- 646 - AR PIIE S SRR E 24K 2015 4E 9 4537 555 9 ) Chin J Phys Med Rehabil, September 2015, Vol. 37, No.9

- FLAH AT ST

REME H RO SR IR AE AL K Bz sh D fE
25 T DN TR A 2 20 i ) 5

x B BReR ELE TRRE

[ Z) BB WZEA R A 5 S BE 4 i il 3 (FES ) X 2201 g 4 8 K Bl v 28 T RE RN 58 A8 I T IX.
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B ESEGIFE (P <0.05) ;BrdU */DCX * 41 Mu 4k H Bl 5 B (B ZE 3G 0, 7E3RYT 56 14 KT FES 41
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[ Abstract] Objective To investigate the effects of functional electrical stimulation (FES) on motor function
and on the expression, proliferation, migration and differentiation of endogenous neural stem cells in the subventricular
zone (SVZ) after cerebral ischemia. Methods  Middle cerebral artery occlusion (MCAO) was used to induce a
model of cerebral ischemia in 108 rats using the modified Zea-Longa method of intraluminal filament occlusion. They
were then randomly divided into an FES group, a placebo stimulation group and a control group with 36 cases in each.
Superficial FES electrodes were pasted on the paralyzed forelimbs of the rats in the first two groups, though FES treat-
ment was administered only to the FES group beginning on the 3rd day after the MCAO operation. The stimulation was
designed to produce extension of the wrist and digits of the paralyzed forelimb. Before, and after 1, 3, 7 and 14 days of
the treatment, the neurological deficit was evaluated using modified neurological severity scoring ( mNSS). BrdU*/
GFAP*, BrdU*/DCX " and BrdU*/NeuN" cells in the SVZ were detected using immunofluorescence technique.
Results After 7 and 14 days of treatment, the average motor function of the rats in the FES group had improved signif-
icantly when compared with the averages of the other two groups. Compared with the other two groups, the average num-
ber of BrdU*/GFAP* positive cells in the ischemic SVZ was also significantly greater in the FES group after 7 and 14
days of treatment. After 14 days, BrdU*/Dex ™ positive cells in the FES group had also increased significantly more,
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but only a few BrdU*/NeuN " cells had appeared in any of the three groups.

Conclusion FES can improve motor

function after cerebral ischemia, and promote proliferation and differentiation of neural stem cells in the SVZ.

[ Key words] Electrical stimulation;  Brain ischemia;

cells; Subventricular zone
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FESHIE LA 10% 7K & SR (350 me/kg PARTE ) 17 I 16 bR
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SVZ) TERUT TN 4% 22 W EE O, I [ 7 0, 4k
LA 15% FEMEK 2R SWDURST , 50T 30% FEREBLK
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P BRI 10 min 5 HUH, AR ZEIR; G
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I E 30 ~ 60 min; &) B H2 I I — 7 W BE (19—, 4 1%
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Thn— & W 5 — P Ve Bt 1y 52 0% — Pt kOt % i
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WA — P K& Zhi; @ (A i) DAPL B 4 #%; @
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nuclear antigen, NeuN ) I E£5 H ( Nestin) ,

3. EIRAL PR . A3 FH Olympus-BX51WI #F5E 4% 1F B 2%
Sz AR ( H R Nikon 24 ) B Axio Observer Z1 4
H 3l 31 B 286 BT (FEE Carl Zeiss A F)) FAHR S
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R1 SOCOBRPUAILREL

