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g, ik 30 KRR AR, ARBLZE KN sh Bk , R TR, AL S 41K R4 SIBEHL
ARG 3.7 M4 d=/BF A S04 AR S 10 RKRE, 2051 T RS 3.7 f 14 d =B E 5 2R Menzies
PIZEAT R P53 RN A P I T A 45 3 4 K A 2 T RE BB 00 | 2R FH S A 24k 28 i D 45 S 4K R
i St i, FE-VEE ¥ S5 B P PRCA Bk 40 B ) 38 32K R, SR A RT-PCR 149 7 320 58 45 0 4 K Rl A e ot 400 K A Bz Je
PKA 1) mRNA FRiA & IFHAT G20 I, R BTEARAMAIIREIER . MCAO X HRZH £ I H) 45 1Y
P2 D RETE 3 5 R T AR LRI B[R] 25 L 3%, ) 22 R A B4 5 L (P <0.05) 5 25 IR 43 M FE I 25 3 .7
Al 14 d J5 B9Hh 2 D BECE 55 DU T IR ) 25 MCAO i B ZH ; VI 2% 3 2045 14 d 5 Z e 2 oh ekt i
W(P<0.05), il 3.7 Fl 14 d J5 ) Menzies 1743435124 (1.40 £0.55) ((1.00 £0.71) A1 (0. 80 £0.45)
3, i IO AR 5370500 (5.20 £0.84) ((3.80 £1.30) FI(2.40 = 1.14) 4y, YNZk 1.2 F1 3 414 [A] 5
) PKA BHPEZN A 223k % B H: mRNA 23k i 5[R0S [A] 05, MCAO X HEZH ; Bl %k 3 4Hill %k 14 d J5 1Y PKA FH
PEANAR 3R Z K mRNA Rb BB e IIGHF R E (P <0.05), HilZR3 .7 fl 14 d J5 /Y PKA
BH: 2RI 2 A 3R 3501y (32.84 £ 1.66) % (35.05 +1.33) % F1(45.92 +2.03) % ,PKA mRNA ik & 5%
H(32.18 £0.86) % (37.44 £1.27) % F1(42.77 +0.81) % , 53¢ smALNFE U R AT LA A0 fi e o 748 7
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[ Abstract] Objective To observe the effects of intensive-swimming training at different intensities on
the neurological function and the expressions of protein kinase A after cerebral ischemia-reperfusion in rats, and
to explore the possible neuroprotection mechanism of intensive-swimming training after cerebral ischemia-reperfu-
sion in rats. Methods The animal model of cerebral ischemia-reperfusion was established in rats by using the
intraluminal thread method to cause left middle cerebral artery occlusion (MCAO) for 2 h and then reperfusion.
A total of 120 male model Sprague-Dawley rats were randomly divided into training group 1 ( swimming for 5 min
once a day) , training group 2 ( swimming for 10 min once a day) , training group 3 ( swimming for 20 min once
a day) and control group ( no training) , with 30 rats in each group. Another 30 rats who were assigned to the
sham-operation group were subject to no MCAO and no training. At the 3rd, 7th and 14th day post operation,
10 rats randomly selected from each group were examined for their neurological function by Menzies neurobehav-
ioral test and forelimb placing test. Expressions of protein kinase A were detected by immunohistochemistry
method. Expressions of PKA-mRNA were detected by using RT-PCR. Results The neurological function in

sham-operation group was normal. The differences between sham-operation group and control group with regard to
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Menzies test and forelimb placing test scores were statistically significant at all the time points (P <0.05). The
improvement of neurological function in all training groups, were significantly better than those in controls at the
3rd, 7th and 14th d after swimming training, especially in training group 3 on the 14th day post-operation ( P <
0.05). At3rd, 7th, and 14th days post-operation, the Menzies scores were(1.40 £0.55),(1.00+0.71)
and (0.80 +£0.45), respectively, and the forelimb placing scores were(5.20 +0.84),(3.80 £1.30) and
(2.40 £1.14), respectively, in the training group 3. The number of positive cells and the expressions of pro-
tein kinase A mRNA were significantly higher in all training groups than those in the controls at the 3rd, 7th and
14th days after swimming training, and the increase of positive cells and mRNA of PKA in the training group 3
was significantly more obvious at 14th day compared with other training groups(P <0.05). Conclusions Ex-
ercise training can increase the expression of positive cells and mRNA of PKA in rats after cerebral ischemia-

reperfusion, hence, it improved the injured neurological function and promote the recover of sensory and motor

function, and the more intensive the training, the better the effects.
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L RS LUA I PKA B 0 ) 2 15

