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[ Abstract)
texes of rats with cerebral infarction treated by low-frequency electrical stimulation (LFES) and to explore the thera-
Methods
located into a LFES group, a placebo group and a sham-operation group. Following middle cerebral artery occlusion

(MCAO) , rats in the LFES group were treated with LFES for 7 d (20 min/d) , while the ones in placebo group

were connected with the same LFES device but without electricity. Rats in the sham-operation group were subjected

Objective  To study changes in synaptic plasticity in the contralesional mirror area of the cor-

peutic mechanism of LFES on the molecular level. Forty-eight Sprague-Dawley rats were randomly al-

to a MCAO operation without occlusion and then received no special treatment. Synaptic ultra-structures and the ex-
pression levels of glia fibrillary acidic protein ( GFAP) and synaptophysin in the contralesional mirror area of the
cortexes of the rats in each group were measured with electron-microscopy and Western blotting. Results Com-
pared with the placebo group or the rats before treatment, rats treated with LFES exhibited ultra-structural changes
in the form of larger curvature of synaptic interfaces and narrower synaptic clefts. GFAP expression levels did not

LFES

treatment can induce active changes in synaptic plasticity in the contralesional mirror area of the cortex of rats after

fluctuate significantly, but the expression of synaptophysin was significantly up-regulated. ~Conclusion

cerebral infarction.

Low-frequency electrical stimulation; Cerebral infarction; Synapses; Plasticity

[ Key words)

2 o H AR N B I N 22 K, e NSt
T3 i 1Y = RPR 2 — , W = R h Bk b
YRS BB R, 25 R T R R, SR R Stk 2
AR G AR P R SR TR %

DOI; 10. 3760/ cma. j. issn. 0254-1424.2009. 10. 002

HETH . HEAKRPEILETH (30772304) , ) R4 A SRR 3
435 H (8451008901000885 )

YEH BT .510120 T, Ll K24 i 55 — B2 e e 42 s 2 R

EAEVEE  #esit, Email ; dr. yan@ 126. com

UL Ak, Fi 28 UL A H I 38 ( neuromuscular electrical
stimulation , NMES) [A Ilfi PR J7 %5 . 3 1 435 % & 1
NMES J& 1) FH — 7 55 B AR AR i v, 3 i — 2 el 22
AN, 5k Has sh s BHUE R LA A iz g, Dk
) B3 PR Bl R LA S LR T Re g H B B
AT, 56T NMES 1EFAHLS] B9 LR 8 £ 007 AR 5T
NLEATAE G, i 36 7 R IR R A5 0 A 7R A 6 A 45 X
(fE) Bz 5 2% fish ] ¥8 44 (synaptic plasticity ) B5ZIR | #8
TR A T i BB A A L A T A S D e PR A4 2
REVKIZ 19 731 HIL]



- 652 - AR IR S 2 5 AT 2 A 2009 4E 10 A S5 31 %5 10 ] Chin J Phys Med Rehabil, October 2009, Vol. 31, No. 10

RS

— .3

ERE AR IEE Sprague-Dawley K BR, /K8 (250 +
10) g, Pl s sh Py b S . 0 g AR e )
WA RS R T AR,

= RN AR ST A A

SRR 1 55 A G310 5 1A A K Bk A 1 i
FEE B R, KB B S 10% 1Y K A A B
(350 mg/kelA T ) BRI ; (1M [ & FF ARG 1, H0H
IEFYIE K22 em, 28550 8 22 MBS B K ( common
carotid artery, CCA ) FIZi S8l ik ; 45 FL3 41 sl ik , 76 #E
CCA 43 Xil¥5 0.5 ~0.6 cm AbZ5FL CCA, FHE5FHL 341
SIKARFR B 53 325 7E CCA 34y AR BT — /N, 8 A
ABEREZ0.2 mm kI B8 1 22 28, 28 CCA 43 XAk i
b FN B DK A P 2 R v 20 Jok 4 RS e 8 L BEL T R A v
PRI ; 540 CCA, 485 B fik, BRF AR A b ik A7[H]
FER TR AHAS TR H 3 ik LT

TR RIS EA T IR TUIUATNE 51 i 58 %k
2 (DFE R A M HT P o i, @IE Horner 1iE, @)
J€ATHT 1) A Xl B, (il 7 Bk A i3], iR 87
KRB, H 32 BAFE AR Z A1, BEHLAT A NMES 410
LRI IR TARKE 16 B JCsET

