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(Abstract] Objective To screen the main active components and potential action targets of Zuogui Jiangtang Tongmai
Formula (ZGJTTME) in treating diabetic neurogenic bladder (DNB) based on network pharmacology and molecular docking technology,
and to verify its mechanism of action by establishing a DNB animal model. Methods The active components and corresponding
action targets of ZGJTTMF were screened using the Chinese Medicine Systems Pharmacology Database and Analysis Platform and
the HERB database, and gene names corresponding to the action targets were standardized using the Universal Protein Resource
(UniProt) database. DNB-related target genes were retrieved from the GeneCards and Online Mendelian Inheritance in Man (OMIM)
databases. Venny software was used to construct a Venn diagram of the intersecting action targets between the formula and DNB. A
protein—protein interaction (PPI) network was constructed and visualized using the STRING online platform and Cytoscape software.
Gene Ontology (GO) functional enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses
were performed using relevant databases, with the results presented on the Bioinformatics Cloud platform. Molecular docking
between the active components and core target protein receptors was validated using CB—-Dock2. After screening the potential action
targets of ZGJTTMF against DNB, animal experiments were conducted for in vivo validation. Thirty —six female SD rats were
randomly divided into a blank group (n=6) and a modeling group (n=30). The DNB model was established by a single intraperitoneal
injection of streptozotocin (STZ) solution. After successful modeling, the rats in the modeling group were randomly divided into
model group, low—dose group, medium—dose group, high—dose group, and positive drug group, with 6 rats in each group. The low—,
medium—, and high—dose groups were administered 6.5, 13, and 26 gkg of ZGJTTMF by gavage, respectively, while the positive
drug group received a-lipoic acid at 100 mgkg by gavage, once daily for 4 weeks. During the experiment, one unqualified sample
was excluded from each group, leaving a final effective sample size of 5 per group. After one month of administration, bladder
function was assessed by urodynamic testing. Protein expression levels of phosphorylated protein kinase B (p—AKT), phosphorylated
signal transducer and activator of transcription 3 (p—STAT3), phosphorylated proto—oncogene tyrosine—protein kinase Src (p—SRC),
tumor protein p53 (p53), and heat shock protein 90 kDa (HSP90) were determined by Western blot. Results A total of 357 intersecting
targets of ZGJTTMF against DNB were identified. The main active components included quercetin, isomucronulatol 7-O—--D-
glucoside, dihydrocapsaicin, 2—-demethylplastoquinone-3, and luteolin. The core targets included TP53, AKT1, SRC, HSP90AA1, and
STAT3. GO functional enrichment analysis yielded 1,077 biological processes, 120 cellular components, and 260 molecular
functions, while KEGG pathway enrichment identified 186 pathways, among which the AGE-RAGE signaling pathway might be a
key pathway. Molecular docking results showed good binding affinity between the main active components and the core targets, with
isomucronulatol 7-O—-D—glucoside exhibiting the strongest binding activity to AKT1. Compared with the model group, the rats in
the low—, medium—, and high—dose groups of ZGJTTMF all showed shortened urination duration and increased urination flow rate
(P<0.05), while the medium—dose group showed an increased leak point pressure (P<0.05). There were no statistically significant
differences in maximum bladder capacity or bladder compliance among the dose groups (P>0.05). Western blot results revealed that
p—AKT, p-STAT3, and p53 protein expression decreased in the medium—dose group (P<0.05 or P<0.01), p—~AKT expression decreased
in the high-dose group (P<0.05), and AGE and RAGE protein expression decreased in the medium- and high—dose groups (P<0.05
or P<0.01). Conclusion ZGJTTMF can significantly improve urinary function in DNB model rats, and its mechanism of action may
be related to the regulation of core targets such as AKT, STAT3, SRC, p53, and HSP90, as well as the inhibition of the AGE-
RAGE signaling pathway.
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Table 1 Common components shared by two or more herbs

e MOL ID L&A OB DL TR 2
Al MOL000422 Kaempferol ( LLIZZH}) 41.88 0.24 B 1 B
A2 MOL000433 Folic Acid (M) 68.96 0.71 HEJIE
Bl MOL000098 Quercetin(iEz £) 46.43 0.28 B ML HE
c1 MOL000359 Sitosterol (4 {5 /i) 36.91 0.75 A IZRGE I
DI MOL000449 Stigmasterol (& {5 i) 43.83 0.76 AL ILZREE Ml
El MOL001495 Ethyl linolenate (VB2 2. 18) 46.10 0.20 LNZEBE Al T
E2 MOL001771 ~y-Sitosterol (y—75 5§ %) 36.91 0.75 INZEHE J1&
E3 MOL000358 B—Sitosterol (B-4+ i A5 ) 36.91 0.75 IIES Nies
F1 MOL001494 Ethyl linoleate (3R Z.15) 42.00 0.19 INZEBE Al T 1%
Gl MOL003578 Cycloartenol (¥R /R AL ) 38.69 0.78 MR A Bk

RIS 3] DNB AHSCRYEE AL 3 918 /Ml 264
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RS, TEULET 1,
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1817
(69.1%)

