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Abstract: Objective To study the effect and mechanism of Longhu Xingnao Granules (J% 3% B2/ #4%) on mitochondrial dynamics
of damaged brain cells in rats with cerebral ischemia reperfusion injury (CIRI). Methods CIRI rats model was established, and 40
successful rats were randomly divided into model group, Longhu Xingnao Granules low-, medium-and high-dose (75, 150, 300 mg/kg)
groups and Ginadol (150 mg/kg) groups, and 8 rats were set as sham group. After 4 d of corresponding drug intervention, infarct
volume of rats brain tissue was detected by TTC staining; Ultrastructure of infarcted cerebral cortex was observed by transmission
electron microscope (TEM); Western blotting and qRT-PCR were used to detect protein and mRNA expressions of mitochondrial
fission protein 1 (Fisl), mitochondrial fusion protein 2 (Mfn2), optic atrophy 1 (Opal), dynamin related protein 1 (Drpl), nuclear
receptor-related factor 1 (Nurrl), Yes-associated protein 1 (YAP1) and inverted formin 2 (INF2). Results Compared with model
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group, neurological function score and brain infarction area of rats in each administration group were significantly decreased (P <0.05,

0.01); Pathological damage of cerebral cortex neurons of rats was significantly alleviated; Fisl, INF2 and Drpl mRNA expressions in

damaged brain tissue were significantly down-regulated (P < 0.01, 0.001), Mfn2, Nurrl, Opal and YAP1 mRNA expressions were

significantly up-regulated (P < 0.05, 0.01, 0.001); Drp1 and Fis1 protein expressions in damaged brain tissue were significantly down-
regulated (P < 0.05, 0.01, 0.001), Mfn2, Opal, Nurrl and YAP1 protein expressions were significantly up-regulated (P < 0.05, 0.01,

0.001). Conclusion Longhu Xingnao Granules can improve the cerebral infarct size in CIRI rats, reduce ischemic pathological

damage, and delay the progression of CIRI. Its mechanism may be that Nurrl regulates YAP-INF2 signaling pathway and corrects the

imbalance of mitochondrial dynamics, thereby exerting neuroprotective effects.

Key words: Longhu Xingnao Granules; mitochondrial dynamics; neuroprotection; cerebral ischemia reperfusion injury; Nurrl; YAP-

INF2 signaling pathway
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(Yes-associated protein 1, YAP1) i&42 1 /7 =UBH 1E /2
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(b5 CWO0s81IM) Iy H A LHRAF]; B-actin
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Eppendorf A %]); JEM-1230 #43i%E 5 4% (TEM,
HA JEOL A ]

2 FHiE
2.1 &R

Z: 8 Rynkowski S5 175 244 52 K BR AT () K
Z KB Wr il (middle cerebral artery occlusion,
MCAO) A, KEEMEMFE 1A, RETKREE
B 12h, ip 1%KE L ZE RIS, WEME 2 T F
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RIS ), INEES: PPN 4 KR T
DA o
23 NES%RY

KEREENL I AT AL AT L % o 355 T i
KiK. B, EFE (750 500 300 mg/kg) AAIEgN
% (150mg/kg) H, HH8 H, BEH 6 HARER
RMFEH . FARERRIEI G2, %424 ig M
258, PR ig SRR 0.5%H F
FEA U, 1 kd, #ESE4d.
2.4 FIEEERNERIXT MCAO X 5ANAESEHU R0

SiWendilE, KRAEE 12h, ip 2%/ B2
(300 mg/kg) FRIRESE . BL A, ¥ PETF1% 20 C
UK 15 ming HFARTI KPR 5 55,
BHBEZ 2mm; ] 2% TTC 4902 %, Fgaua
FT 37 CHYMFETECIE 15 ming FH 4%2 KT
WA 7 IR, IR XML, IR AR Ry
Htt, H Image-Pro B4 1T AEZETHIAN .
2.5 LIRBRRNERINT MCAO X FRAEZEMIfKE ELE
DR 2

KERIRRIFALSEfS, TokiR EEU, 7 B A2 4,
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iR ELGE
2.6 FIERZANETRAINT MCAO KERAEEMINR E4H
ML RRZARE. Nurrl F1 YAP-INF2 BERHEXER
mRNA FRIZRF M

KEREEALAE S, UKAR EHUI, 73 B ARE ZE K
YRR, BRET#)E, #4778 0T, H Trizol
PRI RNA, %554 ¢DNA J5 147 PCR 474,
KA 278CTE AT B G A, UL GAPDH NS,
AR E FVETH A H 2R mRNA A Rk &, 2R
F Primer Premier 5.0 1 Beacon designer 7.8 X ff it
17 3E & PCR 1MW it SR B A R 48 280
BIRAFEGHG S FIE 1.

