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Mechanism of action of Tianma Jiannao Formula in ischemic stroke
rehabilitation by regulating the GPER/EGFR signaling axis based on

network pharmacology and cell experiments
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[Abstract] Objective To investigate the mechanism of Tianma Jiannao Formula (TMJNF) in treating ischemic stroke (IS) and
to screen its active components. Methods The active components and targets of TMJNF were obtained from the TCMSP database,

while IS-related targets were retrieved from GeneCards, DisGeNET, and OMIM. The intersection targets of TMJNF and IS were
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obtained from the Venny online platform, and the protein—protein interaction (PPI) network diagram was obtained from the STRING
database and Cytoscape 3.7. The DAVID database was used for Gene Ontology (GO) analysis and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis of the screened targets, and the top 10 target genes were calculated using the
Cytohub plugin. The regulatory effects of TMJNF on the G protein—coupled estrogen receptor (GPER)epidermal growth factor
receptor (EGFR)/cyclic adenosine monophosphate (cAMP)/protein kinase A (PKA) signaling pathway in hippocampal neuronal HT22
cells were verified by ELISA, RT-qPCR, and Western blot. Results The core components of TMJNF, including baicalein, quercetin,
tetrahydroplatyphylline, mainly act on key targets such as matrix metalloproteinase-9 (MMP-9), tumor protein p53 (IP53), and protein
kinaseB (AKT1). These components were involved in biological processes such as response to exogenous stimuli, hypoxia, and
lipopolysaccharide, and regulated signaling pathways including hypoxia—inducible factor-1 (HIF-1), phosphatidylinositol 3—kinase—
protein kinase B (PI3K —Akt), thyroid hormone, and estrogen. Cellular experiments confirmed that TMJNF can promote the
proliferation of HT22 cells damaged by oxygen—glucose deprivation/reoxygenation (OGD/R) (P<0.05 or P<0.01), reduce the expression
levels of IS marker factors matrix metalloproteinase 9 (MMP-9) and C—reactive protein (CRP) (P<0.05 or P<0.01), and upregulate the
protein expressions related to the GPEREGFRIAMPPKA signaling pathway (P<0.05 or P<0.01). After treatment with estrogen receptor
inhibitors G15 and ICI182780, the effect of TMJNF on HT22 cells was suppressed to varying degrees. Conclusion TMJNF may
treat IS by activating the GPER receptor and mediating the non—genomic effects of estrogen.

(Keywords) ischemic stroke; network pharmacology; Tianma Jiannao Formula; estrogen signaling pathway; cAMP/PKA
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1.1 ZRBEsRiE

/NI DR 2 oc i HT22 T E AR5 9
FHEA PR R (427745 . 202108)
1.2 KF5%Y

MTT £ Jif0 58 5 e 240 B 2 P A I 30) & (545
C0009S) .C JZ 1 # [ (C-reactive protein, CRP)ELISA
A& (525 . PC186) I A = RAEWH AR AR A
A 5 Anti — BRI 1T (eyclic adenosine monophos-
phate, cAMP)HLIE (%5 . ab76238) Anti—F A4 K
[ F2Z 1K (epidermal growth factor receptor, EGFR)
Hilk (555 :ab52894) Anti-G—protein coupled recep-
tor 30 HLIK (575 .abh260033) Anti—-CREB ( FF # it
RN e 45 & 8 H , phospho  S133) Hiiik (185,
ab32096) Anti-beta 1 Tubulin(B WA )Pk (52
5 :ab179511) ERa A1 ERB #IHI5] ICI1182780( %5 ;
ab120131)I4 F Abcam /Al ; B A(protein kinase
A, PKA) alpha Antibody (%25 :PA5-17626)4 F &2k
KRB A R A F ;G 8 B IRMER R 21K (G
protein—coupled estrogen receptor, GPER)#HIFIG15

