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43) s Western blot £l SCI /& #F GDNF #1 Nogo-A 1) 3k , real-time PCR #: ] SCI J55#5 BDNF,.GDNF #i Nogo-
ARFRIBEN . £8R BT E ZER, ARG SCI 4 f1 NSP 41 K i BBB ¥ 3% 2 i I & (B P4l 3+ o B 2 5 .
Western blot £l real-time PCR 75 : £ SCI J5 1 K GDNF 2 ik B & Ft (55 » FLFifi Bif [ A < JL 5% 35 o 78 i R A [
B, £ 1.3.7 H 14 K450 ] 5 NSP 41 GDNF Kk # F SCI 4. 2k SC1JF Nogo-A ik % #i T i #a % »
[ i - NSP 21 78 4% B} 7] 55 19 Nogo-A ik Bk F SCI1 41. real-time PCR /R : SCI 1 K Ji BDNF ik 7K - i %
5155 o B P ) 4 5% 5 32k 2K O B R I s RIS NSP 4175 1.3.7 A1 14 K 4% i 6] 5 BDNF /K 35 B 8 4% F SCI 4.
%t 2 SCIJG ., KR M M BDNF.GDNF Fl Nogo-A A 7KF- ¥ T+ 5 . SMEHES: T NSP XK B &1 SCI
J& 132 3l D RE TG W 8 B0 o (H AR 5 IR R AR B KT X R BRI 2 T R R A2 A — E AR E AR .
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Repair effects of neuroserpin (NSP) on neural function
after acute spinal cord injury (SCI) in rats

LU Yue-chang, SHI De-yuan’, JIANG Xiao-xing, FENG Zhen-zhou, JIANG Chun, CHEN Zi-xian
(Department of Orthopedics,Zhongshan Hospital , Fudan University , Shanghai 200032, China)

[ Abstract] Objective To explore the expressions of brain-derived neurotrophic factor (BDNF) , glial
cell line-derived neurotrophic factor (GDNF) and neurite outgrowth inhibitor A (Nogo-A) in rat spinal
cord tissues with acute spinal cord injury (SCI),and then to study whether neuroserpin (NSP) could
change these expressions to protect the neural function. Methods One hundred and thirty SD rats
were randomly divided into 3 groups: SCI group (n = 60), NSP group (n = 60)) and control group
(n=10). The acute SCI models were made according to the Allen’s weight drop method. SCI group
were injected with 25 pl. normal saline, and NSP group were treated with 25 pI. NSP by intrathecal
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injection immediately after acute SCI. In control group,we only removed the vertebral plate and did not
injure the spinal cord. Then we used Basso Beattie Bresnahan(BBB) scores to evaluate the functional
deficits of the spinal cord. Western blot and real-time PCR were used to detect the expressions of
BDNF,GDNF and Nogo-A. Results
and NSP group. Western blot and real-time PCR both indicated that GDNF expressions increased

There were no significant difference in BBB scores between SCI

significantly one day after acute SCI compared with control group, and declined thereafter. GDNF
expressions of NSP group were higher than these of SCI group at 1,3,7 and 14 d respectively after
acute SCI. Nogo-A expressions after acute SCI increased compared with control group,and NSP group
was lower than SCI group in every time point respectively. Meanwhile, real-time PCR showed that
BDNF expressions after acute SCI reached the highest at 1 day and declined thereafter. However, the
BDNF expressions of NSP group were significantly lower than these of SCI group at 1,3,7 and 14 d
The expressions of BDNF,GDNF and Nogo-A after ASCI

all increased compared with control group. There were no significant improvement in the motor function

after acute SCI respectively. Conclusions

of ASCI rats with NSP by intrathecal injection, but NSP could promote the neural function repairment

after acute SCI at the gene and protein level.
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W E T A TR SRR A 2 - 80 CLRAE
A 100 mg FpAs il 1mL Fi¥ 8 [ 24 ) (RIPA) ,
PEEE ST AR A1 B4 2R, 4°C 12 000 X g B0
10 min, Bt BiE . IS A A S E AW, AR5 # 17
SDS-PAGE Hi Jk . PVDF i %% 5%, 5% [t Big 45 ¥y
A1, i —Pr (Fe Pt GDNF,1:500, Abcam; %L Nogo-
A,1:1 000, Abcam; fRPT B-actin,1 15 000, Abcam) ,
4°C i - HRP Arid — i (1:5 000, abeam) » % i
BEE 1 h,ECL B 5.

