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HE BR:REWF P RF A E SR BIE ) TR 2ot e o B0 FAuh . Ak ¥ 24 R R KM ARF R
(SHAM) . # &40 (SED) AJS 1 d 46230 2 (EX-1D)  RJE | A 46235 B (EX-1W), 55 T KRB # 47 8 A T, WR KRS
1B B 8 B T R4 R 5 09 BB AY 23 863F 4 (mNSS) , Ji 3R A8 35 & 6 S -2 (rFA ), A 8 J T T4 RBH w41 2742 52 X J3) ) ofn 4
Mk AKRF(VEGF)# &k, R F7 8 AJS,5 SED a8k, (1)EX-1D 28K & mNSS(2.67+0.817) % % A% (P=0.002), A
B BAK T EX-1W 20(3.83+1.169, P=0.049) ; (2)EX-1D £8(0.72+0.071 ) F2 EX-1W £8(0.62+0.076 ) X S a3k rFA 1839 80 B 5
& (39 P<0.001), . EX-1D £84& T EX-1W £2(P=0.005); (3)EX~-1D £8(P=0.000)#= EX-1W £1(P=0.005)fiu 28 4% VEGF & ik 94
2%, L EX-1D A&k ¥ & F EX-1W 4(P=0.060); (4) /£ EX-1D.EX-1W 28 ,VEGF 5 mNSS #F % £ §i 48 % (r=-0.816,
Pix.1p=0.048 ;r=-0.829, Py _1y=0.041), f& SED.EX-1D.EX-1W 2% ,VEGF 5 rFA 14 £ 48 % (r=0.872, Py;=0.024;r=0.831,
Pixv=0.043r=0.857, Py 14=0.029) , £ EX-1W 28 ¥ ,rFA {45 mNSS #F % £ §i #9% (r=-0.854,P=0.03), &i&:F+Jjs 1 d fo
J& 1 Bl#tA7 8 Blegiash T, TvAiliit LA K AR VEGE #9 £ A RFAV B4 A K KB Z R o &R, LF- TP B
1d 45T ey R EAE,

KR b FREH TR hE AR AEKE T AL

RESEES  R493+R743.3 MHERFRERD A

Effects of 8 weeks aerobic exercise intervention on neurological function in rats with cerebral infarction at
different time points

JTANG Li-yang'?,SHI Yu', HUANG Chuan',SU Yue', WAN Chun—xiao'

(1.Department of Rehabilitation Medicine, General Hospital, Tianjin Medical University, Tianjin 300052, China;2.Department of
Rehabilitation Medicine, Tianjin Haihe Hospital, Tianjin 300350, China)

Abstract Objective: To investigate the effects of aerobic exercise intervention on neurological function at different time points after
stroke and its molecular mechanism. Methods: Twenty—four rats were randomly divided into sham operation group(SHAM), sedentary group
(SED), exercise group 1 day after surgery (EX-1D), and exercise group 1 week after surgery (EX-1W). The intervention was performed for 8
weeks after surgery, and the modified neurological severity score(mNSS), the relative fractional anisotropy (rFA) and the expression of
vascular endothelial growth factor (VEGF) around the infarcted area of brain tissue were observed at 1 week and 8 weeks after the
intervention. Results: After 8 weeks of intervention, compared with the SED group, (1) the mNSS (2.67+0.817) in the EX-1D group was
significantly lower than the SED group(P=0.002) and the EX-1W group[(3.83+1.169), P=0.049], respectively; (2) The rFA values in the brain
of EX-1D group (0.72+0.071) and EX-1W group (0.62+0.076) were significantly increased (P<0.001), and the EX-1D group was superior to
EX-1W group (P=0.005); (3) VEGF expression of brain tissue in EX-1D group (P=0.000) and EX-1W group (P=0.005) was significantly
increased, and EX-1D group expression was higher than EX-1W group (P=0.060); (4) VEGF was negatively correlated with mNSS score,
and positively correlated with rFA value. Conclusion: 8 weeks after stroke and 1 week after stroke, 8 weeks of exercise intervention, started
at 1 d or 1 week after operation, can up—regulate the expression of VEGF in rat brain tissue, promote nerve fiber, exert neuroprotection and
improve the effect, and the effect of intervention on the 1st day after operation is more effective.
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Humm 595 A H 5 24 h TR 4S80 R A
Lkt HABSh Y 296 & MR BRA S 7 d
THf iz Bl 2 nJE) K Bz 3l B 5 9 RIS DX s A 46
fable sk, Bz g, AR 2= sl L
PeFEAS 5 R BV, T 2402 sh AN GG A vh
JEIIRES, XS AL R T AR P S i s TG
(] XS 473 1 B AT 5 B O 1) B M o A8 N AR
[A ¥ (vascular endothelial growth factor, VEGF)Z: 5
P BRI A S 1 — RS T R, Qi 2 i A
IR A0 P K55 | [ 28 2
HE RPIRZST, H LA [F] A ARz Sl R
A LU VEGF YR, RIERIF L mEM
H A ISR o R Bk B & (diffusion
tensor image, DTI) JE @ H: IR AR (magnetic reso—
nance imaging, MRID) B RFIRIE 2, 10 45 1] 55 M 43 £k
(fractional anisotropy, FA)J& DTI 454 2%k, H &
AT I8 B K RO T e PERR R R R RS A
SEREME AR AR RS, TR BN IR 2 3k 22 P
T RZETFEHERGE P T N FAZGHI FA B LU,
BIAE X FA (relative FA,rFA ) 7E T #4 289K 52 Flliz
SR AR Y, ARS8 0 R ATk 2 b s
1d.1 S IRiEsh TG BT, g 8 Jal1-Fi
Xt R B Z VEGF & H3R3k (FA (A28 D) fiE
PRI SEI , IR FE A v 5 AN [F] e ] 50 31 F0oS
A DIRERY M S H 7B

