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WE: LT A P S S IR T TSR A6 T8 & (formononetin, FMN) 5 ILHR 1L -3 J5 JC 2 (no-reflow,
NR) 10 HEGRAAE I B L2 T 0L o 755, SR F N FLI R 40 (MCF-7) Gy JULNR K BRIE S FMIN PR MiE 038 3 4 A
% %% NR 1) 25 %0 H - % P Sprague-Dawley (SD) K i 7 4 Sham. NR.FMN (20 mg-kg") 1 fH ¥ #4 (sodium
nitroprusside, SNP, 5.0 mg-kg") 41, 4525 1 J&, 5 K 1 IR, AL 31 K P BE 25 K2 B & I 2 i i (TCM-
LAEC2019095). %4 24 1 5 43 B FNR KRR 7T, #5575 FMIN 24035 NR AE I ALE . 45 58 K I, FMN E A il
WEFEER, B i o O S5 A R T e ek 2D o B i a0 JUL T RRURACo JUL AN PR B 4545, RS 2Rk AR NR VE .
L 24 T AE TR0 FMIN 24038 NR AL 1) 32 22 5 8% I 196 UL B2 -3- 33l — 25 1 3§ B (phosphatidyinositol-3-kinase-protein
kinase B, PI3K-Akt) {5 5@ #%H ¢ MMEF R = Zdid Bl G 8 B R IR 2 & (G protein-coupled estrogen
receptor, GPER) K45 & 0 ML (¥ F, GPER WA Dy PI3K-Akt {5 5 3 6 _E 30 (1) = 2248 55 K -, A 78 % L FMN
fie i & b1 GPER.p-PI3K . p-Akt MIBEER {1k N J B — % & 1 (phospho-endothelial nitric oxide synthase, p-eNOS)
HHRIL, HE GPER K eNOSE ARG RIFE GRS AWl I 5 & 25 215 F ST VP4, #578 FMN @ i
GPER #i PI3K/Akt/eNOS {5 5t #, M &2 35 24035 NR (4L -

SEBRIR): O MECRYE R 20 F 0L G 2 8 5 PRI R G 8 A B BOE IR 3244 PI3K/Akt/eNOS
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The effect and mechanism of formononetin on alleviating no-reflow
after myocardial ischemia and reperfusion by up-regulating the
PI3K/Akt/eNOS signal pathway activated by GPER
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(Key Laboratory of Hunan Province for Integrated Traditional Chinese and Western Medicine on Prevention and

Treatment of Cardio-Cerebral Diseases, Hunan University of Chinese Medicine, Changsha 410208, China)

Abstract: To investigate the cardioprotective effect of formononetin (FMN) on no-reflow (NR) after
myocardial ischemia-reperfusion and its molecular mechanism based on integrated pharmacology and experimental
verification, firstly, human breast cancer MCF-7 cells and myocardial NR rats were used to confirm the estrogenic
activity and the effect of alleviating NR of FMN, respectively. Male SD rats were divided into Sham, NR, FMN
(20 mg-kg") and sodium nitroprusside (SNP, 5.0 mg-kg") groups, which were administered once a day for one
week, the experiment was approved by the Ethics Committee of Tianjin University of Traditional Chinese
Medicine (TCM-LAEC2019095). The pharmacological analysis and in vivo study of NR rats were integrated to
reveal the mechanism of FMN improving NR. The results showed that FMN had estrogenic effect and reduced NR
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by improving cardiac structure and function, reducing NR, ischemic myocardial area and pathological injury of

cardiomyocytes. Integrated pharmacology predicts that the mechanism of FMN improving NR is mainly related to

phosphatidyinositol-3-kinase-protein kinase B (PI3K-Akt) signal pathway. Phytoestrogens play a role in cardiovascular

protection mainly by activating G protein-coupled estrogen receptor (GPER). GPER is also an important regulator

in the upstream of PI3K-Akt signaling pathway. This study found that FMN can significantly activate GPER,
p-PI3K, p-Akt and phospho-endothelial nitric oxide synthase (p-eNOS). It has good binding ability with GPER and
eNOS protein. In this study, through the integration of pharmacology and experimental evaluation, it is revealed
that FMN activates PI3K/Akt/eNOS signal pathway by activating GPER, thus significantly improving NR.

