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Mechanism of Action of Zhishe Tongluo Capsules in Intervening Ischemic Stroke Based on
AMPK/ULK1/Beclinl Signaling Pathway

LI Yu, CAI Qingging, YAN Jing, ZHANG Fangbo', TANG Shihuan’
(Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences,
Beijing 100700, China)

[Abstract] Objective: This paper aims to explore the mechanism of action of Zhishe Tongluo capsules in intervening
ischemic stroke by regulating the adenosine monophosphate-activated protein kinase (AMPK)/UNC-51-like kinase 1 (ULK1)/
homologue of yeast autophagy-related gene 6 (Beclinl) signaling pathway. Methods: Male Sprague-Dawley (SD) rats were

randomly divided into a sham group, a model group, Zhishe Tongluo capsule groups with low, medium, and high doses (0.63,
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1.25, 2.50 g-kg'), and the Ginaton group (25 mg-kg'). A middle cerebral artery occlusion (MCAO) rat model was established
using the modified intraluminal suture occlusion method. All treatments were administered continuously for seven days after
modeling. Brain injury was evaluated using 2, 3, 5-triphenyltetrazolium chloride (TTC) staining, neurobehavioral scores,
hematoxylin-eosin (HE) staining, and Nissl staining. The expression levels of AMPK, ULK1, Beclinl, and B-cell lymphoma-2
(Bcl-2)/E1B 19 kDa-interacting protein 3-like protein (BNIP3L) in brain tissue were detected by both immunohistochemistry
(IHC) and Western blot. Additionally, an oxygen-glucose deprivation (OGD) -induced injury model was constructed in rats’
adrenal medullary pheochromocytoma cells (PC12). The expression levels of Beclinl and BNIP3L in the cells were detected by
Western blot. Results: Animal experimental results show that, compared with the sham group, the model group exhibits
significantly increased rats' neurobehavioral scores and cerebral infarction area (P<0.01) , significantly increased number of
abnormal neurons (P<0.01) , significantly reduced number of Nissl bodies (P<0.01) , and significantly upregulated expression
levels of AMPK, ULK1, Beclinl, and BNIP3L (P<0.05, P<0.01). After treatment with Zhishe Tongluo capsules, compared with
the model group, the Zhishe Tongluo capsule group with high dose and the Ginaton group exhibited significantly reduced
neurobehavioral scores and cerebral infarction area (P<0.05,P<0.01). Zhishe Tongluo capsules groups with medium and high doses
and the Ginaton group exhibited significantly decreased number of abnormal neurons (P<0.05, P<0.01). Zhishe Tongluo capsule
groups with different doses and the Ginaton group exhibited significantly increased number of Nissl bodies (P<0.05,P<0.01), and
the expression levels of AMPK, ULK1, Beclinl, and BNIP3L were significantly downregulated (P<0.05). Cellular experimental
results show that, compared with the normal group, the expression levels of Beclinl and BNIP3L in OGD-induced PC12 cells were
significantly increased (P<0.01). Compared with the OGD group, the expression levels of Beclinl and BNIP3L were significantly
decreased in the intestinal absorption liquid group of high-dose Zhishe Tongluo capsules and the edaravone group (P<0.05).
Conclusion: Zhishe Tongluo capsules exert neuroprotective effects by regulating the AMPK/ULK 1/Beclinl signaling pathway,
thereby alleviating cerebral ischemic injury.

[Keywords] ischemia stroke; oxygen-glucose deprivation; Zhishe Tongluo capsules; adenosine monophosphate-activated
protein kinase (AMPK)/UNC-51-like kinase 1 (ULKI)/homologue of yeast autophagy-related gene 6 (Beclinl) signaling

pathway; mechanism of action
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i 220~250 g, W H Jbat A8 B AE YRRy A IR A
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W AR AT RN AL 525 bs-3602R ) ; i AR -H4T
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Eppendorf /A 7] ) ; Spectra Max M5 % £ Tj i Jiff Fr {3
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3 EIRER VR ETERNIF N4, 1~
35040k 3 AR T AT A S A
23 SHESHY EEBINR R, E L) Ee
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JB2 4 gy W AT TR b R AL (1.0 - L) L i 4% e
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TALFE 24 ho BRIEH 4140, H Ay 4% 41 W 40 o8 T HE TG
L% 1 5L, IF 7 HIE T 95%N, Fl 5%CO, i C-31 [
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SIS RS A4 PBS R IR 2 KL INA H
it 400 ) 77 %) RIPA. 2 fige v , s 1T 448 B 1) 70 e 48 400 Jd
HREELOE D AL E, T 4 °C.
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IFF 20 °CIR-AF % H -
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YA AR 1 RIPA & 00 RN 2 11 it 400 ) 7] 12 B
g 20 £ 5 PC 12 40 g rp B B L SRR EE T 0% R 1E
TR (BCA) W2 8 Uk B, 04T+ e SR AR 40 - 2R
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3.1 % U5l 4 R BE X MCAO KB 247 o 2% 1T
Gy KB AESC T L R TTC a5 R Bk, 5
8T AR 4 b A, 455 AR A R G AE AE T AR B 3 T
(P<0.01) ; 5 155 Y4 Pb A, 08 g ol 26 Jie 38 vp v ¥
HOALM 4 g 2 A R RO AR ST R B 3 R IC
(P<0.01), &t HEFHERER, SEFR
4 PR, B AL AT R BB 4 AT R 2F TE 4 3 R N
(P<0.01) ; 54T L #5038 g 38 26 i 8 /= 7 i 4
49 Z2 4 1R 247 R A 0T 4 B B R IR (P<0.05) .
WLET R,

