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- FLAH AT ST

= a1z s e kbR i sk O oK B, ERK-CREB
18 [ 2R 1A B 52

wE AEF R FEM RAR BRI
(# =] BH SRR w0 Rkt i s i A BT A2 K i J] FBl 21 220 0 S M5 5 8 15 30

(ERK) -FR @R R SOV ToiF 4545 2 (1 (CREB) Sl BRI 5 N, Fik  dEBOE AR SD KL, RH
LRV A K T 3N KA 28 (MCAO) B 144 HL FeBEHLET 321540 AR R 20 Yivkid sh 4 1Al 35 A 35 e AR 4
M S s, A 36 R ; 24 R B S BHE 2 gk 7 d .15 d F130 d = A WEERE E] A, 40
FEMFE] .45 12 HR B, 3 A W 4% 41 K B4 AN WL I 8] s i AT Sk 2 A8 Ak, I 3R 00 3 3-8 4 Tl e 2 o
(RT-PCR)) FI 285 0 Y (0 460 S 11 & [ AR 248 ERK-CREB Sl BRI R IB K, B8R 72 1) M3B 3 40 4% I i)
JEAEATZE It 2 T AR BE AR 2 (P < 0. 05 ) 5 45 41 K B 2 D) RE S 400 7 43 T Al P98 103 o5 Bl s ) 52 T Bt
BB W B S A BT RE R IEA> (1.33 £0.49 ,0.50 £0.52.0. 08 £0.29) BAAIZ] (2. 00 +0. 60 .1.58 +
0.67.1.00 £0.60) JEkiZah41(2.50 £0.52.1.00 £0. 60 .0.50 +0.52) M FREE A2 (1.92 +0.52 1. 00 =
0.43.0.58 0. 52) ¥ BT (P <0.05) ; FEMETE 7.15 #1130 d, 2% 7] ¥ 32 3h 20 ke 1fi. J& 1A 41 41 ERK .CREB
mRNAJ pERK ,pCREB & [119 3%k 5 HA = A LLAC K B R I IN (P <0.05) , £5i8 i tkis shfk s Jm kbt
o ke M 4 el 22 T R, PT R LB R 0TS Bkt ] R A 21 4 ERK-CREB 3 B8 6,
[k$EiR] Mgk, @S3hyrik; Emtkissh; [F5Ee

The effects of willed movement on the extracellular signal-regulated kinase and cAMP response element bind-
ing protein pathway following focal cerebral ischemia Shen Qin” , Tang Qingping, Nie Jingjing, Li Simin, Yin
Jun,Yang Xiaosu. * Department of Neurology ,Xiangya Hospital ,Central South University, Changsha 410008 ,China
Corresponding author: Yang Xiaosu, Email ;. sjnk_xy@ aliyun. com

[ Abstract] Objective
cellular signal-regulated kinase (ERK) and ¢AMP response element binding protein (CREB) pathway in rats following
Methods

Dawley rats using intraluminal sutures, and they were randomly divided into a control group, a swimming exercise

To explore the effects of willed movement on neurological performance and the extra-

focal cerebral ischemia. Reversible middle cerebral artery occlusion was induced in 144 male Sprague-
group, an environment modification group, and a willed movement group. The observation time points were at 7, 15 and
30 days after reperfusion. A behavioral test was performed to evaluate any neurological deficiency. Reverse transcription
PCR (RT-PCR) and immunofluorescence were used to detect the ERK and CREB responses in terms of mRNA and
phosphorylated ERK ( pERK) and phosphorylated CREB (pCREB) protein in the peri-ischemic brain tissue. Results
The climbing frequency of the willed movement group was significantly higher than that of the environment modification
group. Three days after reperfusion the neurological deficit scores of all groups began to decrease, and that of the willed
movement group had decreased significantly more than in the other three groups at all time points. ERK/CREB mRNA
and pERK and pCREB protein expression were dramatically up-regulated in the willed movement group at 7, 15 and 30
Conclusions

days after reperfusion, significantly more than in the other three groups. Willed movement may promote

motor recovery by up-regulating and activating the ERK/CREB pathway following focal cerebral ischemia.

