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The effect of underwater partial body-weight-supported treadmill training on hindlimb locomotor function re-
covery and on the expression of brain-derived neurotrophic factor and neurotrophin-3 in rats after spinal
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[ Abstract] Objective To observe the efficacy of underwater partial body-weight-supported treadmill training
in repairing spinal cord injury (SCI) and its relationship with spinal nerve plasticity. Methods A total of 40 Spra-
gue-Dawley rats were randomly divided into five groups: a sham model group, a model control group, an underwater
training group, a partial body-weight-supported treadmill training ( PBWSTT) group and an underwater PBWSTT
group. A rat model of SCI was induced by contusion of the T, segment with a Multicenter Animal Spinal Cord Injury
Study (MASCIS) impactor. One week post-operation, different rehabilitation strategies, such as free exercise in wa-
ter, BWSTT and underwater PBWSTT, were administered to the rats in the underwater training groups for 8 weeks.
Those in the sham model group and model control group were given no training. The Basso, Beattie and Bresnahan
(BBB) locomotor rating scale and a climbing test were used to evaluate the recovery of hindlimb locomotor function.
The expression of brain-derived neurotrophic factor (BDNF) and neurotrophin-3 (NT-3) in the spinal cords was de-
tected with immunohistochemical methods. Results Nine weeks post-operation, hindlimb locomotor function had
improved significantly more in the underwater PBWSTT group than in underwater training group or the BWSTT group.
The expression of BDNF in the 3 training groups was significantly higher than in the model control group, though there
was no significant difference among the 3 training groups. The expression of NT-3 in the underwater PBWSTT group
increased more significantly than in the BWSTT group, however there was no significant difference between the under-
water PBWSTT group and the underwater training group. Conclusion Underwater PBWSTT can promote the reco-
very of hindlimb locomotor function in rats after SCI, probably through increasing the expression of BDNF and NT-3
and thus promoting neural plasticity in the spinal cord.
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Bt R O IS 2 O R 3 2k R R T 2R B A1 4k
DA 2 P R S0 Bl AR AR g b 2 ] B PR RO S S2 3 T
RIS A AR AT A A TN Sk,
KB SRR LK J1 | 2% fi WLRe 28 45 B T AT TR B 5%
Jr1a) RIS EE A 5 K s sh 4 A K A AT
9 BE LGN ZE R JEml E B RIVE R, s — 23R
HATIEBNRE T, R LA BE 15 (spinal cord injury,
SCI) B 3k ST A7 € H bR SR8 i s 4 ey A 5%
KR BUKTP AR T st , B ik hor
MAEATUINZRAT SCT K BN REMK 52 A5 i B H: P X b 22
ARG E R, Rl R R AR AL S B0 1K 30
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PEFE 40 HLAETE T U HEYE Sprague-Dawley KR,
PN B2 2 B SE g s v B4 1R TR 200 ~250 g, T
B1(213 £7.3) g, #2582 REHL 320 J5 10 R AsE 2
AU RRZH KT IR K PRI 2 S 8P Al
YRl T 8 H

= BRI AR JE Ab B

SEBG B2 10% KA S (300 me/ ke (R ) 15 5
TSRS, R 38, 8 D BSE IS D Ty R rhoo AR B
JRVITT K2 3 om0 25 J&] Fl A 2 8 0B T,
S5 Ty T, RIS FOMEN , 7 58 A i O s e 5 iy I
BE4T i %% ( MASCIS Impactor, W. M. Keck Center of
Rutgers University, USA) fiI#F SCI BRI (& 1) , & &
FS em HEHRN10 ¢, FTHEENS cm x 10 g, HH %
AT R EERE B0 5 KU L R4S . RaH
FUBE TR 1 SR PR 25 3 7 S g, MR 8 3 156 47 9% D 55
FEUMINHEIR o BB THEAR DIBR AR | R AT o,
RERER] E

= BRIk

IKI TN R EH A2 A 1 il 2 e B /KA P ATk b A
Hriz sk, BEE KN 30 °C 5 K H Ml 2R 20 K B
BT A AR R R UK B S, e K
2 30 °C KR S PS8k s XU AL 11 7 2547 AUAT.
I DR AR H AR XU B & ik AT A
Y&k, M EEE RN 2.0 ~5.0 m/min, 2R J5 1K I8
K BRI 254718 7 0T ek T ok 0 5 A T R (1A 2) 5 9
HPAR IR K BURIAE BT 3 A K EUK &
B G AR, HAa R PR IR . & 2R
FARSE 1T EINGR, 41K 30 min, &8 6 ¥k, L1258
Jil . BEAUXT RRAH WA S AN AT R I 25

