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LB Dy, SRS ERHERD C ORE%
HMELEY, |EAOKEEL, »D, BiEEBE%®H
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WHIEH O BERBGIGRT ML BfHL draR
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%72, Buller, Romanul £DHEICLD, Wb
% fast muscle T3 % M. extensor digitorum longus
(EDL) & slow muscle T & 3 M. soleus (SOL) D
FEMEAE R RS (cross-innervation) 95 &, %
DHEFZHIEH LI 22 LB PEENT
VBP0, ZDFEA, FEREFEFNCIFEIT 22k
b obhn dhAARkLEN, BENCEBELL. T
wh bR TA 8] EDL I3[, hRIM, Rk
HDIEHIDBRINTH A, TD EDL DX
magE, HEaEgobY 3 [#f] SoL G,

chiti B MED 2 MDA L D R SN TN 3,)
KEAThIIAMSMOER Y 5 EDL RO
BEETA3HAICELL, AROERFDEAICS
B UARRL, X0HEEUTEENREICKD, ©
NoDOFEHETHLI,

KRB LURBRAE

BT KR wistar TF v b ((KE 150~
200g #ER L, Y b EL—ny— S h{kE g
H7:0 0.05mg FPEAFEAIL L DEEREL, LEHE
ZHH, ThEAKBOTRIPTHFIIH S0
BITNC X O IR, EHIC8—0S k% 722 Alon-
alpha IZTHEBEHEBTIC, BhEVXS#EED
ZNREALK:. Bize, 438, 2, 3, 5, 9,
1547 5 TR LHRZHRRL /.

RS L HR3~4BD wistar BT v b
ZERL, FROWEELAS ERKICHKEL, TH
AR YIEAINZ TIRAL, 8 —0FBARERANE
KBRS T IC EDL OXE MR & SOL D IR
ITsh A RS L, TRET S SOL O X EMEITATALS
RO hRfE cER LU L, BIDT v b Tl
IC SOL DN EHE %+ EDL X EMRICHS L.
®1)

%7, SOL KLU EDL HEHIRZE & 4 Uik
BHICERAETEI D205 E L,

I FHE s, 6, 9WBTREL, HREE
U7,

BERERAE AR v FOMEREAL, BR
DPRFERIETHIKREE L, 10%hH:+v= Y v (pH
7.2) W T2RsRAEIRE R, KEE 15%€ T F iT
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M.soleus M.extensor
digitorum longus
(soL) (EDL)

SEL, ERURFAIZ0F—LT4.5~6p kN
ML, UFRBMERE I Fa v Py TES5
T 570, —WERRELTHT & b~ ikl
#FE U, Sudan black B B AfT5, Y &Y
Y€y —THALL.

T, —MOBRWIZ, BROPHIRECREREE
L, =70°C DFFATARTNVa—ihiZ#AL
THEEES, —20°C 7Y F X%y FIT 30 O
HEWr VI £ E88 U Nachlas D5 T o/ 7 8K
HEERRBETIE O

BFERSEOHTICE, SREELHAE4+%
TWE—NT VT NA FRG 0.5 BIUELAR I Y
LIZTHEE, WYL, =RVICHA, Poter Blum
DI/ab—LTEBEYR % ERR, uranyl acetate
B UF lead hydroxide (€ T4(5 L, Hitachi model-11A
WEFEHSEIC L DREXRITIE Dk,

EB KR

RSB OELERRT BF1IC7 v D EDL,
SOL DOE##irs+MBliciils 5.

EDL (% Sudan black B §ufs, BXUEHMEHT
HET 5 LA 7RIS/ ULR, SR, 8%
kD 3 BHOBHRMEC K> THER & (K2),
SOL |t EDL O X DERZE O K X0k, SHEEHHR

H ® X

M 2 HOTsiic X>THRShTHh 3. (B3)

THMEZIc I, K FEE, AHREDL
TS Z-line D], I-bandlebel T AT I rav
¥ Y 7 RBRSRMEE RBIRIC D BTN 3,

FHRHIC BN TRERR I ba vy FY TRKE
V., BBTIRAXUBHOI Fay FY) 7THERL,
F7 3 bav FY 7HRROEREN UTHEGRHER
ZHtELTH A, (=10, 11)

RSB ERAE IR AR AL LT 2 08, Bh %
Firay Py 7OoBEMEHERI bavy FY T
BRGGEL 0L DL, B/, (K10,
11)

B MBI BV TIRBAELTDI VY P T
A% I-bandlevel W EETAHBRKRI a2 FITT
b0, ik, ThoD It ay VY 7TREGRESD
ZVIThEIREE#ED 3 ba v FY) T RD/NED,
X S ICABBEEC B TIZR, PRZSREICA S
NEGETIREETZIta vy Y7, RORHE
B ERGET B8R I b a v FY TRIBAERY
S, (K12, 18)

