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Abstract

Objective:To investigate the effects of U0126 of different doses on the ability of low frequency magnetic stimula-
tion promoting astrocyte migration and to select suitable dose of U0126.

Method : Twenty —four adult healthy SD rats were selected to receive injection of 0.5ml of 1% ethidium bromide
(EB) in PBS into the dorsal spinal cord funiculus on the left side at T10-11 level to make located spinal cord in-
jury models and randomly divided into four groups.The four groups were exposed to magnetic stimulation (1Hz,
1.52T,30pulses) at the following dose respectively: Omg/kg U0126(control group),0.1mg/kg U0126(low—dose group),
0.2mg/kg U0126 (middle—dose group),0.4mg/kg U0126 (high—dose group). On the day 14 after stimulation, the rats
were sacrificed and the expressions of glial fibrillary acidic protein(GFAP), microtubule associated protein-2 (MAP-
2), extracellular signal-regulated kinasel/2 (ERK1/2) and the volume of holes were detected with immunohistochem-
istry. Quantitative analysis of the expressions of GFAP,MAP-2 and ERK1/2 were performed with the image analysis
system.

Result: With the increase of U0126 dose,the volume of hole increased on day 14 (P<0.05). In the lesion area,the
expressions of GFAP and ERK1/2 could be found,while MAP-2 could not. Significant differences were revealed in
the expressions of GFAP ERK1/2 among the four groups, it was significantly lower in U0126 groups than that in
control group(P<0.05). while the middle-dose group had similar effect with the high—dose group(P>0.05).
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Conclusion: U0126 of different doses all could resupinate astrocyte migrations which were coused by low frequency

magnetic stimulation, and 0.2mg/kg was the suitable dose.

Author’s address Department of Rehabilitation, Tongji Hospital, Huazhong University of Science and Technology,

Wuhan, 430030

Key words low frequency;magnetic stimulation; astrocyte; migration

ST J5E I 200 7 v X Al 28 2R 8 4 40 0 TP 47
AR H B AR A0 BRI 1 L, DA e
o 5 PSR i R B DT 24 A 5 M T R O G
B 240 B o) A 9 0 A A A R I B RE (9 AR e
5 I /0 5 8 T 40 JL A5 %) A 2 A DG BRI A
RO B RERG O I S5 AR TR A e S5 i R
PR T A 28 AR LA B, BELAS T 2l 2 1) 152 0
P00 Ak ) e R AR, T B AR IR T o ) i D [
RI7E T 2T I R A A . W e g 8 7 2 I iR
o 240 B S B A T T U SRR O B, B A T g
A 28 A I RS A E R 2 T 1 AR

H RS T 7 A A e A SR L, DT R S 3
LR A 38 A6 T BB 2 5 i TR 0 B, 1AL
VEFARR BIHAM, 30T B A R AR 22 28 o) S 38
W3R TR o ESF T 38 ) A e S R AT T R i) A 95
MIVER . RATTHTIIS IBF5E T 0T,0.76T,1.52T,1.9T
G R ORT B T T T 440 B RS 2 i), & B B A R 3
SR, ARV R AN L RS 1) B ) g T L O
H 9 b IX 38k B 25 T I £ 4 i 1 2 1 (glial fibrillary
acidic protein, GFAP) ) #1534 5 | 41 g /M5 5 4 7y
V4 il (extracellular signal regulated kinase, ERK1/2)
(1) &35 7R [R) 25 3 i Uk B O 5 4 R 1Y) S 7S
ERK1/2 38 B 1Y 94 755 A ¢ 5 R BT 1.527T B 4 40 98
S ELA TR 2 . R T 2D A [ e
T 0 A i R O JIRC Jo 40 S A% 1 /E I 55 ERK1/2 3
FEVETT R FRATIUR HAS W) 50 4t ) ERK 9 BHL ¥
F) U0126 T kb P 1.52T, 1Hz 150 B 20 K B, — 5 1
L E B J5 T I S A0 B B AL e T A8 Ak, 5 —
Ty R U0126 5 A3 i BT 7 42t , DA — 20 W] ff
LA T L TP RS IO 440 R % 1) /R R ERK 3 % 1Y)

