612.741.9

FHBoOBESLLEE L OMBEK
BE 3 % #l # % 09 B %

£ 1 &
BREHIRRAE D BREDML & #8315 L O HESHECBIT S BT

PULKFERFISE 1 ABEE (al : MPEZBEE)
€ B E X

(REFI3445 f 2 B &ZH/4)

BlE &

B OESRFERC EBBAE (static and dyn-
amic function) |LEBBEROIETEEBVTK
HHRBOBBHCLVEFTENDISDTHD. EE
XECRICIE < D S HEE I R USSR RO IR
KEHEN, £BFMIE static R kinetic sy-
stem (Hunt!’ 1920), small and large motor sy-
stem (Kuffler® 1947) RO BJT, y-and a-system
(Granit® 1955)) FDEIERBIEISN T 3.
FRCKIE L CERRMC D, ARMRCERFRELE
i RICT D HRMEOS L C fast (phasic) RUF sl-
ow (tonic) XHEEZ HiHT 5 &3¢ Ranvierd
(1873) DRAMSN T B . EOHRMGENMELO it
6 static K {F dynamic O T oK%
{OWEDBH DD, BRADFLVEF LR X E R
U, BICHERERITEENA T, FEMICTiBES L
& RMEO#ELE & OB E BRL AR
VIR HRRE & R DAL SR MEOBREME L B
EOHEEEDOMEE TR,

B2® X 3

BWOBERICLY, -G TcLARNEHRAE
RICTBHHBHFET 52 &3 Wohlfart® 2 X 3 &,
16784 Lorenzini® 2350k LT 5.

Lankester™ |I7Re@FABMINEEIT DHC EH
ThaCEaEEL -5, Ranvier (18734 ,18745°)
VRPN B & HiAEE VBRI T 5 2 L 2 FEH
L, #Fi(slow muscle) RUFEM (rapid muscle)
KB 7.

T, HRHEROTMBENZER & HHiE c O
BIDKRD > LEADHEABRALN TS,

il ]

Sarkoplasma reich u. Sa;koplasma arm Fa-
sern (Griitzner,? Knoll1® ),

light and dark, plasmic and aplasmic, opa-
que and clear fiber (Bell,11> Bullard,12 Denny-
Brownld ),

helle u. triibe Fasern (Schafferi4 ).

Fasern mit Fibrillenfelderung u. Fasern mit
Sidulchenfelderung (Schafferit ).

Fasern mit Fibrillenstruktur u. Fasern mit
Felderstruktur (Kriigerls 16 68 69 70),

Schmale u. dicke Fasern (Wohefart) 17),

hyperchrysophilous, achrysophilous and hy-
pochrysophilous fiber (Careyl® ).

Lipoid reich u. lipoid arm Fasern (Orthma-
nnl ),

Halte u. Bewegungsmuskel (Bozler2® ).

tetanic (rapidly contracting) and tonic (ho-
1ding) muscle (Prosser2l ).

7o, FHCEAFCHLEGEMRI %L (Arlo-
ing and Lavocat®® ). EMiMERF MK EE RS
EVBHONCENTIE  (Stoel,2®  Watzka, 2+
Bosiger,2® Smith and Giovacchini2$ ),

F7=, Acetylcholiniz %3 3 KD & 1) Tonus-
u. nicht tonische Muskeln (Sommerkamp,2?
Wachholder?® ) o, FICHHE ACR T
DRIEDE DN THEHENT 3. (Duke and
Elder2® Brown and Harvey,2® Paton and Za-

imis,3L Past,32) Graefe3® ),

ETREHC BN S iR (Hay,* Fulton,3

Bottazzi,3¢) Denny-Brown,3” Cooper and Eccl-

es,38) r‘ﬁ]_]:BD)) b:%y);b@, E%4o) («i*ﬂmi}&j]
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(initial tension) X #f¥f2E/7 (maintenance ten-
sion) & =W L. FiBM#E (Levin and
Wyman,*D Boucheart4 )X TH, 7855 2 3EH
OHFEVNEEEN, HERTD slow RU rapid
component (Goldon and Philip4® ), tonic K
kinetic motor unit (B4 ) +HHFEIN T 5.

