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Abstract

Objective: To investigate electroacupuncture (EA)-enhanced cortical cells proliferation in rats with focal cere-
bral ischemia-reperfusion(I/R) via cell cycle-related protein and to clarify the possible mechanism of treatment
of cerebral ischemia by EA.

Method: Forty-five male adult SD rats were randomly divided into sham operation control group (Sham), mid-
dle cerebral artery occlusion group (MCAO) and electroacupuncture group (MCAO+EA). The method of Zea
Longa was performed to establish the focal cerebral ischemia-reperfusion (I/R) injury model. The neuroprotec-
tive effect of the EA stimulation on ischemic rats was evaluated by TTC and NeuN staining. The proliferation
of cortical cells in the cerebral I/R injured rats was determined by Brdu immunohistochemical staining. The ex-
pression of cell cycle-related protein was detected by Western blot and reverse transcription PCR.

Result: Electroacupuncture at the Quchi (LI11) and Zusanli (ST36) acupoints significantly reduced cerebral in-
farct volume, alleviated neuronal injury and enhanced cortical cells proliferation (Brdu positive) in the cerebral
I/R injured rats,with the increased expression of cell cycle-related protein.

Conclusion: The EA-induced increase of cell cycle-related protein may result in the promotion of cortical cells

proliferation and consequently the therapeutic effect on cerebral ischemia.

DOI:10.3969/.issn.1001-1242.2016.07.003
FILETH « R [ RBHAIE 4181273835 F181373778)

1

TR B AN T, 350122 2 R MR BORE Rise s ; 3 Ml PEE I B 4 GliRES

FEZ TR Bk, 55 AL oE Ak s Mok H 3. 2015-10-04

www.rehabi.com.cn

729



Chinese Journal of Rehabilitation Medicine, Jul. 2016, Vol. 31, No.7

Author's address Fujian University of Traditional Chinese Medicine, Fuzhou,350122

Key word electroacupuncture; cerebral ischemia; proliferation

VAR, e (stroke ) EL 28 WM fi 35 N Zefid
I BRI EICMBORBNE 2 —, F A P 75% AR
TS 225 25 ShRE /7, 40% F k. Hod e afi 1 i 2
H Y A 2 o A BRI A T Y 80%" . TR, ik
LT 51 ) 7 F A 2 D RE R i, 75 SR 2 24 A 28
A4 V) T AR MR —

A I R AN LA S IR AF 5% , AR UFSE T HL g
Y7 VR H TR T S A A B ik 2
A WF5E R I EEFRESE U M 2 AN A EET, UGS A
SR I 8 AT RE AR, F L i e i 45345 1) 40 F
B G AR A o AR 220 R RRUR ik Hh st Jk e
TP AR 0T Rt L L O
MCAO K BN 12 Joit 241 B4t 334 5V FH 9 mT eI
SR R — R P BRI AR

1 #RtEF*®
1.1 S

eI SPF ZHEPE SD KBl 45 H 44 2(250+10)
g, M1 I3 v S S W) AT A BRAS wl it £l
Bifi L2507 2R 53 R < T AR 4 (Sham) (AR 751 2
(MCAO) K HLEHH (MCAO+EA) . AT i B0 #4218
BRSO3 FAE P B I AR DGR 4% S -
1.2 FEH

e g 24k DAB AR & GHEBT A A PR | L 4R
M) 52,3, 5-F A0 =R POE M (Sigma, USA) ; Trizol
1A (Invitrogen, Carlsbad, CA) ;i¥i%% 5% PCR i 5
%5 (Fermentas, Hanover, MD) ; CDK4 .Cyclin D1 FlI
B-actin —$T M Anti-mouse/rabbit % BRAR 1< 2 AL ¥ il
—#T (Cell Signaling Technology, Beverly, MA) ;
PCR 51t 56 B (A TAEY T#2 , i) .
1.3 Bl

BRI HI1ES % Zea Longa iLY, AU « 7E
T 22°C AT R TS 0.3m1/100g 7K A5 Sl
PEAT R, 43 125 22 A %) 3516 30 ik (common carotid
artery, CCA) . #ii 4} 8l ik (external carotid artery,
ECA) Ll K #ii N 2 )ik (internal carotid artery,ICA) =
s . ARG, S5 CCA .03t % ECA G U , B
B2 P ICA 8o ity o R TH B 2R 2 S5 M 3l ik 1)

