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Abstract

Objective: To investigate the effect of electroacupuncture (EA) ameliorating learning and memory ability in
rats with focal cerebral ischemia/reperfusion(I/R) via inhibiting oxidative stress and to clarify the possible mech-
anism of EA in treatment of cognitive impairment after cerebral ischemia.

Method: Seventy-two male adult SD rats were randomly divided into the sham operation control group (SC
group), the ischemia model group (MCAO group), the electroacupuncture group (EA group) and electroacupunc-
ture non-point group (non-point group). Each group had 18 rats. Middle cerebral artery occlusion (MCAO) was
performed to establish the focal cerebral I/R injury model. The EA group and non-point group received EA for
7d. All rats were tested by Morris water maze to investigate learning and memory ability. Immunohistochemis-
try, Western blot and RT-PCR were used to test the expression of caspase-3, and using chemical assay to de-
tect SOD, MDA and GSH-PX.

Result: Compared with other groups, EA at Shenting (DU24) and Baihui (DU 20) acupoints alleviated neuro-
logical deficits significantly and promoted learning and memory ability; reduced caspase-3 expression; enhanced
activities of SOD, GSH-PX, reduced the content of MDA.
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Conclusion:Electroacupuncture can ameliorate learning and memory ability of cerebral I/R injured rats and pro-

tect nerve cell damage. Its mechanism may be related to inhibiting oxidative stress and modulating the expres-

sion of apoptosis-related gene.
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zhou, 350122

Key word cerebral ischemia; electroacupuncture; learning and memory; oxidative stress; apoptosis

AL BE RGeSk A3 £ J8 35 UL D RE
BT, KRR 65%" . INHIZHRERR T XS & H
WA IE G B AE 7 LA K AE S D RE IR A2 7 HE R OR
Wi, 2 il 2 i A o R TR AR R R . R
U B R BRI A ) 8 B DI RE R 4
TR S A B e B B R S WRFE R, RN IfL -
PP 0 4 2 R 6 P 2 ) P A 3 IR
A BB AE AR R DRAPE R X T Bl 167 ot i P
FEBU A R E AR, A kR GIR T AT
AR TTEZ —, Wl ZikAe SRR T
AT IR RN EERIIT 2 UE BT R BTG Y 70 il
ML FFRE RS T HCAEH R RRCR" T, AR
AT TE A 2 T B B IRE | 7 237 CnT B A I E e
BEATH" o AW 128 FH R BN 2l Mk e P A
T, SRS PESA A i 2E R T 5 TR R BT R |
[ERVACUE €11 ]I IR SEPN = S rA (B
BEDLA , M Bt Rl PRER AL — 2 B B A A

1 RS F®
1.1 SEgeshy) e dl

JIT A i 1) 15 T B sl P DR A P i
FE S, 72 PR AR ORI I 4 (SPF) 2 SD K
B, MACH (250+20)g , TSI 5 S 0GB W) TEAT A
FRZS w5 [ A 77140 AT IE S : SCXK (974)2012-0002], K
A EISR, FOESR 5 Wl RS LS, AL
BrRUME KRS 0 MERTAR(0=18) FERIZ
(n=18)  HL &I 4 (n=18) A/ (n=18) .
1.2 RS

IIARZFYLAAI : 38 5 KA A HE ™ ; Trizol : Invitro-
gen; cDNA 1 % 5455 £ 2 PCR Master Mix : Fer-
mentas; caspase-3 mRNA I N5 |9). FilgEA T4
H] A H; caspase-3 FB-actin HiL {4 : Cell Signaling
Technology ; SOD MDA FI GSH-PX i il & : 7 5
BAE) TR ST

