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Abstract

Objective: To investigate the effect of electroacupuncture (EA) promoting hippocampal neural stem cells
(NSCs) proliferation in rats with focal cerebral ischemia-reperfusion (I/R) via Notch pathway and to clarify
the possible mechanism of EA in treatment of cerebral ischemia.

Method: Fifty- four male adult SD rats were randomly divided into the sham operation control group (SC
group), the ischemia model group (IC group) and the electroacupuncture group (EA group). Middle cerebral ar-
tery occlusion (MCAO) was performed to establish the focal cerebral I/R injury model. Proliferation of hippo-
campal NSCs in cerebral I/R injured rats was determined by nestin immunohistochemical staining. The expres-
sions of Notchl and intracellular domain of Notch (NICD) were detected by Western blotting and RT-PCR.
The serum level of vascular endothelial growth factor (VEGF) was measured using enzyme-linked immunosor-
bent assay (ELISA).

Result: EA at Quchi (LI11) and Zusanli (ST36) acupoints alleviated neurological deficits significantly and pro-
moted the proliferation of hippocampal NSCs (IC vs EA: 173.40+£38.76 vs 246.80+47.73, P=0.028) in cerebral I/
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R injured rats; enhanced the expressions of Notchl and NICD, crucial signaling molecules in Notch signaling

pathway, and increased the secretion of VEGF.

Conclusion: The up-regulatory effect of EA on Notch signaling pathway and neurotrophic factor secretion may

result in the promotion of NSCs proliferation and consequently provide the therapeutic effect on cerebral isch-

emia.

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

Key word electroacupuncture; cerebral ischemia; Notch; neural stem cell; proliferation

i 2 v 2 B Ry 2 A N S M R A A R
L 50%—70% A7 & 15t B A ™ EE 1 3R, BHAS I
FOHOE A TS B TAE, 4 Z 0 it 2 R UTE 1
B Al i A XU A R 2 I A Y
2/3110 e afi 453005 P 5 R A A 2 D RE RS, —
ST R 2 SR AR AR A DR MR, R I PR RN A
SR RS HL AT PR VR TN i A T2 A 50
Z—o HERTHAIFTY % B i Sl i 353 497 R I 45 R BUA Py
2T 40 (neural stem cells, NSCs) K 3%5H i
BRI, S 502 F A R 2 I Re R, —
FEEE b ph e DhRe st , it 1 i B IR 7 Wl ak—
A RN R 1M NSCs B R 70K, Kim 2“8
FEHE/R HL BT BRI T T 5 U TR BT 240 R AR 15 9, T g ek
S BB AR B G i ke i 433 4 19 53— AL
i AN B

A 3 FH R BRI w2 Pk sl ot PR AR
5 7E M\ Notch 15 51 B4 A X i e i 7 1
B T Pt 28 A4 P (2 14 B A T B mT REAILAR , R Bt
I PREEHE—E I PIRAR M

1 ##R5FZE
L1 SERshnd

JIT A ey 3473 ] s sl ) DR A A I R R
B S . RO T g B AfEME SD KR 54 K (Bh#
fit*5-:2007000638342) , (A T (250+30) g, 1 |- it
3 v S B s W) DA A PR\ (AR 7 VR AT IE S A
SCXK (7)2012-0002] 42 3t , L FEHLEC T 73 -
AR BV AL BT 2, A5 18 HL
12 FEH

Trizol (Invitrogen, Carlsbad, CA) ;i 4% 5% 7
%5 (Fermentas, Hanover, MD) ; Notchl #/1B-actin —
UM AR R A AL —$i (Cell Signaling Technol-
ogy, Beverly, MA) ; Nestin — $T (Abcam, Cam-

