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Study on neuroprotective mechanism of Ligustilide-mediated PI3K/AKT/
mTOR signal pathway in rats with cerebral ischemia-reperfusion injury

CUI Jiang-bo' ,YANG Jing’ , WANG Pei-fu’,ZHANG Lv-ming’ ,HAN Bo-lin’> ,DU Ji-chen’
(1. School of Aerospace Clinical Medicine ,Peking University ;2. Department of Neurology ,Aerospace Center Hospital, Beijing 100049 , Chi-

na)

[ Abstract] Objective:To explore the neuroprotective mechanism of Ligustilide-mediated PI3K/AKT/mTOR signaling pathway in
rats with cerebral ischemia-reperfusion injury. Methods :40 rats were randomly divided into sham operation group,model group, Ligusti-
lide group and Ligustilide + PI3K inhibitor LY294002 group,10 cases in each group. Rat model of ischemia-reperfusion injury was es-
tablished by modified middle cerebral artery suture method. The neurobehavioral score,cerebral infarction volume ratio and the number
of apoptosis-positive cells were compared among the groups,and the apoptosis-related factors and expression of PI3K/AKT/mTOR sig-
naling pathway were detected in cerebral tissues. Results: The neurobehavioral score, cerebral infarction volume ratio and the number of
apoptosis-positive cells in Ligustilide group were significantly lower than those in model group and Ligustilide + PI3K inhibitor
LY294002 group (P <0.05). The mRNA level of apoptosis-related factor Bel, in cerebral tissues of rats in Ligustilide group was signif-
icantly higher than that in model group and Ligustilide + PI3K inhibitor LY294002 group (P <0.05) ,while the mRNA levels of Bax
and caspase3 were significantly lower than those in model group and Ligustilide + PI3K inhibitor LY294002 group (P <0.05). The pro-
tein expressions of apoptosis-related factor Bel, and p-PI3K, p-AKT and p-mTOR in cerebral tissues of rats in Ligustilide group were
significantly higher than those in model group and Ligustilide + PI3K inhibitor LY294002 group (P <0.05) while the protein expres-
sions of Bax and caspase3 were significantly lower than those in model group and Ligustilide + PI3K inhibitor LY294002 group (P <
0. 05) . Conclusion ; Ligustilide can inhibit the apoptosis of neurocyte by activating the PI3K/AKT/mTOR signaling pathway, thereby
exerting a neuroprotective effect on rats with cerebral ischemia-reperfusion injury.
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CCA GTG GA-3’, Ti#514% 5°-TGA CTG GAT GAA
CCA TGA CC-3", ¥t Bt K/ Ry 228 bp,
1.3.6  Western blot 4 | /& 7= 48 X B ¥ F PI3K/
Akt/mTOR fZ 5 8 & A Kk B0 4R Bk 2H 21
WIRE A0, A 2L 5% vh R L 2, B B 0
BLBECH 4 C 15 000 rpm, & .L> 15 min, 2B K
B ZH 2UE R 1, JF R ] BCA BRI GE i 20 21 8 11 ik
Ji s 4T Western blot 85 FH AR , e i 73 5 i Fl e 4
JB, T d e UK, MR A EE 1 DR /N D IBORA B A B, 3R 3
AHNE KN PVDF JE DL =B A 77 X4 %¢ , R H 100
V.90 min FEATFE B, B, AR BT 1A R A
o0 —HL [ Bel2 (1:500) , Bax (1: 500 ) . caspase3
(1:500) , PI3K (1:500), AKT (1: 500 ), mTOR
(1:2000) , p-PI3K (1: 500) , p-AKT (1: 500) . p-
mTOR(1:4 000) .GAPDH(1:1 000) ] 8 F 4 CIBFH
BRI B0 A i T W R B 5 9 — Bt [ HRP F il
AEHTH TgG (1:2 000) ] '8 T % il 44 52 90 min, []
JBE bR nGE i ECL AR 2 ROL W AT 8 6, T BE LA
TSR, JF ] Tmage J BCPF 20 Hr By 49 40 A9 115, B
PRERAE 2L 3Ry R B A4 25 IR B 0 UK B 1R 48, 7
W 25l 78 S £, SR U X, U bR AR i 2
2, 0F s H b 2kl PR, A 3 U IR 3 P S, it
45 3 5 b5 26717 107 2 K B 18
1.4 SitzEam