756  www.rehabi.com.cn

1.3 SRRt

ARHTFTA LR sh A& 12h,. KERMEE, 2
% Zea Longa J7 i , 17 ZEM MCAO F A, il #& &tk
A SE B AT LR vk T A R R BE R A
RNk 3 ik (MCA) XA B AR, 10% 7K 45 5 B
(3ml/kg) I8 S R EN 5, A B, TE U 25038 Kz
JIK | 784 % 58 T BlE 43 15 A2 3505 3 ik (common
carotid artery, CCA) . #i#} sl fik (external carotid ar-
tery, ECA) J& £l N 2l )k (internal carotid artery,
ICA) . TESN ISk sr AL SEFLEAM 3 ik , 76 ik
DALV BN K . F Bl ke de PR st sk, S8 e
FESR B IS FLAL TE 35 2 3mm Ab B —/IN T K25
MLt 2 Y] 0 S A2 18—22mm, 5N s ik 2 4
A A i v 30 ke & S BEL T ot 3 (A /DB R k)
AT 3 S Jmy b P it it o 903405 1 H A2 S . 2h
Ja BB e Lk, iR B R AN B Ty R A
PRz . RTFARE R8sk, AGEFL Jhidk.

S IE AR AR S A 70 44 Zea Longa ¥
SIAEREAN S A TR AR AL DL F BT MCAO B H 2 157
. 043 : TCAM A DN REBATATE ; 1 53 ARESE
XPINR I 2 43« ey MEON 4 P (g A G R ) 53 93 4 1k
BsF T R L5 5 4 4 - ANRE 7 R A T, B 1o
F 135NN SNY), 053 453 T LIGIER .
1.4 A

HLET 21 225 (5 T Sl i 1 ) BBORS B 2
2 AR B i AN E 27853 0.5 51 ik,
ZH X5 1N BT, i % 8, A% 1—20Hz, L T 3—
SV,UVEHAR R B . R 30min, B K [A]— B
AT 1R FARJGEH 2 KIFMRIATT , B 2 shPrsiib
B HERIA AR TR & T rh iR, R4 7 [
S ST, NS TARATIRYT o
1.5 KR E S

K FH Morris 7K 24 B 525025 B M S AS EMGCR AR 53
Mr 2%, HARERAE 2 BOCHRS ), ARFoR 32 H



¢H4EE54E

20154F, 4530 45 , 45 8 11

TR B W MCAO K BRUE S A Tl ge A s [ R R
RGNS P 4d, WK R A ik
2min fiff 38 N A5 RN B TR S5 AH SC 4R, 525693
T IK 3l 4 A4~ G2 BR P A T 1) b BE Sl A K A
HAE 90s PN THR BN 7 T T B B) (kv AR 30D,
AN R R 250 an R oK BL90s N AR 31
&, L E G B A 5 8 10s, KB IIC A
90s. 25 [RRIALE : FE55 7 RMBRT- &, R KR
FE 90s N ZE 21 5 IR AL, RN K EUCEF- 5 1Rk
J1, B EALE RS RS H

1.6 HUbf KA

1.6.1 AR AL 4 K BRAEA T A 5E ¥ e
AT ERE TR A, R I i 3 5 10% 7K 5 & (3ml/
k) KR , AR 6 K R 2o O BRI 1
A FRER KR 4% 22 3% P VA YA, o R S S B
WU B 4% 2 R N 4°C i 5E 24—48h., H AR
K, A AR e R YD B, R Spm. U BT
PEAT 3 HLAG I A K , 7E 0.0 1M MR 41 (pH6.0)
PP A S 10min; 3% H.O, E IR E 10min, LLTH
ok PR UEAE o AR AL P i 4 3 2 s PBS P, Smin 31K,
10% 1F 1l 2 10375 340, = 3 09% B 30min; {8 2% 1L
I, 2006, TN caspase-3 —PT TAEW (1:800) , BT
MR & 4°CHE 7 s PBS Mk, Smin 3 YK, i NS & 4R
Y& bric — P TAEW , 37°CHEF 10min; PBS Mk,
Smin 3 UK, % IR L S ALY bR I BE R N (1 3R 1
YEW, 37°CHE 10min; PBS #1% , Smin 37X, DAB
BRI, [ RKFET e IR R Y PBS IR,
FEEETPIRE K, — B 2R B , M i 8 e g%
1.6.2 RT-PCR: 2 HUA Ml i 21 2L i RNA ; Fi Bt 5
Al ] B4R AE B B RNA 254 5% 4 ¢cDNA; PCR [
N : 7% B8 PCR mastermix i 57 &5 U B F 17914
5] ¥ )7 %1 . caspase- 3: | iff 5- TCA GAG CGT
AAG GAA AGG AGA GG-3', Fif 5-GGA CAT
CAT CCA CAC AGA CCA GT-3';p-actin: I{if5'"-
ACT GGC ATT GTG ATG GAC TC-3', Fif5'-
CAG CAC TGT GTT GGC ATA GA-3'. ¥ 4k
Z 20ul, H:H cDNA A 1ul, | RIS 945 0.4ul,
Mix 10ul, 7K 8.2ul W 2544 : 95 C AR M 3min,
95°C7EE 305, 58°CIR 4k 30s, 72°CHEf 305, 1 354
R, BUPCR =4 5ul, 1.5%35 I8 WHEE I He 1k , EB 4t

