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Abstract Objective: To study the effects of botulinum toxin —A (BTX —A) on the ultrastructural change of
gastrocnemius muscle and relative tissue of spastic paralytic rats. Method: A total of 150 rats were randomly
divided into four (A,B,C,D) groups. All rats of 4 groups were drilled a holl on the skull; rats of B,C,D groups were
underwent electrical destroy at left pyramidal tract; after that saline and BTX-A were injected into gastrocnemius
muscle of spastic paralytic group B rats and group C and D rats respectively; then let the group D rats to exercise
in rolling cage. The ultrastructural changes of gastrocnemius muscle and related tissue of spastic paralytic rats in
different period were studied by transmission electronic microscopy. Result: The ultrastructural changes of muscle
and related tissues were more obviously in group C and D than that in group B. After 3 months the behaviors
and ultrastructures of muscles and related tissues were improved in group D. Nerve sproutings were also observed
in group C and D under transmission electronic microscopy. The pathologic changes were different at both sides of
muscle membranes. Conclusion: The changes of ultrastructure in muscles after injection of BTX -A are more
distinct than that in rats of single spasmodic models. The membranes of muscle cells can seemly prevent the
penetrating of BTX—A. BTX-A maybe induces the nerve sprouting. Exercises can obviously improve the function of
nerve and movement, and can promote the resume of muscular ultrastructure.
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Beijing, 100050

Key words botulinum toxin—A; spastic paralysis; ultrastructure

A B #  Z (botulinum toxin—A, BTX-A)X i
SFER A AL UES R B Y A IE AR 1, 1973 4
Gutmann, 1992 4F- Chon 7F K % 7 12 A 45 11 4140
Hh & 3 B A P 2 5% il S R AR B L 1995 4F Sherif
SETE IE K BT S 1A 5 3 R T EUNLIY A 20 B e
TR R RS T LIRS . AR SOR i —
ARV BTX-A TG 5 X K RN, L Rz ghill
SR DL BTX A T 5 0 22 25 L IA) B Bl 28 4 B K BRLA T

SRR BTX-A ESHAY R Y 463607 LA 72
AT (I B RIS B AR

T B R A B g L 5t R34 BE e LR, 100050
T PR R 2 B It R R e 22 o
Al 50T 22 SN RHIE S BT

T B R K A B R AL R AR P e s B
EZ A R, B, FATE I, 1+

WA B 1. 2008-03-07

B oW o =



684 Chinese Journal of Rehabilitation Medicine, Aug. 2008, Vol. 23, No.8

1 #R5F%®
1.1 w5 ad

T T PR A EPE Wistar KR 170 5, /g 2—3
A ARTE 160—220g, H B AR B BL K2 3h 4 e 48
it Sy oral B 150 HRRBENL /0 4 41 A 41,30
H (ol i A5 FL) ;B 20 40 H (B Bl FL+ H I R
HERHREIR ) ;C 21 50 H (BB AL + L I3 R A
FA +BTX-A VESF) ;D 2H 30 B (f5UE &L fL+H 7
B HE R SR B+ BTX-A RS w28 3h%k ), B4
I3k 3d #H 7d 44 . 15d 41 .30d 24 .90d 4,
1.2 STk
121 SR ZEMERE SRR AR () i 45 . SR FH P 30 SR A
R B .C.D S4BT 2.5 mA E i HL 30
INZEMMEPR TR 30s , 8] B 30s, il 2 WK, il 4 22 28
WESEAS Y
122 YIBEAY S 5 T5 1 B b o Ak i S - K R
R ITAE — S AKF I B IS  ( AR 0.5em) B JF 5L 16
10 57 R ST B 1 e R 2 A e ) | R A 943, 40 b
HE .1 43 <10s;2 43 :11—30s;3 43 :31—120s;4 43 :
121—300s35 53>300s, 55 A 2 bn o . o (EALF X
TR HI%-1.96 f5hrifEE
1.2.3  BFFEXF R AL R A 7Y A 3 8 (LM A=
AT BT A7), 100U/3 o A AT ST B 41 5145
RFUERIER K ;C 4, D AT HEFE R 6Uke M
WUES, D FESES 2 KIFU R A MR
FHEAT B S R , B H /e B T2k 25d, 2R
431H,

AH K B.C.DKHATREREHE 3 K,7TXK,
15 K ,30 K ,90 K43l AT 247 Ry 22 Al
124 ISHLBURA A A B,C A5 5T R g
JE5E 3 K,7 K, 15 K,30 K,90 K ,D 4H T4 15 K,
30 K,90 K, e x4 T LA 4T KA J5 , P HL
A F R ALY, AT ZS F0F5%

