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Abstract

Objective: Jiaweishenqitangdihuangtang is an empirical formula developed by Professor Zhang Pei-
qing for treating chronic kidney disease (CKD). Recent findings indicate its efficacy in restoring re-
nal function following acute kidney injury (AKI) in CKD patients. This study employs network phar-
macology to elucidate the molecular mechanisms underlying Jiaweishenqidihuangtang’s therapeu-
tic effects in AKI on CKD. Method: The active components Dangshen, Huangqi, Shudihuang, Shan-
zhuyu, Shanyao, Fuling, Zexie, Mudanpi, Tufuling and Yiyiren were obtained through the Traditional
Chinese Medicine System Pharmacology Database and Analysis Platform (TCMSP). Using the Swiss
Target Prediction molecular prediction platform to forecast the action targets of active components
in traditional Chinese medicine, we retrieved acute kidney injury (AKI) and chronic kidney disease
(CKD) from the OMIM and GeneCards human disease databases, respectively. The target proteins
associated with both diseases were intersected to identify key impact targets. Identify the molecu-
lar targets of traditional Chinese medicine for acute kidney injury occurring on the basis of chronic
kidney disease by intersecting the predicted target sites of traditional Chinese medicine with the
common target sites of both diseases. Constructed protein-protein interaction (PPI) networks and
disease-target networks for traditional Chinese medicine using the STRING database and Cytoscape
3.7.2 software. Performed KEGG and GO enrichment analyses on the overlapping functional targets
to predict their specific mechanisms of action. Results: Screening identified 140 active components
from traditional Chinese medicine, 909 drug targets, 4280 disease process targets, and 432 key
drug-disease targets. In GO enrichment analysis (P < 0.05), the predominant biological processes
were: positive regulation of Kinase activity, peptidyl-tyrosine phosphorylation, peptidyl-tyrosine
modification etc.; CC: membrane raft, membrane microdomain, focal adhesion etc.; MF: transmem-
brane receptor protein tyrosine Kinase activity, protein tyrosine kinase activity, transmembrane
receptor protein Kkinase activity etc. KEGG enrichment analysis (P < 0.05) identified 198 relevant
pathways. After screening based on the magnitude of influence, 10 signaling pathways were se-
lected: the MAPK signaling pathway, EGFR tyrosine kinase inhibitor resistance, the PI3K-Akt signal-
ing pathway, the cAMP signaling pathway, and others. Among these, the MAPK signaling pathway
exhibited the most significant influence. Conclusion: Using network pharmacology approaches, we
have preliminarily identified key targets in the molecular mechanism underlying Professor Zhang
Peiqing’s treatment of acute kidney injury superimposed on chronic kidney disease. This provides
a theoretical basis for subsequent scientific research and clinical treatment.
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1. 5]

2 1% "5 JIF 9% (Chronic Kidney Disease, CKD)sE X AHFE: 3 AN H f LA b &Ff i BX] 5 62 i 15 I 45 44 B D e
S [1]. AERBIR M EIR, 2017 45 CKD 23K ERELN 9.1%, >20 & HIRAE A, 59 CKD 1
SRR HREAL R 260 10.4%, Lol 11.8%. TiAEH E, N CKD ANEUE W & A, E5 20 8%~15%.
Tk ZHENBEER B . E CKD AW AR AR A B, (FARE 2 skia R E N 7e, HK
R WAEIZE ETH[2] [3]. Ak BF 45455 (Acute Kidney Injury, AKI) /&5 B DhBELE 46 I 8] Py (G BRI &
FIR B, SEURHIEYIWERE . 7K AR T 3500 B FRmT 1 2k 1 1) — FRIG PR 25 G AiE s & — i 0L 00 fes EOAE
BAERWZER. G, GHEERMEES, CRONEERIEEN M AL DA R R[4]. AKI IR RZRES
BRYGREI N 2 ETHkass . 2R AKI ZET- 0 ABGHT 200 75746, EEREE F AKI RS RIEE, X
A4 16.7%011 AKI d i [H BRz 73 25 (1CD-10) bk, SR 4™ LAl . CKD 5 AKI Z i H &%
DI 181 B W it b i) 2ok B 451475 (AKI on CKD), CKD 2 kK4 AKI IR 5 s, HoUG o8 %
M H AKI R R RPET R B8 m, HRE CKD B, RizXE, SR Z B8 KRS8 s
7Bk S BURE IS A R[5][6]. #HT7T AKIon CKD IRkt fE, &Fxf IS K iayT T-BAImE 5t & b
.

