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Abstract

Objective: To investigate the mechanism of the Hibiscus syriacus L.-Astragalus membranaceus com-
bination against diabetic cardiomyopathy using network pharmacology and molecular docking
technology. Methods: Active components of Hibiscus syriacus L. and Astragalus membranaceus were
retrieved from the HERB and TCMSP databases, respectively. Drug-likeness screening was per-
formed using the SwissADME platform, and potential targets of active ingredients were predicted
via SwissTargetPrediction. Disease-related targets for DCM were obtained from GeneCards, OMIM,
and DrugBank. Intersection targets between drug and disease were visualized using Venn diagrams.
The “TCM-Ingredient-Disease-Target” network was constructed with Cytoscape 3.7.0. Protein-pro-
tein interaction network (PPI) was established using STRING, and core targets were identified via
Centiscape 2.2 plugin in Cytoscape 3.7.0 software. Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analysis were conducted using Metascape. Molecular dock-
ing validation was performed for the top six core targets and corresponding active ingredients (42
pairs) using AutoDockTools 1.1.2. Results: 18 active ingredients, 395 drug targets, 2221 disease tar-
gets, and 124 intersection targets were identified. Nine key targets included EGFR, CASP3, ESR1 and
others. GO analysis revealed enriched biological processes, cellular components, and molecular
functions. KEGG pathways included PI3K-Akt, ErbB, and AGE-RAGE signaling. Molecular docking
demonstrated strong binding affinity between active ingredients (e.g., 8'-epifloralignan A and quer-
cetin) and core targets, particularly EGFR. Conclusion: The Hibiscus syriacus L.-Astragalus membra-
naceus combination exerts therapeutic effects on DCM through multi-component, multi-target, and
multi-pathway mechanisms. 8'-Epiflora lignan A and quercetin are proposed as potential therapeu-
tic agents, providing a scientific foundation for clinical development.
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1. BY

B DRIE LN B N AR R B 2 — . 84T, 2022 SRR RRRAERE R R B35 Ok 8.28 12,
Hrp, PEBHY 14812, ARSI 18%, MrFARRE (1] [2]. BEIRFE RS ROME . W&, &
JIRE 45 42 Fh 3 RRE[3], e PRl BRI 0 UL (diabetic cardiomyopathy, DCM) U R HY,  BoA &% s il fi 4k
KR 5[4 BOFTHE TR DCM A& F8 0 PR (g B A oL 4 A (sR) &7 sk ThRE ks, St A& 9F A 3L
b A fE R R 2R o8, H R BUREAFE N O B K, OIS, &L FE00 JEm[5]. AT IR
PRIFNTE, W PRI R85 R A 0 7 3080 1) XU 1t 2 A5 DA, 24 399 PN JR s 1B 3 fe 245 0 71 329, DCM
CZ ORI BB ST R BT E B R R 2 —[6]-[8]c WIAUKIL, LRRRDIREREAT . RAESNL . AL
WZERNES DCM MEA KR BAEE RERKR[). BRI, PUEIEH KR, BEIE & cE 0
IR EERIAES T V%, (HIX LR ST M LR A B O LR 0G,  HVF 2 PO 25 ) 0B Th e AR BOR B
F[10]. H BT P EE Mk = &% DCM & 44 BN A Z0aT7 k. Mz, HAEEREER /. 2
B 2o B0 R AR S JE I 22 00 B R R R MR A, IR E o BRSSO R R AR A A4 B R
PO LR, TETIRT iRy DCM B 70 v F 20 5 2 1 b A A 731107 o

ARELE(Hibiscus syriacus L.), NEZERIARIEILT, 1E NG EWAEMERE > Z[11] [12]. AHE
WwEFRNSEE, SRANER, HEAERESRNII[13]. KT 2 S EER s B A PEL. Bt
P PEMERR S0 A SR ORAEVE I [14]. BFFERIL, ARl g Nrf2/HO-1 15 518 B 40 il S A0 N,
IR T2[15]; F6 Bt il aT L@ LM PR N BB NF-«B 55311 Ca? Fl 2 K 2R Ay M A= pl, BH
W7 NLRP3 %8 1A R85 4k Mok 0o UL 28 RE S B[ 16]5 [RIRS, ‘&3 T4 B TLR4/MD2 5/ NF-xB {5
S, MRS SRIEMNETERAKW[L7]. A7, AKEEIEZRERERS % PISKIAKT/GSK3A
S, T ERE R A, IR RE AR FI[18]. AKEDE 22 B L T R T 2 R AE Y B USRI
IR A, ANIMTE— @R R O WA 4R BT BUR O [19] o 45 BATIR, AR X S
HATHALE DCM TR K697 Hh R A BB .

#1S (Astragalus membranaceus, AM), AEEHEY), & KEAEFEMEH20]. 3505 SHRAE.
MIke T ZE 250 JL RO oA ANSTE G BRI . 2RI B 25 ThRk21] . FLRE O G T R N I 2 R
(Astragalus Polysaccharides, APS), BEAGWZERIZHME. AN AN FRRIMLEE, & n] LhdE sz SR
W Hb) SRE IR 3R IA R 2 AR 38 B ThRERIVK R, AT |32 L R T PR AL Co LB 1 9R 7 [22] [23] -
WL RIL, APS B HIH] Wntl (5 588, IR AU, I B IS [24]. APS & n] DUOd et #i|
PIAMNEPEE T 8% WERIIBIE, Sl QAL T, st DCM [0 ThEE[25] [26]. AR, Eikn]
@ HE| BNPLO i, o3 DCM KGR E[27].

