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Role of cell autophagy in protection of resveratrol against cerebral ischemia—reperfusion injury in rats

WANG Lei”?, HU Huo—jun'’, Ma Jin—yang’, DONG Yuan—xun’, HUANG Song’, FU Chang—tao’, YUAN Gao’, ZHOU You—dong’. 1.
Institute of Neurology, The First Clinical Medical College of Three Gorges University, Yichang 443003, China; 2. Department of
Neurosurgery, Yichang Central People’s Hospital, Yichang 443003, China

[Abstract] Objective To explore the effect and mechanism of resveratrol (Res) pretreatment on neurological damage in rats after
cerebral ischemia—reperfusion injury. Methods Eighty adult male SD rats were randomly divided into four groups, i.e., sham operation
group, model group, Res group, Res+PI3K inhibitor group, with 20 rats in each group. The model of ischemia—reperfusion injury was
established by tread embolization of middle cerebral artery. Six days before injury, the rats in Res group and Res+PI3K inhibitor group
were intraperitoneally injected with Res (15 pg/g, once a day), and the rats in sham operation group and model group were
intraperitoneally injected with equal volume of saline. Thirty minutes before injury, the rats in Res group and Res+PI3K inhibitor group
were injected with Res (15 g/g) intraperitoneally. Then, the rats in Res+PI3K group was injected with PI3K inhibitor 3-MA (5 ul, 50
pg) into the right ventricle using a microsyringe. An equal volume of saline was injected into the right ventricle of rats in the model
group. Twenty—four hours after injury, nerve function scores were assessed in all the rats and then were sacrificed. TTC staining method
was used to evaluate the cerebral infarction area of rats. Nissl staining and transmission electron microscopy were used to observe the
number of Nissl bodies and autophagosomes. The mRNA level of autophagy gene in brain tissue was detected by Q—PCR method. The
protein and phosphorylation expression levels of PI3K/Akt/mTOR signaling pathway were detected by immunoblotting. Results
Compared with the sham operation group, the neurological function score was significantly increased (P<0.05), the volume of cerebral
infarction was significantly increased (P<0.05), the damaged brain tissue Nissl body was significantly reduced (P<0.05), autophagy gene
Beclinl mRNA level was significantly increased (P<0.05), and the phosphorylation level of PI3K/Akt/mTOR protein was significantly
reduced (P<0.05) in the model group. Compared with the model group, the above changes in the Res group were significantly improved
(P<0.05), while PI3K inhibitors significantly inhibited the effect of Res (P<0.05). Conclusions Res can effectively reduce the
neurological damage caused by ischemia— reperfusion injury in rats, which may be related to the promotion of cell autophagy by
inhibition of PI3K/Akt/mTOR signaling pathway.

[Key words] Tischemia—reperfusion injury; Resveratrol; Autophagy; Neuroprotection; Rats

doi:10.13798/j.issn. 1009~ 153X.2020.05.015
FLTH A DRI A & 2 5L SRR H (W)2017M221)

Ve BT - 443003 WIAL'E B, I RA 8 — I R BE oA Be i 2 P S B UF 8 W) 5443003 3L, BB T P AR EBEMZAMRE(TE .
KT DA oI B R AR R B AR



~304—

TP I R p 2 AR 2020 4E 5 H 45 25 %45 53] Chin J Clin Neurosurg, May 2020, Vol. 25, No. 5

I 1146 s N\ 0k i Mk D i B A A R b 22 T
TR G BRI A3 O 285 2R T DK 2T 75 Tl D 3 71
SEIRYT AR ML PR AR P — A R 25 (R T
P ) 780 266, S A A ) S IS, , R —/INER A3 A
g FEEIE (resveratrol, Res ) i —Fl 22 S Al
YR HAPUAAL PUR Pul T R PUEEN] e
Aok I B A HE A 2 DR Y A S E
Res Al Ll i@ i /v 5 8% 5 Bt UL B 3- 3 Bl
(phosphatidylinositol— 3— kinase, PI3K)/# H ¥ i B
(protein kinase B, PKB I Akt)/Mfi 7.2l 4 B A% K #
£ FH (mammalian target of rapamycin, mTOR) {5 5 i
Y LR Pl SN (S FRM N 1 S B U R SN W]
Hh gy Jik B ZE 5 I PR T AR, R3] Res X R B
B 1L P57 7 (ischemia—reperfusion , I-R) 451 45 4 FH
FALH o