real-time PCR #&il  NSP 2f il SCI 41 4% B 7E 1
B 1.3.7 F 14 RGH 6 LR, it i 1070k &5
i TS 3 S BOOE 7™ s TG R AR AR IO £ B R A1 2
Trizol 7 & 2 HUE RNA, 5850430656 B2 25 RNA
WL ORJE B RNA R F 8 cDNA, 3 47 real-time
PCR [ Wi, P Bactin N2, 519057 51 B F g2 T
AW TR A R A A A . Bractin: bR 5] 9
5'-AATCAAGATCATTGCTCCACCAG-3', FiiE 5| ¥
5'-TTAGAAGCATTTGCGGTGGAC-3'; BDNF; I i
214 5'-GATGAGGACCAGAAGGTTCG-3", F i 4
¥ 5-GATTGGGTAGTTCGGCATTG-3"; GDNF; |-
a1 ¥ 5'-CCACACCGTTTAGCGGAATGC -3, F it
2141 5'-CGGGACTCTAAGATGAAGTTATGGG -3';
Nogo-A: I % 51 9 5-CCGATACAGAAAAAGAG-
GACAG-3',Nogo-A: F i 814 5'-AGGCTGGCACC-
AAACACC-3', PCR {2} QIAGEN Rotor-Gene Q,
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BBB 14y IFH K RAEE BT 3h 21 4.
Xif R DR TR R BRAEAR 52 RS 1 RPN A
TR Z R R E Ry 21 IR FERRE . SCLA1 M
NSP ARG 1 RBFIM AWK I J5 5628 80 150k
O o {FL B B[] SEE K o PR 2K TP 40 e v 8 14 R B
Ykt 8 4r. SR . NSP 415 SCI 4 [l i 18] BE it 47 He
BRI B 2R (P>0.05.4 1),

#£1 34AKRK BBBiTSH

Tab 1 BBB scores in the 3 groups of rats (rts)
BBB score
Group n
1d 3d 7 d 14 d
Control 10 20.5%0.53 21 21 21
SCI 15 0 1.33£0.49 3.87%0.64 8.20%0.77
NSP 15 0 1.67£0.49 4.53£0.64 8.47%+0.74

Western blot Z58  Western blot {7~ : 7 1E %
BUAFE R BB B8 GDNF Rk, 2k SCT 5 1 R
GDNF K3k B & TF 5 B i a] SE 4, 38358 5 8 i
BEAR 14 I I 55 T 16 % % HR 45 [l 76 1.3.7 0
14 R4 B[] 5 NSP 41 GDNF ik i3 5 F SCI 41
(1), Nogo-A 7E IE F BUAF K BUE i 9 1Y 35k &
Wb, Stk SCI 5 MR K A #i 7 M e, 14 X
I 2 1K 5 98 5 ) B, NSP 41 7 4% B[] 25 A9 Nogo-A
Fk BT SCI4(F 2).

7d 14d

NSP SCI NSP SCI Control

—
"

E1 3HAKXKRARAE GDNF ZEHRIEE
Fig 1 Expressions of GDNF protein in the 3 groups of rats at different time points

