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Fig.1. Technique of encasing the sciatic nerve
with a silicone tube.
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Fig. 2. Continuous and automatic infusion of TTX
solution to the rat with a silicone tube.
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Table 1. Change of body weights (g)

Group Before After
Control 179.8%7.0 214.0%10.3*
Denervated 178.9%7.8 197.0+4.8*
Stretched 187.4%6.3 174.9+6.8*
Saline 183.8+15.8 193.8%13.2
TTX-treated 190.8%9.5 188.9+11.4
TTX & stretched 189.9+t6.1 161.9+19.5*

Values are mean+SD.
*, p<0.01 significant difference

Table 2. Fiber cross-sectional areas (ym?)

Group I IIa Ilc
Control 3055+737 2193 £453 2082+ 424
Denervated 1509+ 467* 13134297 1119 £305*
Stretched 3235+ 1109* 2185+ 667 2473 £816*
Saline 2534 +715* 2024 425 2091 =463
TTX-treated 1734 £578** 1461£379** 1221 £ 447**
TTX & stretched 1522 545** 1244 +397** 1014 £374**

Values are mean+SD.

*, p<0.01 significantly different from the control group
**, p<0.01 significantly different from the saline infused group



BECIZHE Lo hot. IOEKXESEL, SEER
L7310 Y 0 pH THEEBME B g 0, iR
&4 TONEMTERM o (B5).

% =

TTX # S BEBICERSEL2ABRINETIIN
ZLHEESNTE, Albuquerque 5 IIERI %2 &

o

geiovVarh 7EFERLLSLEREEAL 7ICL
DB T 2 ATEEMNE W 2 L AR 2 . Mills
52003 TTX B2 H AL MV A 7 A8 # LEWHE
PRICESAL HiEEREEL 20, TTX BEOFRN
R ORI B S o f2. Wan 5203 FEHIVATR
A BMEMICRBEEATS I E2EBRELL.LAL,
ZOWRETHRERES a2z ETHEBEOKESHE




Z v b o ARMEMCET 2 HBLERRER

Fig. 3. Myosin ATPase staining (pH 4.6) of the soleus muscle.
a, the control muscle; b, the denervated muscle; ¢, the stretched muscle ; d, the TTX
infused muscle.
I, type I fiber; II a, type II a fiber; II c, type II ¢ fiber.
The proportion of type I fiber decreased in the stretched muscle and the TTX infused
muscle. The stretched muscle showed hypertrophy. There was less atrophy of the TTX
infused muscle than the denervated muscle.
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Table 3. Proportion of muscle fiber types (%)

Group I Ha e
Control 82.9%5.2 10.5%2.5 6.64.8
Denervated 78.5%x7.8 17.1%6.3 4.4%3.4
Stretched 70.9%6.3* 20.3%10.2 8.9%5.6
Saline 78.6%6.6 18.3+7.6 3.1£2.6
TTX-treated 71.5%5.6" 21.0+4.5 7.5£5.6
TTX & stretched 70.0+9.0* 22.0%9.7 8.0t4.6
Values are mean=+SD.

*, p<0.01 significantly different from the control group
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Fig.4. Histograms of the soleus muscle.
a, the control group; b, the denervated group; ¢, the stretched group; d, the saline
infused group; e, the TTX infused group; f, the TTX stretched group. type I fiber
(—), type I a fiber (----), and type II ¢ fiber (-++-- ).
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Fig.5. Myosin ATPase staining (pH 4.6) of the soleus muscle.

a, the stretched muscle; b, the TTX stretched muscle. Large round muscle fibers are
shown in the both muscles (—).