1 RS

1.1 K5 2,3,5- =R HE G PO AU (2,3,5—Triphenyl-
tetrazolium Chloride, TTC) W H 7 [E £ 24 _F ik 27,
2], Res F1 3-MA 20 | 32 [ Sigma 23 7], PCR IR
& H B 5 Vazyme A Al o % 2 HT mTOR f2 P-
mTOR (289 KD ) lJ H 3¢ [F Affinity Biosciences 23 A ,
BB Akt S P-Akt(60 KD)#I F 3 [ Cell Signal-
ing A 7], BB PI3K (85 KD) Wy [ 51 = Ji& A= ¥ 4%
RABRA T, 240 p-PI3K(85KD) I [ 26 [ Abcam
8 E L HRPFRIC )P0/ AR ST R P B X
DAY TR A R A 9250 GAPDH (37
KD) W A e Bt 2= 4 1 FRA 7

1.2 $£%shih & 448 SPFEMESD KEL 80 H,7
W4 PR (250+30) g, R K S h W) 525 o 3L
(B FIESR 5 : SCXK 2 2016-0004) , A 53k 1y 4 M
27 dJa , BEPL TR AL BERAL  Res 41 Fl Res+
PI3K #7740 , 54120 H.,

1.3 BAZ 5 foF M S Yanamoto 2518 1Y 14
) B Rl v B ik ke ZEARL R o 2 b, P U 24
h, YEARHT 6 d, Res £H Fl Res+PI3K 171 i 71 41 i s v
5 Res(15 pg/g, 1IR/) BT A AR AL Js 13 5
SERFR A BRER K 5 15 AL RT 30 min, Res 21 Fll Res+PI3K
JH A £ SRR I 1 5T Res (15 wg/g) , 2R, Res+PI3K
21 R Y S5 ) A A = (T ) A5 259 1.6 mm, 1]
J& 0.9 mm, TR 3.8mm ) 7E ST PI3K A 55 3-MA 5 pl
(50 ) , B TFA L AR HY 20 A 0 A =5 3 S A AR B A
BEERIK

1.4 #2288 1746 @RS 21 h, R Zea Longa PF43

Tl 22 D68,

1.5 Jeide e AR ARG i 46 RS 24 h, BRI BEALIEHL
4 HRBRAT TTC Y PG BB LR R . BRI AL SE R
B, SRR B T 20 B2 UK AR V2 7R 20 min J5 , U )
R ZE2 mms SRJE B R BT 2% TTC I h
WE , o a i O A A 4% 2 5 H I a1 [
JEAA R o Ay ke B PR A i A i R 2, FRATT R
A TR L[ ORI B TR — SR 1 5 ik 2 2R AR /
XA R AR AR AN A S E R

1.6 RASEEMEIEA R RRAHE RG24 h, 5
ZHBEHLVER 4 H KRB LA 109% 7K & SRR Y, FH AR 31
RN 4% 22 5 WA 700 IEEE T R 2 7, SR 05 L
U T 4% 2 KPR A E 48 h, A i 24
LY 7 JBESS , FAT 1900 F R IR L £, 95% 09K
P oAk, 6, JoK SR ik, — R oRE], JE
[CYe (e, 5 e T g,

