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Effects of Zhuangtong Drink on cerebral ischemia-reperfusion—induced

nerve cell injury in mice and its mechanism
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1. Graduate School, Guangxi University of Chinese Medicine, Nanning, Guangxi 530200, China 2. International Zhuang
Medicine Hospital of Guangxi University of Chinese Medicine, Nanning, Guangxi 530200, China

(Abstract] Objective To investigate the effects of Zhuangtong Drink on nerve cell injury induced by cerebral ischemia—
reperfusion in mice and its mechanism. Methods The model of cerebral ischemia—reperfusion in mice was established by thread
embolism induced middle cerebral artery occlusion (MCAO). Six to seven-week—old male C57BL6J mice were randomly divided into
model group and treatment groups including Zhuangtong Drink group, aspirin group and Zhuangtong Drink combined with aspirin

group after modeling. Each group was randomly subdivided into 1 d, 3 d, and 7 d groups. In addition, blank group and sham-
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operated group without modeling were also set up, 10 mice per group. The corresponding drugs were administered by gavage in the
groups to the corresponding time points. The daily body weight and Zea Longa scores of each group were recorded; The percentage
of cerebral infarction volume in mice with cerebral ischemia was measured by TTC staining the ischemic pathological changes,
neuronal apoptosis, and structural changes and autophagy of nerve cell mitochondria were observed by HE staining, TUNEL
staining, and transmission electron microscope, respectively; the protein or gene expressions of P62, LC3 I/LC3 1, Bel -2
adenovirusE1B 19kDa interacting protein3 (BNIP3) and B-actin were analyzed by Western blot and RT-PCR techniques. Results
Compared with blank group and sham-operated group, the body weight of mice in model group decreased significantly (P<0.05), and
the behavioral scores increased (P<0.05); TTC staining showed cerebral ischemic infarction, neuronal apoptosis and mitochondrial
injury. Compared with model group, the body weight of mice in treatment groups increased (P<0.05); the behavioral scores, mortality
rates, as well as the rate of neuronal apoptosis decreased (P<0.05); the infarction volume was reduced and continued to be lowered
(P<0.05). The structural damages of mitochondria in mice of model group were obviously more severe. More mitophagosomes could be
observed in treatment groups on the Ist day, while in model group on the 3rd day. Most of the mitochondria in treatment groups
were intact on the 7th day, and the lipid droplets digested by lysosomes could be seen, while in model group, autophagosomes and
autolysosomes coexisted. Compared with model group, the expression of P62 protein in each treatment group decreased on the 1st
day and increased on the 3rd and 7th day (P<0.05), while L.C3 I/LC3 [ ratio and the gene expression levels of P62 and BNIP3
increased on the 1st day and decreased on the 3rd and 7th day (P<005). Among treatment groups the indexes of Zhuangtong Drink
combined with aspirin group were better than other treatment groups and model group (P<0.05). Conclusion Zhuangtong Drink can
relieve the injury of nerve cells in cerebral ischemia-reperfusion mice, which may be related to the promotion of nerve cell
mitophagy and the maintenance of intracellular mitochondrial homeostasis.

(Keywords) Zhuangtong Drink; cerebral infarction; ischemia—reperfusion; neurological function; mitophagy
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GIEEA 51955 5— 3
P62 iE[i]:GAACTCGCTATAAGTGCAGTGT
JZ 1] : AGAGAAGCTATCAGAGAGGTGG
BNIP3  iF[f] : CTGGGTAGAACTGCACTTCAG
JZ 1] : GGAGCTACTTCGTCCAGATTCAT
B-actin iF [f] ;: ATCATTGCTCCTCCTGAGCG
JZ ] : CAGCTCAGTAACAGTCCGCC

3 Bk Mbp
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4 51 T AT 1d 3d 7d
ZEHA 18.960.58 19.900.62 21.4520.83 24.26+0.70
RFARA 18.70+0.58 19.11+0.68 20.66+0.77 23.51+0.49
1575 2 18.83£0.55 17.72+0.64" 17.78+0.48%% 19.74+0.59%
o R 4l 18.70+0.57 17.34+0.54 18.4320.62 20.22+0.81%
Wil ] DG Ak 2 18.81+0.56 17.49+0.65 18.71+0.69* 21.37+1.06"
A3 TR A BT =] DG Ak 2L 18.91+0.44 18.35+0.59 19.72+0.70% 21.93+0.53%