96 B

BTTX DA 7 LY KRB TOBLERBCHIEE N, &
WTRFLETERZ LI &% Cz6h 5®FWEL T
3. IO EHBESE, KEBL DRz h D
retrograde transport PSIEEBNHBALICFERE L TV 3
EHRRTVS., SEEABMEENCL TTX LD EZ
ABOEDBEDOBID A S NBMRTH L H & 50
B o1&k ER LI, # 2 Tretrograde transport
W& DB L e BBEAOBEMNIETIEC . 7 AHO
BRI TELONTWA I LA SH, Thik 10
HE LW A% EE T % &, fast transport i & D
ZERTWBEEZHRE, Lhl, ZITHEELY
g% 62w & L BRI TH > THERRIBO
AEHE Y HOBEESIED 5229, axoplasmic
transport 72 BB OBHHEF 2L TV B Lidw
22w, RESEERTHERSB IS I Lr SR
FLANTCEREEHNCLI2EHELTHBEHOLE
biha, B, 7 v bR REC CESEET S &,
Lo ABDEBEIHEHIIEED 5 ~15% BT 5—
H, #D¥EHI/F — S tonic patteren 2 S FEFID b
© phasic pattern ~1T3 % Z & A3 Fischbach 57
roTHEEN TS,

MBI DWW TH5 & TTX AR 0.9%E{+
FY Y AW%TFA PO —YREARIC I L BIRE
METEESRY LT 0 SR EENE» RV EEEL
TWwl Zebysd, —7F, BRI MHRLICTEL
END L, RGN LA E Y HEFEEELETW
DEERE T2 ZEBHEN TR0, Unl,
TTX #FEALBEIEE L 2B TE 7 AH2EERAK
BEELTh>TL IOHEMPHLTER LI b
5, PRIVMEEEIHRECERFOHLECEETH
vz d, LIAN, BEMEVINEOHERZ
TTX EABMU B A ohiz, IO ErSHER
b RSB IL IS RS L TWE Z eyt
WZb Wan 537 v bDEF AHHOREE TEL
PHTVRD, ZNIC L2 LBRHEZEE Tk 20 HE BRI
ERLGEESA LN LORXL, TTX 2EAS ¥
RG220 HECREEROEAIIZEAYAONT
WHEBTEIRKBALTL B EREL T3,
SENE 10 B H TR b HiffERNEROBL ICER
ENTTBY, PR Y TTX /ERBIC b #HREE
EH M - T Z Eh 5 fast transport 2SEFRRHE
DRKEEERDODIZBNT DI EMNI MNP L B,
TR BFERO S E LA NI ATRT L,
EEHTCRFOHBHEBEOL — 27 3H/ <25 2 E05%
SNTV29, KERTHRBRLBERIMB SN, R
DEADERBEORIC L D COEABED S LW
HZ R0z,

5

Karpati 523 BF#EEL €y bDE T ABHTEKRE
U v TIRBHER A B — 7 3 4 MR ER L T EERME R IR
ELTHED, Zh o 2HEERBHEL BTV 3,
ZOELIFBRBTARC S wHEBE LI LY, i
BHCHESEECLEAEHICELAEAONLE
ol s, BIMREGCEEL DS
EE-Tw3, Lal, SEEF7AEELLE T X
B b BRSNS A N, Lhrd TTX (ERE
ThHoTOF7RETERT 5 &3 ) ABICETGRIE
HHBELL, ZOBEXBRENES LWIERE - T
VWBDHIZIE S TRV, IEEELRERRA I
Wlhrdohnholcl s, BRAMHELD—
DELTHETA LD EEDbDN D,

iR LENMER VRS SICELT, WX
EbNTERLIE, HREE LHRROWENES
LTWa I e McTER., LivL, Eboi—
BRI UMEBHLTWRL THHIBE, BRION
BREs ez D EERFLELID T2 2 LHERET
HBZEDLOHWIERAROHDTREVWIITH
3, COZER, 0% 0 HREE - MRESEEHO
HHEEARESKEL TRE2CHLZ BT 2D0
ZREBDRPSTEELDH > T3 DO1KRTHED
FETHY, SBERFOELEZER, EENCES
ZBIENLBELESTL2THAI., £k fast
transport & retrograde transport ZAEERNIC D &
SIEBEMOMEE2ELSE T O HE5HROR
BETH5,

