A Histochemical Study on the Soleus Muscle of
Rats following Spinal Cord Transection at the
Mid-Thoracic Level with Imnobilization of the
Ankle Joint in Various Positions

B&5:jpn

HhRE

~FH: 2017-10-04
*F—7— K (Ja):
F—7— K (En):
YRR

X—=ILT7 KL R:
FiT/:

http://hdl.handle.net/2297/7969




SRAZETEEERHMIE $96% 48 773-787 (1987) 773

HIBEYIWT & OB EALBHS T v b S AfHICE 2 b pE
— 4 ¥ R oR -

FIRKFELHEENFERE (B T E8IE)
¥ i1
(RBFN624F 7 A 310 %14)

R L BFOFBNREEERBS LD X 5 2BFCITh 3 003 E FRER ANE L, HoEE
BB 2L 3 &, BOMRATIEIEOERIC & D SRR HESIET 2 720 O ESH S
BEOHREAL, SEITRIORNMRIT2-DBEFEEELL DL INT WS, ATk
BEYINT I & D _EGITPIRA & OMERRL R BN L, BROTHEHERSEELLS v b 2ENL, SO
EUBEPESNFOEBEENECCRIZTHEEC OV TRELL., Y4 A5 —RES v b R IFRE L THE
O 2B, TheherERMAYRCEER, ERGCEER, FEEML Lk bS5 AHRYRMe
BEETRHERIEZY, BEMCEETREMMLL 23, SHUN LD SRS a—0 Y OB RS = 1
i EBHROEEMRIET 3. £, b7 AHERRRORSIESEIIERAIC X D ERRES I E
63 325, (HERACREHIHEDBEIMEITE T & D IFEIESEIIENT 2. W& 1B LU 2:8HCES A
BiZ AL, adenosine triphosphatase(ATPase) $efa%{To 7z, IERBETI, A LD TRTOE
RS A TOBREL 5 A 7 1 DL DBRAD 2 b 7o s, MR TR A 7 1B IR LB Y 4
TOHRBRE L Rh o0, FREBETR, FETLEHUBTRTOGRESY 1 7OBBE Y 4 7 1 B
DUEOERLPL 2RO DKL, BBRLUTIRSY [ 7 1HROEFE LS 1 7O HROZL I8
BThol. LD h s, HOEEH 5 — v OFEC L O HHESY 1 7B r4L, BOBEHoE
K& D BHEEERCE LR E L2 b0 LEZIOND, 22, F4 7 1BEORBLENEE S ST
BT, BHORGHEBRHNLETHS LBbhl,

Key words muscular atrophy, spinalization, histochemistry

ERGEEOFRIZE LY, ZhE T b
REMI IR EEHE RIS BEREBENE
O @ on TR DW|ES T I TV S, BET
i, SHSEINCLAMELB I kb3 LI
BoT&N, TDX3RELDOHFEC XD BB
AICEZ S Tuvie g P BB T I <, BB
KBWTYH, 2 FTZOKE S OMWHE 2 EHBRIHE B
FTH LRI U TE S T3 2 L aEgL
Tk,

INEERMLTCHIRFEL TR, SHHRESD
TREFEEL T2 HOOAS & 2WE 24163 2 AK
MR L R R L E V90 P DS RN IRET

BHESEZ o3, RIOERMRIE Z 0BRNIEE
PEHBEFOEBUCCHACKRE2BELEZ TV
25, BEOWFE TRMICSHOERM S EEHEOE
EHRELTWR I bHL IR > TERLD,
DY, BEIOL I KHR ML 2Rkt 52T
W OTIRE L, R IR REN R R
(trophic interaction) 2RIZLH-> T3 LB N
3E3WhY, HREBESREVLEORME L L THE
MELELZBEIERSTER, UL, IONEYN
RABEERBED L S BBFETITbh 2 DN W
TEHZ mHIH >, R & SO KRN R AHE R 2 IR
T3 L T-BOMBERE, WEESLISH: 2Re

Abbreviations: ATPase, adenosine triphosphatase ; AHP, after-hyperpolarization; RNA,

ribonucleic acid.



774 #

BT A LB CHEHER I L ThHD, BithEE
ot BEiE, Hons sMREagoBgizsn
38, ERHCAEEILETLTLES. &7, HHE
BWE DV HEARELISEETY, BRREENMLE
HEEHOREITETZ2L0TH S,

LZAT, TEbic X 2HEMEELC 258 TIEE
TR BT BHORBEREIC L > TEOEFORE
IEWSH BRI LIS TE D, BOREHMSE
B A TOENRFBICL > TEERBE R L TW
2bQrELOND, LL, BREERGERECTIIER
WHEELRLY, BOEEMEL2ELICELELT
LEHHES A ARE LA LELEE R W L5
ENTWEM, 22T, MBI L D k=2 — >
DEMEED T L2 B EXEL TV 2 EHHED
EEMERET 8 €058 I RSSO ED
BEHELEZATLEREL 2 E ) 0 SEOERTHR
L.