400  www.rehabi.com.cn

bridge, MA) ; K il BDNF #1 GDNF ] ELISA i{7] &
(PR AR A E], B .
1.3 A&

RERVEIVE T B QT R AT A L5 sh ) A 55
12h, FEZ i 22°CHKAM T, KR EG , 2% Zea
Longa J7 i, A7 MK v 2 ik 4] %€ (middle cere-
bral artery occlusion, MCAO)F-AR . &S 3ml/
kg IK A GEE VEA T IR , A RMOZ , 1 A 0 5038 Kz Tk
F057 7 B Il 43 2 20 M 35S Sl ik (common carot-
id artery, CCA) .#1513)j ik (external carotid artery,
ECA) A #i [N 2 ik (internal carotid artery, ICA)
WK EEFHL CCA LU & ECA, I F sl ik e e 141 i
Ui ICA . FESUR B F i3 X Ab %) Smm 4b BT —“V”
RN W B & U AR 25000 s ks A S sl ik,
BHZ2ADVFBH T, RIBE K G sk A AL, )
4 sh ik 5 # Bh Bk 43 AR ST 24 A 29 18—
22mm, FFEEFLIN BINK, 05 10 HALAE G o FFdkiil 2h
Ja BB e R4, . g R AN B
YR EIA) I R R

SN I3 5 WS HARZS JeAToh , #% Zea Longa
PEOPARAETEN Sh 04T 722 A LU T MCAO #5¢Y
TR . ARTARE R sk, AL5FL AL
TARGEAT , s AT AT RS B, 4E+¢ AR AE
37CkEA o HARTEAFRUEN - 0 43 Tof 48 ) R k4t
IRAIE 5 153 : AN e SE AR XA 5 2 43« 1) i e ]
SR 53 3 AT L I PR REOABTEE] 4 43 AN AR A R AT
LB IR N 1—3 0 N A SER S, 043 4
3T S
1.4 BTG

R PR [T 3 il o K B (275 (RS2 50 3 )
2SI R L COR R E A7
S (LR R )P Z N TR Al HARAE R 30
505725, B 0.2—0.3cm, 17 FH G6805 HLATHYL,



20144F 552945 45511

PHRAa5 44

HLFRIEAE R 6V, AR ERBR BL 8 o0 BE | i 25, A%
1—20Hz, F:RX HL 5 30min, 1 %/d, 2L 6 K, FARIG
2 RIFURIRITY o ITFAR YL SAE R LA RIRE Ty v [
30min, HAZEA T HUETH1
1.5 Hubrabs

TS A5, R ANE I VST 10% K A AR
JPRBEEATEOR o A K BRI 208 E 3 kR i Sml,
MK T2 6% & 2h 5, 3000r/min &5.0> 10min, 4355
M3 , -80CHATFEM . FHLHE 6 R A RA A DFEK
URTE T A AR 7K RN 4% 22 58 FH VAT, B e s =k
TRUING , 283 T 3 11 5 RO I 2H IR T 4% 22 3R H R
WP, 24h J5 H RS BE LK L 2RE B A 0
LI, s 2L R U) e, VTR & Spume R TR K
BRAN 2800 JUE R 2 e 7 S B, 4 2 ke ot o v 5 201
21, -80°CLRAE, LA TR B T RNA
1.6 Ky ik Kb
1.6.1 bt B DA AN A Y) idk
A7 H B B i A K, 7E 0.0 1M MI# IR EM (pH6.0) HH A
UM 10min; 3% H.0, % IR 75 Smin, AT A
JEPE S 48 AL P W 45 M 5 PBS Wl , Smin 37K, 10%
WEH 2 A, 2 TR 7 30ming i 22 L3 , 27
YE T /N BT B nestin —$T T/EWE (1:200) , &
TR 4°CHE % s PBS Wk, Smin 3 UK, i hIidE i
AYIFEARC RSN P TAER, 37°CHF & 30min;
PBS #fi5, Smin - 3 K, I INBRAR 1 A AL M AR L
U0 HE TAEW , 37°CHFE 10min; PBS #1{E , Smin
37k, DAB K 5 €8, 1min, 7K 7043 vk ; SRR
R YL PBSIR A, ARSI K , B RIERH , bk
W iR .
1.6.2 M AEEN I (Western blot) : 5 100mg ik
HA P Iml 4RI 2L# A 10pl PMSF fifi Al
PR T 75 H s Wi B R s
PEJE , B 50ug 22 12% SDS-PAGE (-1 5 S ai fisk iz -
RINMERE ) K, ¥ 2 PVDF I E . 5%/Bilg 4
Wz YA 2h, Notch1(1:1000) \NICD(1:500) Fl1B-
actin(1:1000)—47T 4°CIFE 1L , YERELS I AR 21
AALDI PR IC ) 50 37°CHR % M F 1h, fJ5 ECLAL
2F KRG R, 3R F Bio-Image 43 M & 4 (Bio-
Rad, Hercules,USA) i 5 i 15 & Image-Pro Plus %X
PEXTEHE G B 0 5 A T IR B 50 HT