VO KBRS B BEAIK A 15 T WL

% BBB ( Basso, Beattie,, and Bresnahan) iz 33
REVEAMEY K sh i E TEAE N 2 m MEEF 4

b BRI IE A I AT A SRR TE S B, 53]
THESETRELVEHEIFRESHET 9
JAEATVESY Bk 3 NS INVE4y , BUEIAE, 2245 Pl
AR BOFE, REH 9 JH2RH Ramon-Cueto
LI BETF I TE AR R0 T 325, W45 4 Bl it A7 TE I
K, 76 5 min WG BORTTK 75 em A A 45° 1
MRS, SRR UG iz sh D Re Pk 2 1

B filff scrsiny B2 KBRS ATIIZR

OB [ E N Z0) R

TARIGEH 9 B, F 10% /KA %8 (300 mg/kg
PAER ) P R PR B, W i 28 70 0 AR A A 70 IRV
VE [ 5 S D T A B4R 7K 100 ml, FRVEVE 4% 1Y
ZRHEE —0. 1 mol/L MR 2% ik ( phosphate buffered
saline,PBS)200 ml(pH 7.2 ~7.4) ;1 h J5 , B X
PITF2 em BHE, 8T 4% FZHEHEE -0.1 mol/L )
PBS W NG [ ; A i sl Rl 8Lk e A 1 T
B AU bR

VARG b icadt E2ag a =2 all

AT 64 CTRE 1 h 5B, SFEE 1
3% i F AL FTH AL PR PE G AL B 10 min ; 78 0 355 P
37 “CRWEH 15 min; TR 1:50 #RE A St i vt
U= 1S ¥ ( brain-derived neurotrophic factor,
BDNF) £ 5 [ —#7T ( Santa Cruz Biotechnology 7 7l $2
HE) FI 1:200 i B 0 2 BT A 228 37 I F-3 (neurotro-
phin-3 NT-3) Z 5@ & —$PT ( Abcam 23 A #24it) ,4 CF
o F PBS WP VRIS NG R R G R AE MR
SEACIBEE S (SABC) 1K ,37 CTIHEH 15 min; —
SRR (DAB) I €8 B P b G msf [ 5 ik i
WY B, WA TS, BAPEXT IR T PBS WA —
P, A BRIAN R

L B AL R S A

1 Tmage-ProPlus 5. 1 RRIEI SCoHT R G0 G e 2
LU RN S SR AT T AL ER S B, B 22U S
KR (x400) , BUHT A A WESLET | 2547 FHAM: 20 i 3+
BOLAr 6% B (integrated optical density, IOD ) & il
ELVIE BRI A (x +5) #n, A BG4 SPSS
13. ORRGEIH A AL B, 22 20 46 D 48 B 1Y) 26 18] L 35 R
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SEABENLETT T 0¥ Ja ¥E4T LSD /56, P <0.05 K
ERAGIFE X,
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— ST R EIEE

1. BBB 435 AR BURHT BBB ¥E4r¥ 0 21 41,
RBEZH ARG BBB W05 21 43 HAR ARG 1 K
BBB P¥53 15500 0 43 (B 3) , RJ5%5 1 J& BBB #1430
~3 00 BB ER LG FE X (P >0.05) ; K5
553 FARES 5 A3 MNIZR4H K B BBB R4 5 A%}
HRZAAH L3I B 48 5 (P < 0. 05) , HK i PR i1 254
BBB 143 i TKIF UL (P <0.05) s R4 7 J8, 5
PR HRLH AR L, 7K R S AR DI 25 20 A =17 A )1 2k 21
BBB PRI E (P <0.05) s RJF5E 9 J& , K-
Ml Zk2H BBB 11533 s B (39 P <0.05) . UL
#1,

2. TERIASIRIS . RIGHS 9 J&, BB ZH K Bl 1 fig 4t
VB B IR A K BV g2 3, H BB IR FE AT e
17,28 I — HR R V& HAb 3 ANYITZRAR R
REAN [R]85 2R IE , 3500 e B S eq 7,
# AR EAIT NG EA 3 H I E SRR A
a4 H KPERIGHA 6 H, WK 4,