Y BER S . TSR b HL Yk 5 o
1.6.3  FH[IHAEEN L (Western blot) : & 100mg ik
AL Tml B4 245 R 10ul PMSF A1
PRI 1. BCA DI B8 FIVREE A - FEZE ik
TSR I, 26 12% SDS-PAGE (- 52 SL A ik e -
RINMEERE ) Yk, ¥ F% 2 PVDF B I . =i A
2h, Caspase-3(1:1000) FIB-actin(1:5000)—3 4°CI#F
B, VRS I ABRAR A A A AR ic i —$0 37°C
%W E 1h, I F Bio-Image 73 #T1 £ 4t (Bio-Rad,
Hercules,USA) & 5 il {4 ) Image-Pro Plus %X f4 X
FHEEG I B 0 550 AT KB 8T -
1.6.4 fXiZH %! SOD . MDA F1 GSH-PX il % « 76 4%
R FUHREMLEEE 6 H, S Al Bk 2 i 4, 5
TS B A BRER K — B A SIS R A 7503 A PR
KRR SRR A SR TR 9 fF , Fe o i, fifi
HASHAG, R EARE D, BRI 4F T 10%02H
GUATAE B A Y 10% 2 21 AT 3% T R O HL
3600r / min 5.0 15min, B 3, #2183 & id i 45
T AL 7 g 2 288 v g 2 468 4R Ak 4 ok Ak Tl
(SOD) | N [ (MDA) Fl 43 bt H Bk 1 52 Ak 9 g
(GSH-PX) [ %5 it .
1.7 SEil2Eoir

K F SPSS18.0 4 it #1447 43 A , B dis LA 1y
BEbp i 22 38, 2K ANOVA 2 M58 , Wi Eb 55
KHILSD#:, P<0.05 i HA i V£

2 #ER
2.1 HLAFEGE MCAO K RUIW Al 2 D) BB T2

Ry B E AR A T B ) K BT T EUR YT R
R, AR ZAT R VB AT P o AR it P 7 2h
Jo (CRG AT BRI U AR AE S
()22 5 08 5 M (P>0.05). & T TR , HL AT 2H 1Y il
28 AR PE oy S B R ALA H 22 S B M (P<0.05),
L2 53R AL 22 AT I8 35 1 (P<0.05), A 7Y
N A AE T 1 25 55700 B (P>0.05) . Ik
PEII HL AT T e L A B P A 2 R RE R AT P S 2l
EA, W1,
22 HLAMERE MCAO KR 101268

iz F/K SR B PPN FL AT SRk sl i )5 K B
FRITA N ) B RS AT R0, A RO « 6 2 T A 73k

www.rehabi.com.cn 757



Chinese Journal of Rehabilitation Medicine, Aug.2015, Vol. 30, No.8

55 v (3% 2), BLEFIR YT 0T LB S R AIR ST 357 0k ik 0 FR:
B, 5 AR AL BB AR Y 2% 5 I 2 (P<0.05), 1fif
Ao SRR AR L 2 R T B PE(P>0.05) . FE
ARG P (2 3) , A KR LT 5k
(1.78+0.32) , 54 AU ZH (0.84+0.28) . JE /T4 (0.92+
0.31) 4 b 22 5 . 2 (P<0.05) 5 1 Al /< 41 5 46 75 £ A1
2 R Ic i & 1E(P>0.05)
2.3 LA MCAO KA 24 e