INSDERII< I RD M. triceps brachid P F
» b diaphragm® I BV TdAOhKAHEE
LDEEFRAE-FH LTS,

B/NRAR I A AR AEIC R B R K R U, triad &
SIS ICEDONBY, F, DRBHBRHECED
T, AFBEcET2REEFRHRREBZED ST
),

SEOBBRMICE T 2HERROZRIELVHD
Thh, KBEBREETIZ/NX { junctionalfold & /7%
CEh L, BAESEIY, PRIZIGRHETI,
PPFRIBIRHEITLL 5 K 1T % KT junctional-
fold ALV NHEL, FTH S, AHBRIICED
TIIMRERMEMUT AR E {, junctionalfold {3 & < 43I
U, FEBICRICHZIL T 39,

AR ARICRT I HRREOELL : |

Fhke 3 48: THEUK4ATITOBRE
124 GEBRREA N2, ORI BT Suden
black B U:(n I K TEIZRT 5 & R 2L
&%ﬁ denervation atrophy !0 DIREEICH b, fHiR
HERIZELCETFTL, IbtavrFy7oRzEL
CRLL, BT, BR¥ENICI b avy ¥y T72E
BREET S, (K4) '

Fiiz2HA : POETHEAE I IKKEIE L T <
0% RIEBEDFRLMMEDOEM TH 5, Sudan
black B Jefalc X DERT BT, FhA & OB
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BERKBRBHONS., Tikbb, ItavkyYT
O, 2 VIREEAHRETIREDShEVA
HRMRLEDI ba vy FY 7O E (rim-forma-
tion), MHBEROWASEHEENS, (X5)
Fifikb HA : T ORMICIIHOERKE 1L
DEE LIREBICH 505, LLMFTHD, ikl
HESERBL TS, HWoOEEBIEDTAIMRI
Bohiidolk, COBRKBTRIBA EOHHBMEHIIL
BOBEER LTS, (M6, 7, 16) LipLY
OGBS SRR ERORIEBICH D, Bk
ORLBICEBIDONID, HI0ERFETITHD
s EST S, (RT)
BENLIRIZ, E¥TEFR P AdhsiEds
WO AENTEYA IHEET 2010, XEMED
W, BHRALCBRICEN TR, A—ESomm
HEMHES L7712 (single fiber type grouping) % 7R
TLTHh3 (H8) LlL, b3HHIKBNT

i3, 3T OMBHEDIE I U o 5% OB

DEBBEIN 5.

| BEZXRA KT SHREOTIL - |

6 7AENT, TACBMEE T8, EDL O3
R#E4E S U7 SOL @ Sudan black B it ¥
KEBEETNE, EFOBATRANHRNES XUHh
Mo 2 BRORRM K DRI T3
SOL IcamasimiEL, o, b E¥ @ EDL ©
L3 uBERT. (R9) X, #EREHS O, #
£ X172 single fiber type grouping & WS Ay ITiT
EFHON B, T D cross innervation T XD TH:U
A EETRRSHNCRE L LT A, IEE
DOF, hRERETED SN, AHBRLETREY
SNUEVHERTEBEN I F2 Y VY TH IV RBR
B0 I ba v F) TRADSIIVR, &
ELTHIEERDIEL, BRALLTD I3V FY
713 I-bandlevel IKFAL, X HODTHAWIEL HF
FILTH 3, (Xi4, 15)

B/INkU4k (sarcoplasmic-reticulum) & B < Rl
(H17), FHEHEIZK %  junctional-fold i 5 <
AL, FEEeEIcHFILTH S, ("18) hbd
D¥EIR, IEBO EDL 145N 5AMHGHHT % b
DTHELL TV A, (K12, 13)

W, cross-innervation % 9 {¥7z SOL th(Z I3 /RMH
watdt 15 Y OB e S (WEL U o, C OfEi
BEHEZEL41{ EDL OZENSITHLUL TS

(RIC SOL O XEMBE 23X XL LI HARD
EDL % Sudan black B s THIE L2 L T 3, K

LIHDBEHET SOL 1T 1517 B E R D AW IR TS
B L UG NHMHECRUORERT 6, LB M
MO ELEMNRBD 5N 5. X, single fiber type
grouping A3 F 515,