= R SRS

1. BDNF 7E4 B 00 3215 . 78 (RO 415 B8 K 5 1)
FiIfA 7] UL BDNF BH #4450, BDNF 2 [ £ Z AT #
2t TEMAZ A3 A AR /D BDNF G2 B 7= 4
SRR TR (A B LA € BH R U 5 53 SR B BE IS M A
BDNF #ik, £-41/a] BDNF BH: #0205 % i 10D {H
Fods, 2R A G258 L (P <0.05) BRI 4 K
7 IR Vs S M U 22 A K A P I 25 44 BDNF

FEE: 1 28 C 0% . 10D {E YR TR (P <0.05) ;
SRR N BB AR L, ARSI ke D E - A I 22 Ak
FRAE AR I 2540 BDNF PHAME 28 080 B 10D 3% B 3%
HE (P <0.05) s /KIFVIZRAL ek FE A gl JoK h
SRR ZRd Z (B P 5, 22 ¥ s it B L (P >
0.05), W2, K5,

2. NT-3 fEERETT AR5  fE AL B RE /T A
YA NT-3 Gog SO BRI =9 43 A, B3R e o, B
P AT DL A R, A LA NT-3 FHPE M 200 4L
J 10D (HZEFAGIT2FE L (P <0.05) ;BRI IR |
ATFUN SR ol S A I 24 AT K PR DI 2R NT-3
FHME R 28T H0U% B 10D {3 R TR (P <0.05) 5
SRR BB AR L, AKI UINZReE E - H I 2 2H Ak
FRSEAR ISR NT-3 BH: #2808 M B TOD () 8 3%
HIE (P <0.05) s KA ZRa] NT-3 FHPER 208K
K g 10D {E R T E AR VIZRAL (P <0.05) ;7K
SERMN 2R 2H 5 7K 7 I 2R 2 NT-3 FH A #2820 0 8 2
10D fH b #, Z 7 ILg it B X (P >0.05) , W3k 2,
K6,

& P A% 1

B3 SCIKF.(BBBiE> N0 %) = 4

&1 #541 BBB ¥/ BT AL AL (73, % +5)

@l AL ERIPN 1R H3 M %55 H %57 %59 JH
Btz 8 21 21.00 0. 00 21.00 0. 00 21.00 +0.00 21.00 +0. 00 21.00 £0.00
FRA N R L 8 0 1.75 +0.46 4.75+1.49 7.00 £2.27 7.50 £2.27 7.50 £2.27
KIFYIZRA 8 0 2.00 +0.76 8.13 £2.03° 9.88 +2.17* 10.50 +2.62 11.38 £2.72°
W AR 4 8 0 2.38 +0.52 8.63 £2.45° 11.00 +3.42¢ 12.00 +4.07¢ 12.88 +3.48"
KR IR 8 0 2.00 +0.76 10.63 £2.62*  12.88 £3.29"  14.88 +2.99*  16.63 +4.06"™

T S AT HR LR R ] 25 LA, P < 0. 05 5 55K 7 IR IR ] S5 KT L, P < 0. 05 5 50 7 A VI 2R A R 1] A HE L <P < 0..05
R2 KU BETI BDNF F1 NT-3 FRPEANIEK 10D (L (% +5)

; BDNF NT-3
a A R PR (1) 10D fii PR (1) 10D i
e il 8 7.86 £1.00 196 617.9 +38 139. 64 5.51£0.84 196 392.68 +60 016. 67
RIS} R 20 8 11.55 £2.25° 320 942.2 +36 672.89* 8.80 +1.49° 372 891.05 =62 356.29*
AIF IR 8 14.49 +2.54% 450 537.1 £30 237.25" 14.76 +1.00" 534 343.23 +107 310. 52
W AR I 2l 8 13.75 £2.03* 445 034.4 £49 957.97* 13.90 1. 53 466 413.91 +66 685. 92
IR PSR I R4 8 14.79 =1.82% 482 319.1 £67 476.98% 15.56 +0.83% 583 924.89 +88 628. 147

T S A, 2P <0.05 ; SHEI IR L EE PP <0. 05 SIE EAR VISRl e, <P <0. 05
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e
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BRI RA