1 #MREFE

1.1 Eshihs 4 PEHCSPF it 8~9 J&] Spra
gue—Dawley(SD) K R (Jb 5048 B A DR I A
B2 W] I ATIES : SCXK 3t 2014-0004)24 H 1A
280~310 go KRBT A BT AL (SHAM 4) i
B2 (SED 41) AJS 1 d FFARIZ 4L (EX-1D 41) |
ARJG 1 TRz shA (EX-1W 41) 541 6 H.

1.2 KM P 3k E (middle cerebral ischemia
occlusion, MCAO) A3 iz A 1 & RN K Longa
LA IL 5 A0 M MCAO FEAINO, R ERZE 10%7K 54
M5 (300 mg/kg 1A ) MG i 4 5 IR IR S, B 1k 0 B A
gL Ae 350 B ok N 241 3 ik , 1) 25 PN 3 ke A 26
B (745 :2838-A4 ALt PR BHEE AT BRA ), TR
1.8~2.0 cmo 60 min JFHUHZAE, 357 MCAO FEHY,
TFAR B <90 min, FREF R EATIR(37£0.5)C
FARM 5 sh ik, BATH A e, Al L
24 h #47 Longa W41, 1~3 73 E I AA SR,

1.3 #EINGER E¥RT Bshd KRB FrE
B 1 d 51 FIFLG e T 8 Jiia 3, i FH ZS-PT /)N
SYSEE M A (JE AR S BIRH & R A IR
F)), AR 00,3 )% 12 m/min, 30 min/d. KEEEE
15 A St B FH R R AR A Ak 232 B, T 3 52 A
FH(E 1),

FIFAE S AL ETIIAT 3 d AT R 2700 T 1o
FML 5 T I, 32 SR BRI . HEBRBRE : (1) FHE
NI ANRERL A e Fizsh . (2) EREET.
(3)1E#% 24 h J& Longa 43 /N JE 23K .

1.4 K RAPZ 439 (modified neurological sever—
ity score, mNSS)ME  UIFTATIA , >R mNSS 457,
GHERN 0~18 43, ZMEEE KRl 2 T AR B bk ™ FE 0
p [A)— S N 5Ll F s s 1 R KT 8 R
HATPEE .

1.5 FAMEe9MZ S 18 ST 8 J8JE %45
ZHE4T DTI Al T2WI $944 (SIEMENS MagnetomVerio
3.0T MR) . K BURREESS AP EM [ 22 . T2-SPACE J7
G, JZE=0.4 mm, F4§ )24 72 ]2, TR=1 000 ms,
TE=155 ms, REWRE 2 I, FA=120°,FOV=60 mmx
60 mm, ki [F=192x192; [f]— 545 A 51 7E MRI T/
Sl R AR A SRS o ARl A BsUi i 6 B ] — 2 1
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Fig1 Experimental flow chart
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526 &

(Bregma—1.08~—4.20 mm ) fE |57 22 A 4 [X dsf L) B fit
A% 7 A5 TR DX 3 Ry R X £ FA i, FA=FR
il A FA

1.6 VEGF & & fpidteml  HEIUHE X 3~4 mm
(1) FEIRE AE X AR ZH 2R T, SR BCA 35 & i
FIWEE . DL B-Actin V55 5 285 11 BT 1 AHEXT R, R
60 g M F1/UKE HE4T SDS—PAGE I HL VK 43 55 4
A, BJE 100 VA EHAGE A BRI, =
IR S%BIRAW5EA 1 h, 250 VEGF(1:1 000,
Abcam, UK) N2 B-Actin PR (1:1 000, Cell Sig—
naling Technology, Danvers, MA,USA),4°C % & id
B AR 2oF S5 A P B AR 12 9 — BT (1:2 000, Cell
Signaling Technology, Danvers, MA,USA ) =R &
1 h, ECL b2 &ty it e i H Uk s (G S 52 o

17 it Fa® g F SPSS22.0 F
Graphpad Prism6.0 4b # | AW Y R R4
Shapiro-Wilks %55 5 , BXHa 2006 IE M, LA s 3R
INo RGBTy 22500, 45 4 Z [ W LL
LSD 77tk o 440 VEGF 5 mNSS . rFA{H K H Pearson
FHIAE T, P<0.05 2SR HA G FE L.