Key words: cardioprotective effect; molecular mechanism; network pharmacology; formononetin; G

protein-coupled estrogen receptor; PI3K/Akt/eNOS

TR (no-reflow, NR) J& 2L UEBE (AMI)
B AL B AR B A NG T (PCI) Jo O WL 23 FE
HATEA, EZ TR I G, 2RI e ik (i iy 18
s e MR IR _E AMIE S PCIAR J5 T8 R i R A2 3%
HIK 30%, NRAZ DR RIRELRE, Eilels T
R AL, AT R RE Y, IR DAC WUBAE A B b5 g g B
oo B W, 3 EE L) 5 SRR R B
B BRI R S A LR A0 R T SR A B G
R, BE NR AW WL K 2 AR A 55 BiF 9T 4 8 B A
TR, SRR T LA E = B S e 1
RIEMZH) . Kk, B FEAER R IG T NR BT A B
23Ry H AT E A A T R

MEIHCER B SB35 205 NR, 930/ ok I P ) LAl
AR, G S RS A R U 4 Ik W TS T UL
W3-/ B O B/ Y — S AL R A 8 (phospha-
tidyinositol-3-kinase/protein kinase B/endothelial nitric
oxide synthase, PI3K/Akt/eNOS) i Ik % K 40 L 1 7=
AL A (nitric oxide, NO), M2 3 1% &7 7K «
9 I ek /> LA 4 N 2 K 5 R A Ak I 2503 NRP
G & 1% 56 M 38 25 52 & (G protein-coupled estrogen
receptor, GPER) R /1 5 WfE I8 2 75 44 A PR8I B2, L Xt
T LA AR G 1K I AT ORI AR F s o B 5T AR
HIYIHTE 7C th R B, GPER BE# PI3K/Akt/eNOS FIFA
IR i T /55 A 3§ A (cyclic adenosine monophosphate/
protein kinase A, cAMP/PKA) i& 1%, & £ eNOS = 4
NO, 7 A7 5K ML RO, T 5 NRMY

TR {E ¥ & (formononetin, FMN) J& 53 # il 5% jif
A D MR B, B B v L S T R A
PURGLEZJ AR MY, R B TR RMA =5
FHEYIH, & & FMN KB H 80 R 2 IS ot UL il
OB R RE, CAEIRIR B2 T8 7 & I RO LR
I P VE A5 1Y FMIN AT DLIE I 005 ME W R 52 1K
(ERa) 14 5% ROCK-II {5 5 i i /™ A 2 i & A Ak
FA'; FMN A1) LA i #10 #i) ROS-TXNIP-NLRP3 ji

B 2 NLRP3 4 P/ A 30 , 0O USRI 15
B KA B R Y AR RERE, 58
FMN F 38 ik 57 0 AL ©3IE 52 B A 2% NR B9 /E MY,

1 FMN /& 75 B A 25038 NR AE R H A AL i A
R

W 2% 245 3 2 2 3 Ik A B 2 ) IR G — 2 DA
IR G B AR LA FH 2%, N R GE A AR
ok, FT 2 M0 288 2R ENBEEWE R
SRR BB TT B B AH S HL, 3 45 R il Hh 25 AT 5
AU L B T R SR B R TEARBE A, B A
245 T 2 RS2 56 56 0 5K o) B FMIN 72 O L3l o, 7596 7
NR A EENLE] . 758, A0TSR AN 30 40 i
(MCF-7) FINR K fU 56 1F FMN 3 & £ 1F B Fl g% NR
(IVE 5 SR Ja R« OC BEHE A3 I M 2%, LTI FMN
TRIT P I0 PR TR LE BE ORI A E R B, SR A NR KR
AP S2, $87% FMIN 8% NR FIHL ) .

