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i E BN KRAMNAZ L% (BYHWD) A e F 7 2 4145 (CIRD K R & Ak 30 A F 09 a s bl . ik H# CIRIK KR
47 CIR1 48 &5 = BYHWD(L-BYHWD, # % 3.15 mg/kg) 41 . 5 # & BYHWD(H-BYHWD, # & 12.60 mg/kg) 41 | a4 5 B8 (B4
J 24T 150 mg/kg 4 AT 4R By iE 4tk ) 4  H-BYHWD+E %) 2 B (i § 12.60 mg/kg BYHWD+HLAE i 4% 20 mg/kg = F A& F4)
28 . H-BYHWD+Compound C(# & 12.60 mg/kg BYHWD+L i 4+ 20 mg/kg Compound C) 48, H40 15 X ; 5 I 15 R K KA AR F
R, BLAKFRH R RIS ESADE R R A LK, H 1R, HE4R, RRLHE AN K RIEAR AR, WIS do bk 1
i (IP) B N & 20 Je R B AR AR A M 3745 TP R Z BRI A%, 4] TP R ALAY 2 35 45 % @ 1(OPA1) 5 54042 31(CD31) &% b3k 2 45
‘AL, EF kAR A E G 2(MFN2) \OPAL & 44k 5 2 % G 1 (Fisl ) & & & ik KP4 AMP £ S & it # (AMPK)/3h h 4B £ %4 1
(Drpl)iB B A0 % & &G R RF, R H5EFRMLE, CIRIZAK K EHL TP R N X da SR IR B % 250Kk 052 A4 B
FILE T E AR SRR T 500 Fisl & & & ik K -F % Drpl BB AL K F 3 2 295 (P<<0.05),1P K & 4k i ¥, 42 OPAL 5
CD31 % K 2k % 45 @ A2 Yb fo MFN2 ,OPA1 & & & ik /R T & AMPK B B ALK 39 B # 4K (P<0.05) ; 5 CIRI 4L 45, L-BYHWD
20 H-BYHWD #8 | FRoPE st BR 20 K R, b3k 364739 B % i £ (P<<0.05) ; 55 H-BYHWD 28 . H-BYHWD+i5 7| %+ B8 28 )b 22 , H-BYHWD+
Compound C 28 X &, iR #8473 B %14 45 (P<<0.05) ; H-BYHWD-+ZAE F| 2 B 415 H-BYHWD 28 K &, LR $54709 257 L4 it £ &
SL(P>0.05), £i® BYHWD i it i& AMPK/Drpl i %, B & & F4k 3 1 5 T 4L, i & CIRI,

KR AMEIE G ; fn s B E B4 ; AMPK/Drpl i %5 & ki ik 3h /) 5

Effect and mechanism of Buyang huanwu decoction on mitochondrial dynamics in rats with cerebral
ischemia-reperfusion injury

ZHANG Wen, YANG Chang, JIN Haitao (Dept. of Encephalopathy, Wuhan Hospital of Traditional Chinese
Medicine, Wuhan 430061, China)