= A E TR A

K ERIE E 5F 10% B9 /KA 5T (350 mg/kg 1A )
JRRE  PEAT AT S MAVE— K20 2 em BIPATUIE, 1)
TEE KA AL, W RN, K A T A
PRMSCHRL AR, 53 1) 8 i PR 0 3 s 0 fof i UL 114 A M
B RE 3 mA A R S R R s B RS
ST TARFE BIVERT | LA T AR 4 4 78 TR 7 FEE 1) G 1 Al 42
fih s A ASCER I, BRI Ay H ORI S —
Ui [ 2 T H A S BURR AL b o) — M R — g [
T i P BRURR A b 2 S AR S 2R A N I
HoI MR EZ T AF—0.5 em P1H, 5] H
ST — i (VR AR 42 11 ) I 2238 [

LY B {2910

ERR S 3 KP4 NMES 697, NMES 4103 ]
HL[E Verity Medical 2y 7] ;” NeuroTrac™ Continence J&
FEAN A5 A 30 Hz, Bk 580 250 ms, LTI A 3 mA,
FHIARYT 20 min, JAY7 7 d, LRI N R AR [ 9
NMES {3697 7 d fHART LA i, BT ARA RS
TAEANAST

o SBORE T i

R JFE TR 3 10% (97K & S (350 mg/kg 14
#) L RBEE BE T ARG L, BUB SR 45 X i 41 21,
—#843 FT Western blot Kl | 55— 43 VE B s #4 W0

7N ISR g

BRI X A ZH 2T, VTR 1 mm x 1 mm x 1 mm K
INE/NER T GE T 3% 1 RN 4% 22 5% I T E TR
Hh PRAECR IS E 3 | R e R R A R A XL, FRR )
RALDIR - AEbrAHIE 2 sk M, th 2 B EA
AR BT RS, R CM10 557 5 i B AL A
PR fib %R ( %28 000)

-+ Western blot fa:ill

B BRUBI 458 DX I 2 20, BB I 4% 5 AR
B AR, TR | A3, vk E R R 30 min;
BFACE B G L (4°C) L 10 000 #/min B 0
15 min; WHL F35E, -20°C FARAERES, . % Silrss
TG IR (it B J2 I 7 4 R P 3 1 ( glial fibrillary acidic
protein, GFAP) FIZ il 3 G F 11 % 1. LA 920 pg,
1T SDS-Z A TR EE RS HL Tk G B , 76 5% R B A
iR T E 1 h,—H4CHEE (1:600 /NPT AT
MM ZPTARDE 1:1 000 /NPT K R Z 7 pE GFAP Bt
&), —HUEE (1:7 000 EH/NR 16 ) |, PEBL S 2 &
kR, LA B-actin AN S HEATERAEXT IR, FHTTHA
PUR A AL SR AR, A 72 8 5T

VAR WaR=c2i v /¥

BRI (2 £5) 3R, BUA 207 2557 XOES
PRSI 0 SPSS 12,0 IGe ik vEAT 40 A0 L
ZH ] He R O 22 00, A HL A (IR97 R L G B3R
FH K5 P <0.05 BB S HE X,

# R

— SRS

T A LN 22t ) S 23R Y7 A e B AR A e o
ZHIAYT T, B DX 5 fl B S 25 R ARLARL, 22 fl iy L S5 SR 22
L, DB R A i A R R AR YT AR T R,
B DX AR 5 fh B S 3% 22 o] D G S A 4 5 1) i M, 28
ik 5 1 DX, SR Ak AT B A4S (T 1)

. Western blot 73¥7

TRFARL 2T S A AT R IR R e
Lb#, GFAP B A R IBKFEEF RG22 X
(P>0.05), WKl 2,

BITH T R, ST ARA 22808 A L, %
T EE ) 38 2 A X 28 i 25 A B P Rk K 3 L
(P<0.05) ; ZRIFIM AR X KR EARIKTES
BFEARAMEL, Z R IG5 L, AR % 4
BITHT G R X R MR A E A REKEERE
GiitsA R (P <0.05) A HIIRITE 7 K, K
SR BE A5 X 58 fioh 25 1) B 11 2835 /K1 LR Y7 I 3
FE (K3,



A PR AF S R 2 2009 4F 10 5 31 B4 10 ] Chin J Phys Med Rehabil, October 2009, Vol.31, No. 10 - 653 -

{4 el |

Bl 1 AR BUAE kL5 X 58 il e 2 W WL 2 (I Tl - ik
FREYILYL | x 28 000)

I WIFH TR
TR TALL Z2 BRI NMES 41 TR Ze RS NVES 41

——
i

GFAP

B actin

o BFER4
0-2r D R
k= B3 NMES 41
g
==} 0_1 L
~
=
[}

.