2 BB

21 ZAXREEE | B AT L RE mNSS 3+
ey FERERUE 1R 8 A, XAl
KT mNSS P47 AN L, SED 2H . EX-1D 4 .
EX-1W ZH7E 8 J& T F 45 i 1Y mNSS 17451 B 12
FEAR (14 P<0.001) ., #4041 8] e, 18 i A s
1 JERF EX=1D 2H KB mNSS 343 (8.17+1.169) 435l
I ST SED 2H(9.67+0.817, P=0.023) .EX-1W £
(9.33£1.211,P=0.039), T-#i 8 J&J5, 5 SED £1(4.67+
0.817) AHH , EX-1D 41K Bl mNSS ¥4 B B FFAIK
(2.67£0.817,P=0.002), 1l EX-1W £H %A H B %
54k (3.83+1.169, P=0.149 ) ; 5 EX-1D 4 L%, EX-
IW KB mNSS W53 B 8 75 (P=0.049, 81 2).
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SHAM SED  EX-ID EX-1W
5 SHAM dIAH L, P< 0.001; 5% RZ A B Y SED ZHAHLE,

P<0.05,7P<0.01 ; 5 X% BB ] ) EX—=1D ZHAH F , $P<0.05 ; 5 545 1

JAHIEE, #P<0.001

B2 HAKXRRERSE1EARZEASHTH S FEE mNSS 2|

Fig2 Variance in mNSS scores after one week of modeling and af-

ter 8 weeks of intervention in each group

22 AARKRAEHE 1 AR FTE KRG FAEH
i ANIER, FASERYE 1 AL, SED 4,
EX-1D 241 \EX-1W 401l 8 JiJ5 i rFA {301 ik
ThiE (#4 P<0.001). 4[] i, e RS 18, EX-
1D 2 K B9 vFA {8 (0.37+0.039 ) %% SED 41 (0.30+
0.656 ) B i 75 (P=0.049 ), 1fif EX-1W 215 SED 4
Jo A i AEfk (P=0.408 ). T ¥l 8 Ji )5, 5 SED 41
(0.48+0.090)F [t ,EX-1D £H(0.72+0.071) EX-1W £
(062+0076) KELrFA I BEHEE (B P<0001), H
EX-1D 41 +FA {EIH {25 F EX-1W 41(P=0.005,[4 3).

i o
10 ] i b5
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it Bt 8 J4
Kk s
< HitH
L": - skksk
0.5 P, T+ ok
0.0, i I I
SHAM SED EX-1D EX-IW

T SR ] Y SHAM ZHAT EE , ##P<0.001 5 45 %5 Rz R [l )
SED 4IAH L, *P<0.05,7*P<0.001 ; 5% i i[RI EX-1D ZiAH L, <
0.01; ML 1 JAH L, *P<0.001
B3 JREAKXREERE1EARTH S EE rFA EEL
Fig 3 Variance in rFA values after one week of modeling and 8

weeks after intervention in each group

23 B KRATAL RERMALR VEGF &G £ ik 6
i T8 BJG, 5 SHAM £H(0.82+0.191) A 1,
SED 4K VEGF & 3Rk (0.45+0.160 ) W i 5
K (P=0.019),EX-1D £H(1.19+0.376 )55 14 £ ik &
F i (P=0.017), T EX-1W £H(0.91+0.206) & 11 &
G225 (P=0543). 5 SED 4L, EX-1D 41,
EX-1W gﬂ VEGF % E %i%i@%ﬁﬂ% (PEX—II):
0.000, Pex_1=0.005), EX-1D Z{f] VEGF ik Mg
T EX-1W 4, {HIc4e1 122 7(P=0.060, 5 4) .,

A SHAM SED EX-1D EX-1W
VEGF 151 kDa [ Waul e e

B-Actin 43 kDa

B
2.0 .
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.2 e
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SHAM SED EX-1D EX-1W

A VEGF EHENCA K B: &4 VEGF & H £ A2k ;