%Y, MIBEUIMTIC X DR R TV 2 R AE
BhEL(T D LA PR & OMERSTRE 2 L 7. 2 hae
& D EEAMRIEEI R LD, THTAMROEE
PEL TSRS ET IR N TED LEL

7o, I, BiEEMS L CEBLCEET 2 2 sz
& D HREEES RN OEEME R RS . kg
T2z, B2 BRI LRIOEMNERF
BRI A0 EE b E 2 0, BRRE 2N L THIE
EREL, TRZE->THHRBRNEELELCS LBbh
%, FOFER, BBAED CHIEC L 2EHORE
WL YBOFEEENEEbDOEEZILNS,
HOEBMNET I LICL > TELRHOAR
FRELEMBTLFRE L THE, HoIUESEra
KRBT 2 2 &8 SR T 3 adenosine  tri-
phosphatase (ATPase) Je 82920 % Fis TIRET U 72, &
B, MRETBHAE LTI, HEBFACEEgEy
A FORBEHAETH D, BEEENDSELEESATY
b7 AgERWE.

s L UHE
1.8 %9
LEBRBEROY 4+ RAY—RMET v FEBERALE,
Bogdic et L 7 fleEEIc X D IBRIR £ L flvl
CHEAVKZ I VHRCREREC A2 E, £ER
WWRWES y MIEIER60IE, EHEEGIITHY,

(A)

(B)

Fig. 1. The left ankle joint was immobilized by the insertion of a K-wire into the calcaneus
and bone marrow cavity of the distal end of tibia.
A) The left ankle joint was immobilized in dorsiflexion to keep the soleus muscle in a

lengthened position.

B) The left ankle joint was immobilized in plantarflexion to keep the soleus muscle in a

shortened position.
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Fig.2. Cross sections of soleus muscle. ATPase stain. X225,
A) ATPase stain preincubated at pH 4.6.
B) ATPase stain preincubated at pH 9.4.
1, type 1 fiber; a, type 2A fiber; c, type 2C fiber.

Table 1. Change of body weights

Group Before (g) After (g) Difference (%)
Normal non-immobilized 1904+1.0 203.9+2.0 71038
(1 week) lengthened 190.8+1.0 19434238 1.9+1.5*
shortened 184.6+1.6 192.0+2.2 4.0+£1.2
Normal non-immobilized 188.8+1.6 227.0+1.4 20.3£1.5
@ weeks) lengthened 194.1+£1.9 222.4+3.4 14.6+1.3*
shortened 190.2+2.1 2186+4.2 15.0+2.0*%
Spinalized non-immobilized 2004+2.0 182.14+3.8 —81x1.7 ¢t
(lpweek) lengthened 2045429 181.2+4.8 —11.4+21 7
shortened 196.8+1.8 180.7+3.3 —82+13 ¢t
Spinalized non-immoabilized 196.8+1.2 1906-+1.3 —3.1%£1.0 t
(2pweeks) lengthened 1979425 189.24+3.8 —44+16 1
shortened 195.9+1.1 189.44+2.2 —3.3x1.0 ¥

Each value is expressed as mean=*S.E. Ten animals were used in each group.
* Significant differences between non-immobilized and lengthened or shortened, p<0.01.
t, Significant differences between normal and spinalized, p<<0.01.
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Fig.3. Cross section of soleus muscles. ATPase stain preincubated at pH 4.6. X225.
A) Soleus of a normal 9-week-old rat. B) Normal soleus 1 week after lengthening. C)
Normal soleus 1 week after shortening. D) Soleus of a normal 10-week-old rat. E)
Normal soleus 2 weeks after lengthening. F) Normal soleus 2 weeks after shortening.
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G) Soleus 1 week after spinalization. H) Soleus 1 week after spinalization and
lengthening. 1) Soleus 1 week after spinalization and shortening. J) Soleus 2 weeks after

spinalization. K) Soleus 2 weeks after spinalization and lengthening. L) Soleus 2 weeks
after spinalization and shortening.
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CEMIIEETD 72 (p<0.01), Bric B OIEEE
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Table 2. Proportion of muscle fiber types (%)

1.6%TH YD, FEMOIFEEED 55.312.1% LEHEL
D56.4+2. 1%t R2 L HEBCEHMETH o7 (p<
0.01), %3, HEBEOKEE LGHIOMTIRY 17
DHFCHEER Sho T, £72, EREOEHELE
FRBOFETB I VERMLLTRIA Z1 L2 A
BHOLEIREhZhEEER Br o1,
PR, ERBELFERBEDL &7 A5 2 {HERA
T2 EWEDIATIBHELLIAT2ABL
U2 CRIE~DEIIIEIE & N D0, BTy A
FIUBHERS T4 T 2AB L2 CllE~DE(S
ELBZLERTHRTH -,

