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Abstract

This study systematically investigated the multi-target mechanism of Rheum palmatum (rhubarb)
in treating diabetic kidney disease (DKD) using network pharmacology and molecular docking tech-
niques. Sixteen active components and 56 potential drug targets of rhubarb were identified through
the TCMSP database. By integrating data from GeneCards, OMIM, and DisGeNET, 4301 DKD-related
target genes were collected. Venny analysis and R software processing revealed 41 key therapeutic
targets. Cytoscape 3.10.3 was employed to construct a “drug-component-target-disease” interaction
network, while the STRING database was used to establish a protein-protein interaction (PPI) net-
work. Using the CytoNCA plugin, core targets, including TNF, TP53, HSP90AA1, CASP3, BCL2, PTGS2,
ESR1, and MY(, were identified. Molecular docking demonstrated strong binding affinity between
rhubarb’s active components and key targets (HSP90AA1, BCL2, TNF, etc.). GO and KEGG enrich-
ment analyses indicated that the therapeutic mechanism involves the regulation of multiple path-
ways, such as inflammatory response, apoptosis, oxidative stress, and tissue fibrosis, confirming
rhubarb’s “multi-component, multi-target, multi-pathway” synergistic effect on DKD. This research
provides critical theoretical insights into the network regulation mechanisms of traditional Chinese
medicine (TCM) in treating complex diseases, supporting the scientific rationale for using rhubarb
in DKD therapy.
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PAZEZjPE(Drug Likeness, DL) > 0.18, [ RZE#F] FH £ (Oral Bioavailability, OB) > 30% Affiik 214, &K
B E ISy, FEARAE TG MR/ TCMSP K6 2% 0 RS . K RT3 I HE 24 2K F N Uniprot
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“PDB” ¥\, #RJ5izH Chem3D 22.0.0 fil Pymol 4.60 43 5% BN A4 Bl iEAT AL AL B . iE ) Auto-
DockTools 1.5.7 Fl AutoDock vina 1.2.7 ¥ LA “pdpat” #6X S IG,  Bf E FCAAR RN 2 AR R 45 A4 A
grid box [FIALARFI R /NIIHG 2 - el i Pymol 4.60 1Mk PLIP (http://plip-tool.biotec.tu-dresden.de/) % 52
RTINS ECARAE DRI E, K 5 Rk T Tk
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Figure 2. Herbal medicine-regulated network map
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3.3. EBE/EMEEF PPI HTFiE

2] STRING P 3fi A I KB iE 4 e 7> 15 DKD $E3 R 2 S 45 21 8 1 BRI 2% B an 5] 3. RS B
HARRIFT 70, 220 3 RIS BOR T A A B i 6 T, 19 2% 02N PPT, FR2xHIH PPT I, nfA] 4. JLr,
T ROR, B CBRIR R RS L (3K B degree (EOR, A% CoBE mi 70 S AR R SER 5-(TNF). . JiEE 82 11 p53
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Figure 3. Protein-protein interaction network map
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Figure 4. PPI map
4. PPI

3.4. GO IREEE /M KEGG BREE ST

X 41 ANEELEAE FEE 253047 GO ThEEE S0 # Al KEGG il & 4901 . GO & 440 M £ BALHE =AM
45, 43 liE BP (At #E). CC (AL 4) MF (4 T IhRE). a4 15 3] BP — 345 1527 4%, CC18
%, MF130 %, P52 ERT 10 MIhRe T T3, RS BIERRIEIE 5. ARAEIE 5 BoR, A28k
FEDN B ANEEYI R B RS, P EREERI . AR fe LA AR O B A, 4b
FBL, FELIR, FRARESAIREEAIMIZL 7> A 0% 5 DNA &8/ RHE 46, ZREDEENL S, RNA RS
B 1 RE 57 DNA S5 &k R 245 65 7 T DR A k.
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Figure 5. GO enrichment analysis
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HRARE 57738 HH A% O i R R 2R 1 524 5 KB /N o F IR S8 A x4, I 2N/ 43 F- AR BT BB Y
SEL BRI T, RS RAAT AT, SR 7. HEFTR, o FRAERBEVER 1, A
A EAE A, Jorlder), 258, BKIER % . —MIANeRFIJIME <—6 keal/mol RIIA g 4F AR A #58
RSEATT, D EERER T PTGS2 5 H /N FRCAKRIKISEAN JJME > —6 kea/mol A, HAthAZ O JE K (155 A1 5 4E
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Figure 7. Molecular docking results. (a) HSP90A-Rhein interaction, (b) BCL-2-4-Sitosterol interaction, (¢) TNF-Aloe-emodin
Interaction, (d) ESR1-Catechin interaction, (¢) TP53-Aloe-emodin Interaction, (f) MY C-Aloe-emodin interaction, (g) CASP3-
p-Sitosterol interaction

