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Abstract: Objective To explore the effect and mechanism of sodium formononetin-3'-sulphonate (Sul-F) on cerebral ischemia-
reperfusion (I/R) injury. Methods The rat model of cerebral I/R injury was established, rats were randomly divided into sham group,
model group, edaravone (3 mg/kg) group and high-, low-dose (80, 40 mg/kg) Sul-F groups. Drug intervention was administered through
the caudal vein at 0, 12 h of reperfusion, respectively. Sham group and model group were given the equal volume of saline
simultaneously. After 24 h of reperfusion, Zea Longa score was used to assess the neural function; The volume of cerebral infarction

was measured by 2,3,5-triphenyltetrazolium chloride (TTC) staining; Hematoxylin-eosin (HE) staining was applied to observe the
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pathological changes of ischemic penumbra; TdT-mediated dUTP nick end labeling (TUNEL) was used to detect apoptosis in ischemic
penumbra; JC-1 probe was applied to detect the mitochondrial membrane potential in ischemic penumbra by flow cytometry;
Transmission electron microscopy was used to observe ultrastructure of brain tissue; The level of malondialdehyde (MDA) and
activities of superoxide dismutase (SOD) and glutathione peroxidase (GSH Px) were detected by ELISA; qRT-PCR and Western
blotting were applied to measure the mRNA and protein expressions of B-cell lymphoma-2 (Bc/-2), Bel-2 associated X protein (Bax)
and cystein-asparate protease-3 (Caspase-3) in ischemic penumbra. Results Compared with model group, neurological function score
of rats was significantly reduced in Sul-F high-dose group (P <0.01), cerebral infarction volume was decreased (P < 0.05), pathological
damage to the ischemic penumbra was reduced, apoptosis was decreased (P < 0.01), depolarization of mitochondrial membrane
potential was reversed (P < 0.05), mitochondrial cristac was clearer and autophagy phenomenon was less, level of MDA was decreased
(P <0.01), activities of SOD and GSH-Px were increased (P < 0.05, 0.01), Bcl-2 expression was increased (P < 0.01), expressions of

Bax and Caspase-3 were decreased (P < 0.01). Conclusion Sul-F can alleviate mitochondrial function and alleviate cerebral I/R

injury by regulating the balance of mitochondrial apoptosis related genes Bcl-2/Bax.
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R P i A o NSPE T B R R 2 —,
FABRVEIE N B FR I EZ RN, 2019 FRE
HEmPER AR B 2 418 Jill, AIRERET DA
A&t s E R AR B fE R I A . ) H
S5IR— RYPHEEAE B . A I L
Rosk MR 2 e HE 2, (HMii k& o] g2t —2m
A3 P REVE A3 AL B35 5 1% A (reactive
oxygen species, ROS) MIRIA A, H W0 Al
UM DR 7 IR TS, e RAR D REFEAG A/ 3K L8
o B A P AR R HE B B E W, BT, SEAHHN
21 R T JEU 5 77 (recombinant tissue plasminogen
activator, rt-PA) TR HE S T 06 26 v (1) 76
SY0l HTVRITIN T &4, Ae8 R rt-PA JRYT I &
FHAR 10%00, Kk, -4 2500 By i i 14 i
B2 R R E S,

fEEE R, SR PER R E T R TS
W o IPHIE 372 V60 TT BRI A 45 o (1 2 85 741
O HE AR PR S FH g 52081, J7 b DA B B
75, iR, BESEENIMAT, #ENZ%E, X
R AR IR AT 2 27 2%, AR 24 B 22 A TR E
S5, AR R KN EEENRY 2 —, BAD
RO FUAMDO, A RAUNEER . B2, KK
PEZEFRE T AR E RGN . @it iz
G B TR AL R RN (sodium formononetin-3'-
sulphonate, Sul-F) %oflx 1 HAKVEMEZRMES, K
I FH L i 2 R TR L T o A

AHE FEIE I R B ki ZEAR Y (middle
cerebral artery occlusion, MCAO) KRAA, 5
Sul-F X K FR o ke IfiL F- 973 (ischemia-reperfusion,
I/R) 45497 ) 5B AR FH AR b AR 08 123l B 1 s

B ARV Sul-F A 75 38 ik 8 42 2Rk (4R 1 i s
i /R 45145 o
1 w8
1.1 ©h

SPF 2t SD KER 75 A, #is (300+10) g,
T B D4R (A6 RO FRR AR, WFAHES SYXK (3D
2021-006. KEREFRT G, WE (2521 C,
FIXHERE (501100 %, BREMN 12 h, HHE
BYOK, SEERIFREATE MR 1 . RSERTH
EeE L s R sh e B R T, Hamdbh =
S PE S U6 S W B RIAC BE R L e i uE (AL
DWLL202306001).
1.2 AR5

