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                     (()b7n?7iunieai'ed by  T. 

'Y.A"aAMoTo>

     !'t has lo/ng kee,n ]sukown 'tht.vt, hy stimukatior,  of  whole  muscle,  a

 eon'traelii,om  (sl[i,ore<}mi,n,os) wave  i.s 'in;.ti?.ted /£x'em  tlie point･ e.ff stimula'tion

  and  is propagated  aEorig  
'the

 long'itu.dizial a/xfs o/e the rr}uscle (e.g., Beti:te
･･ Emdi' neappel 1923), But  in. sin.cr,l.e museie  fibres, several  invest2gations

  coneerne(i  with  thts 'pToblenm (A.sm'ussey! a;idi .ELindhaTd 1935, Browxx an.d

  Siehe]. 1936, Ota 1:)4{), Ka'f'ne,da a],id IKiukosk;a 1943, Matsumo'to  1945) hnve

  loeen mnde  b.z 'the pt,isJL' witk  somt.wha'li  censueti.2tg  yes'tmlts.  The geresent

  work  is coneer'ned  with  a  q'uza,ntitnti'i"e analysis  of  pz'opag'ated eentraetloxi

  in mx  isolathed sing･rle m'gsele  fibre.

                        JN(lghwER}//'gl/,/i iS.ND  IMIklTHOEj/

    Single rrauseke fib],'e was  i,solat,ed thnoin t,he bice.ps S'enit'}i'is ar]d  tribiz,lis anticus  of  the

  di.;rog (.regeizg"b o'aponieQ:) //}xor]ploying  the meehod  o:l Karriada a,ndi  Killosita (1943).
    A. diagrain of  the  experimental  arrr./-geinent  is shovsrn  in figLire 1. In e.t gla,ss vessel

  (PX) fi11ed with  zzinger`s solution  tl･ie mnsele  fibn., (1if) is coranected  a't one  tendon  with  a

  glass lrzeok (th, nud.  tt'he otl,].e'e Lefi,fi.or]. is eonnt:ei;ed  with  an  isotollic Eever U) threugh tt

  silk  fibre (S]. Tho  ip.,:.sclEe fi,bye ls stimulate･fl,  by a  bTeak i..ndiuction shock  through  a  ea-

  plllary electvede  (S- .AL£,T-AgCl-Rk.]ger i,ype; c,a,thode)  and  an  lnde'peadv,nt. eleetTede  (E2;

  a,node).  
'Unless

 ether"'ise,  s'tated,  i;he 
'tip

 af  {.he. capi'llary  ci}ectrede  (ca]ibre : 4C} rnierons)  is

  rilaced aboa,t/ 50 /ml{:rc,ns a'varay froni t'he sui'ft./.ee of  
'ihe

 muse.lc  ffbre n. ear  its ilxed end.

  
'Vhe

 lof,a.l movemer.g't  o £  the  eleinentx.ry  p:･i,vL's ef  the. muscle  fibre during contTaetion  is

  yeeox'ded  pho'tegraphicalls･ by the `Sgrantt{e

 method"  whie'it  is desctribed elsewhcr,e  (Kamada
  :nct  Kinosita  1963).
            t tt ttt tttt tt tt t  t-utt"rt..-

     1) . Aided by th,e (}'evernment,,Ll 
'Resear'e2''fi

 .lf.,"unct, for Scienee. ,
     tt
     

'
 11S
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   1'soto･nvlc lever. A.s ig sti･emrri im. figure l., a t,hin. steeE  wire  (tv) is stretched  holizontai.ly

u.nder  a  pro.pew a'mounst  of  te'nsion. A {]a]i'tiSeveT  macte  -of  a  thin glass capillary  (g) is
f.ixed ae  ri{,r,ht angles  aL, t/he uaidd!e  point, ot' w,  mnd  the triuse'ie  fi,bre is cennected  to the

ethexs en6  of  
-ihe

 glass lever through  a  si.air 
'.fibr...

 at  ttie ten,.don, whi.ch  is 'rriade as  sma,Ii  as

posslble. In expe'rime'nts,  unless  specially  fftated,  musei.e  fibre was  st/tyeteked  "nder  10

dynes e/f tension by windi,ng  the wire  (u;) ixx t･he diir'eetion of  arxeows  in the figuTe.
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        Wiig. 1. E)iagt"aiw t)ii the experr/vrie-tal  at,rrangernenL.

           C : {)ofide,risc,/e' lens.
           ,rci : ea//.pl,11ary e}e4/,in･ode.

           E,tin4tependent  ,?.leet'E'ode.  .
           pu. : IEg':ht illtm'd
           Rs:  vic.tee e)'. Iron.

           fi': glass hcol(.
           f: isolen'ic leve]' C/tt,: gla:ss cap2,lgat'y,  w:  :";ec?.], wiye).