7. FFIHESTHEER . (a) HSPOOOA-KEER, (b) BCL-2-4-HHiEE, (c) TNF-FZAER, (d) ESRILERR, (o)
TP53-FEREE, (HMYC-FEREE, (g CASP3-4-HEE

4. g

WRIEF AL R R, KREILE 4 NAJT DKD IETERSY, 20l RERR. p-1 8L, P2 RIEER.
LR A SEI R3], KIE BT LAW] S 40H] TGE-B1 155 15 /INE L B 4 B K, 3 AT DA I #0) GLUT
By Z RSN SRS R RN, AT PRI ECM & . KRB iRV B Js A ki Sk 1) 25
PE, SCEINE ThRERIIRY . M) SR YR —Fh R g S, R NiE TR+,
BTN, p-43 S B ] DU A% s B 05 A0 s 70, IR A RAE T2 [4]. BRILZ Ah, -4 (S Bk A LR AE
i, WiBEAEK ROS FIA i (MDA)/K -, HINPTE LB REYE, SKAbm & hEs K A RiE: FR g-#
I TR = G 2 M S0 J774A1 ELMESTMLAY TL-10 W&, AT BRAGE AL IR T FIE 28 PR 7 i itk st
DA b i BOA FR Ik R U 14 9 IR e B B NI R AR SR AE o -1 S BEBR B A IR AE S, 40 1 %)
PEi% S ) TLR4/NF-kB 15 5% S R80T, 8 TAK-242 K TLR4 5% p-23 8§ B HG 3%k
ISR 9 RE A ARA A FH 5]

FEREFA BB G, O 2 this AR S IR IR b o ZERE R B R R A i f 2
B /N ) Jo AT AL R R 28 2K W B T RE 3 ol 1) 1 B SRR R I, ARIRAR N AP SEIG RN 6], PR
FA T DABFAR /N R AT 4E AL R TGF-B1 FI4F1% 8 I mRNA JIRIE M4 N PI3K/Akt/mTOR i@ %,
AT L] TGF-B 5 510 HK-2 4 2F4ifk . did UL EPE RIS T F R4, dhmsk iRy B . JLRER
MG, LR T BeiE I ] TGF- R K IETUE A 44 E R [7]. [RIRT, LR 38T DL I
JERGLANE JEEZH A R, 7T Bel-2 RIS, F#MK caspase-3 1 Bax /K,  Mifi Flp 5 /N ERTEAL,
) E e M T2 (8]

MRIETE LS R, KX DKD 697, Bk & 4E SUE 45 HSP90OA . BCL-2. TNF. ESR1. TP53. MYC.
CASP3. fEIXSEHE i3 HSPOOOA fE'H N ¢ ThRE Y h R ¥ 5 EE1EA, HSP900A 5 eNOS fi# 5, i
JEf# Caveolin-1 15 eNOS 454, LAMCRANH] eNOS FEIENE, RAFEN L4 B 7 DhRERS[9].
AW, BCL-2 v figifid 22 2GR LIS 115 S5 2 R AR, IR NF-«B e, 514
BT, TR 5 9 RO 0 gk e [10]. IRIEIUA B 7487, TNF & — AT PR B 98 (1) B 2250
M, TERERRR B E RN SR EAE, RS TNF-a 454, 23R Bh 13 40 i 1) £ fk 7 X DL B
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