730  www.rehabi.com.cn

FHR A SN Sk, B2 /D1VF R B JERE , ETPY
SN K AT SADE AR A2 17—19mm B AT e ifn BH bt
120min & , 251218 1 Je 4k, PR A2 i, ik e 1 A v
RO RR . BFARL R sk 5, AL
M4 FHRREZE . % Zea Longa MIZ84T EE4MFRiEH
W MCAO BERUE A B . BARTE 4R - 043 T
P REBALE 5 150 : ASRESE AR BT FT I 2
3 TR REN % B 5 3 43 < 470 B [ s R 000 451 5 4 5
AR B RATE , BRI 1—3 49 A S5
1,045 450 T LIS .
1.4 eI

AR 2 35 ofe [ 5 R, BUAT i Rl 3 X
(LI1L A 3 i P 56 1AM 7 (4 IR o) R A e
J R =B O(S36: T Ja Ml TEMEE /R TR
2y Smm Ak ) o, {7 0.5 <A A8 22 &, Bk
0.2—0.3cm, H AP, 1 %/d, 30min/ik , 3L 3%, F
FARIG 240 TFIRIRYT o ARTF AR SR R fkF7[R]
FERHRIP I 2, AN TR AT 10,
1.5 BrdulfE 5

¥ Brdu (Sigma, USA) % fif F 70 I 19 A= 3L ER 7K
b T 2R B S 10mg/ml i TR , B BT T Tt 56
JI& 3 5 Brdu (50mg/kg) , 2 ¥k/d, Hr 1] [a] B 8h, fieJ5
— R TEST 240 5 A TEUR
1.6 S ab3

HLET T HISS 35 , BRI 6 H SD K R & e
YR HE 7T PBS 1 4%PFA Y5 45 200ml, s S BLH
U R AR AR 285, i TS T Sk U, 129 T 4%
PFA FRgEA 7 Ji5 [ 5E o 24h Ji (i FHAS TR0 B (T RS 44
UK H KB ORI A DL e 4 b 5
5o AT RBEEWSLE, 4 LT TTC Y, 5
S0y B il AN A I 2 21, W R AIRAR AT, DA H
FEFHMRNA,
17 A ik KA b
1.7.1  TTC Yeh K ik i K SR 2 20 A V) i
Foob B T -20°C 7K 46 20min J5 , FH 30200 70 H 2=
BRI B ARASE i T 43, R bR T VTR 6 e, B
(RS2 2mm. SR B RA DI 5 30 /N 17
BB 1A 2% TTC 4 i, 18 R 46 ok e &



20164F, 55 31 45, 55 7 11

PHAAE 542

15min. G {8 J5 B i 7 48 0 7 4% 55 Hb & 1A
b I 4 PR B A AL (PowerShotSX201S ;
Canon) A& . 1 FH Image T G B 4k, 31580 i
HAREBEE 43 HE

1.7.2 S e 4RI AR TR AT - ok
SEU) 7 I A TE LB AOK , 2R J5 DNA A8 (F F Br-
duef):2N HCI 37°CH# 5 45min, ffi DNA 215,
0.1M Bl 82 175 & (pHS.5) ¥k Sminx 3 YK ; Jiki 2H £ 0 7
0.0 1M % iz £ (pH6.0) 1 A T 9T S A& &2 10min; H
SRV HIE ,PBS ik, 10min 37K, 3% HLO. 0 &
7min; PBS ¥k, 10min - 3 ¥, 10% - Ifi 5 & 4]
60min; — $t (Brdu 5§ NeuN)4°C i #% ; PBS ¥ ,