A B Cc D E F
TE AT AR BRI L C. 0% i 3 45 J5 42 {150 33t 201 5 D. g e
T 4% T A v R ek 2 5 B O 2% U R A R o 2 A (R 2-
I 5 1))
Bl EepiE SRR MCAO X RAERERA M (TTC)
Fig. 1 Effect of ZSTL on cerebral infarction area of MCAO rats
(TTC)

3.2 I 4R A X MCAO K BUING 4H 21 45 # 14 5%
W HE J% 0,25 3 R, i T AR 20 Kl je 23 20 21 4%
P SERE i ST HES B MR A TR H A A
AL 5 55 M8 T AR AL L d , B 80 4 A7 1% P 4 e R
FREAL(P<0.01) 5 5 R 2] L5, 0 g 3l 24 i 2 v
e N B 2R 4 9N 22 2 AF TS M oo B T W
(P<0.05,P<0.01). WLK2 .32,
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F1 BRBEZKENMCAOXRMETAF TS RMNELXARB I (X+s,1=6)

Table 1 Effect of Zhishe Tongluo capsules(ZSTL) on neurobehavioral score and cerebral infarction area of MCAO rats (x£s,n=6)

415 ) /mg - kg AT RS 158 i A8 BE 1 B/ %
TBFARH 0.000.00 0.00:£0.00
FERI 2.33+0.82% 64.07+5.01
M 5 4% g A6 IR ) 4t 4L 630 1.67+0.52 57.26+7.35
s 5 24 5 A o 3R] Ak 2 1250 1.50+0.55 50.70+5.35
S e L 2% T 4B v 0 et 2 2500 1.17+0.41% 37.08+10.86"
edzdl 25 1.330.52% 41.98+8.31"

T ST AR Y P<0.05,2 P<0.01; 54 1145 > P<0.05,% P<0.01(F 2-4 5[7)

E2 ZEipEEREN MCAO X RMALEHHN M (HE, x200)

Fig.2 Effect of ZSTL on brain tissue structure of MCAO rats (HE, x200)

F2 EIRBEKEIN MCAO KRMARLEMHPIRN (X+5,n=3)
Table 2 Effect of ZSTL on brain tissue structure of MCAO rats

(X+s5,n=3)
251 FlHE/mg kg TR E TR /A
BT ARH 261.00+18.31
AR 2 101.60+37.00”
S e L 2% AR ) k2 630 142.87+18.38
8 e L 2% A0 v 5 2 1250 187.60+19.73%
S 38 4 8 A i 3R] ik 4 2500 240.33£9.91%
E BN 25 222.73+7.78%

U2 w2 o HES) AL 2 RN R R W D
(P<0.01) ; S HERI2H o850 , i i 20 265 Je 488 4% 791 4 41
G0 22 G A e n B3 BH R e /MR B I
o, 22 7 BA g0t 2 & L (P<0.05,P<0.01) . L
El3.%3.

3.4 T 4% A X MCAO K BRUIK 2 211 AMPK/
ULK1/Beclinl [ 5@ g & 1 KA Western

blot 25 5 B R, 58T AR 41 e, 4578 4 K B 41 41
p-AMPK/AMPK . p-ULK1/ULK1 . Beclinl #1 BNIP3L &
2635 B B THE (P<0.05,P<0.01) ; S5 RI 41 [ Ay, i g
W 2% e e v R R AR 4 90 £ 41 p-AMPK/AMPK Al
p-ULK1/ULK1 & 4 £ 15 B i F X (P<0.05, P<0.01) , 15
e 3 245 J5C A A L b R R ) e 2 RN 4 94 22 2H Beclinl Al
BNIP3L #f H Rk W] i FE(R(P<0.05) . WL 4.3 4.
3.5 MR M 4% 4 X MCAO K BUIK 2 2 h Beclinl
A BNIP3L £k 52 m  THC 25 R 2R, I FARY
K BUIG 2H 21 7 Beclinl Fil BNIP3L ¥ L1k ; 5% T
A e H, B 2 K B Beclinl Al BNIP3L ) %35 2
FEHM(P<0.01) ; 5B A2 b, 5 g 3 265 Jie v
75 ) 2 A4 40 £ 20 Beclinl #1 BNIP3L (1) 35 35 B
B (P<0.05,P<0.01), VL& 5. %5,

3.6 I I IE 25 A T R IO T OGD 55 PC 12 4 Jifd
45 Beclinl I BNIP3L & A #£ AR Western
blot Z5 3 78 , 5 1E % 41t % , OGD 4 Beclinl Al