MRICH DT, RIBEONTHIENTS,
DT FEDOERBEINLE DO,

% #

BRI I3 R A R DRREHIC B THBED 2L

EIBIEE LD & XL TO 210D, AHERT I3 4
BREIN, BRARDOLTODS v MT, HB1E
PUEEBLTEZ, HIBEOEHEETLHLLEA
SREHIRET S, BRABRKRAREE & o9 —
SORRR, 3EHOBBHEREEDEY M 7 RS
HERSLVT, A—BEHOBRELELET S
(single fiber type grouping) & V5 EEHEF%E &
1T CERRELDBDTH ASH. T D type grouping
AETHEARE— B OMM LB L T
neuron DA HPRMIRERIO 4 2 L 72 HiHEREic
BEEATLYACESTL 2RARTHAHEEL
545,

TR VIR OFEHESICE O Tl endoneurium 5 X
¥ myelin seath D5EA75HEMTD 723 iT BIFRHATIK
DORBIRBUCERELISOID, L2 ABE 2wk
T D7 MRBHIC B TIE, myelin seath p5il
LT A7), RIS ILOBBRMICHTET S
fevde, FEFICH SR LB AZBROTIE, type
grouping A3#2 D VAR BED 51 5.

RREEITH T BIIHED #HED Z{kid, Buller
%6 2 kDT, X, NEFBEME LV~ TRB#HED
enzyme pattern DAL, FTREbLILa vy FYTO
S LOTIRB T TITEE SN T 30D,

ZOWRICEVNTIE, ABOKKEET 2 HMHE
Ea b OB, KXEEAS, EFTIRAH
MU SOL Drhic FAET 5T &%, FFUEMES
HNCEER Uz, 2D T & i3 EBE S D LAY TS
B enzyme pattern D ZE{LD AL ST, kR
DLV SWICBWTEANERY, T80 bEHHD
FEMZEL TN DT EEEHRL TS,

ZOKHIT, HREFHAICHITS type grouping
By, SO IEHBRRXMACE TS [R] © A
Tit) BRL AT, BHEXET 2 Mm%,
Wit E SEAE LD I I EDHOEE %
BLTWBEEZ SN, SBFikiy, FEDN, &
RERRNIE D & &, HICEELLD ~ 5 HEILRY
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fiber type grouping BifR & &1 7:.

(2) HHRR XA ICH O TIRFBRATEE D 2L,
bbb EDL OXEMEE XA L7 SOL i

X

1) Ogata, T.: A histochemical study of the red
and white muscle fibers. Part I. Activity of
succinoxidase system in muscle fibers. Acta Med.
Okayama, 12, 216, 1958.

2) Ogata, T., & Mori, M.: Histochemical study of
oxidative enzymes in vertebrate muscles. J.
Histochem. & Cytochem. 12, 171, 1964.

3) Ogata, T.: An electron microscopic study on the
red, white and intermediate muscle fibers of
mouse. Acta Med. Okayama, 18, 271, 1964.

4) Gauthier, G. F., & Padykula, H. A.: Cytological
studies of fiber types in skeletal muscle. A
comparative study of the mammalian diaphragm.
J. Cell. Biol. 28, 333, 1966.

5) Buller, A.J., Eccles, J.C., & Eeccles, R. M.:
Differentiation of fast and slow muscles in the
cat hind limb. J. Physiol. 150, 399, 1960.

6) Romanul, F.C.A. & Van Der Meulen, J.P.:
Reversal of the enzyme profiles of muscle fibers
in fast and slow muscles by cross-innervation.
Nature, 212, 1369, 1966.

7) Dubowitz, V., & Newman, D.L.: Changes in

enzyme pattern after cross-innervation of fast

S

BOTIBSHEO BRI 3 EERRL, Ch2EE
FERMEEEEZIC K DIERA L,

(3) single fiber type grouping BIRE KU, #HiE
WA ICET S [HFF) © TAHILER] LA
T, BRGXEMRITTHEHO LI K X SRR
=RIZT T EER DT,

#

ik % 5 KBRS MR I8 MR TV e PR LR S AR —
SRR REEE, MEmELFERLcELT
BHoBERLET,

and slow muscle. Nature; 214, 840, 1967.

8) Nachlas, M. M., Tsou, K. C., De Souza, E., Cheng,
C.S. & Seligman, A. M.: Cytochemical demon-
stration of succinic dehydrogenase by the use
of a new p-nitrophenyl substituted ditetrazole.
J. Histochem. Cytochem., 5, 420, 1957.

9) Ogata, T., Hondo, T., & Seito, T.: An electron
microscopic study on differences in the fine
structures of motorendplate in red, white and
intermediate muscle fibers of rat intercostal
muscle. A preliminary study. Acta Med. Oka-
yama, 21, 327, 1967.

10) #577 SRth © B AhR o 4 SRR I BuE T8
BT 3 HR GMRHEETE)

11) Seddon, H.J.: Three types of nerve injury.
Brain, 66, Part 4, 238, 1943.