JOLMIRLIALS AU R i R R e BT
BrdU/Nestin BrdU MFZHL 1eG 1/400 20 h DL AF594 1/200 1h
Nestin /NPT TeG 1/200 24 h I/ AF488 1/200 1h
BrdU/DCX BrdU /NELEAT 1eG 1/400 20 h II2EH /Nl AFSSS 1/200 1h
DCX REPT 1eG 1/400 24 h IIZEPT AF488 1/200 1h
BrdU/NeuN BrdU MFZH 1eG 1/400 20 h DR AF594 1/200 1h
NeuN /NPT TeG 1/100 20 h AT /NEL AF488 1/200 1h
BrdU/GFAP BrdU /NELEAT 1eG 1/400 20 h I2EH /N AFSSS 1/200 1h
GFAP REPT 1eG 1/1000 18 h L2 bt AF488 1/200 1h
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F2 3 HKRKBEAFGIE LS mNSS R 89P0 (5, % £5)

215 HE JRITHT WIFSE 1 K WITHE 3 K BT T R RITH 14 K
X HEZH 36 9.2+2.4 8.9+1.0 8.3+2.1 7.4+1.9* 6.5+1.3*
ok 36 9.3+1.3 8.9+1.8 8.2+1.8 7.6+1.0° 6.0+1.0*
FES 41 36 9.2+2.1 9.0+2.0 7.8+1.5 6.0+1.7 3.5+1.5

. 5 FES 41 [FIE] & e, * P < 0. 05

R3 3 YKREURFERA] A mNSS &334 T T b (4, % +5)
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FES 21 36 4.2+1.1 4.2£2.0 3.8+1.5 2.7+1.9 1.3+1.3
.5 FES dl[RIA ] & Hds , 2P < 0. 05
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TERERLT) SD KRR H BUAS [R) 2 B A4 4 28 1) i Bk 43
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0.05) , HMEEHA R H M 169750 1 RARITES 3 X,3
UK mNSS 38 B e, iR 22 R RS A =
SM(P>0.05);IR¥75E 7 RANAITHE 14 K, o] UL FES
AR FHE 2 41, HARZE R A5 #E X
(P<0.05), 12,

PR IEAT mNSS 51z 2h 256 4 P4 H g
BITHIE R E S EH BRI L (P >0.05) , 41
HA M 36750 1.3 f17 X,3 KRz sh 525
SPIPES HLAE, dL R 22 55 RS 2E R L (P >0.05)
TBITER 14 K FES 4132 sh 25 3 WvE o B AL T H &
2H, HAMERARITFEE X (P<0.05), 7L
%3,

BABHEAT mNSS 2 8RS 55 43I0 1) P43 FL R
ST S8 A3 TG P43 H B A R I S 3t R RN S s B S
TR PEor LR, 22 R BG4 L (P >0.05)

T AR RS B[R] SR AR ZE M) SVZ 1 BrdU K
XUb FH 4= 441 i £

1. BrdU " #ifi% 5 LLH . 4540 SVZ 1) BedU A4
MOECAE IR S 3 ORI R R &, 28 7 R A 3k 21 14
Bl 2 14 KEA B R, 189755 1 K, FES 4 BrdU
PHMEANM A B S5 H Ay 2 4, 2R BG4 E X
(P>0.05) {HIAI7EE 3.7 Al 14 K, FES 41 BrdU FH
P4 0 24205 %o R A A R 2 3 A i i 2 (]
2), HERASITEX(P<0.05) ,HilLE4,

2. BrdU"*/GFAP* XUbr4i %k H HLie . #4540 SVZ 1)
BrdU " /GFAP * BHM:AIIECAEIRY TS 3 KT IR &,
557 KEFIN BRGS0, 6 14 RINE A T 3R
J7 1K, FESZBrdU* / GFAP* FH 4 41 it 5 5 Hi 4y

LeEE (4~/HP, % +5)