Group type 1 type 2A type 2C

N | non-immobilized 73.0+09 21.2£05 59+0.9

<f222m lengthened 79.0+2.2 15217 59409

shortened 745415 18.2+2.0 73+1.3

Normal non-immobilized 80.9425 13.2+2.3 6.00.7

(;”m ks) lengthened 79.0=-2.0 15.5£1.5 56+0.9
weeks shortened 61.8+2.3% 23.742.9% 15.6%1.5%

Soinalized non-immaobilized 73.942.0 18.3+1.9 79408

(1"‘ o lengthened 76.0+1.9 155+1.6 8.6=1.1

wee shortened 72.942.3 19.842.0 73409
Suinalized non-immobilized 553421 T 23.9+22 1 20.9+2.1 ¥
(mea lf) lengthened 70.4-1.6%t 17.541.7# 12.241.2%F
WeeKs shortened 56.442.1 23.8+1.9 19.9+138 t

Each value is expressed as mean=+S.E. Ten animals were used in each group.
*, Significant differences between non-immobilized and lengthened or shortened, p<0.01.
t, Significant differences between normal and spinalized, p<<0.01.

Table 3 Fiber cross-sectional areas ( x m?)

Group type 1 type 2A type 2C
Nomal non-immobilized 2317+ 87 1897+ 44 1813+ 65
(1 week) lengthened 2810+127* 1896+118 1936122
shortened 1525+ 46* 1383+ 46* 1244+ 43*
Normal non-immobilized 2595+128 2089+ 96 1865+ 85
2 weeks) lengthened 3182+103* 1850+ 88* 1889+104
shortened 1300+ T71* 1282+ 83* 1098+ 54*
Spinalized non-immobilized 1669+ 78 1 1294+ 54 1 1232+ 68 1
(lpweek) lengthened 2060 101*f 1235+ 96 1 1215+ 73 t
shortened 1660+ 39 1213£ 56 1153+ 63
Spinalized non-immobilized 1386+ 61 t 1141% 52 1 1064+ 42 1
(preeks) lengthened 1736+ 99%f 999+ 71 t 1059+ 77 +
shortened 1339+ 49 1135+ 68 1061+ 50

Each value is expressed as mean+S.E. Ten animals were used in each group.
*, Significant differences between non-immobilized and lengthened or shortened, p<0.01.
T, Significant differences between normal and spinalized, p<0.01.
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Fig.4A. Frequency curve of soleus muscles.
a) Soleus of a normal 9-week-old rat. b) Normal soleus 1 week after lengthening. c)
Normal soleus 1 week after shortening. d) Soleus of a normal 10-week-old rat. e)
Normal soleus 2 weeks after lengthening. f) Normal soleus 2 weeks after shortening.
(—), type 1 fiber; (- - -), type 2A fiber; (--+- ), type 2C fiber.
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Fig. 4B. Frequency curve of soleus muscles.
g) Soleus 1 week after spinalization. h)Soleus 1 week after spinalization and lengthening.
i) Soleus 1 week after spinalization and shortening. j) Soleus 2 weeks after spinalization.
k) Soleus 2 weeks after spinalization and lengthening. 1) Soleus 2 weeks after spinaliza-
tion and shortening.
(—), type 1 fiber; ¢ - ), type 2A fiber; (------), type 2C fiber.



782 3

T, FEBOERLERZ L, TRTDIATS
OISR LEE T34 30%, i1k 2 88 Cik#
40%DEE R ERELE C(p<0.01), LxdEEEEH
F 4 7OEHERRIY T 3ERIcH -, LI
28, HEFEOMERM T EEEOIEEE B L UEEIL
EHETHEIAT2ABLU2 CEECELTIZ
FREQOEENS sz, 74 7 LigHEIEM
BRBEMEA LTV, Ldd, FEBEOMRMTIE
BIGBIES A 7OFERLR YA 7154 F2A:
472 CIIZIZS : 3 30 THD, ERED
{Hagfr L FIZACERLTH o7, 8, EEHOE
MR FEBOEEES X CEMRE TR TXTOE
BHES A T THBEENERCERER R, o Tz,

PEDHERIE, o ABEMRMICTSE I LIZLD
EEBTIRS A 7 1EOIRXEAEL, FRETES
4 7 1IBHEOERIBETH IO, ERUTE
EEHTLEHBTLITRTOSBMESY 1 7 EE2
EUBZERRTMRTH - 72,