HEEICE, AREEIEMEE, AR, . B, BIGHREERAM, ARG Thk[28]; itk
B, B, R, JEPEFREMAERAM29], REWANITIRA[30]. P ECA B TR AN, HIA AT
FEREARE, R OB ITER, BOM &S, Rk, HENAEIE S 5% R BA B AT fExt DCM BAT B AR
JTRR . BRAEUA RT3 IKIRTT DCM [ W 48 253 221 95 [31] [32], AW 7t B it — PR AR 53R
BCATLIGTT DCM AR AL, I FCIG R B FH B LR 4k 4
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2. 75k
2.1. FHYIEMERS Bext ER m RY O iE

TS5, M HERB 4 i K4 Lipinski AR, 071k HAHETE Loy s A TCMSP ¥ e A 4 i 24
YIARLEE(DL) > 0.18 Je F1IRAE4)FI F B (OB) > 30%fii%k H #5 EE 2. FLik, #&F PubChem $2{EH)
SMILES £5#43, FIH SwissADME “F &G #47T IR0, K B Wi ol BLAFG>2 FhS 24 1 0000 (1 1 7
VENARREAE RN S TS HE TE R 7 - B, 158 SwissTargetPrediction T H. k15 b3 i 1k e 20 %o b O BE A, ok
HUTAE 2K T 0.1 BI#E A

2.2. HRE A RYTHIE

7y 7IfE GeneCarfds. OMIM. DrugBank #fig /%, LL “BE R0V " R THR, RIS
DCM FHR B o BEJE, R iR Hiods e rp L ATV, JFREREE T, DU DCM Zm il
R

23. Y EEFRNESEEE

AR - R S DCM MR L B AT S & o A, 19 B 254 LB B 3L IR 1
PR, RIVEERIT#L A, JFAIA Venny2.1.0 T R HI1EF B

2.4. - S - B - BRMEIE

FETARBEELCA T RN DCM BB FEIR YT L AL, S R Bt B (6 1 B F R 2, we i “ A 2 - B
- PR - B 4%, FERIF Cytoscape3.7.0 B4 K BN

25. BERMEEIERMS (PP K& 317

BIELEVRITHE S SN STRING $di %, MM R E N “Homosapiens” , BA5E /¥ B h>0.4,
PPI %%, Fifif5, FIF Cytoscape3.7.0 #EEnf#i4biZ M 4%, 4 Bh Centiscape2.2 i I TE IR Y7 #E & gk
— IS 2, X Degree {EHE4 AT O A7 A BE S /R AR BB A5, [R] I EAZ O B S5 TR TR 1

2.6. GO 45 KEGG BES#T

B LR VR ITHE S AL E Metascape T &, #1T GO W fl KEGG E&E0H, Hit AT - i
197 DCM HIETE A W20 . 76 GO 2 Hr v, #R 4% Count (EHE4T HERF, 4 3l i %8 Hi A 4 243 72 (BP)
YA (CC) 2 FIhRE(MF) K HT 10 fi7; 7E KEGG 20 #r+h, #¥E FDR KIEJG I P AT HEFR,
AT 20 7. B S, TERUZERE SRl & EASHE, Tk ER GO i fl KEGG 4 # 4
.

2.7. FEMER S Iz DR FXHE

¥4 Degree HE44 BT 6 A7 FFIAZ OB 502 OO 7 (0 2035V B0 EAT -7 0P B2 (3L 42 %), B81IF 2 A
HEAER AR M. 5%, M PubChem Al TCMSP i 22 SR EUE M 73 (1) 2D 4544, %4 Chem3D 14t
H /MU 3D B4 5, A AutoDockTools 34T FiAREE . vk, M PDB $id A Sk HUAZ O ¥E A1) 3D 4544,
SRJEFIH PyMOL3.0.3 #1 AutoDockTools % HfiATAb 38, @HEZEMRAKD T DT EEFME, HFH
OpenBabel #fFHEAT X Bz ARG L3 . feJo, FIF AutoDockVinal.l.2 i pFdAT s, Kas RUG &
AR, JFiET PyMOL3.0.3 Ak AT A4k s i e 4t 3L
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3. &R
3.1. A& - BB S THELE R
IR 18 MEGWiE sy, FLrPoRRESE 4 B, 3REE 14, R 1. & 2.

Table 1. Active components of Hibiscus syriacus L.

F 1 RELEBREMERS

EWRIRS {22 Hx xlogp hbonddonor  hbondacc  Z¥MI&FK
11200016 8'-epi-cleomiscosin A (8-EKEEANE A) 2.1 2 8 KHETE
11464176 Cleomiscosin C (B 1E2EARERZ C) 21 2 9 ARAIELE
13965876 Clemiscosin D (3&1£3AEG % D) 2.1 2 9 ALY,
5280460 Scopoletin (B3 = 15 1 4 KL

Table 2. Active components of Astragalus membranaceus

=2 ARBYEMERS
i (R 3'%ix OB (%) DL 254
MOL000387 Bifendate (Bt W EK) 31.10 0.67 HE
MOL000379 ?g‘)’lf&j?gg%‘g%gg?no';’%_ﬂggﬂlécﬁ?;ide 3674 092 i
MOL 000442 1%j(;xﬁl))ihydroxy-3,9-dimethoxy pterocarpene (1,7- —¥£3£-3,9- — &L 39.05 0.48 e
MOL000422 Kaempferol (111Z3H) 41.88 0.24 S
MOL000098 Quercetin (Hi 5 ) 46.43 0.28 S
MOL000417 Calycosin (B2 5 #HR ) 47.75 0.24 S
MOL000354 Isorhamnetin (57 25 %) 49.60 0.31 W
MOL000239 Jaranol (£ R # %) 50.83 0.29 W
MOL000371  3,9-di-O-methylnissolin (3,9- —-O- F1 % JE 7% & i & L)) 53.74 0.48 B
MOL000380 g?gﬁjézi?égsllt)(-%?ﬁieg%%?a,11a-dihydro-6H-benzofurano[3,2- 64.26 0.42 it
MOL000392 formononetin (| 4L E) 69.67 0.21 LY
MOL000378 7-O-methylisomucronulatol (7-0- B - 5 44 &1 -5 ) 74.69 030  HEE
MOL000398 Isoflavanone (7 i ) 109.99 0.30 S

3.2. A - HE. DCM EATFiEEREEEE

AHELE AN TS TSP 7 0f RLFE 2543 7R 250 A, 1009 A, KBRESTUS, 2900 MR 1 F e
RN 395 s DCM 1AL i 2221 > 25 5 o L R RO 0 124 4> A 1o

3.3. H# - By - KRR - R EEER

PR P10 2% JT e 145 A1 (2 NPT R, 18 MIEVER T AL, LA AL 124 MRTTAE R
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464 N Ho, A A RE R SRR A RS Ry AR R S AR AT HE R
PAAN B0 [ T 19 20 AR rh 2 3 RO AR AE , 20 [ TR 19 sl AR DCM o #8719 il i 1A L %
MR TR 2. s BORANEE s B A AR R & e WAL 2.