F1 549K
Table 1 Primer sequences
51 FP (5°-3°) P bp
Fisl F: GTCCAAGAGCACGCAGTTTG 103

R: TTTGGGCAACAGCTCCTCCA

Drpl  F: ATGGAGTTGAAGCAGAAGAATG 163
R: GGCGAGAAAACCTTGAGATG

Mfn2  F: ATTTCGAGAGGCGATTTGAGGAG 197
R: GTCAATGAATCTCAGCCGGTC

Opal  F: TGGTCCTGTTCTGGCGAATAC 277
R: CATGAGCAGGATTTTGACACC

Nurrl  F: GGTTTCTTTAAGCGCACGGT 162
R: TAAACTGTCCGTGCGAACCA

YAPI  F: AGAACAAGACCACATCCTGGC 252
R: TGGGATTGATATTCCGTATTGCCT

INF2  F: ATGAGGACGAAGAGGACACG 99
R: TGCCAGACCCTGAGGAATC

GAPDH F: GACAACTTTGGCATCGTGGA 133

R: ATGCAGGGATGATGTTCTGG

2.7 FIRBERNERINT MCAO X FRAE MK K B8
ORI EN S5, Nurrl 1 YAP-INF2 @EHEXE
SESvN: A

B % 2H K SRRE ZE 00 P v 45303 B A 4, B
T, In N PMSF-RIPA (1 : 100) Hiik5,
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% H 2 ho ECL fh2% k0t fa st & [ Ep ks fGof 2
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B F Image J FAF #4526 K FEAH -

2.8 HitFE
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FoR. IFRTEERH SN ZE (ANOVA) X2 HFEA
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3.1 EERERIFER
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EFE (P<0.01); SEEMAMLIL, $4254H K
ML IHREVE 2 1 535 T B (P<<0.05. 0.01), Hjy
Ty B i R ) B 2 A A

A DIREVES

A B C D E F
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FARALE: *P<0.05 #P<0.01 ##P<0.001; SHITIHLLE:
"P<<0.05 "P<0.01 ""P<0.001, T
A-sham group B-model group C-Longhu Xingnao Granules low-

dose group D-Longhu Xingnao Granules medium-dose group E-
Longhu Xingnao Granules high-dose group F-Ginnardo group *P <
0.05 *P<0.01 *#P<0.001 vs sham group; "P<0.05 **P<0.01

**P <0.001 vs model group, same as below figures
B 1 ZEERFRIT MCAO XRHZINAEIRGHE M
(Xts,n=5)
Fig. 1 Effect of Longhu Xingnao Granules on neurological
deficit of MCAO rats (X +s,n=15)

32 TTC B4R

Bl 2 A ORISR 38, AL 3R
AR X . 15K 2 fn, ST, B8
R R A AR T AR B3 G - (P<<0.05); SR
ELER, &4n 29N BEAE TR AR B 2 kb (P<<0.05),
DA, R TR i A+ 5751 5 2 AR A0 T AR e 4 FH e £ o
33 TEM %R

BT AR K BRRE ZE N K i B2 J2 ph 22 Jo A i AZ K
M, AR ERE, AT, 2Rk 5 [ 5.
WEETE, PURSEIT T AL, FZRIEAHN, BERHRZ
EROESEHS], RS0, SN EREE,
NPT 2 S HE B R, SRR 2544035 7 (]
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3-Al. A2. A3); WAL TUAARFRGE N,
WA 4E, RATREELEL (B 3-B1), Zekifk N Ig4Ss
FIRER (B 3-B2), BERSHRZE ™ HE 2, S5

A B C D E F
E2 HEKXE TTC REER
Fig. 2 TTC staining results of rats in each group

T2 WIRBERNERN MCAO KRAMEFEHISNN (X £5,n=3)
Table 2 Effect of Longhu Xingnao Granules on cerebral
infarct of MCAO rats (X + s, n=3)

