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Abstract Objective: To investigate the effect of NGF,CNTF and GDNF in combination on the structure and
function recovery of sciatic nerve of rats.Method:The model of sciatic nerve gap defect of rats was used. The sci-
atic nerve function index(SFI),nerve electrophysiological parameter(nerve conduction velocity, NCV;compound muscle
action potential,CMAP),recovery rate of gastrocnemius muscle wet weight and the morphological parameter of regen-
erated nerve fiber were measured under various kinds of treatment of NGF,CNTF,GDNF,NGF+CNTF,CNTF+GDNF,
NGF+GDNF ,NGF+CNTF+GDNF and in control group respectively.Result: In the group of NGF,CNTF and GDNF
applied in combination, SFI,NCV,CMAP and recovery rate of gastrocnemius muscle wet weight were better than
those in all other groups; the average diameter of nerve fiber, amount of regenerated axon and area of nerve tissue
were greater than those in other groups, except the thickness of myelin sheath.Conclusion:The effects of NGF,
CNTF and GDNF applied in combination on the structure and function recovery of regenerated nerve were better
than single or two neurotrophic factors.

Author’s address Institute of Surgery,Third Military Medical University, Chongging,400042

Key words nerve growth factor; ciliary neurotrophic factor; glia cell line —derived neurotrophic factor; sciatic
nerve; function recovery

S LR 28 458 43 2 B R A0 R AR s i, R 28 32 N F (ciliary neurotrophic factor, CNTF) F1 Ji
JoT 240 L VR PR A 22 B SR (glia cell line—derived

RS ) JR R B A A R ARk A R PR 2 4
)5 AR B ST AR F TG ER N R AR ph
I K IR b 2 A R i — AP R S B T
B E VA

Ji) FE ol 28 450 03 5 4 40 Jm 35 AT ARG T 3 20 22 A el
S8 SR R AR IR =, B A 5 0 S Y AR
WEZMMEERN TS, UMEMRRZ%E T
T — A R S R 2 D REVK RS, A
PR AR 2258 5 DR - 365 P 9 SR i i A 56 = A
PRI~ [7] B ol R %) BF 5 5 L % 355 5 ol 28 T8 43 A 1 5%
ST AR SR DR B A B ol 2 s T | PR TR 5 T
MR 2K F (nerve growth factor, NGF) IR i

neurotrophic factor, GDNF) X} -4 $ift 25 45 #4 F1 J) g
PR W, Sk BN FH 22 Fopi 2878 55 DR 42 1F
FEl i 22 P A (1L B0 RN S IR AR 40

1 MBS5HE
11 R LA B b 2 0 A5 A5 7Y ) i
AR Wistar KB 150 B (38 =% & K%K

* LA TH 5K 973 T Ve BT H AL (5005CB522604 )

1 KBEES B SR AN RIIE T B A8 /S B9 28, 3 T ¥ P IXOR B KT 32
% 10 5 ,400042

Ve A R, &, BT 5L, it

Wk H 391 .2006-02-13



968 AR R 2 AR, 2006 4F L5 21 45,55 11 Chinese Journal of Rehabilitation Medicine, Nov. 2006, Vol. 21, No.11

PREE B S g sh b SR ), MEMER-E ) 1A 180—
220g, LK EHHYIZ 195 5 2B 1 Js BRI , G 1 4%
PR 22 RIS GBI 0, T B Sk LA 5% &M il L
Z VBT B, WRES AR E ML, B RUIR LT &
Smm A0KE AR AL B DT, DI BR Smm f 4L | Ak
B2 R S 4 B A 10mm K B RE S (AR
1.6mm  FM2E 2.4mm) 76 10 5 F AR W s 8-
0 ToBSE G 5T 20 b 28 A1 B ik A 40 ) 6% 5 T8
— &, W 28 W i AH R 6mm
1.2 SL5sh¥ird