215 HE BrdU * BrdU*/GFAP* BrdU*/DCX*

X HEZH

WIrsE1 X 9 21.2 6.7 15.2+1.2 5.4+0.2

VW3R 9 66.2 +3.1° 21.6 +5.6° 10.1 0.6

WIrs TR 9 100.7 £14.5*  30.2+9.9° 12.1+0.9

VWITHE 14K 9 54.7 +£8.2° 23.9+£10.1*  16.5+1.1*
Tt

WIrsE1 X 9 21.1+6.2 16.3 +1.9 6.4+1.0

VW3R 9 65.8 +5.0° 19.5 +5.6° 10.6 1.6

WIrs TR 9 102.5 +4.5* 32.4+10.4* 12.2%1.4

VWITH 14K 9 51.8 +4.8° 24.8 £17.4*  15.7+1.4*
FES 41

WIFELR 9 20.4 9.2 15.6 £1.7 6.7+0.7

VW3R 9 83.1+2.6 32.2+2.7 11.7+1.7

WIrs TR 9 120.5 £10.6 46.7 £12.2 14.4£1.2

VWITH 14K 9 73.8£7.5 32.4+13.4 23.8:1.4

. 5 FES 41 [FIRE] & e, * P < 0. 05
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fBuhl e
TE 2L EPOEME
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2 LA AR 2 RISt 2 X (P >0.05) , MAEIR
JPEE 3.7 Al 14 KRIF FES 2H 1) BrdU* /GFAP* BH 41
JROECEA 0t R A RN 2 g s A i = (|1 3) , |
WM 2ZEF AL FEL(P<0.05), 7% 4,

i Wl i Al FES#L

0 B LT3 60 BrdU, 446,558 9 GFAP
B3 3 HKFEIRITASFE] 2B SVZ /9 BrdU * /GFAP* 3%
ik (FRIEDIEYE , x200)

3. BrdU*/DCX* BARZH %L B Hi . 4541 SVZ 1
BrdU* /DCX " BHE 20 Bt 45 bl 1) [ 4 6 2 i 16 15 . 387
%13 f17 KEF, FES 41 KA BrdU " /DCX * FH M 41
MBS Hgr 2 iR, 2 BG4 L (P >0.05),
TRITER 14 KAF, FES 2 485 A ZH AMBORI 2 9 Brd U */
DCX ' 4 (K 4) , HHMZERA G #E X (P <
0.05) LK 4,

FES#l

o AL

EEIE: il

AR BrdU, 265856k DCX, (H A7 HER] WL 2 1Yy
DCX BEA: 41 A 2 1745 i SOIR AT

B4 A[FEE SN SVZ ) BrdU* /DCX * 323k (896t
Yuft, | x200)

4. BrdU"*/NeuN* XAR4N %L H HeAL . 7F FSE 41K
BUAYT 14 d N 9 4 L8 I 1] BE 9 JF o I B 2 19
BrdU */NeuN " SR A I, (L AEIR YT 2 14 KA, FE SR I
SR A K 45 FE J& [l Bz J3 ] UL #C7E B9 BrdU */NeuN *
XbRAEL (L S) .

100 um

T L6985 BrdU, 846,585 NeuN
5 TFSE A KEGATTE 14 KK BUIKAE S 8 B2 Jit 49 BrdU * /
NeuN * RUBRAN L (S5 6L (6, x200)

i

— FES J877 % SR AR FE K BT R 24 1 52 )

mNSS J& FLRA T E s R, iz s (W &
SR B ) B (B | i S AR AR ) |
IR " B 12 B T MCAO R RS A FLpf 22
HRERYPEAL -1 RIS T 4N RS Hl B BIF 93 18 S i A
FEAEA B HE AR 5E , mNSS 1R H T4 2 D PFAs A Y
RENS 0712 sl D AR 0 03 , 7R m] (AR B 48 (R T B A el 3
%%[17] .