[ Key words] Brain ischemia; Exercise therapy;
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Willed movement

Signal pathways

R AR A R A, TR E 3 4E R % 250100 000,
Ho 25 70% ~80% Y 34 1% B3 A R R2 B 119 ) 7 s
g UEAEK, BE A IR R I2 7 BOAR & T I 2 TP o
FEARC B R (LSRR AR 2 B T R T
P, PRI, X2 o R A 3 o7 T B R AL i A 5%
NEK, Btz Ra MR EP TR B e
SERE—ShVE I ik B L 10 B bR i — Rz s r =X,
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WF5E > BoR 2 MRS B AR A SRR iz o 1
FE RS Jay kM it A B A 22 T g, (R LA FH AL
HETM ARG, ST FIRBE A 50, AR LA ME
SYH T P4 (extreellular signal regulated kinase, ERK) -
IR R AT W TC 45 5 8 1 (cAMP response element
binding protein, CREB ) i i A UIA AT, 15 & 10 1412 3
S Jap VR BRI K BRURR 22 D RERY T BEAILH

MH 5T *

— B YIBRL I A N 2H

PEPUE TE PN Sprague-Dawley (SD) K 5L,8 ~ 10
JElIE AR 220 ~250 g, 34 H g R A% S Bl ) A R R
it BT S 1 0 R ] B 2l ) DR AP R 4 P S it
218 Longa 244 ¥E 1 ) 4 A ) K ki o 3 B i 2 (mid-
dle cerebral artery occlusion, MCAO ) # Y | ELAKH:AE A
BRANT : LL10% 7K 5 SABERR I A TE 3 GRIER: 5 ml/kg 14
) BRI B, RO B2 44 HG 1 i B Sk A 1 R T TR
B, HERES R IH BRI  ISNE TP 2T O i il 58
JUUTA 25 o3 5 05 B ALY, AR UK 23 B A O 350 3l Jik
(common carotid artery, CCA)  #04} 3l ik ( external ca-
rotid artery, ECA) J # N 3fj Jik (internal carotid artery,
ICA) ,7E CCA Jz.Co3ii5 3O Bz ECA R bk 2k, 43
BILEFL CCA 0 I FT ECA, #% CCA .03 ) 4112k &
WAGEE ] . B kIR I e AT ICA 2 4 o, FH R} 5
T CCA B3I 1 em ARBT—/INIT, 218 A ) H#T ICA
A EAE 0.26 mm HkdmZeflifu b BLAY 2k 4l A
WL (19 + 1) mm I, AT JR8 B BH 7 26, B 7 A2
2k 3k ity 21035 KM H 3l ik ( middle cerebral artery, MCA )
A 5 IR R 700 O i ) 20 26 DA ] Fe 2k, 18 2
S EOR THTEOI I R A AN B RIEZ T 1 em,
2h G B LTSN | em 224G TR 2 kom 5
MCA A TS, JE B i P e

TEVE ST 2 h 42 HR R R A 2 D REPE o b o X
REFATH DR AR VY23, #5175 50 2 430 3 43 1Y)
REINAARSL BIERE AN TS, B fF & AT
IR 144 HARRENLECT R ik o0 B ZH i ikoz 3h
2 U R E s s, dl 36 K, K£AR
Bl 2 ffe P i IS ] A e 1L 7 d (15 d #1130 d =
ASWLEEI ] L, B G AL 12 HOR R,

= PRI REBAT o

%18 Longa %:'*) F1 Berdenson %5 3F43 45 i IF:
AR R R R R P TS A 1,37 15 A1 30 R
RO T 1 I G S5 0F % 20 K R AT il 8 1) B G5 A D
430 4, JCPR AT RE B 1 4, w2 43, mi A
Je ity AR T R 53 43, AT A I 1) R A 2 P 5 4
53 ATE R RS R 5 43 AN RE B R ATE, A IR

k56 7, BT,

= SR Ty =

KEMCAO ARHEIE 3 KIS A3 ml 47 3 K
A3E AN ZE (55 1 K 10 min, %5 2 K 20 min, 55 3 X
30 min) ,MCAO ARJ555 3 KIFMH#ATIZ sl T-H, HA
HRBRAHTAEATINZ:

