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Abstract

Objective: To investigate the effects of treadmill training on the spasticity and the expression of glutamic acid

decarboxylase 65(GADG65)after blocking of Brain-Derived Neurotrophic Factor (BDNF) - Tyrosine kinase recep-
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tor B (TrkB) signaling pathway in rats with incomplete spinal cord injury (SCI).

Method: 60 female SD rats were randomly divided into 5 groups: sham operation group, injury+phosphate-buff-
ered saline group (Sed-PBS group), Treadmill Training+phosphate-buffered saline group (TT-PBS group), injury+
TrkB/Fc group (Sed-TrkB/Fc group) and Treadmill Training+TrkB/Fc group (TT-TrkB/Fc group). The spastic rat
model with T10 incomplete SCI was induced by modified Allen's method. In the 7th day after SCI, the Alzet
osmotic pump with TrkB blocker(TrkB/Fc) was implanted into rats of Sed- TrkB/Fc group and TT- TrkB/Fc
group, while the Alzet osmotic pump of the three other groups were filled with 0.01M PBS. 8 days after SCI,
the TT-PBS group and TT-TrkB/Fc group were underwent body-weight support treadmill training. Then we eval-
uated the spasticity of rats after the operation through the H,./M... ratio every week. The expression of
GADG65 in injured spinal cord was examined by Western Blot and immunohistochemistry at the 5th week post
injury. The correlation between the Hu./Ma. ratio of triceps crus and the relative expression of GADG6S in the
anterior horn of spinal cord in rats was also analyzed.

Result: After the operation, spasticity gradually aggravated in other 4 groups except the sham operation group.
At the third week after SCI, the ratio of Huw/Mux in the TT-PBS group was significantly lower than that of
the other 3 groups (P<0.05), and at the 4—5th week, it was also lower in TT-TrkB/Fc group (P<0.05). The
immunohistochemistry and the Western blot results showed that, compared with the sham operation group, the
relative protein expression of GADG65 in other 4 groups were decreased (P<0.05). While the TT-PBS group
was significantly higher than that of the other 3 groups (P<0.05), and the TT-TrkB/Fc group was also higher
than that of the Sed-PBS group and Sed-TrkB/Fc group (P<0.05). The correlation analysis showed that in the
35th day after 5d, there was a negative correlation between the H../M.. ratio of triceps crus and the relative
expression of GADG65 in the anterior horn of spinal cord in rats(P<0.001).

Conclusion: Exercise training can alleviate spasticity after SCI. Blocking the BDNF-TrkB signaling pathway
can inhibit the effect of exercise training on the relief of spasticity and the expression of GADG65 in lumbar
spinal cord of rats with incomplete SCI. And the relief of spasticity after SCI may be related to the relative
expression of GADG65 in the anterior horn of spinal cord.

The First Clinical Medical College of Nanjing Medical University,Nanjing,210029

spinal cord injury; exercise training; spasticity; glutamic acid decarboxylase 65; brain-derived neuro-

Author's address
Key word

trophic factor

2 ZE MR 25 (spasticity ) J2: B 5 #6115 (spinal cord
GABA 15 L S R

ST RE 2y ELHRONA PR PRI ) Ao 220 Jo 1 )

injury, SCI) Ji5 # LI A AE | BRAE I & A2 X FR A 1Y)
18 B [ S R V- SRR AN [ R BE S
SEIFARE , NTMPLHEL H 8 A= 16 FIRERR , S 208 731
AMERAEAE R R T Y, A SOk P, SCLE
SRAE R A S A RE N A P 22T RE R R B 1)
AR y-2FE T BR (y-aminobutyric acid, GABA) J&
it 22 22 250 V) B B A D ) 2 I, A R b
SEATHE AR 22T DA M N, AT BB R AR Y AR
ML 2 —P' 43 2 2 Ik 2 T (glutamate decarboxyl-
ase, GAD)J& GABA 15 U1 5 PRl il , 7EMH L 30 )
W22 2 45 0 A GADG5 Hl GAD67 P Flt 7. 4, H:epr
GADG65 RERS LS & AR IR GABA , B3R IAH)