K g8 4 AR i 20 2 Fh 3 7 [ caspase-
3MFRIKN . H s 2 A B 2 IR A 4 KRR P cas-
pase-3 I & & (88.22+15.38) H] i & (% T R 4
(35.48+8.45) M KIkZ , ZHA B EMEE L (P<
0.01), HLEFZHH caspase-3 (335 (59.8449.99) LA
RIZH /D 255 8 25 (P<0.05). TAE/CA(82.45+14) 5
R ZH A Fb JC B 25 22 5 (P>0.05), & J PCR , West-
ern blot £ I fixi 2L 21 8 T~ [ F caspase-3 i ik .
25 J I BEAL UL K B P caspase-3 (19 7 1 (0.79+
0.04) B BEHR TR LH (0.41+0.08) Ik E , 2 AT
B EMEE L (P<0.01). HLEFZH A caspase-3 [ # ik
(0.67+0.05) LB A2 /1>, 22 7 I 2 (P<0.05). Tk
AL (0.75+£0.06) 5 1A 41 A EE G B 22 5 (P>

0.05), WK 1—27~,
2.4 HERGE MCAO K RN 2 A4k b Ve

R B8 B X MCAO K UK 4H 21 R AL I 37
FH L AT T A B 2H 21 7 SOD . MDA F1 GSH-
PX [ &, AFRE R BN ST AR i, 4
HUZH MDA 7 & i 38, P 3 22 53 16 3 (P<0.01);
HL B 20 nT B 2 B AIC MDA 8 25 i, S50 R 4 A Fe A
A G L (P<0.05); 1M E 72 H MDA 5 it 5 A
A A A 522 57(P>0.05) . ST AR
Fed , B4 SOD . GSH-PX & & i & /b, W % 2%
51 25 (P<0.01); HL 420 7T B 2. 3% /il SOD . GSH-PX
) i, SRERUZE AR LA 2 M L(P<0.05); 1M
74l SOD . GSH-PX 5t SR AH HL 8
L EMEE R (P>0.05), K4,

F®1 HARTHEEEIRTES (x£s)
20 531 Tl M P J 2h Tl M T JS Th
BFARA 0 0
FETRIZH 2.37+0.65 1.95+0.67
LB 2.37+0.717 1.23+0.42%
e 2.37+0.68"% 1.89+0.59"%

DG HEHILH AR L« P>0.05,2P<0.05; 5 H AT 2HAH L : @ P>0.05, DP<
0.05

F2 BHAKRYEEEKEEEmER (xs,5)
20 5 FRAL EXPN EESN EAPN EAPN
TR 7 45.54+6.12 31.89+5.64 22.58+4.34 18.3445.03
FRIZH 7 79.43+8.32" 77.12£10.13 68.47+9.23" 65.43+8.67"
R 7 65.42+5.83% 50.34+6.23% 39.95+7.46% 32.32+6.81%
3¢ 7 78.13+8.32% 74.12+10.13%% 64.47+9.23%7 61.43+8.67%
OEEFARLIAH L : P<0.05; 5HEIH A L : @P<0.05;P>0.05 ;5 HLEHHAH HL@P<0.05
®3 BEARTEEARY (xes)  JGRIMER, BCRIBYY ZRMe A0 . K
w merm mwm wnm G OBFFCRBIERIAEIAS R R AR T A
W 3506042 0.84:028" 1.7820.327 0.92£031° RAFHIR IR0, Rz A 2GR R B K o

SEFARLMH : DP<0.01; SE R H : @P<0.05;3P>0.05
FT4  BEXREELD K R REEL

AL, B BHBK R 1 B 2 2, 7 Gl -5 R T 55
PR, AN P IRAR RO VE T, B R X NS RR A

GSH-Px.MDA F SOD HI 20 (xts) , . g A o ,
X ., L MANCIZIREA 3. AT A AT
o GSH-Px MDA SOD N PN N

405 (U/mg.prot) (nmol/mg.prot) (U/mg.prot) %E’—E&% MCAO jt ﬁé@ﬁ]éﬁé/ﬁ‘jﬁ?ﬂ:ﬁj\ ’ 7kji = i