10min 3 %, 40 TAFE W 37°CH# H 30min; PBS it
VE. 10min 3, BEE O T H AR 3TCHEH

10min; PBS #%k, 10min 3 ¥X , DAB i {65 & {4
90s, HRAKVEWR TG, IF AR R Yut%, PBS IR, /it
KB, PER B 1 T 5 SR AR B8
1.7.3 EHEHAASZEN I (Western blot) : i1 2L i
NI 5 () 201 i 447 TR PMISF G A7 T A S R A 1
JBi o 25 T i i e o A ) B R R, 98°C
PARVE BRI S0pg 21 ZUFE A £ 17 () SDS-PAGE
(12%) HLIK G . SIRAAE T, 5% AE 4= 1 ¢
[4] 60min, CDK4(1:500) ,Cyclin D1(1:500)F/1B-ac-
tin(1:1000) —#HT 4°Cit I F , TBS W 10min 5K
VRV R, BRI A AL AR IE B PR 3T CHE R
2h, TBS 10min 5SIRPEWG, ECL AL kG
AT 8 {4, 3£ K F Bio-Image Analysis System (Bio-
Rad, Hercules, CA , USA) 52 1% 5047 o
1.7.4  5i%% 5 PCR: 5% F Trizol 325 42 UK £H 2 1) 4
RNA 7 i, fr Il RNA W FE 22 5, 4 BRG Sfalh) &
FHN IR mRNA i 5% 5% 55 cDNA . PCRY 3244
“f7 95°C i 4% 1 3min, 95°C 48 ¥ 30s, 55—60°CiE k
45s, 72°CHEAH 455, AR PR IR K e SE Ak 32 MR
% )5 72°CHEfH Smin,

ST HR -

CDK4: Forward 5-CTT CCC GTC AGC ACA GTT
CGT-3,

Reverse 5-TGT CCA GGT ATG TCC GTA GGT-3';

Cylin D1: Forward 5-GAG GAG CAG AAG TGC
GAA GA-3',

Reverse 5'-GGC GGA TAG AGT TGT CAG TG-3';

p- actin: Forward 5'- CGG GAG AAC AGG GTA
TGA-3',

Reverse 5-CAG GCT GGA AGG AGA AGA T-3',

PCR Y™ 34 7 W e B R EE I (1.5% ) b kA TH
VKo HLUKJS {3 Model Gel 2000 %5 1% 2 48
(BioRad, Model Gel Doc 2000, USA )X Fr Al it
H R KA 2 LI PCR 7= 1) 1 K B (B kAT HL A%
AT, T A5 mRNA AYAHR 5
1.8 Hit#ortr

A SCHAE ¥ DL B+ bR E 25 R ORI
SPSS16.0 2 kAT Ge 127 b B4 B, WA 2H ] 1) A
DUJ SR FH 0 S FEAS ¢ K636 5% Mann-Whitney U K56, DA
P<0.05 274 BEMEE L

2 H#R
2.1 HERCERE” R = 8 MCAO K BRI Al
VIAIN A

I FH 28 B TTC G 8,0 A DA i ke 1A 75 179 Ji 2y
54, D R d gl R = B8 MCAO R
FRIATT R W PR TR A I 2L 21
R IE AR R UL T B A R BE X, H
28520 3 RIWHLENAYT , AT ALK B I A T B 43
R /N F R4 (MCAO: 36.83% + 4.68% ,
MCAO+EA: 24.38%+3.84%, P<0.01). it
it 5 = L iR A FRURAT — S A AR
PRAPER] S
2.2 HUEFEUER R R 2 oot

h T AT 2 — B0 AT i ke it F o

E1 MCAOEEE3d, HFEARMAEARNTICLE

Sham MCAO MCAO+EA

LLECIE R IGHZ, O AESERR

www.rehabi.com.cn 731



Chinese Journal of Rehabilitation Medicine, Jul. 2016, Vol. 31, No.7

ZARIPE ], A SE 3038 1 NeuN i AL 4, B
L WL MK RSB DX I ) o 22 TC A0 T 25 A B S
fEtis il . antEl 2 s R AR R BB s il 220
MK H 2, 73 A 38 5] , HEFRE ST I 25 R0 K 2k
IEHR M BB A SEM B2 it 22 o] 2
A, AN HEBEAS RS AN, 5 = HE;
M2 -EHIRYT Z 5, REAE B o i 22 s 4 i i
S 5 PR TR o P g R LA L BT
DATE— B R EE 0ROt 28 TT 45 , DT ke 38 i 22
RS o