1 #REF=*E
1.1 shEA RS 504
24 H SD KB M M B 220—300g, Hi &

196  www. rehabi.com.cn

PR 2% A U B2 2 e sl ) S g oo 48 ik o S 86 DA
1.52 T W358 BE A 1Hz B MR E 17 i1, 24 HOR B
BEHLS> X BEZH (Omg/kg U0126,n=6) . {74
(0.Img/kg  UO126,n =6), H 5] & ZH (0.2mg/kg
U0126,n=6) 175 5 & 241 (0.4mg/kg U0126,n=6), M
IR, FEE AT T10—11 K- BEAT30 0 HE B
YIk , H—ANFh B2 20pwm B 3% 55 2 A 4 19007
CAERE IR EL VAR 0.5w] T 5 R 22 5 KW
1.2 ByF

G 28 NP Dantee 2384257, 8IS 3k
Pl B2 R 9em, Dk th G 37 WA 38 BE Ry 1.9T, T4 R
YilG 24h IR 4 T RERI, L BUKE & T REE
T 00 2K P8 i % 5% o T10 45 B B 75 36 B2 Bk 1em Y
P RER 1 IRGERR 30 kb 2k 14d, 54T #E
SR 4300 FHAS TR 350 6 1 U0126 18 s e 5
1.3 WM RVl

BN TARIGE 14 KEGH, H 100g/1.(10%)
KA GBI R 5 (350mg/kg) RIS, FTHF Ml A
LU EEAFIKES 2T Rk, P i vk 2
ERARATOMERE S, VIO s, R i AR 52
Jo, e 4% 2 5 W 22 vl i 2 100ml O JIE 8 7 [
SE 30min, 5 A T 5BFTIFHEAS , 55 5 F 86, Bt
BOEBEZY 3mm KAGEREARAS , ARASHUH G ] 4% %
5 T 22 W R A A S . SRR HEAT IR A A
TR PI I Spum JEEEEZLY) 45 1
1.4 KR

B35 A UL A E A SR B R R - &R -
i EH ALY A Y (streptavidin —biotin —complex,
SABC)EHEAT F 92 20 Ak e €8, 4% SABC 4292 20 1k a5
UL L BRBETT, P GFAP BLIRH: Bk
1:200, /)N BT MAP-2 S 4T K BB R b ERK1/2 $it
TRFRRERE y 1:100, 30 R HI R 2Y SABC 5] &
B PR, 2 13/3- BB (DAB) I 8 (X
DU A ) TR A BRA WD), I3 AKE &2 4%, K,
PR P [T 24 2 A A O S R P M A



FRILE B Eooi0m mose mam

o RE AR T AR AR A R 2 D3 — A AN R )
YIRSEAT YT, 2 43 310 8] BE 3K 1) 2 98 /N B — oo Al
T AR A A AR B ST R R A A 1 RRTe LA 43 S ] B, ) 3%
ASHLIN R 0 PR FECH 25 FROTAR R R, B T A A I
TR AR 2 3T L 48T () P AR AR O P 5 o g —
o kA AR B R
1.5 4iRFE S5

KRNG5 BT 72 50 D 1 45 415 B 46 3 b
GFAP., MK H (microtubule associated pro-
tein-2,MAP-2) ERK1/2 33k 7 5K 40
AT T, R AL R A v BH M I 4 O ) e
BRI S AL, DL AR S e
I SPSS12.0 Gt i #4247 B0 X 3R 5 22 4 M
LSD 2 aE 47 4% 41 18] /) 9 W EL %52, DL P<0.05 3R 22 5
AW EMEE L,

2 FR
2.1 kAR AL

B REA ) RAT S AR AL 2L S R S L Y R
40—50 5, fRA% (100 £%) & AT DX B A7) & 4
R = = 2 W P SN R N 71 )
9863160.3  +2935.3um* 31436742.0 +1978.7um’,
55274400.0 £1986.2um* 1 60434597.0 +2131.0pm’,
St 5 NI DI 371 2 AN A1 =5 4 N =10 = 2 R
XTI TR, 25 A o E M L (P<0.05) B C 4
D I 257 P>0.05,

