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Abstract

Obiective:To observe the effects of swimming training at different intensities on the mRNA expressions of sema-
phorin 3a and its receptor neuropilin—1 in rats after focal cerebral ischemia, and to explore the possible neuropro—
tectional mechanism of intensive—swimming training in rats after focal cerebral ischemia.

Method:To establish animal model of cerebral ischemia—reperfusion in rats, the intraluminal thread method was
applied to cause left middle cerebral artery occlusion MCAO for 2h and before reperfusion. Sixty male model SD
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 10 min twice a day) and control group (no training), 15
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rats in each group. Another 15 rats in assigned to sham—operation group were subject to no MCAO and no train—
ing, All the five groups were randomly divided into three subgroups of the 3",7" and 14" d, 5 rats in each
group. Neurological function was evaluated by Zausinger scores. Expressions of Sema 3a and NRP-1 were detect—
ed by RT-PCR.

Result:The neurological function in sham-operation groups was normal. The differences of Zausinger scores at the
same time points between sham—operation group and control group were statistically significant(P < 0.05). The im-
provement of neurological function in all training groups, was significantly better than those in controls at the 3",
7" and 14" d after swimming training(P < 0.05), especially in training group 3. Zausinger scores at the 3"d, 7"d
and 14"d after swimming training were (2.40 + 0.55),(3.40 = 0.55) and (4.20 + 0.84) respectively.The levels of
expressions of Sema 3a-mRNA and NRP-1-mRNA in all training groups were lower than those in controls at the
3" 7" and 14" d after swimming training (P <0.05), and the decrease of expressions of Sema 3a—mRNA and
NRP-1-mRNA in training group 3 was significantly more obviously compared with other training groups(P < 0.05).
At the 3rd, 7th and 14th d after swimming training, the rates of expressions of Sema 3a-mRNA and reduced
glyceraldehyde—phosphate dehydrogenase(GAPDH) were (0.62 + 0.06),(0.53 = 0.10) and (0.42 + 0.06) respectively,
the rates of expressions of NRP=1-mRNA and GADPH were (0.64 +0.13),(0.53 £0.08) and (0.38 £0.10) respec—
tively.

Conclusion:Exercise training can decrease the expressions of Sema 3a—-mRNA and NRP-1-mRNA in rats after

cerebral ischemla-reperfusion. Hence, it can improve the injured neurological function and promoted the recovery

of sensory function and motor function,and the more intensive the training was, the better the effects were.

Author's address Depariment of Rehabilitation Medicine, The Affiliated Hospital of Qingdao University Medical

College, Qingdao,266005

Key word intensive training; focal cerebral ischemia; Sema 3a; NRP-1; nerve regeneration

FE NI UESE , R 2 RGN . %2
AP 22T RS ERT A G, IR ST A 58 ik
F, NMHSGEZ BT, iz sh)IZRReR in
AR ZE A7 J5 A 2 AR R RS il S AL, AR 52
TSR DI BE A A, B o] )1 25 i 6% BT
e FERICR BT RE P22 2 ) 2 AL 1 AR A . Se—
ma 3a &5 5 2K (semaphorins) ] —Ff1 , & —Fhfl 58
S 45 R Rl AN E HE A SR . R
Bl BRI I 7 03 AR S HE R PR 0,
NRP-1 2 sz A, P35 LR 2 5 2 340 )5 o
MBS 5 A T H 3R R R A 22 A K S )
PEFAMT, A SR FAS [a] 5 B T DRI 25 5 122 %8
Ja Jeb P M e 1t R BRZEA T I 25, IR F RT-PCR 5
VX LB M K S5 Sema 3a Sz HAZ /K NRP-1 1)
mRNA B FEA T4 R E , & IR ) 28 B2 Y
DK N ZARNT oy e P o 5k i A B 22 D RE 52 ) S ]
RERYARZ ORI HILR