V. BEHaHihg

MEDORHR 2 EHRERNERO S HER 22
& CERA RS FR L (1), kB, BERS
FHRORE I TREO 2R, HEIIHREDOK
WERERL T3,

4 7 LI ERBOMRA Tk HBUEE O S
WREL DO —7 bEAFBEL T, Bb&20
BEREE R O T — b L HMEEROBAETRL T
7o, ERBOEHAS X USEROIEEE L SR T
BABBNE DO -7 OEINEELFBH 2R
7z, BB &4 OFSHERON—b & HEEROR
SERL TR, FREOMRMLTSL Z 1 7 1M
EEBOEEE LS LAMOBP L E—2 DER
BB 408, HEBEOFEERLEMEMICENS LA
FBELTE D, EREOMEMTOELTEE L RL
PrBHkERL TV, 2B, EEHOSERA L TFE
BOFEEES L EMHAIZ Y 4 7 LRHECBIL TZR
C & 2o BRAMER E & > 7.

FA472ABEIV2 CEER, EEBOMENT
B, E¥BOEERELIFZAL LD 2H0 Bl
RTH Y, (HEMOEEIY 172 A L2 CIRE
EURDPoMZEERLTWS., LrL, EEHOE
WO L EBOTRTTIA 72 A L2 CRIEDH
BURE ORI E OB —2 DN L £ B8 %
Bte, BB &2 OHEEEON—b &L BRMEERE
OFDERL T,

UEDRRITE 7 ABRMERMICTEZEICLD Y
471N S I A4 72 ABLU 2 CREE~NDEL
BREIEShD s by 4 7 1IREEIRIERT 208, &

WA THIA TIPS A T2 ABLIU2CH
HEADTRIES A 7ORLEELCZ L L B IZTRTO
A TOFRRMECEFEELD L ERLTWAHRE
Thoie,

% =

Ty eI ABHIRETERICIE TR TOHRMET Y 4
F2LCHHEIV RS TBY, EBIEIAT1R2AR
AN LB L T30 2 LT, BREBICIE 90%L1
sy AT 1R 2D, BH L TOMELsRR:
¥3, SEOEBRTIRERBHOIEE CER 10812y
A 7 1IGHEHT80.942.5%, ¥ 1 72 AKRIEH 13.2+
2.3%, 54 72 CHHENG6.0L0.7%TH D, BROH
Er—BL T, 28, SERREHOT v %8
wizhs, ZHIRERBAOFHERECELEECH
EEBZ L6 THS.

BRSO 2 X f & Emine Ui BREHEROS
BT, F472ESEMLY A 7 1REIRDT
BIEMNHLONTNE23 SEBVWLREHOE S
AHTH, EEROEHLUTCIEE®R 2HEBS17
1RO 54 72 A L 2 CRISEDREME A7,
LAY, ACEREHEECLHRMATIR I0%L
BEUED o, DED, LI AHMEHELTOR
BB EE R T 2 DI OBRRESNE L ¥
z25ham,

Karpati 5¥ZENLEY FDE T AF 2V TEE
YMC & D 54 L LRHEDBAO L, §4 7 253408
s 2z & %8&EL, Lieber 533 ZDBINL75 4
TR Y A T 1GHELNELL D THD L
Ruiz Lz, SEORERT Y FRBOIEET & Em
TR 2BBEIA T IBREORP 51472 ABS
U2 CRHMEDEMEM, TOZELD, HERTH
SNBSS 4 TOELEEL B ILEEHROR
ENBRETHY, FHEICL 2HEE L BERESEREL
RS A TOEACELTRALC & > %&b ET
5HbDEWVZB,

L2 AT, HIAMRSXET 2HREDY 1 73 %
ORIAMIRO ¥ 4 7@ /L TEB Y, HEISHEE
EgiRic kY XEE s h, BEREREERMRI L
DXEBENT BT L3l Tw 5,
Salmons 53 & 5 X B2 HBTH 2 EREH 2
BT 2 MR THERELTYH, JOMRIGEHEOE
Bty — > ThHIEEEERHMEMZ 5 LEHEL
TOEBMZHEEIENS Z L 2RL, HORMER
2 OXEEHMESERE L T HETIRAE TE
B R ODIER S — S IC E o TIRES B0 L %
W|E L.




MaBEU0MT & OB LB S 2 2 BB LT 783

2T, EEMEOIEE/ Y — (BEEE) LR
BOHEEETRT LD L LT Z0EBHHROEHELIC
i < %3845 48 (after-hyperpolarization, AHP) o #Af4
25 540, Czéh'V% Gallego 52V, LI AFLh
R HET 5 EEEED AHP o HR & B BFge L 7
R b T ABHOEEHED AHP ORI I3 XA
25 BEMBEHREHEN T 2HUTUDY S iz k5
THFES N, ZOMITHS 7 F VI3 SO RENESC &K
BLTWB EHEZ T, &, ZOUTHES 7Fridwy
THEBMBRRCL > TENMERTH AT E2REL
f. 2O &I, DENESMESTHOME S RET
2b0EEZONN, BEOWETIHOES S
= SHIOEBR O E R RE T 5 WM b R
ENBEIRR-TER, D&Y, MEOEE/ (Y —
VIR THOEE) Y — > 5 L RO HE D
FERELTEY, BOUGESERERT 2 12RHD
EEHEZOLOBNLETHZ2LELI>NB LK
HoT&ET:,