(EHNG) = “IESAEN, WATTs g, HA0E. 7 EARRIUNABIRSL, B,
R CAEE SR (FHRR) RSB . AW BRI SE o, ARSEE R, MR, B mi, KR
S, DUBSEMIEIR R I (7] HORTE AR RSE, 1097 ERLL “aHbs, ZMaHA” NN,
BNkt B ZR[8] [91IA A AKI bR SR i LAR TR 18 = 45 2 BUD FHARA 8 F(87%),  #CH IR IR
AR DR JER = EVRIRTT, WA VSN, 19T M RS LA AN K N FE[10]. AR FE[LL]EEM
KA AKIon CKD, S EINE T DLAR EAEARAR A8 M2 AR A T DAIR FH AN . 3822 B [12] 55U A
o R BRI DU SR F BRIGIR R I, ¥y B U A, HDIRIE, DUSHGEMT . E g . e
TEHONEAIG N BT, PORLLER RN EMAS N R, BT EUSIENE, A
B, VT AN R . A ATRM S BIBHROE S, BRI ANE T DR S, HESE, SRV ELAE R R T
R EEBRTPIRE -

AKI on CKD #Z7t CKD f2kati E5l & AKI, R BA R, BHEARGLT CKD RE;: A0
FRIATE CKD HIEEAT 5] &k AKI T EZN 22 259, JLHR AR S APt R 25[13]-[15], [FIRF, A HAh S T
I B S R AR ZPIRME BT, XA TR 0 G T 25 EI A R 2 e I, i B T S
THREZRAL N S 40 77 55 J5 DR 3 32 % P 2 W0va 7 L 2 B BRI 2 [16]. IR UL (BLAE Ml s e . Wb
PRA:FEE I e B i ) R 5 AKI R AR B BRI R [17] [18]. BRULZ AN i E . AR i & 1)
KA LIE MR AKI on CKD. /b Ak 8 AP 28 24 1A FH 0 e SR MBIV E L, e 24 R i 4 B A
o AT B AE KDL AKIon CKD 17T AL #E 21, FERT SRR #a% K458 77 Ik 2 i Hb 34 1697 AKI
on CKD M B4y TH#E BT 845, NG SEMIWE SR B K5

ik
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2. 5 HZE
2.1. MKRSKMFFANBRR S THESHEXERAER

12 TCMSP Wik (https://www.tcmsp-e.com/load_intro.php?id=43), KK R S, HIE, b, [LhZE
B, gy, IRE, B, HF R, LIRE, BT, K (0OB)1RE N>30, (DL)>0.18, ikt H Bk,
i A R i N & Pubchem SR1GH 45150, FRR &5+ A\ 2 Swiss Target Prediction
(https://swisstargetprediction.ch/) 3R 15 A 2% 7 FIAH A FHEE &, K sl pyC e L H .
2.2. AKI on CKD BB &80 5

K2 OMIM, Genecards %R #0528, 20 5K & acute kidney injury, chronic kidney disease, % HUH 5
TRACHERE RS L, IANNIN AKI on CKD & F2 H 1 5 B4 4

2.3. MRS PPI MESPHRSY - HR - TRMEE

Nk 2 1 M B I R VR A B0 A S B 0 A O B B T A AR, K SRR s N STRING
(https://cn.string-db.org/) %4 224 minimum required interaction score % B 4 0.9; S H TSV ¥k H 5
Hi# AN ZE Cytoscape 3.7.2 software Z&il] PPI WX %%, Fifi J b IR S B8 M 8 25 Wk i 24 R L B2 1) 38 5
AKI on CKD % iZid F2AH % #26 FH| Cytoscape 3.7.2 software {4 3L AT # 4k
24, B KEGGC BEE5 GO E&E