T BT TR
R
B2 A4KBRBIEAE X GFAP 8 1R IAKF
W’

X T2 T R NMES i H 2 R A3 H )33 40
I AT A2 O D e SR 1) D eI A2 488 1 2 195 T
T M B ] B BT A1 Sk R
[l AT NMES f il R R 58 AR AR 2 (HG T
R R IR 7 ML A B el L /D, IMRT BIFFE R
NMES a] A SE A & R B 5 Hh BRI A, ] s Ol i £
B AN AL BT A Y R, AS BT LA WL 4%
il 00 B2 5 5% gk ] 2B 4 1 B AT LLGFAP I fish %

I WIFH TR
TRTALL ZRREA NMES 41 R T-ARAL RIS NMES 41

ab

B actin

-
(=}

0O BFALE
sogl W dEEm
3 NMES #1
@ 0.6
~
g 0.4
X i
0.2 w
0 N
I HBITH TR

Fr i i)
52 R SR FARAIRITH 7 KM, "P <0.05; 5
HNIRITRTELAL, P <0.05
B3 444K R FEABEIX 1 58 fil 22 78 1 R kK F

Fy GG , PR R EIR Y Y AT BERL

ST I T 240 2 v X A 22 2R e 1 e I 4
XPRZE A B R OR3P S RRE O 2 50, GFAP 2
BT e Joe A B P SR 2 1, 7 B O I 4 e 2 i
R O HERIR KT S A= 784k PR Ik e e S 2k
HubRIC RIE I B AN, TN S S AR IR o 40 i 3% Ak
Rt o fih 22 5 2 M 0 T A 3 4 1) W R 2R
1, A 2 fi AR S VS MIN IR 1, 78 58 il v i im
WA RO R ol R G AR . SRl e ih
PRSI A o 2 SO R R AR i T
T AT 0 R e o7 b E S  BU D U}
SR fih B 988 7 1) 1) S 7 P A et R A% A B IR 5 i 1Y) A1
B LA

DA DG T HO IR 7 2 o 4 v (i s 14 T RE IR
HIHEE , Z IR THEALAE—M, AEE N R G2
5, BAF B 20T Al i Bl 5 P O [R] A AR I8
55 1 5 i 5 57 A5 BRI A0 22 M S 67 s R AR i, B
SR 5 i 5 [T, P Ak T R BRCER 285 Fry 00 =2 N 2 f 9k
FE U, DN S0 R 28 ] 1) R R 2 fh 11
Y1120 e AR A R HU e e e L
WRORIAE F _EARAR S, 380 38 X0 00 >4 3R 1 fi A58 2300 2% X
Ife w2 P B 200, U e T B
5 R B2t 5 DI S0 B e ot 4 s 5
InsRAE = DiRgs

ABIFGE R, I AT, 90 85 it A5 A7 K v 000
JRCAAR  REBCIEBE X (I ) 1 5T 5 fih F4) B S 2 4 A T
TEALPESUE | S il 3= AR Rk 1 3 B SR BT i
WORYT R BRI R B R A T TR BRI AT B AR Ak



. 654 -

R AR I S 2 5 RS 27 2009 4E 10 145 31 #5510

Chin J Phys Med Rehabil, October 2009, Vol. 31, No. 10

HIL AT RE R - R R SR T (e o A 4z A4 5t i 41
T A5 5 AL I, AT 5 RS E R X iyl 2
Ve, Bt K A TR R AT B AL | $R R XS
PRl REXS I b R M B AR D B R L A —E T
SCo HEAh, AFEA 5C H S0 T I A A K BRI BF 58 K
B, AL R X B 20 M KR 75 1k, GFAP R 1K i 2%
AR TRIASHIE S R B, AR R BORYT S T R, R
UREALAEBE X ) GFAP 35 SR AT 34 0, {H 22 57 JC
Gt S, SR AU A DX X A A 280 m] 9
AR A T RS BT AN Al —— 32 X o 4 1 A
TN st SCRE A ORI AR T, e E A 2 il o 5% figh
Rz g ] BB A s T BE X T A RS
Jv IR Jo 0 M S 97 e, 2 2 f g ] SR A
e E,

F1 T NMES JEHUZARAS e RIT 1f PR HH H 4 4
2 RIS HAILI - 1k — 2048 Sl PR FAR A H 2L
(ELEART FL S 36 ML T R REAR Dy S 2%, 1 5 A B 22
FR 1 HE BEATIR AR DT

2 % x #t

(1] S, &AM, Heout, 55, 2 UL PR e ST 2 e Bl il 1 i 15 48
PER LIZ B I8 B i PN JE Jo R P 21 4 6 1 B Y 2. th AR YY)
PP R 2R, 2009 ,31.