WMo el L LR 1,
&1 BTX-A FgtEmEERAM

FiEB% AN 7E 46 5 4R 1B 05 (059)
A BB 3R BT R 15 KA 30 K 90 K WaTH
A 30 6 6 6 6 6w
B 30 6 6 6 6 6

LA R

cC 30 6 6 6 6 6 g
D 18 6 6 6 T

W 0T REZH | S50 2 BT HObR A 34 4T AL AR 5% LR
PRAS AL Tm? , 355 K 7 125 ) s S i S R o | 2
MY R Tpm, G2 BGOSR A A S R W Y)
40pm,,

1.3 Geitsartr
N H] SPSS 11.50 SEit A4t 4T F K 5 47 2 1)

PIP LA, AT B VR

2 #R
21 HAYE DI R
ST, A 25 H Ay = 41RO B
2250 A USR] R B 22 0] HL AT (B 3 R 25 5 il
B3IRMTAMAEBA CHRBABEEELR, ik
WH T RNAHASBA CHARKAREEZES,
R 15 KA S B4 C4H.DAHLKAERH
PERE SC, iR 30 KA 415 B4 C AR D
FUHBSCAAS DA RERREEER, KK
%590 Kif,A 45 B4 CH LA BEMEE XA
45 DR B EEES ., D ALK SR
JE 15 RIBA B EFME20 ;5% 30 K 5 90 K
I A 2E S AN 3 SRR AT SRR AR 15 R, C S
D A To P25 R SRR 5 30 K AR 90 KA
CHS5DAHIKREESAHBEEE L E?2,
2 SEFWEBRRBIER (xs)
HH LT 3R ETRK O OEISK FI0K FIOK
A 2.00£0.63 2.33+1.03 2.50+1.04 2.50+.83 2.50+.54 2.66+.81
B 2.50+1.04 5.33£2.06 6.33+2.25 6.16+1.47 5.66+2.80 5.83+2.04

C  2.83+75 5.33+2.06 4.83+1.47 4.33+1.96 5.00+2.60 4.66+1.63
D 2.16+.75 3.83+2.13 3.00+3.00 2.00+.89

2.2 WG RG2S F 0T 45 5

2201 KARGESR X R4 2o 20 KB4 T ORI TS
AH S PRI AT D 1) o B A

222 HELER,

A 4108058 30 KIEASIEH (K 1),

B4 HIMIGRHE 7 KIWLLRARE AT Z &
W55 WUBET BB 20 ve i s 55 15 R B S LEr 4 25
A 7 ARy Wi B e AR LR R 2 LR IRTE Z
20 ) ¢ A 2 BBy SR B < A2 R R R (R 2)

B2 BARKREETXRA
MR AL ER SR 22

7 RWi % LR IR i o A T 7

2L 0 22 22 R

55 30 K 5 90 KRILE St — 2 40, W0 2 4
14 JIL 200 i P SR A LT 4 i) fof ot 6 T DL oA B 4
PRGN IEASOEI | SRR S 5,
FEL A i JC T 1 22 4 A T, OB R (181 3)

C A WU BARESH SE 8 BB IR 36 7 Kiz
2 S flk {7 R P9 R 223 TS/ N ] 3 22 (181 4)

E1 AAKESE 30 XE
BEIREN



ot BE A S A 4R R, 2008 4E 45 23 4 45 8 685

B3 BARKFE I X El 4 CZ4ABTX-AFESE

FHERGALEENZR FTREHBNEE
LR 422 4, A7 8B 22 TG AE 2=
LELE R IE i 5 BB DAY ol 228 36t R /N 76 T A

%

5515 KRR —AS 00 R N, LA A RS 4 % 2
HIE & 5 5 TR A AR P R AR B AR L, — ) L
T WLER Y 2240 7 2R 351, 3B 40 I 0% 5 ML oy b 3
MRk 2 (&1 5).,

BTX-A {5155 30 K UL n] SE A AR L5, B4
JHE B 0 TR A 22 VR T 5 O A, AR Ak T LA
J AR P P JBAN BH A TR 0K, ELA DA 85 S5 /N i
(E6),