Wevkiz sh4 . 5K 10:00 HE K B B 75 4 1K
L AIKSR (0.8 m x0.8 m x0. 6 m) Y#Uk 30 min, 7K
I 29 ~31 °C, Wevk i a] H e nZ SRR A 10 s ANEE
KT PR 30 s J5 4kSE; i Tk &5 45 W)
KB TR BARTEEET AR 1, PR R BSR4
A FRAE

L RO 20 R R 1] P32 Bl 4 45K 10:00 KK B
WL 57 4 B R BT NTFE (8 em x 10 cm X
22 em) ) B HITAFEFE (38 em x 28 ¢cm x32 e¢m) . 1]
PRIz sha . W SOKOE THI T, KA EWkS 58
I BRGNS AR BE SR ) R U A - B ) T
WFREN , AHATEYIE S %, R4 2 4
K BRI AR MNVEE UL, e Z B TSR Tk 11k, I8 &
B B AR EE - = 0.5 WK, 30 min J5 8 K B AT &
FUmFRAE . F R BT 2 (IR /NET) = R IR
/i) THAR U RL AR

X 3 2 KBRSt T 10 A i) A, A B ) 29 4]
T2 T W A FRAE (40 em x 30 em x 18 em) N, Y4 T
AT REAS ARS8, R 17:00 R

D A gy g BOEE AR bR

1. 39 5 5 -2 5 i 4% S M (reverse transcriptase-
polymerase chain reaction, RT-PCR ) ¥ il & 11 J&] Fsl fin 2H
21 ERK F1 CREB mRNA [T : 4351 Tk i £33 13 25
715 F130 K, BAKRAH 6 H, Wk U 5 2B/
o R T, AR A Ashwal %567 AR 5T, BRCBR it A0 A g >
BREFARERZSUG 7 ~ 11 mm ARAGZHZY, H RNA $2HUA
Trizol (Invitrogen 28 Al ) — B3R 2R RNA J5 , &0 By
7+ RNA RY5EREME Ko 8 . P03 SRR & (MBI Fer-
mentas A7) ) & B ¢cDNA | LA B-HL8h 2 1 ( B-actin) AN
%, % DNA JF5E % GenBank 2% CREB \ERK &
B-actin i mRNA J¥51 (£ 1), 5149 H Primer 6. 0 244
Wit LR TR AR ARG,

xz1 Slrs
SE1H BIIFAI(5'3") PC&S%
CREB ¥ : CCCAGGGAGGAGCAATACAG )58
T : GGGAGGACGCCATAACAACT
ERK ¥ : ACCGTGACCTCAAGCCTTCC i~
Ti# : GATGCAGCCCACAGACCAAA
B-actin ¥ : GAGACCTTCAACACCCCAGCC o

T : TCGGGGCATCGGAACCGCTCA
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PCR ¥ H{AK & .50 pl, Horp cDNA 3 ul; 3784 244
W 195 °C FAE 1 5 min 94 C 251 30 s, & FEARAH N T
BEIR K 45 5,72 CHEMH 1 min, 3§73 35 MEFR,72 C4
AIEH 5 min 4 CHRIE, HA, ERK CREB  B-actin f)
R JCHRBE 535112 60 °C (58 C .55 C . PCR J“¥)T 2%
TERE B H UK 5, FH R RS BUAR 0 BT R 46 (1 K
Z3w)) HEAH | Quantity One % ( Bio-Rad ) 4341 & HL Uk
£ KA, mRNA 35 DL« H A9 45445 JK 2 {H/ B-actin
A IKEEAE” R W B R B L E 1T i1t 2
T,

