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- FLAH AT ST

IS 38 B 7 A X R BN SR IS Nogo-A
1 Rho Al 15 152 1

X EHE RS RAL

[# ZE] BB HOTE S Y7o KBRS 0E B X Nogo-A Fl Rho MEFFRAMZ M, Fik RH
2Rk S R UK P Sl ke 28 (MCAO) BB | P 1 24 b J5 OIS Longa # Z8 SHBEBRFIT /0 MEpRin . 45 54
SRR I A SD K B BEBEALECF 31543 MCAO BERIZH (18 H) RIS (18 H)  FEIiis sh4
(18 ) AFHEA4 R 3 d.7d 15d 3 D4, 4l 6 H . MCAO 4R BURZ: T% MR S48, A ki kK,
IRBE U 21 K 78 13 s R SRR3R 1 B AR 3R A v, b 2 1) 32 s AR BT A AR SR A 1 AR K R B TR
PEFAETH . K AR SERTFFEAT Longa W43, SR FH e 41 21 Ak Yo €03k W5 R R gl & 6T XM £H 81 Nogo-A Fil
Rho JEFHYFAKF, B8R HHEE 15 d, iz sh 4 K B 2 D REBT 2 IK T MCAO A5 51 2 Je PR 58 i A8
4 (P<0.05), FHHEET d K& 15 d, B 1718 3 21 K B Nogo-A F kK[ (28.92 2. 17) >/ 1% 53 4L 2T A
(24.38 2. 29) >/ {5 B AT ] B2 Rho BAME[ (40. 03 £2. 14) >/ mifs B I A1 (38. 08 +2. 07) A/ B A 5L
B ] R IE KIS T MCAO BEBIZH K FREE B A8 2H (P <0.05) . MCAO KB 2H 5 BR55% ok 25 20 B A 1) 18] 55 Nogo-A
F2 Rho 32 5K 2 18] L, 22 S TS E 3 X (P >0.05) . 85 28 3hy7 ik al 3% MCAO KUY
P DI REBIARAEIR , AL TT B 55400 ) e i, F&) 61 X i 4148 Nogo-A I Rho 414 235 K P47 X%

[X#8i7] =EmiEsh; Wilkifl; Nogo-A;Rho ¥

Effect of willed movement therapy on the expression of Nogo-A and Rho-associated kinase in rats of cerebral
ischemia Liu Jianfeng™ , Hou Deren, Zhang Jiewen. * Department of Neurology, People's Hospital of Zhengzhou
University ,Henan Provincial People's Hospital , Zhengzhou 450003, China
Corresponding author: Zhang Jiewen, Email. zhangjiewen9900@ 126. com

[ Abstract] Objective To determine the effect of willed movement on the expression of Nogo-A and Rho-as-
sociated kinase (ROCK) in adult rats with cerebral ischemia. Methods Cerebral ischemia/reperfusion injury was
established by middle cerebral artery occlusion (MCAO) for 2 h, followed by a 24 h reperfusion in 54 adult rats and
the degree of their neurological deficit was evaluated using Longa scale. They were then divided randomly into 3
groups, namely the MCAO group, the environmental modification (EM) group, and the willed movement ( WM)
group. The rats of MCAO group were raised in a regular breeding box, where they could get food and water freely.
Meanwhile, those of the other two groups were raised in a homemade box. For the WM group, the water bottle and
food were located on the roof of the homemade box. In each group, six rats were killed on day 3, 7 and 15 after
reperfusion and their neurological deficits were evaluated respectively. Immunohistochemistry assay was employed to
examine the expression of Nogo-A and ROCK in the brain tissue around the ischemic foci. Results The rats of the
WM group showed lessened neurological deficits on day 15 compared with the model and EM group. Their expression
of Nogo-A decreases from(28.92 +2.17)/hpf on day 7 to (24.38 £2.29)/hpf on day 15 and that of ROCK did
from (40.03 +2.14)/hpf to (38.08 £2.07)/ hpf, lower than those of the model and EM group. However, no sig-
nificant differences were found in the expression of Nogo-A and ROCK between the model group and EM group at any
time points. Conclusion Willed movement could promote the functional recovery of neurological deficits in rats
with ischemia after reperfusion, which is probably in relation to restrained expression of Nogo-A and Rho-associated in
the tissue around the brain ischemic foci.