MrEE%

FMN HI1ER R S8 4 “Formononetin” % A
R 24 & 4 25 B 72 TCMSP (https: //old.tcmsp-e.com/
temsp. php) £ 2 AE, BR & 1i] N “chemical name”, 1§ H
FMN (1] CAS 5 I 1L 3%, ¥ FT 75 CAS 5% A\ PubChem
(https://pubchem.Ncbi.nlm.nih.gov) £ ¥& 15 H SMILE
5o B SMILE 5 3 A Swiss (Swiss target prediction.ch)
F1 Sea (https://sea.bkslab.org) #4532l FMN ) {E H
TRIEE A1, M2 S50 4H, 3RA5 FMIN AR I BE &, B3R 151
195 5\ UniProt 24 (http://www.uniprot.org.) %
JSCAH R P 55 ER] 44 R

NR XS &
ischemia and reperfusion” 4 J¢ 817, 7E OMIM (http: //
www. omim. org/). Gene Cards (https: //www. genecards.
org/)~ Pharmgkb (https://www. pharmgkb. org/). TTD
(https://db. idrblab. net/ttd/) /& DisGeNET (https://www.
disgenet.org) 4t FE HEAT R 2R, M5 S AH, 3K1F NR

LL“no reflow after myocardial
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P e 3RAF B 555 N UniProt 204 /2 (http:/
www.uniprot.org.) % 4 BSCAH B 1 25 R 44 B

FMN-NR # G %8 G i i%  7F Venny2.1.0 75 £8 %K
PEEE T HAF & B A FMN {E F #0255 NR AH G #0
R OEAT R 5, DL BB T 20E 78 FMN-NR
FL[R)BE 55, 3743 FMN JRYT NR 78 782 507,

FMN &7 NRAZ/DEE SR 0% E 25 (15 A T AR
H (protein-protein interaction, PPI) & &I & 1 5 2
Z ) AHH G R M 45 8], # FMN-NR 3% [R14E if B 2
String10.0 (https: //stringdb. org) % #& &, i% ¥ multiple
proteins D g, ¥ B &5 F FJ5 A “Homo sapiens”, #H HAE
FHBIE > 0.4, UL 5O B FH I I 4% 58 R 5080 ; 4%
53 B 453 3 (1) PPL 45 SR R A7 N tsv SCHREHS X, 301 A
Cytoscape 3.9.1 #AH 3% £ W 4% ¥ 41 73 1 D R 2R AT AT 41
g IR, DAY s B R/ (B SRR AR A AR R degree fH
(1)K 7IN; degree fE Bk K, Bk K, )6 B IX /NI 23 7E FMN
167 NR 7 1 B A S E S EAE A, I degree {8
AT 8 AL R HE 55, /E N FMN ¥ 97 NR [ AZ 088 20,

FMNGIF NRESHIIEESBBEE TN
FMN-NR £ [ # &5 5 A David (https://david. nciferf.
gov) it e, 8 i Ty e 43 i 5 Hudk 47 B R A 4R (GO)
T B DR RN 3 R AH R4 B (KEGG) & & 5 1T -
GO 73 Hr B 4E 3 /N8 40 2H 73 (cellular component,
CO). 43 T I i€ (molecular function, MF). 4= ¥ iT 2
(biological process, BP), 3 41 1 ik ] B3 G it 22 = X
(P <0.05) Mm%, KEGG 45 ik LA g8 XL
(P<0.05) [Pk, MHMAEGERNSEPIEL TR
474 (www.bioinformatics.com.cn) 22 il R &, %F
A P43 FMN-NR 3 [/ 42 51317 GO Zh RE A1 KEGG i
I w BB

HEM-OBSEEERIIE ZOEAN=
4 (3D) 4549 M PDB %0 #E FF (https://www.rcsb.org/)
# . 1# H AutoDockTools-1.5.6 i i = BR FC A « B 7K Al
INECR A AZ 0B H o ik A S 1 1) = 4E 5544 7] A\
PubChem F#%. 1 Fl AutoDockTools ¥f & FH Jii 52 /4 1
FiC 4 % 45y PDBQT # K. &)=, 1 A AutoDock Vina
WA 34T 9 1 6 %, I A PyMOL Al Discovery
Studio 2016 i #% £ fik It e AT AT A4 70 7, X
e Hi< -5 KRR BA REFEM ST,