502  www.rehabi.com.cn

BN —FIC I RSP A H RO T
12 SRS SCLR B 2R BT 2 H TX 7280
WL, HALH R 58 424878 . Hou ZEW I K1
iz Sl 25 AT 3l A A i SCT A FR A7 220 v P Y5 Aot 22
%A ¥ (brain-derived neurotrophic factor, BDNF )
1 5 2 1% i 57 1A B (tropomyosin-related kinase
B, TrkB) & i, it 3z s I BRI AL, 3 SCTR 1Y
FRARRAS o WlOAR 525 40058 123 BH Br BDNF-TrkB {555
T B R SCIR 28 R A7z shiil 2k, JF i A
DU A B2 SR LUK JEEE GAD6S IR T O, A
IE R i — 8Tz sl 2Rk SCLR Fa2E i VE
Bl




PHAAE AL 20197 55 34% 45

1 #5575
1.1 SEEHAR

SPF 2% Ji A i SD K Bl (- 15 VG 35 /R - BIL 5K
B s BR A VAT : SCXK (71)2013-0016),
8—10 JE Y , /A & 200—220g, F SRR F 5 6
KL 6cm K PE-10 R84 T (R AR kLS4, ID[N
4£]1:0.28mm, OD[#}M£]:0.61mm, FZ[¥ , Smiths med-
ical international Ltd.);lem K[ PE-50 &% T
(ID: 0.58mm, OD: 0.96mm, % [E , Smiths medical
international Ltd.) ; Alzet 18 % <132 (Alzet Osmot-
ic minipumps, 2002 7Y ; Alzet, USA ) ; 2%ELBR FI| £ &
DR S (i R FE 0254 PR | ) s BE41 N TrkB/Fe
#% & & (Recombinant human TrkB/Fc Chimera,
TrkB-1gG,R&D Systems, USA) ;0.01M R 2% thh
Y (0.01M PBS) ; GADG65 it 2 78 [ it 14 (Milli-
pore) , I EHT R IgG PR (B 3 REAEYH AR
FRAA D) 5 25 pl e AR (il A o

XA NYU FHE b 4547 { model T HY(3E
BT ST K B2 A OS2I F 1R ) s 4
aeWLHL 5 & Hi /57 {¢ (Dantec Keypoint)
1.2 BENEE KR 2R

SR FH AT T 40 36 Tk ) 8 PN A 5T 0.3ml
100g M8 i 1 5 10% 7K A SRR BREA TR, 2 o7
L3-4 B, 28 K I T U1 FF iz ik, A 3 13-4 i 52 (1]
Ko JE L2, 08 FH 19G 28 il 1 258 i A 5 A % ik o)
JIEE W5 ST T 45 47 1) PE-10 5454 A Wk I JIEE T s 24
2em (XN L3-4 HHEEL) iR )288 B e . akS
B 55 25l S HEAE AR RE 35 DT A 20l TE TR AR R
KPP A, J A R . AR PRIER BT E IR
S NI TR SR I T AP YL 3

BTG TR, 7K RIS RS TR e A
A5 BT (R AR AR 1A 2% R IR R 2
R HESHR L) 20ul, BIESMT . MK AT TCR B
T B PRI ER 52 LA G UE B A5 15 00, VIR AR A6 0
TE MR
1.3 HEEEI IR g B B RS AR A

KPR Allen 125k il £6 R B SCIAE AL : JFR Y
BGRR[0 )5 B & Bz UR I 5, BEBR
T10 5 S MEAR , 175 1 E] FEI 412 A AL 0T 77 08 , 2 5
BHE, SRR 10gx25mm A model [ AYVE