WIS R ARG (217 H20080056, #it5
2109050) & H HEEG 2\ AR A Sul-F (it &5
$>95%, b5 160901 Hiif b E 4254 R 5T /E
AN AL 235- &b = IR DDA M (2,3,5-
triphenyltetrazolium chloride, TTC) %y (L5
1222A23) Wy H 2 E Sigma-Aldrich A7) JRAK K-
R4 (hematoxylin-eosin, HE) Ykl & (fits
MD070823) W HE = KRAEVHARERAR; JRAL
Kiibric (TdT-mediated dUTP nick end labeling,
TUNEL) F k7 & (35 061223240108). 2kki
AL (JC-D AR & (GitS C2006) 16 H
HEREVHERAR AT BSBCH K S bE
(glutathione peroxidase, GSH-Px) & {7l & (it
5 OA005-1) . A LY E ( superoxide
dismutase, SOD) ll5€ikif& (k5 A001-3). H
& (malondialdehyde, MDA) ll &7 & (it
A003-1) ¥ H Fg 5 d AR TRERE 7T R H e [



FEH 2024F 67 £55% B UM Chinese Traditional and Herbal Drugs 2024 June Vol. 55 No. 11 - 3761 -

ETR (LS 02607-BA). AT (L5 90529-77-
4). BEFRXUEH (IS H60602624A8) W4 H SPI A
Al TAKOEE (fE5 100092183). HEH (ks
10000418) T H [E 255 B 2G5 A R A ] 5 8
(#it'5 BZ100205a) W H AL FREMUEAR AR A
Al BRI (it 18456) W H Ted Pella A#]; FriE
FR4Y (Ht'5 180705-C5382) Il H EMS /A #]; B-actin
ik (k'S 86e1489). B k4 -2 (B-cell
lymphoma-2, Bcl-2) $ifk (#t5 35y4418). Bel-2
R X A (Bcl-2 associated X protein, Bax) #i
& (Hib5 43z8686). FINMA M KL AR EAM-3
(cystein-asparate protease-3, Caspase-3) ik (it
5 53j2158) W Affinity A7) ; HRP #ric 1l
o Pt (5 20220521) I A b5 E B ER A
BHA R AT Trizol (5 342430AX) T H L 1H
3E /A ] ; ExonScript First-Strand Synthesis SuperMix
with dsDNase {5 & (L5 231106-A5) 14 = BLHS
MR NEREMREARAR; LR iS5
230701162) W HKIWDBEEAEVFHARA A .
1.3 {425

JT-12) B4 EHBh KL, TB-LS RUntch i
ARG (MR ABTARARD; RM2235 B4 i
PR AL UCT ALk Y) AL (FE[E Leica A #]); XS-
2100 #2 B A4S (NOVEL A #]); ELCIPSE-CI
BIEEROEEME (HA Nikon AF]); 7800 A%
S T S 4M08% ( H S Hitachi 24 7)) LE-2000 % SDS-
PAGE Hk 524t (bni e iR ARARD; JYO2S
HERRE RS (LR BEERTHIKESARA
F]); chemiscope 6100 b RIHE RS (il
FRRFEAES AR A ] D; 272005652 B S 5
= PCR 1X (32 Life Techologies A 7] ); BeamCyte-
1026 B4l CRERMEIRIE A R A FD;
680 H!fHr{Y (3£[H Bio-Rad A ] ).
2 Fk
21 ZhYIERR. DERSD

KR IR AR [ 3 37 2 e SCiik o7kl Y, K
B, ip 1% EL 24 (50 mg/kg) FRIE )G, BT ik
W, fREFATIR 37 C. AT k&, fERTIEPZR
Wy, RBEIBEEK. NSRS Sk, 45
FLIAI B Ik Iz vty » e P 250 P B ik I v 20 B9 ok 3 i
H LA 2 A B IKOEN K Bk, HEEL AR 18~
20 mm, SRIfL 2 h fEHkHZeke It Hab 4w . FEE
0 h B, EFEMEINREVE SN 1~3 SRR, B

Iy RFERIAH | RIERLZE (3 mg/kg) D3N Sul-F &
K& (80 40mg/kg) 4, &4 15 H. HEL15 K
KB & MEAELARE BT ARA . 50T/
WEVEO. 12h B vz (4mLkg), RFARAFIE
RV S5 T AR A HE Eh /K o FEHEVE 24 h J5 BUbE 32
17 G 855 .
2.2 fREINEETES

FIHEVE 0 24 h i), SRATE & 4K BT
Zea-Longa W34 0 73, WHBIEAIER: 177, 2
B XU ETGVE SR 2 4y, TR A%
Bl 375, MFEARIMUMGHE: 445, iRk,
2.3 TTC &N EMEIAFTR

K EURRERE, WrskEURG, —20 C¥A % 30 min, DL
1.5~2mm FEEFAT ARV . BT TTC Gl
M, 37 CHEOLIEE 30 min, WHZRM TTC
e, FIN 4%Z EHREEE SR, AP E R
Image J BAFHET /b, ICRASEIIA KA )
FARIEAR (20, THE RGBT AR AR Z 05,