           Pv: : i'rA(i"etorium.
           E,t, A)2 g,En3,,.
           if: musege  iTtTbre.

           P: pk.oboE/'raphie p. za,pev.
           S: silk fibre.
           ST, S2 : kig;h't sourc'c,'/.

           Sh-: sr".uttlez･,,

           Si : slif･,,

           T:  
"ben･sio'/n

 /1.e'veer Cm.: mt/.x'r,or)'.

           
'V':

 glass vesseX  fi1]e,di wi'th  R;:'nger"s soZutt/o/a.

   110uriLng con.tractions  i.exLs'ioth o;' the ]Mxts･elE, fibyo fis not;  kept  s'trietLly eonstn,nt.  This

riiay  be due (1) te ehe Inertia of t)･'te lever s:ystem  <dTD, C2) tt"} the meehaniezl  resistanee

(xtT2) of  Ring'er,'s sol.'m.tio･rE t;,/) the m,oving  
'temdon

 andl. <3> 
'to

 tbtt challge  {n torsl,Ion (af1',) of

'ebe
 seeek  "rir'e (2v)g by vhe  deffeetio': eS  tl･ze a]'m  (g>.
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           ?,ropa.ew,aticyn ot' v"ontractio'n  

'wn;'ave
 
'in

 Singie wrusele filbres ].21

   d7'i is ealcula{;ed  /trom  nngula/'  aecele/rEtttiorL  anci  merri･en'")f  inert,ia of  le-ver system.

dT,  may  be measurea  dl,reetly 
'with

 za micro-isometrie  lever by supperting  the tendon
/fragmeRt  

:m
 .Ringer's sot'utien  fiowing wlth  vai'ious  veloeities.  tiTs is caleulated  frem

the defieetion of  the 
'.ever

 (g) during conts"aeticn  and  the eoeMeient  of  to/tsion of  th(.i

wire  Civ). As a  result  of  the algebraieal  st,.intnatio'rk  o/f dTi, ziT2 and  .rfT3, {leviation  of

tension (rfT) is estimated  to be  within  =i,O.5  cl/y'ne durin.cr 
'//soto'n{ct

 twiteh.

   On  the otheT  h.and, ri:l" may  be  measuzed  djTeetlrtr in tthe following  way:  the rn'use]e

fib're is eenneetea  at  ilis ie',,ver end  wath  a  rr.tiero-isometrie  leve]r and  a+. the  othev  with

the isotonige. tever. As  a vesu'gt,  i't, was  realized  that the value  rf?' was  not  more  than
･
±e.5 dyne.
   

'ffrsm
 the resultfi ,)f Chese Cwo  kinds ol' deteT.yninat!ons, it may  by  said  that the

centraetion  (twitch) fs praetieally 
``isotonie''

 wit･,hin ii: 5 per cent  of  devintioR,

                            RE${JENS

   2"suopffgation Qf' coizS･raction  eves･ve,, t(Jo/a ¢y'ncti,o/va e'urves  of  th.e elemen-

'tarypnr"L's
 are  eonstr'ucted  ky mens[xring  t-lke t2me  change of  ea'eh  len.gth.

AR  exarxxple  ot' Zhe i"esults  is shown  i/tx plate-fig'u.z'e g. It wilj  be elear

                                                 xx
                                                 c)
                                                      eq)

   
--#

 V  (O･ .vaO  3t:> ti510 S<}

             
"$erltwms

 ere-: it"aj#L.k,.fi$mac;eNgess

   ?r/'le.r,. 2.1 (Y.onl,x'at.;.l.iofL eux･"vt.,f･g E]f  el･e/c=ent･ar.y pv.rr,ts of. t}ie
musel{., fihrn ]')lo'etecE /greTn ph,ot;Dgranh'le reeo:,'f.ls obl/ainedi froiti
ene  fibwe,

   blacls ebl'clef,i: the fi.L]re iFa stitnulat,ed  tinioug'A a  ca.g･,ilinry

elEc;t,r.ode  placed  t','C I''i. holl6w  e:,t'cles:  tl/,e fibre Is stm'mlated

tewough  ;.t ctapi,Hary  electrode  .[.ilkeea at; F'L,. sqllEi'e.ts' : the fibre
is stimz:1/tted  by trm'sverse  eurrc･nt  t}iroug'h a  paET of  Iarge
pavallel. c/･lec:tvodes.

