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/MR- P9 B2 4l G B 4271 (platelet endothelial cell adhesion molecule-1, PECAM-1, X4 CD31). o-FENNEIEH (o-
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Effect of pterostilbene on brain protection and vascular endothelial mesenchymal
transition in rats with cerebral ischemia-reperfusion based on Akt/GSK-3f
pathway
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Abstract: Objective To study the cerebral protective effect of pterostilbene on cerebral ischemia-reperfusion rats, and investigate its
effect on vascular endothelial mesenchymal transition and protein kinase B/glycogen synthesizing kinase-3p (Akt/GSK-3f3) pathway.

Methods A rat model of cerebral ischemia-reperfusion was established, and after 6 d of intervention with pterostilbene and
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clopidogrel hydrogen sulfate tablets, degree of neurological deficit in rats was detected; Platelet activating factor (PAF), platelet-derived
CDA40 ligand (CD40L) and platelet P-selectin (CD62P) levels in serum were detected by ELISA; Kits were used to detect superoxide
dismutase (SOD) activity and malondialdehyde (MDA) level in brain tissue of rats in each group; Hematoxylin-eosin (HE) staining
was used to observe the pathological changes of cerebral cortex of rats in each group; Immunofluorescence staining was used to detect
the cerebral vascular endothelial and interstitial markers platelet endothelial cell adhesion molecule-1 (PECAM-1, also known as
CD31) and a-smooth muscle actin (a-SMA) expressions of rats in each group; Western blotting was used to detect CD31 and a-SMA
protein expressions in cerebrovascular, Akt and GSK-3f protein expressions in cerebral cortex of rats; Akt and GSK-3[3 expressions in
cerebral cortex of rats in each group were detected by immunohistochemistry. Results Compared with sham group, neurological
deficit score of rats in model group was significantly increased (P < 0.05); Levels of PAF, CD40L and CD62P in serum were
significantly increased (P < 0.05); SOD activity in brain tissue was significantly decreased, and MDA level was increased (P < 0.05);
Cerebral cortical cells were morphologically damaged, showing vacuolar necrosis, intercellular space was increased, staining was
lighted, residual cell volume was reduced, nuclei were pyknotic and hyperchromatic, and cell boundaries were unclear; CD31
expression in cerebral blood vessels was weakened, a-SMA expression was enhanced; CD31 protein expression in cerebrovascular, p-
Akt and p-GSK-3f protein expressions in cerebral cortex of rats were significantly decreased (P < 0.05), a-SMA protein expression in
cerebrovascular was significantly increased (P < 0.05). Compared with model group, neurological deficit score of rats in each
administration group were significantly decreased (P < 0.05); Levels of PAF, CD40L and CD62P in serum were decreased (P < 0.05);
SOD activity in brain tissue was increased (P < 0.05), MDA level of cerebral cortex was decreased (P < 0.05); Morphology,
arrangement, nuclear clarity and interstitial staining uniformity of cerebral cortex were improved; CD31 expression in cerebral blood
vessels was increased, and a-SMA expression was decreased; CD3 1 protein expression in cerebrovascular, p-Akt and p-GSK-3p protein
expressions in cerebral cortex of rats were significantly increased (P < 0.05), a-SMA protein expression in cerebrovascular was
significantly decreased (P < 0.05). Conclusion Pterostilbene has cerebral protective effect on cerebral ischemia-reperfusion rats, and
can inhibit the excessive transition of vascular endothelium to mesenchyme, and its mechanism may be related to the activation of
Akt/GSK-3 pathway.
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AIRATE, FHANHERR AR, BT RBK, BEEE
e AR 1 mg/mL; KEM/MRIEE T (platelet
activating factor, PAF). Ifil/MRIEME CD40 Befk
(CD40L) AL/ P %z (P-slelctin, CD62P)
ELISA #Gf &0 B EigRHRADRHA R A, it
543514 20190513 20190814, 20191108; %Ak
Y AL (superoxide dismutase, SOD) iR7)#&r (Ht
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/INBR-PN B 4l B 2 B 73 F--1 (platelet endothelial cell
adhesion molecule-1, PECAM-1, X4 CD31) #ifk
(#it*5 ab28364). %t a- T WIALENE H (o-smooth
muscle actin, 0-SMA) FiifAk (L5 ab232784). Alexa
Fluor 488 fELIIY Pt P (A5 ab150077). %
PR E A B B (protein kinase B, Akt) Hiik.
iRk Akt (phosphorylated Akt, p-Akt) $Hiifk. #E
JR A B EE-3B (glycogen synthasc kinase-3B, GSK-
3B) Hifk. p-GSK-3p Fiuik. CD31 Hifk. a-SMA $it
. GAPDH $iifk (#t5 7371y ab8805. ab18785.
ab141295. ab145937. ab108424. ab8425. ab9485)
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2.3 ELISA #&M15% PAF. CD40L %1 CD62P 7k