BFARU 20.48+2.45 8.85+0.86 45.49+3 45 Uty ¢ W | 51— 7t BT {IE HE MCAO K B 24 )
RETIZH 18.22+3.387 16.51£1.10°  36.23+3.38" X L N N

HEH 4L 19.84£2.99%  1135£0.89%  39.3242.99% ICAZRET o WESEHUETHREE | 1T 22 AT GE MCAO KR

Jeredl 18.4543.00” 15.5141.00°  37.31+2.63% OSSR Vv

TR LP001: SRR P05 P00 e LA L RO 2 X
YA A )

SR IO e /PR AN T L Y R R, ok
DA T DN Ay 2 T Gl /PR 2 I 0 2 4 (reac-

3 itig
Et A R v L B B 2 A2 O A BG4, AL

758  www.rehabi.com.cn



PHAAEILE 20154 530% 8

1 REANLRTN R caspase-3 BIRIE

BT AL HRAILH

e[S

LT ZH
120+
ITARM Bl et Rl
OGET AR P<0.01; 5 HEILLH e - @P<0.05; @P>0.05

o
(=]

Caspase-3 1735 (cell/mm’)
w (=)
ol (=)

0

E2 RT-PCR70Western blot#ill 5 [ caspase—-3 HJFRi%

BTARM BRI Ws JRKd

Caspase-3

B-actin

BFARL Bl LA ARl
Caspase-3 - ’ ‘ .

B-actin

o =) —_
N o N
e
@

o
w

Caspase-3/B-actin AT £ ik

e
=

TR R mklal el

OS5 EFARLA L P<0.01; 5 HAIL M L : @P<0.05; BP>0.05

tive oxygen species, ROS) ™A 1 I Ir, 4 KMk
A L 50 4 2 B AR A 4R e 0 DR A i,
22X TR NRTIE s Y €2 % TR NG SE ) IR @
(R LT, 5 59 ) caspase S TR 42
A A A T AR A 40 L 0080 T, 0 2 i ke 1 5 |
E A NEIE T F IR, Caspase-3 &I {5 5
& T A OGN 3 1 R AR T S R AR
i SRR 2500 i , Ak T R T K S g 3 % A% O
B R EAR R B AE N, U8 T 0 g S R e
caspase-3 [HIIE M LB, AL R B IR BRI
5 R 7T 2l I BR R ) i 2H 2 Ak F 0 RS 1Y cas-
pase-3 FiA 5 BEUR T ARH KR BA B2, d
-2 B 2 BRI MCAO K U 14 11 caspase-3 B3R 15
o $E HL B AT 1 R R 0 P 1Y caspase-3 FR ik
AT XS 47 A He I - P 3 S 5 R R A R R

B ARG A2 2N TE 48 A A
AR, i AR PEST A AR, 40 SOD Ml GSH-PX %
0 SR, AR i 2 4L N R a7 A ROS,, i
i IEPEBTU RIS BRAE T, 4 A B R A
HEZ AHIFIAR TR , 5 | S i Joa aak A8 Ak SOy T LR
AR AL MDA o BE TS FE M 2 b A Ak
7 SOD . GSH-PX, fiff ik Ifil fixi 2 21 7 SOD , GSH-PX
TGP T B, MDA & i Fh i o Rt il 41447 SOD |
GSH-PX {fi 1: Sz MDA %tk 4 28 1 1] 1] 42 i AL A
THBRAH RN RE T ANIEAZ A BT i e
BE o ABFFREERFH ST A L, S U
441t SOD ,GSH-PX f{i Mk ]t B A1 , MDA 1) 75
HIPE BT, SR L, W B AT R O R
SOD GSH-PX {3 Pk, B# Ik MDA #9355 i<
4191 SOD .GSH-PX (193 J MDA (1% 1% i AU 4
FALE TG 25 25 5 o UE S FU B AT BRI A e o - -9
S 2 A AR NSO DA T DR A 28 200 i 52 45 4%