&

Fy DL T A RERETIRIEE 10 BRI AL
{E¥EBEL Lz L 25 ROER 2B,

1. TTX BB TIZ T R TDOERHESY 1 IS
MDA SN hS, BHEEHIECEL S Ld o7,

2. BIRMEY 4 TOHEE BB L BIHRA T TR
BEELLRLOIERL, b I AHOMBRUEEEHH
20wk TTXEEB TR Y 4 7 LD RY % 472,

3. BRMOBIERE A b7 7 LATRT LHE
WTRFOHHEOE— 7 &L KA ERERLT.

4. S AHEFTAEET S L, TTX OfFHD
HEC b S TERIEN S L 7.

£

Bt i

e 2 B A, HIRE, EHRBE 7 B AERR
KEELZLHMELRL 3T, 2k, KAMEEEHERE L
ek SRAEERENE AR FRERR BRSO
ErxRLET.




Fw b b T ARERCE T A ERLFRE 97

X 3

1) Thomsen, P, & Luco, J. V.: Changes of
weight and neuromuscular transmission in muscles
of immobilized joints. ]J. Neurophys., 7, 245-251
(1944).

2) Karpati, G. & Engel, W. K.: Correlative
histochemical study of skeletal mucle after
suprasegmental denervation, peripheral nerve
section and skeletal fixation. Neurol., 18, 681

-692(1968).
3) BOIEAT: BEAMERIER QR E— B — iR
LS OE DV T—, BHEESEE, 57, 779

~787 (1983).

4) Gallego, R., Kuno, M., Niifiez, R. & Snider,
W. D.: Dependence of motoneurone properties on
the length of immobilized muscle. J. Physiol., 291,
179-189 (1979).

5) Herbison, G. J., Jaweed, M. M. & Ditunno, J.
F.: Muscle fiber atrophy after cast immobilization
in the rat. Arch. Phys. Med. Rehabil,, 59, 301-305
(1978).

6) Booth, F. W, & Kelso, J. R.: Effect of hind-
limb immobilization on contractile and histo-
chemical properties of skeletal muscle. Pfliigers
Arch., 342, 231-238 (1973).

7) Fischbach, G. D. & Robbins, N.: Changes in
contractile properties of disused soleus muscles. J.
Physiol., 201, 305-320 (1969).

8) HRRELTF-UBBE: TEMEREEHOMERL
FHEk. BEFOHW A, 131, 599-600 (1984).

9) Lémo,T., Westgaard, R. H. & Dahl, H. A.:
Contractile properties of muscle: control by
pattern of muscle activity in the rat. Proc. R. Soc.
London, B 187, 99-103 (1973).

10) Smith, D. M.: Miniature stimulator for
chronic animals. Pfliigers Arch., 376, 93-95 (1978).

11) Burke, R. E.: Motor unit types of cat triceps
surae muscle. J. Physiol., 193, 141-160 (1967).

12) Dum, R. P., Burke, R. E., O’Donovan, M.
J. & Hodgson, J. A.: Motor-unit organization in
flexor digitorum longus muscle of the cat. J.
Neurophysiol., 47, 1108-1125 (1982).

13) Burke, R. E., Dum, R. P., Fleshman, J. W.,
Glenn, L. L., Lev-Tov, A., O’'Donovan, M. J. &
Pinter, M. J.: An HRP study of the relation
between cell size and motor unit type in cat ankle

extensor motoneurons. J. Comp. Neurol., 209, 17-28
(1982).

14) % 81 REHRESY 1 TOMBRHESHO
AERE FEMBIC L 2 BT, B8, 59,597
-662 (1985).

15) Ochs, S. & Hollingsworth, D.: Dependence
of fast axoplasmic transport in nerve on oxidative
metabolism. J. Neuroch., 18, 107-114 (1971).

16) Dubowitz, V., & Brooke, M. H.: Muscle
biopsy: A modern approach, p32, WB Saunders,
Philadelphia, 1951.

17) Brooke, M. H. & Kaiser, K. K. : Muscle fiber
types: How many and what kind?, Arch. Neurol.,
23, 369-379 (1970).

18) Venema, H. W. & Overweg, J.: Analysis of
the size and shape of cross-sections of muscle
fibers., Med. Biol. Engr., 9, 681-692 (1974).