2.2 ERKI1/2 .GFAP MAP-2 Lt#

400 555 F WL Ok X 30 < B2 U0126 71 &= 1Y
B, GFAP Al ERK1/2 #4940 i %5 B A BH A5 5 25 1%
B BHI L, FHG R S A B EH,
P<0.05; 18 C 411 D 41 JC A &8 22 5 (P>0.05) . 1
0.2mg/kg M1 0.4mg/kg [ U0126 7] 5¢ 4= B ERK i
P%, 16 ERK il B89 58 2 BN 5, GFAP Rk A
SEARTHR . MAP-2 %2 ¥R A PHPER K, & 41 1H TC
W 22 5 (P>0.05) (K1 2—4,% 1),

#1 %% GFAP.ERK1/2 #1 MAP-2 HifR M E EZ EE LR

(as, A~/400 5 WLEF , Au/B A 16T AR

15 2 S T 4 18 1 2R A WM E A 2 A1 M ST S 172
B 41l i £k FH A5 5 4% il i %4 BH A5 5 4% 21 i 5k FH P 5 5 2 1
X i 20 49.9+8.1 46.1+4.9 0 0 20.3+3.1 17.3£1.7
IR 4 23.2+6.7Y 27.3+4.27 0 0 11.5+4.9% 8.1+1.3%
L 14.6£7.392 16.3+3.6%2 0 0 o2 o2
e A 12.3+6.20% 15.5+3.309 0 0 o o
T 5 IR . (DP<0.05 5 S 1T — 41 He 4% - @P<0.05;3P>0.05
1 EEAHREEMN#EEER (HE, x100)

Xof R 4

3 itig

ERK J& 22 24 J5 0T 45 1 (mitogen activated
protein kinase, MAPK) 15 5 1% ‘7 f# 5¢ 5 H %2 1
Z—, A PG OB AL A ) o R AR
PEREN V0126 J ERK 3 45 P i BELH 7, AR 52
56 B SR FAS [R50 655 19 U0126 BHL#E ERK G 8%, SRR
T B RO B T e Jo 24 L A A T A A 9 b
T Y L 7

o ) fe 7 R Al

AW GEERE T IR O 58 52 ) Ja ke 10 A 8 0 A A5
T el A5 I 5 SO 403 DX 30 5 e I A4 L A Wl T R 2
T e J5 4 1) PR e 2 31 BRSOy I B
Y, HL T SO 05 SR AR AN A I Bk RLUL TR R
S, e Ak PR BT o %) T e B Sk B A% R A B 4
Ji0 o AT AR 0 ) B 5 T R O R AR
W 1.52T 1Hz, AL, Z B PR A 1.52T,
IHz X —Z 8 A, &K 7 o o8 b 3 A7 7

www. rehabi.com.cn 197



Chinese Journal of Rehabilitation Medicine, Mar. 2010, Vol. 25, No.3

B 2

A4t GFAP (x400)

ROgEl figsl ik 2

Hh R

B3 % ERK1/2 (x400)

Xof IR £ iR ik 1

R 9 7 ik

B4 @A MAP-2 (x400)

X B 20 R 41

1Hz BB WL 1 AN [ 5 B2 14 1 R 00 B2 02 TG ot
AARIERE I SEMT, KB 1.52T BEvT L) B 0 42 ik B O
JEE A D ) SE A%, 552 58 R B LA B A T 52 1 45l
HRX i 2 2 G 0 4 40 nT 5 1S 2 IR IR Jo 4 i B i, B
S P R A,

TE R AR pf 28 R G b, R ORI (9 I8 A2
IS RES A P RS R B AN R STl AT
BT GFAP J&—Fh 701 iy 55ku ()22 3K
F, B A0 4 b B B, SR T AR IC 4 40 e i T
B o 1R EBE S A B B A PR A,k DX
GFAP SEPHPEZR K, d IR 00 ik 12 02 I It 440 i
IR TR L BE T 0 B s T

