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Anti-cerebral ischemia mechanisms of baicalein and genipin based on network
pharmacology
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Abstract: Objective Using network pharmacology and molecular docking technology along with scutellarein (SE) as a reference,
this study predicted the anti-cerebral ischemia targets of both baicalein (BE) and genipin (GE). It is hoped that these will provide a
reference for clinical prevention and development of ischemic diseases. Methods SE, BE and GE targets were predicted using
TCMSP, Swiss Target Prediction, Stitch database search and literature mining methods. Targets related to cerebral ischemia diseases
could be predicted by DisGeNET, CTD, NCBI Gene, OMIM, DrugBank and PharmGkb databases. Cytoscape 3.3.0 was used to
construct the small molecule-target network. GO function enrichment and KEGG pathway analysis of SE, BE and GE specific
anti-cerebral ischemia targets were analyzed with the DAVID database. Autodock Vina software was used for molecular docking,
testing the binding energy of BE, GE and SE to targets of cerebral ischemia. The optimal target protein was selected according to the
binding energy and inhibition concentration of receptor and ligand. Results A total of 30 potential targets of SE, 59 potential targets
of BE and 35 potential targets of GE were found. Common anti-cerebral ischemia targets of SE and BE were PIK3CG, CYP1A2,
VEGFA, ALOXS and PTGS2, while common anti-cerebral ischemia targets of SE and GE were PTGS2. Molecular docking results
demonstrated that the binding energy and inhibitory concentration of receptor PTGS2 to the three drugs were relatively low.

Enrichment of GO function showed that common targets of BE-SE were mainly distributed in cytoplasm, organelle membrane,
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endoplasmic reticulum and other elements. These elements had binding functions with metal ions and cations, catalytic and
oxidoreductase activities, and they participated in cell lipid, carboxylic acid, oxygenic acid, organic acid metabolism and fatty acid
synthesis. Results of the KEGG analysis demonstrated that receptor PTGS2 mainly acted on the arachidonic acid metabolism pathway
and the vascular endothelial growth factor signaling pathway. A combination of BE and GE functioned in the treatment of cerebral
ischemia disease by inhibiting expression of PTGS2 (COX-2) and vascular endothelial growth factor protein, thus reducing brain injury
caused by inflammatory factors and improving the permeability of the blood brain barrier (BBB). Conclusion This study predicted
potential targets of BE and GE compatibility in the treatment of cerebral ischemia diseases and preliminarily verified mechanisms of

action in the treatment of cerebral ischemia diseases. It provides valuable data for further study into the mechanisms of BE and GE

compatibility for the treatment of cerebral ischemia as well as developing a basis for the next synthesis of new derivatives.

Key words: baicalein; scutellarein; genipin; cerebral ischemia; network pharmacology; molecular docking
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Table 1 Specific anti-cerebral ischemia targets of BE, GE, and SE
wEY) S LIS UniProtID
BE PTGS2 AIFI R G/H &% 2 (prostaglandin G/H synthase 2) P35354
PIK3CG  BNEMLALEE 4,5- —BERR 3-Ilg M4 WAL v- #4944 (phosphatidylinositol 4,5- P48736
bisphosphate 3-kinase catalytic subunit gamma isoform)
VEGFA MW 4K EF A (vascular endothelial growth factor A) P15692
BCL2 JATZR 7 A7 Bel-2 (apoptosis regulator Bel-2) P10415
FOS 5 FE A c-fos (proto-oncogene c-Fos) PO1100
MMP9 4B E A9 (matrix metalloproteinase-9) P14780
HIF1A A7 S R F 1-a (hypoxia-inducible factor 1-alpha) Q16665
MPO TN (myeloperoxidase) P05164
CYP1A2  #lffith 3 P450 1A2 (cytochrome P450 1A2) P05177
PLAU SR A 4 8 (A B IR 0TS . (urokinase-type plasminogen activator) P00749
MAPK1 22 R iEW B S 1 (mitogen-activated protein kinase 1) P28482
ALOXS VU IRER 5-NE%E A (arachidonate 5-lipoxygenase) P09917
XDH IS ARG (xanthine dehydrogenase) P47989
GE PTGS2 AIFI R G/H &% 2 (prostaglandin G/H synthase 2) P35354
GABRA6  y-RIHE TR IE -6 (gamma-aminobutyric acid receptor subunit alpha-6) Q16445
UCP2 LRI AR ZERIAR S A 2 (mitochondrial uncoupling protein 2) P55851
STAT3 &S SR SR F 3 (signal transducer and activator of transcription 3) P40763
VWF I BB I A2 995 IR 7 (von Willebrand factor) P04275
SELP M MREFF R (P-selectin) P16109
ALB MiEH#EH (serum albumin) P02768
HMOX1  MZLFEM%AN 1 (heme oxygenase 1) P09601
MAP3KI11 2R 5358 FHEE-11 (mitogen-activated protein kinase kinase kinase 11) Q16584
MMP9 4R EABE-9 (matrix metalloproteinase-9) P14780
SE PTGS2 AIFI R G/H &% 2 (prostaglandin G/H synthase 2) P35354
PIK3CG  RNEMLALEE 4,5- —BERR 3-Ilg 4L AL v- #4944 (phosphatidylinositol 4,5- P48736
bisphosphate 3-kinase catalytic subunit gamma isoform)
VEGFA MW 4K EF A (vascular endothelial growth factor A) P15692
CYP1A2 4R 3 P450 1A2 (cytochrome P450 1A2) P05177
ALOX5 A NEER 5-la%A &l C(arachidonate 5-lipoxygenase) P09917