[ Key words] Willed movement; Cerebral ischemia; Nogo-A; Rho-associated kinase
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PR A SRUE B I ) B PR B, I 3 HE e o DX A= R
R T 4R R R R R Al 3R 1 R KK
AT B2 458 P A P 2 A8 52 R G fh T ) AR SR
PR R A S R LSS B 1102 Bl 7k X R B Rk 1
Nogo-A I Rho BRI BRI, B TR R )12 Bl fie
PR DIREME 19 0 T-HL

RF T

— SLE B B b kL

T3k O 15 AR fd BRI Sprague-Dawley (SD)
KEL 54 H MR 230 ~260 g, K I T EE K240
ME=BEBE s I bl . KEURFR R0 R 22 C |
WS 60% JEmEEI 12 h/12 b, B H 4T 78 R Ko K&
aY), FE A Lo s B R R (K
38 em x B 28 em x /5 18 em) . A Hil5A 346 (K 38 em x
TE 28 em X F132 cm) \Qﬁﬂj\?ﬁﬁ(ﬁS cem X T 10 cm
X 15522 em) |, H A= Nikon -0 6274 30T . H A7 80i
RUE B WA . H AT DS-Ril AU I f3f 8% i 22 2500 A
BL; Pt KR Nogo-A Z 3 BEHTIAR ( TAEIREE 1:500) K&
HBTK R Rho £ se bt iA ( TARMEE 1:500) $41
H DAKO 7y #), — & 4 Bt 7K % ( diaminobenzidine
DAB) i ai55 &0t 3 2E[E Vector A H]

B R

Z: 18 Longa A&7 [ 6] , 24 M 250 0 ik il & K i
rh g Jik#2 2E (middle cerebral artery occlusion, MCAO) #5
B REZE 2 h IR AR TR G A B R U % T
FUFEFRF T, PR 24 h J5 R H Longa P4 XK UL
WA TZ DIREPERE ,0 40 Fm K RUE R, T4
DIRestant ;1 73RN FR B 2 TR s, K BRI
ARETERME ;2 3R A L D RE BN, K ST
I ) (i SE A 2 P 53 9378 B B A 28 T e A, R BRI
A7 s B A e s S OB 54 4327 K BRUA B IRGE R R
e &3, KR Longa W4 R 1 ~3 7303 Hil B
BV 1 0 2 4 3 - B R BRI A Y, PE 0 R
0 53} 4 SRS LI GRSl A 54 HOR B, SR
BEMLAC 7 08 F 40 MCAO BERILL (18 ) 3Rk
AR (18 H) Bz shdl (18 ), B4l 404 K
3d.7d.15d3 W4, Bl 6 H,

= Tk

SIRUN=/N7 S RN PN I P mI A by sl o W= B
3 KR iz sh A R BUE T A RIE SN AR B
NI YO E AR T, 7020 )5 RO 4R
TR VIZRR BRE A I8 A A6 B8] 55 4 0 B 3¢
B TR K SR 7 K BLAE 3 30 22 e 35 UK Ak
JEE RIS . MCAO FORIZH FIPREE MUE 4R RN #EA T
HIiz shiFE S B MCAO BRI K BB T i)