R 24 5 0 AT B BT CEAE FH R 5 A\ B AR A5 28 ~F 5 (hittps://bioinformatics.com.cn/) 13 2] KEGG ‘&
EE GO BT
3. R
3.1. MESEMRZNEERS SERER

MRYE I IR AR 25 AT . WEHERR S 21 A, | 20 4, B 2 A, hZEed 20 S, bz 16
A, IREF15AS, BE 104, 4P 114, BIRE 154, B 9 NS R E B L& 1) 1EH
#3909 4,

Table 1. Active components in Jiaweishengitangdihuangtang

&=L MKRSEMEAFREERS
TS &Y HEW AR
Ds1 MOLO001006 poriferasta-7,22E-dien-3beta-ol
DS2 MOL002140  Perlolyrine
DS3 MOL002879 Diop
DS4 MOLO003036 ZINC03978781
DS5 MOLO000449  Stigmasterol
DS6 MOL003896 7-Methoxy-2-methyl isoflavone
DS7 MOLO004355 Spinasterol
DsS8 MOLO004492 Chrysanthemaxanthin
DS9 MOLO005321  Frutinone A
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B3k
DS10 MOLO000006 luteolin
DS11 MOLO006554  Taraxerol
DS12 MOLO006774  stigmast-7-enol
DS13 MOLO007059  3-beta-Hydroxymethyllenetanshiquinone
DS14 MOLO007514 methyl icosa-11,14-dienoate
DS15 MOLO008391  5alpha-Stigmastan-3,6-dione
DS16 MOLO008393  7-(beta-Xylosyl)cephalomannine_qt
DS17 MOLO008397  Daturilin
DS18 MOLO008400 glycitein
DS19 MOLO008406  Spinoside A
DS20 MOLOOSAOT 1 e 1017 dodeshyehocyclopenalaomenanven sone
DS21 MOLO008411 11-Hydroxyrankinidine
HQ1 MOLO000211 Mairin
HQ2 MOL000239 Jaranol
HQ3 MOLO000296 hederagenin
HQ4  MOLO000033 23355335911()512351{251%@dlgdiiaﬂ'yrﬂféhﬁﬁﬁiﬁeﬁ[ﬁ]Sﬁﬁﬁiﬂtﬁ%ﬁ)?i?Zy”
HQ5 MOL000354 isorhamnetin
HQ6 MOLO000371  3,9-di-O-methylnissolin
HQ7 MOLO000374  5’-hydroxyiso-muronulatol-2’,5’-di-O-glucoside
HQ8 MOL000378  7-O-methylisomucronulatol
HQ9 MOLO000379  9,10-dimethoxypterocarpan-3-O-Z-D-glucoside
HQ10 MOLO000380 (6aR,11aR)-9,10-dimethoxy-6a,11a-dihydro-6H-benzofurano[3,2-c]chromen-3-ol
HQ11 MOLO000387 Bifendate
HQ12 MOLO000392 formononetin
HQ13 MOLO000398 isoflavanone
HQ14 MOLO000417 Calycosin
HQ15 MOLO000422  kaempferol
HQ16 MOLO000433 FA
HQ17 MOL000438  (3R)-3-(2-hydroxy-3,4-dimethoxyphenyl)chroman-7-ol
HQ18 MOLO000439 isomucronulatol-7,2’-di-O-glucosiole
HQ19 MOLO000442 1,7-Dihydroxy-3,9-dimethoxy pterocarpene
HQ20 MOLO000098 quercetin
SDH1 MOLO000359  sitosterol
SDH2 MOLO000449  Stigmasterol
SZY1 MOL001494 Mandenol
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SZY?2 MOLO001495 Ethyl linolenate
SZY3 MOLO001771  poriferast-5-en-3beta-ol
SZY4 MOL002879 Diop
SZY5 MOL002883 Ethyl oleate (NF)
SZY6 MOLO003137  Leucanthoside
SZY7 MOLO000358 beta-sitosterol
SZY8 MOLO000359  sitosterol
SZY9 MOLO000449  Stigmastero
SZY10  MOL005360 malkangunin
SZY11l  MOL005481 2,6,10,14,18-pentamethylicosa-2,6,10,14,18-pentaene
SZY12  MOL005486 3,4-Dehydrolycopen-16-al
SZY13  MOL005489 3,6-Digalloylglucose
SZY14  MOL005503 Cornudentanone
SZY15 MOL005530 Hydroxygenkwanin
SZY16  MOL005531 Telocinobufagin
SZY17  MOL008457  Tetrahydroalstonine
SZY18 MOL000554 gallic acid-3-O-(6"-O-galloyl)-glucoside
SZY19 MOLO005552 gemin D
SZY?20 MOLO005557 lanosta-8,24-dien-3-ol,3-acetate
SY1 MOLO001559 piperlonguminine
SY2 MOL001736  (-)-taxifolin
SY3 MOLO000310 Denudatin B
SY4 MOLO000322  Kadsurenone
SY5 MOLO005429 hancinol
SY6 MOLO005430 hancinone C
SY7 MOLO005435 24-Methylcholest-5-enyl-3belta-O-glucopyranoside_qt
SY8 MOLO005438 campesterol
SY9 MOL005440 Isofucosterol
SY10 MOL000449  Stigmasterol
Sy11 MOLO005458 Dioscoreside C_qt
SY12 MOL000546 diosgenin
SY13 MOLO005461 Doradexanthin
Sy14 MOLO005463 Methylcimicifugoside_qt
SY15 MOLO005465 AIDS180907
SY16 MOL000953 CLR
(2R)-2-[(3S,5R,10S,13R, 14R, 16R,17R)-3,16-dihydroxy-4,4,10,13,14-pentamethyl-
FL1 MOL000273  2,3,5,6,12,15,16,17-octahydro-1H-cyclopenta[a]phenanthren-17-yl]-6-methylhept-5-enoic