B, ® 1yoglobin F{f cytochrom ¢
Hd2EH ., _.. -2 (Hawrowitz and Hardin
160, FMMRELRIEN O BER BB SHrICENE
(Bonhoffer,4¢> Battelli and Stern,1? Millikan,
48 Kitiyakara and Harman,? Harman and
Osbornet® ). F 7= {MILFHNC b HRHH & BEGTRAE S
ORI ERIEBRER L <)L OBEREVTREN (Pad-
ykula,61) Thiman and Padykula,52) Nachmias
and Padykula®® ), BRI glycogen RU
phosphorylase %% < GEBE « BXRESY ), FREIMRHE
BT HEEASEELE TCAMEKIC X 2T
WE RS, ATREOREC X 2BRENI LY
—HE e meN TR, KHECTH 2TEIHASD
&N,

OB & ¥aE & OHEBAM O EILESE, ETERME
BORZEZIDESOICHF RIS 2. 22 Tid
Edwards, Ruska, de Sauza Santos and Vallejo-
Freiret5 ; Howatson5% ;Huxley and Taylor,>7
FILs® L OWHAH 5. Edwards and Ruskas®
I3 Ed < high frequency flight muscle 2 low
frequency leg muscle * DRICEIT D HIRREAVRE
EOHEELEBL 5.

B3IE X R H &

g KDY

EEZRARCIER, B K, B BUERCIKER),
FE, ELVEY M T97, BRUBSEERHL &
2%, FELTHREREBL .

®2E FiHE

ERCBOTHERHEDZ ZEOVTOREDH
W, RO 2 HEIC XD CTHX AR E RIS 7= SRR
BLOEHCONTREL &.

A. BXECHRERBER : Bk (2.5—3kg) &E
A Dial (0.5ml/kg) EEEPEAI X D HREELD,
1 USRI CHEER & $ ¥ T 2 MERTXEME (BF
W) EFEHL, REMREK D 37°C RO EERE
WEEALCHRML =%, BT EPHEE (isolated
out put stimulator) THRH30TMDIFARK TELRK
EEEMECS 2, S EESEODmMELDN10%

FU<) REREEALCEER WRTETRL
7z.
B. TXECHREYIBRTFMN ¢ BUROD 1 (IRE CHERS
EXETIREMEELHZHL, HICAITMIDBCE
B0 LTI L MEREOBE L FHT DK
lem YJRLZHK, WomaH®l = FMHK3H, 7
B, 158, 484, 8ABMBICEEELYD, WEH%:
TR L, MEMRIEEINCHREREL =

H3EH ERCFHRUEGFOREERE

PIBR L = EERIC X DB E B 72 DICKE
PICABRERCEELTH IRHHEEL, HORE
HOMEL LAEDD, BEX5mmOi/MUc L CEE
WS U, RERE—BECY T FFHERET R
&L, ROTEOHETEREFHL .

1. HEGFOZE (2B5p) FEEFICHREL=.
2. sudan black B 3 {#FH L ~lEHE%E (Lison
6v: 3T ¢f Chiffelle et Puttél gk) : Lison60® |
& % &, Lison B3 E % & < >, Chiffelle et
Putt 3|3 mitochondria (AT Mt »28%5233)
EILSEHHETEDNTNZDT, KB TIEAS
BERC 2. R, BEBRCHALTY L 2ERTIE
B E A EH 3 52 DT (Mladenoric and Lieb8 ).
BEHRCIT TN Y Y « AN LIR (Baker &%
#FRL-.

3. &« RESXIE®

4. Bielschowsky §¥fRJufu o
5. Loewit }{BIC L 2HS YD
6. mitochondria s+ : Er o LKLY Y

EE, Heidenhain g~ 3 1) L Yufa
7. ~NTbF Yy exH T s Jf@mod

B4E BERABHAR

A, FEREEKIC X D HBRHEDOX .

1) BEBEE : FE< &0 2 MO Tt (dark fib-
er) (B AXDKOHRME light fiber) &8
A5N5 (FE1).

2) BEW#E : sudan BRICIPFIHME T
ERERZSKOHHERTFEED 3 BE O RHED
AVEDTAHASNS (FE2).4MPK T blakkic 3
BEHOHMHRELTDOEN S (FIL3). 525> EEHD
Z &< phasic RINMEEECHTIT BHREDHL
HESPICHBHRHEL D K25, tonic RUNHEE
BTESRICTEOS TSRS HREHRAED T K DD
H»? (FHRA)BHEAKTIBERC. IS ETZd0D
W 5 HRERRAE (dark fiber) |C I3 MBDIEETRIHTE
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WLT 3208, L3 EMERiE (light fiber) 2!
BROSIEF ISV (BE4). ZOBEKE Mt 2Bl
. ) % sarcosome T (Bell,11> Bullard,12-
Denny-Brown,13 Perry,55° Nachmias and Pady-
kulad3: ), BRI HAND 2EEBEREND. K
REECII AR/ NERID TEM L T 505, BRI
GNERSBEL T3 (BHS )WY CERE
BAEIC T B EPIC KW L2k (sarcosome) T
R ERBCRBOSN DS, BHHRHETILE LB
1HEHND (BFR6).COREBRII DA IHDE
R HET S &S (Dempsey, Wislocki and
Singer,56’ Baker6™ ),