SERCH AT AR S AR R, IR 3R
Ml 10 mL, BOHEULE, T-80 CIRFEH. &
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BEEE CBERUK E AR, HI7E 4 pm ERA D)
F, 3H7T HE Yeth, ZBOK. EWE, hERRE
o, TRAEE T WS R R A a5
2.6 TEWRALEIERMA R A I E A 5 18 R
FRE4 CD31 #1 0-SMA ik
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My, N 50 uL CD31 Fitfk (1:800), 4 CHFH
IR TBST vk, N 50 uL HRP FRic il 2E9t
% 1gG Fifk (1 :4000), 37 CHEH 45 min; N0
50 ulLCY3 LAEWR (1 :200), =HEEEE 10 min; LA
pH 6.0 FFERIFEE S min, Z&MH/KIZ T 3 min,
TN 10%11 2 1M03E, = WS 30 ming FFIM0LIE, 7
I 50 uL a-SMA Hifk (112000, 4 CHRFELR;
Il 50 uL Alexa Fluor 488 BIECIIL Hifh 4T (1 :
400), 37 CH¥E 45 min; /0 50 uL DAPI TAEHK
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PLUS 4, FEHLREE CD31/a-SMA FHPE ek 5],
L 2R A B, SR Tmage T #4052 o-SMA
WICHRE, AT EEST.
2.7 Western blotting &1 X FRAXNIME CD31 # o-
SMA EBFRIE

E % 2H O BRUG I 7 2L 2, I N AR B R
TN BRI, WK E A, EAFFME
T TR R R AN -SRI T B UK, % % PVDF
JE, 25 CD31. a-SMA #1 GAPDH #ifdk, %
B M HRP ARic il Ehi e 1gG fuik, WE
Lh; A ECL AR, KM Image J A
KK EE
2.8 SRIRBNWERIN AR ML Akt F1 GSK-3p &
SESV

S H K R A RS D), s 2K, ks
BIE, R EATIREIEE, A 3% H0, il
BE, AN Akt. GSK-3B fiofk, WELA; N
AP E 1 h, DAB Jeftn, HAREEG, MK,
EH, BA, TOLEEME NI,
2.9 Western blotting & X FR fXi 57 &t Akt #1 GSK-
3B EATKIA

BUBR T AL, BRI AR EAC. mrEglk
BRI R R AL, H% “2.67 TR TIEIREUVE A, A
Akt. p-Akt. GSK-3B. p-GSK-3p & HEIAH M .
210 BirERE

SKH SPSS 26.0 Guit ik it , 2R
DLXEs KRN, HEFMEATRERTEZ0ITS
LSD-¢ Hb% .
3 #R
3.1 SREE X NG T K R AR T g B R IT
SRS

mE 1R, SEFERALE, BERHKR
Z YRR IE 2 B T (P<0.05); SHEBAHLL
B, BH UM RKRME DR B PR (P<
0.05).
3.2 RERXRNEINEETKRIE PAF.CD40L
1 CD62P 7K FHIF NN

Wk 2 fin, SEFPARALE, BAH KR M
Ji PAF.CD40L Al CD62P /KT &3 5= (P<<0.05);
SRR LLEE, #4525 K RUMTE PAF. CD40L il
CD62P /K ZE FEAIL (P<<0.05).

&1 RERI R EETKRMEZINEERIIT S IS
(Xts,n=10)

Table 1 Effect of pterostilbene on scores of neurological
deficits in rats with cerebral ischemia-reperfusion (X + s,
n=10)

ZH 5 E:/(mg-kg ™) Vo
BER — 0
it — 3.44+0.39"
e ikl 5 2.55+0.18*
10 1.96+0.22%
TR A s & 6.8 1.14£0.11#

HBTFARMANE: "P<0.05; SEMALLE: P<0.05, THEF
*P < 0.05 vs sham group; *P < 0.05 vs model group, same as below
tables

® 2 RERMKGRMAEIARME PAF. CD4OL F0
CDG62P 7K FHIZN (X +s,n=10)

Table 2 Effect of pterostilbene on PAF, CD40L and CD62P
levels in serum of rats with cerebral ischemia-reperfusion

(X+s,n=10)