acid
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FL1 MOLO000275 trametenolic acid
FL1 MOL000276  7,9(11)-dehydropachymic acid
FL1 MOLO000279  Cerevisterol
(2R)-2-[(3S,5R,10S,13R,14R, 16R,17R)-3,16-dihydroxy-4,4,10,13,14-pentamethyl-
FL1 MOL000280 i?(,jS,G,12,15,16,17-octahydro-lH-cyclopenta[a]phenanthren-17-yl]-5-isopr0py|—hex-5-enoic
FL1 MOL000282  ergosta-7,22E-dien-3beta-ol
FL1 MOLO000283  Ergosterol peroxid
FL1 MOL000285 (2R)-2-[(5R,1OS,13R,14R,16R,17R)-16-hydroxy-3-keto-4,4,10,13_,14-pentamethy|- o
1,2,5,6,12,15,16,17-octahydrocyclopenta[a]phenanthren-17-yl]-5-isopropyl-hex-5-enoic acid
FL1 MOL000287  3beta-Hydroxy-24-methylene-8-lanostene-21-oic acid
FL1 MOL000289 pachymic acid
FL1 MOLO000290 Poricoic acid A
FL1 MOLO000291  Poricoic acid B
FL1 MOL000292 poricoic acid C
FL1 MOLO000296 hederagenin
FL1 MOLO000300 dehydroeburicoic acid
ZX1 MOLO000359 sitosterol
ZX2 MOL000830 Alisol B
ZX3 MOLO000831  Alisol B monoacetate
ZX4 MOLO000832 alisol,b,23-acetate
ZX5 MOLO000849 16 J&-methoxyalisol B monoacetate
ZX6 MOLO000853 alisol B
ZX7 MOLO000854 alisol C
ZX8 MOLO000856  alisol C monoacetate
ZX9 MOL002464 1-Monolinolein
[(1S,3R)-1-[(2R)-3,3-dimethyloxiran-2-yl]-3-[(5R,8S,9S,10S,11S,14R)-11-hydroxy-
ZX10 MOL000862 4,4,8,10,14-pentamethyl-3-ox0-1,2,5,6,7,9,11,12,15,16-decahydrocyclopenta[a]phenanthren-
17-yl]butyl] acetate
MDP1 MOL001925 paeoniflorin_qt
MDP2 MOL000211  Mairin
MDP3  MOLO000359  sitosterol
MDP4 MOL000422 kaempferol
MDP5 MOLO000492  (+)-catechin
MDP6 MOLO007003 benzoyl paeoniflorin
MDP7  MOLO007369 4-O-methylpaeoniflorin_gt
MDP8 MOLO007374  5-[[5-(4-methoxyphenyl)-2-furyl]methylene]barbituric acid
MDP9 MOLO007382 mudanpioside-h_qt 2
MDP10  MOLO007384 paeonidanin_qt
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MDP11  MOLO000098 Quercetin

