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[ Abstract ]

expression of growth-associated protein-43 ( GAP-43) in rats with vascular dementia.
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Objective  To study the effects of rehabilitation training on learning and memory ability and the

Methods

Sprague-Dawley rats were randomly assigned to a rehabilitation group (n =20), an immobilization group (n =20),

Forty-four female

and a sham-operation group (n=4). The rats in the former 2 groups were operated on to establish the experimental
vascular dementia model by repeatedly ischemia/reperfusion injury of brain induced by ligation of bilateral common
carotid arteries and lowering of blood pressure induced by intraabdominal injection of sodium nitroprusside. The rats
in rehabilitation group were administered with rotating bar and rolling cage exercises for 1 hour once daily, while those
in the immobilization group were immobilized and without any exercise; the rats in sham-operation group could move
freely in cage. Learning and memory tests were preformed by using step-down avoidance test at the 27th and 28th
days after operation. Immunohistochemical staining was used to detect GAP-43 expression in hippocampus CA1l area
at different time points after operation. Results The rats in rehabilitation group demonstrated better learning and
memory ability than those in immobilization group( P <0.01) , and more GAP-43 expression in hippocampus CAl ar-
ea than those in immobilization group and sham-operation (P <0.01). Conclusion Rehabilitation training can im-
prove the learning and memory ability of rats with experimental vascular dementia, and the mechanism is probably re-
lated to the increase of GAP-43 in hippocampus CAl area.

[ Key words] Learning and memory;  Growth-associated

Vascular dementia;  Rehabilitation training;

protein

1B R (vascular dementia, VD) A E4F ARt
22 S0 5 R, e LA i Ao 728 T S50 8 8 Al
DIRE RS G R EE BAE, 83 BRI 1L A5

DOI;10. 3760/ cma. j. issn. 0254-1424.2009. 07. 001
FEATE AU B 25 DA RHL TR H (2006B001 )
YER B4 :310006 AT BT T 55— IR 2 B B A 6 2 ) (AR R B3 |
RTS8 AR B0 AN A R B I AR ) WL R A B L S B o R
(I )

TIRERERT . Jpq BHAL ] 32 55 il 1t A8 72 e 5 | 762 14 JRy 7
B4 ikt M BBk 4RI O ER R TA RN A2 55 AH DG 14 4 o
SR LU T A O, T80 2T e A2 /e 1 T IR
H K AH I HE H-43 (growth-associated protein-43 , GAP-43)
e H LR e MR R B, SR R
FEAFNGE fi nT B VE B UIAROC , 223808 THh 9 AR K HE T
TR, 308 2o o0 3 A K R S IS 1Y e i A 2 A 9 A
et ARSI SR AU 91 20 Jik 52 A2 dke ot P8 ¥ o o
M EERIVE VD AR5 i iz 2h Il 2Rk W H 2 > 3]



- 434 - AR IR R A 5 B 2575 2009 4E 7 4531 B4 7 ] Chin J Phys Med Rehabil, July 2009, Vol.31, No.7

1CRE TR DL e GAP-43 TEIE D) CAT X A[R] A R] 15
FIZeIk , B AEBR I 32 Sl I o0t i 25 P R 2R K B2
A VA IS CAL X GAP-43 k52

MR E

— LS5 4yl

VERR AR MEVE SD KB 44 H | TR BE 22 B
B o — BE B sh iy S g o 43t IR 218 ~270 ¢, A
110 ~ 12 J& TR, RS i shdd 20 2
gl 20 HAMRFARLL 4 H 2 sh AU Fi| shal e 41 iy X
SNARIE 1,7,14,21,28 d 5 ASIFE] &, A4S JE) 5 4
HARR .