E5 C % BTX-A 55
%15 KA REFME
B E

U2 A A v 0 AN ) AL 20 B 2 B

HIEH 5 SR R I A A R AR UL g 2 A P R B Y

P BUAR AL TRYL R, A UL A 25358 /N
C 4,55 90 RNLLF 4245 518 K IFAF
D#.5 CHWK,$ 15 REW B AR, 4 30

KT W ILET 4E 2245 5 I8 K HEAF , LRIk £ 38 ik

g WLAT 40 2500, IURE TG &2 | L2238 o o o B

RO 7). 5590 KWL TEH LRkt £ iz sh#&

S5 IEH

B 6 C 4 BTX-AFitE
E30XRAHBANE
E &

240 D 5 ey S R 22 TR i Y A

7 DHEE 30 REHFABENE
LR e 2545 5 REFOFAF LRI IR S 22 B A3 e 4, LTS 38 43 5L, UK
L Z

3 itig

AR SR FH AL L BB HE A SR 194 5 35 I o

TORRZE VR AR | 7E L SERN b PR R L 4L 8T
S BTX=A, 2R JH 32 5 v B8 088 4l 22 28 L 22 25 )L
BTX-A VTG, DLRCEZENL BTX-A i 54 Ll iz 3
YL TURR I B0 WLP 42U T 5 4 el A%

AR OR ] 2.5mA ELHL, HlE 2 R, IR
30s, A1 B 30s FL 58453 i 1A SR 19 7 32 R Dy il 4 17 92 28
PERERR AR B IR E S

A W2 B LI AR FE HEAR R, 25 UM 2217
FpE RN IR A AN FI R A LA L8068 T
AL B i B B T 25 A H IE

a3 i NS /N8 i NP N e v
FEME AR AR 20, FEF TR LA 32 3k 1 58
Sk T R, il b 28 38 I /0N 9L 5 5 i i AR ) Al
e T NS N R R R SR G 2 ]
T T P P 6 07T 25 1 R A% ot Ak RO 3K ol JUL
PR F 5t Bsf i) 1T 4 5 3—6 A~ AP, €D R BRUHER AL
TS BTX-A JG55 7 KT B2 R s | 15—
30d s A A B, 28 90 K H BUER AR e E R . 1
5 A SCERHGE 1 1R 7 2R 3R T 0 0T (AR —
.

C.D dlE2EPE LA ST BTX-A J5 , WUA ZE 45 7
JE R HLET 24 45 b il SR A B0 B0t BB 4 7™ 5, STk
HRAEW 32 B 4 280 5 LA I ) A7 78 2 RO T e 28 e
S EZR R, UL M I 5 I 25 2540 A 5 75 25—
et 2 E IR FRVER, Jph 2 SO de R AR b R
XA E RN TFER, RBUNRE S AL
b T WR A 45 O T s SRR S 15—30d I
WG — 2 A B L gEAbd A B,
[Fi) B 38 AT AL Y 7 28 1) 2R ARL T 2 fi S 6% 1 40 4 S R
LA A AN W 0 o A R G B0, A AT R A KT A A
2636 0 (R IC AR 238 JB/INBLAEAE . SCBR R A 1
PR 28 HIE BTX-A S5 24h, FATTIA B IRL
PR A 25 3 5 B R 28 A (sprouting) B e T R B, 7E S
BHE R b 2 - R 2 2E AR 4 3, BTX -
AWUEEHRWAEFAENETY T, PSR
ARETFEGEANZ, WIRRES M4 R 1
Jin, CAP-23 JE[H Fil CAP-43 3 [R5 A 560,

D 4T BTX-A L7E 30d J& , HALLF 44 1 /Y
FRAEIE I, 90d Ji JIL PR 21 2 £F 24 45 oy 3t b 5 -, (4%
NER, HESEARTEIES, R ERAEEE A
K, X —J7 AR R T LAY I R0E 0 3 T bk B ik
(S e AN 1 P A DR & N T 5 R Rl =
FE SR S AN Z R R i 5, A A T LA
PN B B AR = 0 0 38 48, 5 — T T 38 S AL
VAR A7 1 s 4 i, A UL PR DR — s 1 38k | B 1k G




686 Chinese Journal of Rehabilitation Medicine, Aug. 2008, Vol. 23, No.8

RS E I NLZE SR, P I i 20 21 2 31 35 50
B AR R AP R,

DIEFLIS AR, Lot — AN &5k
AR LD 2545, fe s A A ik AP e AL PR 9 B IE
S P g R L R 2R IR L IR SR A AE L ZE 46 1
TZAE DU UL PR X A1 b 2 ELA 3 1) B SRR, Y
JULPR A FE R AR RS | BB ik B T A, 1 UL IR AR B
FEAS R, DT A0 i i 26 336 ) 85 2055 , A0 8] o 228
FEAN BT WA A8 FR A RO, TR T — Rk
a2 BN WA WLR S TR R S 2= 48 BT
P, A 4 28 ST A5 403 T 8 B L PR 25 45 2 T8 T LAY
AL MEA RRFEAE R — 18 R A A F)
FERE T 100 K6 YT, 23 Bl A i) [B) 28 A 17T Jn e