HE whd 353495 10 S AN 58 4 SCLR BB, 48 iz 14 75
JEREUEN o AT IR T AR R R BN AT
i E s, AP RN . RGBSR, I
ERE N B R PR AL B, SCR LR Ml 75 4% 1
U B EEHE PR B 28 K FRBR S R R R 1k

SCLGHE 7 K, BEHLM TR AR AT G 2K 1 K Bl rp ik
H60 HR R, IR LA e e A1 0 S 4 <l
F AR (Sham 41) P45+ R 55 2% v i 4 (Sed-PBS
) B S+ R ER 2% sl 4L (TT-PBS 4 ) it £+
TricB BH 71 41 (Sed-TrkB/Fe 24 ) X3z 5+ TrkB B
R (TT-TrkB/Fe ) o YIFF2Z RIS M B 4L, I
T BB AR T Bl o B — R KR A E AR A
FEER K PR E 1Y Alzet 8 05 TR 5 (A E K
0.5ul/h, AR FH £ 200pl) {3 1 TG 1/ PBS ik B N
0.25ug/ul i) TrkB/Fc (0.01M PBS At )™, % % PE-50
FETREE B AW PE-10 545, K55 5 5540 A
23 TR R ARSI E . TrkB/Fe B BHIT I K 3pg/
d, TEAR Y AT R 29 2 O, 2 J i B — 1k
BEER A4,

1.4 zsh)i%

K T HA DR 1 o] el 2 P Al N e
71, TT-PBS 21 1 TT-TrkB/Fc 20 T SCL 5 45 8 KT
U Sz 4 R 20%—40% 198 EE - B I 5 (B et 1)
T AR, ML U O 6m/min, BRI 2R
20min, 2 ¥%/d, 5d/w, 1%k 4w, ShamZi . Sed-PBS4H .
Sed-TrkB/Fc HNIA A 11z sl 25 .

1.5 HJUPEs

P FTHEZS KR EUBEIE , 73078 SCIE 5 7d . 14d.
21d.28d.35d & H S5 A Haad/ M FEAETEA K BR
Je B/INER =S LR R ZE R BT o B K BURRE I, A b
P EESL R &, EHR A, 7T keypoint B4 K
M2 ddi A K ERURR TR, 0 M 28 B 47l AR 75 Ak
(IR, 0 S HU AR A 55 Aok (R AL, 2525 B Al U457
T E™, L0.1Hz.0.2ms.0.1mA Y77 % #]
P25, T ORI T, DT ] U8
R 5 AT M I8 3 S 19 e KA, e 23R A Hao/ M
WOl PR S PR E R B e o PP i DR
Rl
1.6 fEdife

SCIJ 5 JEHURE , R B, 4% 2 R R HET 7.0

www.rehabi.com.cn 503



Chinese Journal of Rehabilitation Medicine, May 2019, Vol. 34, No.5

JREE 1, A H A R B (L2-1L5) , A7) [ 5 Tl
FEWK AL HR AR A B i FH A 00 B HLEA 5 b
R NG Ry Spm (A B V) AR AR B e B R
56°CTEIEAE Lh, Z8 B KAk 1 S ALl KT i
5 LIS B P SRR FS L I GAD65(1:500)
— P TR 4°Cal i, B RE R PBSUEH A,
T A R brid B EHt % =4t (1:200) ,37°C
WE W5, A .DAB & B A . A JEH Im-
age JAKMXT BRI E BEAR W X 3 Py GAD6S % FH 4%
FricY AT BEAE R A
1.7 Western Blot

YIREEHG , ERRERIR A UK FRUE IR K Ak
(L2-L5 Bt )44, A RIPA L3 , 519 5 8 0 , B
3 BCA il 2 PR L, 4328 J5 U T-80°C 7K
FEfRAT . LA 80ug &M HFE, 7F 10%SDS-PAGE Ji£ I
MUK B 5, % 2 PVDF I | 2R85B 35 3617
— P H (GAD65:1:1000) , 4°Cid B . 55 — KM
JE A Z Pt (AT, 1:2000) % IR F 5 1h, TR
B , ECL L 5% , Image T A T K FEAE /M7 o
1.8 Seil2&otr