1 MR57IZE
L1 e oy P T K RS i

AR A FEAEE SD KR 116 H {4 240—260g,
TG, HILARTE T B8P RSO (B8R
5 SLXK2008002) , Z:Hf Longa W2 54 h 5 ik £ 42
18 45 2 0 K v 2 Jok B 2E (MCAO ) 2h P-4 1 45
R AR I FR AR« R BRI R A S BEZE M Horner
I, B P2 23 B A i FH e ity L AL, TR s o) o 0 2
PEl . 48 Zausinger " AT R PRSI B RIVE TS
5 PEAY 1—4 20 B K B AT o A8 T A 2 3 A
Ty 0] b (BN BELZE R v s ok it 3
1.2 ML S50k ik

Z: B (UL 4R FH ) K BRI Uk I 5 i, R A
AMWFFE R B AL TR 0 2k 1 21 )1 252
HNZR3H XA T ARH, A 15 580 ES
ZH R R SCREHL A ARG 55 3.7 14 K 3AEHAH AL
ASEARA S HORE . IZ5R 1,23 21K R Tl i 75
EVE 24h J5 TR IR PEATURDK N 25 1125 1 20 5 KUK 1
W, BEIR Smin; YN 25 2 45 R AEVK 1K, UK 10min;
25 3 4 A TR 2 K, AR 10min, B H KR
JF KB 0.6m A 0.8m | & 0.8m [ 7 14335 BH 3l 35
AR, K 29—31°C, KA FE 2548 0.4m, DA#H KRR

www.rehabi.com.cn 399



Chinese Journal of Rehabilitation Medicine, May,2013, Vol. 28, No.5

ANBEIM BN A 2 . X B BT AR K BT
GYIE
1.3 Zausingerﬂzﬁ:}‘

Zausinger PR PEE bR UE 043, NRE A & AT
A5 143, B HE SRR s A8 X e s 5 2 43, 4
A BRUR L R BR ) 728 W e % 5 3 43, X6 ~F it o) 9 742
XPAU R T HEHT ) B 5 4 53, ASRE AT B AR X
MR, e 22 4 B ] S e it 5 5 43, T 8 D) g fik
o
1.4 RT-PCR Il % Sema 3a-mRNA 5 NRP-1-
mRNA [ F&GEKF-

R e BROJC TR A% 1 A B A R
J5 , —80°CAR-AF o B —80°C 15 7¢ 1 K i Kz J5t , FH
Trizol RNA £ U & 52 B4 24 5 RNA, K5500 ]
FE S RNA B4 R, —80 CARAT ELRNA, ¢DNA
S —BE A R 42°C U 57 30min, 95°C Smin K L
B S, 4°C Smin R HIFEIR , 20°C LR FE cDNA, LA
JLHE 5 09 cDNA AE S PCRABEA , 9748 . H:p Sema
3a, NRP-1 #1 GAPDH (reduced glyceraldehyde—
phosphate dehydrogenase) 5[ P14E S ATF £ 1, il
£ 2% B NG B E IS, BURT-PCR 7= 4 4ul, il 6 x
loadbufferl p 1,120V HL % LK 30min, F UVP B i
G N R G AN IR, T Image ] B>
M R G TG e R a5 . Wk 1.

%1 Sema 3a.NRP-17F1GAPDH 15| #1435 &
PCR ™ il
519 it TS 14 Wy (bp) JE(C)
5'-AAAGTGGTTT 5'-AGTGGCACAGG 318 61
CAGTCCCCAAG-3" TGATGACTTC-3'
5'-CACCCGCGAG 5'-AGTCAGTGGG 151 54
TACAACCTTC-3'" TCTCCATTCCT-3
GAPDH 5'-GGCAGAATGTC 5'-CCCATACCCA 207 58
TTGTGAGAGC-3' CCATCACACC-3'

L5 Gt

K 1 SPSS 17.0 Ge it B4 % 4l £ 47 4e 3t 4>
r, I LR 2 DI R A2 3R o R ATHR
N5 225307, P<0.05 R 22 5 HoA BB