1 ZVAREMEERK TS DNB X KA F 2 E

Fig.1 Venn diagram of intersecting targets between

ZGJTTMF and DNB
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¥ 2.2 T FIBERAC AT RN 357 A~ fm] 4
R STRING 085 , WyFh £ #E “Homo sapiens”,

EAREATIEE N 0.9, Bz 2 s, 153 2 5l

R 1 367 SER SRR 7.66 SFERTIRE R
Bh 043, 4% STRING HHELEH S~ A Cytoscape 3.7.1
B X AT R 28 4R F 02 20 B, B CytoNCA 1
(GRan A iffér“ HC P (degree centrality, DC)” %
%5 HULE (closeness centrality, CC)”“4y B HLLME

®2 EVAREFEERKTTIAST DNB ERHMAS
Table 2 Main active components of ZGJTTMF in treating DNB

Hi 5 MOL ID AR R ] Degree
Bl MOL000098 Quercetin (Hit} ) e MR i 108
HQ14 MOL000379 Methylnissolin—3-O—glucoside(# t % # 55 17) R 54
DLI MOL008698 Dihydrocapsaicin( — ) i 52
CX4 MOL002151 2—demethylplastoquinone—3 (2-25 F FE B 1ATR-3) n= 51
Ds7 MOL000006 Luteolin( A JRH ) F1& 51
HLI2 MOL013352 Obacunone (A7) #HiE 50
HL11 MOL008647 N—trans—feruloyltramine (N5 X FI 2R M % i ) HIE 49
DL22 MOL012144 Myristelaidic acid( A Z7ERR) i 48
Al MOL000422 Kaempferol (111257 I A 41
DS58 MOL007123 miltirone Il (FFZ37HR 11 ) F& 40
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Fig.2 Network diagram of compound-active component—intersecting targets
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Mo TR 3,
2.5 GO IPEEFN KEGG B E &5

W 2.2 ZCHERE L A DAVID $di /%, 153
GO Dfie o KEGG i it & 42 7 A 45 5L , Pt aod ol
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Fig.3 Construction of PPI network and screening of core targets
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FIEL- G T L2, GO 4rHrfs 3] P<0.05
) BP 2cH 1 077 45 .CC 2k H 120 % MF 4 H 260
%, K PHHERRT 10 B9 BP.CC MF FIFH R E 1
LA HI I TRV 4, BT, 2 VAR
i k76T DNB 3295 K BP A 45 % Ah M) B
PR 7 248 PR ERE S 3 B 1) I ] R 45 MAPK 2%
E S IO ) T ) A AR T AR R AR A2
TRAG 5K A T R CC AR Z AR &
Yy SR SR A Y AT EEW K
1) MF (34 [ FL 456 A & 8 O s |
T4 L RS2 A | B R R i D 2 A
PEAE,

KEGG 8 f#% & 4 73 91 15 2] P<0.05 iy %% H 4t
186 7% , R4 P {8 & BCHE 4 1i 20 11038 B A FH ik
R Bl TEILE 5, B KEGG s
ARG IRAT N ZE H B DK 7R DNB (1 G B %
HIEREE TS IR  AGE-RAGE {553 B 7EHE
PRI I S v AR I B AN Sl kR s Ak PI3K -
Akt (5530 B e B 2 R SRR (R
A PRS2 (AT R R I SR 2450 /N A
i AT IR AE

response to xenobiotic stimulus

positive regulation of cell population proliferaticn
positive regulation of MAPK cascade

negative regulation of apoptotic process

epidermal growtn factor receptor signaling pathway
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response to hypoxia

insulin receptor signaling pathway

positive regulation of transcription by RNA polymerase 11
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receptor complex

cell surface

protein-containing complex
cytoplasm

membrane raft

cytosol

extracellular space

perinuclear region of cytoplasm
caveola

dd

—logio(pvalue)
35
30
25
20
15

identical protein binding

enzyme binding

protein kinase activity

stem cell factor receptor activiy

protein tyrosine kinase collagen receptor activity
placental growth factor receptor activity
hepatocyte growth factor receptor activity
I-linked ephrin receptor activiy

brain-derived neurotrophic factor receptor activity
boss receptor activity
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Fig.4 Bar chart of GO functional enrichment analysis
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MR 2-Z: L RIRER -3 KJFRELE )5 2.4PPI W
25 3BT TP AS B Degree {ELFT 5 A0 4 (TPS3,
AKT1 SRC HSP9OAA1 STAT3) 43 HIHEA T /01X
B BEXT LA I RS A BE (vina score) 45 5 DL #AA]
RN, FEWLE 6, 8 R4, & Re i /Nl A
R 500 B s 25 A T S A e N R
IR TR L 2E AR 45 B BE<-5 keal/mol £
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Fig.5 Bubble plot of KEGG pathway enrichment analysis
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&
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fad
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TP53