— MRS

A1 BE]F AL (R Microw HM340E) ; i iS5
HL( H A Olympus BX20 #1) ; BMJ-IIT % 40 H AL K ¥4 5
B (HEYLIR) ;GNP-9080 1 F K 18 L 3740 ([
i) s HPTAS-1000 J5 B ] SC 43 HT 22 G (i R 5
THHA% TAEA ) ; EnVisionTM % S 40 LI
F 8k DAKO 723 7 77 s GAP-43 i %3k 1 22 vi [
PilAk, FHERE Abcam A F PS5

= VD FRAYHEST

SR IR 25055 5 fok Jsz. 2 5 I P 3 o o8 I P 325 o1
VEsh i) o 5% S & B 0. 75 mg/kg AT Al
e 1 mg/ kg PRTE NG i 3 PRI . K R BRI A
FFFIE I Al oy B XU S sk, ek & .
HENFE 2.5 mg/ ke PRI NG s s B IILE 7. BPH
T iy & e e PRSI 258 S ik 10 min, $538 10 min, JZ
23 WE, RS R SR, KRIME G
H L Honer ZEG1E , H5: B2 05 A B Py Wi il | @A T )R] el
HRNFARBIN A FRED BT A GL 08 B0 255
sk, BEASJE A LA AR I

M iz s 2k

A il 7 2 2 PRI 2R 2§ M K 50 em 4% 30 em 1)
[RITE AR A7, JES PR AT [ A 28, — i A — T30, P 4%
8 r/min FREHATIN Lk, B K BUBAIZ AR AT Y2k
BUAITE iefs 478 5538 30 B YT ZR LK 150 em
HAE 4.5 cm AR —R, Hrp S E &, UL 3 /min §%
B, 40 ) 2 A5 SRR G 2, I K RO T2 11— it i 51
J—vis, DN B ohe, sl RS 1
RIFHINZR LA L2 AT H , B45 10 min, H R E
10 min, B R 1, A8 5 o, 34 J8 Hlsh AR5 &
F 60 ¢cm x40 cm x20 cm E@M%%Vﬂfé,ﬁ%fﬁﬁ
— IR T YRR, DU A By A b T [ RS BR ]
HAmES, BMFEARAREE FE@EES A hiEsh,

I 2 C A,

Bk &2 =8 H ] 40 cm x40 cm x40 cm B #%

S [FT3BE S N AR . A RS Ay T R AR I 2 A 1R — o]
HCE R 7 4, A 10 em x 10 em, &
10 em, FEARJEEE 27 Kk > il st K K BUBCA FA
PNIE VS min, BIZ058 L 36 V A2 HiH, K2 B,
S RN SR Bk 3 % 4 5 Pk i o 10 S R s 2Bk
BRAE LAYEHE,VE N RN AR, WEE 5 min N K
BT L4 Z i IR BN SRR B 5 min I
2 BB TE] AR BH Al R v RSOR A2 f o e TR Sl
WG, 24 h JEEE RS IICC ST, B K RUE
F24a b BIZIEH 05 5 min N RKEUNEG EBEE
] D ey s D (VAR ) |, 32 L T TR (R R B M
5 min N 132 BT B (] DAV ORI B 152 U BORD 37 L
] A2 85

N AT R

KK R ATE pH 7. 4 P PEZE v R /R S
MREE 12 h 5 KR . B 2EKYE 30 min, 70% 1
%30 min,95% MR 1 h x2 ¥K,100% e 1 h x2
W, " H KA 20 min x 2 K, 1215 58 ~60°C 3 h,fui
AP R B RIXGELSEEIR YT A R 4w, K
WF#E3E R 1,60 ~62CHLAIE B 4 h 5, 179K
R-prageta fidee b ge o,

L AR E- P

AR (HE B 60) . U1 7 28 — R o
Ja MR TCIK 2B 95% 2.1 80% 2. 70% £ T
K Gill TR ZE YL AR 10 min, [ RKYE, BMEE T #
10 5% LR LWL ERD , K bk R/K AL ,95%
L1 min,0.5% 4 LBEGAAH 1 ~2 min,80% &
i 2990 40,95% 2, 100% 2 Tk, — W A3 B
PER i E R

I\ e SUE Y

K EnVision™ Ak A Y] R RIS
FHTKZ T 95% 80% T0% 7. % KAk, & 48K Uk
PRI R H il s R B 2 (GAP43 2R 0. 01 mol/L
FEBEmR 25 v W, pH B 6. 0) , B JE] 100 s; 21K
¥k, PBS {':P{)FE(S min X3 (QL() ,3% H, 0, REL T PN T8 1 1t AR
AEHIE 10 min, PBS ¥ 5 min x3 ¥R, i —H1 (Hok 5
2 etk , TAEMRE A 1:150; A3 E abeam 2>
A8 ab16053 ; FH PBS AREF—Pi b as FIXTHR) ,4°C
S8, PBS #PE(5 min x3 W), MNLEPL R 1eG HiT
1A&-HRP Z8 A& 37°C & 40 min, PBS MY 5 min x 3
K, DAB B3k B (4 3 min, W08 T b RO, A Sk
TR IPRLE E N, Harris 95 AR R R Ye M HE 4% 1 min,
95% 100% MoK , —HIRER s i 3 R o

