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Abstract

Objective: Cardiovascular diseases are on the rise globally, and oxidative stress plays a crucial role
in their progression. Ginkgo biloba possesses diverse pharmacological properties, yet the specific
active components and molecular targets involved in their antioxidant effects remain unclear. This
study aimed to clarify how Ginkgo biloba works as an antioxidant by using a combined method of
network pharmacolog. Method: Key active components were identified using literature review and
traditional Chinese medicine pharmacology databases, and their targets were predicted via Swis-
sTargetPrediction. Oxidative stress-related targets were retrieved from GeneCards and OMIM, and
overlap targets were analyzed using the Venny 2.1.0 platform. We created protein-protein interac-
tion networks using STRING and Cytoscape, and we conducted GO and KEGG enrichment analyses
with the DAVID database. Results: A total of 27 active compounds and 49 potential antioxidant tar-
gets were identified. GO analysis revealed key roles in gene regulation, reactive oxygen species re-
sponse, and Kinase activities. KEGG pathway enrichment indicates involvement in CLR signals, lipid
metabolism, atherosclerosis, and neurotrophic factor signaling. Conclusion: These findings show
the important parts and processes that allow Ginkgo biloba to provide antioxidant benefits, giving
a basis for its future use in protecting the heart and blood vessels.
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TR IR E B0 1L 37995 (Cardiovascular Diseases, CVD) i R AL T FE4: B I B, PEdfE S IR IE O
MR AN 3.3 12, FE>18 FFR CVD BRI ZE N 600.9/10 5 (F PRk IR )y 411.8/10 J5), 2020
£, THD. P i 26 sh A i pE i 25 o2 si B CVD T2 = KB 1]. 3 akdik. k. mEKFEH LA
T NS FRREE ST 2 0 T T SR O E s B VR YT B, AR SRy T R it = Ay T AU RIS, s
| ST £E R Bk AfL P VT (Ischemia-Reperfusion, /R)#i4%5, ELHEFENAEE TS [2]. LR I AR REE B 0L
VI 58 A I, AR IO ¥ SO 1) 4 P 7= A 1K =7 P 4 (Reactive Oxygen Species, ROS) 2 5| &S 4 i 151477 1)
KE[3].
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AT IR HUYI(Ginkgo Biloba Extract, BGb)Z RHARA (K14 RUR M IN LA 5+ & 4R I fhll B 1 — b v
7, AT RSy T2 b BRSNS P BRSRA 6], b B SSREIR R F AR, i N BRSE R U
AACIER, 3 U RIS B ph A S AN o i Sk S B (R BN R, BRI TR R . el RN
—HORIRE A SRR, B Y RGN e Y B 7 A SR A S A S, SN e H ik
KV, BTN e, B A BREE TR 8 ], A RIOH Bl AU 1 [7) B A 5 A (A i o o AU S
[O1F5AE o EAMENF T2 5 b Tl A SN AT DOW SR A SR U B DU AR R, (B TR
- A0 UL L PRV 26 A1 T PR R 1P B R ) o LR P A P B e A R

G AE K ARIRRAE DI, DU “Z R0y, 2. @487 KRR A4[10]. HRAHRE
YU(Ginkgo biloba Extracts, EGb) - E4b 22 73 B HSRYII SR IR AL SR R FEZ5BE)TH, GB JEIL
HER HEENERN, tnaey sk, ARETHRE, ErERAE B, RAETIR IR IATARER
SERA MR IR S A D T 24%. #ABESEADT 6% [11]. BHTRATRIER, KT GB
PURAC BRI RBE R S ORBEAE AN, X T2 ZAERIK GB AT AR A BAR P AT AR WA
i, AR MU RA PR D8 T ORI TR AR 2 T A SR 12] . I 2B AN
RGED GG N, Gia2 58 AYE RETHEAEE, M52 IR G R 25 24
PN ZHE S AR RIRURIL13] [14]. XTI, FATRA ML LA AR L ) GB PR R T (LR
AR, JEE A AR/ LI ATIOE, DU RG] GB FUAAL SIS AL 58 2 SRRk -