T 3.7 A 14 REF] S, £ 2R BRI S H
FHAEFERIK 200 ml O EFE 7 B2 RIARTE 52, R 5
H 4% Z R 200 ml [EE 30 min, Wik Bk, etk
VIS E 20 5 mm RN IR T 4% 28
H AW 81 24 he B K BRI ZH 2R FIURR BE st
KCHZRER A DR REE RS pm, R
PV6001 3 H — e 4l Ak Al PKA (Santa Cruz Co
Ltd, USA) 335 . #6300 S B E UL 61T, DAB
W ARG LT Y | LUIAN MR Y 048 (o R PH R
ik, FAPEXTREH 0. 01 mol/L MR £E 2% #h X ( phosphate
buffered saline, PBS) U —$t, HAAH AR, R H B
FHME IR,

o e T O i A% B () ) A B kL ] Rl Rz o
X, B R KR S sKAESLY R, Bk Ul 78 400 £540
PR, T RMUAESE kt J8 ] e BT X, Bl AL 5 AN HE S A
B} R Image Plus EME AT T4 PKA B FHA: 40 g
BORN S AN E, T8 B PR 0 it = (BRI 4 i 25 4 4
HI%0) x100%

75 RT-PCR %€ PKA ) mRNA ik

T 3.7 A 14 REF] A, £ 2R R4S H
TR e HE TG PR A5 AR A0 B 2 K g B2 B, - 80 °C
7o WU - 80 CARAEMI A K2 [T, A Trizol RNA 21X
R SR HA 2 5 RNA L K5500 U2 5 RNA FY 46 5
e, —80 CARAEE RNA, ¢DNA f—84 542 °C
S5 30 min,95 °C 5 min KGR 54,4 °C 5 min
B, — 20 CHRAFE cDNA, LS FE S cDNA 1
4 PCR BEA, 973 . PKA L3540 5'-AAGTGGTTT-
GCCACAACTGAC-3', T iiF 51 ¥ A 5'-AACTCCTTGC-
CACATTTCTCA-3", H: H i BLK ) 158 bp, PKA &
PR3 186 4544 .94 °C T8V 5 min, RJ5 94 °C 30 5,61 C
30 5,72 °C 30 s fE¥F 33 JEW], ZJ5 72 C HEMHS min,
GAPDH L ii#51 %)} 5'-CACCCGCGAGTACAACCTTC-
3, RS9 M 5'- CCCATACCCACCATCACACC-3', H:
H Y H BeK BN 207 bp, GAPDH JE: R34 414,94 C
AR 5 min, SR )5 94 °C 30 5,58 °C 30 5,72 C 30 s
PEPR 30 JE, 2 )5 72 CIEM S min, il 4 2% BEAEHE
BERE , B RT-PCR 724 4 pl, fin EAREZE vhifi ( 6 x loading
buffer)1 wl,120 V BT H YK 30 min, F§ UVP B 4]
GG RGBSR, H Image ] BT R4
ST EHR I IE AR

£ GitEat

K SPSS 17. 0 MUZE 1T 4 X £ 40 i 47 B 1 o9
B, A SEREHRII DL (& +5) R, RN E )5 2
ST, P <0. 05N ZE A Gt~ L,

# R

— Menzies PE7

RFARATCH LT RESAN , 12 0 47, MCAO Xt
HE L AE Y 245 B 1] 0 04T R P40 259 B A8 v () B ]
IERF AR LlFk RGBS ZRdl AT R o342 )
A M) &E MCAO X HEAL A, LA 25 3 d11F40 BH b B
fK(P<0.05), ELiZAAENZ: 14 d J5 V5 B Bl W
B(P<0.05), FEWFEI,

T A5G P KRR RV ZRI ] 25, Menzies 3743
e (4, % +5)

20 31 Bk 3R YR T R JNEE 14 R
BFARA 5 0.00 =0.00 0.00 +0.00 0.00 +0.00
MCAO StH#ZH 5 4.00£0.00*  3.60 £0.55*  2.80 £0.45*
L 5 3.20+0.84%  2.80+0.45% 2.20 £0.45°
22 4 5 2.40+0.89" 1.80+0.84" 1.60£0.55"
YLk 3 H 5 1.40 £0.55™ 1.00 +0.71"! 0.80 £0.45""

T ST AL R 8] 5 A, P <0.05 5 5 MCAO X 18 26 [7] i} ]
SHER PP <0.05; 5145 1 RIS A HEE, P < 0,055 S N UIEREE
3 RE#E, P <0.05 ; SN INLEE 7 KL, P <0.05

R RO E

BT ARAIT AN TEH . MCAO X FE 20 45 i
] 5 B A7 2 D 43 24 T[] I 1) Sl R4 (P <
0.05) ; &R B AT R V53K T [5] B ] 25 MCAO Xf
W2, DAYIZR 3 21T B BRI (P <0.05) , Hix i 7E
gk 14 d J5 P BRI (P<0.05), TEI
#2,