17 #HEFREHUEARAEARTE RIF24h, 5
ZH R HL 3k B 4 KRR L 10% 7K & G bR I, %
0.9% 4= #EL /K 250 ml O WERE T J5 , P 4% 2 R
P +2.5% 1%, & 1R G T 250ml P i 1 [H 5 L ARG
PR 43 15 A M~ BRI IX R o, K/NZ 1 mm®, DL
& 1) 2% 22 3 FRE A 2.5% R S /) PBS TR A 4 C
[ S o P U A AR AR AT 22 1 b, BB BE S BERK
AR, Y] R (R 100 nm) , I FH Rl
FATAGE IR Y (0, fefo 7032 I i - i T %
1.8 PCR A& flss 40 42 & » & ) T AR X B B 4% K -F
Bt I4 MK B Beclinl A2 GAPDH 2K (N2 18) i1y
PCREIY. AR5 24 h, FRLHBENLIER 4 H AR FOF e
i e 1L J7 320 IX 4H 21 24 50 mg, 435 B BOH: 5 RNA -
T LA A, R SR & (B 5T Vazyme 22
A )W RNA W5 588 e DNA, $5 HAR ) A/ v ik
17 PCRAGIN , L 2 ik A7 5k 70 Hr o beclinl 1F X
5 5~ GAGGTACCGACTTGTTCCCT-3", iz X %% 5-
CCTTTCTCCACGTCCATCCT-3", N2 GAPDH IE X
B 5~ ACAGCAACAGGGTGGTGGAC- 37, 5~ TTT-
GAGGGTGCAGCGAACTT-3",

1.9 %.9% #p 3 k4 mTOR ., PI3K ., Akt & 48 &2 5 BZ AL
KF KI5 24 h, BRABEHLTER 4 H R I 70 55 i
I 2 XA 2T $E RS A 2L B 1, SDS-PAGE 43 55
H A EH R 2] PVDF L K Ake(1:1 000) , p-
Akt(1:2 000) , PI3K(1:4 000) , p—PI3K(1:600) ,mTOR
(1:1 000) ,p—mTOR (1:1 000) AH 1 —HT 43 A FH 4]
T (5% AR Wk i TBST ¥ ) 1, 4°C I 2 7%,
3N ABAR 1 A AL Y PR 12 —H1 (1:50 000) , % i



P I PR A2 A MR8 2020 4F 5 H 25 25 #5455 58] Chin J Clin Neurosurg, May 2020, Vol. 25, No. 5

-305-

Ak 0] 5 D0 4 5 T L £

-
o
1

e
©

o
@

e
K

e
n

B 1 LML TTC § & 3F 1 AP stk AR th 4R
585 ReaAg AR, % P<0.05; 5 A 2048 ALY, # P<0.05; 5 Res 2048 B4R I, & P<0.05

B2 BAKXAEARRBKEE, RRKZERE, ML

2 1 .(x400)

I9% 2h, f5oJe SR AL 2: G B, L GAPDHAEN 2,
1.10 %t 5 o 47 R SPSS 18.0 #4704t 5 E 4L
Pt LA xxs F7m , LR R J7 2200875 P<0.05 FRom 22 5+
HAS G #E L.

2 4 R

2.1 &K FAYE AL P b i B4 Zea Longa
TE43(3.09+0.19) 43P 8 = TR F AR 41[(0.19+0.16)
413 P<0.05]; 54 L 4%, Res 4 Zea Longa ¥ 43
[(1.95+0.24) 53] Res+PI3K #1541 Zea Longa ¥F
43[(2.66+0.22) 4335 B BRI (PP<0.05) , 1717 Res 21
Fl Res+PI3K I Z M TG 112422 5 (P>0.05) .

22 &4 KR4 AR A R TR K U4

A BT AR4;B. AR 405 C. Res 28 ;D. Res+PI3K 474 7 20

ZUR WAESEA: ; BIRIZH | Res 2H F1 Res+PI3K il 771 £
R ERAT IR M > 2R Rz J2 AR J2 7T AT L B i A3 gE
kb 22 0 R A 2 BRI 2 20 8 IE LT, Res 410
Res-+PI3K 11 il 571 £H Hoi 45 AE A 257 B (g /N F 485 750 241
(P<0.05) , 1M H. Res+PI3K 17 il 751 41 Ao 45 5E 74 L 45
Res 4 34K (P<0.05) . LA 1,

23 B ma R R AT S SHRFRAMLEL,
PR 20 JE FC A I s/, i HL G iR, TR AS B
M), SRR AL, Res 2H A Res+PI3K #1155 21 )2
FCAARKIE DU A S 384 010 5 5 Res 2H HEAR, Res+PI3K 41176
FIALJE FARBCE WAk . DL 2,

24 Hfmm g g AR A R T ARYR R
L LA o R AR | D T I A AR S 5 A T AT



—306— TP I R p 2 AR 2020 4E 5 H 45 25 %45 53] Chin J Clin Neurosurg, May 2020, Vol. 25, No. 5