i B 5B

SR A RO E] 5 T B 48 T2 20 \] HPIAS-
1000 i HEE S M R G0, X g4 1k GAPA3 Je i iy



AR PR A S AR 245 2009 4E 7 4531 B4 7 Chin J Phys Med Rehabil, July 2009, Vol.31, No.7 + 435 -

FoakUEAT @ AN A3 Hr . BV EESK D B BEML > B R 4E 5
ANET, CAT XCHLEF ( x 200 %) , &t % 2 5 A 54
Bl AR A0 5 CAL IX 5 N H0ET 10 26 308 9 32 (9 FR
IPICE A, & R VBRI FLPRA M Y g |

T GiitE ot

K H SPSS 12. 0 JRARM A TR B K Geit o3t 4
RH(x ) Fm T8 EREVUR AL TR T )y 22
ST, LR BRI 2R T 22 08T, 2 AR I 5O
PSR ¢ K,

# R

— 2 ) FIEA SR i 235 S

RJ5 27 d MR #2855 . 1z sh 2 B sh 20 B vy
HAFE] B B 46 % (P < 0. 01) , iR I B b (P <
0.05) ,3ZHHEfAd B B4 % (P <0.01) ;K528 d
FTCAL SR - 12 sh 2 B8 sh 24 AR 0T I B S K A5 TR IR
B0 b, Az e i R B B4R R (P <0.01) , 1
iz S SR F AR LTI 2% > 1012 S oA .25 57
(P>0.05), HA&REHEWE 1,

— HE 4+

YA 2, AR IR AT (e, TR AR kg A1
LU BRI PERR G B I B . 32 sh 2 RN i 3h 41 . ¥ 25 1
Z MR AT S5 RN , AN G TR R 1 0, 3R K A,
FE R ERIATE SO R AE 1 d AR, 53 AR UL
HEPERRAS . R TR INZH LS5 R 15 48 | ol 2 20 i HE )
HBIF(E),

o

i

iz 34l
1 A4 VD KETFARE 1 dED CAl KIEE¥2Z 1L (HE
Yeft, | x200)

i e BETFALH

= REH U AR AR IR 2

GAP-43 BHYEFR AR = BAE AR 2 AN | 40 22040
ML ek FE oS N IH B 2 FEifE ) CAL X
YA TZ MK, 38 s 4R 3h 4 30k B 8 34, 14
I CAT DX B 40 B 2 R HE S, AE 28 P 2 i 3R 3k
YSRGS | ARGy ] BBl BH P 40 A% [ 46 | 21
VMG . AR T AR B 5 CA1 XM 204 i
() 2 Al 28 N ek g 55 48 (|l 2) . GAP-43 i3k
RIEARIG 1 d W iE sh R F R AN & (P <0.05)
ERAGHE ARG T d, B8 BRIk 0k B, 5
Ml sl TR BIEE (P <0.01) , 22 R B G2
B ARSE 14 d 21 d, B EE TR, 5 H AR
S, Z R G E X (P>0.05) ;K5 28 d,i535)
HAERFARALE, ZRIEFITFEL(P>0.05),
W2,

vk

BB 7 d B Hilzhed 7 d BFAL 28 d B
B2 #41 VD KFl GAP-43 7EV D CAl X &AM DL b
(RPN LUb 2G5, x200)

15 B
VD A8 4% I I 55 5 | A ) i B B B s T
A RSP RE U E A, e BIL ) 32 S 1 4
oA S 380 e 4 i e 8 k4R S | R R S AT
AR R E M U AT 6 AR IR e M B
e M5 FERE T e 5 B R A B i 5 CA1 XM &0
B0, 51k 20 RE S RIS
GAP-43 2—Fh P 18 BB IR 5 1, Bk 2
ZIURE AR — DN TE R E T i R
ST B SRR | 5 fih 7] B S22 2D 0L B 2