2. 5 H*E
2.1. SRESHHZ BV 5 B 53 3R AN x5 T

JEI R 2 R G0 25 B 2 U E S 2 BT T & (TCMSP, https://www.tcmsp-e.com/temsp.php) PA “4R #5724
KA AT R 2 R Z, BTV 22 SCHR I B o I I AR A A 5 A AR A P2 ) 3 A P PR 1
55 DRLHRTAS 2R HH P B 2307 12+ Je T g e AR A PRI ) 5 FF DA VPAS o 24535 P R 20 1 B 4 A
1R 2E #0125 (Oral Bioavailability, OB) > 30%. 52414 (Drug Likeness, DL) > 0.18 /EATfER M, &5
SRAFERAT I (1) = BEE 85 . FIH PubChem {45 % (https:/pubchem.ncbi.nlm.nih.gov/), Hi A& 14 573 )
W EMATRHAH 2D iy SMILES SIS AR, HHRB[BIMLEWR 2D 45 SMILES S1E
SwissTargetPrediction 4% % (http://www.swisstargetprediction.ch/) 4 Ff A%, K #Fh R 2 N “Homo sa-
piens” , HK#i Probability > 0 HJ 5% {4 %5 T #4158 s 3847 77 i% » 7€ Super-PRED ##f E
(https://prediction.charite.de/index.php) F 4 At A4 2D 45#45% SMILES 5 37§l 0%, 7E HERB $¥s
J% (http://herb.ac.cn/) F1 EAAK G4 44 R A SRR RIS, 38 AR DG o 4 I A 3R A5 1A 28OS s b AT bR e S — I 25
H, R HA RO8 o R R A

2.2. SLRIHAERE R AYIREY

13 ] GeneCards Il OMIM #4554, LL “oxidative stress” NI A] i 1 E AL ISAH SO #E 5 . B
"1 7E GeneCards H ¥ %€ Score > 1 TR 2544, SRAFFIR A CHE . KN ESRANE RS HIEE
2.3. HFERIZTEH S RFKEL

FIH Venny 2.1.0 ‘P&, LAESKERIE BU8 50 55 A E AL DR SR 55 R & 2045, BIUNARE 1%
P A3 P A A R E FH A s
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2.4. EBRE{EM4(Protein-Protein Interaction Networks, PPI) B3 K 4% 0 #8 3 i 175 %

i STRING %4 % (hitps://cn.string-db.org/), FAESZEELRE B, K815 B A Multiple Proteins”,
EHFMERE N “Home Sapiens” , W E5E “minimum required interaction score” BE N “medium
confidence” BRIA A 0.400 1EATRERHE, HANSEONBRINE, /HTIFL 8 5 - 8 5 U BLAEH M2,
B protein-protein interaction, PPI. %t 9 SCA-FTE 45 5707 LA TSV #AF1 PNG #% F H AR A7

KH Cytoscape 3.9.1, #4 PPI 43 #r4h 5 TSV XS N84, #t—Piid Centiscape 2.2 J {4 X% 7E #E
RIS HORAT RN AT, B MEHE R SE AT B0 AU E A% O s, [ 2 X 2 1S

2.5. GO INEEEE ST KEGG BB EEN T

18] DAVID %3 % (https://davidbioinformatics.nih.gov/home.jsp) ] GO EFFBEAHTThEEM KEGG
TR T I REXT A SEFE R AT B AR 00T, FREWIM N “Homo sapiens” , FH AT R . KRG 145 HLiE
iL % FDR (False Discovery Rate) K% 1E, %M FDR H I K/NFHFHEFE, GO &% 0Hr N Lk i) =771
YJiiik FDR HEVNAHT 10 240 GO & HEFIRE, KEGG &£ ik FDR {EE/MAURET 20 2521
KEGG &£ A,
3. LG R
3.1. REMHEER S B S

I TCMSP i 2 i e 43 AR A s AL B 90 3% 27 4>, FIH SwissTargetPredictions HERB. Super-
PRED %4 /2 T H- B A 2 55 J5 15 BAR A rH it P ol A R0HE A 3 340 1.
3.2. SRS

1E£ GeneCards 1 OMIM ##EFELL “oxidative stress” o< 1] I 1% S8 A0 MOIEAH =5 25, 20 BRI F)
402, 206 NAAL NI JCHE 55, K DL SR R PR e 5 S 15 2 AL N IO G RE ST R 556 .
33. REH ARSI MECNABERSNESEEMENERS S

FIH Venny 2.1.0 ~F- & % i 5 5 BHR A rH35 M B0 FH S 5 RS20 87 50k S B L (R UAZ 4, 221 Venn
B, 1923 3L 49 NE 1),