R SPSS 20. 0 %4 #1 GraphPad Prism 5.0 %X

PFREAT T oM o THREUE L (2 £ 5) Rtk , 4l
] LR LN R 7 2240 86 . P <0.05 29 22 A7 A

Gt
2 HR

2.1 BARAEMARMNROLEETIRGERET
AFHE N

i T A2 B 28 50 40 M TC B s, oK UL W G pl AT
R EE S AT RS 0 4 s A R A R 24
1702053 [ (1.36 £0.27) 43 JIR T~ 458 84 20 Fn i A<
PIBE + PIBK #1145 LY294002 20 [ (3.48 £0.41)
34 .(2.99 £0.30) 4] (1 =13. 656, P <0. 001 ;¢ =
12.771,P <0.001) , W& 1,

HFEE S

1=

N~

i

1 2 3 4
Bl SEKBRMEITAHAEESLLE
I ABFRE 2 ABBA 3 AHEARANEL 4 HERAAB+
PI3K #7411 LY294002 21, *P<0.05, 5 4 A 40 W 45 #P<0.05, 5 %
AR W +PI3K 446 7] LY294002 28 2%,

2.2 BARMBEEXT KR NG MEEFRG ERET
B

TTC 4 8 & 7R, & A< PN BR 4 i 45 26 1R B b
[(15.96 £2.01) % Ik FHIAY L R A< N g + PI3K
J7 7 LY294002 41 [ (47.53 £3.48)% . (42.68 +
3.67)% ] (1 =24.842 P <0.001;¢ =20. 193, P <
0.001). W2,

B2 SHEKXRMELEREEELRR
A. TTC % & M5 N5 AR 58 4k AR B T8 AR ST AR AR & B M 3 2Rk 4k AR
WE S, 1 ?&'ﬂi‘f‘ﬁfﬂ;z A BEAR 2,3 55;3;*""]@523;4 A EH KRN
Bg+PI3K 47 4] 77 1LY294002 41, #P<0.05, 5 £ A 28 1L 4% ; #P<0.05, 5
& A A ES+PI3K 4746 ) LY294002 28 vk 4

2.3 EARMEEX KR NGB #5055 E A



BT, 5%

AN TR A 5 PI3K/AKT/mTOR {55 18 % 65 fif ol 1P 5 463 475 K BB M 2 R AP PIL R F 5 829

THR M

JEBE T R UL AL ZH A7 KR TUNEL P40, 40
JHIAZ 5 A 0, A A M 10 4, 5 A R T 2 Bl v o
5 1 DX 40 0 T B T R B A A T A A
2R AR Y BR + PISK 0] ) 1LY294002 24 (¢ =
17.287,P <0.001 ;¢ =14.093,P <0.001), LK 3,
2.4 BARNBEENXRMRMNDEETHRGEKRAR
AT HEXEFRENZIT

RT-PCR Z5 2R 8 7%, 18 A P4 1 4 K LM 2 210
JA TR SC A Bel, mRNA 7K - i T 458 A4 20 il AR
PTE + PI3K ) 41 5] 1.Y294002 2H (¢t = 4. 824, P <
0.001;: =3. 239, P =0.005), Bax, caspase3 mRNA
KA IR T R R ZH A AR Y B+ PISK Al 5
1.Y294002 24 (¢t =28.315,P <0.001;¢ =23.973,P <
0.001;¢ =30. 631, P <0. 001;¢ =38. 625, P<
0.001) ; Western blot 2% 5 7, 5 A% PN Mg 41 K B A
HA PR T A G 7 Bel, 1R B R THAH A
ERNTEE + PI3K 11 7 LY294002 2H (¢ = 14. 406,
P <0.001;¢=10.304,P <0.001) ,Bax . caspase3 &
I 35 % T A58 20 41 R AR N R+ PI3K 4100 i) 5

A B
15 sr
® 2 4}
® 10 gt ®
B 2
= =
s =
Z 05 z
g =l 1
m m
0.0 0
1 2 3 4 1
D
20F
B3
E3
=
(ian1