1d 3d
NSP  SCI NSP  SCI

7d 14d

NSP SCI NSP SCl Control

GDNF st P — — e == -
B-actin" .' ‘ — - ‘ . -

B2 3HAKXRATERE Nogo-A EERIEE

Fig 2 Expressions of Nogo-A protein in the 3 groups of rats at different time points
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real-time PCR # M Z5 8 real-time PCR ./~ :
BDNF 7 IF & X B2 Rkl b & B f5 1 K NSP 41
55 SCI 2 BDNF 3K 3A /K V- 34 1 3 T & Bl i 1) 4E
% FIR KT B W T B H SR S T IE R A A, (A
B, NSP H7E 1.3.7 Fil 14 K 4% 0} 8] &5 BDNFE /K 5%
PR AT SCI 41 (] 3) s GDNF 7£ 1E # %f fi 4 %
A, SCI 5 1 R NSP 415 SCI 41 GDNF ik /K
SV 34 W 2 e B S T S G HE SR IR KT B B
HE R & TR X gL, R ed, NSP 4178 1.3 1 7
KB [A] 5 GDNF 7K °F- 8] & i 7 SCI 41 (& 4),
Nogo-A T 1E# 41 /0 323K , SCI J5 ik K V-2 18 Tt
R TR 14 R IR 3 d5 s 0 CHOMER BIRJG 14 KD L [A]
i, NSP ZH7E 1.3.7 F 14 K4} E] 55 Nogo-A /K-
] A% T SCI 40 (& 5).,

6r

<

Z

EE _-‘) L 2y

£ I

o4t o NSP

& , aSCl

-;-; (i) ( |

=3 o o Contro

E‘“ 2t (2

= 2

w

21t &

= M

é 0 (2 o
1d 3d 7d 14 d Control

E 3 BDNF mRNA #3 Rz 8
Fig 3 Relative expression of BDNF mRNA
s, SCI group, P<C0. 053 vs. Control group, P<C0. 05.
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Fig 4 Relative expression of GDNF mRNA
g5, SCI group. P<C0. 05; ® vs. Control group, P<{0. 05.
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5 Nogo-A mRNA X RixZ=E
Fig 5 Relative expression of Nogo-A mRNA
M s, NSP group, P <C0. 05;® vs. Control group, P <<
0. 05.
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P A LR 2 2 1 7 Tl 1) 2 1 KA A O L A 2 L [
5 28 70 R I A% R R R T B TE Bl 28 T 1 R
ety EEREEMER, PA R—-FMZAREA
ity , 75 P XA 22 R GE 22 o0 A mRNA FTEE B K-
Fik . TSN ML, (PA R RN ZF T R G000 A S
BB TR A LT 75 R BE AL 0 SF- 5 9 T o R A R
B A AR P S 2 — OB B A I AR AR R T A T A
MR (PA BEHE 5| A %Ay P 25 1 B 1l e )
P2 TTAE T T LA A 5k i, R o A i 22
MafgZE T SR, NSP X & tPA ) K 4R 1 1l
FT By AR NSP X 2% A5 M B A 3 4ot
e T EAMEIAEN .

JSCEA T L Bl W 18 R R 28 R G AR R T AR B
5. FEE 3 AHRERA K (DCNS Mgt A Hikz
SR HE 15 (2)CNS B = R 5 1 ph 428 35
TP HE A5 (3)CONS FRA W 3R B h 82 K
H /DRI JE 40 i Coligodendrocyte, Oligo) & i Y &
Wi Coyelin) A 0P (952 - .l F ALK&
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BUR 7 A= (4 RE 5 A1 1 P 22 A B A7 3% AR o Al iy —
FREATHEF. HoAM& oA K ST ® " .
A LI BTG S i 3 R TR S M 4 TT Y AR AT K
RAEF BV Wi IR M 2208 3% ¥ (brain derived
neurotrophic factor , BDNF) g 5 11 #f £ JC 5% i
AT Bl P 22 T i IR S A2 52 02 4 #f 8 T
PR B2 oAl o i HL o B Y TR B A A 22 R SE Y
P28 T HE R A A7 B2 AE AR B RE BT 0 T 1 — S A &
BRI o B AN i PR b 4208 SR T (glial cell
line-derived neurotrophic factor, GDNF) /& & %l 19
REZMBIMEITTERHE T . BRI AR )
U 55 o5 A K F (neurite outgrowth
inhibitor, Nogo). ## #f A % #% & H (myelin
associated glycoprotein, MAG) . 70> 58 ik it 21 it 6 B
¥ & B (oligodendrocyte myelin glycoprotein,
OMgp)H¥1 . Nogo-A J& Nogo [ —Fflt = 5 B H4&,
& H BT E A s i A 22 b 58 AR A il PR B RR
il 5l 5 A JE K AX R GE B 5 S il 28 0 P A g
J1H . Simonen 21 JE 52, Nogo- A J ] & B& /D B
W 7 A B 2T 2SS SRR AR BN BUME G
Nogo-A J P R bk BUA T8 22 14 J B B R 4R 4E KA
Briiak . Kim S5 dAF 8, 4 Nogo-A/ B A
R /N B SCT S o B2 B 38 PN B9 Bl 28 AT )32 48 i 22
T UK T . A 20 2T 4 DR R A O AN R B, FRAT]
Bt A< S22 WL 5E NSP Xt SCI g /Y 4 28 R 52 )
e PR SR S5 2 MR A K,