SCHS A YIREAL S R 8 4, A 41 .NGF iRY7 4l (n=
20);B 41 :CNTF 897 40 (n=20);C 41 .GDNF & J7 4
(n=20);D 21 . NGF+CNTF 477 241 (n=20),E 41 :CNTF+
GDNF G741 (n=20);F 41 .NGF+GDNF JGJ7 4 (n=
20);G 41 :NGF+CNTF+GDNF j£97 41 (n=20) ; H 41 . X
HE2H (n=10), 5 4 X LU [FDULEE B AH 55538 4 ] .8
SR 12 JE =AW, A4 12 B S A& HCS B
T H R e i %R
1.3 25y ik

NGF100ng/kgBW,CNTF100ng/kgBW,GDNF100ng
TkgBW,, ARH A—G s F ek e 48 9 1 ACBE L
TREBERE 100W], SR I 1 5 2% 4% 43 4 J7 R 0E
A NGF .CNTF .GDNF K HARA A AJaF =k
WLLLF WL AE B LE: CNTF — ik, i 2E 14~ H X i
i I AL S 2R FRER K
1.4 KA B B 2 D R ds 20 e

H il K ERATEH , K 80cm, 5 8.5cm, = 8.5¢m,
WIS 1], T 547 7 A0 A 55 58 0 1 0 T A8 IS
KRR 5 2 AE Ry 75 LN BE 880K, AT B4 —
vty , T A AT E AR Y o — o, L B S 56 A4
JEED OARRT 1 KRR G A 2 AR —R, ek & 3 4
o 52 50 2 (E) | T 2 (N) Y B BE (print
length factor,PLF), /& IF % & (toe spread factor,
TSF) ., H[0) J& Bk 58 B (intermediary toe spread factor,
ITF),, 1534 B 0 28 J) i 75 £ (sciatic nerve function
index,SFI) J&¥% ik 3 MR R A AR, SFI=-38.3
(EPL-NPL)/NPL+109.5 (ETS-NTS)/NTS+13.3 (EIT-
NIT)/NIT-8.8; EPL Jy 52 5 Ml & B K B2 NPL 2 1E
M BN S, ETS S 5256 00 1 B 98 B2, NTS Ry 1E#
) A2 B 5 B I Ay S 96 0] v ] b ik 5 B, NIT S 1E
AN e A] R BETERE L IEH KR SFI S 0, AR R 258
S E W SFI -100,
1.5 ARSI

Pifa 4.8 12 J # HR JLVE JRR 5 J e i) 20 il Ak
HRAEARNTE R, TR TRERCE BT P st T

AR, A2 57 BB AR T (RO HE R L, G H A B
i s AR DU 52 5 LA B AE LA (compound  muscle
action potential, CMAP)  fill & 1% 3 34 Ji (nerve con-
duction velocity, NCV), H ¥ 58 B 50mA , %l 33 (4] 1]
0.2ms,
1.6 JHEfi7 UL 40 A2 % A i

YBUAA #5256 2 12 Jo] I S5 ) 2 1 0 R P L
L R PR E I 5, DA S 560 A JOL A2 =/ 2 e
19 WU 5 x 100% VA #E 2H 21 1 S B AR 1
1.7 WOk 5 G5

SEYG B 28 A% 22 5 WP HE 1 5 i DD BRI
B 2mm LUE lmm KM S EE T 302 KRR/
2.5%)% .1 /0.1MPB (pH7.3) 1R 45 Wi H [# 5 6h, 1%
B2 ACIE € 2h, EEUE IS PR AR EE K 1 R 4l 4°C
ety 4h, RN 618 WL, A72F WD A Twm, K
R Y, I Tiger920 PR AR AT AR AR Kz ll-F A=
ZRER RS LY EAR A A & H ST
TR E 43 EE B8 DL s 3273
L8  GLits#ri