HQ and MJH DCM

2097

(84. 1%)

E: HQ, FE; MJIH, K##E4E; DCM, FERIE-CILR.

Figure 1. Venn diagram of drug and disease targets
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KK 75214 (EGFR, degree = 84). it K4 fi§ 3 (CASP3, degree = 80). MfEii & 52 1% o (ESR1, degree = 80).
SRC J5i# 3L X (SRC, degree = 80). & [ Ba (AKT1, degree = 80). MijFLzh¥ T M5 XK ¥ & 9(MTOR,
degree = 78). JHJRIRFEIN F(TNF, degree = 76). c-Jun JFEHEK (JUN, degree = 76). #VATEE I 90aAl
(HSP90AAL, degree = 76), 1% /Co4E s il A ML 4.

eV

Figure 3. PPI network diagram of Hibiscus syriacus L.-Astragalus membranaceus and DCM
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Figure 4. Core target screening flowchart
E 4. #bERimiEiRiEE

3.5. GO &#ifl KEGG BESTER

GO 7r#r 4 R 3t 4725 2%, B4 BP (3894 5%). CC (308 2%). MF (523 %%). ¥k K4 Rn]
HEMAHEDE - B IRTT DCM AR I A2 F 200 B A6 B 5 515 3. B A 2 2R/ 05 S IRV
MR TS R, BRAE. BUBRIX DA R X AL HT = 40T Dhe 5 B0 I 5 5 52 4 B 1
RIRBEEEYE . HOMERMIEEES. WA 5.

KEGG & £ Hr 4t R AL Y 260 S5 iBEE A F2 . SRR, RO IZ0E B0 B 1S i 25 H
%; PEB/NIEOBEEA 6, FRZIERNEEREEREE, WE 6. @R AHIERE, RIEX -
FIEIRYT DCM T E 3 K PI3K-Akt (4] 7).ErbB 2 AGE-RAGE %:{5 5 % . 3 K (A9 24 FEA0 45 EGFR
T G R PR RN 25 (1€ 8) P ar bt 24 OBl AR I 4% .
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GO Results of Three Ontologies
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3.6. BRSO MZLEBEaR D FREER

TR, SiaReBEB/N, RRZR SRS AIE%, MEERBRE. ¥ 5K T-5.0
kcal/mol, RKRZARSEARMILE B REIIR R, M4 G Rk T—7.0kcal/mol B, FIRME Z ML AN
[ [32]. 42 %F 5 F X et WA, DLE 9. I ik tH A AN E 5 2 s R s TR S, RORHEAE
L 4 ANEYE S 5 2 G aE R I R A, LI E ) 8 X xR A, WK 10,

8'-epi-cleomiscosin A -6
Cleomiscosin C

Clemiscosin D
-7

(6aR,11aR)-9,1/-dimethoxy—6a,11a-dihydro-6H-benzofurano[3,2-c]chromen-3-ol
(3R)-3-(2-hydroxy-3,4-dimethoxyphenyl)chroman-7-ol

7-0O-methylisomucronulatol
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formononetin -9
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& &

N O N <&
&g & & O

Figure 9. Molecular docking binding energy heatmap
E 9. mFXitEEEaeAE

4. ¥1ig

DCM 2Kl PRI 0 VS I RORE, B R 2 s A e F M KIS i3] [4], PEERDARENE . oo
JIEE IR RTRERTT N E, MELLMIRA Bl O 4[10]. HEIH, DCM FEZS MRS B AH K
[33]. IEFTIEEIMEYR, “ZFilF LT, FAELM” , SMERK A ERR, JURRESRE, 5H
A tH L, W SEOR G A, AR AR SO, BRABUI ORI, RONIRE[34]. 09T E
H 2 R A LA A 28 TR I B 772 [33] o ARRETEAE A — P st AR, HAE BEREALC ULERS 77 THI )
3 TR AR B FUESE[14]-[19]; M AR GG AN, HiE DCM 1I1E FH &5 3 Se ek 52 [22] -
[27]. FEFHEAUMFEIRE RS “SON I, M2 ET, AR RE, S i %0
[35], AW 5T G It 5 Rt i i A RETE 5 4N S FE AR B BETCATL, 1 U8 FH I 2% 2 B 55 1k R G i —
H W ENGTT DCM BIFEHIALE, RFF R RHZ B I Y 22 I s T T 299 B85 T B A

B, AWK T 8-REAKANEER A BE T 4 FORELREYERSY, MR R, IR E. 7-
0- L - R B VHAEE . BORNERSE 14 PhE A RUksr . 8-REAEANER A BT ARIERELEY,
B FEMEDIEYE, Bef% s P A bR R . FOH 20 [ B BRI ILBE[36]. =R T & 2 R B EY,
TEFLR . PUEA . O IURS DL R 50 i o A U 48 T e L H (2 298 71 [37]-[39]. BRI &, FEPLA Jy 1,
B @ H NF-xB I MAPK {5 518 B /2 28 4 M BRI RE I [37] . 7RO MU ORAP 5 T, W5 5
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Figure 10. Molecular docking mode diagram

10. F5HiEERE

IS Akt-eNOS-NO il %, #FikREk, A &kt QUL [38]. MR FRIB IR A B, Ry
1 o 2 E A3 [40] . 1L AT HDAC3 A 311 Nrf2 {5 5@, Ik O 5 [41]. 7-0-F1 3% - Fi
(S P EE L R AR SRR RERE AL LK 1L-17 A1 TNF {5 SIEERENH, RIEPIRME[42]. B W fEE
REEHT mTOR @S, Nrf2 . HWEAHCE A BL&L NLRP3 RIE/MAMEM, BEREPLAPLAM, HEA
PRArCo L2014 I [43] [44] .