1.6.3 %% 5% PCR: Trizol 32 42 B e il i v 5 2H 41
A9 5L RNA, K Il RNA ¥ i, 9K J5 M3 4l Fermentas i
8 AR ) A PR AR DLW B mRNA 356 %% 5% ok cDNA,
PCR " 1 2 BN 94°C F1 25 7 3min, 94°C 48 ) 30s,
54°C—62°CiE Kk 30s, T0°CHEAH 30s, 25 3B 2k ZEfH
I35 MEER, B2 5 T0°CHEH Smin.,

SIYIF 5 R -

Notchl:

Forward 5'-ATC CAT GGC TCC ATC GTC TA -3,

Reverse 5-TTC TGA TTG TCG TCC ATC AG -3';

B-actin:

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

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

W5 PCR 938 7= W 1E 1.5% B I W R I - a9k .
HA, Yk 45 o) 18 FH Model Gel 2000 %t i i 18 & 4t
(BioRad, Model Gel Doc 2000, USA)Xf H fitj 3k
Kt BEBEE R PCR P () I BE (A 7 LU 43T, AT A
H mRNA FAXT 518
1.6.4 IR G W B % (ELISA %) : #id 4 ELISA
TR B BH A5 6 R BRI 3 R ) i A P R AR K R
(vascular endothelial growth factor, VEGF ) K~k
APREI iR B A IR, S BIKE R i Kb
S A M, BEAL 100l , 7840 R A1 5 & 37°CIE
120min. Fifi 5 4% 26 BRAEFLAK UM A 100u1 4= 9 K bx
WCHLAAK , 37°C 1 & 60min; 100pl il br , 37°CIHE &
30min; 100pl TMB i (43 , 37°C #% 4b 52 v 15min,
B AT T 5 R PEAR , 7 F T I A VR A .
i ELEE A 100pl 28 11 ¥ , 7% 30min P A il Fr 4
(BioTek, Model ELX800, USA) T I £ 450nm b
B2 ODE, i bRt Ze 151 VEGF e i .
1.7 Seil2Eotr

JOT A5 B30 35 LA 35 B b o 25 o, 1 SPSS
16.0 FRAF VAT GE 2440 B, W 4181 D) R FH ¢ 4G 56 (in-
dependent-samples-test) 5, Mann—-Whitney UK % .

2 H#R

2.1 HEFEGE MCAO KR # 28 D RE BT T 43
TR ZE TR T 2L 7 i BRIl P 2h 5 (R ZEH

BT84 =2 )P A 0 25 S G B 2 1 (P=

0.747) o T 76 i i I P08 3 7d I (Gl L 700D

A2 A 2R T 40 S AR L A L 25 S AT S

www.rehabi.com.cn 401



Chinese Journal of Rehabilitation Medicine, May, 2014, Vol. 29, No.5

FL(P=0.033) o MR 71 LA XoF IR e AL RS B )
SURBUEIRA W B SGEE . WA 1.