A 7 E:/(mg-kg™) FEFEE /%
(EERZN — 0

T — 29.81+0.67*

0 B T o L 75 24.9040.70*

150 16.75+0.80"

300 21.1140.73"

ECLES 150 22.624+0.77"

H5REPARUALLLE: "P<0.05; SHEMAHKE: "P<0.05
#P < 0.05 vs sham group; "P < 0.05 vs model group

Wi, HRNERAARERIAE (K 3-B3); ikl
U AURAER 7] 2 2 0 22 TG A B AZ K T D 15, R 5
B, Ao (B 3-CL), oy sebifhsh fyts
B H 200 (B 3-C2), S RBERHIZHEZIRR ,
BRUZTR S HifdE . B, B NP iee KE i)
Bikn, B A LRAABRIAE (B 3-C3); ik
O UL R 7 B 2E A 2 T AR AR G /N, A BRAZ A S
A B ZL 8 (B 3-D1), ZRkifk 2K 4%, WIEE
WrRr 0L (& 3-D2), B BERRZ A, 55 L
53 B R S R 2L, SR N T 2 s HE R
RRARLERITEW (& 3-D3); e BE MmN Sk w70
H A Az KT WA ], A2 B e 8, A0 o (B
3-E1), ZRRifRpN ISR (B 3-E2), HhiZBEsH
BEHAN 2 0 8, KER R Al Wil &,
IR N AL o RHES, SRR &5 1 I ik
(Kl 3-E3); &N HME otz Kima, &5
B, AR (B 3-FD, SRR mER, pRsLEi
BT, AN AR S (B 3-F2), R SRR E 4
FUBK, SUZ R, R NS ez R E HE
FBLRS, SRRSO, it (B 3-F3).
3.4 RIERERNERIYT MCAO AR AXHEZE MR 2LE
MEKIARTN 1. Nurrl 1 YAP-INF2 J@IRHEXE
H mRNA FRiARIEME

WK 4 fioR, SERFARAM, B ZH KR N
FEBEAN J2 JZ 20 2R Fisl Drpl F1 INF2 mRNA #ik/K

- _— E— .

1M TG 2-ZRKifk  3-HhE
1-neuron 2-mitochondria 3-axon
B3 HJEKRKMEEME T BRHESEH

Fig. 3 Ultrastructure of cerebral cortical neurons of rats in each group
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Fig. 4 Effect of Longhu Xingnao Granules on mRNA expressions of mitochondrial dynamics, Nurrl and YAP-INF2 pathway-

related proteins in cerebral infarct lateral cortex of MCAO rats (X £s,n=35)

PR L (P<0.05. 0.01), Mfin2. Opal~ Nurrl
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Fig. 5 Effect of Longhu Xingnao Granules on expressions of mitochondrial dynamics, Nurrl and YAP-INF2 pathway-related

proteins in cerebral infarct lateral cortex of MCAO rats (X £s,n=35)



FED 20224FE87 $53% H 158  Chinese Traditional and Herbal Drugs 2022 August Vol. 53 No. 15

- 4761 «

W (P<<0.05), Mfn2. Opal. Nurrl 1 YAPI & H
FikAKPFEZE T (P<0.001); SHAI4EE,
TR o ks T R LR M 2 4 Drpl A FRiAK
FEZE R (P<<0.01. 0.001), o p& BN ik b
AR EAMENLZ A Fisl HARIEKTFEE T
(P<<0.05. 0.01), RREEMFRAL. HFIFEHME
ghZ2H M2 REFRIEKFEE B (P<0.001),
#5254 Opal. Nurrl 1 YAP1 & A £iA K &
# i (P<0.05. 0.01. 0.001).
4 g

HEE2EIAN, CIRI ) 32 B HLOAPE MR, i
LRI . I AE 0N R R AE IR E AN AR S
# CIRI EEER &, “ M <FH, RUREUE” S5
MO 2R AR BN S5 R S5k A B3, (R Ad Rl 2 4 i
HBLRE B QT IR, B2 IE 40 B A QA R Th A,
ghim iR AETOIRSE. . W IRIERERE
FHVE ARG ST CIRL, 3% Ao R V8 e 2= 24
KEFE—MBERE ISR T, R4 7 8
PG ML AT, B, BEE. Bk 2403,
NE L R, = AT SEA R, DR
SERIE, = ARAT. WML M. aEsEFRIE
i AeFRiELs, OB HARIK, BEHIE M3
s, VKA S EEE. BRTES, SRR
RERIE TE AR CAFT E5 BEAR D . SR HIE 7R
YEFIMLEI AN BIRA, AT CIRT 4545 J5 (R 2k
B 15 AR FCHAE VLS, G IRHET B %
77 B8 E HS SR