MCF-7 4HBEI8FE LG DAMERER OB 14 1) MCF-7
FL O 9 40 B o 6 %, SR A CCK-8 52 56 A il FMN %
MCF-7 2 i 38 58 (1) 52 e, FF 07 e A ROK 2 . SR8 IH G
A 3 K SN AE TSy 40 5 Ml 5% 57 3 (Dulbecco's modified
eagle medium, DMEM) (7% 5% CDT-FBS) %t T #9%,
DLAE J 4 P 905 P U 2 o e P ORE S K A 4

0.05% JEREH AL J5 , N TG £ DMEM, LA 3 000 4~/4L
(IR FEE 2T T 96 FLAR N, 4541200 wLo A7 40 i I B A=
K& 60%~70% fl & FE 5, 2924 h, 433 I FMN (10,
20 F1 30 pmol-L™"). #ff — i (estradiol, E,, 10 mol-L™"),
BT 37°C.5% CO, 4G F=M M, Bi % 48 ho FEALIN
A 20 uL 10% CCK-8, 4k 4L 0% & 4 h J&, {8 FH BEIE G 9%
R, T 450 nm Rl E ROGREE (4) 1H, tHEF A E
RIS IR o IO, IR 3 %= (A yn A yypa) /A gy
100%.

SLIGENY)  EYE Sprague-Dawley (SD) ABR (250 +
10) g 1 3 b5 g R AL L B0 s M E AR A IR A\ GE$
%5 11401300051612; SCXK20160006). FT T 256 77
ESOELICONE SRS NE SriL YL s B n R R A E i1 ]
H#E47 (TCM-LAEC2019095). sh¥krdEt sz, B e
WOK, SEGRT 12 h 25 fr, REEK,

KR NRARBIEEIE &R 1, AT
R ANERIK 12 h, SEE0 AR SR IS VST 0.3% IR L EL
ZAH (1 mL/100 g) HEAT BRI, JBR I I i i 7 AR %5 B2 (HH
Sl B AL RS K BRB A DX BR R M 25, TR AL 7 B
#2), ¥ K B R s A0 A [ e D i B Sk T RRAR o 7
W 7525 0.5 em &b, B E 75 258 3~4 R JF i, &
JEEEME Y B R NS VLIAL, 0 I R B RE AL . R 3
TR B KA 1 42 (LAD), Fi 5/0 4% & 28 15 72 0 FEAR B
52 mm A, PLVE 1.5~2 mm-. % 2~3 mm % i 0 L
T2, AT WG, IS BN 2/0 W2k o 1T Ji5 4 ek Fik 2
WRLR —RCHEAT S5 3L, 28 85 T 4G, GO LB L . 45
FLJE, TR O WIS [ B i, 55 HE B s o 25K, B —
0 B Sk ok ot A I P R B LI s R S B . L BT
AR B K A2 BT S 2 b, FA ST IR A, AR iR 45 3L
(23K, F — 10 S fRl B0 A A2 e 4t v 2, 3 0B I s 4
L3R, K MR F 284, HPh BT ARAR 54
AEESL . FHETE S 2 h AT R S 0 B A A, I If 4y
% (ejection fraction, EF) {H < 50% £ B & (1) 0 L
NR7, A G WG A Y T

SUEMBTE HEEE2hE, R KR EFH
(< 50%) K5 K BB HL 4> 5 NR 41 .FMN (20 mg-kg") 7
SNP (sodium nitroprusside, 5.0 mg-kg', FH ¥ X B 2H)
(n=16). T AL (Sham) F1NR 2 K B 5 A [F 44
T 0.5% #2 F L 4F 2 2 (CMC-Na, it 5 €8621, b 5T
FORERFABRAF]) #55, FMN A1 SNP 41K 2 71
NR Y Bl b 23550 1047 FE B AR s iR . REH 1R,
LY TR, S AEFUN 1 mL/100 g, KRB 2 K
FRE 1 IR, M4 1k ARk S I B A 254K R . 45— X
L5 25} (A IERR S 4 ho