2 fuERIMIRG 3d)E , BEK RHERE R

M THRKIER (HE % ft)
MCAO+EA

Sham MCAO

7 : NeuN fy b 2 T (0 S 26 11, LR o A Yo
AR A 2 e T
2.3 BT E R B 2 2 M A

5P -2 B 42U PR AT (Brdu) & —Fh A T8 Y
FATER , T A5 M1 55 4 kb A2 S 1 G 20 i 1)
DNA 1 (S ), #| F Brdu Y5 S PEPUIA S5 2 854,
AT LUK B A A A A0 . DRI, A 9% 8 3 Br-
du 1) DAB 8 414k 7258 ULEE i B i e 1, -
005 K A 2 A A G T O - 25 SR WT (K1 3),
SR T AR LA H A, 575 2 0 e 2 A R B A
B 4 2 B BH B B0 28 41 i 3% 5 (Sham:7.41+
1.37,MCAO:67.93+12.04 MCAO+EA:176.33+43.12,
P<0.01) , SR, FELET 2L 114 184 58 T A A 70 2 D o
BR (#P<0.05) o XH/R T HLEF Rt ” /2 = L
5N U B2 Jo A o 2 20 B EL AT — R A e B A
M.
24  HAHEIEA R I #RA

21 Jfd J51 39 2 11 (CDK4 1 Cyclin D1) 1 4y 41 ifg
JE I ) 98 R -2 — , AR A G G TR
FEMIMEH o >R Western blot 1 RT-PCR #; il 5

53

PRI, T A 2

732 www.rehabi.com.cn

WY Kz JFi 7 CDK4- Western  blot (MCAO:1.62 +0.22,
MCAO+EA:2.83+0.18,P<0.01) ; PCR(MCAO: 1.61+
0.35,MCAO +EA:2.69+0.42,P<0.05) #l Cyclin DI1-
Western blot (MCAO:1.55+0.47, MCAO+EA:2.24+
0.84,P<0.05) ; PCR (MCAO:1.74+0.17,MCAO+EA:
2.2840.27,P<0.05) KA 1H OL , FLEHEH 9 2R B 7K
R TR (DLIE 4 F05) o AT DL T o™ 2 =
FLT R A SR I B S5 A A4 R B A v Ak

3 fuERIMIRG 3d )5, AKX RNHER R
M REEYIETE (Brdu') 155

Sham

MCAO

MCAO+EA

x100 x400

B4 Western blot 3£ NESE & B h
CDK4 #1 Cyclin D1 I B RILIER

o P e T e

Cyclin D

actin

Sham MCAO MCAO+EA

E5 RT-PCRiEHIMFESE R R CDK4 7 Cyclin D1#)

RNA RiEER
Sham MCAO MCAO+EA



PHEAE AL 201658 45314 457

3 it

20t S 3 28 T AR R L AT B
J2 TR 2 MR I (CDKs) ] 191 2 (Cyclins ) 1%
9 2 ARG S8 e i DR (CKTs ), H: R 41 ] 34 2
F(CyclinD1)F1 CDK4 7 i i 20 i 1 5t ) T e 45
SRR . 40 R B8R P (CycelinD DA A 241 it J5 31
E P IRT 2 —, 5 CDKs 454 Bk s il 2 414,
AT G130 3 2 1 (Rb) B IR 1L , M HfESh 20
it JE30 Hh G A 2] S B 409, e a4 2 g b g

SR PN 1 o 1 Sl &3 1731 | 7]
BEPERIFLT , WA 5E X AR AE 0 25 X 2345 KA ) 20
JHLHE B, 2 K S A A T i ke, HAT ful Rl e
RETEZ RFRE R BRI 5 2 40 i b 2 20 B, AT
HUEEM A DIREBU, H A3 S —EW . Tao Ml
Kim ZEAF5E7 93 B e BT BB 02 1 o 2 200 6 174 386 7, 4c
2 10 ke L5 Ao 8 A R R, AR IR i ke o 46349 7
SR AN . BOASBFSER ) Zea Longa Zife:
37 MCAO Ja k4 i e iy P v E AR, 3@ 4 TTC
FINeuN Je €0 02 H X i R af K Ui w22 R4 4
FH 05 Brdu fez 21 Ak 2 W i e i, 3d J5 K B Jo
P2 A o 4 A O [RDES 1 FH Western: blot A1 RT-
PCR #6:10 fiki A% 4E iz Ji 7 CDK4 Al Cyclin D1 Yk
T, T2 PR AE DGR AP R R