K HI SPSS10.0 gt i+ #4553 Jr 22 73 B kAT
ZREAR YRR DI HEEL

2 #5
2.1 A i D RedE o e 45 R

5 SI2 I8 2H Ak i A 28 D) RE R B0(SFT) I 45 SR n 5=
1 iR, 01T SFI 2956 F 0,035 2—4 J& 45 41 SFI
BTG, PEn P 2 A R R T e IR, 6—
10 At 8 AN S5 20 i SFT il 8 52 IR A bR ik 52 | 312
NI R R B A A e 1, R4 45 R SFI
SIEHAEMA B K IEIE 12 R G 4L A B w222
RETR B E e, 5 HAbAS A L B 5 25 5% HAth
FUZ A, bR A H 4 Z0H,D.EF4ZMH,C 4
5 B.D Wil a2 500 B 3 & L(P>0.05) 4b, Hih 45
AR L3 W 25 57
2.2 Mz AR ERAG N 2

ST 12 JE Bl AR B AR A
K4k 04 2 fiR . G iz shpf 248 S 1 3l
Ve % IR e PR S E UM b 22 R0 B B X
(P>0.05)4 , 5 HAM 45 2 AH F 359 3% 25 5%
2.3 ASEUGZH 12 JRITHE R U EE R A AR A 45 2R

12 JEA B G A HER DR K 2 R (%) e, 5 F
HHBREF LB ERHE L, SHASHAMEYE R
HFrERLEI),
2.4 AR 12 JE B AR A P2 A v e A TR
B Al 28 2 2 A O HE B



FP R B A2 S 2R 2R R, 2006 4F 55 21 455 11 )

Chinese Journal of Rehabilitation Medicine, Nov. 2006, Vol. 21, No.11 969

£1 STRALEREPEEMNEE ()

®3 EXREARARHHIEERER (k)

4151 44 8 J 12 7 4151 JHE i L3R 5 % 2% (%)
A4 -87.5+8.1 -70.3+5.2%® —51.6+3.30W©® W A4l 53.4+3.46" 0 ® 0130
B4 -85.7+8.7 -66.8+4.3" —46.7+4.07 WO W) B4 61.3£3.492 06 ®
C4 -84.849.5 -64.5£5.1% ~45.1x4.58 000 C 4 65.243.152®
D4 -84.3+7.0 —64.8+4.5% —40.6+3.72® , O
E4l  -82.626.7 ~64.7+5.9 -30.6+3.92 D £ 63.3+3.07
F 4 -81.7+7.1 -64.5+5.2 -39.2+3.02 E 4] 68.5+3.62%
GH -79.6+6.1" -59.3+4.1% —-35.4+2.8% F 4 66.7+3.352®
H#H -89.2+9.5 -69.3£6.2 -55.2+4.1 G4 72.3+4.17?

5 H 4L, (1)P<0.05,(2)P<0.01; 5 G 4L Ik, (3)P<0.05,(4)P<0.01 ; H4 50.042.58

5 F 4, (5)P<0.05, (6)P<0.01; 5 E 4, (7)P<0.05,(8)P<
0.01;5 D ZAAA L ,(9)P<0.05,00P<0.01; 5 C Z04H It ,(11P<0.05,12
P<0.01;5 B 414 Lt ,(13P<0.05,14)P<0.01

K2 BEXWEDRANLERIXESEE EGINAZNIE

L i R (x+s)
415 NCV(m/s) CMAP(mV)
A4 19.76+1.50% © ® 0203 5.41+0.400 @0 @ 0@
B4 22.37+1.36% @@ 0® 7.08+0.512WO@W
C4 25.51+1.292WO®© 8.18+0.632W®
D 4 27.58+1.192 W0 ® 7.63+0.522 W6 ®
E 4 35.48+1.79%© 8.97+0.63%
F2 32.62+2.022W 8.33+0.532@
GHA 37.20+1.81% 9.63+0.67%
H 4 18.25+2.14 4.75+0.39