1 HEIHEERIRITESD (vs)
21 5 i P S 2h Bl PR fS 7d
BFARH 0 0
e e 2.63+0.52 2.00+0.93
FER AL 2.63+0.74" 1.13+0.35%

LRI L DP > 0.05;@P < 0.05
2.2 HUEHEHE MCAO K BRI H) i 28 T4t B Ay 15 7
M2 i+ 40 9 % 11 (neuroepithelial stem
cell protein, nestin) X FREE F , FEA 2T 40 1)
FIRAL G T IRAG T T, 2 b 28 T 4 M B8 A 58 B
J& , HAGRTFUR T B, 1l AE H oAb 25 Tl s i b 22
AR5 1k 2k . HEG nestin E 9% V2 W H T &
T2 R 2 2 3 o Nestin G 2H Ak 7 U8 P
TP e R SR b 22 T A L AR G B OO0 - 2 SRR
B (D), 518 F AR 4(50.75£34.07) F H , #5578 45
(173.40+38.76) M H1. 51 (246.80+47.73) 2H K B i 1 14
P HR (] 22 B B I 1) 22 T 4 B3 5 (P<<0.05) , 17
HL BT ZH S 1 U RS ZH AN (2 (P < 0.05) . 31X
TESE T HLAEF I i R B O R B i
PR T4 B (RS AR . WLIE 1,
2.3 HUEFE SRS 0 T 2H 2 Noteh {5538 51

Bl AEkmif{ 7d 5& A K RELDNEDEIRE
#2220 (nestin®) BYILFETE IR

A—C(%50)F1 D—F (x200) 43 A fisi e i 5455 7d Je , e 24 g A% 24
BEIRAZE YLK (0, nestin FHEANI Mk 46 (0, AN Sk R .

402 www.rehabi.com.cn

ik

Notch {55 5% 538 4% 78 il ik il )5 NSCs (%3 58
AL 2 e 2 R v B B R E R,
Notch 52 44— H YRS , B — A1 ML N A B
NICD, %% i A A HEA% , (2 F 5% S IR Hes JE R X
54y (4 Hes1 \Hes5 %5 ) (Y BRI K15 . K FH West-
ern blot F1 RT-PCR £ I £ 2H 24 1 Notch1 FINICD
FEIRTE O, AL A F IR K 3 TSR], AT
Lt 2 = B CRB S A I St i 0 v 2R 21
/1 Notch {5 5l A9 IE L. WK 2—3,

B2 Western blot ;&g D HA G
Notch1 F1NICD HE R RIEER

[B-actin “——

1.2

mm Notchl
4 EEINICD @

Notchl 5 NICDZ
FOAH X ek
N N
J-k N 0? S

.o
o

0.0+

SIFAREXT L : DP < 0.05; HHEAIHXT . QP < 0.05

3 RT-PCRix#liE D 4H 41 h Notchl B
RNA RiEER

SC IC EA

2.4 BRI AE N R AR KI5

M55 PN B A=A PR R SRS 7 PN R 200 A 24
A5 A R AR YIAC , ISk I0 5 VEGF 7E M K2
20 - 1 2 TR A S I A A R A T RE R A
HABEEZE L., CAKNIMIFEERA" Y, VEGF
TE RAE A U PN AR 22 it Hp 3k, HL 3R BE i mT



PHRAa5 44

20144F 552945 45511

PIAEFE NSCs By 358 , 1 HLXG AN Sl afn A — 2 1 ph 8
97 /E o Ren H Finklestein %& B , {4 N 13 5t
VEGF 1] Ly /b o tfe i, (%) 45 AF. T R, ol 35 # 22 T
Bl 350 0E R o F ELISA ¥ 46 W & B0, B 78 2
(126.05+16.89) K [l 7% H' VEGF 7K VA FARH
(68.02+23.45)HH g T} (P<0.05) , T FL 1 4H.(202.50+
53.73)n] PE—HAE E VEGF 1943 (P<0.05)