2. g B 't e DN ke i S L A 4 4 R fb ERK
( phosphorylated ERK, pERK ) 18 fig /& CREB ( phos-
phorylated CREB, pCREB ) {3 35 ; 431 Tl 1fiL 7 7
557 .15 F130 KA SEAAH TR 6 R, Hew My
ATIR AR . U e K S KR
HL( 18 Wetzlar 24 7)) HEEIRERISUE 7 ~ 11 mm XI5 1)
R (JE30 wm) . K IR R ¥E#E4T pERK & pCREB 1Y
GIEDI YL

BRI T . 0. 01 mmol/L 5 £k 22 vh ik
(phosphate buffer saline, PBS) (pH7. 4) EE¥k 3 Ik, %
5 min;@20. 1% Triton X-100 4 fif13# 1% 20 min; @PBS
VRIS LA 5% B I v B AT 15 min g @K A8 BT K6 I B 2
F 4 e A L3 i PBS # B 9 pERK PR 5E BEPT A
(1:200, Cell Signaling 23 7)) | %t pCREB H1 5e F& Hit /4
(1:400,Cell Signaling A#]) ,4 CIFE 48 h; @=EH T
52 30 min; ©@PBS EEVEJG, WM T, B Alexa Fluor
488 PRICHPUARBTIA (1:200, Invitrogen 23 ] ) ,37 C %
B2 h; OPBS EPt)E, T EHH W, LiR@DH
Sl B

% H Image-Pro Plus 6. 0 # /4 X ) 7 #t47 BER 4
Mo BEANEFE] S AR H K B e bR B LI L 4 5K 1)
B FEAR B 98 WSS (Eclipse T1, JE A A]) T AL
BRIt A 2 XK, ARk U R e 5 AT ALY, E AT
(10 x 40) TS LET ) BEPE 20 B R, 0 B0
ZEAH ( integrated optical density,10D) , BB R
wHTEIE T,

H Gtk

i SPSS 19. 0 W Ge it i 47 e 12 b 3L,

SCEGEE T (& +5) T, A B e db A7 IE 381 &
T 22 RS 20 (R 22 5 Fb 3 F ANOVA J2 LSD 543
Mro P<0.05INNESASGITEE L,

# R

— WKL RE G P S LR

&2 K BUZEFREEVE S 2 h IO & Tl B B 2F 20 it
L1 d IS N5 3 REAT [T, LS Bl s ) 4R 25
HPF 2 TR, BT S 2 h RS 1
H13 KB ] 50 VE 2 45 AL 1] 22 S B ST X
(P>0.05), levkiz shal i 2 D e st o4 75 10
FIEHE 3 M7 R A 5, AR SR 7 K
A A 22 5748 e it 248 L (P <0.05) , (H7E BRI 46
15 130 KA [B] A5, 2 T R B4 PE A B AR AL 21 B (8
FFE(P <0.05) 3 5T 20U 4H B #0248 D) e B 0 20 1
FRHET G55 7 15 F1 30 RIFIE THORI2H | H A T
HEH 15 F130 RETAHBZ S A5 FE X (P<
0.05) ; &Pk S 7E RS 56 7 .15 F1 30 KA
LRI Y B AL F A 3 41(P <0.05) . ¥
W2,

= RIS A RN 1 s Sh 2K BRUTCRRARR A

PR AR A R 28 1) A2 sl 2K A TE A AT 3
RTINS TR RIS AR 7 15 F1 30 K, B
P2 Bl 2H R BRI TCAS 1 23 2 5 A 5 i A 2 R B d 34
(P <0.05), HIHEK3,

=LA 2 KRR Bk O ] R R ZH 2 ERK Rl CREB
mRNAf) 3k

RT-PCR A0 7 , 455 760 21 - v J5 26 15 K,
ERK FI CREB mRNA A HE IG5 7 KEF 1M,
B J FEA PR R S AR A OB, iUk A2 sl 4H P T
7 KW ERK Fl CREB mRNA 2 ik /b (P <
0.05) , M-F-HEE)E 55 15 A1 30 K5 A0 238 B 38
(P <0.05) ; P55 B 20 20 4% I A1) f5 B0 22 18 247 B 45 0 4
BRI (P <0.05) 5 3 7] P42 sl 21 45 1) ] 55 0 2 18
PIRHAY 3 AP B3N (P <0.05) , H B[] () 3 £
iR, AR R 4,

