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Abstract

Aim: This study systematically investigates the potential anti-atherosclerotic mechanisms of Tetras-
tigma hemsleyanum (San Ye Qing) using network pharmacology and molecular docking approaches.
It aims to identify the primary active components, potential targets, and associated signaling path-
ways, providing a theoretical foundation for the pharmacological research of Tetrastigma hemsley-
anum. Methods: The main active components of Tetrastigma hemsleyanum and their corresponding
targets were identified through the TCMSP database with specific screening criteria, and the “active
component-target network” was constructed. Subsequently, disease targets related to atheroscle-
rosis were retrieved from the GeneCards and OMIM databases, and the intersection of drug targets
and disease targets was obtained. Protein-protein interaction (PPI) network analysis, Gene Ontol-
ogy (GO) biological function enrichment analysis, and KEGG pathway enrichment analysis were per-
formed on the intersected targets. The “active component-target-pathway network” was constructed
using the Analyze Network tool in Cytoscape 3.7.2. Finally, molecular docking was employed to ver-
ify the binding affinity between key active components and core targets. Results: Nine major active
components of Tetrastigma hemsleyanum were identified, seven of which had clear corresponding
targets, while two were excluded due to poor pharmacokinetic properties. A total of 2084 disease-
related targets for atherosclerosis were obtained, with 77 overlapping targets identified as the in-
tersection of drug and disease targets. PPI network analysis revealed that AKT1, PPARG, PTGS2,
EGFR, and ESR1 were the primary core targets. GO enrichment analysis identified 285 biological
process terms, 44 cellular component terms, and 108 molecular function terms. KEGG pathway en-
richment analysis revealed 108 significantly enriched signaling pathways, primarily involving en-
docrine resistance, EGFR tyrosine Kkinase inhibitor resistance, and arachidonic acid metabolism.
Molecular docking demonstrated that quercetin, kaempferol, isorhamnetin, and kaempferide ex-
hibited strong binding affinities to the core target AKT1, suggesting that these components may be
the key active ingredients of Tetrastigma hemsleyanum. Conclusion: The results suggest that the
core active components of quercetin, kaempferol, isorhamnetin, and kaempferide in Tetrastigma
hemsleyanum may exert anti-atherosclerotic effects by regulating key signaling pathways related
to lipid metabolism and atherosclerosis, such as the MAPK signaling pathway. These components
likely act on the core target AKT1 to mediate biological functions such as protein binding, enzyme
binding, and protein recognition. This study provides a theoretical basis for the further develop-
ment and utilization of Tetrastigma hemsleyanum.
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1. 5|

) ik ok 1 i 4k, (atherosclerosis) & — i UL KIS B , JLRRAE A2 Sl ik Py B IE BRUORR o 41 4 3 2k
FRRERNL, B e SR . AL B A TR, R R ILAT VTS kAL S
AR I T EEZ R J1[2]. B0, fESrh 2 YISO E TR IR . Bra b V8 28 ARG I
Th e 77 T I 535 19T R4 (3]

— 75 (Tetrastigma hemsleyanum), A% BHEY), RO Z M2 R/E B E AL g R 250 “me)
H&” o BURETARY, =S R EE RS BRI, B SRERMAEMRELEY), X
B BAPUEMN LR DUMIR. ST A E T RE[4]-[6]. 7RO MU, T BRI =
I 0T 50 S S AR TSE A [ A DG B I 72 BV AE RV E . ldn, S M o B8 a8 VS B B e A4
il g i AR A TR AE R, AN T 9 ARG 2% 82 1 2 1 (ox-L DL K L/ Py e 4 ik Ry 4 A [ 7] A
FORIL, =W EHREBIRES B IE bR B A R I A R R A A K B T B (ox-LDL) X I
PR AR A5 5, T R AE BB R AR AL A F 8] kA, =35 (35 R 284k A W (it 2 R AN IL 25 )
CLHIE A BE % 308 JORE BT (11 TNF-a A1 1L-6) (R 3635, M ek 8 25 ik ol R A5 A B e () 7 J [ 9]

DR, = P 75 R 230 B A A5 e e 9 B 1o 2 v R A S () S A1

HAHA “ZRUr. 2R 2R PRAL HAERANREE BN E AR AGINSLE TEAE LA
BN 25 VE LS, BB AR EUR[10]. JmAFR, 4% 22 %% (network pharmacology){E A —Fl & T
RGN FR 2 )2 S S W R 58 0510, 158 O S 25 B WL A 2 TR @ i “ 254 -
B — BB - IR AR, 4 2 B 2T DL ZR G 0 O 3 T 24 TR R PR R A . TUTERAERE A, R
MrHEAERDE R, AT 25 AR SR AR 2K [11] [12]. ZEFTBBKIBFERELL B L, 2% 2 B
ORI N T 8 VL R TR B AR 23] [14].