TFL1 MOLO013117  4,7-Dihydroxy-5-methoxyl-6-methyl-8-formyl-flavan

TFL2 MOLO013118 Neoastilbin

TFL3 MOLO013119 Enhydrin

TFL4 MOLO013129 (2R,3R)-2-(3,5-dihydroxyphenyl)-3,5,7-trihydroxychroman-4-one
TFL5 MOLO001736  (—)-taxifolin

TFL6 MOLO000358  beta-sitosterol

TFL7 MOLO000359  sitosterol

TFL8 MOLO004328 naringenin

TFL9 MOLO000449  Stigmasterol

TFL10  MOLO004567 isoengelitin

TFL11 MOLO004575 astilbin

TFL12 MOLO004576 taxifolin

TFL13  MOLO004580 cis-Dihydroquercetin

TFL14  MOLO000546 diosgenin

TFL15 MOLO000098 quercetin

YYR1 MOLO001323  Sitosterol alphal

YYR2 MOL001494 Mandenol

YYR3 MOL002372 (6Z,10E,14E,18E)-2,6,10,15,19,23-hexamethyltetracosa-2,6,10,14,18,22-hexaene

YYR4 MOL002882 [(2R)-2,3-dihydroxypropyl] (Z)-octadec-9-enoate
YYR5 MOLO000359  sitosterol

YYR6 MOLO000449  Stigmasterol

YYR7 MOLO008118 Coixenolide

YYR8 MOLO008121  2-Monoolein

YYR9 MOL000953 CLR

3.2. AKI on CKD &t F250 s A0S

4 “acute kidney injury” fii X OMIM }2 GeneCards 57 5 s #5048 e, B AN B0 B O 28 SR80 R 4722
A~: [AELHE “chronic kidney disease” i A OMIM & GeneCards i i 5cHE P, B0 N H0H ik 10 28 S
A T551 A ¥ AKI 5 DKD 13 2 #E sl A7 32 2615 31 4280 92 #E AURITIA A2 AKI on CKD (it %
f1%) BB L B A

3.3. MKRSEMRAART Aon C HEAREMENEREEZLRAMER MRS EMR - 1EH
- RmMEERI9E

B hNR 2 1 8 7 TR 909 MEHIHE A5 A on C IS AR 4280 /> EEE R HE MBS 4R, i—F
BELTE 1), 35432 MCER A, KINNRINERS R 1E )T AKIon CKD V7R s, B R
432 NAZEERE TN string B, $ IR _E IR TR AR AE R EHE S O\ Cytoscape 3.7.2 software 24| PPI 4%
EI(L T 2), LA degree {H5rHrHE SERT 10 /M A3 230372 SRC. PIK3R1. PIK3CA. PIK3CB. AKTL,
PIK3CD. PRKACA. MAPK3. MAPK1, #i\J& 2B E MO BRIk s h %
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Wi R 24 12 L6 R R BE 55 5 A on C i FEAH IE#2A# F Cytoscape 3.7.2 software {3 H rf # 4L (UL F K 3).