Hk, AWFFRILIRG 124 DRI - $IEHT DCM RAS T AE VR IS0 5, AR T T2y - B - 0%
- BRI L%, IR PPI W4 K% 12 4> #7581 EGFR. CASP3. ESR1. SRC. AKT1. MTOR. TNF. JUN.
HSPI0AAL 9 /N JCH I i o JR B ZHKPT/2 DCM [ OCERAFAE, m -3 Sl b+ = A O LA i 9, (AR E =
(2, JOESHE— 0 I g S 24T, B R ELRI4E a5 1%[45] . EGFR 240K H [ RS2k, fEd
HLOIAEME T, (e HEE 5B E, W OMIIREE[46], {H CASP3 ZLfFF 1A 3 I 2 in Jé 21
FRFER T[47]. ESRL ] LAZERF MRS AR RE 2 AU P17 [48], {2 c-Src i@id BiE MAPK/NF-«B 155
TES, B4R K [49]. 75 DCM H, Bl ) GLUT 115 PISK AHEL/E S AKT, 520k
BERGETHEF[45]. AKTLEEN FHESRETHES . FALBEER 1S 2 ML T MRS BE5R 2Rk ik
Tireie A S A A S, AT 7590 IUL 20 A 1) R AU, 6038 00 D) BE[50]-[53] - FE4H M [ Wk T 4%, AMPK
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BOE EWE, T mTOR ] AME. M4ifiEpe &AL R, @i EE AMPK, BEEg{k TSC2 1 Raptor K]
MTOR, {21 HWR: #H 5, WUiE PIBK/AKL {5 51l % A] #l1] TSC2, HETM#HUE mTOR, il HI&[54]. /£ DCM
o, ZRRIRT)REFRERG R EAEE AL, AMPK #80E, MIMAIHI mTOR, {5 Wk LU RSz ds, 4k
PR TN RE[54]o SR1T, TNF-a AMYFES T O NLEF SR, IR R8T PR & 225 58 B AR 6 2580 [55] [56]
c-Jun @it 4% JunD/PPARy/CD36 15 5 il i, N SRR & L MO Dhaetifh[57]; HSPIO & HiEid % T
Y1 A e SRR S BT O LA A JE RN 4T 4 AL [58] o IX YR . FLAH 57 5 3 i ek AR AR R (R R
DCM HIRAFIK JE o

BEJG, AWFIONARRETE - 35 EPL DCM 2SI AE VR T HE sUgE4T GO 43T Al KEGG ‘& &M, 45
KB, BP FEW KEHME B E 54T, O LA/ BRI S EmiAE%:, CC REFERETIH
B RAHIX DA KBS IX 45 MF DU 52 44 B s S R TE P B A R R IRV M % 0« KEGG &
TR BIARREAL S 3 EEICATVR YT DCM ¥ KV RS 58 i f 4% PI3K-AKt {5 5% . ErbB 15 5 iM% |
AGE-RAGE 1555 . #F7CKI, PISK-AKt 8B 1HOH A W E N : —J71H, EriEiE eNOS Al
PPAR [13& 1, M ORI LA A K2, 4] NF-«B (03P, b 4iid e 5— 5, ZisiiEd N5
TGF-B (5565, AR STBCONL4EL[59]. BOE ErbB 15 Sk o] FifONLZHZ T Bel-2 FEFE K #Rk,
[F] i R 1 Bax f& Caspase-3 IRk, M6 1242, W O N4 12[60]. SAT0, 76 & MRS T,
AGEs 5 MD2 454, % MD2-TLR4 15 Sl i, 5K RIE/RPL, FECOHIHRBAE[61]; FIFN, AGEs K
ST, BOSAINE T RAGE 3244, HETEOE AGE-RAGE IS, HNRIEAL . AL 4E4L[60].

BJE, ARFFUEE S TRHEATIRAE, S5 R ERM, FEOEM R 50 SN AR /N T-5.8
kcal/mol, FRAREL . B EEMITE R 5 G E U 4G G R T R I . IbAh, %088 21 EGFR #1 MTOR 5
TETE R B 45 e 2 $0E -8 keal/mol £-10 kcal/mol 18], FIL AR & HISEM 77, M EAER . Hdr,
ARMELE G 1 7 8- R BT SEANE 2 A T BTG MR R i 25 5 90 A0 EGFR 145 4 B89 —9.7 keal/mol,
A . B ARMETL R BIE TR 8- R IEAEANE R AL ARG ER C. HAEEANE 2= D FIHE A1
MTOR M4 & REIITE-T keal/mol LR, Ziafae. HUL BiGH s 5% 08 s kst . oz,
AREELE SR W@ A S RS AOE R e LR, AR, OGBS i 8- R B IESE AR &=
A RN DCM A {59 E F K B AR R AR [62] T A7 gE B, BATE KIR % I8 oy
A] feidE I 4% EGFR-PI3K-Akt KTl DCM it i ist o 2B 538 ml A BEAT: SCHR iR A (A) 42 SO
filtun, At E AT EHE R EGFR. B0E PISK-AKE @ E R AL 3k M & FAE . M OO E T, AT 2E
2% DCM [31] [63]-[65], LbARIL-5 A 78 45 S AH B ENIE .