DU 4520 R B it ) e 41 28 pERK i1 pCREB £
ELIES

T2 AL IR B L T A5 WLEE I [B] s A 2 D BE BRI I3 LA (73, & +5)

25 R FEER 2 h E SN LR S ENIPN ESEDN %530 K
I 12 2.75+0.45 2.33 +0.65 2.58 £0.67 2.00 £0.60 1.58 £0.67 1.00 +0. 60
TFvkiz sl 12 2.830.39 2.33 +0.89 2.67 +0. 65 2.50 +0.52* 1.00 +0. 60" 0.50 0. 52"
B Al 12 2.83 +0.39 2.25+0.87 2.58 +0.79 1.92 £0.52° 1.00 +0.43% 0.58 +0.52%
Btz 12 2.75 +0.45 2.17 £0.39 2.42+0.52 1.33 £0.49%* 0.50 £0. 524 0.08 +£0.294»

E SRR ) 5 AR, 2 P < 0. 05 5 STk Gz ShAL RIS j5 HL AR, PP < 0. 05 3 S5 IR A1 IR A 1) 1 HL A2, °P < 0. 05
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R3 PREHCE AN I P Sl UG S I P T A5 L
IR [ TR A AR LA (UK /NI & % 5)

215 H¥ 3R E VDN H15 K 5530 K
MR 12 4.1220.61  5.63+0.74 8.0420.75 11.96 +0.66
BMEE4 12 4.21 £0.58  8.58 £0.60* 14.13 £0.98* 18.79 £0.84%

1 SIS AL R A ) A5 b A, * P < 0. 05
GAREDIEYe (0 7R, 45 2K R A5 1sf ] st e iy & L
R ZH 4R 0L pERK Il pCREB 25 A0 234 (&1 1.2)
Hrh pERK 7EMEAZ MUK R4 3k pCREB %
Tk T,
FERIZH FEE T 45 15 RINE, pERK F1 pCREB ik

BEFETEJ S 7 KR B FEA R 2 s P S
557 .15 F130 K, iiFvkiza shdl AR R | B is
S pERK 1 pCREB A4 235 Bifi s} ] 5| THE 3
TR AR 7 Kt s bkiz sh 4 5 B 2 H A, pERK
1 pCREB [ Rk ¥k /b, H 2 R A G2 X (P <
0.05) , Mi{EF-HE 5 45 15 A1 30 K}, pERK . pCREB
AR FRIA B 2 (][] A WY 3 i (P < 0.05) 5 3
B8 20 KBl pERK Il pCREB 36 1k 78 4% I 1] 45 44
R W R R ZH B £ (P < 0.05) ; 2 1 M iE 3h 4 1w
pERK \pCREB 13K 1E 45 B [H] s 50 Ay 3 2l W)tk 1
% (P<0.05), BAREHEFEILE S ke,

a4 SR RPEHEE G2 I ] A Bl A Bk 4120 ERK f1 CREB mRNA AYZEIA L (7 £5)
15 o ERK mRNA CREB mRNA
ERPS %15 K 2530 K H7K F15S K 5530 K
R 6 0.14 +0.02 0.22 £0.01 0.23 £0.02 0.26 £0.02 0.33 +0.01 0.33 £0.01
ki shal 6 0.09 +0.02* 0.33 £0.01* 0.50 £0.02* 0.21 £0.02* 0.37 £0.01* 0.52 £0.02*
WA 6 0.15 +0.02> 0.32+0.01* 0.41 £0.03% 0.32+0.01% 0.38 +0.02* 0.49 +0.03%
B Mz s 6 0.22 +0.02% 0.46 +0.03% 0.59 +0.02%° 0.46 £0.03*  0.56 £0.02%° 0.76 +0.03%

T SRR [R] ISR 5 FL 8, 2 P < 0. 05 5 553k s 48 [R]E] s He A, P P < 0. 05 5 5 R I5E ol A 41 ] i ] 3 e 486, °P < 0. 05

ligikiz sl

M

i
iy
BF
i
o
=

1 e -0 TR R 4 7 SRS LR gk i R I 240 pERK 23k (St (L, % 400)