R LB . [ WYL 5 AR 2H mT DL B S 2 e A [ 4

B0 GG MRS A | MRS , T LR 2 3 A w 9 i
WA TR T LR P A5 | 2 P T S s
Res 21 40 I 2545 9 365 T4 , 7T UL 40 o 2 z 19 .
A PRI R 8 F1 % Res+ PISK 031140 Z 10
A UL bk AR AR . LI 3, Z
25 HufEm R A EAEAREFA T E G| T o5
T AR L, % 2 Beclinl mRNA A - & 7} 85 3
(P<0.05) ; SHELHIZAH ., Res 2 Fl Res+PI3K HiH 7 “ 0.0-
21 Beclinl mRNA 7KF-B .38 5 (P<0.05) 5 5 Res 41 g{%&’ %_@% 4 &\g@
AL , Res+PI3K A1l 571 2H Beclinl mRNA 7K BH I b \%@
fE(P<0.05). WL 4, <4
2.6 &MEM LR R EAR K& G KRR LB BR ALK B4 &K A4 B AR £ & B Beelin 1| mRNA K
e SIEFARGUM L, B PISK .mTOR A1 Akt 2 ETY
26357k J0 B 325 5 (P>0.05) , i % H & B R B R F RS B AR, * P<0.05; 5 B 4048 B AR K, # P<
LA 29 5 B WA (P<0.05) 3 BT L TREI 4L, Res 411 0,055 5 Res 248 ALl 26, & P<0.05
A Sham Model Res 3-MA B
PI3K (SRR =5 — P

AKT | — e cm——

P-AKT | s s s = } & AR
MTOR | == == -‘-
p-MTOR — T

GAPDH | s e — —

231 ]

WAKT/AGARDH  Wp-AKT/ONPOH BMTOR/GAPDH @p-MTOR/GAPDM

1 1
1 I os
1 1 #&
06 | T " *HE& 06 1
< B
04 04
0z 02
[} o
Sham Madel Res 3-MA Sham Model 3-MA

B S5 AUl i AR & & A B BRI AL KT e
A. A"EAEX &G Bk B B, PI3K/p—PI3K K-F 1L ; C. AKT/p—AKT /K-F o4 ;D. MTOR/p—MTOR /K-F1bit; 5485
RAAARALIL % P<0.05; 5 AR 2048 5 AH I, # P<0.05;5 Res 2048 AL L, & P<0.05;Sham. 8F K28 ;Model. A 48 53—
MA. Res+PI3K 47 4] 7] £



oG R PSR4 2020425 A 5525855 58 Chin J Clin Neurosurg, May 2020, Vol. 25, No. 5

-307-

Fl Res+PI3K 411 7 £ PI3K .mTOR 1 Akt 25 [ W iR
KB I T B (P<0.05) 5 FlT Res 414 L , Res+PI3K
NI 2H PI3K .mTOR 1 Akt 2 B R Ak /K S S 184
Jn(P<0.05). W5,

3 it it

AR Res X K BRI /R 453 497 9 i 28 f 4
YERT, 255 0, Res AT BH (2 5056 M /R 453405 K BRUAY
P TIRE , HALHI AT A5 9 PI3K/Ak/mTOR {55
i R UEANMG A A DG, ARAE A MR —Ah A
) FLEAGIRAE , T SE s R K 8 A2 0 ) A 2 R
VS TR A& R R R R A, AN
A% 40 6 528 A P A IR I P9 25 00 1) S 2 A LR A i
1 XU R A 2 B VR GE Y g n]
T JRE B PF T, AR BRASETR Wl fk o L A
R T DI RE , HAE 8 IR = SO 3 (/R 61455 )
O, DR R A e AR B . PR ERAE B AS
PFT, B WD RE R (14 Ry SR N RE T BR 2 451 0% 40 e
RO R, X UR 45 5 4120 A RERIIF ST R, 2
PREAT A ) BT B0 T A A B i, 2 1 A0 A IR
FER B, HL , o I 2l 2% VR 54451 A
W 2 AT LA REAR AN 8 T RN SR IE K, (R 4l 21
HE o