ZE LRTIR, AWFFCR W 253 52 5 0 PR G M ONETR TR - ImiKEd 2. 25
FANZ @ BRI AH BAE BTG DCM. BFF 4 RICHARR, $Ein EGFR-PI3K-Akt 5 55l vl fefe FoR IR
YEF BN 2 —, X AT R BIG DCM I Bt 25 2 07 44k I AE I 0 FHLRNMER & . ST, ASHFFUAE
FELTT AN A BRI B EAE B A SR, EIETER A . B RO R I . B Tk
S B A T THARAE SR BR S 7] RE B0 20 R0 BUOCHRE sk o LA 50 R FH vH LA 2 7 1%,
TEi I SR 25D AE AR Y 1) 5 B AR 2 S A o B2 R I AR B . AR S A B X 2 AR R T4 . S5 R 7R BT
JEARSN I SELS . SRR R PR SEER A 78, X ASHIE 58 T 45 SR (0 AT SE vk — P RE

EHEWH

E R HARE#HR4: INOS il DREAM-A20 38 B 15U AR B PR ZE M 5 T B LA B PR Iv O LIS
[I1E I (82300403); 11178 EARRI A 4 TR ZHEINH] BMP10 RiAZEZE DCM L ALAE R & 2B K FLH L
71 (ZR2023MH216) .

DOI: 10.12677/acm.2025.15102989 2114 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.15102989

WG

SE

(1]

(2]
(3]
(4]

(5]

(6]
(7]

(8]

(9]

[10]
[11]
[12]

[13]
[14]

[15]

[16]

[17]

(18]
[19]

[20]
[21]
[22]
[23]

[24]

NCD Risk Factor Collaboration (NCD-RisC) (2024) Worldwide Trends in Diabetes Prevalence and Treatment from
1990 to 2022: A Pooled Analysis of 1108 Population-Representative Studies with 141 Million Participants. The Lancet,
404, 2077-2093.

Xu, Y., Lu, J,, Li, M., Wang, T., Wang, K., Cao, Q., et al. (2024) Diabetes in China Part 1: Epidemiology and Risk
Factors. The Lancet Public Health, 9, e1089-e1097. https://doi.org/10.1016/s2468-2667(24)00250-0

Jin, Q. and Ma, R.C.W. (2021) Metabolomics in Diabetes and Diabetic Complications: Insights from Epidemiological
Studies. Cells, 10, Article 2832. https://doi.org/10.3390/cells10112832

Huynh, K., Bernardo, B.C., McMullen, J.R. and Ritchie, R.H. (2014) Diabetic Cardiomyopathy: Mechanisms and New
Treatment Strategies Targeting Antioxidant Signaling Pathways. Pharmacology & Therapeutics, 142, 375-415.
https://doi.org/10.1016/j.pharmthera.2014.01.003

Seferovi¢, P.M., Paulus, W.J., Rosano, G., Polovina, M., Petrie, M.C., Jhund, P.S., et al. (2024) Diabetic Myocardial
Disorder. a Clinical Consensus Statement of the Heart Failure Association of the ESC and the ESC Working Group on
Myocardial & Pericardial Diseases. European Journal of Heart Failure, 26, 1893-903. https://doi.org/10.1002/ejhf.3347
Chavali, V., Tyagi, S.C. and Mishra, P.K. (2013) Predictors and Prevention of Diabetic Cardiomyopathy. Diabetes, Met-
abolic Syndrome and Obesity: Targets and Therapy, 6, 151-160. https://doi.org/10.2147/dms0.530968

Peters, M.N., Pollock, J.S. and Rajagopalan, S. (2016) Unraveling the Association of Heart Failure from Drug and Dis-
ease: Insights from Recent Cardiovascular Trials in Type 2 Diabetes Mellitus. Journal of Diabetes and its Complications,
30, 189-191. https://doi.org/10.1016/j.jdiacomp.2015.10.015

Tian, Y., Qiu, Z., Wang, F., Deng, S., Wang, Y., Wang, Z., et al. (2024) Associations of Diabetes and Prediabetes with
Mortality and Life Expectancy in China: A National Study. Diabetes Care, 47, 1969-1977.
https://doi.org/10.2337/dca24-0012

A, FHS- 3 BT E WD TABE RO E IncRNA-MRNA #5440 5T [3]. i 2524, 2024, 55(15):
1234-1240.

MEINBE, ML, 2. BEIRI ORI ZE T R ). AR O i B 2= 2, 2020, 22(5): 551-552.
EBRZ. AHEAE 2 05 (1 P A B UK IR 4R LR R s MR 5 9], AR & iR, 2019, 27(5): 55-60.
Wb, BRE e, MIBAL, 5. A REHAREIEIEE 77 DhRe s R S8 FRIMEVEIN[I]. B L, 2018,
39(22): 213-219.

XGFE. LR AR & FANME & ST []. F85%, 2015(12): 32-35.

Ziyanok-Demirtas, S. (2024) Therapeutic Potentials of Hibiscus Trionum: Antioxidant, Anti-Lipid Peroxidative, Hypo-

glycemic, and Hepatoprotective Effects in Type 1 Diabetic Rats. Biomedicine & Pharmacotherapy, 175, Article 116630.
https://doi.org/10.1016/j.biopha.2024.116630

Molagoda, I.M.N., Lee, K.T., Choi, Y.H. and Kim, G. (2020) Anthocyanins from Hibiscus syriacus L. Inhibit Oxidative
Stress-Mediated Apoptosis by Activating the Nrf2/HO-1 Signaling Pathway. Antioxidants, 9, Article 42.
https://doi.org/10.3390/antiox9010042

Xu, X.Y., Tran, T.H.M., Perumalsamy, H., Sanjeevram, D. and Kim, Y. (2021) Biosynthetic Gold Nanoparticles of
Hibiscus syriacus L. Callus Potentiates Anti-Inflammation Efficacy via an Autophagy-Dependent Mechanism. Materials
Science and Engineering: C, 124, Article 112035. https://doi.org/10.1016/j.msec.2021.112035

Karunarathne, W.A.H.M., Lee, K.T., Choi, Y.H., Jin, C. and Kim, G. (2020) Anthocyanins Isolated from Hibiscus syri-
acus L. Attenuate Lipopolysaccharide-Induced Inflammation and Endotoxic Shock by Inhibiting the TLR4/MD2-Medi-
ated NF-xB Signaling Pathway. Phytomedicine, 76, Article 153237. https://doi.org/10.1016/j.phymed.2020.153237

EiE, K. AREIE S ECGE AR R AE A ALEIRT FE O] B H SRR 240, 2021, 42(2): 28-34.