FEARIZH

lipikiz sl

M M ki g4l

B2 i PR SR A 15 K454l K R Bl & FI R 21 20 pCREB 263k (S ey 4, x400)
RS AR B WEI 1] A e il 8 el i 212X pERK 1 pCREB FHYEZH AR LA (A S5 e, & £ 5)

15 g pERK pCREB

ENES EJEES 230 K ENES F15 K 5530 K
I 6 18.0£2.3 25.7£2.6 26.0 £2.8 24.7 +2.7 35.3£1.9 36.3£1.8
Wevkiz shal 6 13.7 £2.7¢ 38.2 £3.4* 62.2 £3.8" 18.3 +2.9* 41.5 +1.0* 85.8 +4.2"
E7SE i G 6 18.7 +2.9" 37.2+2.6° 50.8 +2.9% 28.2 3.2 49.2 +1.05* 74.3 5.0
B nkis s 6 29.3 +£2.43%° 56.8 £3.2%¢ 74.0 £2. 4% 39.5 £4.9% 81.5 +3.3%¢ 104.7 +5.5%¢

T SRR [R] ISR A5 FL 8,2 P < 0. 05 5 S5537koz 340 [5]HE] s He A, P P < 0. 05 5 5 R I5E i A8 41 ] i ) 5 Fe 486, P < 0. 05
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FT 6 2SR R B A] 55 Bl i JH I 41 40 pERK A1 pCREB 1) 10D {E L # (7 +5)

n 3
415 K PERK( x107)

pCREB( x10%)

ETREN B 15 K 4530 K ETREN $15 K 94530 K
T2 6 2.13 +0.23 3.02 +0.26 3.07 £0.24 6.52 +0.46 7.41 £0.40 7.36 +0.84
evkiz sh 4l 6 1.46 +0.18* 4.43 £0.33" 6.40 +0.28* 5.85 +0.39* 7.94 +0.34" 12.04 £0.94°
78 E | 6 2.24 £0.15" 4.32 +0.26" 5.38 +0.37 7.13 £0.33% 8.22 +0.69" 11.61 £0. 63"
B tig s 6 3.46 0. 18 6.45 £0.36"> 8.15 +0. 38 8.02 £0.41  12.41 £1.28*™  16.03 £1.77*>

T« SRR 2 [R5 ) A5 R, P < 0. 05 5 51K B4 IR I ) 55 LA, P < 0. 05 5 SR 58 e AR 20 IR il 5 oA, ©P < 0. 05

i@

ERK J& 22 24 [ 1% 1k 25 08 19 KR Il i 2 —,
pERK N HIEALE R, 1992 4E 54 F 42 H, ERK &
55 A B ol PR S A A o i AR (EUE 2 (1
FEUESE , ERK I8 A TC 18 A2 7 Jy b P A e 1 84 i %
A B 2 T A T B R R S T R A T
& CREB J&5 _L- 8 ixi #5 1 #f 28 4= 1< [ 5~ ( brain-derived
neurotrophic factor, BDNF') B3 B I HR it
PR T A E [ Belx  Bax 25193234 BH 1F M &0 1M
T, D MR AEFEAAR AR DA T 7 £ fii e 1l 45345 F 1) 1) AR
PHLE' . CREB J& — Ff 40 M 4% 9 5 5% R 7, o
ERK (B E R [ F, pCREB A H G {LE X, pCREB
PR BDNF | o2 -3- 12 k-5 -F 4 - S e Y iR
( a-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid,
AMPA ) SZ R HE P2 T Sl 3R 45 H 1Y SE R 1Y
Bsg XA oy AR K R T RS Sl n] vk A
ICICFERERERBER . ST B, pCREB 1]
E it AMPA 24 352 B & 2142 ( glutamate re-
ceptor type 2,GluR2) FEH 9 Q/R 7 #1877 GluR2 & 1
2235, BH1E AMPA 2Z /R 3E  Ca®* NI, PR 1752 fi
P22 0, B3 2 fk ] SR 12 SF G doke ot 153 495 EL A B A
PR PR it ELX R 2 e A E TS CREB
BERR ALK P 5 IEAR S, A7 G128 3 %) CREB &3k
SR ATIE 7 /NI IS Sl AR CREB-BDNF {5
T IE B 2 ik T B ) O S R R R s ) 2 T
ICAZBEF i A2 B (60 min/d, B IZ ) T
TR RECIR R ERK R i 5 SRR 4 B2 it CREB
k-1