W52 HA BT ARE A, 2P<0.05 ; 5[] I 5 855 4 L4 | *P<0.05 5 5 [l i 5 B ) DT bk 2 e %%, #P<0.05
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4150 LA 1d 3d 74d
BRI L 2.60+0.48 2.33+0.53 1.80+0.34%4 0.70+0.48%4
e R4l 2.37+0.49 1.68+0.44* 1.1320.28" 0.10£0.32%4
T ) U Ak 2H 2.45+0.50 1.53+0.47* 1.08+0.18"4 0.10+£0.32%4
OHE I8 TR R 5 BT R DT AR AL 2.42+0.54 1.67+0.50* 1.10£0.21*4 0.10+0.32%4

T 2 5 R I SRR 4 LA, *P<0.05 5 5 AR 4 i A LA, 4P<0.05
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B ER (325, %,n=5) P MR AE 3 d I g TR T L A T d
AL 1d 3d 7d WA AN TR TR 25407 3.7 d ¥ TR

ML TR R P& (P<0.05) . 525 4H 45 I A i, 22

o] ] DE A 27.12+2.12  21.45£2.09"* 11.35+2.87**
= LN, Sy
W AR A BT R VEARE 26.78+2.00%  19.59+2.20%4  9.98+1.48* FRGITFREL(P>0.05).

VL R 2 LB "P<0.05 5 T 1 UG B TR X B 26 HLBE #P<0.05 3.4 R RN /N BR A 2 40 B 2 K S5 4 O 2 W
AT d I HEE,AP<0.05; AL 3 d it ok, 2P<0.05. ARSI G v 2 b A P B R RS A SR, S A R
TR ZH M 28 T A L e R A S5 R 1 T B SE 3R T AT
5 (P<0.01), SEERIALICED A6 1 d W DHEEARICS  HE 0 00 500 5 P 56 B AR 3 0 sk /1 | oA T, i 780
B ] DT AR ZH ph S PR T R [ 7E 3.7 d B S/ 2 W /I K 1 W S AT B, 45 e A 20 v T SO i )

Normal

Sham

Z+A

1d 3d F 7d
1 HEfREFELER(x100)
% :Normal. %5 121 5 Sham. I8 A 41 ; MU A 20 5 7430 TR 20 5 ALK ) DC AR AT 5 Z-+ AL CH: 38 1R 30 45 ) ] DT
AR Bk AN AR 20 Sk AN K i, SR Sk L I T AT

x5 BHMNRENAHEARBATELE (v25,%,n=5)

415 1d 3d 7d
EEE 1.61x1.25 1.61x1.25 1.61£1.25
BFARA 1.74+0.55 2.05+0.76 1.75+0.34
I 2 31.52+3.99420 40.4922.1550%4 27.3222.1450%A0
o3 4 26.94+2.08" 19.84+3.20% 13.8123.44%0
ol 7] DG A 2 25.40+2.46" 20.47+4.69"4 13.1242.90*45
e PRIBE B ] ) DS bR 2R 22.98+2.36" 18.62+2.52%4 10.87+1.89%A5

T 55 A4 BT ARL I, 22P<0.01, 5 FE SR A P<0.05; 5441 1 d B[R] 5 HeEe, AP<0.05; 5440 3 d Hif A s 4, PP<0.05
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163 d W A] WA 2 Aok ik | g/ NMA 27 d AT
UL WM B W B AR AEAE . A5 4R 2 AL AE L B A
R DU 25 S AR 1 d ]  F £R ok A
W NMRES BRI 22 A 3 d I AT AL I A K S
e T d R 22 BB AR 2 F S8 3K T L
AR T Ak 5 18P T O 3 AR K BT ] DG M2 A e 22
JCHHRAESS 7 RETC AR WA B, TEILIE 3,
3.5 CHi# k¥ MCAO /MR P62, LC3 T (LC3 T |
BNIP3 R i& K%M