PI3K/Akt/mTOR {5538 [H 2 2 A e 1l o 28 440
165 TN A A7 1 B LA 5 6, 1 LS5 40 A W Y
TG BBA . ABFIE R, Res AR B Z TN AT
W) H WA [R] B Res 2H A BRI PN W AH 56 35 X
Beclinl mRNA A /K -0 BH 5 18 5 , 1 Res i i
PRI /R 5519 F WK, AT 2E 0 28 04730 5
B 58 BRI 4G 0 45 SR R Res AE S 1 K /R 431
155 % BRI 2H 2 p— PI3K . p— Akt p- MTOR 7K °F , Tfii
PI3K #l1 il 71 3-MA BEHE Il 55 Res MU/EF o X 3R A
Res 1 [ W A2 #F £ B T 58 /2 38 3 410 ] PI3K/Aky/
mTOR {5530 J ok S o

25 F TR, Res A LAek 35 K BRUZH 2L UR 4651405,
A BB I PI3K . Akt .mTOR 2525 [ B2 1L /K7 4
il PI3K/Akt/mTOR 15 538 % | 845 4 M 3 W KP4
Ko

(&% 30ik]
[1] Baron JC, Yamauchi H, Fujioka M, et al. Selective neuronal

loss in ischemic stroke and cerebrovascular disease [J]. J

Cereb Blood Flow Metab, 2014, 34(1): 2-18.

[2] Molina CA, Alvarez—Sabin J. Recanalization and reperfusion
therapies for acute ischemic stroke [J]. Cerebrovasc Dis,
2009, 27 Suppl 1: 162-167.

[3] Suzuki S, Yamashita T. Recent development of anticoagula—
tion in stroke prevention for atrial fibrillation [J]. Nihon
Rinsho, 2014, 72(7): 1282-1286.

[4] Shakibaei M, Harikumar KB, Aggarwal BB. Resveratrol
addiction: to die or not to die [J]. Mol Nutr Food Res, 2009,
53(1): 115-128.

[5] Schmatz R, Mazzanti CM, Spanevello R, et al. Resveratrol
prevents memory deficits and the increase in acetylcholi—
nesterase activity in streptozotocin— induced diabetic rats
[J]. Eur J Pharmacol, 2009, 610(1-3): 42-48.

(6] XA, XISLV, FN5 K, 2. X A (5538 B A i 4
BFFEHERE)]. IR BE2Y,2017,57(42) : 108-110.

[7] Yanamoto H, Nagata I, Niitsu Y, et al. Evaluation of MCAO
stroke models in normotensive rats: standardized neocorti—
cal infarction by the 3VO technique [J]. Exp Neurol, 2003,
182(2): 261-274.

[8] Chen WW, Yang LC, Pan SW, et al. Preparation of Sprague—
Dawley rat Models of focal cerebral ischemia— reperfusion
injury by suture method [J]. J Tissue Engin Res, 2011, 15
(50): 9377-9380.

[9] Baehrecke EH. Autophagy: dual roles in life and death [J].
Nat Rev Mol Cell Biol, 2005, 6(6): 505-510.

[10] fe 74, EhIE . Hh i SR AECIRAS T 40 A AR OG- HIL ]
FBFFEHE (). BE2F251A,2013,19(7) : 1153-1156.

[11] Dar WA, Sullivan E, Bynon JS, et al. Ischaemia reperfusion
injury in liver transplantation: cellular and molecular
mechanisms [J]. Liver Int, 2019, 39(5): 788-801.

[12] Yang J, Wang Y, Sui M, et al. Tri—iodothyronine precondi-
tioning protects against liver ischemia reperfusion injury
through the regulation of autophagy by the MEK/ERK/
mTORCI axis [J]. Biochem Biophys Res Commun, 2015;,
467(4): 704-710.

(13) 5KARE, B 8. SR MR g A i—— 0
PRI P EBE A RE, 2014, 44(4) : 379-386.

[14] Wang R, Liu YY, Liu XY, et al. Resveratrol protects

neurons and the myocardium by reducing oxidative stress
and ameliorating mitochondria damage in a cerebral
ischemia rat model [J]. Cell Physiol Biochem, 2014, 34(3):
854-8064.

(2019-12-02 it , 2020-04-12 & [1])