   As i/he o:･'iginml poinL' oif the tl'a}e sc.ale  the mom £
･nt ef

beginning ef  tlontrac.ti,en  is ac",epte(L 13roke'n linsvs l',, ,;eg anci

L  indicaE/e the moiiAent  of  stimalt.'･,t,igii. E':i(teps musc].e.  Terr],p. ;

24.50C.

o
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'ehnt the eontraetiowt  ouyve.a.  of tl:,e elementary  paTtyt. ef] the fihTe look

almaost;  a]ike, mxd  the closer  to tlie cRthode  the pai't is, Ajhe earlier  its

eontraetioft  begins, 
'The

 same  re'iathlorr, is o'bseyved  when  the  pogition of

the elecero(le  is aZ{iered  as  k; shown  in figuve 2; namely,  a  eoiitraction

wave  is initiated fyom  tke  part Reaxest  Lhe eleetrede  and  is pyopagated

in both direction,s along  the lengt'h o'ff t'he fibre. Wherefore i't may  he

eoneludect  that the r}ropagaa;ed eon'tyaction  uiay  arise  at  any  point  ef

the  fihre, and  {,s ixot related  to some  g.pecial  stJructz'are  su.ch  as a  inotor

end  plate.

    [E7kke psopagatltwa veloeity  of 
"b'}ke

 contifae"iion  wave  ry)ny be (ieter-

gnkilied from the daffe･rence in Teaeti,ioxx time  oE  eae'i 
'pai[t/,

 lt is sl,owi]

that the wave  of oo]it;raetion  is ¢wa).asmitt]ed  with  an  aveurage  velo:ity

o£ a-v3 m/see,  (temp,: la"･--1.'70C); a  value  veeaw'ly idientieal wEth  the

data o'btain,ed  in t}],e sartori'us  m'useie  of  the  fro.if ieg (e. g.., ]'et.he andi

Ha,ppe] Z923). rlrhe latent period  o±
'

 
'tl.xe

 m'uscle  fibi"e,at the peint  of

stimulat:iowa is aboi;,t 5 milliseconds  (XO']-li･/170e).
    Th.e results  deser'ilhed above  indi(:ate thttt ifngsole  fibre responds  to the

single  shoek  wit'h  n  typieal 'twiteh jnsr as  dic}es a  whole  mausele.  Ineonsis-

teTkt results  have  lteen obta,ira,ed witl'e. regaTd  to the  i'egponse  o £ nn  exeised

musele  fibre (e.g., AsmusseiR and  I.j?',trdh.ard. 1935, B.fown aT,id. Sic'n.el :.936,

Ota X94e and  Mat;gumo'to IV.]45). Tkese are  probahly  
"catihodie

 short-

enings"  (Rarrisey and  $'tree't, 1938) or  mixedrespoiTtses  of  enthodie  sltort

ening  and  pro/pagated  eentractioz3.

    All-oen-nene p･}""bOnt".ipge in lwopa･gated  eon'e"'gction.  1}he ni'1-or-nene

prizmciple i/s fem'kdi. t() be va12d  irt t}ne ease  off propa.cr,ated responge.  In

a  few  cases,  v. iocal, smalE  ･/}on.tra¢ tgos:k,--no g.mail  t}i.n't S't is kaxv"dl,y de-

teelable ilrern 
'the p'h.e'to.ff.raphic reeord,,--ie's  cR)seTve,(l x)ea/if t;}y.e eleift'yode

vtThen  't'he st £n3.ulvLt.'lo'Ti inten.gity is i'ugsli below 'tb.e
 t:nxe.g･'held /'ft3.r propa-

gn'tedi ifegponve.  $ffeh ioea} gontrs.ctio,ts  h,nve alye{･Ldy  :te.ported  by many

/iysv'eseig'aeows  {E}.g., 1,Iashid?, 1929),
    flV'a･?f,sverse sti･'/,n?,s･.lut'Sion t,h･you.ggh a; 

'pai･r
 oj'7 gca･yge /pgcete electroctes.

Szipe-vmaxima] k:.CL'cte'IDEgn eurf,fent- :,s nx.)pliec'{ t;o 
'iJhe

 
'fi.b}fc

 tyk a  ¢ ransverse

diregtion th)rougl'/t ;- va,IT off La/{'ge 
'pla'i'e

 ele.."tfotffes  (,e"/tg,-,ALgCl 
i.'/y.pe)

 ]y.ithg

parallel  t,o ezaeh  ot}}.e'f'' a),id eo tl･ae lo/agikx.di./nal .`i,xi.N  o,£, tl/),e llhrre. ,A
[/represeuta'ti.ve

 result;  i::-" s'hoT,F･fn i/'s /figtt･re 2 (s".u.ares). :t w/iiE be elear

/gyom  ehe  figuye t?z,at aH  /pn,i,;'ts oE  t'he fihire heg2,yk to e]ontract  a]megt

sim'ultaneo'us}iy'. b'[oi'eover 
'lt

 i.s elgarly  s'imow'iz iitt th.e figui'e tha,t the

eolttrac'tion  curve  of  th.e elementnrl}r  part of  t"ne fib'fse Es quite ictentiea]

wketh.er  the contff:aei;ion  2g initiatecl fvom. t'hat pzariJ or  tite response  is

n eonct't[ei;edi 
'oxee.