ABSTRACT OBJECTIVE To explore the effect and mechanism of Buyang huanwu decoction (BYHWD) on mitochondrial
dynamics in rats with cerebral ischemia-reperfusion injury (CIRT). METHODS CIRI rats were randomly divided into CIRI group,
low-dose BYHWD (L-BYHWD, intragastric administration of 3.15 mg/kg BYHWD) group, high-dose BYHWD (H-BYHWD,
intragastric administration of 12.60 mg/kg BYHWD) group, positive control (intraperitoneal administration of 150 mg/kg Extract of
Ginkgo biloba leaves injection) group, H-BYHWD+solvent control (intragastric administration of 12.60 mg/kg BYHWD+
intraperitoneal injection of 20 mg/kg DMSO) group and H-BYHWD-+Compound C (intragastric administration of 12.60 mg/kg
BYHWD+intraperitoneal injection of 20 mg/kg Compound C) group, with 15 rats in each group. Additionally, 15 rats were
assigned to the sham operation group. All rats received the corresponding medications or saline solution via intragastric
administration or intraperitoneal injection once daily for 4 consecutive weeks. After the last administration, the cerebral infarct
volume of rats was measured; the ultrastructure of mitochondria in endothelial cells in the ischemic penumbra (IP) region was
observed; the mitochondrial membrane potential was evaluated; the fluorescence colocalization area ratio of optic atrophy 1
(OPA1) to cluster of differentiation 31 (CD31) in the IP region was detected; the expressions of mitofusin 2 (MFN2), OPAl,
mitochondrial fission 1 protein (Fisl), and proteins related to the AMP-activated protein kinase (AMPK )/dynamin-related protein 1
(Drpl) pathway in the IP region were determined. RESULTS Compared with the sham operation group, mitochondria in
endothelial cells of the IP region in brain tissue of rats in the CIRI group were swollen, mostly spherical, with fractured cristaec and
severe vacuolation; the percentage of cerebral infarct volume, Fisl expression level and phosphorylation level of Drpl were
increased significantly (P<<0.05), while mitochondrial membrane potential in the IP region, fluorescence colocalization area ratio
of OPA1 to CD31, the expressions levels of MFN2 and OPA1, and phosphorylation level of AMPK were significantly decreased
(P<<0.05). These indicators were improved in the L-BYHWD
group, H-BYHWD group, and positive control group,
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Mo 5; S B FATEEN L. BESE 71« i B A A T compared with the CIRI group (P<<0.05). Compared with the
RY PR, E-mail:182emj@163.com H-BYHWD group and H-BYHWD+solvent control group, the
# BEEE B FATE, L. BT . P ELE G 2 above indicators of rats in the H-BYHWD+Compound C group
RGLHR ., E-mail :562354@163.com showed significant reversal (P<C0.05). There was no
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statistically significant difference in the above indicators between the H-BYHWD+solvent control group and the H-BYHWD group
(P>0.05). CONCLUSIONS BYHWD may improve CIRI by activating the AMPK/Drpl pathway and ameliorating mitochondrial

dynamic disorders.

KEYWORDS Buyang huanwu decoction; cerebral ischemia-reperfusion injury; AMPK/Drpl pathway; mitochondrial dynamics

i S5k 1L -V V451475 (cerebral ischemia-reperfusion in-
jury, CIRD) J& 48 20 21 sl a4 B R s i k405 1 A2 i i ALy
BF, 2T H B P A ) B B A o 5 A IR I B4
CIRI & UL e i fig A s e JBOR: &5 1ML 3 P38 VG 97
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PADIRETUS" s TN IT IR , LR Bl ) 25 R A,
RPZRr A 532 S A B S PEREIR | J& CIRT ) SCE £
LI 5 35 5 A 546 1 1 (dynamin-related protein 1, Drpl)
YRy g BB AR 7 240 R AR 1, L B v b 2 3k
BT RAL, RS 2 AT R, $E ] Drpl
ATt FELRARST2E, CON A R I Y T LR
W% . AMP 35 1k 2 1 ## (AMP-activated protein kinase,
AMPK) 1 Ay 20 it B 2 AR5 B A2 O IR 45 IR 7 AN RE 1A
FTRE AR, A6 AT L EBERR Ak Drp L, 30 H i 2ok AR
D7 56 A, NI AERFZ R A 3) ) 22800, RFEph &9
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F12E R A N AERL o
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AR ) | 2 Hp 25 S0 I IR TR 2SR R ), 4
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FLRBLEN ¥ A VG o ASAHF ST 3T AMPK/Drp 3 % , 45
5¥ BYHWD X CIRI K SRR Bl F1 22 52 ma AL, &
TER EWZIT Ve LGSRt 2%
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1.1 FEUEF

AW I 3 B A 46 JEM-1230 BY 35 5 FL 5
( HZR JEOL A %)) \EM UCT BU# Y] A AL (75 [ Leica
/5 ]) \Eppendorf 5810R #Y i 14 5.0 4L (7 ¥ Eppendorf
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800 7RUHE M A4 A% R 4 (32 [ Bio-Rad A1) ) 45
1.2 FEARBSAF