ARSI TTC Y B 25 2L A T MCAO B[
B, FERIAEF T R A s L = B AT )
A FEAAR TR B P 22 AP A T 35 2 i ) AR AR A
GO iR A TR T VE T e el
L SE 45 R R, FEF AT B R 8EE MCAO K Rl
JCA , fE SEAE ST P 22 4 M B 345 . CyclinD1 Al
CDK4 5 i fift il J&5 1 4 I 14 58 5C R % D), i 3 g
PEVER] ., BERIZH CDK4 il Cyclin D1 2635 5 T
FARA, X8 BA A0 M A B 1 2 5 T i ol of, 5 4+ 46
A ARYIETE , S 2 D RERIK AR A — 2 AR OGE
5 DA Mg dFe I A4 AL F 58 235 SR A — 35, T i < il
h” L = EL T OCRR A UE— 25 2 5 L mRNA I [
FEIk, B A TR , AR HE T BR IR

25 L TIR B AT BRI (R Mk e i A BRASE
BB T R 2 A IR i A, 2 5 b 42 T VR N T g
PR, INITAE— B R R ff 2 D) Rl . FRL AT
i R B e R 2 A DG B

FIR IR, e ER AL K2 Jot A 22 240 4 5, X vl i
e AR TR Y LG 2 — . FE, i R 2
J7 TR 1S HRE , 22t B 2 s me vl il FUR R i
Bz — A SRR R A T — PR R

SE

[1] Donnan GA, Fisher M, Macleod M, et al. Stroke[J].Lancet,
2008, 371(9624): 1612—1623.

[2] Roger VL, Go AS, Lloyd-Jones DM, et al. Heart disease
and stroke statistics 2012 update: a report from the
American Heart Association[J].Circulation, 2012, 125(1): e2—
€220.

[3] Kim JH, Choi KH, Jang YJ, et al. Electroacupuncture acute-
ly improves cerebral blood flow and attenuates moderate
ischemic injury via an endothelial mechanism in mice[J].
PLoS One, 2013, 8(2): e56736.

[4] Jin Z, Liang J, Wang J, et al. Delayed brain ischemia toler-
ance induced by electroacupuncture pretreatment is mediated
via MCP- induced protein 1[J].J Neuroinflammation, 2013,
10: 63.

[5] Liu H, Shen X, Tang H, et al. Using microPET imaging in
quantitative verification of the acupuncture effect in isch-
emia stroke treatment[J].Sci Rep, 2013, 3: 1070.

[6] Wu P, Mills E, Moher D, et al. Acupuncture in poststroke
rehabilitation: a systematic review and meta-analysis of ran-
domized trials[J].Stroke, 2010, 41(4): el71—el79.

[77 Kim EH, Kim YJ, Lee HJ, et al. Acupuncture increases
cell proliferation in dentate gyrus after transient global isch-
emia in gerbils[J]. Neurosci Lett, 2001, 297(1): 21—24.

[8] Tao J, Xue XH, Chen LD, et al. Electroacupuncture im-
proves neurological deficits and enhances proliferation and
differentiation of endogenous nerve stem cells in rats with
focal cerebral ischemia[J]. Neurol Res, 2010, 32(2): 198—
204.

[91 Longa EZ, Weinstein PR, Carlson S, et al. Reversible mid-
dle cerebral artery occlusion without craniectomy in rats[J].
Stroke, 1989, 20(1): 84—91.

[10] Zhang RL, Zhang ZG, Roberts C ,et al. Lengthening the G
(1) phase of neural progenitor cells is concurrent with an
increase of symmetric neuron generating division after
stroke[J].J Cereb Blood Flow Metab, 2008, 28(3): 602—611.

[11] Shimada IS, LeComte MD, Granger JC, et al. Self-renewal
and differentiation of reactive astrocyte-derived neural stem/
progenitor cells isolated from the cortical peri-infarct area
after stroke[J].J Neurosci, 2012, 32(23): 7926—7940.

[12] Nakagomi T, Taguchi A, Fujimori Y, et allsolation and
characterization of neural stem/progenitor cells from post-
stroke cerebral cortex in mice[J]. Eur J Neurosci, 2009, 29
(9): 1842—1852.

[13] Nakagomi T, Molnar Z, Nakano-Doi A, et al. Ischemia-in-
duced neural stem/progenitor cells in the pia mater follow-
ing cortical infarction[J].Stem Cells Dev, 2011, 20(12):
2037—2051.

[14] Kawai T, Takagi N, Nakahara M, et al. Changes in the ex-
pression of Hes5 and Mashl mRNA in the adult rat den-
tate gyrus after transient forebrain ischemia[J]. Neurosci
Lett, 2005, 380(1): 17—20.

www.rehabi.com.cn 733