T TargetMol-T7389) I H 3£[E Cayman 23 F];MMP—

9 ELISA X7 £ (575 : CSB-E08007m) I [ ik I ¢
FEY TRA R F] ;e s F (5845 . SN8560) 14
AL R FRHE AR AR,
2 Tk
21 MEHEFERE
211 BREEYIADCHES 7E TCMSP B (hitps://
old.temsp—e.com/tcmsp.php ) 1, 3l 1 52 HARA: P A
H JE (oral bioavailability, OB) =30% 2244 (drug
likeness, DL) =0.18 . Ifil i it % i%5 12 % (blood ~brain
barrier, BBB) =-0.3 251, 43 B A 103 7E KR
AETHE AR CEE HR Bk AR S s 2
TP B B AR L R B A5 5 HY T TCMSP 80408 P i A
A5 = 0 N ORI & 950 S8 i VR WY =S S
TCMID ( http://www.megabionet.org/tcmid/) B3 2E 3 HL
CLERINTE MR ME B, IFFE TCMSP Bdli e i
TF BB SR A 2T S5 R0 M B o3 S AR Iy 05,
G A TR 2588 F B, 7E UniProt 248 /% (hitps://
www.uniprot.org/) HUHHE SR I A PRI EE 24 FK

2.1.2 FREPRAHDCHER  JEALTE GeneCards(https:/
www.genecards.org/) . DisGeNET (https://www.disgenet.
org/) Fll OMIM (https://www.omim.org/) $ 48 v fdf Fi
“ischemic stroke™VE R A & ] , 15 BIAHCHE ARG &
I MBRE A

2.1.3 BRI SEYISCHERL R R 2
JYHE 5 _FALE] Venny 2.1 (https:/bioinfogp.cnb.csic.es/
tools/venny/ ) FEZ -5, A= 43 LRI T ARHE AR A5
2.1.4  WERFHFMIHITEVER M E RS L BEE ]
T Cytoscape 3.7 WUA KA 1Y 1 2% [ ey 8 il 5 1) ik
BIPESCHE SO K T RRAZE I 7 0 M o 5 1S A
5 B, 3% [ Br e 45 19 TAE SO, — IS AE Cy-
toscape 3.7 #AFHT SR “CytoNCA™ i {1 Y De-
gree TP TN T, FARIE LSS A THET .
2.1.5 -8 HBAH EAE A (protein—protein in-
teraction, PPL)IZ&BIFYEE 4 KR{EEM /7 5 1S AH
XK R A 22 4L FE 5 A STRING %498 J# (hitps://
string—db.org/) , Y64 “Homo Sapiens” #4717k , Fa
To B S, FIF Cytoscape 3.7 BRAEXS G Y tsv 30
PEIEAT AL AL B A A PPT R4 1A

2.1.6 GO THERI KEGG &4 W RGEMATEE
ERHE S A e SGE B AL, AFFER FIDAVID
B (http://david.niferf.gov/) , X 25 3L N HEFT GO
Uit B & 4Tl KEGG 8 5 & 00T,

22 YHRASEIN TSR

22.1 SAMIGERSS  REREOT S R E H
AR KBRS A BT 14 g, 205K 9 g 1k
%23 g, A 12 FERFKRE 2 (R E T
SCKAERD) B 1 b U8 A I IR, S AR 2
£ 245 0.366.0.442.0.504  g/ml. Y K R A ik 75 1K
Hh R R AL 2 24 ) RN BRSO R T 7 A A
FR T A BES TR 5 AP e e 2 R R
JRRAGE A 7 24, Xof WE A R A R 2 /)N BRUVEE W SR FR A
FRERK , ARG 25 2 b, 8 E Sk, A 4 C
VKAE 5 h JEHUH L3 000 o/min(BS02FE4R 15 em) B
05 min, B BIEWR . HIRIAHR EERIRS 56 C
KRG 30 min,0.22 wm JEREEE , Fe e A K
$6-80 CIRTE.

222 HMENEFE WBEHMAOTHERE T EA
10% 64 1ML3E /Y DMEM 532 %0h , 78 37 CH & A
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5%CO, WAL A IR h A TR R | IR RAL AR
2.2.3  OGD/%E % (reoxygenation/R)BHIH Y, HT22
YR IE H R TR F R IR R B R, MU TohE
[ML3% DMEM 3558 K524 & T 720 95%N, Fil 5%CO,
IIRALETIE 8 h, WS FIAMIEL,
HT22 20 HF B4 , A AR /N | SR 4 J AR 2
AT AR R, i OGD/R ABUAEST