Sema 3a

NRP-1

2 H#R
2.1 Zausingerﬂzﬁj\
FARATCH I REERAR . X BEZH 45 B AR A

TP B TR T AR R AR AL (P < 0.05) 5 %53l

400  www.rehabi.com.cn

SR IAT R PE3 i T IR R AR BRZH (P < 0.05) , HL
IR 3 LHIP o s W 2. (2 2) o
£2 KHEKFR Zausinger 5 LbEE (xs)
215 YIgk3dJE Ik7d )5 2 14d )5
RFARL 5.00 + 0.00 5.00 = 0.00 5.00 £ 0.00
Xt AR 0.40 £0.55" 120 +0.45" 2.00£0.71°
14 1.20 +0.45% 1.80 +0.45% 2.60 +0.55%
k22 1.80£0.45%7  2.60+0.55%%  3.40+0.55%"
R34 2402055 3.40+0.55"""  4.20+0.84>""

T SR T AR A, DP<0.05; 5% B4 L4, @P<0.01; 5iz shil
1 4, BP<0.05; iz shilll gk 2 4l i, @P<0.05.

2.2 5EARIE UK I 255 45 40 K B Sema 3a-mRNA 3
ey S R

20K IS Sema 3a—-mRNA )Rk, X R ZH
Kl Sema 3a-mRNA F L HHZ, T R4 Sema
3a-mRNA 5 i e/, & IR 2 R BBk 1l ) {2 ot
Sema 3a-mRNA %3k B B AIK T ) B 41 (P<0.05) ,
HINZE3 4 Sema 3a—mRNA F 15 /b i B g (L
*3 A,

#*3 &#EKFRSema 3a5GAPDHH)

mRNA RiAKFEZ Ltk (wts)
ZH 5 I:3d )5 Nk 7d )5 2 14d 5
BFARA 0.29 +0.05 0.31+0.05 0.33 £0.07
X HE 21 0.88 +0.05" 0.86 + 0.06" 0.79 £ 0.04"
2140 0.79 + 0.06® 0.76 + 0.06” 0.71 £0.07%
241 0.71 +0.09%? 0.67 +0.06*% 0.58 +0.05>
ERE 0.62 £0.06%%  0.53+0.10*"" 042+ 0.06>""

o SR T ARA A, DP<0.05; 5% BE2H 48, @P<0.01; 5z 3l
1, BP<0.05; iz shilll gk 2 4 L, @P<0.05,

E1 14d Sema 3a’5 GAPDH [ RT-PCR =4 Fa ik 45

M 1 2 3 4 5

400bp
200bp

Sema 3a(318bp)
300bp

GAPDH(207bp)
100bp

M=Mark; 1=l AR ; 2=XF BE4H ; 3=1)1125: 1 40 ; 4= 2 40 ; 5= 45 3 41
2.3 SRABIHEK IR 25 20 KB NRP-1-mRNA £ ik

TR 5]
A K B IIH NRP=1-mRNA 335, X 824k

. NRP-1-mRNA & ik & & £ , 8 F K 4
NRP-1-mRNA FRik 5 /b, £ Y ZR4 R Rl at il 2
J5it NRP-1-mRNA &35 & B B AL F X FE 4 (P<0.05)
Hill%: 3 40 NRP-1-mRNA F ik il /0 i B i (£ 4
K2),



PHEAE AL 20134 5285, 5551

#4 £EAKFENRP-15 GAPDH [l mRNA Fik7KFE 2 bk (vs)

il W 3d)a I 7d)E W 14d )5
RFARL 0.19+0.04 0.210.04 0.22+0.06
XPHZ 116 £0.15" 1.01 +0.09" 0.93 +0.11"
Y14 096+0.13% 0.87 £0.15% 0.74 £0.09”
Y24 0.81+0.08*" 0.68 £0.15*"  0.56+0.09*"
Y34 0.64+0.13%°Y  0.53+0.08%%"  0.38+0.10°%"

HFARAE, DP<0.05; 5% AL i, @P<0.01; Hiz shilZk 1
2 He#, BP<0.05; 535 s 4R 2 41 oA, @P<0.05,