ZEROCINEMRERIIOCANERITEE HE7TK
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J&, FAHBENLERE SRR, NSk T 6% it fift &
S 1 mL-kg", Bitfif 2 S & 1Y X 35 365 nm ¥ K H U5
R A, REE X IEH, TR s XN L& i
X. Bl STENSEE 1 min 5 A 45 4L LAD, T #
fik i3 N 2% Evans Blue 1 mL-kg '™, 1 min 5 57 BJ I H
O IE B T —40 CCUKAR HEAT A4 15 min, M EILL T
1 mm “FATH 5O IRV S R, 56 06 B4R 365 nm 47
AR A TN EEROIER . OB T 1%
TTC W 37 °CK s iE AL 15~30 min, T35 58 6
N R R R AT R 0 R o JULTE AR 38 o R
N, WG DX sk O LK, R 40 DX R i I A
FEFEC LXK, IR X 3R 9 A B8O LI, ] Image-Pro
Plus 6.0 B AFI e 5 XA A= EE RO
FRE 73 H=TJ6 5O LT AR /0 JUE TR AR < 100%; R IfTL
JVLTETAR 5 43 =5 O JUL TR AR/ JIE THT L < 100% o

KEOIRIURE N FEREWBEMNE  fH
B ) 8 I B K B 0 JUE 1) T B RT &5 AR (Vevo
2100, VisualSonics, I 5 K)o KRR B J5 10 /T & 5
CFHABI B ALK X M T X BB 0 25, 88 75 LAY A o) 2%
e ), 5 K A Bz A5 A0 A [ 5 DY e e Sk T I B AR
TR AV BN 12 Mhz, 38K R G 750 7 5 E AL W&
FEMEATR S, S H0E T 3004 « M BURE AR LR
LT 2 AR RN 2E o0 B S BE, DASRAS M B S O B .
b= N R Nl 11 Rl M ) SO IN= T e
(FS). /2 = i & (LV i &) £ Z &7 ik KR & (Lv
Vold). 72 % W46 K 25 F1 (LV Vols) it H T8 W4 A IR
HE (LVOT peak) 144 4 th = (LVSV). iAWl &
E 52 34~ 0o Bk JE 1 1P 3548

HE & X KRS 2 R A8, JEEUH O lE. %
FH FLHE B ) T S AUsE N 0 B D) B gk AT W%
A ST AL A B, SR JE AT TR 5 T .

Western blot (WB) SLI& 417 Frik, $2 B0t A2
OEME N, HTE AL E &S R
1A, 4 4 B4 53 % GPER (1:1 000 %%, bs-1380R, Bioss
N T); A BT p-PI3K (Tyr 458) (1:1 000 7% %%, PAS-
17387, Thermo A 7); % 5. 5% F& p-Akt (Thr308, 1:1 000
FiBE, 13038) 4t 51 50 [ p-eNOS (Ser1177, 1:1 000 Fi F%,
95708S)- % ¥ 77 % GAPDH (1:1 000 #is e, 5174T) At
% I1gG (115 000 7 B, 7074P2) ¥ [ Cell Signaling
Technology 2 7 o

GItF S S SPSS 21.0 AT B ge it
M, BT A s DLF 354 + bRl 2 1R, B & ES
AT B IR LR R 2 43 AT (ANOVA) 3047 70 7, £
WA ES MR ES S, 2 P < 0.051,
RN NEB G ERE XL

LTS
1 “YER0 - X380 o -1 g W LS R M 3

il i¥ GeneCards. OMIM. PharmGkb. TTD. Dis-
GeNET 5 A4 g 3E47 K 2%, 13 34 H 2 1 NR A ¢
#4251 6224, I TCMSP . Swiss- Sea UniProt ¥4 ) 15
FIRELE K FMNAEH$E S 261 4. 2T B EES
F| FMN-NR JL[A]4E 25 93 4>, FMN-NR 3% [7] #8545 () PPI
B s A5 5 84 AN A, 505 2630 . 9T ik oS B EE AN
FRAE R K O BE &5, 1 Analyze Network If B8 5 X 2%
HEAT 30420 BT, ARG DG BEHE AU FEAA (degree) HEAT HE
Fr, HE44 10 8 AL HE S TS 2RI 4 1R R B E .
93 /MLy r T Ik HY 8 AN A 0o B 7, L R JE [R N TNF
NOS3. MTOR. CCNDI1. PTGS2. PPARG. CASP3 #
HSP90AAT (1),

A SpERDERRE APZRALMES)