S 2k B SR ] SPSS 20.0 HEAT ST 40T .
Honao/ M FE B A VP2 R 8 52 00 6 5 22 43 H , LA
e S TE)AS [ e i) 51 1) 2 S5 e B8 0 R B IR R T 253
Br, FF s R . GAD6S5 FHXT 235 7 B R F o
K27 25087, 158 Post Hoc #EAT I LA . K
FH Pearson A P 43T X 55 35 KA H SRS 1 Hona/
M FUAE 5 GAD6S AR XS 3% 5 5t 22 0] (4 AH DG P #E A 7
G3HT. P<0.05 0225 HA W EVERE .

2 #ER
2.1  Hpo/Mo FUEPEE

AR AT BN, 4 41K BRIV =Sk AL
Honao/ Mo HCAELZE B (8] R0 1 22 554 i 2 1 i
(F=110.125, P<0.001) , 41 51| = &0 FWAF7E 25 5%
(F=5.068,P=0.017) , H.B [ FIZH 00 2 (a0 45 52 B AR
(F=2.873,P=0.002) . SCIJ5 Sham £ Hyu/My., HC1E
AR A L, Ay 4 B . RS 1—2w,
% Sham ZH A FL AR 4 2H K B Hona/ M FUAE Z 0] 25 5
TCFE R (P> 0.05) s RJ5 3w, 5 At 3 ZHAHLL,
TT-PBS 1 Huu/Mas H6AH ] 2 B AR (P<0.05) , R 5

504  www.rehabi.com.cn

4—5w, 26 IR EA B E R L (P<0.01) . 1A,
TT-TrkB/F¢ 2 Hua/Mua LI FEAR ST 4—5w L T Sed-
PBS #H J% Sed-TrkB/Fc £ (P<0.05){BA/5 8 i &5 F TT-
PBS41(P<0.01)., WLFE 1,

B1 THEKXKRAREEIE S /M. LE

163 == Sham
0.84 -=- Sed-PBS
= TT-PBS
0.6 =*= Sed-TrkB/Fc
~ TT-TtkB/F

% 044, rkB/Fc
=

0.24

0.0

14 21 28 35(d)

AR IR A] £

TT-PBS 21 5% Sham ZH MK HAx 3 A0 Lk, DP<0.05,@P<0.01;
TT-TrkB/Fc 1 5 Sed-PBS 4 } Sed-TrkB/Fc 2L LL , 3P<0.05,

0o 7

2.2 GADG6S gl AL Al

fd1 FH #79% HR 30 35 X GAD65 #E 4T BF 58 & BIL,
GADG6S G BHPE LA BB s bR (B 2) P BERT A
FEA] WLF R AR B (K 2A) o 4541 GAD65S
B R X B 1 %5 B %5 Sham 41 39 45 B 8 4 T & (P<
0.001) ; 1fii TT-PBS £ 5 [ Sham 2H #M (1) HoAth 3 20 A1
It , GAD65 Y AH X 2 11 %% B {2 25 1 55 (P<0.001) o
AN, TT-TrkB/Fc 20 GADG65 AN 25 1195 5 Sed-
TrkB/Fc i1 Sed- PBS 41 A Lt 437 34 it (P<0.05, &
2B).
2.3 GADG65 Western Blot %5

PUI£S2H GADGS - AH XS K (8 55 Sham ZH A
HCABAE A GAD6S B A X Rk K-, g5 R w5
Sham ZHAH [b , Fo 4% 4 4H GADG5 (AR 8 R ik
YA B F % (P<0.001) , Hf TT-PBS 4 GAD65 fi A
X ek B # 5 T Sed-PBS 44 (P<0.001) . Sed-
TrkB/Fc 41 (P<0.001) &% TT-TrkB/Fc 41 (P<0.05) , T
TT-TrkB/Fc 41 GAD65 Y AH X} & 1 % ik 1t 15 Sed-
PBS 41 1 Sed-TrkB/Fc 41 4 He A5 Fir 384 Jin (P<0.01,
K 3B).
24 KE/NBE = 3k WL Hoo/Mae 1 5 1 85 5 £A
GADG65 FHXT Ik L (AR ek