GL Oxidative Stress

Figure 1. Venn diagram of Ginkgo biloba leaf extract-oxidative stress cross-targets
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Mraettt, 1530 PP W2 (1 3). ZMI4E 49 A1 mUR 420 SRIB2H . R 1T s 1 BN IR SR € B 4T
AL, AT S E (Degree) /N R4k o X128 BEAE RS rpota itk s R HS 5071 A0 B Al
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RN >30 P SAENIZ O, JE7 4, KA TNF. AKTI. ESR1. BCL2. HIFIl. PPARG.
PTGS2. HJEEIZCHE i PPT ML (] 4), XI5 15 sS B EGERZT, I 128 U7 X 28 F 1Y) B L Pk 1y

Figure 2. PPI network diagram of potential targets (STRING version)
2. BTEHESHY PPI P4E(STRING RRA)

Figure 3. PPI network diagram of potential targets (Cytoscape edition)
3. 7B1EEE S Y PPI P4 (Cytoscape AL AR)
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Figure 4. PPI network diagram of core target
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Figure 5. GO enrichment analysis results
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i DAVID H#a e 0 HR A i3 P s o0 A AU B R S SR HE RUEEAT GO B B /3HTfll KEGG & 57T
GO &M WAt 437 4, Hob A3 72 (Biological Processes, BP) 311 2%, 41 g 4H 73 (Cellular Components,
CC) 44 %, 43T Ifé(Molecular Functions, MF) 82 %%, K32 145 K% FDR F+/7HE4, 20 HCHEA R 10 1)
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Figure 6. Results of KEGG enrichment analysis
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4. g

S RLEOR (o JUL R L PV 403 0 3 A TP R SCBRERR TS [15], " I8 R 2 S R U T P A U vt 1 26
JR(ROS) IR R EF=E[16]. BEFURM, AHRA T T40 N AR S B P AP B R Ge, (ER N =4
) ROS AWrkid kR, 1A 1%~2%M%E 8 ROS; (HAE VR SifH55 BRE T, ROS MR A M A AR
PR SZAE], BR T AR - PR, AR T AEAIRES, 3 ROS AR LS T X — 27
P ATRE, MR RHE 2 ROS 1 51 21— R 5455

HRAT SR EU R RS i R SR B A R sy, E B s AR, R A TERRA A R, B
RN B A T, FR P ER TG PR Ca2" IR, AN AR APk, S
PEIR; VR IAE s S0 NS R T (PAF) 5 I 52 42 & i ek i /MR B, Pl TR RREEAEF . A%
WHiRM, EGb AAGEMRETIREH], v EEKETAEMIER, BREENET, sy
B (SOD) 7RI AL ARG R & &, NS R OKSF, BRI B (MDA) & &, il E k)
BE(MPO)IEPE[8], 1J G R 5T — 2 = MY 28 I (DPPH) F 3 1450005 « 3B IS o S8 [ 17], R iR
FALEE-2 (COX-2)ZE R FIRIA[18]. N S A — A B A TEGENOS) IR IE[19].
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TNF. AKT1. ESRI. BCL2. HIFIl. PPARG. PTGS2 %5 7 MZCoHE . A TNF i {E & i (58 A5,
HAE Y TNF 8 # ERK1/2 () _EdrRER 1, ERMmEIRES R, TNF iKE W, 52845
UG SR, B HRR ML B R IR RIS RE . WOE NUFR) ERK1/2 Z5[20], MifE S KT )
ERK1/2 230l i fixi B i iz 14, 155 SORE IS AR BERRZ TO IR T, e 24N B i A AT A i 22 Th RERAR, T
AP ERK1/2 B3& o) i i i 05 R R4 FH[21]. 1 AKT1 ORI RS 2 Ad /2, T,
FAE AL AR [ 22] 0 3R T3 4252 (1) S8 A B2 ER S ) B B R AR D R Ry DA S Al A3 [ 23], X e
KX FHEEDT . RZHIBEFIER, ZORiARRE A2 5 52 B A A RSO 28 R S8 A0 REEUR I SR SR 3 S AL B
BOA SR N[24]. RIS Afolayan AJ I8, AKT1 A S f& £k 0 e 5 1 4 B TS0 SE30R I 5 o
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IS Uy

gE LA, AW EGb Al RgE IS 27 FuEtERC hEIFEA, 4% TNF. AKT1. ESR1 F1 BCL2
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