Figure 1 Cytoscape key target analysis chart

2 BEESNGOEESMAMKEGG RIS HASY
FAHRIEIE

X A2 AR B AT GO B & 4 i 5 KEGG i@ i 4
B, 733 GO 2% H 3£ 2 526 %% (P < 0.05), Hh B 4E 4 )
IL 2 (biological process, BP) %5 H 517 4% . 41 g 2H ik
(cell composition, CC) %k H 58 %k« 7> ¥ I fig (molecular
function, MF) & H 1094~ 4 PAEXT 2% H HEF, K%
JEHIHT 10 44 5 45 R AT AT AL 20 #r, FMN-NR 3% [
B R E W R A e AR A RO T R
R 7R 4 L BRSSO L B B R A I IE e R A, 2
UL % 00 A S S B A o A L U AR,
BB KW FOIRe BN S & R E AL S VBRI
Wi i 155 . FMIN-NR 3& [ 2 5 () KEGG & SR8 A
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153 2%, B & 4 45 B 45 35 VAR e IR 30 M EAT R,
Horp F EALHE PI3K-AKt (5 5 18 B A BEIR & H R A
W JH B% [NO-cyclic guanosine monophosphate
(cGMP)-protein kinase G (PKG), cGMP-PKG]. H: 3 b
AL 2R 7= W - B e AL 4 R P2 W) %2 4k [the advanced
glycation end product (AGE)-receptor of AGE (RAGE)].
= A KN F =K (epidermal growth factor receptor,
EGFR). Il & W K 4 &K K ¥ (vascular endothelial
growth factor, VEGF) (K 2). A SCRH 77X #71k
T FMN 45 32 2240 5 () 25 A 77 (B 3), FMIN A E 250
& (TNF.NOS3.MTOR.CCNDI.CASP3 & HSP9OAA
1) LA GPER M R &It RAF IS5 G, 45 & Re 4
Ring1.

Table 1  Virtual docking of 8 hub targets and GPER of FMN for

no reflow targets

Hub target Binding afﬁgity/
kcal-mol

Nitric oxide synthase 3 (NOS3) -6.03
Tumor necrosis factor (TNF) -59
Mammalian target of rapamycin (MTOR) -5.99
Cyclin D1 (CCND1) -5.69
Prostaglandin-endoperoxide synthase 2 (PTGS2) -4.83
Caspase-3 (CASP3) -5.19
Heat shock protein 90 alpha family class A member -6.44
1 (HSP90AATL)

G protein-coupled estrogen receptors (GPER) -5.42

Pathways in cancer

Chemical i is — receptor activati
Lipid and atherosclerosis
Serotonergic synapse
'VEGF signaling pathway
PI3K-AKkt signaling pathway
cAMP signaling pathway
Human cytomegalovirus infection
c¢GMP-PKG signaling pathway
EGFR tyrosine kinase inhibitor resistance
Kaposi sarcoma-associated herpesvirus infection
Colorectal cancer
Fluid shear stress and atherosclerosis
Fc epsilon RI signaling pathway
Prostate cancer
Platelet activation
Endocrine resistance
Non-alcoholic fatty liver disease
Alzheimer disease

-lg(P value)
16

Apoptosis

Calcium signaling pathway
Proteoglycans in cancer
Sphingolipid signaling pathway
Small cell lung cancer

Thyroid hormone signaling pathway
Prolactin signaling pathway

Hepatitis C

Inflammatory mediator regulation of TRP channels
AGE-RAGE signaling pathway in diabetic complications
Hepatitis B

0 10 20 30 40
Counts

Figure 2 KEGG enrichment analysis of formononetin (FMN)
targets in alleviating no-reflow (NR). The horizontal axis of the
KEGG diagram represents the gene proportion enriched in each
entry, and the color shows the enrichment degree according to the

corrected P value

3 FMNHIESREEN

K HI CCK-8 S2 56 46 1l FMN i MCF-7 44 i 43 4t fr)
M. Wik 4 FroR, FMN 53 (23 MCF-7 4 ig i 4= &K
(P <0.05, P<0.01, P<0.001), $#&75 FMN F 143 Hi &=
FEVEH .