224 SEERSyIH WAEXTEOE R IR HT22 21
LA Sx10* ASALEEFI T 6 FLAR . A A0A o3 A X HR A |
BRIZH (OGD/R) , K JiAd i 77 1 771 & 2H (OGD/R+1I%
F S 25 ) RIFRAg N 5 77 4 (OGD/R+H5]
R ZGINYE ) RIFRAGNG 7555 77 E 2 (OGD/R+ = 77
PG )  FEPEXS B (OGD/R+JE B ) Az A
ZH(OGD/R+0504 gmL FZ1iHE+GPER #IFIG15) |
K2 R4 (OGD/R+0.504 g/ml. 5 24 IfiL 15 + Wk B4 2 4%
ZARMAIH 1C1182780) , Xt HRZH A DMEM fibibs %
FEEE IR A 2 AN s BB J2 OGD R 4L
A 2 mL DMEM JobER;FR4E & 251G 2H 2 OGD
JE FEAFLINA ] DMEM JoH# 8% 37 JEA% B 1) 1% 24 1.
T 3 BZ R OGD JE1E45FL I A DMEM JC bk
RiFR B B 3 25155 A1 G15(10 wmol + L) 5 %32
202 OGD JEfE45fLIN A DMEM JCH 85 77 &
Fis B &5 25 1055 A 1CT182780 (1 wmol -L7); BHAEXT
WEHZE TJEsr (10 pumol-L) , 45 AN LR T AR N
THUG , 78 37 C.5%CO, B F/ 1S 24 h,
225 MTT WE RIS ) & AL 4025 3 A N 1
5 76 37 °C.5%CO, (IREFRA SR 24 h, 209
BRAHBFLIMA 10 pL ECHIEFH MTT 3,4 h )5
AN IR SN T, BEALIA 100 wL —HEETEAR,
RIRRY AN 10 min, B B E O8RS SR
i, BEEAR A 490 nm AR OLEE A, T840
HLAETE

2.2.6 ELISA £l MMP-9 F1 CRP [HF/KF  #4b
PR 5E AU , AR ELISA 3257 & B A0 BRAG I 45
24 MMP-9 F1 CRP ¥ J¥

227 Western blot KliZfifi GPER .EGFR cAMP
PKA .p-CREB . B-Tubulin B2 [ IA/KF g Shpf
LT ML AN REE WS, 5% EWEW, A RIPA 24
fif 100 pL, oK b 5850 46#% 4 CF 12 000 r/min

IR .0 30 min JFHLVEWR . M4 BCA 75
FE R VR, AR 2 1 2 VR B TR g A A A
(0 TR (AR I B 1 2 1 B i AR R AR
mifL A, SDS-PACE LUK 5 4% 5, 354041 30 min, 435
B F —PL:GPER(1:1 000) EGFR(1:1 000),cAMP
(1:20 000).PKA (1:1 000) .p-CREB(1:5 000) .-
Tubulin(1:1 000), 7K FS##& 12 h 5 TBST ¥R, —
PL(1:1 000)ZHBFH 1 h J5 TBST L, J5 i N
ECL %I RERNZ, LA B-Tubulin AN Z, H Im-
age J PHTA IR EE(E

2.2.8 RT-qPCR £l 4 /fih GPER \EGFR ,cAMP,
PKA p-CREB.B-Tubulin [ mRNA FEik/KF  HT22
AN AT LHAL BREE SRS |, £ FHTRIzol IFHE B RNA
RNA 3055 58570 &0 RNA 33056 542 B cDNA
FAFREUTT .95 CHIAEM: 10 min;95 CiR K 10 s;
60 CTiRK 20 5,72 CHEM 35 s, FIMFHIILEKL,