XDH IS I SH (xanthine dehydrogenase) P47989
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R (Met) 522. 228K (Ser) 530 kA:Z 4 AHHAE
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AR (Glu) 461, FEEIR (Arg) 469 JEK 1 NEEE,
SE 5 PTGS2 7 AR/ ZAMNL (Gln) 42, B2 (Glu)
465. HEM (Gly) 135. Fi&R (Arg) 44. Fhk
IR (Cys) 47 KAEZHAMAHEIERA .



¢ $ % Chinese Traditional and Herbal Drugs 38 50 %% 25 23 #] 20194 12 A - 5807 -

*2 DYSRLIERSHRENTESR

Table 2 Drug and target docking parameters and corresponding calculation results

A=y ¥ PDBID  (XXYXZ)nm’ Center (X, Y, Z) A F FRIRES
(kcal'mol ™) (pmol-L™1)

BE PTGS2  SKIR  126X94X126 31.408, 12.428, 35311 ~7.54 2.96
PIK3CG  4FIZ  126X104X104  34.634, 3497, 28.656 ~6.33 23.08

CYPIA2 2HI4  126X116X126 6157, 21.813, 26.682 -7.13 5.98

VEGFA  4KZN  126X88X110 5.056, —5.557, 4.942 -5.92 45.73

ALOXS ~ 3V99  80X122X94 8.484, —46.788, ~25.308 -5.23 147.50

SE PTGS2  SKIR  126X98X126 31.408, 12.083, 35311 ~6.74 11.52
PIK3CG  4FJZ  126X102X104  31.946, 1462, 27.357 —6.24 26.54

CYPIA2 2HI4  126X114X126 5408, 19.777, 24.020 ~6.51 16.79

VEGFA  4KZN  106X74X102 6.118, ~1.626, 4.802 -5.79 57.34

ALOX5 ~ 3V99  88X118X92 8.484, —49.669, —25.308 ~4.02 113

GE PTGS2  P35354  126X92X126 31.408, 13.265, 35311 —5.60 78.22
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Fig. 7 Best composite structure and interaction diagram of BE, GE, and SE with PTGS2
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4% PTGS2. PIK3CG. VEGFA. CYP1A2 wJ g%t
BT sk B A EEE AT R = S B (PTGS)
WA N EALEE (COX. COX-1 A1 COX-2), PTGS2
(COX-2) sEHTHIMEZ A B B 25T 7R SR i
PER 25 FR PTGS2 ik B, S350 b & 261,
WL B PTGS2 #II77Re 0% B Ik PTGS2 FIiE 1,
IR A R L5377 1D 98 5 e I N T 50 25 A 6k 11 35 o8 1)
il 20 2345457127 PIK3CG 71 93 dmh A T G (i fhk 79223
(PIZEE PIBKY2S), W5 UE BAFE 4475 )5 PI3Ky K
RIS, ZE KRB 72 h JE BRI X
PI3Ky & HRIA T &Y, #it] PIK3CG MidE A
FIF 90 PI3Ky 7 b e i 453 475 20 23 p (1) 3R 05 .
VEGFA 2 I WA KKE T, —M VEGFA Rl
VEGF, Hf 5 & I it 1L 56 38 2 MACO 1 14 Bl A
Bt VEGF & ERIFRIAF &, 415 1 0% 1 3
nen, @5 ak BBB REB MR, HniE T
BRI EDRAS TR R 45023, \—EF2E I
] VEGFA 1215 BE Jak 5 i s (i3 RS T o 25
5. CYP1A2 & CYP450 [A TE§ R4 E %
B, 20 AR B R PA5S0 L E R 13%. 296 5%~
10% 111G R 259085 CYP1A2 AR, 3% —L)Fit &
ez, WFEPIERFIEIENGE . 2R, K
P AL AP RTH AR R CYP1A2 35 B3,
Il RBT 73R B AT AL LR IR L. Brde. P
WA ER, B0 SR G . H0H] I
PR AETEPE S IR ML & . Jian S5BTRFFUAT 254K
LFEXT CYPIA2 JEPERI W, HAE P T1EN
CYP1A2 MEREH R E AU, 45REKH
fT BAL LR BE EEANHIR AR NI CYPLA2 36,
SE AT #Ak LR E AW, W eI
CYP1A2 HIEHERIEMSR M SGEEA « XA AR %D
W FE I IE MR TR R R EAABUR R AR CYP450 il
RAMDEIER, Z550EW BE X CYPLA2 K4
HIUE (ICs0) {4 37.7 mol/L, ¥i#] BE X} CYP1A2
(P PE B A — s AR, AT A FE Pl e L 452 4%
JE IR o