% Pearson #f &4 43 M1 1 — 25 0 BT 4583+ SCI



FHAAEZH4E 20194, 565344 55

E2 GAD6SHEBERIfRRZEAN (x400)

Sed-TrkB/Fc

.~

B 150

—_
=
[<=]

L
|®

4
S
L

Relative density of GAD65
(% of sham group)

SRR SR
¥ &8 Q
T ty@& <&F

<
& <
A: %20 GAD65 2 AY : GAD65 e B IEAR T S b B (0, oAl (2 Bt
SUREER A BT 2R LT AN A B (A — )
B: 4541 GAD6S T AR 2 BE AR R, DP<0.05,@)P<0.001

J5 55 35 KA F/INEE =3k WL o/ M B 5 856 1T
i GAD6S A XS FRAB A G . IR g X
KB Hoo/Mia FC B T GADG6S R 5 11 52 15 %5 11
FEXS 2R 1Rk i A T b7 25 R R Haw/
M U1 5 GAD6S A X 2234 1 22 1] 52 57 A1 56 (=
-0.798) , Bl Huu/ M FLAEEEAIE , GADG6S AR X 25 11 3%
R HE (r=-0.816) FIAHXS 8 [ 3Rk & w45 R
BEMRE X (P<0.001),

3 GAD6SERREZEENZ

A
Sham  Sed-PBS  TT-PBS Sed-TrkB/Fc TT-TrkB/Fc

GAPDH _ | — — S

B 150 1
‘o
=
52 1
EG) 100
<
S £
v o
8:/)
< S 504
“s

S S <o

& ggb &gb ¢

SO
%

A:GADGS5 B I ElIL 4571 5 B : 4520 GAD6S5 £ [ AH X Fe ik i Htk
&, (DP<0.05;2P<0.01;3P<0.001

3 itig

SCI & —Fl e UL i AN , B T S B0z 435
A7 VAR I Az sh I RE U 2L , SCIR IS A7 AE 4 Fif
FERAE . RIS RN R SCLG & WL B & ] i 22
— BRI S AR R A R AR BRI AR A
o EFXPER AR ZAS KR BLEL, &R YT R
W6t 7 e PR S B N 328 T A= | s BT iR A R R
IR —Fh R 2 e e RIE I BI6 97
22, TR SCLRERZIRYT I B it , (A B Ay AL
A T35 28 . GABA 2 PRI 2 R 45 2241
Tl 22388 i 22 — , 78 SCI i iz 3 fi s 1) 3 A v al
RIEFZEMVENY, GAD65 & GABA 4 il , %
J5 RIS YE G GABA (5 LS R, BB ) 2Rk mT i

www.rehabi.com.cn 505



Chinese Journal of Rehabilitation Medicine, May 2019, Vol. 34, No.5

P S Al (5 5 AR, BDNF &2 5 Ji [l pf
ZRGMPIANZE R G R T R B R A T
Z— BN 5 TrkB 45 G RS0 T (5 5 1 & 44
P AU 78 B8 45103 358 17 , BDNF i 0] {2 i pft 2 £
P ST AR B LA SR TR AR 2 R
S5 (02 fil o] B PRS0 Hou 259 (R BIFFE 2 78 22 11
il ORI/ %5 Bl 25 0] 3 2 36 i BDNF 45 A, fie i2F
GABA £ B K Ho sz (R 1 23817 24035 SCIJ Y228
RAS o A5G ) 38 1 BH B BDNF 5 o4 55 vk oz {4
TrkB 925 A M IE 2 [ W55z sh I 25 % SCI s e 28
AR B3 LR T8 GAD65 223K 2 , LAE— 2 m
TExHE il 2k 3 SCUR R ZE/E FIALHI B9IAIH