E2 14d NRP-1.5 GAPDH /I RT-PCR =ik R

M 1 2 3 4 5

400bp
200bp
300bp

GAPDH(207bp)
NRP-1(151bp)
100bp

M=Mark ; 1=f5 TR ; 2=%F BR2H s 3=3)I1%5 1 21 ; 4=I1ZR 240 ; 5=)14R 3 40

3 itig

1992 4, Luo SE*7ERFFEA - Tl HU IR v 224
FHE T 1] 0 B, BT O ot 28 240 i S e P A
0% PEAE 19 semaphorins 78 F K% . HH, Sema
3a SIS Hh B LAY ()t 2 B Sl o i Ak
HEF R, 32 28 43 o v i o2 S e AR
NRP-1 & Sema 3a 324, #4455 J5 TE U2 1A
A L [F S 5T R R 10 53 R DL &
Sl T B0 Fujita SFPRESY K B, Sl
o 453 493 Ji5 SR 1t A K ki B 5T R Sema 3a Bz L AZ 4K
NRP-1 1928 . Shirvan SEPHFFEIESE , 6l
MR SE IS, J TR 40 9770 Wk Sema. 3a, 175
ST AR 2T A R A R T AR AL, X R A
FHBEME 9 A2 1 NRP-1 O BT BT BT . Jiang 55
(A FE 48 ), Sema 3a AT LA3E 3f NRP-1155 5 17 Jo pf
ZITIFET, i NRP=1 WU AT 38 3 Fer B/ 5 Sema
Zaiff B ICIET. . F A WIFTIESE, Sema 3a )
HAZ UK NRP-1 BB 17 il 58 A= K HEBm B , AT il
MR 5, LR UL Sema 3a )
HAZ UK NRP-1 2 5 T Sl M ik 5 405 J5 #if 28 0 A7 1
HEK MREE S AN (ARt hiz
BYI %55 Sema 3a, NRP-1 7 Jay k- v S it ) 41
AR FEHE -

PREEAT R P AR LS Jmy ke e i sl L A 24
Vi GG RR ) — I B R . ASSEI R FH AN ] R

JEE PR DK I 2 3 %o ey b A i fte i A SRR A T )1 2%
FEMELILZ I A REMGETE L . Zausinger 4345
TR N B K SR PR D BB, JRy kP kil
M5 25 R R ZH R BRIV A#BTE 3 43 LA 5 ek Il 2k
J& , B INZRA K BRATE A3 00 B 34 n , 5 AT
FEUESE 1B Bl R0 B 2 P M S T RE R 45 2R —
H, AN ARSI KB, S s 2R3 AR
R Zausinger P43 BH i 5y F HAth iz shll Zh el , &0
14d (s AL UK I 2R 0 K BRPE 0 38 e W 2, G2 30
IIRe LT I, UESE R AL VI 2R RE 0% B 4 b i ifF
Sy ek P A R I A2 40 P 28 D RE AR A

] P ARt SCHRARGE T 5642 sl R ik A 1
BE S5 M D REIKR ZALH I TE o Lee S5 Jmy kb
371105 1 B B 2 RN £03- 2w | EZ N -3
(32 Bl 2R BB B 4y Mol o A58 B, T REURIT S i s o
B IR AE TV i I A4 1) 22 35, DA T el 5 37 A i 2. 1)
B Gertz S 5E K B, iz Sl 2R g3 hn - & A
JGLIE PN £ PR REL A R It % o8 B2 N R — S AL R A
it SR TN A 00 A5 T B 38R i s R
G 00 38, AT e R I 300 W i IR S AR itk
TR BRI . ASCE R RT-PCR 19 151
X AN [ U DK I 5 BRI B 5 Sema. 3a S HiZ
A NRP-1 ) mRNA FiKJF1 72 1l , 3111z 3h
YIZRAE Sy Mg il i A BRUPH 28 Dl ek 52 AT RE R i
LA B EILE . AR AR T AR A KA Bz BT
] I Sema 3a NRP-1 mRNA 23k, Hizk
AT BRI 1 A 2 R R ) S R AE
it PRAELE & M T REANZ 5 . Sl PR AR AT )
X HEZH AN 2R 40 i 45 K B Sema 3a . NRP-1 mRNA
FER I BRI, Wk 2R 45 41K B Sema 3a I
NRP-1 1) mRNA F&ik 2 B 800 Bt 21 K Bl 2b , ]
15 B RE SRR A Sema 3a NRP-1 [ 351k , 52 45l
ZINBERI IR 5 AT BE 55 Sema 3a . NRP-1 2535/
A I I PE R 5 P A ARG