Kim, H., Jang, Y., Ryu, J,, Seo, D., Lee, S., Choi, S., et al. (2023) The Dipeptide Gly-Pro (GP), Derived from Hibiscus
Sabdariffa, Exhibits Potent Antifibrotic Effects by Regulating the TGF-B1-ATF4-Serine/Glycine Biosynthesis Pathway.
International Journal of Molecular Sciences, 24, Article 13616. https://doi.org/10.3390/ijms241713616

B, SRl G5 %E R 7P W K [D]: [ Anie 3] puas: PhHKS:, 2024,
BAGAL. —MIEEK: FFRIGRFAERD]. KR, 2025(4): 54-55.
L%, OA, 0T, &, MR AEERT R[], PR ER RS54, 2023, 46(5): 456-460+463.

Piao, Y. and Liang, X. (2014) Astragalus membranaceus Injection Combined with Conventional Treatment for Viral
Myocarditis: A Systematic Review of Randomized Controlled Trials. Chinese Journal of Integrative Medicine, 20, 787-
791. https://doi.org/10.1007/s11655-014-1825-3

B, XUEE, THBERE, S5, S MRS Wntl 55 x00E B K OB AR ACS KB LRI R L[], I TR

DOI: 10.12677/acm.2025.15102989 2115 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102989
https://doi.org/10.1016/s2468-2667(24)00250-0
https://doi.org/10.3390/cells10112832
https://doi.org/10.1016/j.pharmthera.2014.01.003
https://doi.org/10.1002/ejhf.3347
https://doi.org/10.2147/dmso.s30968
https://doi.org/10.1016/j.jdiacomp.2015.10.015
https://doi.org/10.2337/dca24-0012
https://doi.org/10.1016/j.biopha.2024.116630
https://doi.org/10.3390/antiox9010042
https://doi.org/10.1016/j.msec.2021.112035
https://doi.org/10.1016/j.phymed.2020.153237
https://doi.org/10.3390/ijms241713616
https://doi.org/10.1007/s11655-014-1825-3

NG 5

[25]

[26]

[27]

[28]
[29]

[30]
[31]

[32]

[33]
[34]
[35]
[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

KEE2AR, 2024, 26(11): 43-51.

Sun, S., Yang, S., Dai, M., Jia, X., Wang, Q., Zhang, Z., et al. (2017) The Effect of Astragalus Polysaccharides on
Attenuation of Diabetic Cardiomyopathy through Inhibiting the Extrinsic and Intrinsic Apoptotic Pathways in High Glu-
cose -Stimulated H9C2 Cells. BMC Complementary and Alternative Medicine, 17, Article No. 310.
https://doi.org/10.1186/s12906-017-1828-7

Sun, S, Yang, S., An, N., Wang, G., Xu, Q., Liu, J,, et al. (2019) Astragalus Polysaccharides Inhibits Cardiomyocyte
Apoptosis during Diabetic Cardiomyopathy via the Endoplasmic Reticulum Stress Pathway. Journal of Ethnopharma-
cology, 238, Article 111857. https://doi.org/10.1016/j.jep.2019.111857

Sun, S., Yang, S., Zhang, N., Yu, C., Liu, J., Feng, W., et al. (2023) Astragalus Polysaccharides Alleviates Cardiac
Hypertrophy in Diabetic Cardiomyopathy via Inhibiting the Bmp10-Mediated Signaling Pathway. Phytomedicine, 109,
Avrticle 154543. https://doi.org/10.1016/j.phymed.2022.154543

BR2AS. AHEE MFNBIEEE]. FEEEE %, 2014(9): 53.

BspAl, |, i, & U BATER WA A AR RN 2 Va7 L B W IR 256 [3]. SRR ER, 2017, 32(5):
639-640.

BT, B, XVEAL, . EETN-2- 2R R AR AN T E 2R E, 2025, 50(3): 798-811.
FERSE, KUAEVL, T, S FET I 4 24 P AR R B RV T R OO LR AR LR B P BeiE B L[] MR R
2B 2ER, 2022, 28(19): 1463-1471+1478.

IhNER, BEH, 2, S5 BT L 253 S AN 0 T B AR R B R IR TR PR O U AR FATLARI[I]. 3R
255 1R R, 2023, 38(8): 1910-1918.

BE—%, SCHUE. BEERROIUR T E R 4], B iR E 2 K2R AR, 2018, 41(4): 123-125, 130.

AREER, ERE, BURFR. EITZRTA T RE R O WU B IR BRI [J]. I TR EEZR A, 2021, 48(2): 69-71.

THE, BUE, HEE. A UERY KIMKEIRIRE MO 138 1R EHHEL]. 1Y) R, 2022, 40(3): 36-39.
BEZE, S, 255, 5 AR RR RS R 0w K B AR TV F AR FE[I]. HHE 8 A0 o 0 1055995 A
&, 2023, 25(12): 1378-1382.