3 FI&/ PAF/ CD40L/ CD62P/

- (mgkg™) (ngmL™) (ngmL™) (ng'mL™)
BFEAR — 0.03%£0.01 13.42+£129 4.15+0.82
A —  0.18%0.03" 30.45+2.78" 11.49+1.18"
KHEE 5 0.15+0.0225.17+2.16¢  9.42+0.95%

10 0.11£0.02¢ 20.39+£1.47% 7.5840.81%
TR s & 6.8 0.0710.01% 16.88%1.12¢ 6.55+£0.45"

3.3 FRIBRXI NG M T RRMELR SOD &M%
1 MDA 7K RS2 0E

N 3 fR, ST ARAE, BERH KRN
A2 SOD i1 i & PA(K (P<<0.05), MDA KV
FIE (P<0.05); SHMALLER, #4254
il 41 SOD & LR THE (P<<0.05), MDA /K-
REREIE (P<0.05).
3.4 EAEE X RN ER I A E KRR AN R BRI
HISZ AR

W 1 PR, AR R BRI BB X AR B 2
®3 KBRS AR EEEXRKEL SOD JEEF MDA
IKEHIENE (X +s,n=10)
Table 3 Effect of pterostilbene on SOD activity and MDA
level in brain tissue of rats with cerebral ischemia-

reperfusion (X £ s, n =10)

& MD
413 (m?:. i/ ) SOD/Umg Yy i -
BFEAR — 43.694+3.18 1.2240.25
T — 24994247 3.884+041°
e YichEd 5 31.28+3.24% 2.9840.32%
10 36.944+2.12% 23540.27%
IR A F s 6.8  40.82+2.55% 1.7740.16"
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Fig. 1 Effect of pterostilbene on pathological changes of cerebral cortex in rats with cerebral ischemia-reperfusion (HE, x 400)
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AN, ORISR ARG, MBIL AN SRR
PAt, S 42520 U B A RS HEF). 4HA
A7 BT DA R [ J e (2 30 ) 5 2588 At
3.5 SERXRSRMEETKFMKMDE CD31 Fa-
SMA ERFIERF M

CY3 bric CD31 AIME N 4Ebsicy), 24
B5t; Alexa Fluor 488 FRiCf a-SMA A Il 17] Jii

[EERN U]

RIETEE 5 mgkg™!

S 10 mg-kg™!

fbricy, R4 . K 2. 3 R, 5/EF
R, HRARRKIME CD31 RiLWIT, o-
SMA ¢ Y65 & 5.2 T+ (P<<0.05); S Eh A,
BT KRNI CD31 RiAW IR, o-SMA 7t
o 5 3 3 FR{IK (P<<0.05). Western blotting 25 1
Kl 4 FIR 4 fs, S5RFARA R, BIRZH K UK
M3 CD31 HHARIAKF-EEFFK (P<0.05), o-
SMA HEHARKKFEBEF R (P<0.05); HHAH
b, SeaZ5 KRNI CD31 & ARIEK TR
ZTHE (P<0.05), o-SMA Rk /KT B E R

RIETEE 10 mg-kg™!

FHE A a-SMA FEPER L, 3O CD31 AR
White arrow is positive expression of a-SMA, and yellow arrow is positive expression of CD31
2 SFEE XN BE T ARMNIE CD31 #1 o-SMA EHERIZRIFME (X 400)

Fig. 2 Effect of pterostilbene on protein expressions of CD31 and a-SMA in cerebral blood vessels of rats with cerebral

ischemia-reperfusion (x 400)
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5 10 TR SR &

ST (mg-kg™)
H5IBEFARHELE: "P<0.05; HHEBHLE: *P<0.05
*P < 0.05 vs sham group; *P < 0.05 vs model group
3 BHKBMNIIE o-SMA KHBEEETI

Quantitative analysis of o-SMA fluorescence

Fig. 3

intensity in cerebral blood vessels

CD31 - - 1.3X10°

a-SMA . — 4.2X10*

GAPDH 3.6X104
BFAR R 5 10 RERE SIS T

I/ (mg-kg™)
&l 4 Western blotting ¥ HAXRKME CD31 1 o-
SMA ERRIA
Fig. 4 CD31 and a-SMA protein expressions in cerebral
blood vessels of rats detected by Western blotting

(P<0.05).
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GSK-3p ERFIEHIF N

G AR E S s, S5EFRALE,
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* 4 ZERMRROEEIAFRKDE CD31 # a-SMA
EBHRIAMEM (X£s,n=10)

Table 4 Effect of pterostilbene on CD31 and a-SMA protein
expressions in cerebral blood vessels of rats with cerebral

ischemia-reperfusion ( X + s, n =10)