SEORE T, ERHIEHRHCIN A 718
H»oI4T2AL2 CRIE~DY 4 7OELEEE
DB, R TIR Z DEZIF L ALED B o 7,
IOFREE LT, S TROER <Y — 2548
By — BT ADIRLT, BEETIRIA
VS — L DEETH BN L BEFEL T
2bDEEbN 3, DFD, S4 71 E LTOMHE
BERMOMRICE, BORGEEER <5 —
BEEBbNz, FREOMEM TR, HEROEE
MBS 2L 91 7 1BHEOEMES A F2A B
LU2 CEMDBD £ Ak, I, 72k 2 BIEEIN
& D EEHREOHMBNEEMESHEEL TV TS, &
RHRALICT 2 2 L1 & O B ORHENMISEE) 7 — > 8
HIREHR I ENEREEZ NS, £7,
ERBOEM & FEBOHEEE L EELTcns( 7
DEEBEEALRALTHL I L &Y, BOBEHES:
ERT 202 TEINNbL 2 2 L BRE
TharrEZONS,

IO LR AR T, BREERE
B, TRENEREEDOHTFENEEL, Tho0aF
BOBBIHMBEOBEICL > TRE>TH D, T
ROGEDER CIHREBR E MEEROEL 2 6%
EL T g, BRI ZNZAO B IC SR 2
MOBE - MEELBRET 2 2 L 2R L7, SEOER
&Y, ZOWS 4 OB REOER Y — > D%
BOREBELTwBR bDEEZ NS, Bizy 4
TIUREICEED I 4 ¥ U BEHBEO A FRORE
RRBoRGEHESSLEL Bbns, 211, &
DWW 5 A< FIAE LT 2884 OB E L E

DFEORGFHRESHOMBEERESRELTS
D, BIZELBEED/ NI~ BENEDREFOR
BERHLTW3b0LEZ5N2 (®5), %72, &
ElORBRCIERR b FRB T AR ClEsigg sy
A PREREE U2 2BEE, HLOGHEES
BEAFEBRBET 200l b 2 BREORME2ET 2
ZEERTHOLH LALL, Lo, BOES (EEH)
NY = DELD, BhRIBFTHLOHEEES
BEAFROBETORBREEL TV 2 0IEARLL
TTHOEETHY, SBORFABLETH B,

RE OB & 3 HOERIE 2 OEENBICES
Eh, —RICEEMTRBHEIEBRTHZ2DIINL,
HERAI T D 2 D ERRIBH ONT, 2> TIEXE
BB T L DBHND SEOEERTIE, EEBEOMEL
BIETIES A7 1S EDIER % 27208, ¥4 72 A%
2 CHpiEw (b iz <, HERAIEZ T 2 Rk
DERRHESY 4 TSI L D B >Twiz, I RIZEEAE
ETHTRTOBRES 4 72 ZIRAREOS TR
BIeDEEDEVBRE - THABFRRATH -2,

BiEMRAIC LIRSS E 2L L
T, Goldspink® X B T3 & @ & 5 E ® ribonu-
cleic acid(RNA) OESMINT 2 Z L2 2072 L.
SEIORERClafiig BB T T s Irm st
EEECTHWBILED, BEOHREENEST
B SR ER ORI HBNERMTTbATH S
BDEEZ 5B,

HHIROEREEBR THEER 2 < £ b, Brevet
S ESRHEESE 22212k, 2L T Vanden-
burgh 5WIRAEERA Sz LWL sS4y v
BEDEINT 3 2 L 2 A2 LT, %72, Goldspink*®

tonic ph
activity act

increased
activity

Fig.5. The muscle fiber types are dependent on
the activity patterns of muscle, and the cross-
sectional areas of muscle fiber are dependent on
the amount of muscle activity.

decreased
activity



784 #

RHREHO 2 ORERGTHMERCCEET A 2 L
IV BEESROEINC L 2FEREEL S 2 LER
L7z, D&D, fESETidk < CHliE sty 2 Ei
H2BBNIER Ch 2B ORBIIAEEEL
T3 rwxd, T4bb, MERIZOENCL S
BRI L > TRELLBRHEZE L CHOXECHES
LTwaLtEZzoh3,

Hntk*Z 5y b XEHEAWT, HHE2UIR L
BEWHERT, LEHRETINEBINL BEDHBE
HEosk Vi< Aoiiz kL, Solandt 5403 ZFEELIHT
BOHERIIME BB CRAL L 52140~50 A%
WiYIMRT OEEIWCEE T 3 Z & 2R L7, Lieber
SMIERUINER 1ETRI Yy P EFABRI A 71
BEDIZINI A T 2FRHEL D L EEIEETHB 2
LEREL.