H B — g U i 2 s AE B E ROR B
AT AU M sz A KT 1 H A B AR R . Joon S
A X T10-T12 FE 467 SCLG /N SR gEAT 98 & PR,
B2 /)N BB BEAZ Sl 280 s B AR PEACAR DL K
(A28 TR 52, HL IS S X TR R0 286 1 SR o o 25 34
58, oo/ Moy FEAEAS 2 R A T 2 Bl 28 0 2% A v
EOEEE RO ey TN R S5 I N4 S R A W= . W = YA
PR ZE W P 28 S 3 5 I PR A 2 AARAIE 2R VT o
FEA] S0, I ELFS H H SO T A M I PR 8 25
FE MR BITAL F- B S SEge b H RO IR
SRR PEE (AT SRR AR, ARSZIRIE £ X SCT /G kK
B Honeo/ M EUAEL A TPAR 2 B, 7E SCL |, #5545
20K FRUR RO 2R R e 32 W N =, 328 s 2k n] LAAT
BUGR RN 58 Ak SCI R RS AR 2 2R PR 28 5 1 BEL I
BDNF-TrkB i& 72 )5 , 8 H P M I 25 il 8 A o8 4 1k
SCI K FUJm o 28 VR F 232 214, (H8 s )il 25
ATh e — o P B s R AR R

A, FRATHE LR T f ] TekB BE 71 5 L 18 50
NI TE 4 SCLA FRIESE GAD65 21k 1541
K IAZ Sl o] UG iR 52 4 M SCI K UM 8 N
GADG65 14235 ; BT TrkB 57 &5 , TT-TrkB/Fc 41k
FUABE GAD6S [ A B AL T TT-PBS 41, {(Hh £
T Sed-PBS 41 fll Sed-TrkB/Fc H . XM, iz 3hi)Il %k
Al 3 1A SCLJE K BUEEHE N GAD6S 7K ; BHIKT
BDNF-TrkB i f# | 7 4 B & b 30 i1 32 8l )1l 25 X
GADG65 Rk e 4 H] . Tashiro 551" i H] TrkB
RELYF 771 BELIKT BDNF-TrkB 1 4 )5 18 & BE , 12 shilll ki
1o A R B - S P IA] #% 32 25 1 - 2 (potassium-chloride

506  www.rehabi.com.cn

cotransporter-2 , KCC2) £ L7 i 15 #f 28 0 1 2%
PRV 2 SCLR 228 A L pl il o gt ml 0L,
BDNF-TrkB i i v] 1 hyiz sl g AR 58 4 SCI
KBRS HGE ) F R BT — BRILZ AN, TT-
TrkB/Fe 21 K BB AR AR B30 0 i35 e B8 GAD6S
FEIRI 3 = W L B 0] BEIS A AR ] S 5 goe 4 b
R P o 22328 50 B 52 (AR B8R G - T
IRE A O , 1 B R R R % e =2 1] B4 AR B At 2
XF I A TR 5 e P i — 20 2 BT R, SCLE
5535 K, K EVIVER =3k L Hoao/ M FUAEL 55 5 BT A1
GADG65 X} 2 3k i Z (8] 47 78 B i 19 57 AH OC | Hona/
M FLIEERAI , GAD6S A X Fe ik flk &y . il F AT
FELEE R 2 I 8] A B R AR 1 55 R R R PR, FRATT
AN A 2 AR B] 5 o5 3 Z AR SGE . Bk
H AT AR A B 5 50 4 W i 3 79 5 22 1) A A DG L 3
Sandra S W BFFEER 76K R S2 HEB /K F- B Al 50
R LR AR E TR GADGS i FHYE
RN AN O AN TN BTV S AR E = w5
GADG65 JE[H ) 63k 5 4= By WE Jin 2 (tiagabine , GABA
TR I ) v 7 A B -G 1 FH ) 2 B A S B
AEE IR, $78 GAD6S ik i 5 SCIR =28 1 &
Ak SR SR DI Y, XL AT A I IR 3697 SCLA
SRR PR —RIBr WA T S S