R1 3 4URMBE AR 2 T A ST L (= +5)

q ) 22 WG e S
- SV (s) FERRUEL(R) Z T mE () WK () R B () ZHH I ()
pey 48| 20 60.50 +14.27* 1.00 +0. 82" 11.25 +7.89* 296.50 +4.73* 0.50 £0.58" 3.50 +4.73"
il e 20 183.00 +62.34¢ 2.75 £0.96¢ 68.50 +19.33¢ 57.75 +30.25¢ 2.50 £0.58¢ 145.53 +57.12¢
FRA 4 40.50 £5.92 0.50 +0.58 5.50 +6.40 297.50 £5.00 0.25 £0.50 2.50 £5.00
W SR H#, *P<0.01,"P <0.05, 5 FARALE, °P <0.01,P <0.05
R2 3UHKFIED CAL X GAP-43 FEAN[EIFA] S A RIK (% =)
@ 5l n RF1d RIF7d ARJF 14 d ARJF 21 d AR5 28 d
Zhd 20 0.031 +0.005 0.040 +0.002 0.029 £0.001 0.033 £0. 009 0.031 £0. 007
HZheH 20 0.026 +0. 005 0.029 £0.002°¢ 0.0251 +0.008 0.026 +0.010 0.030 £0.001¢
BFARA 4 0.021 +0.001¢ 0.021 £0.001* 0.021 +0.001 0.021 +0.001 0.020 £0. 001

0. 5HIheH e, *P <0.01,°P <0. 05, 5T AR L, °P <0.01,%P <0.05



- 436 - AR IR R A 5 B 2575 2009 4E 7 4531 B4 7 ] Chin J Phys Med Rehabil, July 2009, Vol.31, No.7

FLAth | < B FE 38 58 (long-term potentiation , LIP) Jg& %8 fith
AL YAVE LI R I | GAP-43 59 DK I F 10 o 35
YIRS, ROFss s ] 3 1 Fhsadi . R LTP Hid
AT, W GAP-43 JEH 522> i8I A
E S

AR F B, VD KB4 012 sl 25
J& 2% 2 ACIC ST B TRl sh A, 5 IRTF R 41 JC
B2, nEsilghae et vD K22 g2
O, IR PR A A AR e R A 45 0 Y S A 4R
H A6 2 A5 T8 IR, IRl 2% 27 002 A0 56 B T 38 45 3]
R SR o e 8 ) HC 2 5 ) AT A M R AT R T
T, W45 F) T2 2D A2 Th g B WK &2 0 T 2 24 ) iR 1LY
NREIX , JuH & CAT X, CA3 X1 DG X 1E2% > g4z
W R E EEERY ) RS s Uk KRR
Fiki gk 0I5 i DI e &, oy F UL T e 5 GAP-43
mRNA A KF B s A ™ |

AW R, 1E 3040 GAP-43 7EiF 5 CA1 X 3R
IKCRJESE 1 RIFIRIE 5,7 d 8 30 e, B il 2h 280 W
Wy E LUEEWEAL, 14 d R HEL,21 d.28 d B%
AR X 5 HE Sk IRE A TS LR R
KA K . GAP-43 J4TE # 2e Jofe ok 17 4 28 ot il 28 1 15
SRR AR DL R i 28 2 fioh 1) 3 432 J A 5 A d ol PR 0
J&, GAP-43 mRNA [ 3R 83558 AT 58 5 451405 o 22 1 T
REMRE A s w05 5 M AR I, B g€ GAP-43 #Y
T AN 20 ~ 100 51 A nH R B R
FPEAESRAE T R 08 MBS SR AL S  7E U IE M 2200
W AT RE S TR AR B A A SRR I (5 S ad i AT
IR MR, NI CA P-43 Rk, FEFI S
W35, 14403 Je 8 R WAL T 3 47 A 32 3 M A B 1 R
B 5 B AR B M AR 7= A A L R 5 A 5 i i
ik GAP-43 ") T 5B A AR B 5E K BRI Hh B
ik P FEARE TR ) e 3, A i A i 21 240 B R a2 sl Il R
(k) 411 GAP-43 Hu i i PR /K S 76 Bk I )5 265 7,
14,28 K &5 TX RA, B s 4 T e F 7256 3
KI5 F XA, vl Bz sh Yl 2k o] UL o
GAP-43 )AL IR M L T BE IR E . 53 91,
Paratcha % " HFSTIAN N, Zeat iz il 2k 19 3 W) SOIR A
NI GAP-43 B R Ak (1) 7K - A ZE 114 55 78 b X HEL 2
> 31% KPP N IEPE GAP-43 B2 1k K T 0 K AT fig
2 FR TS M R P AR R C AT PERRAR TR, Ul
& BN AT P 1 GAP-43 Y BE (R4 B K A
FIFHZ A, Fik, AT R VD K RUAT
iz s gk BE I 0 ek 35 2F ST iE R BE T, X AT RE S
GAP-43 TE 5 CA1 X F A0