FEAEWN PR U 20 R BUE T 5 1) iz B AH R Y
A FRAR N A8 N BCEAR RN FIE RS (B RO
TR AERE T

D | Heps A gt

B FETES 3 d.7 .15 d, 250K MCAO Y
2l REEUCR L B is B4 N A5 2K R 0. 35 ml/
100 g 7K G5 (10% ) BRI AL AL, UK ZHZL, H L 5 pum
JEAE R ] SR A G ™ s e BRR &
VERA B HEAT L AW MR £h 2% MK ( phosphate buffered
solution , PBS) X —4t, 1% B FAPEXT IR WL Nogo-A
H1 Rho BTG IK 7K V- 241358 BB 000450 T2 itk i ] 61 I
BN MR N R B e R PR DAB G A fHYE, 7E
B T BEALIEE 4 AR E AL TR T
(18 FEA 200 S, SR AR P LA R iz AR ) BH P R 3k
B,

T Giit o b

K H SPSS 16. 0 MRGE T 2= 8 #E A T 5k Hs b 34, By
Bt s Rk (2 +5) B FR0R, A 1] R A A
R8T, P L BCR AT ¢ Ko, #h 2 D Re st P55
KHAESEFL R H K56 & Nemenyi ¥ K25, P <0.05
FIREFAGITFE L,

# R

— 3 AR TTAT 5 ML RS o)

FHUHT, 25 41K B D R B o 2 ] b, 22
FEGIFEX(P>0.05), FHEE 15 d B, & iz
SR AL D BRI IT 4> 5 MCAO BERIZH PR35 ek
AR Z B HLHE, 2 A G4 L (P <0.05) , MCAO
FEIZH T 15 d I 22 D RE B0 37 49 5 3 85 ek A
A, ZR LR ITFE L (P>0.05),

T3 KRBT S A [ [ dfe ot %G 2H 27 Rl
[X. Nogo-A Fih K

TIJa , A5 21 K BUER Tt B o e i J) BBl X34 4
Nogo-A Fik, TR 3 d IF, MCAO #RIZ FREE AR
20 E iz s Nogo-A FIR K2 [H] B, =5 T4
R X (P >0.05), SN 3 d I, 5540 K BURE
HEET d K 15 d B} A Nogo-A Fik/KFEHI & (P <
0.05)., HZHWN 7 d i A A )2 B 2 FRE T 15 d
F 9 Nogo-A FRIKK - ZFEL (P <0.05), FHEE
7 dJ 15 d iF,MCAO BRI ] 5 PR 55 2028 21 Nogo-A
Kz, 2R ERITHEL(P>0.05), &
MBS FHEE 7 d K 15 d I H Nogo-A 21k 7K F ik
FET MCAO dH IS e ], 27 A Hit#a X
(P<0.05), TEWE1 K1,

=3 KBTS AS [ I [ ke if i 26 20
X Rho 4 f# kK-
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1 3 KT HUGAS[FET A B A3 2 2 R X
Nogo-A Fik/KF (A B MET & +5)

25 15155 3d 7d 15d
MCAO BE%IZH 6 20.42£5.28 33.33+1.52* 32.17 £1.94*
EEEAE A 6  21.06+4.86 33.00+3.13* 33.71+2.70"

Bz 6 21.83 £4.44  28.92 £2.17°7 24.38 +2.29

W SHM 3 d HE,*P<0.05; 54N 7 d HE,"P<0.05; 5
MCAO #5028 ] st [7] 55, b 852, © P < 0. 05 ; 5 PR 485 e 75 4[] I (] o5 L4,
1p<0.05

TR, A 20 K BT iz o ke ot S R DX 35 4
Rho M HEFE ik, FEFETE3 dIF, MCAO #5120  FREE ol
AR R B 4L Rho JEER A K Z I LA, 2 5%
TGt E (P >0.05), 541093 d By Hed, &4k
FUFFHEE 7 d 2 15 d B A Rho 384 il 2 15 7K - 34 318 &5
(P<0.05), 5417 d i i {0 )iz sh 4 FE