T AL BRSNS B REUN,
INGEA TR, 45 A HE<-T keal/mol FRREE GG
PEss , Hod ) 35 S 3 B (Methylnissolin-3-0-
glucoside) 5 AKT1 55 9 5%, Nit—L 0L
AR, RS G RE AR T4 A A RO ST -
MR AW S PyMol #4745 G ] WAk
JEm, PEILE T,
2.7 AEFBRARXMNKREKRRE N FERZN
553 A PO, AR 2 A B e B D 2 i 14
(P<0.05) ; SHERIZH LA, 4%+ Bl doe KB e 2 o 22
SHTGHFTE X (P>0.05) . 525 FI2H i, iR 2
KB PR s RREAIR (P<0.05) SRRV [, rhifl it
LR T PR R I IT (P<0.05) , HoAy T4 22 53 o4t
TR (P0.05), 525 FIZH HLAE R 20 R BUBS bk
IR 14 384 1 (P<0.05 ) o SR LA, 45T FZEBE G

5
K

SRC-it iz %
& 7
Fig.7

AKT1

LR RORBS ;  CBIRNFTRSS S RERK,

Vina Score
5. 900

SRC

ES LI
Bo6 SAHAEEMSSROBRESHERE

Fig.6 Heatmap of binding energy between the five main active components and core targets

HSP9OAAT  STAT3

BERORME,

LS 1 A DL S A8 (P>0.05) o 525 P 2H e, ARl
R FHERIHIE K (P<0.05) ; SRORIZH s AR A
1o 1) et 2 B BA A 24 40 28 HE PR B 34 40 8 (P<0.05)
5528 UG R, SR 20 K BRCHE R FE BAIC (P<0.05) 5
SRRV LA AR b e R e 2H R B M 25 AH HE DR
PRI (P<0.05) , FEILE 3,
2.8 ARFHARIT KRB A E QNI
528 I HAs A2 R s B ] p-AKT ,p-STAT3
p—SRC ,p53 \HSP9O ik & Y34 i (P<0.05 5% P<
0.01), SR AL IR =2 A 1 p-AKT .p-
STAT3 .p-SRC.p53 HSP90 & #ik mA T k%,
B2 F L1257 L (P>0.05) 5 FF 41408 5 2
p—AKT p-STAT3 p53 FKikFEAIL (P<0.05 B¢ P<0.01),
p—-SRC HSP9O i 3Rk B 25 5 LG it 2# 2 L (P>

SRC-#% 1R 3 ki
ZEeeHERE 4 NAESH FIHEENE

Molecular docking modes of the top four complexes ranked by binding energy
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#x3 BARBRERNAZHEHXSELILE (x+5,n=5)
Table 3 Comparison of urodynamic parameters among different groups of rats (x+s, n=5)

A5 KB A e /mL TR IR A5 femHL0 JE& M7 14/ ( L/ emHL0 ) HEPR B /s HEPRE E/ (mlLs)
EHHA 1.82+0.43 34.859.03 0.05+0.01 3.64+0.59 0.19+0.03
PRI 5.1420.60* 20.88+2.48% 0.25+0.04* 26.30+9.40% 0.0420.03*

IEF 2 6.58+3.72 25.23+5.50 0.26+0.13 15.92+7.90* 0.14+0.04*
a7l =sei| 4.58+2.81 29.16+3.00 0.16:0.09 9.06+3.21% 0.13+0.07*
eyl 4.16+0.98 25.11+3.02 0.17+0.05 8.60+3.14* 0.15+0.12*
FHMEZG 2L 6.10£2.19 25.18+4.47 0.24+0.08 11.24+4.97* 0.17+0.05*
0. 52 AL, #P<0.05 ; SRR L, #P<0.05,
0.05), HE2IH TR B4 p-AKT HH WETHE (P<0.01), SHERZ L, IR ALAGE

FIRFEAR(P<0.05) , AR FRIA 22 R TS 1T
B (P>0.05); FHMEZ5 ¥ 20 p—AKT ,p—STAT3 ,p-
SRC . p53 , HSP9O 4 11 & ik ¥ B I% (P<0.05 5% P<
0.01), SFHMEZYLE LA, v i) 20 45 T 2 1 3Rk
2G2S (P>0.05),, TEILIA 8,
29 AEFEAXNKBEBER AGE-RAGE 5518
HBEANFNE

H2s 4 iR B4 AGE RAGE & ik

RAGE # H 3Rk 22 7 G127 5 L (P>0.05) ; Hfl
4 AGE RAGE i H &Ik 8 2 T % (P<0.01) ;75
20 AGE RAGE FEFIFRIA FFE(P<0.05 B P<0.01),
(B NREMEEERS DA IR 25 41 AGE \RAGE
EHRIK R THE(P<001), SRS HLiR,

FIBHH A TR R IA 22 R R G 2# 2 L(P>0.05) .

TEWLIE 9,
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Fig.8 Comparison of target protein expression in the bladders among different groups of rats (x+s, n=5)
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5, *P<0.05,**P<0.01 ; SHIRIZ

% ,*P<0.05,*P<0.01,
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Fig.9 Comparison of protein expression of the AGE-RAGE signaling pathway in the bladders

among different groups of rats (x+s, n=5)
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