Figure 3 The conformations of FMN and major hub targets
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8
|
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Figure 4 Effects of FMN on proliferation of MCF-7 cell. n = 3,
X¥+s. P<0.05, "P<0.01,""P<0.001 vs Ctrl group. E,: Estradiol

4 FMN X NR K& NR /L fJLE FR FA gk O B E FR 89
20

N T T FMN 2 75 HAT 8% NR IR R, RS0
TR R S SC B AT TTC Yt W 82 06 5 O LT
AR SR MO LTI AR o G0 BT SA BTz, SR F B 35 S %%
t, RILFMN B & OB m L (P < 0.05, P <
0.01), f3C B/ TTC Yt 2 oK, FMN 7] DL 2 [%
I LR I 1 A (P < 0.05, P < 0.01), £ 8] FMN B A
IR NR AR
5 FMN 3 NR X RO B4 LR IR 15 45 R 52

N T RE— 5 W% FMIN X0 JULZH 295 B4 495 1) 5
Wi, A 4T 7 HE et . Sham 2 52 30 52 810 UL EH
Jfa, o WLEF 4EHEFI B 5F HE % . NR 415 Sham 41AH E,
O JULAH B 2R L, 2% [T 400 5 A, LT 4 b i, R 46 M 4

Area of no-reflow / %
S
I

[
=}
|

Mo¥ZiE . SR, 5 NR AR H, FMN 24170 SNP 250 JL45%
5 72 P55 R SR 98, 95 A THT AR B R 4 /0N, K i B R R
AT I 5 48 1 24 i I 3 A 5K i, A DL S Y A i, o
LR35 R e 2, (O LZE 2345 49 e P T I 6 (1] SB).
DL g R B, FMN T O LA U A 8o B3 ik
HAEH .
6 FMN Xt NR AR BEZ5 A FNTH 8 A 5200

N T HE ST FMN A2 5 55035 NR K RO UE 45 74 F 2
RE, A SCR FH /NSl 8 75 A KRR O U 7R 3 B R 45
o Wik 6 fiox, 5 Sham 4440, NR 41 EF.FS.LVOT
VE(E AN LVSV ¥ 8 2 B (P < 0.05, P<0.001). 5 NR
41 b, FMN A1 SNP 41 (f) EF \FS Il LVOT W45 {2 2 7
T NRA (P<0.01). LR TR, FMN GEH N4 i
538 e FEL A A A SR RN W I IR T R, A I A
H R, 378 FMIN A3 T 78 S0 0 UL i P 5 0
SR RO A2 AT RE I VE .
7 FMN % NR KX & ' ]l GPER, p-PI3K. p-Akt I
p-eNOS &R FRIERIF M

1 & 7 Bt ok, 5 Sham 4 #H Bt , NR 44 GPER.
p-PI3K. . p-Akt Fl p-eNOS £ [ ik it 3 P& (P < 0.05,
P<0.01, P<0.001), 5 NR ZHAH b, FMN 497 21 Fll SNP
1677 4l GPER . p-PI3K . p-Akt Fl p-eNOS 25 [ £ i5 /K *F
Wi (P <0.05, P<0.01, P<0.001). iXbgs 5K,
FMN #] BA | GPER & F {1 & 1A, PABLTE PI3K/AkY/
eNOS 5 51% .

111
NR & O U ZE 8k 115 PCTIG YT 1) — A F 25 I
FO, BT AR R S 8N gl 2 40, 46K

Figure 5 Effects of FMN on NR myocardial area, ischemic myocardial area (A, n = 5) and the pathological changes (B, x100, n = 3) in
NR rats. X 5. "P < 0.05, P < 0.01 vs NR group. SNP: Sodium nitroprusside
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Figure 6 Effect of FMN on the cardiac structure, function (A) and hemodynamics (B) of NR rats. n =10, x 5. P <0.05, ™ P < 0.001 vs

Sham group; *P < 0.01 vs NR group
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Figure 7 Effect of FMN on the expression of the GPER gene and protein in the myocardial GPER/PI3K/Akt/eNOS pathway of NR rats.
n=3,x+s. P<0.05 "P<0.01, "P<0.001 vs Sham group; P < 0.05,”P < 0.01, P < 0.001 vs NR group
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