B Y IH RAT BRI E LA OB TR A 2
B At R a2l s o B B B Lr A 2y A
r 24 I B R A 34 A L 5 AR I IO A SR [ PH
X HE B 5 mL: 17.5 mg (FHRAY SR 4.2 mg) , 185
NB 16910 F 13 B 25 5 A A A FRA 7 52,3, 5-5 4k =
ORI DU F M (TTC) Y FIAT 18 R BT Y (52543 3 oy
T8170.L1010) ¥ W F | g Y v 2B W B B A PR A 5
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KR4 # 11 2 (mitofusin 2, MEN2) L S ZE 4 A 1
(optic atrophy 1,0PA1) .43k 7% 31 (cluster of differentia-
tion 31,CD31) .2 kifk /248 19 1 (mitochondrial fission
1 protein, Fis1) . 2 {t AMPK (phosphorylated AMPK,
p-AMPK) . AMPK . ## 1t Drp1 (phosphorylated Drp1 , p-
Drpl) . Drpl . H M -3- W % JIit & il (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH ) ¥ 77 [E fi ik (1% 5 43
H h ab260861., abl57457. ab281583. ab158865,
ab92701 . ab32047 . ab314755 . ab156951 . ab128915) % 3f
MR ALY bR i A L AP R e BR R 1 G Zht (1855
ab205719) Bl T-J 5 Abcam 23 7]

1.3 SEIEhY

SPF % Mt SD KB, 7~8 JEI S , 1K T 240~340 g,
DA B AE RN IR ml R AL, A= 7=V vl RSy
SCXK (56 2021-0025, K Bl i 77 P4 5 1) I B2 hy 20~
24 °C , MIXFHREE R 409%~50%, 12 h G 52 % . AN sh)
SEE 22 DA B AR R AT BR A /] S 1 382 51 it
1 (LS 202409425)
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2.1 BYHWDHI#I&

F M 5 Sk 7 25 BYHWD : FRECEE £ 120 g
2196 g IRAT 4.5 g, IRBR T I 2048 M4 3 ¢,
JIA 10 £5 17K 3249 30 min, FKATE 1 h 5 Uk, 24570
SATEIK FEATA | h, A9 2 IR A JF e 4 2 100 mL, T
4 °CURFAIRAF & o
2.2 &

FRAIE SCRk 712 8 CIRT A AR ARY . AR i 93 HK R
EEE 12 h, AEOK RIS (ip) 19 1% L e 2 8RR B
DA M ] 2, %% 58 515 3l ik (common carotid artery,
CCA) , 43 i 851 N 8y ik A1 25 41 5) ik (external carotid ar-
tery, ECA) , 454 ECA FIl CCA T 0> %t , 38 Al IR 75 5 2
h G VR 2 HHEA . PR 24 h)5 , #R 8 Zea-Longa 1143
EIPEAL KRR 2T RE : AT BETC 5k 0 49 5 $E BT
LRI B oA 14538 B 77 0] S ok 243 5 B B AT 7 B
R 341 ok H BATEE BRSO 45y . P 1~341
B TERLEI) , 053 F A G RI, 45335 T LSRR
TR S g R AR v R By (AN I A S BOR R
FET- 1 H R 2 H o 53015 HOREWE BT A4,
FRANZEFLAL , Homdle iR #RAE
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2.3 HESHKYH
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BYHWD(L-BYHWD) 4 . =5l BYHWD (H-BYHWD )
ZH | FHEXT BRZH  H-BYHWD+i% 57 % B8 2H \H-BYHWD+
Compound CH1, B4 15 H . Ja 5 AR T H#EE24h
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3.15.12.60 mg/kg (LA B i it 11 ) BYHWD!™, FH44: X}
HEZH K R ip 150 mg/kg FRAF 4R U 1 5 W™, H-
BYHWD-+ 5 %] B 28 K B 1 12.60 mg/kg BYHWD Fl
ip 20 mg/kg — H 7 i (DMSO) , H-BYHWD+Com-
pound C 2 KR B 12.60 mg/kg BYHWD Flip 20 mg/kg
Compound C (5¢ ] DMSO % , i I Aif FH AR 3 /K b
% 2 mg/mL)"™, T AR LA CIRI 2K FUHE & A ip 5
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KIRE 255 A BENLELS R, BRI Sk B4
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AT R I R A SRR A 43 L
2.5 BRONMEEET X KR A& R B RS