F2 AL MR R R BN R ZRES [R] GAT7 R 2 055
e (4, % +5)

2157 g L3R YT R YILE 14 K
BFARA 5 0.00+0.00  0.00+0.00  0.00 +0.00
MCAO X84l 5 8.80+0.84*  8.00+1.00*  6.80 +0.84"
L 5 7.80+0.84" 6.80+0.84" 5.60x1.14°
%2 A 5 6.60+1.34"  5.20+0.84"  4.20£0.84"
I3 H 5 5.20 £0.84"  3.80 £1.30% 2.40 +1.14%%

T ST AR WA S H A, P < 0. 05 5 5 MCAO X 8 25 [l i ]
JHER PP <0.05; 5145 1 RIS A HEE, P <0.05 5 S N UIEREE
3 KA, P <0.05; SAN IS 7 KLLE, P <0.05

= MHFELEJE I PKA B3Rk

PKA FHMEAH A 5= 232 38 TARIB0 L A 300 X 1Y) fif 22
JeH SRR A (K 1), YIZR4 MCAO X B2 KR
FEZEALJE 134 AT UL PKA BHAM: 40 i 3= 58, iR F AR 41
PKA FHVEA0 R 5D 5 & U 2R 2 K RS AL A [ PKA 3R
TR R T MCAO XTHRAL, LA 25 3 iR i B i
(P<0.05), HiZHLEI 4 14 K5 PKA RikH £
AW (P<0.05) . FEILE 3,
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R3 B KA UG 8] S K 2 50k 5 R X
PKA FAPEANMER L (% 7 +5)

2151 B IEE 3R YL TR YIS 14K
BFARU 5 17.00 £1.13  17.07+1.35 17.13 £1.21
MCAO X} 2 5 19.40 +1.72* 21.93 £1.10* 23.51 =1.12*
I 4 5 22.59 +1.04* 24.16 £0.96* 26.23 =1.31*
g2 4 5 27.72 £1.66° 30.31 £1.77° 33.46 +1.23"
Y253 4 5 32.84 +1.66™ 35.05 £1.33™ 45,92 +2, 03"

ST AR I ] 5 H A, P <0. 05 ;5 MCAO o HR 26 ] i i)
A, PP <0.05; 51145 1 4L [A] 45 A, <P < 0..05 5 S AL NI 44 3
KHE, P <0.05; SALNUILEE 7 KHAE,°P <0.05

DY e i 0 K B2 B PKA Y mRNA 34

FiE PKA mRNA 5| Py a2 H e 3k 555 0 &, IF 0L
FL AR Bl a0 N R i K2 BT i 2 ik i . ARWFSE PKA 514
K/ 158 bp, FoHL Uk &5 B AE 158 bp, 557k 5, #
N (F2), £ H KRN BA PKA 3R
ik, iR F AL PKA ik & e/, #5124 KRR e ol
Mz e PKA 26355 T MCAO XJBE4, Ik 3 41
PKA ZA I W (P <0.05), HiZH % 14 d 5
PKA mRNA £k ZHEAWIR (P <0.05) , HEWEK4,

M 1 2 3 4 5
400 bp
300 bp
200 bp GAPDH(207 bp)
PKA(158 bp)

100 bp

LW MR Mark, 1 B TFARLL,2 8 MCAO XFIBZL,3 Rl
i1 4 AR 2 4,5 I3 A

2 SCEREE 14 R4S HK RO B PKA 5 GAPDH 1)
RT-PCR 7= i ik [&l

T T 3 Sk o B 0 3K 1 A
PKA FHTEAIML ;0 R T AL ;b 4 MCAO X
B2 e MINGR 1 Hd Rl 2 e B
34

1 SEBER 7 A 2H I B 00 oK M
BB PKA VR 3k (e b e 4, x
400)

a4 FARBAEVNLES A 5 PKA mRNA ik
I (% % £5)

20 5] B WEHE3I R AL T R YISE 14 R
BFARA 5 21.67 +0.47  21.90+0.23  22.04 +0.81
MCAO R4 5 22.69 £0.61" 24.28 +0.58* 27.31 +1.07*
g1 4 5 25.19+0.91* 27.34 +0.65* 30.62 +1.43%
g2 4 5 27.60 +0.60> 31.63 +1.61> 34.84 +1.18b
M3 4 5 32.18 +0.86™ 37.44 £1.27%" 42.77 £0. 81"

W SR T ARG RN ] 85 A, P <0.05 5 5 MCAO X BEZH [R] B i s

HAE, PP <0.05; 545 1 4RI E] 5 L8, P < 0,05 ; S U ZRES 3
KEHE, 4P <0.05; SAHMINGE 7 KHE,©P <0.05

W’