TER A XS, FATBEA F B MAP-2 1 BH 4 3%
5 W CE A G AR BUE S EE R 2 — BFTER
B, MAP-2 (I 2 5MATTAE FMEE SR
AR S R P ] 4 X Aot 2 G Jh 9 RIS 5 1) e A A
RANEEE AT HEAE Y, MAP-2 J2 275 X A

198  www. rehabi.com.cn

opR) AL [SElh= &)

ZRGRIMATC R, T LAE R 2 0T 78 5 7T
A B BR R A X SR GFAP BHPE 23K 1 MAP-2
RIAMERE, PE— RS RS E AE E  R R
JE e o 4 BT AN 2 #2808, T GFAP Al ERK A [A] 7
A Al A BT R DO T O T 4 L R 1 PN
EAEFIMLH S ERK 3 A 56

K U0126 B 5, I BE 18 1 0 9 A A4 FR
T 38 K, I A BEL i 70 (9 00 A, kA R AR o 348 K
GFAP [H: 40 B (% Bt A L/, 6 W] U0126 T LA
REL ¥ 10 0380 el s 1 BT S o A ML P 0 S, L2 7 o
WA, B AR — 25 E SR R R A 0 B O 5 A4 L S
% HVE FHALEN AT ERK i8 #% %5 U] . 0.2mg/kg F1 0.4mg/
kg U0126 #B ] 58 4B ERK 1 BHPE ik, B K
A B MEK-ERK 38 8% 56 4> BHWT 5, #6013
HE RV B 0 AN L B AR F O A S8 AT e, I T
R A AL 2 55 06 B2 T 15 J5 40 B i 4

802, 00126 W] LABH i #9805 R 0 K B A



FRINE P& o0 o5

BB AR LR, B0 AR, 0.2me/kg
U0126 FEIAFFE h BB M & . SR TRATET
— g, AT 0.2mg/kg U0126 B ERK i
SRS R R T R R %o R T o A0 ML % 1 A B A
ERK 38 ¥ (4 ¢ &, DT T 3558 52 8 IR 19 T8 1, 9 45
P28 AR I SRR

2% Uk

[1] Silver J, Miller JH. Regeneration beyond the glial scar[J].Nat
Rev Neurosci,2004, 5:146—156.

[2] Talbott JF, Loy DN, Liu Y,et al. Endogenous Nkx2.2 (+)/Olig2
(+) oligodendrocyte precursor cells fail to remyelinate the de-
myelinated adult rat spinal cord in the absence of astrocytes[J].
Exp Neurol,2005,192:11—24.

[3] Pekny M, Nilsson M. Astrocyte activation and reactive gliosis
[J]. Glia , 2005,50 : 427—434.

[4] Silver J, Miller JH. Regeneration beyond the glial scar[J]. Neu-
rosci. 2004,5:146—156.

[5] i AR B mesth, AR, S B A G 20 RE ) O I st i K R
2SI RER LM [J]. PR BE A AR, 2009,24(6):294—
297.

[6] 2 I ASF, B I8 3hk, 50 4k 0, 460 . PR T 45 5 0 0 T SAONT Jmy A e A 5 .
KB p-CREB ZEikMsgmy [J]. o [ HEE R 2E 2478, 2009,24(4):
289—293.

[7] PR 22 X G DR, e i 3, A5 A AR 28 3 0 AONT i A5 3 K B B B i
PEPE 22 35 D 3k I M 2 D eI & 152 e ()], rh A 9
S5 AR ,2005,27:712—716.

8] Fang Z, Duthoit N, Wicher G.et al. Intracellular calcium—bind-
ing protein S100A4 influences injury —induced migration of

white matter astrocytes[J]. Acta Neuropathol ,2006,111:214.

[9] Z=4hth, 2, XA, 4. KRR B0 & & MR (Y = 4k & 2
FABUERE)). P R 5 AR 5B, 2007,12:2,

[10] Talmor D, Applebaum A, Rudich A , et al. Activation of mi-
togen—activated  protein kinases in human heart during car-
diopulmonary bypass[J]. Circ Res, 2000, 86: 1004—1007.