5 SHAM ZHAH L, *P<0.05; 5 SED ZHAHL, #P<0.01, *P<0.001
4 T8 AEEAXRMMALE VEGF EARKIE

Fig4 VEGTF protein expression in brain tissue of rats in each group

after 8 weeks of intervention
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24 &4 KR VEGF 5 mNESS rFA {44948 % M 5
A T8 G, ¥ VEGF A5 mNSS PF43 .
tFA HIFTAOCHE 3 HT . 76 EX-1D 41 (EX-1W 4
o, VEGF 93415 mNSS ¥ 43 19 14 hn &2 71 /1 56
(r==0.816, Pix.1p=0.048 ;7=—0.829, Pix_n=0.041), 7E
SED 4H .EX-1D #41 .EX-1W ZH ", VEGF 1934 hn 5
rFA {E 13800 5 IE A E (r=0.872, Pay=0.024 ;7=
0.831, Pix_1p=0.04;r=0.857 , Pix.1v=0.029) . 7 EX-1W
2o v FA {H5 mNSS ¥4 5 Uk 56 (r=-0.854, P=
0.03)(El5).
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He A T8 JER, EX=1D 4 EX-1W 4] VEGF 5 mNSS £ 4]
K ,r==0.816, Py _1p=0.048 ;/=—0.829, Pix_1v=0.041; B: 15 8 J& /5 ,SED
EX-1D EX-1W 4 VEGF 5 rFA {H IEA K, r=0.872, P=0.024;
r=0.831, P 1=0.045r=0.857 , P 1v=0.029; C.: -7 8 JHJ7 ,EX-1W £H rFA
5 mNSS A1, =-0.854,P=0.03
B 5 &EKXR VEGF 5 mNESS.rFA ERIHEX 4D
Fig 5 Correlation analysis of VEGF with mNESS and rFAin rats

of each group
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R 22 R TE AR SR A T I B AR SRR AT LA
SGIBUNFIAS S UELTIDY d 5 S5l e (PN [ A S ES MW 7))
2x DA Az S A v B A v () B AR 20 1T

30, T ERIT RGN E R PH K Y E S e
R 1S Bl RS SR R, 38 L el A TR R VA
Lz shi s e ik B WA, (R A J5 32 sh T i
BRI SR A IR AR ST, HLZ2 A 507 & 485 S o
G T A F 18 B IF AR I B ) TR AR ABIESY
HXRBRATE 1 d 1 AFREshdAmE LM 5
SED £ &%, #5805 1 JERF EX-1D 20 mNSS 343
A oFA IR T (P=0.049), T EX-1W 41
mNSS Fl tFA (ETCG 225 5 . 441475 8 J& 1T
Ji ., EX=1D 4l EX=-1W 41 K FUAY mNSS 430 i
F#A (P=0.049) , rFA {11 .38 75 (P=0.005) ,EX-1D
Y VEGF FAMS T EX-1W 41, {2 RIS
12425 (P=0.060) . VEGF FiA/K 5 mNSS $E53>
RS, M5 FA (HR A, X g R, i
FEAV S5 132 8l 1 F06 K BRI 2 2 T BB Ik 52 3%
AT SED 1, H EX-1D 4T HRE R s i, X
Al RE R th Tz sh R i T A 5 Il 2 VEGF %
ik, BCER R FA A, RSP DIREMIRE .

FA {E& MRI —"24k, HAME AT DL L
Fp A A SRR, FL Ul o S e 2 B o AR
T P28 58 AL ) 3 A, SR SEHIE T FA
XF A 5 iz sh K A ) 5 s, —IZE A SR A
R, 2 RE R FA 518 sk E 45
WA, Sidaros SEE I, FA B -5 #2047 4k
—FOPE B A IR A G FA (EEK T RE 2
T 2 2T 2 908 3 ol 2 2T 2 — SRR Sk
EF ST R I EX-1D 20K BUE I 2 v s T 19 8
JEG I rFA (EP S5 T EX-1W 4, H mNSS #¥F43H
BT AR SSRGS 1 d FFE T, v
AR MR R R 2B fEdhas sk

VEGF ¥ KB A& K ira BB, fiihss
MAERNEE, hEEIRSIA A M5 A H S 40i
B, Bk AR A R LA Y-/ IN S i
TR 7K, VEGE 782 I ] a] DUGRAP Bk i 4
A FE T E P41 14 i 0 Jok A, Ak, VEGE AT LA
PEUEZ R 2T RER IR, SRt & hf
ZItiERS Mgon A K AR, EH IR LR 8 JH T
W& 5 EX-1D 41 K8 VEGF £ ik KV & T
EX-1W 4 F SED 4, FHAH)5 1 d FiRizahE
fit 1% VEGF fyik.

AT, ZEH LI VEGE 5 mNSS 3
SHETARIE, TS A AR IEM G, R E i it
{23k VEGF Wik, R 230 VE T, A2 1 1l 4
FHIE AR 2 R AR NI R A TP S PR BRR A . Ik
A EX-1D 2R BT T i B 5 Y VEGF ik
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