAT3, high glucose combined with LPS exacerbated infla

mmation and apoptosis, which were reversed by combined treatment (p<0.01).

Conclusion: Through network pharmacological prediction, molecular dynamics simulation and in vit
ro and in vivo experimental verification, this study confirmed that the combination of drugs can ta
rget and synergistically inhibit the abnormal activation of JAK2/STAT3 signaling pathway, effectivel
y block the inflammatory cascade and apoptosis of renal tubular epithelial cells induced by high gl
ucose, and significantly reduce renal tubulointerstitial fibrosis and improve renal function in DN mi
ce. This intervention strategy provides a new theoretical basis and potential scheme for the clinical

treatment of diabetic nephropathy.

Key words: Huangkui capsule; Finerenone; Diabetic Nephropathy; Network Pharmacology; JAK2/S
TAT3 signaling pathway
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P& FEILAR H AR
HKC Huangkui capsule BRI
Fine Finerenone A7 ) i
QUE Quercetin it e 2=
CDI Combination Drug Interaction 5 25 WA LA
AOD Average optical density Y FEAE

BC Betweenness centrality Vi I
BSA Bovine serum albumin A= 13 E E
BUN Blood urea nitrogen I JR 2 A

CC Closeness centrality i ot
CKD Chronic kidney disease 18 4 ' i
BUN Blood urea nitrogen 1M R &= A
FBG Fasting Blood Glucose 7 I %

UP Urine Protein JREEH
KWI Kidney Weight Index B AR

UPCR Urine Protein-to-Creatinine Ratio PR 8 /UL B AR
DC Degree centrality JE HO P
DM Diabetes mellitus B R I
DN Diabetic nephropathy B R
EC Eigenvector centrality REAIE r) & o 1
ECL Enhanced chemiluminescent Homib s Rt
ECM Extracellular matrix il b e 95
EMT Epithelial-Mesenchymal Transition bR -Ta) AL
ESRD End stage renal disease LRI
GFR Glomerular filtration rate (SRANSE ST SUE
HRP Horseradish peroxidase A S AL Y
[HC Immunohistochemistry H B H AL

IF Immunofluorescence Fo e

TUNEL Terminal deoxynucleotidyl transferase dUTP nick end labeling JRAL A S 5 ¥ B AR i BOR

FITC Fluorescein Isothiocyanate MR KR
PI Propidium Iodide HLAL PR IE
7-AAD 7-Aminoactinomycin D T- 2L F R D
APC Allophycocyanin A
JAK2 Janus kinase 2 HHRAREE 2
LAC Local average Connectivity Jr s P 3y i A
MDS Molecular dynamics simulation G381 AR
MD Molecular Docking IR
NP Network pharmacology K] 24 247 3 2
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ES & ] PR H AR
PTPs Protein tyrosine phosphatases B PR R
PEW Protein-energy wasting EH A ETHFE
PBS Phosphate buffer solution B IR Eh 2 ik
PFA Paraformaldehyde EZ L
PAS Periodic Acid-Schiff stain B IR Gt
RMSF Root mean square fluctuation YITT R 5h
RG Radius of gyration =] g A%
MRA Mineralocorticoid Receptor Antagonists £ H R 2 AR RS P
STZ Streptozocin TR B 2R
STAT3 Signal transducer and activators of transcription 3 SR SRERIEHET 3
BCL-2 B-cell lymphoma 2 B 20wtk 258 2
BAX BCL2-associated X protein BCL2 % X & H
Caspase Cysteine-aspartic acid protease SN
PARP Poly (ADP-ribose) polymerase R R R G
KIM-1 Kidney injury molecule-1 B 1
NGAL Neutrophil gelatinase-associated lipocalin e PR B S A O i 5 1 28k 2
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NLRP3 NOD-, LRR- and Pyrin Domain-Containing Protein 3 NLR K% Pyrin 385 1 3
PI3K Phosphoinositide 3-Kinase BERR LT 3-
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PEIK (Diabetes mellitus, DM) s —Fh DL & 25 43 WA BRI B 52401 5 B0 1 4 = i
PEARAE AR ZEEL . RIFEIEHIRRERR B oI i 2 SR EIE, Fral&miR, 5. M
EMMAERG. EXEIFREF, FEKP'E R (Diabetic nephropathy, DN) & —Ff/®%
H M RIERI, 2SaRKIEHENZRE R (End stage renal disease, ESRD) [
FHEJFRM, T HIARZE, DM Sl SR E R AL DA NS . BOFiiiT 2= 2
R, 2021 FEATER 20-79 F NBERE R B R 23X 10.5%, BIW NHokET 5.36 1212, 1%
PEACEE SOREANZH iU T-7E DN #EfE it 2R . & MRS A 7xB (nuclear factor
kappa-B, NF-kB) #1 NLR %% Pyrin 85 3 (NOD-, LRR- and Pyrin Domain-Cont
aining Protein 3, NLRP3) ZAE/NAIEEE, HI04E 2 40 M K1 (Mg A ZE A To (Tumor
necrosis factor-alpha, TNF-a). HAHI/ 2 1B(Interleukin-18, IL-18). HAIMENZE 6 (1
nterleukin--6, 1L-6), Fifh'E/NERN SZ A0l R A0AEATE/NE bR anpBl, sbab, mbEn]
i BCL2 #H26¢ X S5 /B 4k 298 2 (BCL2-associated X protein/B-cell lymphoma
2, Bax/Bcl-2) WAH, & F-HERANE 3 (Cysteine-aspartic acid protease-3, caspase-3)
R B /INE bR A A AR AL BT RS, AR TR T N ERE bR
B, B /NERJE T R R 2 DN AR SCER (A JR ) 8 R R 1,

XF T DN AL S8 AT 700 A 228 b T B /N ER I SO e T b, T 2208 1 3 il N
FEGR B R RAEIE R, R B /NSRS IE R B2, (RS AT ReA &0 PR B B
W FERERZ, AR AE DN KER EZER RS GFRERY, &k 51%H
B PR SR AR B ARG DL N AT Re A B ED, 29 7%0) BE T - NE RS
FHAC BTG T Re () B /N ERZE S, DRI /N 450 405 T e R ST T B /N BRI AR ) L S B B
o B2 1R E PR AT IS JLETE B 28 52 UM ORI S B /N BRIV IE 28,
e AL B, B NE S AT I 55 0 ME T A A sh R iR . B T AR SRR A
Ah, B INE L ET DA SR R S SOE AR . B INE L R A e A gk 51 & R
NI ThRERRAS B /NERAG . RIS AORE RN LT 4E AL IR R IE IR, I B AETh e T R0,
PRI, EFX0HEINER AR AT T, 0T 2842 DN Rt R A E 2= .

W 2 3 2% % (Huangkui capsule, HKC) & H12555%)%% (Abelmoschus manhot
(L.) Medic.) FIARAEMHIR, XZGWMAAES N (EZHET: 2199900400 , &A%
2k MRS AT iR RSREAEMEEN IR . IWIRE SR, HKC
XIIEPEE NERE 26 IgA B A DN B3 IR JORE . 98D 8 B IR R S S Dhae i1E
FHU, #it2 22 (Quercetin, Que) A& HKC £ EyE M 7, v BERR VLS 3-1 e/ 22
IR/ & IRPLEE (Phosphoinositide 3-Kinase/Threonine Kinase AKT, PI3K/AKT) 1§85