AR GA

A lga

PBS FA kRS R
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1S I 4

K HE 2B 17U 25 (underwater treadmill training) ,
SER K IS 2 RN B AT I 2RSS & S — Ry iz gl
%, Masumoto 55" WFFE T e AR IR AT /K T PR 2L
AT INZRms e LR A2 1k, e BLAE K Hh WL AT S5 K Bl
SN T A o o O = A TN 1TV NS 7 B N A8
Miyoshi %57 38 i = 412 Sl WL K LA P A6 % 3, 1E
PN LIREINE iy G R 2 | EZ I R 7S S v
SR ) LA A (5 422 Sl ) 38 i LRIt ST S0 s
JB =3k LA ILH 6 S 155 B A1 5 I B R 46 i3 T 20
i SCL SR AT K A AL AT YN 2 i BE ML YT R B 5%, & R

LI BFH LK S1 B B I REVE Iy M ATRE T 45 1k
SRR WAL T AL, SR, T SCT R FE
1T S AR AR AR 22 S B R IR AR R S I Bl PR TR
ABPFEMERE R, i, AR sE it T —Fud i T30
YIS gt g i R UK B 6 - il AR A TR TR 2
5 B ASEAR R, N B S T, 9K AL T AR 1A
AN LGt K, B 15 PN BEAT 47422 LAGE 5 28 7 Dok
ERE T AL R ARIEH 9 A KPR
ZR41i BBB PE W T HAR A (P <0.05) , HK
HP RN ZRAL R B A B I 22, U WOk A AT
WNZRREAT OBy 1k R 28 10 % A, e R Tz s D RE A
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BDNF NT-3 J& APy 9 fh i 22 A 22 8 2 I 7, AN
{CEAT 8 i il 58 AR B VR, 3 T 8 0 o8 ek B 4
Hutchinson %50 & PR | 65 B e 475 45 780 K L3 6 A1 &) Bl
P2 BDNF JE Rk TE i 3 RN E AU %,
W EE SPGB AT Sk gk lhisr ()58 4 RV IR, &
W25 min, & H 1R, S5 4,387 J&) el flish Y
BN BDNF AYZE5A Hif R, v 8 S M B 471 a1
BDNF 7E J& [l #if 28 ) 26 3k Pk &2 1E % 7K -, Dougherty
200 T, SCT J, 3240 -1 BDNF 9028 52 13 BH 44
BTV Jo 240 L A /0N J2 Jo 240 i i 2 384, BDNF A5 BH 1R
PRZTCAET (28 TR D) AR BERh 2 12k (ph
wamEEAER) S, 78 SCI 2tk i W 3, BDNF (i ##
ZeoURN BT 5 40 B 3 1) A A, H: 3 AR A R A
ZI1fE s M AE SCI J5 1, BDNF 0 i 2 95 40 o /N Ji2 I
iR, HEEAEAEME ML G ", Sasaki
PR RO A AT R R R AR AT IR AY, 5 R R,
e ol \2efa) 78 5 T4 RS HEAH LU, BDNF =5 400 R Ay
IR 78 5+ 4 M B A RE A SCT K BT BEK &2,
A 165 HAE Pl 2 M 25 R it 5 B TR B R 22 T
S Al (RSP S N R TN | 224 N5 s e o |
SRAA K BRI Z5 20 F5 #E BDNF FH P i 28 Je 80 )
10D {EH I8 & TR IR (P <0.05) , iz sh 1)l
Zifie{ 3k BDNF 3535, BDNF A fE2 5 Hph 25 51
il K 22 G 1 [ i B2

NT-3 J& T 48 3% R F Z 05 1Y B, 7 R P9 RS
PRI BT, #R A 4ERA 08 B A 2T A7 s (et
fih 2 FIE {1 55 T BE, A8 4R = Al 20 4N B b 5% Y 1 AR AR
F3-% Zhang ZM (RIFFE N RN, NT-3 KB i 27
A S A SCIALJG , 25 NT-3 BB HE 46 F 17
ML YE B A Kz Sh DN REMIVK AR . AR SE IR 45 1 R,
AR RR I 2R 2 SCT K BB 55 K- LA T B B 41 2111
NT-3 FHM: R 20 3% 38 B I & Il AR I 2R (P <
0.05) , YA K H A2 AT U1 25 He Bl A o 3 245 1 7 11 2k
FHEMEHE NT-3 133k, NT-3 A] §8 5 /K h M 217
Srfie itk SCT IREMR & AL A 5%,