AN SIS 2E AR I, Sema 3a . NRP-1 3 ikl %
FRYNZR [ 4 2 R R E A BE i s /b, s Ak i
VKNS (45 KK 20min) 14d 2H 59 K BUs /b fe B 4
F R ALY ZRRE 0% B 47 MR IK Sema 3a . NRP-1 3
s TR ARl s 2B B S A R B e 4
.

www.rehabi.com.cn 401



Chinese Journal of Rehabilitation Medicine, May,2013, Vol. 28, No.5

4

&g

1z SR AT LA D SR PRI B IS Sema 3a K&

HAZ R NRP-1 mRNA F3RIA , AT 125k 0L 1 458
Pia R 2 REIR I, H 3B AL ZRAE 08 HUAS B 4 1Y)
ROR o AL AT AE 5 iz ) I 25 B K Sema 3a,
NRP-1 335, i {2 A 22 70 A0 A A 1 il 28
M S AL RIS AT OG . (HE, A

KA R Z AL 2R

Gram RO B ) T

SR 5 A, 2 REUEE BT ; i REYI ZRom
JEHE A B 57 VI 25 , B A T o 22 D BE A1

=B

VAL TRl A o T — PR SR UESE

Sk

(1]

(2]

(3]

[4]

(5]

[6]

(71

(8]

9

[10]

[11]

[12]

[15]

402

Skaper SD. Neuronal growth—promoting and inhibitory cues in
neuroprotection and neuroregeneration[J]. Methods Mol Biol,
2012, 846:13—22.
Xu NJ, Henkemeyer M. Ephrin reverse signaling in axon guid-
ance and synaptogenesis|[J]. Semin Cell Dey Biol, 2012, 23(1):
58—64.
TR, AL S BRni, P AR 22 R S 1A 3 X T Nogo-A
HIRTFSEIEREL)]. thAep R 2k, 2008,7(3) :319—321.
OH MJ, Seo TB, Kwon KB, et al. Axonal outgrowth and Erkl1/
2 activation by training after spinal cord injury in rats[J]. J
Neurotrauma, 2009,26(11): 2071—2082.

Sabatier MJ, Redmon N, Schwartz G, et al. Treadmill training
promotes axon regeneration in injured peripheral nerves|J].
Exp Neurol, 2008,211 (2):489—493.
JRR  WRARIE , X4, 55, 38 Zhilll ZRx 0 B Nogo—A |
NgR mRNA kB2 m[)]. e A B 2E 4435, 2011,26(2)
143—147.
XU, %, WS, 45 3 A Y00 i Bl K SO 2O sl i
e B Ml 2R IR FZ )] R A PR 2 A 2008,23 (10) :
872—874.
Yang YR, Chang HC, Wang PS, et al. Motor performance im—
proved by exercises in cerebral ischemic ratal]]. J Mot Be—
hav, 2012,44(2):97—103.

Seo HG, Kim DY, Park HW, et al. Early motor balance and
coordination training increased synaptophysin in subcortical re—
gions of the ischemic rat brain[J]. J] Korean Med Sci, 2010,25
(11):1638—1645.

JE I, P IGEAR AZ 0 3 i o i A< o SR 204 T B VAR
RSR[50 ) R A2 s 22 2%, 2011,26(8) : 777—778.

Luo Y, Raible D, Raper JA. Collapsin: a protein in brain
that induces the collapse and paralysis of neuronal growth
cones|J]. Cell, 1993,75(2):217—227.

Vachkov TH, Huang X, Yamada Y, et al. Inhibition of axo—
nal outgrowth in the tumor environment: involvement of class
3 semaphorins[J]. Cance Sci, 2007, 98(8):1192—1197.
Fujisawa H, Kitsukawa T. Receptors for collapsing/semapho—
rins[J]. Curropin Neurobiol, 1998,8(5):587—592.