20 5 M5 R ER, PRI DR B , D) Bk ot
i (ischemic penumbra, IP) [X 1 mm’ZH 21, 7E 2.5% X,
TP AE 24 b 19 PO SRARER H EE 2 b B EE K S 7E
618 PR I A4, 1 5 60~90 nm Y H-, 18- FH 1t AR b
WEAE I T Y €530 min FPAERRETIE S I T 445 15 min,
il FH 25 S5 PR LS TP X PN 2 200 g b A4 R T 454
2.6 1P X &M AR B AL IFf

H“2.57 100 o 43 ) TP X 220, I A FIvA o B i 55
GEPIRCHI AT, 200 H R R UE, T4 °CF L3 000
r/min 5.0 10 min, PLHE, H1JC-1 TAEM B &, T 37 °C
T HEEEEF 20 min J5 FEFBERRER 22 vhIR RS, T4
WAL A3 9 AR5, DASR AR08 R BH PR 240 L ( i Ak 20
JiD) (5 R AR A9 (G2 H1-LR) R FAb Lok A e £
HI-LRZUA K, o B (o7 A1
2.7 IPX OPA1 5 CD31 %%yttt E ir mFR bk 46 )

B 2 98 5 R R84 1P IX 2 2, ] 4% %
5 S [ 4 24 h, BB BE K AL S v 5 wm
ARV R, 20 A S  inA OPAL .CD31 Hidk,
F4°CTFFE 18 hs I H AR —$T, F 25 °C I HE
2h, PRU B [ POENE B TR IRl fif
FH Image J #4538 OPAL Y5 CD31 e (T AL L .
2.8 IP[X MFN2,OPAl Fisl 83X AMPK/Drpl i i
HXEARIER

BL“2.77 00 el 4% 04 TP XA ZH 2L, i A RIPA 24 i
A3 SRR AR I B R IS,
FEJEAT LUK B B B FA, A MFN2, OPAL Fisl . p-
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AMPK . AMPK . p-Drpl . Drpl . GAPDH i {& ( #5 #% [t 14
4351 1:1000,1:1000,1:1000,1:1000,1:1000,1:
1000.1:1000,1:5000),F 4 °CFIFHF LR H AIA
AR BT (R BELL R 1:5 000) , T2 60 7 2 h; LLECL
2525, FH Image J A0 Ar 8 H A K EEE, DL H B9 8
H5 N2 H (GAPDH) [ K B FUE T B B H 1Y
FIK7KF, LL p-AMPK 5 AMPK . p-Drpl 5 Drp1 (/K
H LL[ETF AMPK . Drpl B2 LK
29 SFitFEFIE

%045 H SPSS 25.0 KA A TSI AT . THE TR
TFAIER A, Lhx +s Foom , AL LR R R
2T, HE—2E I L3R FH Dunnett-t K656 . K50 7K i
a=0.05,
3 H#HE
3.1 BYHWD 3t 4@ JE (AR FR #9350

EFARG (R BAESE, 118 0) LLER, CIRTZH K
LA IRAEAE AR AR T 23 U [ (37.59 +4.12) %) & TH (P<
0.05); 5 CIRI4H [t %, L-BYHWD 2H .H-BYHWD 4 . I
P XoT 2 R BRL ) i A AR AR R 43 L [ 43 0l ol (25,31 £
2.76)% . (8.16+2.51)% , (7.73+2.47)% 34 . & [ ik
(P<0.05) ; 5 H-BYHWD 4 . H-BYHWD+% 7| % 18 2
[(8.17 +2.53)%] %% , H-BYHWD-+Compound C £ K il
49 Fii 458 B AR B ET 43 (32,50 +3.58)% | i & FH i (P<
0.05) ; 5 H-BYHWD 4 Ft 4% , H-BYHWD-+% 71 5% B 21 K
FURBESEAARF & 43 e 22 57 G 1248 L (P>0.05) .
3.2 BYHWD X3 IP [X ) Bz 4l B 2 ML B fry S5 4 O =2 M

TP ALK FIP X PN B 4N LR A TE S IR H, U2
ELEATE T H 22 AR I 2 s SIRTARA L, CIRI
ZH R B IP X PN iz 41 2 A % i 30 B S A 5 2k frpe
ik HZ 2Bk UE A W%, fRas i 4 ™ 8 5 5 CIRI A
4%, L-BYHWD 21 H-BYHWD £ . 4% B 20 K B TP
X PN Rz 4 B 2 A A8 A5 AN [R) B2 B k% ; 5 H-BYHWD
2 .\ H-BYHWD+ % 7 X} B8 21 I ¢ , H-BYHWD+Com-
pound C 41K FLIP [X P 7 20 Jifd £& R 14305 48 il ¥ 5 H-
BYHWD 4 %5 , H-BY HWD-+% 71 % B8 2 K B IP X N
R A SR AR A T 25 5 . 25 SR UL 1
3.3 BYHWD 3t IP [X £k AL B FE 37 B9 52 i