Yuan, Y., Zhang, J., Li, H., Yuan, F., Cui, Q., Wu, D., et al. (2025) Scopoletin Alleviates Acetaminophen-Induced

Hepatotoxicity through Modulation of NLRP3 Inflammasome Activation and Nrf2/HMGB1/TLR4/NF-«xB Signaling
Pathway. International Immunopharmacology, 148, Article 114132. https://doi.org/10.1016/j.intimp.2025.114132

Li, S., Zhan, J., Wang, Y., Oduro, P.K., Owusu, F.B., Zhang, J., et al. (2023) Suxiao Jiuxin Pill Attenuates Acute Myo-
cardial Ischemia via Regulation of Coronary Artery Tone. Frontiers in Pharmacology, 14, Article ID: 1104243.
https://doi.org/10.3389/fphar.2023.1104243

Zhang, J., Yuan, Y., Gao, X,, Li, H., Yuan, F., Wu, D., et al. (2025) Scopoletin Ameliorates Hyperlipidemia and Hepatic
Steatosis via AMPK, Nrf2/HO-1 and NF-«B Signaling Pathways. Biochemical Pharmacology, 231, Article 116639.
https://doi.org/10.1016/j.bcp.2024.116639

fffcie, skmeE, HIEH, 2. il Fild MAPK/ERKL2 (5 5&4% HIC2 st &G e H[I]. B=%
BE K244k, 2021, 43(20): 2220-2225.

Yue, Z., Zhang, Y., Zhang, W., Zheng, N., Wen, J., Ren, L., et al. (2025) Kaempferol Alleviates Myocardial Ischemia
Injury by Reducing Oxidative Stress via the HDAC3-Mediated Nrf2 Signaling Pathway. Journal of Advanced Research,
75, 755-764. https://doi.org/10.1016/j.jare.2024.10.037

Ren, J., Ding, Y., Li, S. and Lei, M. (2023) Predicting the Anti-Inflammatory Mechanism of Radix Astragali Using
Network Pharmacology and Molecular Docking. Medicine, 102, e34945.
https://doi.org/10.1097/md.0000000000034945

Du, L., Wang, J., Chen, Y., Li, X., Wang, L., Li, Y., et al. (2020) Novel Biphenyl Diester Derivative AB-38b Inhibits
NLRP3 Inflammasome through Nrf2 Activation in Diabetic Nephropathy. Cell Biology and Toxicology, 36, 243-260.
https://doi.org/10.1007/s10565-019-09501-8

Liu, J., Liu, C., Chen, H., Cen, H,, Yang, H., Liu, P., et al. (2023) Tongguan Capsule for Treating Myocardial Ischemia-
Reperfusion Injury: Integrating Network Pharmacology and Mechanism Study. Pharmaceutical Biology, 61, 437-448.
https://doi.org/10.1080/13880209.2023.2175877

Mak, D., Ryan, K.A. and Han, J.C. (2021) Review of Insulin Resistance in Dilated Cardiomyopathy and Implications
for the Pediatric Patient Short Title: Insulin Resistance DCM and Pediatrics. Frontiers in Pediatrics, 9, Article ID:
756593. https://doi.org/10.3389/fped.2021.756593

Zhang, Y., Wang, D., Zhao, Z., Liu, L., Xia, G., Ye, T., et al. (2022) Nephronectin Promotes Cardiac Repair Post Myo-
cardial Infarction via Activating EGFR/JAK2/STAT3 Pathway. International Journal of Medical Sciences, 19, 878-892.

DOI: 10.12677/acm.2025.15102989 2116 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102989
https://doi.org/10.1186/s12906-017-1828-7
https://doi.org/10.1016/j.jep.2019.111857
https://doi.org/10.1016/j.phymed.2022.154543
https://doi.org/10.1016/j.intimp.2025.114132
https://doi.org/10.3389/fphar.2023.1104243
https://doi.org/10.1016/j.bcp.2024.116639
https://doi.org/10.1016/j.jare.2024.10.037
https://doi.org/10.1097/md.0000000000034945
https://doi.org/10.1007/s10565-019-09501-8
https://doi.org/10.1080/13880209.2023.2175877
https://doi.org/10.3389/fped.2021.756593

WG

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]
[60]

[61]

[62]

[63]

[64]

[65]

https://doi.org/10.7150/ijms.71780

Song, S., Ding, Y., Dai, G., Zhang, Y., Xu, M., Shen, J., et al. (2021) Sirtuin 3 Deficiency Exacerbates Diabetic Cardi-
omyopathy via Necroptosis Enhancement and NLRP3 Activation. Acta Pharmacologica Sinica, 42, 230-241.
https://doi.org/10.1038/s41401-020-0490-7

Gregorio, K.C.R., Laurindo, C.P. and Machado, U.F. (2021) Estrogen and Glycemic Homeostasis: The Fundamental
Role of Nuclear Estrogen Receptors ESR1/ESR2 in Glucose Transporter GLUT4 Regulation. Cells, 10, Article 99.
https://doi.org/10.3390/cells10010099

Tsai, C., Chen, W., Hsieh, H., Chi, P., Hsiao, L. and Yang, C. (2014) TNF-o Induces Matrix Metalloproteinase-9-De-
pendent Soluble Intercellular Adhesion Molecule-1 Release via Traf2-Mediated MAPKSs and NF-xB Activation in Os-
teoblast-Like MC3T3-E1 Cells. Journal of Biomedical Science, 21, Article No. 12.
https://doi.org/10.1186/1423-0127-21-12

Ta, A, Chen, Y., Li, J., Salem, E. and Wang, P.H. (2023) 1626-P: Activation of Cardiac Mitochondrial Aktl Enhanced
Myocardial Fatty Acid Utilization, Protected against Diabetic Cardiomyopathy, and Improved Whole Body Fat Distri-
bution. Diabetes, 72, 1626-P. https://doi.org/10.2337/db23-1626-p

YRR, BN, R0, 25 miR-224-5p TS PISK/AKYFoxO1 il A S sk 2 B 520 55 8175 S 1 0o WL 4H i 457
5[], BT BERL K244, 2024, 44(6): 1173-1181.

S, FR%E, B, & PR A BOE AKT/MTOR/AEBPL il % 2 AR iR 22 $51% S i HOc2 Lo L4 i & 1 A1
LRI, E 253 5 #ER A Jk, 2020, 34(1): 16-23.