5 H 4141 1 ,(1)P<0.05,(2)P<0.01; 5 G 41H It ,(3)P<0.05,(4)P<0.01 ;
5 FHHM L, (5)P<0.05,06)P<0.01; 5 E #4MH, (7)P<0.05, (8)P<
0.01; 5 D 41 # It ,(9)P<0.05,(10P<0.01; 5 C 2 AH L ,11)P<0.05,(12
P<0.01;5 B 414 K. ,(13P<0.05 ,(149P<0.01

5 H M, (1)P<0.05,(2)P<0.01; 5 G 441 1t ,(3)P<0.05,(4)P<0.01;
HFHME, 5)P<0.05, (6)P<0.01; 5 E 4 M ,(7)P<0.05,(8)P<
0.01;5 D #ZHAA 1L ,(9)P<0.05,00P<0.01 ;5 C 241 [t ,(11P<0.05,12
P<0.01;5 B 414t ,(13P<0.05,(149)P<0.01

FA= i 2 FH R e i et R 3 BT 25 SR n 3k 4
Ro G HBEREIEBENG /N D 41, M2 £F 4 V-3 B A%
TR Tl S B A A 2l 4T O T AR G AE Y R A
HH, GAEVINERIEN, AT G AN HALRYT
D F ARG T A B.C.E 4,

3 itig
3.1 NGF .CNTF 1 GDNF X F5- A= # 2 1 25 1) 5% Wi
FAEMI W R EE HRE BEHEEE shad

R4 BEXNHNA 2 ANBLELBHETREHEERHETEMEXIER (w£s)
o i L e o 25 418U LT 5 (%)
A4 0.450.044 @ 012 4.13+0.837 @020 96342707 @ 1020 31.7£2.40° 100
B4 0.360.041% @ © @002 2.660.56" @10 10876+840 1/ 23.3+].920o
CH 0.27£0.0350 @@ 2.30£0.524% 1223692721 25.621.782400
D4l 0.52+0.058” ¢ 4.51£0.99”® 11753990 35.9+2.1971
E 4 0.30+0.04374© 2.58+0.4700© 13648+12982 27.32.11°1
F 4 0.44£0.056" 4.19+0.61%% 123024923 37.8+2.17%%
G4l 0.5120.060” 4.820.66” 144551350 41.5+3.40”
H 41 0.22+0.03 82.16+0.38 9150+779 20.2+1.61

5 H @AM, (1)P<0.05,(2)P<0.01; 5 G HAH I, (3)P<0.05,(4)P<0.01; 5 F 4 AH 1L ,(5)P<0.05,(6)P<0.01; 5 E ZHAH Lt ,(7)P<0.05,(8)P<0.01; 5 D
A ,(9)P<0.05,(0P<0.01 ;5 C 44 ke ,(1DP<0.05,12P<0.01 ;5 B ZH Al 1 ,(13P<0.05 ,(14)P<0.01

SUFT 7 B A 43 LT AT 28 22 A B2 VAN T A #2211
PR BE | AR SIS 45 L R NGF IR Y7 4 B e )5 R
il 2 47 4 42 K F CNTF Ml GDNF J& 74, ol
NGF X A5 B £F 24 1 -4 FBE RS A9 75 5 % T
JBRh M S, AT 2R LR B A
RKedE, X5 NGF 2L I8aE i 28 TT A6 A %
GDNF /97 A i 22 200 i 5 T NGF IR Y7 41 H1 CNTF
BITHL, F W GDNF & i #2802 il & 7 FILE A (1)
Vi F#C i e Ah AR S2 56 % B CNTF #9485 08 545 b
IbF NGF F1 GDNF Z[a], #iB] CNTF XJ /&5 filiz
Bl A2 A YA A — e R HEAE R R
NGF .CNTF #1 GDNF, 7€ i #5 J2 i i 28 2F 4k H 4%
o Ko 2 AL SR AR B I TR — N T
PP A R R, RIS W NGF ,CNTF F1
GDNF fig A3 242 2k 2B M R BUB B S5 KA