ZHIZHU T, RBHEREBEOBRE T, Girlanda
BYRTYFOUREBERERIE LI T AR
FAT2BHEDIEZINT A 7 1IRHEL D & EiEosEHH
THDZLRRL, MEFS®IT v b DLEER 2
W32 EREICEEARTESRESZHICEBHEL, 88
HTREREBLENZIFER KON S 2 O Bkt
254 TANCEBBEIT 2 0MEFCRBEC L > L %
H|EL, ZDESIT, —RE2—ovOEEICLS
BE L IR=a—-u ryOEEI X 258 L TEHER
DB RZ S Z LBFI6A TV S,

SEOEBRTIFRIC LV ESROBHEEZET
BRLBESICE, EERECERUTREHRES 17
OEBOEEZIAT1L 54 72A: 74 72C
2IFIR5 1 4 D AQEETHD, TRTOEHRMES 1
FZZIFZRABEOHEREEEL, L bERIRES
4 Z7OBER I — T2 ERcH -7z, Lal,
FHEBOMRMTI ZOLEMNFIZS5 @ 3 30FE
THY, FEBOEEECHEMILLEKST 2 LB,
CH47IREOERIBE Th o2, £/, HFHE
DIERALT & & e T OB Y 1 7 OERILIZER
BOMRMOLE L IZIZRICTH>72. ULEOBRE
D, RECOBEEI A 7 1IBECORELB I LI
BHo»THD, i, EEFOMRALLFEBOMR
UTRESRES 1 7OERILSIZIZECTH 2 2 &
LY, MEMCLZ2EEIWMECA—THELEL
N3, MEMICLEZOBENS A7 1LEHICOA
AUBHBFL LT, OFEMIC & 3 ESHREOEE
MO LN T L 7 7 BRI OALEL, FEE
H7LT 7 BEIRICIIEL 2, QRN LW
BB ie N T A RSNy A 7 1R ¥ 4 72
BHELTCRBRAZ R EBELLNG, BEBOV
TREH TR OFEEEBTH LR Y, BE

NEREFT2EIICTETHRNOZ L ElL LT
hiFons.

58, SEADERTIE, 7v FOBEIEME 108
B REMEAHHER U 7228, BSkFELR YD vy RENMLTH
FRES RO IEIHREOESHRMESY 1 FTO0EE
BWERC CORERZEL TV AR RDWTIRET
Ehxpoie,

7

BFED Y 1 7OEL L RBEOEF 2 BN T 212
oI, MRS L U ERSIRE 21T v b3
A% APTase #efi %2 AV oL R B X b,
&L, UToHEREE:.

1. EEBTRFOEMEMC L VR 28814
71RO 20% DA % A 7208, R TIHE(LR
H Oz,

2. FHEBOIEEE L @M TIIME 2881y 1
7 1ERMEDR 25% DA % 7208, [REMTIE S 47
1RO 10% L BETH o7,

3. ERBECRERUCE DI RTOHRES 4 7
WCEMER ALY, (FRUTRS 4 7 1 EEIRIEALT
Wiz,

4. BFHEBOI ERE L EBAI TR T TOHERSs
4 FICEE R HT2DS, BRALTIES 1 7 LISHOEE
BEETH-7.

BEDZ XY, HiOE Ny~ OEBIZ LD
By A 7B REEL, HOBBORC XD i
HBFERCECEZEC 2 D EEL NI, £z, ¥
4 7 1 OB F RS 2 R T 2 oD RO
FEMEEELLETH L LEbh.

&

B 23

MEHZ DA, RIAEBEL 2 HEY - AR5
D& LB, B B ERL s BERBITET, £
To, MEREBEAEE 2K S £ LA SRAZERENGHA
FHUFBEHIRCRHOBELR L2 T,
(FHIRBERRFEFHRA BB ERIER 2 FIHA L T
b))

X [

1) Lipschiitz, A. & Audova, A.: The compara-
tive atrophy of the skeletal muscle after cutting the
nerve and after cutting the tendon. J. Physiol., 55,
300-304 (1921).

2) Eccles, J. C.: Investigations on muscle
atrophies arising from disuse and tenotomy. J.
Physiol., 103, 253-266 (1944).

3) Karpati, G. & Engel, W. K.: Correlative
histochemical study of skeletal muscle after




FgaYINT & B O GIEDE 5 2 2 BB ORI ST 785

suprasegmental denervation, peripheral nerve
section, and skeletal fixation. Neurology, 18, 681-
692 (1968).

4) Cooper, R. R.: Alterations during immobili-
zation and regeneration of skeletal muscle in cats.
J. Bone Joint Surg., 54-A, 919-953 (1972).