C 20 D 4T BTX-A {45t 7d J5 , 28 fil fif 5 9 9%
W Z (B 7) 400 T 283052 BTX-A Ml
FIE A2 fioh 5 ik i R, 325 o V6 7 2 ik iy B P ME AR G
L IR MWIE S FAESE BTX-A 3 2 #0041 2 fih
/NI BB Aok T RE R AE L Z — . B & C A
WS D 4AE BTX-A FE S 15d J5 22K U3 5 fil i i
R Z LG, 38R 5 il /N 25 2 Fp sF ] /)
T 7d,

C ZH7EST 15d H BB B B i s el As i 4
J 55 30 RN 4Edk 22545, ESE BTX-A W1/
SRYFEEATHE . BTX-A FEHFEH 90 RN H%E4m 5
HER A, WU AL H 845 Dh ol | 38R O A
280U R UL PR A DG 45 R4 R 5 IS 5 i ]
M2, DA SR A A — AN FEAR AR AR TR — AN L
A 5 11— L WLET 4 D, 10 78 LRSS A 55—, D) 22 g
BEAREF A, X — RT3, BTX-A 4
Je B B PR A BR A, LA e A B S ) L
BEAE T, X428 BTX-A JR il i 2 22 4

D4 M ALCERFINL) . 55 C 4 8,56 3 RET
P BRSO TC I D L 2R 7 R, 15 R AT L LER 4
U 5N KIFAE  LRAR IS 22 38 73 v 4, LTS 3845
AL, WL B AR WLEF 4 7 e =L P
ANEERFEREREAR 2 30 KA BRI A B LA ST 3
% 6 S B AL Th A3 A 5 90 K LA M w] Ul BH
BT, WU W i, Z R BEAIR S 7, L2 TR 4k
RiRYE 2 | RIE S 22 AR R 32 sh R Ja i 2 L

SRSV AREPIR S, XA A T RE R 0 &
FEB AR AR . A4 C A B B B A 454 I
S,

e, T BTX-A {45 30d B, Joig /& C 4
DA, WERTEMWIFERSE (K 7),AB4Y
VIR WA ZFA KA A RS2 X D 28 AR 450 HU&R
A AE BTX=A E M, 17 T AL 200 b 58 ) 2 — 00 D) g 2§
AR X — IR AT e R BTX-A 7R B A Bk
() B2 )i 2h 53E A3 75 A HERh AR pi 22 2R K IR T4 R X D
ZEAE AR (R Bl 2F A K A LT AN TS 2 AR
BTX-A A X i S 4E H , ol 68 R =R ok i 42 4 28 PR
il FRRIE 2 4R AL B S A S R LA

4 it

BTX-A WU 5 5 B0 LA 2 J A 5C 45 44 Bl
ASIET AiAl B R AR AORR S R R AR 4 2 4
WEOR A5 B I A M A, 5 PP e 2R T i ) ol 4
P OCAE B Ol B B R BTX-A 596 LA B2 A DG 25
F A BRI 12 s 2R K B 247 e A

0 s, o sl I nT i R 2 L DA AR A 4 0k A2
1EH#
&% 3k

[1] Dessy LA, Mazzocchi M, Rubino C. An objective assessment of
botulinum toxin A effect on superficial skin texture [J]. Ann
Plast Surg, 2007 , 58(5):469—473.

[2] Hanson MA, Stevens RC. Cocrystal structure of synaptobrevin—
II bound to botulinum neurotoxin type B at 2.0 resolution[J].
Nat Struct Biol, 2000,7 (8):687—692.

[3] Santafe MM, Urbano FJ, Lanaza MA, et al. Multiple types of
calcium channels mediate transmitter release during functional
recovery of botulinum toxin type A  poisoned mouse motor
nerve terminals[J]. Neuroscience, 2000,95:227—234.

[4] Sunderland S. Factors influencing the development and severity
of the changes in denervated muscle. Nerve injury and Repair
[M]. London: Sunderlands, 1991. 241—249.

[5] Pamphlett R. Early terminal and nodal sprouting of motor
axons after botulinum toxin[J].J Neurol Sci, 1989,92(2-3):181—
192.

[6] Meunier FA, Schiavo G, Molgo J. Botulinum neurotoxins: from
paralysis to recovery of functional neuromuscular transmission[]J].
J Physiol Paris, 2002, 96: 105—113.

[71 Chen CM, Stott NS, Smith HK. Effects of botulinum toxin A
injection and exercise on the growth of juvenile rat
gastrocnemius muscle [J]. J Appl Physiol, 2002, 93 (4): 1437—
1447.

[8] Connold AL, Vrbova G. Temporary loss of activity prevents the
increase of motor unit size in partially denervated rat soleus

muscles[J]. J Physiol, 1991, 434: 107—119.