Bel, (Bax.caspase3 & B &k

AW -

LY294002 41 (t = 6. 667, P <0. 001;¢ =7. 060, P <
0.001;¢ = 13. 739, P < 0. 001; ¢ = 13. 953, P <
0.001)., WL 4,

A

e 14 £ A 350

1 2 3 4
3 & 48 K 548 BB 1 BH I 4 B £h L 4%

A. TUNEL # & #m) fsi b 22 20 Jo 78 = (x100) ; B, J&Ad 2 m i,
BTrabmni, 1 ARFRM2 AW 3 hERKNEEA 4
& A MBS +PI3K 47 ) #] LY294002 41, *P<0.05, 5 A A 21 s 4% |
#P<0.05, 55 % A 1 8 +PI3K 47 4] 7 LY294002 413k 4%

4r i
B
¥
-
#® 3
= =
< 2
4
==
g
el
2
]
&
£0
3 4 1 2 3 4
E
el [ - -
Cleaved—-caspase3 _ 17 kDa

B4 SHXRRMARAFBATHERFRIEER
A. Bel, mRNA #8 2F 7K F ;B. Bax mRNA 48 #F 7K F ;C. caspase3 mRNA #8 5F K F ;D-E. Bel2 Bax,
caspase3 BO AL T, | AMF R 2 ARA M3 A FHARANE L4 A E A A B +PIBK 7 4] 5 1LY294002
28, #P<0.05, 5 A 20 b 3 #P<0.05, 5 & A A Bs+PI3K 47 4] 7 LY294002 21 rb 4%

2.5 EAMBEMARKGRODBEITRGEMRAR
i PI3K/AKT/mTOR {5 S i & B0 8 1
Western blot 255 I 7, 78 A< PN i 41 K Bl i 2H 21

th p-PI3K ,p-AKT .p-mTOR % [ 3% ik i T #5578 41
EA NS + PI3K 440 7] LY294002 4 (¢ = 12. 067,
P<0.001;¢=11.315,P <0.001;¢ = 14.977,P <



36k HTH
g30 2021474

JIldt E Z Bz 2 4R ( http : //noth. cbpt. enki. net)
JOURNAL OF NORTH SICHUAN MEDICAL COLLEGE

Vol. 36 ,No. 7
Jul. 2021

0.001;¢=17.834,P <0.001;¢ =6.396,P <0. 001 ;1
=5.918,P <0.001) ., W& S,

p-P13K [ 100 kDa

p13x [ | 00 kDa
p-AKT [ 60 kDa
AKT [ 60 kDa

p-mTOR [ — 289 kDa

mTOR [ 239 kDa
GAPD R 37 kDa

1 2 3 4

B 5 &HAKXRMALF PI3K/AKT/mTOR 15 518 B
BEAREER
LA KRB 2 AR 3 A H AN 4 A EA NS+
PI3K #7471 LY294002 £8. *P<0.05, 5 HEM 40 e 42 #P<0.05, 5 &
& B +PI3K 47 ) Al LY294002 8 Mo 42 .

3 it

0 AL i A R — Al AL A ol AN |
AR , 2 — ol B M R B P R L BB PR E TR
BT A e R I R B 36 T R i X
Sl a7 A L AR R R a0 A 4 U R G
B L[] IS 3 77 7 P AR g R e, e
VIR B BB IR IT ik LR B B M & Ui,
S U 000 L A AR R RS o S A AF 5 DA A A
G3FKF B WT A I F EE e L
LR A WA R AR RAE L B DL K A
T EK A B ORI T TR

T A PR TR 2 DA T R 28 2 U R v A s ok Y
AW IEPERL A B W B TR VBRI, W)
HTFIRI7 O BB AR R, A
PN TR TT A 2R IR D e, MR O 2 Ml 45 1, 2035 APP/
PS1 56 5L K /N BRI 12 Ty RE B8 4%, P AE S — Rl 7E 1)
PR 25 o AT 9T B, 8 AR N TR n) IR 3 0 I
St IL T8 3 400 0 K B 224 S 2 DY R i A AR A R
FOAR, ¢ W A DA T XF A st 1t 14 8 0 450 00 K R LA
BAFRI ORI VE T o dE B R T — R BRI A A E
YA T AR WRR O A B AR R YRR O 1 AN e At
T, R R R N BR AR E WAL 2 —Y . Qian A1
FEWT, Bl 2 0 20 B A T il R o R T S Ak A
ZIUAC T IEAIE 0o AW 5T & B, 8 A A TR 25 4
P94 T BH PR 20 A 5% TS AL 4 RN S AR N R + PI3K
I F LY294002 21 , 8 7= 4H ¢ [ F Bel2 mRNA &
Ik T A8 20 R s A N g+ PI3K 410 ] 5
LY294002 2 ,Bax . caspase3 mRNA Fl4 H £ XK T
FEHY 20 s A N g + PI3K i) 5] LY294002 2 , 5 1]
o A DAY T A ) R PR A A A R R A 2 A