TR A A R = (I RE B THIAR X J5 )/ A T A X JEEJEE)
24 HE F£ENEMAELDRETL

K ERRIE, WSO, 4%% 5 S [ 5E 24 h,
POBE 1, A, P4 pm BETRIRTIA,
HE Je(0 5 T BAst T T g S,
2.5 TUNEL Syt MR fxA LR A ATER

BAED R PRARBATRRS . RK. PUEBE L
K HyO, $FA, 4218 TUNEL T k6 75 & i B -
4T TUNEL 444, JF{FH DAPI XM AA%EAT 5
Jeo HRABEETOLRME TUE SR, IHTE
YA T2

4T HE T3 =TUNEL FAPE40 A 5/ DAPI A4 41 4
2.6 JC-1 FRETHQM FxER M F AE T 2H R R AR B
(VAP

H sk i 2w A 212, 22 300 HANMEE . €
2] 60 mm Br IR, #3855 B LR 15
mL FEOE T . A Hank P EIBBRFEEZR 10
mL, REWF 30 X, KLEEE Smin, B EERSE
15 mL B o, 38 2 ¥, JEZ 1000 r/min
B0 10min, 3F E3F, M0 Hank P78 R EE,
B0 JEFE BV . N 1 mL Hank ~F7 &5 E &,
A O T TR B AR FE Y 1X 106 N /mL.
HY 200 pL g0, AT 0.5 mL gfuks st . %
FRR AU AT e, A A LRI, B
214 OE I LU B R TR 2R b A S FEL A AR A



» 3762 «

FEH 2024F 67 £55% B UM Chinese Traditional and Herbal Drugs 2024 June Vol. 55 No. 11

2.7 IESTERSEIER ANER I 4 S T 4R LN B 45

R he i~ 5 M 20 23, BT 1 mm? /B, 28 PBS
BV 4 CHlE (2.5%K 1, 12h). PBS E¥E.
[E5E (1%EKEZ, 2h). PBS ¥k, HEAHLK (30%-
50%- 70%- 80%- 95%- 100%) 1215 £ 34 (Epon812)
T . et (BERRACE AT B IR A 5, £
A R N R R T
2.8 ELISA #pxERMFREHLHLA SR F MDA
7KEF1 SOD. GSH-Px &%

ERLh I~ T I ZH 23 S0 9%, 4 FR R G i I 15
BEATERAE, RHBFROON SO0 (D E, IFTE
MDA 7KF-#1 SOD. GSH-Px itk
2.9 qRT-PCR #MBXERIL Y AET4E4R Caspase-3-
Bcl-2 1 Bax mRNA &i&

BB I 2 W R ZH 2N, Trizol V242 HUE RNA,
O ETHIE S RNA T . R 5R
7% Superscript 111 ¥ RNA 5% cDNA, JIA
519, LA B-actin NNZ, RIGERE PCR UF 1Y,
KH 27208 P RS 7 Caspase-3+ Bel-2 Fll
Bax mRNA FiEKTF.

&1 519575
Table 1 Primer sequences
HH FH (5°-3°)
Caspase-3  F: 5’-TGTGGACCTGAAAAAAC-3’
R: 5’-GCCTGAATGATGAAGAG-3’
Bcl-2 F: 5’-CCCCATCCCTGAAGAGTTCCT-3’
R: 5>-GCCACCTACCTGAATGACCAC-3’
Bax F: 5’-ATTGGCGATGAACTGGACAACA-3’
R: 5’-CCCAGTTGAAGTTGCCGTCT-3’
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A-TTC staining; B-relative quantification of TTC; C-HE staining (x 400); D-TUNEL staining (x 100), blue indicates DAPI positive, red indicates TUNEL

below figures.

positive, purple indicates merged; E-relative quantification of apoptosis rate; P < 0.01 vs sham group; 2P < 0.05 24P <0.01 vs model group, same as

El 1 Sul-F3Xf MCAO KRAEIEAR . FNERILFREHHIERG SMEAPATHZM (X£s,n=5)
Fig. 1 Effect of Sul-F on volume of cerebral infarction, pathological damage to ischemic penumbra and cell apoptosis in
MCAOrats (X ts,n=5)
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Fig. 2 Effect of Sul-F on changes of mitochondrial membrane potential in ischemic penumbra of MCAO rats (X s, n=3)
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SN DS I N2 X L AR N DS GBI 37 A i
Black arrows point to normal mitochondria, red arrows point to abnormal mitochondria.
3 Sul-F 3 MCAO AR ILBLEBREEHIERND (X8 000)
Fig. 3 Effect of Sul-F on ultrastructure of brain tissues in MCAO rats (x 8 000)
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& 4 Sul-F % MCAO X R ANER [N FAEH 4B 20 MDA 7K 51 SOD. GSH-Px SEMHISNE (X +5s,n=3)
Fig. 4 Effect of Sul-F on MDA level and SOD, GSH-Px activities in ischemic penumbra tissue of MCAO rats (X + s, n=3)
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Fig. 5 Effect of Sul-F on mRNA expressions of Bcl-2, Bax and Caspase-3 in ischemic penumbra tissue of MCAO rats
(Xxts,n=5)
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Fig. 6 Effect of Sul-F on protein expressions of Bcl-2, Bax and Caspase-3 in ischemic penumbra tissue of MCAO rats (X + s,
n=35)
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