kS AKI on CKD

Figure 1. Venn diagram of Jiaweishengitangdihuangtang for treating AKI in CKD
1. MRS EMEFHIAST AKlon CKD FEE

Figure 2. Protein-protein interaction network of PPI, a potential target of
Jiaweishengitangdihuangtang for treating AKI in CKD
2. MRS EHEFEYT AKI on CKD B s PPl ZEHEEE

Figure 3. Visual network diagram of Jiaweishengitangdihuangtang-potential target-AKI on CKD
3. MRS EHEZ - B S-AKI on CKD AT AL ML E
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MAPK signaling pathway- [ )
EGER tyrosine kinase inhibitor resistance ]

c¢AMP signaling pathway [ ] -logllospvalue)

PI3K-Akt signaling pathway o }g

Hepatitis B ([ }g

AGE-RAGE signaling pathway in diabetic complications [ J count
HIF-1 signaling pathway ] ; ig
Apoptosis { ] : 28
TNF signaling pathway @

VEGF signaling pathway{ ®

0.050 0.075 0.100 0.125

Figure 4. Enriched KEGG signaling pathways for Jiaweishengitangdihuangtang in treating AKI on CKD
4. MRS EHFAATT AKI on CKD KEGG 2B EESAE

GO Results of Three Ontologies

positive regulation of kinase activity
peptidyl-tyrosine phosphorylation = 22
peptidyl-tyrosine modification - ME
protein autophosphorylation

positive regulation of MAPK cascade

positive regulation of protein serine/threonine kinase
activity

peptidyl-serine phosphorylation

positive regulation of protein kinase activity
peptidyl-serine modification

regulation of protein serine/threonine kinase activity
membrane raft

membrane microdomain

focal adhesion

cell-substrate junction

cell leading edge

caveola

plasma membrane raft

apical plasma membrane

apical part of cell

glutamatergic synapse

transmembrane receptor protein tyrosine kinase activity
protein tyrosine kinase activity

transmembrane receptor protein kinase activity
protein serine/threonine kinase activity

protein serine kinase activity

phosphatase binding

protein phosphatase binding

protein serine/threonine/tyrosine kinase activity
MAP kinase kinase activity

scaffold protein binding

0 10

20 30 40
Enrichment Score

Figure 5. GO enriched bar chart of Jiaweishengitangdihuangtang for treating AKI on CKD
5. NGRS EHEAETT AKI on CKD GO E&E & E
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B 432 NETERE T HE 5 5 NICE S BiE T 6 (https://bioinformatics.com.cn/) 3 3| KEGG i % & 4£45
ROLT K 4), #1 10 &IEH N MAPK signaling pathway. EGFR tyrosine kinase inhibitor resistance. cAMP
signaling pathway. PI3K-Aktsignaling pathway. Hepatitis B. AGE-RAGE signaling pathway in diabetic com-

plications. HIF-1signaling pathway. Apoptosis. TNF signaling pathway. VEGF signaling pathway. J&¥ &
B DL b1 S5 30 B 110 A R P 2 T OO N BB A5 B 1 6 (https://bioinformatics.com.cn/) 43 3] GO &%
Al ARSI A E R (LT 18 5), LA BP: positive regulation of kinase activity. peptidyl-tyrosine
phosphorylation. peptidyl-tyrosine modificationd %§; CC: membrane raft. membrane microdomain. focal

adhesion %§; MF: transmembrane receptor protein tyrosine kinase activity. protein tyrosine kinase activity.
transmembrane receptor protein Kinase activity 4.

4. ¥1ig

IR Z 7 MR I E B MER T, &1 1297 80U H X T AKI on CKD FEF KR B AED)
RERUR B2, WA SO — H B ME R PLR 0N, 45 50 B0 4R 7 HLE 7 T BL MAPK 15 51818 5
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