12) PrRBEMEE : KA DR, BANR 2L, 9
1955.

13) =ARE B8/, ELE—: REFEOFHN, BA
SABFMES, 1, 1964,

14) MMYEHEE - FREAE, KR BHMEo
ShE T ERBRSMBHE L, 6, 1968,



X1
X 2

X3
X 4

X5

X6
B 7

X9

0F

410 :
11 :
12 :
[]13 :
14 :
415 :
HKEREERA%S rAOD SOL. BLAVEROHELRL T3S, X4000

X116

17 :
[18 :

RERRES KU BRBIARLREMA 231 BB OZELIC BT 2 M BT 559

Bt Bo%

AR RA AN
7y P ERTIRYE. EDL kv B RMsME, BBk, SUREOBSke S 1 s BaheRT

Sudan black B Huifq, X100

DERPRE. SOL kit 5 R, PRNGHMEOESLSHE A RT. Sudan black B Hufs, X100
P HREREH% 280 SOL. RAREREORE, Y oy FI Z7OBY, MO, B30k HsuEDs

WO bay Fy 7HAEMMERT. SDH Htn, X400

TAEERES%27H0 EDL. HABERTHB I P2V F ) 7O, rim-formation X H 25 (&H).

—HCEEO BN ERCEEO /NI HisRMELBD 5 (KHI) Sudan black B Jes, X400

HREERAEKRS 7 HD SOL. KIS KHPLLINE HERRLYED S, Sudan black B Futs, X400
I HEEREGKR1IE3 Y A0 SOL. BEYOHBERERBELR T, —BK b BMRERo Hsk

(RED) %3E®, ToBEr R0 (NY) NEET S, Sudan black B Fufs, X400

I HEERSKRI s AO EDL. A—HEOMS#O £ T5%, MWLM CRFRGH% D single fiber

type grouping BRI A RT (%H), Sudan black B Zufs, X100

:EDL XEMEXXLHA%K5 78D SOL. SOL Thacdrbbby, K2k B1F5 L5 CEbR

¥HMBE L, EDL OBR%EEET 5, Sudan black B Fefs, X100

M10~PJ18 REFHBHETE,

Z-line (Z) ; I-band (I); A-band (A): MM T b =~ ¥ ) 7 subsarcolemal-agregation of mito-
chondria (Mt1); BEERIR I } =~ F ¥ 7 blacelet-like mitochondria (Mt2) ; MHERERISER: b v F
Y 7 interfibrillar-chain of mitochondria (Mts) ; ffj/NiR{K sarcoplasmic reticulum (8); triad #:E (t);
junctional fold (j);

SOL kil a2 ER nAGmdg (R), PRBGERME (D. Sw. >1000

SOL kit s ER A R#E (R), PHESGEE (D. W6 X4000

EDL It % ER /s EffisRME (W), HElfFR. <4000

EDL wisi} 2 ER A Eafikst (W). HHSRE (. MBm. X4000

EDL XEMEXXREH%S5 7 HD SOL K- THbh i a iRk, BMiE. X4000

Bl14 2 R—BAROR 0, = 4500

X14, R15¢ FA—BACRT saMBR#cRT 3 X < BEL 2H/DRE. X35000
M1a~152 A —E A T 5 AGHR¥EE D junctionlafold @ B { BZE L MERIK. X 15000

A Cytological Study of the Effect of Reinnervation and
Cross-innervation on Rat Striated Muscle

By

Hiro HINO

Department of Surgery, Okayama University Medical School, Okayama, Japan
(Directer : Prof. S.Tanaka)

Summary

The changes of rat muscle fiber structure, fiber types and the distribution after . the

reunification of the nerve and cross-innervation between the nerve to M. soleus (SOL) and M.
extensor digitorum longus (EDL) were cytologically studied and the following results were

obtained ;
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(1) In cross-innervation experiments, changes of the fiber types occured, namely, the
white fibers distinctly appeared, in the SOL normally composed of the red and intermediate
fibers, as if the SOL converted to EDL which was ordinarily consisted of three types of
muscle fibers.

This result was ascertained by an electron-microscopic study, and the white fibers, found
in cross-innervated SOL, had the motor endplates and sarcoplasmic reticulum as in the original
white muscle fibers.

(2) 1In the reunification study of the nerve to SOL and EDL, the muscle fibers, fallen
in denervation-atrophy stage, were regenerated to almost normal in constructure.

The distribution of the muscle fibers, however, was changed; a tendency to be grouping
a single fiber type was noticed in the muscle fibers.

(8) These results suggested that the distribution of muscle fibers were greatly influenced
by the peripheral nerve control.
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