Betley SCH8 ), 7E P AR R GV 2 M40
H, =AU GABA (RS IRT %2 GAD6S [ R34 | TR
H AR E K Ui Y BDNF 0 R il 23 3407 GABA fE
P20 1 TrkB A2 44, AT i 2 GAD6S £ 28 firh 45
ARG L SR, BDNF/TrkB {5 518 4% 38 o o] Fh ik
EIHTT GADGS (315 LI & GABA REM & u iy G 1k,
H AT AR . AR, K Rz 57 %) BDNF/
TrkB {5 5 7] i 1 18 1% Ras/ERK- CREB i % 5 1fl
GADG65 [15% £ R 1 2 7E GAD6S (1335 , DI iRl i
P e T )0 2SS B = = |7 2 € i
Wi)5 32 2l o2 A5t BB A5 A R Kz ot [l i 280
HOIR AR 1 %R £ GABA I-4 R, 1 B 86 1E
Bl 2GR XA DB SCLREZE? X S8 NI (5
Sy FAE R AR PR A o R g HAR ML SR AT A7
BDNF 7£ 2 5 GABA figf& i R 48 & & WA, &
W EE I GABA Z AR FIEWE 7 X 2 [n] Bi{J5 4 Ff
FIRAE T —Br Bt — 20T



FHAIE T 4L 20194, 55344 555

Zi FRTR 128 sl 2 T A 3G g AN 58 41 SCI
K UG B REZRRES BNz v 5% GAD6S A5 A%
535k, T3 o B TrkB 22 4K, Fo A1 W0 36 3iF T
BDNF-TrkB #4287 SCI J 2 2l fift 22 1 72 v 0 %2
Yo AN, SCURRZE MR AR — A B 2Rt A, nl
REIR T S 25 % DA S A5l i 2 [ B AS BAE o ANt
FE ] Rl R 32 2 i AL 0 BIF 5 B A — e i
B, 5 SR MR — A A DIAL ] LR I R
AR R A IR R T RS S

&% Lk

[11 Gao W, Yu L, Liu Y, et al. Mechanism of GABA receptors
involved in spasticity inhibition induced by transcranial mag-
netic stimulation following spinal cord injury[J]. J Hua-
zhong U Sci-Med, 2015,35(2):241—247.

[2] Betley JN, Wright CV, Kawaguchi Y, et al. Stringent speci-
ficity in the construction of a GABAergic presynaptic inhibi-
tory circuit[J]. Cell, 2009,139(1):161—174.

[3] Leal G, Comprido D, Duarte CB. BDNF-induced local pro-
tein synthesis and synaptic plasticity[J].
2014,76 Pt C:639—0656.

[4] Kopach O, Medvediev V, Krotov V, et al. Opposite, bidirec-

tional shifts in excitation and inhibition in specific types of

Neuropharmacology,

dorsal horn interneurons are associated with spasticity and
pain post-SCI[J]. Sci Rep, 2017,7(1):5884.

[5] Hou J, Nelson R, Nissim N, et al. Effect of combined tread-
mill training and magnetic stimulation on spasticity and gait
impairments after cervical spinal cord injury[J]. J Neurotrau-
ma, 2014,31(12):1088—1106.

[6] Soghomonian JJ, Martin DL. Two isoforms of glutamate de-
carboxylase: why?[J]. Trends Pharmacol Sci, 1998,19(12):
500—505.

(70w, W, OB, 4. BN B BORTE R U S A
TR e R T[], R A R R R A A (AR B 2 ),
2016,(10):1202—1207.