AutoDock 7> R4 R R, PTGS2 5 BE.
GE. SE BHRUFHILE &M, HeEEREMInsiR M
WHEAK. HR¥E KEGG #4148 H PTGS2
FEAEH TG RICH . VEGF 15 518 .
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PTGS2 1FNTEAVURRRAE ™4 PG 1) 3 ZEPRE
Wi, 7EAIEMALP RN B RIE, ZH TR AN
SRt 5 PTGS2 RIEHI N, 25 R GERRE, [FIHf
T EE o I DX 2 A0 MR B . WFAURE SE 1E
fe S - Pl sk 0 1) 98 i e 7 0 Wi e L R4 E
Cheng %P 7525 KW SE KAEPL 4 AEFH B
Al B NI SN 7-kB (NF-xB) 36k, HEiM
) PTGS2 £ I£IE. Xu ZH0K I SE XtHE %
BE (LPS) H3 1) E W2 RAW264.7 H PTGS2
DR (1) 2R 04 52 B0 R 58 Ak it ek e ), IR B AR ) T
PGE2 [ 2. Gong Z“IAfF 7T T BE Al BC Pt 4
Ihig, WERH T BE BERSIELHNH] PTGS2 (IR IL R
PR IMEF « PTGS2 1 i 10 /I 5 41 i 1 5 242
KAFH1, BE REMSHIHIGREVIRES T /NI ot 48 i
PTGS2 EFMFRIE, R 5 A 7R SRS T i )
A 45 £ H ) S B FISY, W70 2R B BE ST 0k
BRI P P AL A A T 8 R BN T 980 i 5k 1
P54, BE X2 VEAHMER 716 7 AR K, fie
i@t NF-«xB 15 5@ 23# N i COX-2. MMP-2,
MMP-9 J R 218 R AP 2 AE IS, FiRkiEfe
A DR B & NF-xB 13 S ER 1) FiE 5
5, I H AT DAL NF-«B 3 3 47 48 40 i bR 735
T S A BE e,  FR0H BE ek i B i 15145 7T fig
S B IS BTARAE P TR VU A 1A U5 308 2 T A Pk £
PYER . tb#: BE 52EKE4 (Celecoxib, COX-2
FRHIFD XF COX-2 Wsgmnt &I, BE #] COX-2
BRI 208 B2 PR T T A IR AR T, T HL
BE Reg 4| LPS -2 AI5I R (PGE2) ARk
TR Y0 S 32 B AR, GE A PR %5E— R4
ZHFRAE FA9-50), GE HURi S i 45455 22 A2 4] 0
I il > G PSS AN il N R S =i 2
TN AR 2 TR 70, I FL R S BB
Sun ZEBARF R AL GE SRS AR 2B J5 bt
COX-2 Ik #E M HIME A =T COX-1, H GE fEH
WXAHZ R G PR E I R, GE BEFFHEK LPS
FEEM BV-2 1 COX-2 mRNA FiAKFE, Xt
VEGF {5525 & #HER /iR, VEGF
REAZIE M 5 @A M, &SRR ENRA T BBB il
FEVER I, ERERIRGE GE (KU FE BN fE % [
VEGF [MFIA, @4 ERK 5 518 FIBEHMH
VEGF 314054, Han 8659755250 H &  BE it
i COX-2/PGE2 1%, F#{K COX-2 fFKiL, I
il VEGF /-3 ML AR, MR 1E 2 VR 7% 12

RIERPAER .

2k LRTiA, %t BE 5 GE FCAhiGyT sk M 5%
(AIDAE RN AR B, AT A il i e AR 1Y
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