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) Goldspink, D. F.: The influence of immobili-
zation and stretch on protein turnover of rat
skeletal muscle. J. Physiol., 264, 267-282 (1977).

7) Goldspink, D. F.: The influence of activity on
muscle size and protein turnover. J. Physiol., 264,
283-296 (1977).

8) Booth, F. W.: Time course of muscular
atrophy during immobilization of hindlimbs in rats.
J. Appl. Physiol.: Respirat. Environ. Exercise
Physiol., 43, 656-661 (1977).

9) Booth, F. W. & Seider, M. J.: Early change
in skeletal muscle protein synthesis after limb
immobilization of rats. J. Appl. Physiol.: Respirat.
Environ. Exercise Physiol., 47, 974-977 (1979).

10) Davis, C. J. F. & Montgomery, A.: The
effect of prolonged inactivity upon the contraction
characteristics of fast and slow mammalian twitch
muscle. J. Physiol., 270, 581-594 (1977).

11) Burke, R. E., Levine, D. N., Tsairis, P. &
Zajac, 1, F. E.: Physiological types and histo-
chemical profiles in motor units of the cat gastro-
cnemius. J. Physiol., 234, 723-748 (1973).

12) Ward, K. M. & Wareham, A. C.: Effect of
denervation during development upon membrane
potential and intracellular potassium and sodium
activities of skeletal muscle of the rat. Exp.
Neurol., 93, 261-269 (1986).

13) Mayer, R. F., Burke, R. E., Toop, J.,
Hodgson, J. A., Kanda, K. & Walmsley, B. : The
effect of long-term immobilization on the motor
unit population of the cat medial gastrocnemius
muscle. Neuroscience, 6, 725-739 (1981).

14) Brevet, A. & Pinto. E.: Myosin synthesis
increased by electrical stimulation of skeletal
muscle cell cultures. Science, 193, 1152-1154 (1976).
15) Vandenburgh, H. & Kaufman, S.: In vitro
model for stretch-induced hypertrophy of skeletal

muscle. Science, 203, 265-268 (1979).

16) HIEH4% : HEOEMEE 20 EE. HALRRE,
43, 1055-1064 (1985).

17) Samaha, F. J., Guth, L. & Albers, R. W.:
The neural regulation of gene expression in the
muscle cell. Exp. Neurol., 27, 276-282 (1970).

18) Fitts, R. H., Winder, W. W., Brooke, M.
H. & Kaiser, K. K. : Contractile, biochemical, and
histochemical properties of thyrotoxic rat soleus
muscle. Am. J. Physiol., 238, C15-C20 (1980).

19) Wan, K. K. & Boegman, R. J.: Response of
rat skeletal muscle to neural application of
batrachotoxin or tetrodotoxin: Effect on sarco-
plasmic reticulum. Exp. Neurol., 74, 439-446 (1981).
20) Albuquerque, E. X., Warnick, J. E., Tasse, J.
R. & Sansone, F. M.: Effects of vinblastine and
colchicine on neural regulation of the fast and slow
skeletal muscles of the rat. Exp. Neurol., 37, 607-634
(1972).

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

22) Spector, S. A., Simard, C. P., Fournier, M.,
Sternlicht, E. & Edgerton, V. R.: Architectural
alterations of rat hind-limb skeletal muscles
immobilized at different lengths. Exp. Neurol., 76,
94-110 (1982).

23) BR B: TEMbc L2 HEBIHNTI2HOR
RB & VEIRIBORE - ERWHE -, BBSE,
60, 1003-1016 (1986).

24) RRELF, ABBE . FEETiESHOERL
FHZ. BEZOHWH, 131, 599-600 (1984).

25) Alaimo, M. A., Smith, J. L., Roy, R. R. &
Edgerton, V. R.: EMG activity of slow and fast
ankle extensors following spinal cord transection.
J. Appl. Physiol.: Respirat. Environ. Exercise
Physiol., 56, 1608-1613 (1984).

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

27) Dubowitz, V. & Brooke, M. H.: Muscle
biopsy: A modermn approach, p.20-33, W. B.
Saunders, London, 1973.

28) Engel, W. K.: Muscle target fibres, a newly
recognized éign of denervation. Nature, 191, 389-390
(1961).



786 #

29) Schmitt, H. P. & Volk, B.: The relationship
between target, targetoid, and targetoid/core fibers
in severe neurogenic muscular atrophy. J. Neurol,,
210, 167-181 (1975).

30) MMk, BhEH, RAE—, BABX: 7y
N AR ORT - MBI T B AR L RIRTEE. TR
Wl 15, 363-370 (1981).