15 d B4 Rho J 2 38 7KF- i R#K (P <0.05) . i
HEVE 7 d e 15 d BF, MCAO #8241 5 FREE 2025 2H Rho
FAEGF B K - Z B R, Z 7 Rait% 8 L (P>
0.05) ., B[S shFHEE 7 d & 15 d B Rho J#4E
FIRIKF B KT MCAO 40 R R BSR4, 2 R AE G
HEE X (P<0.05), #EWFE2 K2,
F2 3 KB HUG A R[] et g 26 4 P X
Rho & EFFIE K- (A SRR, % +5)

20 5 kA 3d 7d 154
MCAO Iz 6 35.03 £4.24  45.04 +1.25* 45.32+1.13*
R AR 21 6 34.30 £2.74  45.75+1.76* 45.29 £1.40*
EEsH 6 35.16 £4.18  40.03 £2.14*¢ 38.08 £2.07"

F 54N 3 dHE,P<0.05; 541 7 d A, PP<0.05; 5
MCAO A5 T 4 [ B V] 5, 48, < P < 0. 05 5 45 PR485 i738 41 [ Ik i) o b A,
4P <0.05

Hra i MCAO FEBIZH A BRUFE T 7 d B 55 m J] PRl X, Nogo-A [ 2RGA T L s b oy P45 AR 4 K BRUPFE 1 7 d B I it J FRTIX. Nogo-A 14634

T ;¢ R I8 B2 R BT 7 d IR ARG e 1l & BT IX. Nogo-A FF AT L

1 FRFETE 7 d 25 ZH R BRUBR R ) T IX. Nogo-A POZRIRAE L (e 2 AL UL 2, x400)

T :a iy MCAO BERIZH R BUFHIEN: 7 o I e i J5] BBl DX Rho SRR AT B0 ; b S FRBE L LR BUFHIEN: 7 o Il B it J3] B X Rho SRR
IKTEWL ;¢ SRR 138 ALK SR HETE 7 d SR R i S FRIIX. Rho S8 A0 238 5 0
2 P 7 d I A R UG R i 1R DX Rho 50AR Y 73K 15 D0 (S Ak B 4, x 400)
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o fih T 9 2 (1 SE BB A 28 T BB A5 1Y) S5 R Sk Atk
— HT AT IAN R T WAL R B 5L
Ff A BT AR v 5 D REVR & 2 ) AR EARASE AH ELA
S EE AR AR v R B A R 2O B B R 5 T
A AR OCHR IR I, TR 28 2R 8 N A A I ol
Zoouhh o HEAE I pl 2 AR KA R B 7, AT A
Nogo®E F | B i A 5 25 H ( myelin-associated glyco-
protein, MAG ) , 2058 Jis¢ Ji 4 Jfd i %5 i 1% 25 11 (oligoden-
drocyte-myelin glycoprotein, OMgp ) 55,

Nogo HHA 3 P, Hirh Nogo-A A fE /& FH 1
HRER S AR Y OCHE IR 22— AR L B W
Nogo-A F 24341 T HR AR B 25 22 295 /0 5 J5e S5 44t L g P Joit
0 S O S & A A NS e e 1) B T 8 T
TR I o 40 it v o DL oA Nogo-A TEAEYIR N
S ARSI 35 3 LR s ZU A0 400 i b 58 A= AR T, T e
3 Aoy 2 wh 2 o b 22 T AR L 40 B2 A Oy =X 2
J -y =X LR i R 4 - i =X R 4
it -JE 7 253 3] 30 ok 4 B 3R THT ) Nogo-66 Ml 7% T >k
175 Nogo-66 I - Be 5 52 i 28 S0 45 &, MG R #84E
FH 5 B2 RO ) P D A2 vy /0 2 52 J5ie 40 B B 422 ik
Nogo-A n] ¥ P 2 1K i A Be™) . Nogo-A Z Ak 5 p75
K Lingo-1TERLE &Y, SR IG5 Nogo B il P X 35 2%
£, 55 TAF MO Rl Rho/Rock 553 i, 11
SEh AR Z B