HEF AR g, W SR Pe2 Kk
TF%(P<0.05) , SR LA, 25 2541 Y P62 FR 3%
RIE 1 d BPREAR, 7E 3.7 d BT (P<0.05) , 5B
I DC ARG A, M3 PR K A BT ] DT AR 2 1Y) P62 2K 1
Tk 1 d BFRRAR,7E 3.7 d BHFFES (P<0.05) . 5 A
1 dEFHE BRI AE 3.7 dBf R ZER T
el afaE SO, B E] VT AR H: 38 R e A BT E] DT AR 2
P62 15 THE (P<0.05), 544 3 d AL HE:

AR A B F DEARZEAE 7 d B P62 1 s FE AR
(P<0.05), WK 4 K6,

ERF AR A, R iy SR 2 LC3 1T/LC3 1
HAWE ETFH(P<0.05), SEAIAH L, 45252 LC3
I/C3 T HAAEHTE 1 d B LT, 76 3 d B R R (P<
0.05) 5 B m] VAR A, oH: 38 AR 6 A5 B ) DG bk 2
LC3M/LC3 T HE M AEAE | d B F+i 78 3.7 d B
FFAR(P<0.05) , S 1 d B HL#E, 76 3.7 d A A
P Y T 2 4 25 20 8 A I 3 R B (P<
0.05), 5AH 3 d i AL, Bifl AR CHl ki &
BT ) DE AR A1, A 45 41 R 1 LA 35 BT (P<0.05) .
FEULE 4 %7,

Ej[ml s A TR HoAs A R12H P62 mRNA BNIP3
mRNA FKik7E 3.7 d B JH (P<0.05), HRTIAL LY
B, 452540 P62 mRNA BNIP3 mRNA #£ik#7E 1 d
B 7 7 d BFFEAIR (P<0.05) , 5 Bl & DUAKE Fods,
ot 38 PR B B BT ] DE AL P62 mRNA BNIP3 mRNA
FaRAE 1 d TR A 3.7 d BFRRR (P<0.05) , 5 W]
21 dBFHER,7 d BPBEAYZ P62 mRNA BNIP3 mRNA
ik BT, 42540 P62 mRNA .BNIP3 mRNA %
KR (P<0.05) . 1EILFE 8—9,

1d 3d 7d
o [
- i

Normal

1d 3d 7d 1d 3d 7d
- R I
M V4

Sham

A Z+A

B2 HH/NREBSHEHEEETIER(x100)
1 :Normal . Z5 441 ; Sham. [l F AR 21 ; MAF I 21 3 Z 00 TR 4 AL B =) DE AR 5 Z+A Dt

TR BT AR AL
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T8 I A By ] VS AR 2 :

1d

3d ' 7d

3 RANMRERSZNEEEBMEH (x1 000)
1 :Normal. 75 F141 ; Sham A5 TF- A 20 MBI £ ; Z0H: 38 T 5 ALBT &) D A2 5 Z+ At AR I &
Faf W] DEARZE , £0 07 K o B8 GO B (T Sk . SZ ORI IR ; R Sk . 1 /A S L

S o F VA WA 5 (007 Sk IR

62 kDa
18 kDa
14 kDa
42 kDa

62 kDa
LC3 1 14 kDa
pe2 62kDa

LC31TT 18 kDa
LC3 1 14 kDa
i R —— 2 1

Normal Sham M A Z+A
4 FHMNRERZEP62.LC3N . LC3T EHRBKE
TE :Normal. %5 11 21 ; Sham. I F= A 4 s M A4 26 ;7. 4k 3 1k 21
AP R VERRZH ; Z+ADH: I8 PRI BT R DL AR

4 g

TKAEAE, Foh B 2 Fp R g JBRFR 2 2% ol D I
i G =T 7 N N W N 4 2 e W | R s R L
SIS B IS D RS I B, el R il k07
e ALK IE S = BN, RO BRI T A AL Y

RO6 HHEP2EBMEMRIEBER (xxs,n=5)

2H 51 1d 3d 7 d
BFAA 0.91£0.12  1.06+0.15 0.93+0.13
(k| 0.60£0.17°  0.47+0.14%4  0.33+0.08°4
A3 k20 0.45+0.09*  0.57+0.12*  0.50+0.16*