3.2 NGF .CNTF 1 GDNF X} FAE o 22 Th BE i B

J Wl P A i 22 T RE A LS bR AL Al 4 T
REHEEU 2 Sl A% el B | Bl A P A7 30 s R J L
MERE R, LREER BN G A2 hie 5k
BAC, BREUES D EF AL, HERHEA
i EMEE L (P<0.05), G HhEm AL S HEE  shiE
FEL A7 U5 W8 R FHE o JULOEE 50K 52 3R A T AT TR T 4 D
mLBS E M 2 R TR EE XA, 5 H A S A
AHEC A 3 8 S0 L, 28 B M 2 D BE A A R AR 11
PRI O, FTLAE A N H NGF .CNTF #1 GDNF
B A R AR SR 2 DI BE A IR A
3.3 MUk

AR A 22 5% TR 1 4 2 A R 5 T o
IR E SRR OCHE R Rl IS IR b 228 TR 1A
TIRIT R B 2, B A 2. s



970 o AT PR A 47,2006 4F 5B 21 45 58 11 W1 Chinese Journal of Rehabilitation Medicine,

Nov. 2006, Vol. 21, No.l11

THEEFEHE T, AR E I 2SR T 5,
P22 38 3% L 1E AR D R R 25 1 T A 2 8,
L0 FH AT I i 1) A 0 22 R AARRA R Sy 28 M ) AT 8
[N 2 R AR A A5 05 38 07 55 ol FH 05 2 26 8 AN
TSI 28 38 5 DR 181 iR 2 R T 4 AR
AR 28 FR P L D TR A A R T e 2 9 0 Ak
9 @4 545 T4 E RN T ALFEE K A &L T
TS, DLIRARG2, IR 478 35 R 7 U B R IR 4K
PR [) B e 428 785 3% DR - 8 i i o e 11 3 35 A B
BLAE A B MR AR o 2 i /N RS A A 3R
IR -t A AR, LRI B S B A 3 A 7 26 A g
LRI AT REIC, R 45 Fh 45 20 iR 1R HR A A IR Y
Jl LA 2240007 AR 02 DA RS 8 45 T il AR

R4 NGF Fl GDNF 741 47 J& 530 3 R fefH
i B 326 5 8 v T CNTF 78 Bft 2458 405 59 0 e ik i />
B & 3—4 JE Gk B P AR I Ak 1 T i AR AR
SN2 A 5 R % 25 25 O XU TR JR R 1 5 UL
OB E A S M 4238 5% I F NGF CNTF #il GDNF
)% B IR 25 SRR 1 55 CNTF Z45)5 1 1~ H .
B FH LT WEBE A by b 2078 35 7 1 28 B R BB AE 3
JEIN B2 B A M 2B RN 7, &I BT
ARG N BRAER B 5 A7 2% 13 Bl 24005 5
CNTF KA F NGF fil GDNF f k% 4, et &
FHUT W6 152 % 18 g il — Fof b 22835 3% IR 1 A9 ) ) 348
JFEALAES CNTF EEARG 1 H . AR ERAER
B4 W ] NGF .CNTF FIGDNF 3 Ffh &8 55 6 11
Y25 R R S R R 2 A R AR N R 2
I K18 5 J) A e A S it 7 B8 A S AR

&% 0k

(1]

(2]

(3]

[4]

[5]

(6]

(7]

(8]

9]

[10]

Fu SY,Gordon T.The cellular and molecular basis of peripheral
nerve regeneration[J].Mol Neurobiol, 1997, 14(1-2):67—116.
Terenghi G.Peripheral nerve regeneration and neurotrophic fac-
tors[J].Anat, 1999 ,194(Pt 1):1—14.

Zochodne DW,Cheng C.Neurotrophins and other growth factors
in the regenerative milieu of proximal nerve stump tips[J].Anat,
2000, 196(Pt 2): 279—283.