FEA S B b, 2k SCI J SCI 41 #1 NSP 41 1
BBB ¥4 76 1.3.7 Hl 14 K 4 I ] 5 42 52 W7 7 i
e, AH W 2H 2 () 7E [ 6] 8] b B A0 T W W 2 e Ul W)
NSP X SCLJ& K BAY J5 Bz 3l 2 5 Bl 3% 6 A 20
fREHEAE . B, Madani 58777 41 % 31 NSP ) ik =
i ik Byxg /N B 3z 3l 2 A8 B AR AT 5 {H 2
TE 55 PR BT RS AT B0 BN PE 2 B A n i
FHT S iy AR B0 B R R RV . A Ty T K
A NSP X} 2t SCLE KBz s e Jo R K
AOBCEVE T . 20K, o m] BB 5 AT Y WL % Ik 1] A X
B E NSP A RAERI A KA —E X R,

SCI J& , BDNF Fil GDNF 75 3 [H 1 & [ 5 /K F
Ik B, X SEMEM ARBEIIEEA L. N
GDNF F1 Nogo-A fJ Western blot M real-time
PCR 455k F . NSP 1 # &A% 47 /E - AL 55 GDNF
il Nogo-A fEAR N R B A —E XK. GDNF 5

Nogo-A 783 P 1 (1 K P b ) 263k JE A — 5,
NSP 41 GDNF ik &8 & F SCI 41, Nogo-A ik &
I SCI 41, £ B NSP ] L2 i GDNF ) B il Jf:
il Nogo-A =4, % SCI J5 #ft & D) e 16 &2 H
A BRAEA .

SR s real-time PCR .78 BDNF mRNA ik
HAIE SCLJG 1 Kk d5 W, Z 5 2 WK [, il NSP
2 AE #5 B B &5 BDNF mRNA ik & 83 AL F SCI
4. MEEHRE NSP Xt SCI J5 #i 4 o0 i 4R 3 7E H
5 BDNF A1 H 3¢ & . Bl NSP #i il 7 BDNF
ik . FEIEH ML N  £F 4k 8 (1 i (plasmin) i £F
Y75 1l )5 (plasminogen) % Ak 1 O 9 2o B 75 22 58
o (PA Wi S A fg #F 17, 1 BDNF [ §r &
proBDNF #% {1 2y J & #4 & BDNF X & &~ Jf
plasmin BIIH AL/ FHNS L NSP S tPA [R5
iR, BT LA NSP )42 BT T (PA A RESE
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CIRVEE IS NS SRR 20 vp e i 11 Y N
BDNF (44 i, 8 1fii BDNF %} SCI Ji& i 28 JC B9 77 1%
FLAT B B VE L B e, NSP X SCT s #i 48 9t
BRI I HLE 5 BDNF ERKRKER

i AW FE FATILER ] NSP X} 2k SCI 511
it 22 T e A 52 0 S kS B B AR A 2 L X R iR
MM GNDF | Nogo-A ) 3 1k it i & IR A % P) ¢
% .NSP i#id GNDF # [ F1 Nogo-A BY T I8 K 4%
PSP 2T I IE R T BE L AR 2 A2 B4 A 48 0T Y T
A oAb I8 5 R AR 00 )5 il 5% 10 T A R T R AT
AP AR, NSP g 248 52 Dy e X K B iz 3l 2
REL T A AR VER . (A2, NSP X HoAth b 2575
FRHF RS R ER 8% NSP & & #ifi )5
HORE 2 R G S Re 0 BAR LT H AT A 2 2
¥k NSP R FH 116 R 11 ) 80, 30 7 22 3fF — 25 AF 5 F
it
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