3 g

H i N A B B 58 R 20 A AR R
FLEY NS X TR IR ] SR R Rz o
B8 H I S XIS A NSCs 77, Hirp | =4
I [X (subventricular zone, SVZ ) FIVE T AR 0] 49
Wiki T J2 (subgranular zone, SGZ )2 A K ini i I
P2 T AN 0 oA X, XS T2 i AE 1 T
0T AR F ORI RAS 32 310955 2 PR 28 CAn i ke 1f. )
B BTSSP R 25 ) NSCs Bt 23 B G , 9 A B
B AT B, I AR B X, B OB S 2 40 )
P20, —E B EUGE 2 DIRese . iR
AT AT e vE G B IS NSCs AOBGFE 4k P
EUIHF AT E 2 B B AT LA I sk o i P U
NSCs 45 , I 0] IR KT FE A M ) A2 78 Jo 240 it
CUiEZTved /5 s

Notch {5 55 % 5 38 I 76 G 6 1M J5 NSCs [ 3 58
S AR 2808 5 R B rp 5 S A R
Notch 37 {4 2 —FES B 11, — HROE ol R 2%
1 AR 1 y- 40 0 T 234 i S3 A7 s, TG B N B
NICD (intracellular domain of Notch) , ¥ 4& Notch
ZARBTEETR S NICD $685 E A 4iiffif% , 5 DNA 24
A8 M Rbp) gl T A ST E A1) AR i i
SR F Hes JE R K5 3 T 1 FE I 63k . Hesl 212
JHE - B - BER T B S DR - 5 v A R R 4 IR, 2 b
JUAAE A ], ZES = Hes1 (5O T , Notch BEAS
REAI T A 22 JT A LY 43k, B Hes1 J2 Noteh {55
T LT BRSO BE DR X T 4ERE NSCs R 7310k
POV 3 e VA NI R R

WS SR, AR K BRI R L5 7d 2545 R it
Ll 22 20 L 14 5 1 i W, 22 S5 i Il s o AR
W5 R FHER AR T2 2 37 MCAO Jay k- ik e i -
KB, 38 1) nestin 502 ZH A0 V5 WL ki e 1l 7d =

K BT ot 28 1 A L ) 3G B O, G DN T 5 2 41
H1 Notch1 F1 NICD f A5 5L , #R 1+ Noteh {553
FEAE A ) REE T o nestin S0 1AL S2 625 L
N (UL D), 2850 v 5 bl 28 A M FE e 1l f=
AV E VbR T 7 23 A v TR . (&1 AT I nestin
FH A %) SN 55 LR e Joe A AR AR, A7 SCRiR IR 1A
i ke 1t S 5 IV B R G S5 40 AN 6 ik GFAP
(IR BT A bR 124 ) | [R]EF s 3R 3K nestin, #7E
JE S S A R — e . BB 4H Notehl il
NICD 2R3k 5 TR T AR 4 IX 156 W] Noteh {5 553 [
ATRES S T Mk Il f5 Vi S P 2 T AR A 35 7, 55 DA
FE RS A5 A — 2, i HL R il R
TCHENS E—2E 16 1k Notch i B¢ VE 41 fu 34 5E . [R)
B, FRAT B B Y G SR s HL A X S A RE
MCAO YA FRUER IS 1L H1 Y VEGF & it i o
LA Mo B G L SUph 2838 37 -, i 8 Y
Rz Az K R 7 B0 IR M #2488 5% BT (brain-de-
rived neurotrophic factor, BDNF) , k3 finn] DI
HENSCs FYHEFE , Xof i ok i A2 2 o 28 APV H

g5 B TR, H BT B AR A i ke i R BRI Y NSCs
KEIGH IR, 2 S AR FN A 2L Be
IV, NITAE— 2 FEEE b MCGE R T Re st . 1
FELEF il /2 = B CAT 3 2 6 Noteh 15 5518
1%, [FIE Y VEGF #9430 , AT A 2 T 1 p 28 44
JHL P 14 B, 3K AT RE A IR T ik ke i ) B AL R 2
—o HEFATE ) Z iRt 200 L 22 PR DR ik gl
FRREER D (R E P2 D) REPR & . Noteh 5 53 #
R AT g R H R IR 2 — A 2R
PUTIABE AT B, A R AT — R R

S 30k

[1] Rosamond W, Flegal K, Furie K, et al. Heart disease and
stroke statistics-- 2008 update: a report from the American
Heart Association Statistics Committee and Stroke Statistics
Subcommittee[J]. Circulation, 2008, 117(4):e25—e146.