ERMEC IR E B TR S 8O BIRRMED T
LTWpp 5 Punktierung (Kriigerls 1668 -
) &#RL, ZORRY»SAMMRME (light fiber)J
Uit (dark fiber) (3 Kriiger Qi3 Fibr-
illenstruktur K {F Felderstruktur DfgfficHY
T5BDEEZOND (FET).

iRk B O AERE 2D &, LWTNOHRMED
M RDZ e LICRICHEL, Garven™ DI
LAaBRFR, TROLHREDOTIRI L K DOTHR
CHE LTV SFRERDONRH» D (FHES).

FER S ClIAFRAERIIC KRS Q=D FEH TIE RV,
SBOBRMNS AN (BRI LH, RET 3K
DN TCHBMEROEDFICLDTL 3.

3) & RESERE : BENOBRKR S 2R3 Mt
PERRCEEE R T O T, MR 3 BOHRMES KB
ans (FH10).

4) Bielschowsky JESRY (L E: : SRRIT & FRRIC 3
BEOFHRHEI RO ON 5.

5) Leewlit gi&He : HimMMcEARH SN,
IR DSBS B

6) Mitochondrla Zift: : FREGIRMEIE Mt EEHS
BNEDICERRET S (FHID.

EFBRHEORSDEIADH TIIERTIT & W 5

(BHID). TSBHC LI LER/CRD, & 8%
Tl HRBHRAESER I (FHI13, 15).

B. GO : BHOBEIC LY, TR~
THAMI—H TR ADFHTIIHNCEICRET
% ¥ (BFHI12), TEH®BHREFGHRNO—RMICHERET D
i E#HE (FH14, 15), I CTISHPOMRUHR
I AREGRRME DS < AL T D AEFAC tonic
SHEREER B OMD L T A (Hay,?4 Denny-Brown
18I KIS D5 IRFHRME CTPT 4 [ AR AESERAE T D
» (FHKI16), phasic X IR #HEZTHEHCIIE

Rz 2 AT S (FEID.RICEDHHRY Tl
REMCHRTRESEEL (FH4),. BB CldHR
DRIPAMNFRGRIEL DR D, BLTEIBEDOKRN
BSRMEDEL T 5 (FHIG).

KROTHO#REE, (FEHL, 3) #If, (FE
4), KBES (BFE 2) £TEHRE#RIED sarcoso-
me HEISATHRKE 3 WOHFMRIRDH SN 75,
HED, RED (FHE19), BEH% Tt sarcosome
HEDEOPHBGRHRMAELS . BRBHTCIIEHR
MBS <, HRBSREIPR Y HZS5ND (FHIB).
B K < e HSCsm L TN TE K
FRIBRMEI2, 2, 1ORTHHALTS. BEHT
I ELREYIE LT T, /Al (peripberal part)
MO FREGRMESTEL (FH20), S0 (axial
part) I KOEGRENZUOTV 3 (BE2D).

C. XECHZEUINTE, : UM% 3 BALE TIIIERHAT
REREPROD, 1BERICIE RO BHRE R
WX D BRI 2D, AfRMEDESHEICiEER
F5L5CRD, 2:BMBICIIFRPBRED i E B R

(sarcosome) A4 U CHBRMEBM DX B0 &I

<RD, 4 BRECEBICER/IFHCL D KSBHD
T3 (5H22).

D. XECFHERIBE © FRURAECHEETRO AR 5
HOoNd (FH23) 335, AFRHECIE Meneely™

(1939) 25D PEREAHICFED /= tetanizing DEKLER

KHMTIFRAERD D (BHE24).