CIRI 2 S AL i 2% o 00970 368 i A 11 A
WGk R VES G, BN T 30 d EREAETI KRR, PH
BELRS d5f 0 i 2 o SR 3 B RESE 5 2 I PR i S g o T
N AR AR, R, R CIRT B4 Fid 2
X AT A B . CIRI &2 —NE %
Bead A2, oA E EAREIE A (reactive
oxygen species, ROS) #EA& . #5iHE . MearPha It
FRAFEVE o B R AN MG S SN % (3 4T it 86 B
85, LKL )3 715 D) Re Bt B AR TE A X 2
i BE AR B FR R R 1 AR Y, 2R RAR B )
LAFRERAR S R G E IR, RYERFRRIATRS
1) 2 L Y YR PR ATL A 2510 AH DG FEAIE S, CIRT H ROS
(1) 38 22 R4S 2 A7 55 T A 2R 0 1k oy B/RA eAT, H
WERAR R 2, G ID, HILZRIAR T
WER G %, 51 R E JCIRE 7 HESE T 2027] [ i,
VTR BN 1 A X RS X F CIRI JE KR

FREHE,

Lehiik sy 24 EE i Drpl A1 Fisl 2541 51 iR4%,
Drpl AJ LU Fisl PLA HAth 2 P4 i A 55 2
GRARSME, ELRLA S BT R, B JS 4R SeUs 4
i SR ZRRLARAR 1 2 AN B R 2R R A28, 2R b AR
Iy RERLAR SP R A ARG, AR LB,
Min1 F1 Mfn2 383 2R 4 I 7 25 3 38 2 i S i i 4k
@A, 2S5 Opal A2k Py IR 5 T2 IR
SR LA SRR E A U R, AH DI AR S,
FE CIRLJi B, BORiiA 7y 2400 WL IG N, 1 Bk 44
EEp I LR R IR O i UK 1 E2 A N e A P v 24
Fr A A AT LR ZE CIRT I EE . Nurrl /2 Lew (4%
T 1992 4E 1 R M/ SR cDNA ST R B A,
145 RNIE, BB I R, BTl s T
LSRRI 51, BRI TR, HAEME
IBATVE MR o I 7 NS5 AH DB IR F T 46
RN REBI2], geAh, AR ST BT SR SE
Nurrl A DUB IS — M6 T YAP 38 #5616 77 CRH I
INF2 (1) E RS R b3, R itk sl /)2
AR, MRS s Tt T,

AHFFAESL, CIRT K KR A 2 00 K 1 7 23
Fisl 1 Drpl ] mRNA K& HRIE KV 5 E T
&1, Mfn2. Opal ] mRNA K8 HRIEKF LK,
FH CIRT K BRSZ A0 B J2 i A 8 40 i %) e kL A4 5 )
2 (Y ERRED IS RATIRS . 0B R v
Kin] PLekE CIRT K RRIKRESETRIAR , I i 10 5
YT M 5 B AT 54, BRAR R R 7 248 (1 Fis1.Drpl
KL, HREmERARREEE M2, Opal Hl Nurrl
K, LB R BRRE W RRLAE T ek 5)) /) 2 R A s
L e 35 R o A 00 | 2R A A 4 B0 FH S I A O
PE,  mE R R R T RO AR s T Bk A
R TRPER, i R BRI AUk I A W 52 31 &
FERERIFEACHEIER . B LR R+,
AT 5T R IR BR R o FORE AT $2 R Nurrl fERIAK
F, @K T YAPL @427 B IE INF2 i
B <& 1Al RN N L 5 TR N el V8 oA L L T
ki BRI AR T B0 SRR R &N 2
CERAT R KRB, o] W iSRRI kLA 2
CNTEYT CIRI TR RIE 25

ZE LRI, BRI A s CIRT K BRUGZH.
SUFPRELL, 21 1F CIRI JG & RIAARSN J122 47, M
MR ERHHZ TR, HALHI T RES P45 Nurrl . 3
% YAP1-INF2 {5 5% H XK.
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