Faf ] DG bR 0.39£0.07"  0.60£0.12**  0.57+0.07*4
HE A BT R PEARZL 0.29£0.05%  0.92+0.10%4  0.68+0.16"45

eSS AN E N RO STy ol W o S i EP R S N O E ST
I 5 BT R4 B, 2P<0.05 5 5 1R 4L 58, 7P<0.05 5 5 Bl ) It
RLLHCEE , #P<0.05 s BB 5 2524 S TR 20 1 d B IR) A H 8, AP<
0.05; BB LA 5RA 3 d )% Hedg , BP<0.05.

x7 HFHLCI/LCI I ZEBMEIRIZBER (v+s,n=5%3)

415 1d 3d 7 d
TFARA 0.94+0.11  1.08+0.21 1.000.14
LT 2] 2342042 3.7120.17%%  5.27+0.21440
A3 4l 3.1840.21%  1.87+0.19%4 2,15+0.17"A5

Ba ] DC A 2H 3.78+0.17%  1.32+0.09**  1.53x0.28*A5
KA BT R DEARZE 4.5240.21%  1.02+0.13%4  1.04+0.16™4

B S AR 2R O 1, AR A AL MG 23 (AL 3R 5k
It ST AR B, 2P<0.05; SHOWAL L, *P<0.05 ;45 il 7] G
AL LER, *P<0.05 BRI ZH 22520 S5 TR 20 1 d B[] 1L A, AP<
0.05; 5 525 SR 3 d Wi a5 HeEg ,BP<0.05,
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8 FBHEBH A P62 mRNA X RIXFR (v45,n=5)

4151 1d 34d 7d
BT AH 1.0120.21  1.070.14 0.96+0.17

B 4 1.00+0.25  1.27+0.35%4  1.52+0.15%%4
A3 Al 1.49+0.45" 12120344 1.00+0.19*
B 1 C bk 20 1.23+0.42*  1.15+0.22  0.92+0.34*4

HE AR BT I D AR 2 1.73+0.32%  0.93+£0.27%A  0.57+0.19%40
TE L RCE S AL RN B 1, A 45 A A a8 AL i 2 Gk
B 5T AR HE, 2P<0.05; 58 M 4] H &z, *P<0.05 ; 5 ] ] L
MR HEH,#P<0.05 B ] A 2541 S TRI 2 1 d i i) s A, AP<
0.05; BRI 4] 252540 5 RI4 3 d ma) & b %, PP<0.05

R9 HKALFBEA BNIP3 mRNA X RIEER (s ,n=5)

4150 1d 3d 7d
BT ARH 1.00£0.22  0.95+0.12 0.96+0.17
10 241 1.39+0.09  2.17+0.15%4  2.58+0.27440
A3 k4l 1.62+0.12% 14420214 1.26+0.16"5
] ] DG bk 4 1.67+0.24*  1.32+0.15%4  1.24+0.12"4

M B A BT DEARZE 2.60+0.17%  1.17+0.19%4  1.04+0.18%4
LR A AR R R o 1, HA 25 4 R M 25 4L 3k
5 EF AL A, 2P<0.05; 54 H 3, *P<0.05 ; 5 Bl &] T
WAL L e #P<0.05 BT AL 252541 5 1 41 1 d I (a] 5 14, AP<
0.05; BRI L2520 5120 3 d i) o5 L%, PP<0.05

e TN 1B GRS TR S iKY 14 2T R S =V
SA 0 5 B 0 3 1Y, BE 8 TR AP B SR RS S T Y 2
T I 5 200 M A58 131>, mT LA S i R 6 i oA DA e 22
20 B A S SRR B O AR A R 22 ST AR A IR R Y
etk RTINS A 15 1E W B R T RE, A5
R JH TTC G (035 ] 308 40008 fil e 1P 7 /D B
A AE TR AR B S 4% 2R 3 WO 38 Pk R At =5 D
/NEUIR ISR R, 454 TUNEL 44 8 HE Z% (4 25 1
$ 7 T ERCLE R A v LR A e 2 DR R T 2 L A
AR, X5 AT A — B, R, S
RULH oA T AR BT w] VEARZE AR BT i BT p 2
RGAT s | 4R o 18 TR RE 8 AT R A ik R
a5 L A S A A