BHE MEXICER

Bl TR B T EERNERTH D
%%, Bottazzi®® |3EFFRHEISERH RIEDHETF T
59, BME»ENEXFFT 3 (intrinsic support)
BDEEZ, HIED2THEBAL. 20%, HIK
RAE DM R IR E# (Kolliker,"® Holmgren,
70 Heidenhain,7®> Higgqvist, 7> Buchthal and
Lindhard,"™ ZE"® ) T/ b energy utilizing
mashine <TH), HHEGHEKRBOBT Kb b
energy providing mashine ¢ 2% & & 23805 A
SN WHEZOHRFEHIT actomyosin-filame-
ot J0DEYD, BETEZATPOI RNV E-CIHEL
080, HERTO@E THRTE DL LSRR
KXFINTHS. ATP pBEfHffcss o &
Szent-Gydrgyi®® (1953) 2#gH L =48, BIGwmiE
i actomyosin HEEDZEY HFET 2 L 5REX
B Lets D CHiMRESMEDOBRIR IR FET
5BDELEXSNS.
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FREOBRR S Mt RUREHELFEN DR
BThdo2ITTi@snNTI 3, sudan B3
KHE 503 Mt OBIEE & rBIRE Ok TH
3. Mt 3 TCARKOELL, BFERRUBRLHR
LD 3 #tex b, MAFPRICBIS I 24 DBERS
2% multienzym-system %41 T Mt &N,
ATP#%4#EL T3 (Schneider;81 Hogeboom,
82 Schneider and Striebich;8% Greens® ). L
725D T myoglobin & & HICHRMEMDERILEEHE
LT3 Mt 25 BICESH T D HRRIEIESE
FEEGEIUEE B ENTERDTHD. A5
B IR B E T (Schiefferdecker,s®
Fiirlingers® ), ATP JSEEAEGSRICI S T 5B%
#% (creatine phospherase, myokinase &) RU
Energiespeicher TH3 & ZHDHFHBWTIIZ L
TF 3, EFESY TR T IVF= UBEBNS<E
F 1 (Weber and Portzehl, 87 Kriigerl® ), 545
B4 phasic ZIBCL BRI RINFE 2861 T
V3. creatine phospherase }{f myokinase |I
JisE, Lorands® R rf Bendalls® |Z & v) s RF

ERTZ EbEHEN, REONREERERT Sa-
rkoplasmatisches Retikulum $ B fffR#Ec L < &

ZL T3 (Kriigers und Gianther™® ). 4>
TESREIENCIHEL, RFGRMEIATP RUH
BRTERTEERANZ LD, BILBERERICID
FieacATP &4, tonic QI HEAH, ik
LIEKWHDEEABND.

AR RN HFET DREDth oINS fat
body (Howatson®® ), fat inclusion (Maximow
and Bloom?® ) O4AEBEMERIC OV TITHE S
NT39, Mt OBEBRRICL DBIESNTRE
BHEOT AN F—RCRDZDDEEAOND. FTR
MITEH- I VELCIBYEYERELTCIILF
—-FE LTHIAT 25, BffR#E glycogen RU
phosphorylase %% %< &%, WAL DE
B I RNFE—EBEL TS HEP ICEF T
5.

HEALEMNC A D &, BERERCIEE LTEFIN
RBEBATNBERASN T D2, TNIARE
B DS BB & RTRIES BT L T2 LF
A6N5.

Gisinic SEOHRMENFET 5 & &\ Gridtzner,
®» Knoll,1® Schaffer,1¥ Bell,11 Bullard®
Cilimbaris,?> Denny-Brown,18 Wohlfart,»
Carey,1® Nachmias and Padykula®® Esigi

LAt ZATHD, e ORI OLTEIERL
TRV, #E3¥, 5 Tonus |I contractile tonus
& plastic tonus (Pieron,®® Langelaan®®),
reflektorische Tonus, celluldrer Tonus (Sch-

aefer®® ) S-S X T, FHERHEDs plastic tonus
Bf5fiEss contractile tonus ZHETEHDEE
Z6NT . EHETCEADOHTHRELELER
M NEE 22 L, contractile tonus 2 WEE T 58

(FIAVIHERRIR, KERIUSARGSE) CTIRATRMED sa-
rcosome FHEAEL, PEIC 3 WHOMRMEE X
THCEHTEDDN. EBDIFEE LT isotonic
BINFEE T D BCISHAMMED sarcosome FEDH
K<, FHBRHESSL. ik phasic KR DD
PUBE ARV 1 AR DS B o8, RIEIRE S 2078 0
BUT3. INSOMRXD, FFHRHEDS contra-
ctile tonus (neurogener Tonus od. spezifischer
Tonus) |z, SHIEBGHEL: plastic tonus (cellul-
arer Tonus, autogener Tonus od. unspezifischer
Tonus) [CBE& L, BFifkKEH: phasic LINHEEH
BHDEEZDIRETHAS ,

DECERHREDOKRE LHHREE OBRIZ D20 T
1%, Patzelt,°®> Stohr,®> Maximow and Bloom
00 ZINEMNEBERITHTIRMES AL, BER
BEEE SO TIIMNC LS N, Z-RUiRE
PR H<, BFRERRNEWLHN TS (Ran-
vier+ ) 25, AR TIE tonic L i#sgEx $H, cont
ractile tonus QK E WV ERICIVEBOH ClIRTR
e LAEBRiEL D K (FH4) 285, MEHO
& 97 7% phasic [UE%E L THCIAMBRMED KL
(FH14).