EA BRI, SCI J5 HE R Ik AL rT G815 44 5%
G AR 2 & A %% (central pattern generators ) it A ¥
PRI K LA 28 00 o] B A A o6, B
A2V 25 RT3 M 5 5 PN R 5 B4 52 S 3 ol 98 405 7K ST DA
AR A B R AT B AR ORI T
B R R, G e E S A A AT U A A 9
T BE P A5 28 T ) 4 B2 0 BRI 408 IR
B IR A e R T2l . ARFFE 5 SR 7R, SCT R
KM AT I G | Hiz sh D) RE A 31— a2 1 1k
52, HBBE" BDNF NT-3 BH P4 28 0 A5 70 %) HE 24 B
N, XHERAKHERAE TG AERE SCT Thig ik =

ARPAILTR] AT RS £ e M 228 3R X TR, DT A 3 e 22
TN EE A, SR B A IRV O, AN AR S M
KA AT U R AR R D e A i I 2R, 3 W]
OO R 2R B BB B e A — S B OCR  (H BT 24
ML A it — 2P

Bt ASSCERIR M B B SRRl B BILAE BRI 4 vl m] @ R T
R B

Z £ x @t

[1] Schwab ME. Repairing the injured spinal cord. Science, 2002295 ;
1029-1031.

(2] J&3CE, 20, . REUK S 8 &, & W% R4S 212009 1
0095261.5.

[3] Young W. Spinal cord contusion models. Prog Brain Res,2002,137;
231-255.

[4] Basso DM, Beattie MS, Bresnahan JC. A sensitive and reliable locomo-
tor rating scale for open field testing in rats. ] Neurotrauma,1995,12;
1-21.

[5] Ramon-Cueto A, Cordero MI, Santos-Benito FF et al. Functional reco-
very of paraplegic rats and motor axon regeneration in their spinal cords
by olfactory ensheathing glia. Neuron,2000,25 :425-435.

[6] Masumoto K, Takasugi S, Hotta N, et al. Electromyo graphic analysis of
walking in water in healthy humans. Physiol Anthropol Appl Human
Sei,2004,23:119-127.

[7] Miyoshi T,Hiramatsu K, Yamamoto S, et al. Robotic gait trainer in wa-
ter: development of an underwater gait-training orthosis. Disabil Reha-
bil,2008,30:81-87.

(8] WhEEHE, LMER , A, AK PR AT I 2500 B B4 A B R A7
BRI . AR SR 2 5 A 2005 ,27:221-223.

[9] Hutchinson KJ, Gomez PF, Crowe MJ, et al. Three exercise paradigms
differentially improve sensory recovery after spinal cord contusion in
rats. Brain, 2004 ,127 .1403-1414.

[10] Dougherty KD, Dreyfus CF,Black IB. Brain-derived neurotrophic factor
in astrocytes , oligodendrocytes and microglia/macrophages after spinal
cord injury. Neurobiol Dis,2000,7 :574-585.

[11] Hiebert GW,Kodarahmi K,McGraw J, et al. Brain derived neurotrphic
factor applied to the motor cortex promotes sprouting of corticospinal fi-
bers but not regeneration into a peripheral nerve transplant. J] Neurosci
Res,2002,69 :160-168.

[12] Sasaki M, Radtke C,Tan AM,et al. BDNF-hypersecreting human me-
senchymal stem cells promote functional recovery, axonal sprouting,and
protection of corticospinal neurons after spinal cord injury. J Neurosci,
2009,29:14932-14941.

[13] Hagg T,Baker KA ,Emsley JG,et al. Prolonged local neurotrophin-3 in
fusion reduced ipsilateral collateral sprouting of spared cortico-spinal
axons in adult rats. Neuroscience ,2005,130:875-887.

[14] Zhang Y,Dijkhuizen PA, Anderson PN et al. NT-3 delivered by an ad-
viral vector induces injured dorsal root axons to regenerate into the spi-
nal cord of adult rats. Neurosci Res, 1998 ,54 :554-562.

[15] Boulenguez P, Vinay L. Strategies to restore motor functions after spinal
cord injury. Curr Opin Neurobiol ,2009,19 :587-600.

[16] Stewart BG, Tarnopolsky MA, Hicks AL, et al. Treadmill training-in-
duced adaptations in muscle phenotype in persons with incomplete spi-
nal cord injury. Muscle Nerve,2004,30:61-68.

(115 H 181:2010-08-25)
(AR 2% )



	2010012 7.pdf
	2010012 8.pdf
	2010012 9.pdf
	2010012 10.pdf
	2010012 11.pdf