(2] UFFE R, e, Hui-Chan CWY. B REH: L il S ke 36 M A v 47 0
SR RNE T T RE I BERL X BB 5. b [ B AT 2 44 2% 55,2007
22.867-870.

[3] Yan T,Hui-Chan CWY,Li LS. Functional electrical stimulation im-
proves motor recovery of the lower extremity and walking ability of
subjects with first acute stroke : a randomized placebo-controlled trial.
Stroke ,2005,36 :80-85.

[4] B4, Yan T,Hui-Chan CWY. fIA50 L 0 057 sy 2 v {7
PROFFEHERE. rh Ay e 2 5 A 247, 2005 ,27 :507-509.

(5] WeEEE, ek, i Rg M b ) A 7 I A v fi R A8 A e 1
JH. AR B 2 S AL A, 2007 ,29 :142-144.

(6] To#ers, e aniil. B I A0 ML e 5t 27 4 R P 2R X FE R AR A v i 4
FH. ST B2 i i B 73, 2000,6 :331-334.

[7] ¥A4E,Yan T,Hui-Chan CWY. {450 Ho 194 I i 2 v 0 0 1)
FHEALHIBT IR, b A PR 24, 2005,20:156-158.

[8] XLE AT, sR/NTr. 22 fBURE O Jay kA o ke i R LA E
JAIX GAP-43 Fl Syp Rk ()50, 25 v 554 28295, 2006 ,3

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

15-18.
W, 20 A 1B B I o INAE SR AT S M R i 1 25 25
SRR, b R R, 200722 :24-27.
Freeman CT,Hughes AM, Burridge JH, et al. Iterative learning con-
trol of FES applied to the upper extremity for rehabilitation. Control
Eng Pract,2009,17 :368-381.
i epont, K805 07, 55, Bl Z LR RO K A AR R LT
TRIB I ) REPE RS IR USRI 5E. sh AR BB 2 ST A8,
2009,31.:249-252.
Bocceoli JC, Loidl F,Lopez-Costa JJ, et al. Intracerebroventricular ad-
ministration of Shiga toxin type 2 altered the expression levels of neu-
ronal nitric oxide synthase and glial fibrillary acidic protein in rat
brains. Brain Res,2008,1230.320-333.
Beutler B. Inferences, questions and possibilities in Toll-like receptor
signalling. Nature ,2004,430 :257-263.
Liu XZ,Fan YP,Wang L, et al. Effect of erhuangfang on cerebral and
spinal demyelination and regeneration as well as expression of glial fi-
brillary acidic protein in rats with experimental allergic encephalomy-
elitis. Neural Regen Res,2007,2 :491-496.
Hanaya R,Boehm N, Nehlig A. Dissociation of the immunoreactivity
of synaptophysin and GAP-43 during the acute and latent phases of
the lithium-pilocarpine model in the immature and adult rat. Exp
Neurol ,2007 ,204 :720-732.
JrHER BRI, P A 4. O oK BRI ZERE A2 T 2B AN
NS HLETTRIENE. h BT RS £ 7%0K,2002,22.:531-533.
Millerot-Serrurot E, Chausset A, Mossiat C, et al. Effect of early de-
crease in the lesion size on late brain tissue loss,synaptophys in ex-
pression and functionality after a focal brain lesion in rats. Neuro-
chem Int,2007,50:328-335.
Zhang C,Li Y, Chen J,et al. Bone marrow stromal cells upregulate
expression of bone morphogenetic proteins 2 and 4, gap junction pro-
tein connexin- 43 and synaptophysin after stroke in rats. Neuro-
science ,2006,141 .687-695.
Liu H,Zhang J,Zheng P, et al. Altered expression of MAP-2, GAP-
43, and synaptophysin in the hippocampus of rats with chronic cere-
bral hypoperfusion correlates with cognitive impairment. Mol Brain
Res,2005,139:169-177.
Oermann E, Bidmon H, Witte O, et al. Effects of 10,25 dihydroxyvi-
tamin D3 on the expression of HO-1 and GFAP in glial cells of the
photothrombotically lesioned cerebral cortex. J Chem Neuroanat,
2004 ,225-238.
(Wi H 491:2008-10-29)
(ARG = fF)



	2009010 3.pdf
	2009010 4.pdf
	2009010 5.pdf
	2009010 6.pdf