*1 5|9F7
Table 1 Primer sequences
B AR 519 51K bp

Gpr30  IE[ ATGGATGCGACTACTCCAGC 179
JZ i AAGAGGGCAATCACGTACTGC

Egfr 1EJi] GCCATCTGGGCCAAAGATACC 101
JZIA GTCTTCGCATGAATAGGCCAAT

Camp  IF[ GGCTGTGGCGGTCACTATC 116
Szl GTCTAGGGACTGCTGGTTGAA

Pkaca  1E[i] GGTGACAGACTTCGGTTTTGC 115
S CACAGCCTTGTTGTAGCCTTT

Crebl 1E# AGCAGCTCATGCAACATCATC 152
JZ il AGTCCTTACAGGAAGACTGAACT

Tubb5  1E[] GATCGGTGCTAAGTTCTGGGA 139

i AGGGACATACTTGCCACCTGT

3 #R

3.1 WBHEZHER

301 RBRAEEAR 7 TGP o3 BB K IS A s i ik
FERAR R R A5 A U E] T R BRI 77 1) 55
FIISPE R IT St B PRI BRI | X SE o3
X0 VR FHAE AR THA N T 244 A4S A OGP HE A3
1 584 />, K 205 e 1A s R B S 2R A 758
OB B 95 AL [EIHE 3, Sy KBRAE A 75 B I6 1S
MIPETERE A, TRILE 1,
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B 1 RARE RN 7T B R S - R A o KU fs

IR MRS T 157 AN, Hob A 55 AN T
BLAT 95 AR AL (W S T 25 ) 3k 468 A
ML, R Cytoscape 3.7 B b7 MR 4
“degree” {H FH K FI/INHEF | ARAS 5T 1 H9 18 PE LA 15
B TEILE 2 ik 2,

3.1.3  RIBRAEMG 7 TR/ HT IS PPL 4% 43 Hr
I Cytohub 47 {2 4 4 MMC {8035 7 /S £ 0 5%
, A FE R R MMP-9 ) & 1 53 (tumor pro

HEEAFEE
Fig.1 Venn diagram of active components of TMJNF vs. tein p53, TP53) &M B(protein kinaseB, Aktl),
[S—associated genes WS S %—IA(hypoxia—inducible factor—1A,
*k2 EEHZRITHLERSER
Table 2 Top 10 chemical components ranked by degree value
¥4 TR JBEAH ES
MOL000422 IS 38 EAG S
MOL000358 B fi 36 i R
MOL008488 HFE 19 P R R
MOL002714 B 18 FE
MOL000198 I 18 FABZON
MOL008468 methyl(E)-2—[(2S,3Z,12bS)-3-ethylidene—2.4,6,7,12,12b—hexahydro—1H-indolo[3,2-h] 17 FHE
quinolizin-2—yl]-3-methoxyprop-2-enoate
MOLO008465 BRI 16 )3
MOL008489 FE B 15 )3
MOL008457 L S AR i 14 )3
MOL008490 isocorynantheic acid 13 e

| g

. . ABCBT  ABCCI | ABCG2  ACHE  ADORAT ADORA2A  ADORA3 ADRATA  ADRAZA

. w= EEE . ADRAZ2B  ADRA2C -~ ADRB1  ADRB2  akTi

ALOX12 ALOX15 ALOXS APOD . .

ﬂ% APP AR arc1 BACE1 BCL2 CASP3 CASPB  CASP9 CDK6
N cves DPP4  Ecuwt EPHX2 ESR1 ESR2 F2 I3 FOLH1 . ... .
® ™ GRIA2  GSKB  HFIA  HMOX1  MTR2AT WTRSA  DOT IGFIR Ak . . . .
ne2 JAK3 KENAS KOR LPL LTA4H MAOB MAP2  MAPT . . .
B8 B7 MDK MMP12 s = .
MMPZ  MMP3  MMPS  MPO NGF NOS2 ~ noxs .
B3 - B2 NR3C1 NR3C2  oPRKT  QPRMT PaRPI PDE3A PIK3CG PIK3RT  PLA2G1B . . . ..
PLAU PON?  PPARG  pRkca  PTGST PTGS2 ren  SCNBSA sereiner .
BS 86
. SHH  SIGMART  SLCSA2  SICAA4  SNCA SRC vk TERT TGFB1
TNKS P53 ™ VEGFA XDH
B9S2 Gz1
G1B4

B2 Z-mMo-BaEEERAMEE

Fig.2 Drug-component-target

interaction network diagram

TE : Degree R 19 s BUR BB R I/INBOR , UR A28 I R AW~ DI RETE )", SR B
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HIF-1A) #4kA4= K A ¥ B1(transforming growth fac-
tor beta—1, TGF-B1) iz & {b. 1y B {4 1 58 W 3806 2
1A y (Peroxisome proliferator-activated receptor gamma,
PPAR—y), TEILK 3,