ZE FRTIR B REE | 2 a] GE R kEE A it
KRB TICICRE T S R ph 2 AN i VE L A T
AL T B 2 200 400 ot G e /PR 3 S AR AR I
W, FEBFEAR IR T-AH S K - caspase-3 FUFRIA . TGP
A I P R I e /PR O b 2 A A £ 1
JEIR Z — 1A Z R ERILRI AR BT & B, A 1F
iE—PIRE

www.rehabi.com.cn 759



Chinese Journal of Rehabilitation Medicine, Aug.2015, Vol. 30, No.8

[1] Donovan NJ, Kendall DL, Heaton SC, et al. Conceptualiz-

(2]

(31

[4]

[3]

(6]

(7]

(8]

760

ing functional cognition in stroke[J]. Neurorehabil Neural Re-
pair,2008,22(2):122—135.

Eghwrudjakpor PO, Allison AB. Oxidative stress following
traumatic brain injury: enhancement of endogenous antioxi-
dant defense systems and the promise of improved outcome
[J]. Niger J Med,2010,19(1):14—21.

Zhang H, Zhao L, Yang S, et al. Clinical observation on ef-
fect of scalp electroacupuncture for mild cognitive impair-
ment[J]. J Tradit Chin Med,2013,33(1):46—50.

Zhou L, Zhang YL, Cao HJ, et al. Treating vascular mild
cognitive impairment by acupuncture: a systematic review
of randomized controlled trials[J]. Zhongguo Zhong Xi Yi
Jie He Za Zhi,2013,33(12):1626—1630.

Zhao L, Zhang FW, Zhang H, et al. [Mild cognitive impair-
ment disease treated with electroacupuncture: a multi- center
randomized controlled trial] [J]. Zhongguo Zhen Jiu,2012,32
(9):779—784.

Li X, Guo F, Zhang Q, et al. Electroacupuncture decreases
cognitive impairment and promotes neurogenesis in the APP/
PS1 transgenic mice[J]. BMC Complement Altern Med,2014,
14:37.

Feng X, Yang S, Liu J, et al. Electroacupuncture amelio-
rates cognitive impairment through inhibition of NF-kappaB-
mediated neuronal cell apoptosis in cerebral ischemia-reperfu-
sion injured rats[J]. Mol Med Rep,2013,7(5):1516—1522.
Pouzet B, Zhang WN, Feldon J, et al. Hippocampal le-

sioned rats are able to learn a spatial position using non-spa-

www.rehabi.com.cn

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

tial strategies[J]. Behav Brain Res,2002,133(2):279—291.
Veng LM, Granholm AC, Rose GM. Age-related sex differ-
ences in spatial learning and basal forebrain cholinergic neu-
rons in F344 rats[J]. Physiol Behav,2003,80(1):27—36.

WA, P, 8 L 55 DA Noteh T PR T L S0 1 JRy et it i,
AR T DR BT T 22T A L 494 0 A P ATL R (0. o el R
2F274,2014,29(5):399—404.

Cho BB, Toledo- Pereyra LH. Caspase- independent pro-
grammed cell death following ischemic stroke[J]. J Invest
Surg,2008,21(3):141—147.

Zhao L, Zhang H, Zheng Z, et al. Electroacupuncture on
the head points for improving gnosia in patients with vascu-
lar dementia[J]. J Tradit Chin Med,2009,29(1):29—34.
Broughton BR, Reutens DC, Sobey CG. Apoptotic mecha-
nisms after cerebral Stroke,2009,40(5):e331—
e339.

ZHANG Suwan, LI Sumei. Mitochondria-induced oxidative

ischemia[J].

stress and diabetic nephropathy [J]. Journal of International
Pathology and Clinical Medicine,2011,31(6):535—538.
Niizuma K, Yoshioka H, Chen H, et al. Mitochondrial and
apoptotic neuronal death signaling pathways in cerebral isch-
emia[J]. Biochim Biophys Acta,2010,1802(1):92—99.

Loh KP, Huang SH, De Silva R, et al. Oxidative stress:
apoptosis in neuronal injury[J]. Curr Alzheimer Res,2006,3
(4):327—337.

Manzanero S, Santro T, Arumugam TV. Neuronal oxidative
stress in acute ischemic stroke: sources and contribution to

cell injury[J]. Neurochem Int,2013,62(5):712—718.