B2, GAP-A3 {3 #h 28 % & R A i ELARHIL I

MR SE R, TN TR L K R 1 AL ) LA R AR 3
YERT, #3028 oo v -5 AR B A A o S P 2 o
A B T AT 1 ik b o8 A 4G 5 fih o B A ) A i
e, Miz sl 2k VD 2% 04 R4 58 3 i 3ie
Lins /e

Z £ x @t

(1] Fhek, S0E 9. WA b s e I 2R e w22 DT Re A 52 ML) 1) F 5%
HERE. rhARYELEE 2 5 HER TR, 2008, 30:340-342.

(2] EE, HZ% R M, 5 B A8 PR " T 1 Bk, o
R EEE B¢ AR ,2000,10.:914-916.

[3] A0, 2. FREIIZE EFER BN GRS 0914l B WL 5Y
HERE. rhARMELEE 2 5 HER 2T, 2000, 22:307-310.

[4] AW, AL, TR, RSN GAP-43 MBFF IR, i
Fl2¢ 448 ,2002,16 :1078-1083.

[5] Mecllvain VA, Robertson DR, Maimone MM, et al. A bnomal tha-
lamocortical pathfinding and term inalarbors lead to enlarged barrels
in neonatal GAP-43 heterozygous mice. Comp Neurol,2003, 462
252-264.

[6] Routtenberg A, Cantallops I, Zaffuto S, et al. Enhanced leaming af-
ter genetic overexpression of a brain growth protein. Proc Natl Acad
Sei USA,2000,97; 7657.

(7] BFIRE, BXIE, A EE. Az ORI DG 2 1 7 Bl S0 P 5 405 38
AR BRI Ty SRR AR . B S R R ¥ 4, 2006, 28:2160-
2162.

(8] TMm, BV, BB, % BIRE VG Nsm 517 e
SN BH A THLRI. AL BE 220 ,2004,19 :196-199.

(9] ™3, 5K AL TS R, 45, K B kb st i 73 0E T B3 /5 GA
P-43 J IGF-1 el L PHE RIBM SR AT ST, XS g
A, 2007 ,24 :398-402.

[10]  KBF L, 2R, sk IEHg A6, sk i )5 Bh 240 M S B 7+ AR A
FHEH-43 MRS SHATIRIE R CR. PHRY IR 5RE
ZR75,2005 ,27 :464-467.

[11] Tolner EA, van V liet EA, Holtmaat AJ, et al. GAP-43 mRNA and
protein expressian in the hippocampal and parahippocampal region
during the course of epilep to genesis in rats. Eur J Neurosci, 2003,
17 :2369-2380.

[12] Carrasco J, Penkow a M, Giralt M, et al. Role of metallothionein-IIT
following central nervous system damage. Neurobiol Dis, 2003, 13
22-36.

[13] Chen B,Wang JF, Sun X, et al. Regulation of GAP-43 expression by
chronic desipramine treatment in rat cultured hippocampal cells. Biol
Psychiatry, 2003, 3: 530-537.

[14] TWH Bk, AR, %, 18 s gxt K SRS 5E 5 I 1A g
I GAP-43 \MAP-2 ik K- (5% . v [ B & P 24 4% 35,2004 ,
19.272-275.

[15] Paratcha GC, Ibarra GR,Cabrera R, et al. Decreased phosphorylation
of GAP-43/B-50 in striatal synaptic plasma membranes after circling
motor. Neurochem RES,1998,23 :1241-1249.

(&1 H 11.:2009-05-16 )
(AR 3C i e - B A A )



	433.pdf
	434.pdf
	435.pdf
	436.pdf