SRFARL HE, CIRTAL R B IP X2 A F A (.
2 A% (P<0.05) ; 5 CIRI 41 HL %, L-BYHWD 41 . H-
BYHWD 41, B X B2 A B IP X Zr (A i L A7 22 4 3
T (P<<0.05) ; 5 H-BYHWD £ . H-BYHWD+ % 71 %
WA ZH L8 , H-BY HWD+Compound C 2H K B IP [X 2 i 14
JIES L A7 I8 3 [ AR (P<<0.05) 5 5 H-BYHWD 41 [L 3% , H-
BYHWD-7 71 X B 2H A SR IP X 2R b AR I i A7 25 57 C 48
A L (P>0.05), S5 ILE 2 fE 1,
3.4 BYHWD 3t IP X OPAl 5 CD31 % ¢t E i B #R
Ad:0p=A1)

ST AR HE, CIRT4L K R IP X OPAL 5 CD31
Y A AR L 2 PRI (P<<0.05) ; 5 CIRT 4 LE#K
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F. H-BYHWD-+ 71 X+ B £

C.L-BYHWD 4
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G. H-BYHWD+Compound C Z{

1 BHEKRRIP XN K HEMEN A BRENREER

.
B ENT 76 30WEE
107
II 2
g o 10
10'4 o
0.10% 541% 0.64% 27.11% 0.48% 19.93% 0.02% 12.16%
10° TreT T T T 10° T T T T 10° T e e T 10" T T T
10" 10 10° 10° 10* 10° 10 10* 10° 10" 10° 10' 10 10° 10* 10° 10 10* 10° 10"
FITC-H FITC-H FITC-H FITC-H
AfRFARA B. CIRIZH C.L-BYHWD #{ D. H-BYHWD £
1 4 4
0 1236% . RS BT g 0 535% -} (s
10" 4 10" 10°4
o=t =
o 10 & 107 & 107
=% =% E|
10' 10" 10' :
0.04% 12.67% 0.14% 12.77% 0.54% 24.41%
10" T T e T 10° TreeT e T T 10° ree — — -
10" 10" 10* 10° 10! 10" 10" 10* 10* 10" 10" 10! 10* 10° 10"
FITC-H FITC-H FITC-H
E. BHMEXT R F. H-BYHWD-+ 71 %t R 26 G. H-BYHWD+Compound C 41

2 BAKXRIP XA REBANRERE

F1 BAKXRIPRELREEREAL .OPALS CD31#
HEMERELLLE (x +5,n=5)

4151 HI-LR/% OPAL S CD3L e A
BFEARA 536201 032£0.04

CIRIZ 26.51£2.66° 0.08£0.01°
L-BYHWD4 19374237 0174002
H-BYHWD 1259£231° 0274003
liliaoni) 1234£225 02540.0%
H-BYHWD+A A4 1261229 026003
H-BYHWD+Compound C# 164258 01340024

a: ST ARA L, P<0.05;b: 5CIRIZH H 4, P<0.05;¢: 5H-
BYHWDZ 45, P<<0.05;d: 5H-BYHWD-HAFIXS IR He A, P<<0.05,
L-BYHWD 4 . H-BYHWD £ . BH 1 %} B8 2 K L 1P X
OPA1 5 CD31 %% )l 3t % v 1 A1 kb 34 8 3% 7 & (P<
0.05) ; 5 H-BYHWD 4 .H-BYHWD-+{# 7 % R 2H 45,
H-BYHWD+Compound C 41K [ IP [X. OPA1 5 CD31 %¢
e A7 TR AR B b 25 IR (P<<0.05) 3 5 H-BYHWD 4
Hb3ss , H-BY HWD-+ 751 %5 B 40 K TP X OPA1 5 CD31
P EHE M TH R 22 S RG24 E L (P>0.05) . 4554