3.1.4 GO Ml KEGG B 444 A H] DAVID 4
JEHATE NG, KA 595 4~ GO B, H
TG AR Y A 405 > T EIRE 113 S AIAR A
W77 A4, A3 A FE (biological process, BP) .
LY (cellular component, CC) 43 FIHEE (molec-
ular function, MF)H i 1 fi .35 1 10 A>3 # il £
GO LRt & (&1 4) , A, KEGG & 423 i 4k 30
%, G TR R HEA ET 20 I (B 5) . GO 43
SR 7R 6T SIS A RE | X AR BN IR 2
B2 NS BP R e AR AR 5 A | A0 i S S e
ZITCMMUARSETE CC P SRR s A & AR IR) 2R
FUTAS A IRBETG PE 57E MF HE SR . KEGG
BTN MR F SN S RN H K Z,
He44 SR, o A WM T O B AT S
AEFEAEIZGEE I, A AR H (sarcoma virus

protein, SRC) B ¥k I 4 298 -2 £ 1 (B—cell lym-
phoma 2, BCL-2) AKT1 MEHZSZA a(estrogen receptor
alpha, ESR1) MMP-9, ¥ k%38 i b [ R
HEULE 4,

32 ZAMKIGEER

3.2.1  RIFRAEK J5 3 25 175 % OGD/R J& HT22 4
IS sz 5 B4 b, B 41 HT22 40 i
AR E T RE(P<0.01) s SR LA, IR 4
4 R 2 HT22 4RAT-35 R B T (P<
0.01), SRR, il HT22 45
BEETHE (P<0.05) ; SR 4L LR, il i 2 A A
T 5 (P<0.01) , B4 25 25 1k B 75 510.504  g/mL
FF 5 245 1068 4 VR e, PRIt S 2 S e i
0.504 g/mL B 7 25 MIFVEMH HT22 4, T ULIES,
3.2.2  RIBRAEIR 5 X454 HT22 i s MMP-9 Al
CRP TR 5% HRZ LA, AU MM P
9 1 CRP (YA 25 K 5 3 T8 (P<0.05 5 P<
0.01) ; SHEAYLH LA, KRRt fii 7 20 R BH P o it 21
MMP-9 FICRP [ K F 23k /K- 8 3 FEAIK (P<0.01)

B3 RAEERTTH 1S LS PP ML
Fig.3 PPI network of potential targets for TMJNF against IS
T P2 Ty s R | T BORSR WITE R 46 B 2
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Fig.4 Bar chart analysis of GO functions (A) and KEGG pathway enrichment (B) for potential
targets of TMJNF against IS

HILE 6,

3.2.3  RIFRMEERK 7 X #5240 HT22 4 /i GPER/EGFR/
cAMP/PKA {55l BB A M2 S5XT IR H
A, RINKARAN /72 HT22 4iffiiH GPER EGFR .cAMP
PKA DI p—CREB & F 25T (P<0.01) , Az K
ZH F% 2 AR 20 GPER .cAMP PKA LA 2 p—CREB 1
FARF TR (P<0.01) s SIEAYZH LA, Rk AR 7 28

) GPER .EGFR .cAMP PKA .p—CREB % H ik Tt
151 (P<0.05 5% P<0.01) , ¥ 32 (A 20 R Z /R L GPER |
cAMP PKA .p—CREB 7K 13575 (P<0.01) ; 5
W52 R A LB, A2 (AR A I 2 1 3R 3k 1 B 3 PR AR
(P<0.01), FEULIE 7,

3.2.4  FRRAE N 7 XF 4% 40 HT22 40 i b GPER,
EGFR ,cAMP PKA mRNA kKA 5x}

=24
o
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= HEA Fugs M7l HT22 Z0AERY GPER EGFR .cAMP

- PKA .p-CREB mRNA FiA/KFEHIREK(P<0.01); 5
- WAL LB, RIBRARN7 4LFI 2 1A4] GPER EGFR
&é cAMP .PKA .p—CREB mRNA 235 /K 3 F1 &5 (P<
§4°- 0.01) ; 5 K JFRAd i 75 24 b4, B A2 1A 41 T A% 32 1
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Effects of TMJNF on MMP-9 and CRP in OGD-modeled HT22 cells examined by ELISA
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