[11] Blakemore WF .Ethidium bromide induced demyelination in
the spinal cord of the cat [J]. Neuropathol Appl Neurobiol,
1982,8:365—375.

[12] Faber-Elman A, Solomon A, Abraham JA.et al. Involvement of
wound —associated factors in rat brain astrocyte migratory re-
sponse to axonal injury: in vitro simulation [J]. J Clin Invest,
1996:162—171.

[13] Fushimi S, Shirabe T .The reaction of glial progenitor cells in
remyelination following ethidium bromide —induced demyelina-
tion in the mouse spinal cord [J]. Neuropathology, 2002:233—
242.

[14] Malhotra S,Shnitka T,Elabrink J.Reactive astrocytes:A review
[J].Cytobios 1990, 61 :133—160.

[15] Lim JH, Gibbons HM,O'Carroll SJ, et al. Extracellular signal—
regulated kinase involvement in human astrocyte migration[]].
Brain Research, 2007,1164:1—13.

[16] Auguste KI, Jin S, Uchida K, et al. Greatly impaired migra-
tion of implanted aquaporin—4 — deficient astroglial cells in
mouse brain toward a site of injury [J]. FASEB J, 2007,21:
108—116.

[17] Ma D, Chow S, Obrocka M.,et al. Induction of microtubule
associated protein 1B expression in Schwan n cells during
nerve regeneration[J]. Brain Res, 1999, 823:141—153.

[18] Blomgren K, McRae A, Elmered A, et al. The calpain prote-
olytic system in neonatal hypoxic—ischemia[J]. Ann N Y Acad
Sei, 1997,825:104—119.

2010 AERERL BRSO S R [l i BER A i

PR I R R 2 i e vl R T P R A B T G 2 B OB A IR 2 e 26 I B 2010 45 e 1 < T B R A5 ke [ B AT
PFPE” T 2010 4 5 A AEACRUAAT , Ji I KE 837 OC [ 24 5y - 8 35 30 R B R Zorowitz 2% T8 BLBE (A R R S BE PT K
Eibo Schwitters 2043 24 [ N 41 i1 44 FE A2 L 520 23 #0087 Y BRE S 36 97 Bl AR RVHT E Ji | L AT AR v 140 i R T 41

BRI 1 AP RRERIT RO BT 2 IO AR IR S A WA 5 0 7 R 5 3 PR R (TS ) 78 e & 12 = v Y
7 54 B RE M s I (FES ) 76 B A 2 25 P i 107 5.5 O I 5 52 401 9 3 6 D1 5 6 3 Rk i S 33 97 I R D D0 552 401« T T 85 95 8 1
RS i 2 SR R S W AL R R Y R A 5T P D RE AT B B AT Uik s 8 URERIRYT HOR BT 1 A 9 RIR AT L

B A IR (VN )2 SR s R TP 5 NS

Bl 5. RSB IM 6 97 U 4 28 Bk I 0T o 1 0T A K AR SC I R BRI B3R T A B 5 4 B0 ) . 2010 4 5 3 20 H ;4R

A7 IR AR (A

IR KM 45 5) 5 Wl a TR BE R A B i B (KR B A X ) 5 B3I ] : 2010 4E 5 A

21-23 H 5 Wt hnifie : 551 9% 1000 JC (62456 2 2 AN BORE 9% ), 4 7 2% I Fr 9% 22 R 2% M AR IR A2 AR HLEE B BE, Rl o 6 42

R RS HH 122200 RIS RAES

Jo B A 2 A1 N B3 T LB 3 2 B el ] T b2 B A2 R U 4

S BUIE (£ 51 9% 100 78) .

T 2010 4F 4 H 20 HATd 4 Hodk . dbstln e R IR R 45 5 B B A B S B R GR - 100053; HLiE (010~
83198326, T :13641026802; & #1:010-83156838; M FH A 3K HiW]; {54 :kfysth@yahoo.cn,,

ENMERKXZERER TEERMSREENSS tREREEFSR

www. rehabi.com.cn 199