ARWFFTLE R R FES 43 E K FlL mNSS 73 Bk
VEAMEIRTTHS 7 KA 14 KA I A] 5 B SBAR% 705 5
WL FIXF R (P <0.05) , 1z 3h 2 BE PRI Ak 76 18 97
55 14 REFIRHLR AL T BRI A A X BZ4H (P <0.05) .
AN LUFT FES KL REAF 5T 0047 hy 24 1F 2 45 R —
IR I PR A Pk KA AE HR 2 FES JRYT 2 ~3 SR AT
B G s S RE ORI IR T8 JEARHIAF S

AW BNARAE IS 45 F FES 36T A KB, BRF
iy JEE S PEAG Oy T R g 2R
TG (P >0.05) ;%7 T 3 21 525 I 4 K i
TEJRGE VA K S5 5 2 56 350 B )y T 4% B TR) A v A 22 57
T RG24 X, s HR R AT RE R . DAL 56 R FH )
FES 37 Sk 15 R, S D) B D 2 T 22 ) 2 A B 2
PRI B G5 1 100, DR I S B0 AR B X6 T e 5 - 45 2y
A JRBRTE ; @250 00 Uf , 45 AR BUAY A AR HE A mNSS
BIPED A T ~12 43, S5 v & B, -1 D) RE 1Y PE0 7E 4
VA R SRR TR 2 43 S UL R BR A A
AP AP AT bR i, B A% K B A8 2 BE I 2 —
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WA 2 ~3 4, RGFTERPEST 0 ~ 1 43, X R ] T - iy
IHREMR R S B I 5 s/ () R B AR Ak, fili 454 ) 22 5
ANB 5 TR SE 5 1 PF 40 0 ~ 2 43, B FF 40l
ANEANE, AR ME SR 2 A0 0 A2 1 ; @I ) H A
2 J it —2E R T I R T AR AL py ARl RSN
I, A58 18 2 ] BT 43 465 SR 1 1) 3 W25 2] FES
TRIT AT 3 T ) B8 B PR S — PR SRR 5 e 0
M T FES 7E 0t 3 )8 AWK &y 2 (e k7, £
4 FES ZHAEHE A Bl mNSS 2 SR PETEIRIT2E 7 K
A EL B A B AR R ZH (P <0.05)

s P 4 AN X R 2 R AR R 45 TR YT, fHH: mNSS
Ve BE R B ) A 12 40 G i, o8 FLR AL, — 7 T 5 M
FEBCJE 1) A SRR A O 5 55— 7 1T, AR5 R 58 22 B
IS ) 38 2L R X R 2 B A BB R R B4 3 B, e AT AT R T
PLA Yok S E s, BORRAEM 8, X ia F
THEAARDRE B SRR

T FES A7 X 20 B A 58 R RPN TR b 2 4n
it ) 5 i)

BrdU J& NSCs 3458 B9 AR iC 9, ol 7640 i /0 24 19 S
WA 40 M A% DNA U7 DCX & — Fh il A 6 &
F AR ML s 2 oe i ik nE BB ok
R 2T A bRiE ) ™ NeuN J&—Fh 4%
T, HAE WM AE 2 00 A RS T B R,
AT LAAE A i 2 e A 1Y . GFAP £3iA T
a3k, 2 B R AN AR IC Y , 72 SVZ TR 4
AR A BRIic

SVZ 2 HHET AN AR AL S & Rg b &
T4 e A RN B IS SR SVZ B/,
TR AH AN (A BIAHAR) BB AN (B BI4HHD) |
AN R A I A ( C TR0 Bt ) N EE 45 I 4 it (D 7 4
Ji) puFpLn A, H R £ ) GFAP FHIERY B Y
Y, W21 222 N WV BB AETE T SVZ 1Y NSCs; B
I ] = A C B G 2 B AE 40 i, ki 7= A A AU RS
P L ( DCX FHME A M) . A= FRARZE TR, SVZ 1)
NSCs K HIAb F A8 B AR AP Ikt 2 ~ 14 d J&
SVZ 58 A0 35 1 &, PR 3 3 Sk R ) b 2 A 40
L, 7 ~ 10 d 3 @i, 5 ) i 28 B3 200 B R0 AS B )
P2 ICEEALT N SVZ 2[R B ifin SOIR A S 6 B IR HE
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