Rho/Rock 15 5% 38 1% ) G877 F 45 Rho &
1 .Rho 3 A1 JJLEK 8% B2 B ( myosin phosphatase , MP)
Rho ¥ 322432 Rho 1538 TG AL15 &, 5 £
DEIERRAL R IR AL, I H TR — R Y BERR
o/ Wi A S s, L3R 2R 1 B R 1 A2 1% Ak Rho B
A, TS ALY Rho BB RE(E MP BEER 1L, , 111 12 % %
PE, TR B MP BB LK AR 1 524 (myosin light
chain, MLC) BRIk, , BT LAMUIR N B2 16 MLC KP4
W ey LS -WUBREE SR EG s AR 2 R 2N, -
A EUISIE B AR SR DR 2%, il 5 4 i A
SRR, AT H AR " . Lemmens -
W5 R I, EphAd 3R 3k KT B 1 6 56 R/ B 52 3
DI ReN A2 A B e B ali P e aft 2 i A N RO 5, 37
EphA4 AJ G2 H0E Rho B b I 5 K 12—, filf
FH Rho #A BN Y-27632 FIELET Hu /R 5, B i /]
BRI A Ji A 328 B0 1) T A5 3] dd 2 o

— MO f 2R D REK AL A Hh R A TR R E 48
FEUe ABATY A 24 73 % (1) 7 v 58 35 38t B A A [ 2 2 1)
Z2IRE B PUIE AR . X 35t BA A T aRAE 19 I AR rp R ROk
i, BRI 1% 5 52 )11 25 R 08 A7 A% e O I TS Seo

AT B R LSS B3I 25 R 6% 42 32 SR et e i e
KA A2 Th BEVK 52, [ ik ml kg 3 dfe ot 00 A i 21 BR a
JITFE MR E B IIRE . A OB I 2k i A AR
6], HAT ML= 5 —MEE , Kollen & W58 i3, 4
AUNRReE et vl 37 P BRER g i S W e 77, HoA
B8] 5 T s (] 52 60 R 5%, H 7R i 2 HR s S0 A
AN GRA R By, B as sy 7 ik R e B A5
ST R RE 2 119 B0 ey Jeb e A fte o R B A D o5 9 )
JEAA i 8 ERO AR AR I S b ) AR T, PR L
A B PR AN

A G AE R BRI 24 b 5 S BRF G e T
]38 3l , 4820 K B0 (A 28 T RE Bl A D40 8] FL %, 22
SRGI2EE L (P >0.05) , 15d )5, Mz s KR
R A FRlz A e 28 T i Bl 15 A A6 MC A B 2 e 34355
UL R B G5 (P <0.05) , MCAO f BIZH 5375
PUOAR LA B 22 T i B 0 A 22 A e 3R, 22 SR e 4 it
PEEE (P >0.05), HREASUL 25, R Bl
FETE 3 d I, 4520 Nogo-A F1 Rho i 2 ik /K F 2 8] b
B OERTLGHFE X (P>0.05), Bl s 7d &
15 d i, B 13z 3120 K Bl Nogo-A il Rho B4 ik /K F
A MCAO 2 IR AR 4 FRE (P <0.05) , H & )iz
SN FETE 15 d B Nogo-A 1 Rho 4 (1) % 15 7K SIE
TFHETE 7 d B, X —28 bt 38 5 ph 2 D) BE B0 PF 5028
LB IEAR W 5 . Nogo-A F1 Rho I B AE Ay $10 fi] il 58
AR E A, HF KK TR BT i i i < R A
PRGNS kI, R LA, 1058 BT Ik S
O e i e A 2 A A BRI i 2H 20 R Nogo-A il Rho
T 1 22 TR K -, DTS R T i 28 e 1] 2 fih 50 993 1%l
P B B 2 T REIE R
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