Yang, J., Deng, W., Chen, Y., Fan, W., Baldwin, K.M., Jope, R.S., et al. (2013) Impaired Translocation and Activation
of Mitochondrial Aktl Mitigated Mitochondrial Oxidative Phosphorylation Complex V Activity in Diabetic Myocar-
dium. Journal of Molecular and Cellular Cardiology, 59, 167-175. https://doi.org/10.1016/j.yjmcc.2013.02.016

Peng, M., Fu, Y., Wu, C., Zhang, Y., Ren, H. and Zhou, S. (2022) Signaling Pathways Related to Oxidative Stress in

Diabetic Cardiomyopathy. Frontiers in Endocrinology, 13, Article ID: 907757.
https://doi.org/10.3389/fendo.2022.907757

Yu, M., Wen, S., Wang, M., Liang, W., Li, H., Long, Q., et al. (2013) TNF-a-Secreting B Cells Contribute to Myocardial
Fibrosis in Dilated Cardiomyopathy. Journal of Clinical Immunology, 33, 1002-1008.
https://doi.org/10.1007/s10875-013-9889-y

Zand, H., Morshedzadeh, N. and Naghashian, F. (2017) Signaling Pathways Linking Inflammation to Insulin Resistance.
Diabetes & Metabolic Syndrome: Clinical Research & Reviews, 11, S307-S309.
https://doi.org/10.1016/j.dsx.2017.03.006

Costantino, S., Akhmedov, A., Melina, G., Mohammed, S.A., Othman, A., Ambrosini, S., et al. (2019) Obesity-Induced
Activation of Jund Promotes Myocardial Lipid Accumulation and Metabolic Cardiomyopathy. European Heart Journal,
40, 997-1008. https://doi.org/10.1093/eurheartj/ehy903

Qi, S., Yi, G, Yu, K., Feng, C. and Deng, S. (2022) The Role of HSP90 Inhibitors in the Treatment of Cardiovascular
Diseases. Cells, 11, Article 3444. https://doi.org/10.3390/cells11213444

R W, MERE, 458 PISK/AKL I8 M EBE FRW Co WU Hh BB ek e [J]. b [l 24 38 2218 4k, 2019, 35(9): 1202-1205.
WS, ZEEAK, BIRTT, & EIEZHNS NRG-VErDB {558 M X B Jom- O LA R T /E D). E R ER
ik EE 2244k, 2016, 22(9): 1192-1195+1218.

Wang, Y., Luo, W., Han, J., Khan, Z.A., Fang, Q., Jin, Y., et al. (2020) MD2 Activation by Direct AGE Interaction

Drives Inflammatory Diabetic Cardiomyopathy. Nature Communications, 11, Article No. 2148.
https://doi.org/10.1038/s41467-020-15978-3

Chao, H., Cheng, T., Chen, C,, Liu, J., Chen, J. and Sung, L. (2025) Hibiscus syriacus L. Exhibits Cardioprotective
Activity via Anti-Inflammatory and Antioxidant Mechanisms in an in Vitro Model of Heart Failure. Life, 15, Article
1229. https://doi.org/10.3390/1ife15081229

Liu, X,, Liu, X., Luo, S., Chen, D., Lin, J., Xiong, M., et al. (2025) Quercetin Promotes Angiogenesis and Protects the
Blood-Spinal Cord Barrier Structure after Spinal Cord Injury by Targeting the PI3K/Akt Signaling Pathway. Journal of
Translational Medicine, 23, Article No. 958. https://doi.org/10.1186/s12967-025-06973-7

WX, HI5E. PISK/AKT 15 530 B RO U S I FEE R [3]. W R = 22 3t &2, 2024, 14(11): 51-56.
https://doi.org/10.12677/acm.2024.14112844

R, BEAE, PRk, & W R0 IS I TR BT SIS S A ]. BT R A
£k, 2021, 41(8): 1198-1206.

DOI: 10.12677/acm.2025.15102989 2117 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102989
https://doi.org/10.7150/ijms.71780
https://doi.org/10.1038/s41401-020-0490-7
https://doi.org/10.3390/cells10010099
https://doi.org/10.1186/1423-0127-21-12
https://doi.org/10.2337/db23-1626-p
https://doi.org/10.1016/j.yjmcc.2013.02.016
https://doi.org/10.3389/fendo.2022.907757
https://doi.org/10.1007/s10875-013-9889-y
https://doi.org/10.1016/j.dsx.2017.03.006
https://doi.org/10.1093/eurheartj/ehy903
https://doi.org/10.3390/cells11213444
https://doi.org/10.1038/s41467-020-15978-3
https://doi.org/10.3390/life15081229
https://doi.org/10.1186/s12967-025-06973-7
https://doi.org/10.12677/acm.2024.14112844

	基于网络药理学及分子对接技术探讨木槿花–黄芪配伍防治糖尿病心肌病的机制 
	摘  要
	关键词
	Exploring Mechanism of the Hibiscus syriacus L.-Astragalus membranaceus Combination against Diabetic Cardiomyopathy Based on Network Pharmacology and Molecular Docking Technology
	Abstract
	Keywords
	1. 前言
	2. 方法
	2.1. 药物活性成分及对应靶点的筛选
	2.2. 疾病靶点的筛选
	2.3. 药物与疾病的靶点韦恩图
	2.4. 中药–成分–疾病–靶点网络构建
	2.5. 蛋白质相互作用网络(PPI)构建及分析
	2.6. GO分析与KEGG富集分析
	2.7. 活性成分和核心靶点的分子对接

	3. 结果
	3.1. 木槿花–黄芪活性成分筛选结果
	3.2. 木槿花–黄芪、DCM靶点筛选结果及维恩图
	3.3. 中药–成分–疾病–靶点网络构建结果
	3.4. PPI网络构建及分析结果
	3.5. GO分析和KEGG富集分析结果
	3.6. 活性成分和核心靶点的分子对接结果

	4. 讨论
	基金项目
	参考文献