2R VR 2 AN D Y BE AR O WP A A Y
“EINTTT 2 5 L Rl A i g R AR
FHUM SRR A W 6 IS F R AR T BR 32 0 2ok
A, By AR 46 B 08 9 P b T R o o SR A 2
2ok AR A B A AR AR R P i A TR A e 2
2 e ML R SR IR, S 2R ) S A A R LR
LRI A A5, T LA S U ke SRR 1 L R
SR LKL BRI A i, AR e 2 40
G 2 AR R T, DRI A A Y e I ke 4 45

G347 8% kb 1T 7R 32 i1 3 BBV, 40 0 T LS ek 4
KL W 3 AR 58 BUAN M Y B FRAE R gk e T
L AL A [ W T R A e a4 i A i) — Rl R0R YT
SRR S 5 IR W LR 4P SR AR BE A5 23 MCA O
KA EI T RENS, P62 K [ & — Fh 8 2 1 ik B 1
Sk R 09, 2 P62-LC3 A it A [ W — % il
AR 22 5 0 o A, AT T 53k 2 1 3R 45 10 R 32 45 ) 440 i
FR BNIP3 J2& — Bl (i 8 128 (120 e i 41 415
T LR AR AR K S e 3, 24 0 2 28 34 A7 ot o dke S0 5
i, HF kT e O TR AR SN I RE B R 4N
MR T, 51 S LRIk A W C R E D2, P62 & 1R
KRR LA & LC3 T /LC3 T & F /K F 8 7+, BNIP3
mRNA Rk 7KF- 19 T+ 3 o B 0 1) 1) 4ok A4 1
M $ETR B A LAL TR AR . T P62ER
FI 8 BRAROR 1R T o R v e B A T AS 2 388
1, K, H mRNA 2R3k 09 s i — 22wl Wl oK &
[ P62 9 B , o ENUE T 24 M Ak T 2o fd A ik 2
>0 P B W DN B R AR Y RS IR BT, R AL R
AbF A ST I, R f 2 SRR R AT 0 Ak R
2040 000 2] A B 2R P A R, 2 IR R AR
B

B N A NS L RN PSR RN R TR
] WL B 2R R i K A 9 AR P RO 2R S 4
MG, HOHAE i PR s A 56 1 R IR R AR
s A iR AR ORI S  FEER 3 5 T R
BELRR AVEIL S KA HAS 7 R A rEh LA
Wit J W IR AR A . 45 SR 2GRS 1 R R 48
(LR R A WERERE 55 3 KT AT A WS 1,56 7
KRR H W E FEARLE W 454 Western blot &
RT-PCR %5 5 % 7% M3 1k Bl ) DUAR BH ) B8 - 39
REfS I 1 SR | I 1 % A, HOH: 388 PR A B ] DG
USROS RN SN OB E Y & A =

e P A R R ETR BUR R E R R
B, P R R AR AL S A, AR K
B e P R S RT3 R /N B T e it s o bR
A, 7% 185 M P AR IS 3~5 d AR T K b
o U U) 1 g Lt R DA R T 4 4 A5 5 | A S TR
AR H RS A A B A A e, ol P
Jei , A28 A0 B A 2R R 1 I BB ST (LR 3 KRR
T R B AN DA A0TSR 32 400 A R AR 2 5 4t i
IR ERAS | DT JC 5 38 i 20 453 45 I, 3 K LA
Ja AL 1 Wit K 2 — A5 T 52 R SRR A LA
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FIB A G St 0L PV Y S 55 1 R A BRIV 8 KT 1 2 2
ML e 4l 228 A0 D A b A 1 W e 32 450 Y 40 L 4% 5
1 I 18] A 2 20T B, 48 35 40 0 N R AR 2 8
SEAR PR 2 AN DR RE AR A, A WAL Pk on]
RE 2 10 3 i R 2R 1A 1 I gk A8 R 4 e 22 A ML, L o
] DUPRIGE HTH 38 TR RE 98 IO BE 4P 97 AL

o P FE 68 222 ik I ot L P 2 A AR ) B e
T TR MR BT T [ Kz g M 22 Th RE Bl AU AR
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ANREFE TR, 3 W] RE 5 A 2E b 20 A K A 2ok AR
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