— SR AN 25 6T i ke P K BRL A2 460 i 2 1) g
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PEIG SZ A2 e PK . . London %5 1A Ky, EE Il
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& SR AT LA IS A 6300 2% DX 58 figh m] #80 | HE ol 56 ]
RE SR 28 2 28 B o e AR DG | LIz Bl I ] 77 B e
TR R . AR B 98 & B, 32 sh il 25 g
{214 GFAP Jz bFGF 33k [, 45 = B 1[5t 240 it X 4%
it 22 AR S Fr AR 28 RGP0 J5 I Dh ek &2
AHIEFERT Fii d5te 1P 3 K BRUEE AT AN ] 5 B2 1) 9 Dk 1
Yk , K Menzies 143 F1 A A E I L K FR AZ $10
ZINREUE R ML, Menzies VE43 FUHET AT B 128 56 45
7R, MCAO Xof R ZH 46 15 [] 5004 1743 1 1] 1. i T % I
[ s R TF AR, iiAE 3 5 K Bz 3l R igkess Dy fig )™ 52
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Pt AWK SRV SR 3.7 #0114 d J5 BP0 T[] it
] £ MCAO X RZH 3 7T fE 51z sl Zhitk 35 32 151 D) fig
AASG 5 Y- i sk SR I R I 1) A SEE 0 A R 80 8
MTREAR, LAk 25 3 40723 B AR, Lzl I 25
14 dJEiFor R d o I 2, 9E— 20 3R 0] T s AL I 2 g
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Fik A — 2

AR IR i e it P R BRRE BE A ] FL
PKA 3K YR

PKA RERSHE = ph 2200 (0 A K S AF IR e 7, X b 52
FARE AR B B AL [ AR R 2T
WL PKA JZ 305, Bl 2 ML FEF 2 AN 1Y I
IR, BEAS T A 2 IR R R (eyclic
adenosine mono phosphate, cAMP) 45 &7 5, 24 cAMP
SHESE AR A S T, B AL, | A 40 i
W R b B U T F cAMP 2 B e R 25 65 &
(cAMP-response element binding protein, CREB) HV45 5
M 22 TR A (%) IR AR s 5L, BRI 1LY CREB ( phos-
phorylated c¢AMP-response element binding protein,
pCREB) JE S [A] 1A, -5 DNA - f) cAMP 1 2%
Juf8 1 (cAMP response element binding protein, CREB
protein) 45 4, Jii 2 F¥i# 2 A (bFGF . GFAP  BDNF %)
ek R B B S A, Yang 552 (R 4h
SCIGAIFgE R B2 K T (nerve growth factor, NGF)
A RIS cAMP-PKA 3 ¢ S2 U 2848 52 5 # AR AR T
A BT S, cAMP-PKA 3 476 i 58 (9 15 3 A1l
AR R TR, Xu FPR T PKA BE
e 1t F- S R A 227 SN A 21 dE AR AR £ 4E 4R H
55 PKA WREEAHOC,, i B2 A k1A AR B2 00 okl 428
ARSLIGHT TGS R 7 | 2% LR e 0P R Bl PKA
PEANEAR B mRNA Rk HE MCAO X BRI 8En , ix
ATRES IAEAE AR PKA R34 2 2 S 2o fr il #l
A R OG5 i Uk U 25 4% 2H R B PKA BH P 48 it R %
mRNA ik W] 5 T MCAO Xf HR2H Ll i3 413%
BIEINE ., 5 EIR T R A R — 8, R Wiz B
IZRIE RS2 4 D REWR I T RE S HAR i PKA FRIAHEC
Bl I [R] A HE RS W UK VI 2514 d A 25 2H R B PKA BH
AR S mRNA IR 3 M7 df945 20K R
F %k 3 Hpy R & 14 drysa i ik 2R,
PKA Y FHPEAIIE 5 K mRNA 3 25 5 B W] W i T H B &
R R % Wiz sh Il 2R 4 E 2 0 T BEK 22 5 LR
PKA FBAC, H R UIZRRE 0% IS AP YRR . R
R AL 25 B2 N PKA 2635 19 BB i A B
EARSERGAE SR AR R INAEAE A B 22 D BE K 52 4% AT g

b il PKA 335 LI KH PKA S 5445
S MIFEA AR, B 07 5 PKA 26305 A 384 00 AT BE & 4
Lo RE BB T el 2 R 2L 2 — |

AR SZICBIFT kB, Wbk I 25 B 04 42 32 ik S5k iy 78
KRR PKA ik BV, MO e 2 o & T g e ik
JEE Az sh DI RE K & 5 I H 5 Ak i vk Ul 25 41 K Bl PKA
Tk LVHE I AR E T B, LR
IR SR ALY R PKA 35 LM, J00% cAMP-
PKA 3 | 155l 28 i AR R A E (s A2 (e o 22 1
25 TR 285 P AR R REMIIK A .
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