BT =5 BIPUEN BKH R RE AR A FH T ) 248 24 B2 R O3 - e 9T, AMUAT AR Gt AR 7R =
MR ML, 80T DO TR R R AR KIR T30 kol AR AL 25 3 (B A0 . [FII, 1X— B 508 B T8
B =M RO ME TR R I, BRI 2 G B VR SR AR AR UL T &, I 25 IR RS
HEBRT B R SR DTk &

2. MREFHZE
2.1. ZHEEMER S RERESRTFE

I H H TCMSP (http:/tcmspw.com/tcmsp.php)iX — 1 24 5 Gt 25 B 2 48 PEA 3 i1 5, FRATT0E =it
BT E A A R AT R R . N T IR A E Y PR AE IR % I Rt AR
i PETE S, T oRE T 244030 /) (ADMET) JR B2, % 11 il 24 (OB) AMIL T 30%. 2414 L1 (Drug-
likeness, DL){E X %] 0.18 B 59T LMRE . Z S B EAI/E TCMSP Hid % ) MOL.ID %%, 62 Al
EEATAReAER R 7 TR A

76 LRI 2l b, FRAT4R MR SwissADME Z54X3 712 T~ & (http://www.swissadme.ch/) X}

R 0 S EEEVE LAY HEAT 2D 1) ADMET $RUEPPAL[15], BRI 2R IiE IR Ge I vrgch
“high” , [FIRf 2= /DLEPTS oAl ADME Z5005 HIA S “yes” KK I —F 19 ik, #1520
BARRAEVHR BRGNS+ T &€ B oCEE s, FATFIH PubChem & %4
(https://pubchem.ncbi.nlm.nih.gov) £ 1) -3k A3 E A8 SMILES, #H 5\ SwissTargetPrediction 254 #H{LITE
I3 T-HE 5 T 6 (hitp://www.swisstargetprediction.ch) [16], #&T SEIA G AL &9 E AL EE XS, XF
TXEESR H =M BN 431 AT REAE FH 0 o B AT TR
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2.2, TR B RER

N T RGHAZYE S B R AH O I S BR BE ST R (K, B EHE E GeneCards (https://www.gene-
cards.org/) il OMIM (https://www.omim.org/), 437 LL “therosclerosis” E A2, 8 I3RS Bk
FEEAL A R R B UIAH R IRV AEBE RURE DY . FESRTS PN B FE R R W AR 45 R 5, s Rk T & 9F, %
PrEFIEFKH, RIRE—mids. 5T 0k, X5 4 519 A0 PE 1) L (R RE f B2 AT IR N A A pEA

2.3. FRERMLESYNRZES

R T N ZEE VA VIR TGN EE S, RS HESE FLE S Sk R R AR R A G E B, R
Venny 2.1.0 (https://bioinfogp.cnb.csic.es/tools/venny/) 5 {455 B 24 3 M4k S -5 30 ok B A A A 5 07 555 )
ACSCHE T, IR LG EE f T VR IR YT B KO R RE AL [ T R R

2.4. PPl MEHBSEAR ST

N T ATHAZYE T 2R AL S ) 5 B K R A S R R DR IR AR ELAE SR R 2%, sl A5 B
AZE A HT NS, MR AR - R A RAH EAE (PP SIS . 52, K2 s R Venny T HIRE R+
PHE AL B VRN B KR FERE A0 HE SRR R 152 56 3N STRING 448 2 (https://string-db.org/) . 7£ STRING F*
& b, &E HARYFy homo sapiens, H4 B {5 5% BIA 17 % 2 45 5 7K1 0.900,  [F) I 5 T H FH 2 A5 ) 2
Ne ZJa, M STRING FHi ) PPI 45 %#iE 5 N E| Cytoscape 3.7.2 WS T #4k K o3 b T B ep, 1H5HIF
SRIUEEAN T s ¥ Z%: Degree. Betweenness Centrality F1 Closeness Centrality %5 .