McCallister WV ,Tang P,Smith J,et al. Axonal regeneration
stimulated by the combination of nerve growth factor and cil-
iary neurotrophic factor in an end—to-side model[J].Hand Surg,
2001,26A:478—488.

Zurn AD,Winkel L ,Menoud A,et al. Combined effects of
GDNF,BDNF and CTNF on motoneuron differentiation in vitro
[J].Neurosci Res,1996,44(2):133—141.

Santos X ,Rodrigo J,Hontanilla B. Local administration of neu-
rotrophic growth factor in subcutaneous silicon chambers en-
hances the regeneration of the sensory component of the rat
sciatic nerve[J].Microsurgery, 1999 ,19(6):275—280.

Vejsada R,Tseng JL,Lindsay RM,et al. Synergistic but tran-
sient rescue effects of BDNF and GDNF on axotomized neona-
tal motoneurons[J]. Neuroscience,1998,84(1):129—139.

Boyd JG,Gordon T. Glial cell line—derived neurotrophic factor
and brain—derived neurotrophic factor sustain the axonal regen-
eration of chronically axotomized motoneurons in vivo [J]. Exp
Neurol ,2003,183(2):610—619.

Baumgartner BJ,Shine HD.Permanent rescue of lesioned neona-
tal motoneurons and enhanced axonal regeneration by aden-
ovirus —mediated expression of glial cell —line —derived neu-
rotrophic factor[J]. Neurosci Res, 1998 ,54(6):766—777.

Vergani L,Di Giulio AM,Losa M. Systemic administration of
insulin—like growth factor decreases motor neuron cell death
and promotes muscle reinnervation[]J].Neurosci Res, 1998,54(6):
840—847.

Bates DJ,Mangelsdorf DC,Ridings JA. Multiple neurotrophic
factors including NGF —like activity in nerve regeneration
chamber fluids[J]. Neurochem Int,1995,26 (3): 281—293.
R KRR AR AR A IR A 4 T IR 7 A R i 22

P I R A AR GS Koy A [T P AR S I IR 2 7 1999,34(5) -
289—292.

PR L PP M TR Y BRI B

ML R GLVEESR A 5t R A4 50 — D5 e HE 2 BRRE PR U 17 06 [ [ K BIVR T 24 23 55 722 D1 Glasgow W) BLIR YT Biz 3 # f 2
BEBE K G. Smith 2082, 78 BLES VIFEFZ R, Smith L8284 7E 2004 ,2005 F1 2006 4F 4 22 — 4 4 38 BE 2% I 1“1 561 P00 B 52 1
FEGR YT EARFEUNPE” o 2 50 S E 7 56 b 8l AR A A OC T RN A G 58 05 RS IR 9T T i I AR AT A A DL — BT
KR4 % DR BES ISR — UOE FEME A B U, 3R ZUESR PR — R o TR A% ) BN T A 1350 A 14 166 R A 2 J7 vk R 46 ¢
WARENARAE NI R EIRIT AR o 2 I PEL ISR HOR R RIS ) e AR A G 0 7 2 B R R IR SRR S BRI
AU By TR Y7 I 2 2 HUAE 067 R S Bl T R i B A I I DA AG: e 5 BB RTI PR SE 4R g ) . i) R 2007 4E 3 H 25 H—
3730 H (25 HRRIRE), 2% 950 Jo, 5okt 2 50 oo, B — 2 He, e A B, Bl G M E R TRKH 1 KA LLHF 45 13
20y KAV AE (il — 3K BT ) R A3 T 3 10 HATEH B b 5t K58 — BB W 30 2% JE 2 RL 100034 25 B, ol - Hf 1106 &%
huangzhen6313@yahoo.com.cn, 1 7] BLEFIX 3 . 010-66551122-2455 5% 2457, #5055 403 A, il 2 A6 5 i v IR X R4 8 T
515 dEREBESE AE B M= — B,

ERKRFE—ERYEEZRER