; EAMNELE
91 | /(me-ke~! L
2H 5 Fl & /(mg-kg™) CD31 +.SMA
RFER — 0.91+0.08 0.09+0.01
iy — 0.16+0.02" 0.89+0.07
K 5 0.3340.03* 0.6510.05"
10 0.45+0.03% 0.36+0.04*
PR A% 6.8 0.66+0.04% 0.21+0.03%
Akt
GSK-3p
BFEA R

RRAY 20 K SR B2 5t Akt GSK-3B P Eis T 5
PR ZH oA, S8R B4 KRR H2 0 Akt GSK-3B FH
HRILH % . Western blotting £5 a1 &l 6 F13k 5
TN, AR RN R Akt. GSK-3B 2K [ Rk KT
Giitm . SEFARALE, ALK RN R R
p-Akt.p-GSK-3B £& [ 3R1E /K T 2 F PR (P<0.05);
BRI ZH LU, B 20K BRI 2 5 p-Aket p-GSK-
3B HARIAKFREFE (P<0.05).
4 g

v 5 0L PR FEEVE ARG IS, e A A B it it

KM 5 mgkg™! LI 10 mg'kg™!

B 5 GEENEENARMKEAL Akt F1 GSK-3p EEFRIE (X400)
Fig. 5 Akt and GSK-3p protein expressions in brain tissue of rats detected by immunohistochemistry (x 400)

AKt w— A (< 104
P-AKt  — - - - 6.0X10%

GSK-30 4.7X10*

P-GSK-30 o w— 47X 10%

GAPDH e i S— — 3.6 10
BFEAR #R 5 10
HRE/(mg kg ™)
6 SEAEE X ANEL BT A FRANR B Akt A GSK-3p &
SESWN: DA
Fig. 6 Effect of pterostilbene on Akt and GSK-3p protein
expressions in brain cortex of rats with cerebral ischemia-

reperfusion

BB i R e 4 Zhse 5 A S Tt — 2B i
e R MLE A3 O R IS 5 A o Bl X AP 22 4R AR A
T2 THUEI R AT TE, i AL S P s 5 A
LS CAIE W] 3 BUE R 105 1 B 2R A
LM FRIR. ZIREPIRAG, WERRIA

R5 R RER M AT KRR Akt 1 GSK-3p &
BRIEREN (X+s,n=10)

Table 5 Effect of pterostilbene on Akt and GSK-3p protein
expressions in brain cortex of rats with cerebral ischemia-

reperfusion (X £ s, n =10)

RAMM AR
Akt p-Akt  GSK-3p

Al FE(mgkg!) p-GSK-3p

BFA — 0.93£0.13 0.85£0.09 0.81£0.08 0.49+0.04
B — 0.99£0.11 0.07+0.01" 0.82+0.09 0.03+0.01"
£ 5 0.97£0.12 0.15£0.03" 0.79£0.09 0.1140.02

10 1.01£0.13 0.36£0.03* 0.78+0.08 0.23£0.03

WA H H2E, Keser SENIHFFIR KRB EA SIS
S PRI T A BE o RO TR 3
KRB, R ARSI PR TT
Hh R 8 FH SR AL Rt

BN L Ty fie A8 A A R0 P s5Fe 1 PRy K RS
B TGS, PPETIRESRAVE 73 7T B H 4 2
GWIAFEE . ARG RE R, FERAKRMWE
DHREERAR VP IR TR 2, 3 S B ] A Ao i ke
I FFEE R R AIFRZ ThRe R R o i B o3 2 i
I PV 25 2 40 I X3, K BRUA 2 5t 1) HE £
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SEREIR, SEFEARACE, ALK RN B 5 4
PR 200 PR A% AN A PR 25 2 35 R A B S 1 0 B AR
T 58 2 K 0 52 7 40 B A e R AR S B O
P SR B AT R K SO R S A R, X e D
M 2 g B T RITM A TIRER —E1EH
Khan 250121 P04 1 T 38 I B SLTE T, ok
4 v it L P E VR AT S AU 15 S AT i
o 5t I A ) i 2 2 Sl 7 AR KB R,
S ITIET., BHETEEK . SOD AMLIA AN E
MIBTAAL R, WA N PUE AT B ZEE R . MDA
e BT I A AE P 0=, Tl s g o i AR
I3 It T AR SZ BAFESE . AW R, SR
Eef, LM RRMALZ SOD ihttEaE, MDA
IKCPBRAG, B~ S W] sk K BRI 4 28 AL R
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