2.5. GO and KEGG 9#r

GO IIfEM KEGG i & £ HT7E DAVID ¥ & FiAT. XFT GO 4, T Ty Hix S o 5 (1 i AH
KIVEYFFEBP)FRE & H . GO VE NIRRT R E Prbr il 5, BEIE A2 H R G HiAR HE R 5
BN = EI R TS SR AEYEE S . WL GO BT, AT LS &E H IR 5 3 R M il 2 5 (1)
IS RRE R A HOC R, R B R 2 S AT e A NSRRI T 4. KEGG RGHERKL T WAL
W0 TP R RN T %5 H5E, i TARE. 55T, gRdREE2AN 91, GT M
RGN E A S ERRAN 5 S AR &5 B AR 34T GO Rl KEGG & &R/ HT.

26. ZHEFERSS AKTL o FxiiE

Table 1. Prediction results of effective components of Tetrastigma hemsleyanum

F 1 ZH BB HFUNER

it BRURST OB% DL ADMET = Yes)
MOL002464 -3 R H 3 SR 37.18 0.3 No
MOL000359 B 36.91 0.75 yes
MOL002288 K& 2-8-0-p-D-H &) Hi EF 44.81 0.8 No
MOL000492 YIRS~ 54.83 0.24 Yes
MOL000098 SN 46.43 0.28 Yes
MOL000006 RBER 36.16 0.25 Yes
MOL004564 iz 73.41 0.27 Yes
MOL000422 L 22 41.88 0.24 Yes
MOL005190 BX A 71.79 0.24 Yes
MOL002322 SR IRH 31.29 0.72 Yes
MOL000354 FRAER 49.6 0.32 Yes
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Figure 1. Intersection targets of Tetrastigma hemsleyanum and atherosclerosis
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3.3. PPl ME DR
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Figure 2. Visualization of intersection targets of Tetrastigma hemsleyanum and atherosclerosis
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3.4. GO M1 KEGG E S BEEEMH

GO EHESHT T RN YR ThEEER . i, BP (i) 8 HE o Bon T R AREAEDLRE
HHER T CC (AR /) & SR T IR 1 A2 UEE A 5N : MF (5T DIRe) & & i 3w 1
FUC TR FSZAR AT REZ 25T HNE YR . 4 7T D= - SRR AR I EE 3N DAVID L T H, A
BP. CC. MF =AEHX KT GO EHE MW 3 fR), LRI 5167 Sk FEAE AR C s AL A
VIEE s L ThRE . (5 4 BREARAR R R BRI AL, AR BEARERAR O N 2 = . BP R E B AN H FES5H
WAL N B IR S AR 5%, ARG “ A A B B KR 8 (cellular response to chemical stress). X 44k
LIRS (response to oxidative stress)5F 5k H, X & BHAZ O Jk K ] B 18 i 1428 S A0 S ORI 8 i S R AH 5%
AEYIERE, TEBMRIIRAE. RIERRERETEN; 16 CC /32, BE LMK HER R A
X ek, flhn 2 M T 5 4~ (apical partof cell).  “ i/ i€ (apical plasmamembrane).  “JE4E” (mem-
brane raft) fl “JE 4 [X ¥ (membrane microdomain). #h4lh, “HZMEfE 7 (nuclear envelope lumen) 1 “ %]
Ji” (vesicle lumen) B R B H 235 5 4, IX LR & ] BE 8 7140 PSS RN A0 B 35 104 e X4, FEim ik 45 A
KRN G Z 5. £ MF 7328, B EHENKH EEENES ) T 455 G M
KHThRE b, AHE K2 iEPE” (nuclear receptor activity). BT FIFE SR TE I (ligand-activated tran-
scription factor activity) 5, R HIXLL T INEERT Re/E(E 5 PR REZIEN . FIREREH, &
OEERIE RGN JORE OB S R B AR M R R R B B A, AR P B A 32 0 6 T 2 R AN A I S 4
M2 5y, FE RS ARG PE . SR R E R TS M 25 0 T Th B TR AH OG5 5l it