31) Engel, W. K. & Karpati, G.: Impaired
skeletal muscle maturation following neonatal
neurectomy. Develop. Biology, 17, 713-723 (1968).
32) Brooke, M. H., Williamson, E. & Kaiser, K.
K. : The behavior of four fiber types in developing
and reinnervated muscle. Arch. Neurol., 25, 360-366
(1971).

33) 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).

34) Lieber, R. L., Fridén, J. O., Hargens, A.R. &
Feringa. E. R.: Long-term effects of spinal cord
transection on fast and slow rat skeletal muscle:
II. Morphometric properties. Exp. Neurol,, 91, 435-
448 (1986).

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

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

37) Salmons, S. Sréter, F. A.: Significance of
impulse activity in the transformation of skeletal
muscle type. Nature, 263, 30-34 (1976).

38) Lémo, T. & Westgaard, R. H.: Contractile
properties of muscle : control by pattern of muscle
activity in the rat. Proc. R.Soc. Lond. B., 187, 99-103
(1974).

39) Cotter, M. & Phillips, P.: Rapid fast to slow
fiber transformation in response to chronic stimula-

tion of immobilized muscles of the rabbit. Exp.

Neurol., 93, 531-545 (1986).

40) Eccles, J. C., Eccles, R. M. & Lundberg, A.:
The action potentials of the alpha motoneurones
supplying fast and slow muscles. J. Physiol, 142,
275-291 (1958).

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

42) Granit, R., Phillips, C. G., Skoglund, S. &
Steg, G.: Differentiation of tonic from phasic
alpha ventral horn cells by stretch, pinna and
crossed extensor reflexes. J. Neurophysiol., 20, 470-
481 (1957).

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

44) Goldspink, D. F.: The influence of passive
stretch on the growth and protein turnover of the
denervated extensor digitorum longus muscle.
Biochem. J., 174, 595-602 (1978).

45) Hnik P.: Changes in muscle weight follow-
ing section of the spinal cord in the rat. Physiol.
Bohemoslov., 9, 390-400 (1960).

46) Solandt, D. Y. & Magladery, J. W.: A
comparison of effects of upper and lower motor
neurone lesions on skeletal muscle. J. Neuro-
physiol., 5, 373-380 (1942).

47) Girlanda, P., Dattola, R., Vita, G., Oteri, G.,
Lo Presti, F. & Messina, C.: Effect of electro-
therapy on denervated muscles in rabbits: An
electrophysiological and morphological study. Exp.
Neurol., 77, 483-491 (1982).

48) MEERHA, TR, AHEEJM, EEHE, =0
B, EAMhk, SRS, BELX: HAEHcET
2 EERITTIE, #BE YV N 9, 949-954 (1981).

49) Page, S. G.: A comparison of the fine struc-
tures of frog slow and twitch muscle fibres. J. Cell
Biol., 26, 477-497 (1965).




HaREETHT L B OB HHTS 2 5 B OHBILF ARF R 787

A Histochemical Study on the Soleus Muscle of Rats following Spinal Cord
Transection at the Mid-Thoracic Level with Immobilization of the Ankle Joint in
Various Positions Akira Inoue, Department of Orthopedic Surgery, School of Medicine,
Kanazawa University, Kanazawa 920—J. Juzen Med. Soc., 96, 773 —787 (1987)
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Abstract

Histochemical changes following transection of the spinal cord at the mid-thoracic level with
immobilization of the ankle joint in various positions were studied to investigate the trophic
interaction between muscle and motoneuron using myosin ATPase staining. Rats were divided
into two groups, normal and spinalized. In spinalized rats, the activity of the soleus motoneuron
was decreased without any degeneration of the motoneuron itself. The left ankle joint of one-
third of each group was immobilized in dorsiflexion and another one-third in plantarflexion by
the insertion of a K-wire into the calcaneus and the bone marrow cavity of the distal end of tibia.
The soleus muscle was held in a lengthened position by immobilization of the ankle joint in
dorsiflexion and in a shortened position by plantarflexion. It is known that the tonic activity of
soleus motoneuron is converted into phasic activity in the shortened position, and is increased
through the hyperactivity of muscle spindle in the lengthened position. The soleus muscles were
then histochemically examined with myosin ATPase staining at pH 9.4, 4.6 and 4.3. In normal
rats, the shortened position resulted in the atrophy of all fiber types and a decreased proportion
of type 1 fiber ; whereas the lengthened position resulted in the hypertrophy of type 1 fiber without
any proportional changes of muscle fiber types. In spinalized rats, the shortened position resulted
in the atrophy of all fiber types with a marked decrease in proportion of type 1 fiber, but the
lengthened position partially prevented these changes. These results indicate that the muscle fiber
types are dependent on the activity patterns of muscle and the cross-sectional areas of muscle fiber
are dependent on the amount of muscle activity. These findings suggest that the tonic pattern of
muscle activity is necessary to maintain the histochemical property of type 1 fiber.