19) Albuquerque, E. X,, Warnich, J. E., Tasse, J.
R. & Sansone, F. M.: Effect of vinblastine and
colchicine on neural regulation of the fast and slow
skeletal muscles of the rat., Exp. Neurol., 37, 607
-634 (1972).

20) Mills, R. G. & Bray, J. J.: A slow-release
technique for inducing prolonged paralysis by
tetrodotoxin., Pfligers Arch., 383, 67-70 (1979).

21) Wan, K. K. & Boebman, R. J.: Changes in
rat muscle sarcoplasmic reticulum following neural
application of batrachotoxin or tetrodotoxin., Exp.
Neurol., 70, 475-486 (1980).

22) Labovitz, S. S. & Robbins, N.: A
maturational increase in rat neuromuscular
junctional acetylcholine receptors despite disuse or
denervation., Brain Res,, 266, 155-158 (1983).

23) Sumner, A. J.: The physiology of peripheral
nerve disease, p221-237, WB Saunders, Philadel-
phia, 1980.

24) LaVail, J. H. & LaVail, M. M.: The retro-
grade intraaxonal transport of horseradish peroxi-
dase in the chick visual system: A light and
electron microscopic study., J. Comp. Neur., 157,
303-358 (1974).

25) Czéh, G., Gallego, R., Kudo, N. & Kuno, M. :
Evidence for the maintenance of motoneurone
properties by muscle activity., J. Physiol., 281, 239
-252 (1978).

26) Booth, F. W.: Time course of muscular
atrophy during immobilization of hindlimbs in



98 : B &

rats., J. Appl. Physiol. : Respirat. Environ. Exercise rat skeletal muscle to neural application of
Physiol., 43, 656-661 (1977). batrachotoxin or tetrodotoxin: Effect on sarco-
27) Wan, K. K. & Boegman, R. J.: Response of plasmic reticulum., Exp. Neurol,, 74, 439-446 (1981).

A Histochemical Study on the Atrophied Soleus Muscle of Rats Fujiko Someya, Depart-
ment of Orthopedic Surgery, Kanazawa University, Kanazawa 920 — J. Juzen Med. Soc., 95,
89—98 (1986)

Key words muscle atrophy, tetrodotoxin, the soleus muscle, rat

Abstract

Taking advantage of the pharmacological action of tetrodotoxin (TTX), which blocks the
nerve conduction without affecting the axoplasmic transport, the present study was conducted
to determine how much the nerve conduction or axoplasmic transport would play a role in
influencing the histochemical property and size of muscle fibers. In 48 female rats of the Wistar
strain, the right ankle joints of eight rats were immobilized to be in dorsiflexion to keep the soleus
muscle on stretch by the plaster cast for ten days. The right sciatic nerves of other eight rats
were severed at thigh. In 16 rats the sciatic nerve was encased by a silicone tube, through which
TTX solution was infused into the nerve in a concentration of 3x 10 M by means of the
continuous and automatic pump. And the ankle joints of half of these TTX-treated rats were also
immobilized. As a control saline was infused through the tube. They were then histochemically
examined with myosin ATPase staining at pH 9.4, 4.6 & 4.3. Stretch of the soleus muscle
without TTX treatment resulted in a decreased proportion of the type I fiber and hypertrophy of
their cross-sectional areas. TTX-treated muscle was less atrophied than the denervated muscle;
the former atrophy was not prevented by immobilization with stretch, however. The proportion
of fiber types in the TTX-treated muscle also changed. However, there was no significant dif-
ference in proportion among three groups: stretched, TTX-treated but unstretched, and TTX-treated
and stretched muscles. The proportion of fiber types in the denervated muscle did not differ
from the control. In the basis of these results, the nerve conduction thus seems important
to prevent to be atrophied, but the axoplasmic transport also functions to some degree in this
respect when the nerve conduction is blocked. Loss of nerve conduction provides change to
certain muscle property as evidenced by the present study which showed a decrease of type I fiber
in the soleus muscle after TTX-treatment. Therefore, the axoplasmic transport also has an

influence on the histochemical property of muscle fibers.