Takahashi T, Fournier A, Nakamura F, et al. Plexin—neuropi—
lin—1 complexes form functional semaphorin—3A receptors|J].
Cell, 1999,99(1):59—69.

Takahashi T, Strittmatter SM.Plexinal autoinhibition by the

www.rehabi.com.cn

[19]

[20]

(21]

[22]

(23]

[26]

(27]

(28]

[29]

(30]

[31]

(32]

plexin sema domain[]J]. Neuron, 2001,29(2):429—439.
Castellani V, Falk J, Rougon G. Semaphorin3A-induced re—
ceptor endocytosis during axon guidance responses is mediat—
ed by L1 CAM[J]. Mol Cell Neurosci, 2004,26(1):89—100.
Longa EZ, Weinstein PR, Carlson S, et al. Reversible mid—
dle cerebral artery occlusion
Stroke, 1989, 20: 84—91.

Zausinger S, Hungerhuber E, Bacthmann A, et al. Neurologi—

without craniectomy in rats[J].

cal impairment in rats after transient middle cerebral artery
occlusion: a comparative study under various treatment para—
digms[J]. Brain Res, 2000, 863(12):94—105.
FARR, S 27, R AN F A e R o i ke o P9
I ea Ry d s B R N DA R ] D NS RN U AL
[J].H T B A S e AT 443,2012,34 (5):334—349.

Luo Y, Raible D, RaPer JA. Collapsin: a protein in brain
that induces the collapse and paralysis of neuronal growth
cones[J]. 1993,75(2):217—227.

Fujita H, Zhang B, Sato k, et al. Expressions of neuropi—
lin—1, neuropilin-2 and semaphorin 3A° mRNA in the rat
brain after middle cerebral artery occlusion[J]. Brain Res,
2001, 914(1-2):1—14.

Shirvan A, Ziv I, Fleminger G, et al. Semaphorins as media—
tors of neuronal apoptosis[J]. J Neurochem, 1999,73(3):961—
971.

Jiang SX, Whitehead S, Aylsworth A, et al. Neuropilin 1 di—
rectly interacts with Fer kinase to mediate semaphoring
3A-induced dearh of cortical neurons[J]. J Biol Chem, 2010,
285:9908—9918.

Montolio M, Messeguer J, Masip I, et al. A semaphoring 3A
inhibitor blocks axonal chemorepulsion and enhances axon
regeneration[J]. Chem Biol, 2009, 16: 691—701.

Hou ST, Keklikian A, Slinn J, et al. Sustained up-regulation
of semaphoring 3A, Neuropilinl, and doubleeortin expression
in ischemic mouse brain during long—term recovery[]]. Bioe—
hem Biophys Res Commun, 2008,367: 109—115.

De Winter F, Holtmaat AJ, Verhaagen J. Neuropilin and
class 3 semaphorins in nervous system regeneration[]J]. Adv
Exp Med Biol, 2002,515:115—139.

Li L, Rong W, Ke Z, et al. Muscle activation changes dur—
ing body weight support treadmill training after focal cortical
ischemia: A rat hindlimb model[J]. J Electromyogr Kinesiol,
2011,21(2):318—326.

Wallace AC, Talelli P, Dileone M, et al. Standardizing the
intensity of upper limb treatment in rehabilitation medicine
[J]. Clin Rehabil, 2010, 24 (5):471—478.

PREEEE , R e, $1GE 55, 8 S RECE Ik iR AR SE (K
S PEATRE I SCIRWIE)]. PR REAL 244, 2008,
23(2):100—102.

Sz, KA LI, 45 By A 5% o7 iR s
FIIREA H AL TGS SRR MR, R A BE A Ak
2011,26(7) : 676—678.

Lee SU, Kim DY, Park SH, et al. Mild to moderate early
exercise promotes recovery from cerebral ischemia in rats[J].
Can J Nerurol Sci, 2009, 36 (4):443—449.

Gertz K, Priller J, Kronerberg G, et al. Physical activity im-—
proves long—term siroke outcome via endothelial nitric oxide
synthase—dependent augmentation of neovascularization and
cerebral blood flow[J]. Mol Cell Neurosci, 1999,14(4-5):301—
316.