LR T DR AR M e A o s A PN T E M R I P O
P05 v B PR TS M 0 A 2 T T T R R
S PN T DR B I R i P VR 3 5 05 K BB 8 T R 1 AL
Z—

PI3K/Akt/mTOR 7E{5 Bl s h L £ & X & 5
MYER, Z 5 T 40 AR, A K L 38 8 FLAE 05 19 08
P00 PIBK WG AL Z 5, AT BE MR AL T diF Akt il p-
Akt, BE mTOR , fie 2 94 15 240 M A7 1% (14 58 53 16 Fn
TR Zha 27 F8 0, PIBK/Akt/mTOR {5 25
% T Sk e L e SR M A 43 RR L R HE AR A R A .
AWEGE K B, AR N R b B S OR R G 4141 p-
PI3K .p-AKT ,p-mTOR # 17 & ik B & b, i 7 DA
PI3K 41 1 7] LY294002 &b B J5 , p-PI3K , p-AKT , p-
mTOR Z& [ &35 B & 41, 3¢ B 385 A P9 16 F g a5 1.
TV T4 005 K BRL A M e DR 4 VR FH AT BB 2 3l 2o TR
PI3K/Akt/mTOR {55 38 B 1M 410 il #f 2 oo 40 M A 7=
Tu 2" 1 % W], PI3K/Akt/mTOR {5 5 3 [ i 3% 15
AR X i AP o P 3 40 D AR S A 4 s Y DR
PEM . A BE, Yu 257" BF 95 4 R, $2 /0 Akt Al
mTOR 3l 1% Ak 7K - 7] 4100 51 ot s 1t -8 3 453 405 K B Ao
R L JH T AT 1Y294002 BH W PI3K J5, AT B
AR Akt il mTOR @52 1k K7, B A PI3K i 4 4
TR . ZEPREE T I, AR P I T L 3 o A
NF-kB {5 530 % A9 38075 115 2 #6828
PR o AFLTES A P T8 T G Sk ot 98 3 45 495 K B el
AP E LA R it — 25 A F oY

25 L THR AR N TR AT A Ak I e
P43 K BRU s 2 45 0, 410 4 K Bt 2 4 B 0 T, LA
SR VE H L ZAE AL AT R 5 BTG PIBK/AKT/
mTOR 5 53 #% A 0C . 8 A N TR AT RE 23 Ay i 55 1l -
THE R 5403 1 7 3R A R 48 O Il AFLSES 7S PN T 6T i R
1L PV 3 8 405 R B A 22 OV AL RIATS A o o &2
A4 A IR S0 55 56 BIF 53 45 TR B

&% ik

(L] JEAR, R4 . Ao fote ofi P8 T 00 [0 el ol o 5 995 2% 3
2019,27(12) :948 - 952.

(2] RBEFE, ZMmE, 2K, 5. MERMA RN F 0 RER NS Y
I SFe 10 B A 5L 405 1) BIF R R R [T ] b R A i L R
%,2019,21(10) ;110 - 112.

[3] BUERA, WREs, B AR S5 SR [ s A M ol it 7 2 40
HIRF o kR[] . BE 22534 ,2019,25(4) :659 - 664.

[4] HE™,2ZE,AEME. WG 75 9505 T A4 9 2F HL il I
AP EZRTHRL]. K& D EHRY%¥],2019,35(5) :
991 - 994,

[5] Yan BC,Wang J,Rui Y,et al. Neuroprotective Effects of Gabapen-
tin Against Cerebral Ischemia Reperfusion-Induced Neuronal Auto-

phagic Injury via Regulation of the PI3K/Akt/mTOR Signaling



BT, 5%

A PR 5 PIBK/AKT/mTOR {35 3 S0k bt 1L 60 VI 5 LB 2 (R ML BT 52 831

[11]

[12]

[(13]

Z< F B 41k - http : //www. nsme. edu. cn

Pathways[ J]. J Neuropathol Exp Neurol,2019,78(2) :157 - 171.
ARG SR E T, J A, A AR DN E =i A A R S R 0
S5l RO R P9 AR T R AL [T, op [ K 25 B 2 20 5
2018,34(20) ;2424 —2426.