WE 5317 KEGG g & £ 7 (A&l 5 BroR), B ER 7 =55 1 OGS m 2R IR 5 22 2% s kR A1
ARG SR VI, W R ARIERN . BB IS A A P R Dy e 1 45 4 AR W) 2L
o0 FER U AKTL. EGFR. PPARG. PTGS2. SRC fll ESR1 %%, ‘Bl 17E M 44 vh B AT e KA1 s K/
BEZRELHE, R\ ER AR OER. XBEREEEET 2 XG50, Flunfed:um
FRACHHE RS . VEGF (5 53826 EGFR M Sl BRUSSE- 1) 71 i 24 14 180 % A0 N 40 WA PL IR % o oy, FEAE DU A
PR AR U I8 % 5 SRE A SO R TR R0 T A B UIAR G, RT R Ik % AR R S 52 10 30 ok oA A R A P 3 5
VEGF {5 518 5 U8 A2 A A R 20 B Dh RE R A O, 3B =538 3G L 5 D e R ¥ EGFR 1%
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Figure 3. GO biological functional enrichment analysis diagram
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Figure 4. Enrichment analysis of KEGG pathway of potential target of Tetrastigma hemsleyanum in treatment of AS
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Figure 6. Docking mode diagram of main components of Tetrastigma hemsleyanum and AKT1
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3.5. FFXEEELER

M FXIHEGR T UEH, AKTL EESUMAEYIA) KR, (B) LFER. (C) LEMAD) #
RAERME G A —E MR, (A& BAEMRES GRS, BRI . Wkl 6 Fos, Mk
RiEdZNERES AKTL BB NS, FEW Lo a L IRESEE Asns3 fil Asnb4, JF5 Argse #il
Lys307 FEAAM G . Ak, Glul? fil Asp323 tHZ 5 T o FRIKAHEAEA . AR FEBRTE# S
Asn53 Fl Asn54 44, [FI 5 Lys307 JEtease 5 A AR - S AL, th 2RI Es &0 B,
HAMEER S Arg86 BRHARCEEN i B A AR, X RSP B G R IMART W =, (L5
5 AKTL mgsa e iae, JBR T 20448, 125 Asn53. Asnb4 il Lys307 tHEAEM. FS,
Arg86 Al Phe55 25 145G, #— B [ 70 FE IR EN: . o, GIn79 #eft T HHM A B H, &
L ZRMEG Ao E R —EH. RREZNEGAHEREG LEBMEL, FEEdE#ES Asns3.
Asn54. Lys307 fil Arg86 M EAEH], [FIRHZA T 55 Phe55 Al GIn79 [HF NGB 4% . ik 75 fesh 1
R, WAL &P aedt 5 AKTL TS PERL s) Bofe e iU N 28 AR X sefh APl id 5 AKTL
M2 mdiE, TP AKTL g, MRS S FERE A SIS S ali, RIFEPLR . Pra AT
AU IAE FH o
4. ¥1ig

AW T T W48 2 B2 R TR R, RGP R /R 7 = R DS K A R A Ik B (v R A
FAMLE, 2GR AT et 7 EE RISl . B A EYIRE. SN, BB E S K
Iy FXF IR, B 7045 R 3R W =155 A g il i 22 $E 05 L 22 38 1 U R 4 2 ik o R A A AR 2 R BRI R,
E—BAE B T AR R R IR BB Ik ok R R AY 2547 (0 7 2 B FH B

SE NSRSy, AR R WERER. LEMARERER, HRMELRZGR)f%E
JRANT 2 (R E D A I [18] 0 ASHIE 7838 L 80 A AN PPI X 28 M 7, R BILISK 6354 Bl 23 R A P 4 555 15 3 ik
SRR AR S RZ O R s B, JUH S AKT1. PPARG. PTGS2. EGFR il ESR1 Z5H#[ i, IX L6455
FENR AR . R, 280 s AT IS D RE R 45 b B CEME A . @i GO Thag & &M, KIL=nt
HHAFESE QXS NEIR" ORI R S AR R, X R I =
VAT EA SR JORE N, IR SRR R . A, KEGG @S E Eoir iR, —HHEEAR
ERETRENGRAGIAKE . VEGF (5510 PN/ W KPTIE % L& EGFR i 2 BRI il 771 245 14
M, BEBIRAE T SR SO . BGE I T e M A AL T B E AR A

AFXEEREY, WER. WER. LEMMFRERYIEL S AKTL BTG ST AR E 1)
ARSI RIS R TG RFERY], = %O R PRI T AKTL 31
B A S E KRR AR DG (S S, M RFEDTR . B A s AR 2 aL IR

Skg i Zga L, =mEEd 2 AL 2B ERR SR T R 2R
(190 = R RS P B 0 T B R R AR AR L AR BRI S e N S A O B R, IR AE R
MERF (W AKTL. PPARG Fl1 PTGS2)Z [AIJE B I 28 Wi [RIAE A4 T B ik o FF A A 1) 95 BRATL A1) B2
ey arge. FIR, =MEEN A, FRIEREDN, AVHEERE, MBTASEAYE
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