ASURARZE A A 58 O 4T, X8 Jey k2 il gk i K B
ST EmMEE ST, 5 RRAR iz 3h ek
A8 R, R B iz 2l D Rk 3t T o W, EL e i S A
LHL AMPA 24K K3 FUM Cor AHEAE I 11 (protein
interacting with Ca kinase, PICK1) i) £ A B L H
EIUE SR K BRI (long term depression, LTD) , &
IRGEfAL BRI T S A IR IT G , B S Bh
A 3E A A R 0l AR A A B SR 3 AR K
FHOCER 143 R ot 2F 4k e 1k 2 11 M S Ml 25 1) 3Rak | 1
SR I $3 405 5 M oC R TR AE FiE Y AR g A A

FERFFAE B SERE L, 38 IiEokaz sh 2, dF—2 F g g i 1k
12 8 5 ¥EUKAE sl ey kb A ke it K BRURE B 3697 SR 1)
Pe45 , F- 3k Al ke 1t J] Bl Ak 20 21 ERK-CREB 3 [ 1)
TR T REALH . AW 7T 45 5K WoR | B A ks 3
R BT B Ay 3 41 S B e, H i >
R X E 45 N A 25 A9 pERK A1 pCREB. FH 1 248 it %5 L)
KIODHHEEHA 3 AMH B A& (P<0.05),3t 5
ERK F1 CREB mRNA 7K V-8 fb— 2, $#& 7R & nl PE iz 3l
B Fey ke M e i, K R A F 22 T E  ThT HLBR TiEUk 2
SR AR WO K BRE YU R, R
HUAE A B b 0T = sl B4 B0 R 1) 2 Bl R i
PRI fefe 1t S L A 20 2% ERK-CREB 38 %, ik — 4
PN Ui BDNF, AMPA 324K S 8 T AH G 8 1 45 1 =
5, BHE P2 e IR T, 35 2 f v S DT AR A i d
MJE R D Re R &2, A58, BEAL4] K Bl pERK FI
pCREB 7K FFENR Sl T J5 7 15 d 2 LTS,
ZJ5 F IR KT AR E R, B R Rl i 53 45 )5 ERK-
CREB [ 2 b 32 35 L R AE i S il J5 15 d 2847 ik 0
{8, B K SR R B K L & 30 4" BBk
AR K B2 T BT IR AF AR H 322 8, (H HE s Y
F—Fp R O 2, B C R D 3B sl N (B LA A
530 R A R B PREE A I AR N-FRE-D- R A R R
£h ( N-methyl-D-aspartic acid, NMDA) & AMPA 3Z{& )
FEIR B NINRR 5 43 3 KA 5 T B, 9 i B A T 41
Tia) 4534 DX 3l e % S5 A 5 i R AL 1) A 22 DT RE

ARG, RS CR 2 K R A FE TS 15 A1 30 d
I A A 22 Bh RE DI A A4 R0 2 i) A 1] o5 A 3 5 o I
(P<0.05), ERK mRNA, CREB mRNA }, pERK A
pCREB F 3 IR IR AR 70 21 34 T, 37 =F B 1958 o5 M
S5 AL D Re e nT BB 5 RIS ERK-CREB i
A, WKz sh 4R BUAE BRI PR 7 d B, fhae D)
REE B 4 Tt 155, ERK-CREB 3% 1A #0455 70 241 B i,
TR X 5T BB 5T B R s AR VK2 B ik B L
FETE 3 d BPRDAE I B e K RAs s RE AN — 80 %
JERT BRI FH T RR A S A /N T 8 B 2 TR R A G 1L S
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