R, GERR T MRE R A P TR S0 0L P X S 8 e i Y K B
mp R ET [T ], B4R E % 518 ,2019,25(3) :365 - 368.
Longa EZ,Weinstein PR, Carlson S, et al. Reversible middle cere-
bral artery occlusion without craniectomy in rats[ J]. Stroke,1989 ,
20(1) .84 -91.

Chen CH, Jiang Z, Yan JH,et al. The involvement of programmed
cell death 5 (PDCD5) in the regulation of apoptosis in cerebral is-
chemia/reperfusion injury[ J]. CNS Neurosci Ther,2013,19(8) :
566 -576.

Song J,Kim YS, Lee DH, et al. Neuroprotective effects of oleic acid
in rodent models of cerebral ischaemia[ J]. Sci Rep,2019,9(1):
10732 -10739.

Zhang AP, Zhang YY ,Liu AF et al. Molecular mechanism of long-
term neuroprotective effects of gradual flow restoration on cerebral
ischemia reperfusion injury in MCAO rats[ J]. ] Stroke Cerebrovasc
Dis,2020,29(9) :105041 - 105050.

Meng XL, Zhang DL, Sui SH. Acute remote ischemic precondition-
ing alleviates free radical injury and inflammatory response in cere-
bral ischemia/reperfusion rats[ J]. Exp Ther Med,2019,18(3) :
1953 - 1960.

Wang YR, Xu H, Tao M, et al. Ligustilide Relieves Complete
Freund’s Adjuvant-induced Mechanical Hyperalgesia through In-

hibiting the Activation of Spinal c¢-Jun N-terminal Kinase/c-Jun

[14]

[17]

[18]

[19]

[20]

(Yr#5 H H#9:2021 -02 - 12

{E&E 5 & % : http: //noth. chpt. cnki. net

Pathway in Rats[ J]. Pharmacogn Mag,2017,13(52) :634 - 638.
Xu YJ,Mei Y,Qu ZL,et al. Ligustilide Ameliorates Memory Deficiency
in APP/PS1 Transgenic Mice via Restoring Mitochondrial Dysfunction
[J]. Biomed Res,2018,2018(1) :4606752 —4606763.

Qian HZ,Zhang H,Yin LL, et al. Postischemic Housing Environment
on Cerebral Metabolism and Neuron Apoptosis after Focal Cerebral
Ischemia in Rats[J]. Curr Med Sci,2018,38(4) :656 —665.

Zhao DY ,Yu DD, Ren L, et al. Ligustilide protects PC12 cells from
oxygen-glucose deprivation/reoxygenation-induced apoptosis via
the LKB1-AMPK-mTOR signaling pathway [ J ].
Res,2020,15(3) :473 - 481.

Neural Regen

Huang L,Chen C,Zhang X, et al. Neuroprotective Effect of Curcu-
min Against Cerebral Ischemia-Reperfusion Via Mediating Autoph-
agy and Inflammation[ J].J Mol Neurosci,2018,64(1) ;129 —139.
Zhu H,Wang J,Shao Y et al. Catalpol may improve axonal growth via
regulating miR-124 regulated PI3K/AKT/mTOR pathway in neurons
after ischemia[ J ]. Ann Transl Med,2019,7(14) :306 -315.

Tu L,Wang Y, Chen D, et al. Protective Effects of Notoginsenoside
R1 via Regulation of the PI3K-Akt-mTOR/JNK Pathway in Neo-
natal Cerebral Hypoxic-Ischemic Brain Injury [ J ]. Neurochem
Res,2018,43(6) ;1210 - 1226.

Yu Y,Wu X,Pu J,et al. Lycium barbarum polysaccharide protects
against oxygen glucose deprivation/reoxygenation-induced apopto-
sis and autophagic cell death via the PI3K/Akt/mTOR signaling
pathway in primary cultured hippocampal neurons [ J]. Biochem
Biophys Res Commun,2018,495(1) :1187 —1194.

& B H #7 :2021 - 04 - 06)

fB 48 : xuebaochy@ 126. com