[2] Donnan GA,Fisher M, Macleod M, et al. Stroke[M]. Lancet,
2008.1612—1623.

[3] 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]. Neurological Research, 2010, 32
(2):198—204.

www.rehabi.com.cn 403



Chinese Journal of Rehabilitation Medicine, May, 2014, Vol. 29, No.5

[4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

404

Yang Z, Yu H, Rao X, et al. Effects of electroacupuncture
at the conception vessel on proliferation and differentiation
of nerve stem cells in the inferior zone of the lateral ventri-
cle in cerebral ischemia rats[J]. Journal of Traditional Chi-
nese Medicine, 2008, 28(1):58—63.

Cheng H, Yu J, Jiang Z, et al. Acupuncture improves cogni-
tive deficits and regulates the brain cell proliferation of
SAMP8 mice[J]. Neuroscience Letters, 2008, 432(2):111—
116.

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

) RV 26 12 2 S A ) (M. 5 3 AR AL BT A R TR Hh AL,
2004.123.

AR TR LI A2 MDA T AN RIAE H Rt 1998.

Lendahl U, Zimmerman LB, McKay RD. CNS stem cells
express a new class of intermediate filament protein[J].
Cell, 1990, 60(4):585—595.

Wang L, Chopp M, Zhang RL, et al. The Notch pathway
mediates expansion of a progenitor pool and neuronal dif-
ferentiation in adult neural progenitor cells after stroke[J].
Neuroscience, 2009, 158(4):1356—1363.

Wang X, Mao X, Xie L, et al. Involvement of Notchl sig-
naling in neurogenesis in the subventricular zone of normal
and ischemic rat brain in vivo[J]. J Cereb Blood Flow
Metab, 2009, 29(10):1644—1654.

Li B, Piao CS, Liu XY, et al. Brain self-protection: the
role of endogenous neural progenitor cells in adult brain af-
Brain Research, 2010,

ter cerebral cortical

(1327):91—102.

ischemia[J].

www.rehabi.com.cn

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Jin K, Zhu Y, Sun Y, et al. Vascular endothelial growth
factor (VEGF) stimulates neurogenesis in vitro and in vivo
[J1. Proc Natl Acad Sci U S A, 2002, 99(18):11946—
11950.

Ren JM, Finklestein SP. Growth factor treatment of stroke
[J]. Curr Drug Targets CNS Neurol Disord, 2005, 4(2):
121—125.

Ming GL, Song H. Adult neurogenesis in the mammalian
central nervous system[J]. Annu Rev Neurosci, 2005, (28):
223—250.

Suh H, Deng W, Gage FH. Signaling in adult neurogenesis
[J]. Annu Rev Cell Dev Biol, 2009, (25):253—275.
Kageyama R, Ohtsuka T, Kobayashi T. Roles of Hes
genes in neural development[J]. Dev Growth Differ, 2008,
50(Suppl 1):S97—S103.

Kunisato A, Chiba S, Nakagami-Yamaguchi E, et al. HES-
1 preserves purified hematopoietic stem cells ex vivo and
accumulates side population cells in vivo[J]. Blood, 2003,
101(5):1777—1783.

Kawai T, Takagi N, Miyake-Takagi K, et al. Characteriza-
tion of BrdU-positive neurons induced by transient global
ischemia J Cereb Blood Flow
Metab, 2004, 24(5):548—555.

Yu DQ, Pei HT, Zhang PH, et al. Effects of electroacu-

in adult hippocampus[J].

puncture on the expression of nestin in endogenous neural
stem cell in hippocampus in rats with focal cerebral isch-
emia-reperfusion[J]. Zhongguo Zhen Jiu, 2010, 30(11):929—
932.

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 Neurosci

Lett, 2005, 380(1—2):17—20.

ischemial[J].