[8] Wu Q, Cao Y, Dong C, et al. Neuromuscular interaction is
required for neurotrophins- mediated locomotor recovery fol-
lowing treadmill training in rat spinal cord injury[J]. Peer J,
2016,4:¢2025.

[9] Zhang X, Zeng L, Yu T, et al. Positive feedback loop of au-
tocrine BDNF from microglia causes prolonged microglia ac-
tivation[J]. Cell Physiol Biochem, 2014,34(3):715—723.

[10] Soril LJ, Ramer LM, McPhail LT, et al. Spinal brain-de-
rived neurotrophic factor governs neuroplasticity and recov-
ery from cold- hypersensitivity following dorsal rhizotomy
[J]. Pain, 2008,138(1):98—110.

(1] TR&AR, LR, FIE. KRG S A 2R

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

TERSE VB 018 S RERGE T A ). op e AL =
2R, 2010,25(8):721—724.

Tashiro S, Shinozaki M, Mukaino M, et al. BDNF In-
duced by Treadmill Training Contributes to the Suppression
of Spasticity and Allodynia After Spinal Cord Injury via
Upregulation of KCC2[J]. Neurorehabil Neural Repair, 2014,
29(7):677—689.

SRR, ShIEOF, MO, GF. O i s B B R ECR
FRUR IR M O REASE TR (ST 0], 5 B R2E2 1, 2016,
37(8):925—930.

Yi B, Wu C, Shi R, et al. Long-term Administration of Sa-
licylate- induced Changes in BDNF Expression and CREB
Phosphorylation in the Auditory Cortex of Rats[J]. Otol
Neurotol, 2018,39(3):e173—e180.

Keefe KM, Sheikh IS, Smith GM. Targeting Neurotrophins
to Specific Populations of Neurons: NGF, BDNF, and NT-
3 and Their Relevance for Treatment of Spinal Cord Injury
[J]. Int J Mol Sci, 2017,18(3):548.

Hernandez-Torres V,Gransee HM,Mantilla CB, et al. BDNF
effects on functional recovery across motor behaviors after
cervical spinal cord injury[J]. J Neurophysiol, 2017,117(2):
537—544.

Lee HJ, Jakovcevski I, Radonjic N, et al. Better functional
outcome of compression spinal cord injury in mice is asso-
ciated with enhanced H- reflex responses[J]. Exp Neurol,
2009,216(2):365—374.

Kumru H, Albu S, Valls-Sole J, et al. Influence of spinal
cord lesion level and severity on H-reflex excitability and
recovery curve[J]. Muscle Nerve, 2015,52(4):616—622.
LIS, PR, W, . AR IR T CH U
RYRAEZRBAI]. A e 224k, 2011, (11):1051—1055.
Lee S, Toda T, Kiyama H, et al. Weakened rate-dependent
depression of Hoffmann’s reflex and increased motoneuron
hyperactivity after motor cortical infarction in mice[J]. Cell
Death and Disease, 2014,5(1):e1007.

Cote MP, Gandhi S, Zambrotta M, et al. Exercise modu-
lates chloride homeostasis after spinal cord injury[J]. J Neu-
rosci, 2014,34(27):8976—8987.

BT, B NI 2 R R T RE R 5 R AR R
ROBFAT I [T]. P AR R 424, 2016,31(11):1289—1292.
Kapitza S, Zoérmer B, Weinmann O, et al. Tail spasms in
rat spinal cord injury: Changes in interneuronal connectivity
[J]. Exp Neurol, 2012,236(1):179—189.

Kakinohana O, Hefferan MP, Miyanohara A, et al. Combi-
national spinal GADG65 gene delivery and systemic GABA-
mimetic treatment for modulation of spasticity[J]. PLoS
One, 2012,7(1):e30561.

Sanchez- Huertas C, Rico B. CREB-Dependent Regulation
of GADG65 Transcription by BDNF/TrkB in Cortical Inter-
neurons[J]. Cereb Cortex, 2011,21(4):777—788.

www.rehabi.com.cn 507