2GS 2025 4F5 36 45 23 1]

LR 1A 3,
3.5 BYHWD Xt IP X MFN2,OPAl .Fisl EHRIER
AMPK . Drpl BB 1Y B9 2201

ST AR A, CIRIZH K BUIP X MFN2 ,OPA1 &
1 2% 18 7K F- 1 AMPK B 2 16 /K F- 24 & 3 B AR (P<
0.05) , Fis1 4 1 %35 /K F-F1 Drp1 B4 82 fb 7K - 34 i 35 7t
5 (P<<0.05) ;5 CIRI 4 I 4%, L-BYHWD 41 \H-BYHWD
2H | FHE X PR ZH R B IP [X. MFN2 . OPA 1 5 [ 2635 7K -l
AMPK BR324 5 3 15 (P<<0.05) , Fis1 25 1Rk
7K F1 Drpl i 12 Ak /K - 34 3 25 B I (P<<0.05) 5 5 H-
BYHWD 4 .H-BYHWD-+# X} B4 He % , H-BYHWD+
Compound C £ K il IP [X MFN2 ,OPA 1 £ [ % 35 7K - A1l
AMPK B A /K1 i 2 A (P<<0.05) , Fis1 25 &1k
7K F1 Drpl il 2 Ak /K - 24 18 2% 7t =5 (P<<0.05) 5 5 H-
BYHWD 4 % , H-BYHWD-+% 71 % BB 2H KB IP X |-
BRI 2ZE RG22 E L (P>0.05) . 458 LK 4
M2,
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50 pm 50 pm
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3 RKAKXRIPX OPALS CD31WHHEE MR E

4 i
BYHWD {E iG55 I 4 i 2 05 7], 2 RRIESE 1]
A5 /IR AEAR B, SR HE CIRTK UM 2 DI REIR &0, A
WEFEEE R R, ST AL A, CIRTALK FURHESE A
FEUFT 43 H 3 T8 TP DX 1A B2 IRy I I 8724
BYHWD T HiJ5 , K BURNAE SE B 53 b 35 PR, 2k
RS EIES . EMREIETE , CIRIALK RUIP X
LR B AL T B, S0 AR Q™ E SR s BYHWD
PR , T4 SR T R (7, 2 LR 3% 20k

+ 2950 - China Pharmacy 2025 Vol. 36 No. 23
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MPN2 D s S S S s 0 kD2
oPA1 MR s S S SIS S s 00 kD2
Fisl ------- 20 kDa
GarpH (D IR GIND SR NP SIS S ;6 <D

I I m I\ \ Vi VI
A. MFN2 OPAL1 Fisl £ 1

PAVPK D — — - - — —

AMPK D SRS D S A SN e O <D
p-Drpl s S SEE S S S— — 5 kD2

ot [ S -
GAPDH [ . S S S -

1 I 1 v AY AUl VI
B. AMPK/Drp 1 il 2 4
T fBFARYH; T :CIRIZH; Il : L-BYHWD# ; IV : H-BYHWDZH ;

Vo BEHEXT HR AL 5 VI : H-BYHWD+i% 7% B8 4 ; VI : H-BYHWD+Com-
pound C41.
B4 HAKXRIPXMFN2 OPAl. Fisl &Hf AMPK/

Drpl i@ Bt X E B RIZHIEIKE
K2 BAKXRIPX MFN2,0OPAl Fisl EBRIEKFE

1 AMPK .Drpl1 BERL /K FEEE B (x +5,n=5)

) p-AMPK/ ‘
413 MEN2/GAPDH OPAI/GAPDH  Fisl/GAPDH WK p-Dipl/Dipl
EFAL 1262004 105£012  041£005 0902009  031+0.04

CIRI4 0354004 0242003  LOIEOIl 0345004 0872009
L-BYHWD# 057H007 0494006 0831009 0534006  0.70£0.08
H-BYHWD 4 0981011 0762009  056£007 0822009  038£0.04°
Tt 10320.12° 0732008 0532006 079£008°  042+0.08
H-BYHWD+AHIAHRAL 097000 077£009  055:0.06 081008 039004

H-BYHWD+Compound 41~ 0.46+0.05¢  033£0.05  095£0.10¢ 041£0.05¢ 0.76:+0.08*
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