B3 ZEap@EREN MCAO X REARRK/NMERZMm (JE K, x200)

Fig.3 Effect of ZSTL on Nissl bodies of brain tissue in MCAO rats (Nissl, x200)
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*x3 ERBEEKE 0 (Y+s,
n=3)

Table 3 Effect of ZSTL on Nissl bodies of brain tissue in MCAO

3t MCAO X FR fi 40 48 Je BC /I i &%

rats (x+s,n=3)

215 il /mg-kg' e R/AMARE /A
BT ARH 249.13£17.16
LAY 2] 122.20+18.14%
I 3 4% IR 79 Ak 2 630 162.40+11.00>
e e 2% A v k2 1250 199.07+7.41%
e 2% 8 v ) ek 2500 220.93+16.10%
Lzl 25 236.67+4.24"

BNIP3L & H # ik B .7+ 5 (P<0.05,P<0.01) ;55 OGD
2 LA i 3 4 T WO S v o ) R MR R
7= 21l BNIP3L 7K [1 4% 1k B 2 B&AIK (P<0.05) , 5 g i 4%
Jioz 2 gy W AT R 15 59 o AR Gk B Z2 41 Beclinl 25 H 323k

R4 EHBEERIEI MCAO X R MAL H AMPK/ULK1/Beclinl {5 5 i@ &

ravre S S D S —— 0

o . -
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Fig. 4 Electrophoresis of p-AMPK, AMPK, p-ULK1, ULK1,

Beclinl and BNIP3L protein expressions in rat brain tissue
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W2 e6.El6,

Table 4 Effect of ZSTL on AMPK/ULK1/Beclinl signaling pathway in brain tissue of MCAO rats (x+s,n=3)

2190 # 4 /mg- kg p-AMPK/AMPK p-ULKI1/ULK]1 Beclinl/GAPDH BNIP3L/GAPDH
BF A4l 0.45+0.16 0.85+0.17 0.25+0.11 0.47+0.08
AL 1.03+0.14” 1.39+0.37" 0.66+0.12% 1.03+0.16”
1 s 3 4 M I ) A A 630 0.88+0.03 1.18+0.50 0.51+0.13% 0.86+0.10"
1 s 46 Jg 2 v 7 A 4 1250 0.63+0.03% 0.98+0.38" 0.37+0.08% 0.73+0.14
W o S 246 f 2B v R 4 2500 0.43+0.04% 0.76+0.20> 0.26+0.12% 0.42+0.09
FY el 25 0.40+0.06* 0.77+0.20" 0.24+0.12% 0.37+0.09
Beclinl el 5 X
foopm Lo 100pm : 1000m 100um
BNIP3L
A B C D E F

B 5 HEAEE KR FE X MCAO X R A 48 22 vh Beclinl 0 BNIP3L PR R % A

2Im (IHC,x200)

Fig. 5 Effect of ZSTL on Beclinl and BNIP3L positive expression in brain tissue of MCAO rats (IHC,x200)

RS UE A 4 B FE X MCAO X i 48 22 1 Beclinl #1 BNIP3L 3%
EHEM (+s,n=3)
Table 5 Effect of ZSTL on Beclinl and BNIP3L expression in

brain tissue of MCAO rat (x+s,n=3)

205 Fl4t/mg-kg'  Beclinl BNIP3L
BF A4l 0.00£0.00  0.00+0.00
LRI 3.60+£0.20%  3.33+0.31%
S s 3 246 g A4 AV 7R o 4 630 3.07£0.42  3.20+0.20
A e 45 A0 v ) o 4 1250 2.13£0.31Y  2.33+0.31Y
S s 30 45 s A R 7 e 4 2500 1.80£0.20”  2.00+0.20"
ErE e 25 2.40+0.35Y  2.40+0.40"
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R 6 HEHEIE LKA T B WU Y OGD 5 % PC12 4R #5315 F Beclinl 71 BNIP3L & B RIA B (x+5,n=3)
Table 6 Effect of ZSTL intestinal absorption liquid on Beclinl and BNIP3L protein expression in OGD-induced PC12 cell injury (x+s,n=3)

20 5 1353 Beclinl/GAPDH BNIP3L/GAPDH
F A4l 0.36+0.13 0.48+0.25
OGD# 0.69+0.19" 1.20+0.25%
S 3 4% s % i R SRR AR 7 o 2L 0.5g-L" 0.67+0.20 1.08+0.22
A 4% e 2 g W ST R ) 4 1.0g-L" 0.53+0.08 0.84+0.15%
A 4% 0 g VR ST YR o ) i 4L 2.0g-L" 0.38+0.03% 0.68+0.08"
ik fiZE e 50 umol-L"! 0.41%0.10% 0.73%0.07>

1 HIEH 4 e Y P<0.05,2P<0.01; 5 OGD 4 % 2 P<0.05
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B 6 PCI1248AE Beclinl #1 BNIP3L & 5 & % B ik
Fig. 6 Electrophoresis of Beclinl and BNIP3L protein expressions
in PC12 cells
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