R IR ORI DL TIE, T TicAébych,
9" Haggqvist,7® Heidermann®® 2 IINZHFEO
BRERLAED, BUREMCIBROERYFETD
CERBEZTEDRIREINTOHAEL. AEENC
id Rolletom (1892) sl iisAE A58 C & &
L7, &, BRRY Hakanssonl00 i ik
B & ARICHIRMEC DA S L RBOGEEE 2 LA
DL ETLED, KR K ) RETRT BRI
DOIFEERRICEERENH D Z &b Dk, 20
& O W HEERIBIC IR U THRIARAEC O RIRAGIRH5ER D
SNIERPSE AT, MMOFHRKMEE NEOER)/ 4
U/ OXERERTTCTNDIEBELONS.

BOE #5 i
AR U & BB O 5 DO BMFN ROERILF
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RABK & ) BHRMEOBIESML & #iE & OHEBEMIC
SNTHEL, KOERE X

1) BRERE, RRIC, SR, EeReRTFI
Iy KU YHRET sarcosome (Mt RUFERAE) O
SLE IV REHORR 2 3BHOTREDOHFEELR
B, FriG#EHE (sarcosome rich fiber !t dark
fiber), (it (sarcosome poor fiber =3 lig-
ht fiber) RUSHERIGEME (intermediate fiber) |
SEL.

2) RO RS IR AR RTRES D
HARNTNE D, ERICIHL tonic RINHEE R T
T3, TLUAKRHREDOH RN BDODHB.

3) CORSDEIRRBCITEBTRY. 7=, A
TEHENEBRCVBTEMYISENAREEZAD
2.

4) FRMENOREIIRFRECEE CHEEL, B
B Z L <, RTBRHECIIRNOBERIDTRL T
W3, BFRMEICIIIEREREICH 2D IR EOR
WNBRPHEL CHD T ERL.

5) NS 3BWOHRMBEIIATIENCECIREL
T3H, TEBMHCLIEEHHNO—BICHET D
R 3.

6) tonic RINHiE R T T A TIIRBE HHAG
WHETH D2, phasic LIUfE L THEHCIEH
BHECEATL 3.
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Histological Studies on Correlation Between Function
and Structure of Skeletal Muscle

Part 1. Histological studies on correlation between function
and structure of striated muscle fiber.

By
Masami KONDO

1st Department of Surgery, Okayama University Medical School
(Director : Prof. D. Jinnai M. D.)

1) Every skeletal muscle contains three types of muscle fiber according to the content
of sarcosome (mitochondria and fat body) in sarcoplasm which is the site of metabolism in
the muscle fiber. In this study, these three types of fiber are classified as follows; sarcosome
rich (red or dark), sarcosome poor (pale or light) and intermediate fiber.

In general, sarcosome rich (red) fiber is thinner than the others, but that contained in
functionally tonic proximal muscles of the extremity is thicker than the pale.

The histological and histochemical differences among these three types of fibers are
markedly seen in the lower animals than in the higher ones.

2) Extrinsic ocular muscles consist of three types of fiber with characteristic distribu-
tion. In the peripheral part of the muscle they are crowded with thin red fibers, but in the
axial part the three types of fiber intermingle.

3) Red fibers in muscles with vigorous contractile power and also which take part in
postural function have higher sarcosome density than the others. But muscles taking part
in isotonic contraction and plastic tonus contain numerous intermediate fibers. Extremity mu-
scles with phasic function have numerous sarcosome poor (pale) and a few intermediate
and red fibers.

Considering these findings, it seems that the three functions of the muscle are taken
partial charge by the three types of fiber. That is, contractile tonus to sarcosome rich (red),
phasic contraction to sarcosome poor (pale) and plastic tonus to intermediate fiber.

4) Each muscle fiber of these three types differs in their microscopic picture of contrac-
tion by indirect electrical stimulation to the muscle. Contraction knots are seen only in the
red fibers and tetanizing picture in the pale ones.

5) Denérvated muscle atrophy appears more early in the pale fibers than in the red.
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