 GIHh,ereffire it eminy' be eoitci.u.di,edi tkai; ti`eo/n'tsraetion

'waves
 are  pz"opagate(l witlioizt  deerem,e,m.t",,

･/./

"
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"1.k

           ?ropagfttion of  Cvktraet,ion 
'[ig'ave

 i.n Sin.[;'le biusc,la lgeib;.fts 126'

    Responses vs. es:mpgtea kmsief'g. Isovo2kie i'espoiise  is a.fialysed  in one

fihre wb,eve  ±h.e tenfi,iame sp. plied E.g, aleererk  il/ti t;lhe /foEiowing,r  "iay  : 3-.5-,

le--)te20-40--･2g--,-li.O-beg)"-"3 dyfies. ]/It i.s /ffound  tb.at･ eontra,etien.  is p!ropa-

gated without  de{remei)t ir}.deper･kden't;itM of irke 
'teiisien

 applied,  a,lth.ough

an  iiaerease ef  te'e'-zs'11ork. cause,s  sii de.ex'"ease b?, eontk'nc'Sicn  heig'ht ixx the

ei,ementary  pag't$ of  tt･l'te fih7,'se.

    Anodia.r s}'.i:wz･7,t.gut'tion. A. m.'u.gcle･ fib'fre 
'is

 stiyr}ulnte{i b),r a/t'T,. induc'tio.va

siioek  oE' th'ireshol･a st.rre-izgth thTouglk a ea/pilllary' elect;rod.e as anod,e  an.d

an  i!idependent e'eeicrode  ng  #Rt'hode,,  A  eentraetion  wa've  star'Ls from

the paift: of the £br/a near  t,he ay.Ledie, and  is propagatecl  along  the  whole

ftengiih ef t'ne fihre. 
fThe

 forin et' t,he eon't,raciiion  wave  is identical witlt

tbunt i,n the oase  of  eathoaa,l  stlmula,tiom.

    :7ii??ze change  ,i･rb Tes･ponse  qf' sczztscte .fZbi'Jes. A.scs t/'s mentioned  elsewhere

([rramasige Z94,7), 4he response  of singlie rmgscie  fihre to eleetT.:,car/. stim'tt･･

lation e'hanges  wsrl't'it the  aci,vanee  of  t-iine. Etris showra,  howevey,  that

tke (}'tsamage is !iot gcad'ttcft1, bu'e somaewha't)  n'brupt.  FoT n/n lt,our or two

after th,e iso2atioit ('}f tThe s.;ingle mu.sele  fibz"e, both 't'in' }res'hold  an,el form

ef  eoma'true#ion  Temain  n.eaTiy' eons'tanit  ff,ffhen, cxuite  suddeyftly,  the  thyesh-･

eldi sliows  an  alorxxl//,t ixxerea･se, and  tfi,t ehe sarme  tirne Slhe eon'Lraetiori

beeome$  leealized at  
't'n'

 e  pm't  of  the  ftbire emeaTest  the  ti.p of  the eapillary

electrodie,  andi  /n.(} ff)ropagai;ed  eoJ/tera(.rk'ion  (twi'tieh) is obtainable  evell.

with  ilnerease  iln. 
't;he,

 stimulatlitff  fi.ux'/rent. [Vhis 1,ocal eontraetion  resem-･

hles i}i appeama]iee  .i'Iashidia's  sni,!ill co/n'trg,etion xn.eit,tioned above.  Whe]'k
sueh  a  fibye is st'i,mniated  with  a  very  strox.ig elceetrieal  shocl{,  a  slow

eontfact･i//oR. oeeurs  ･as't the poi/fit of s't/1,mula,tiDft. i,Vhis contyaet2oxk  is not;

of  an  all･-oT-enone 
'type,

 andi  
'i;he

 res;poi}se  ojT each  loart gra,du.all}.T deereaseg

wi'th im,crease ian (,1,isk,a/nee .f)rom 
't'he

 poi]:.t of  s't{miilatiofx.

                    SVrv]1"TIARY A'ND {[)ON'(]LUSXOIgS

    lgotolt'ie eoittrac･'tion of  elerrie.v.i'tmTF,] pn,vts oi･a'. singie  frog n}use'Ee  fibre

was  ireeor(ied by' 'i;he "g"rantxle
 me.thocl"  of Kamada, axtd Kingsita (X943).

Isu eowisequenee,  rc'"Jze followi]ng res'ui,'iis wer'G  ob'Sainedi  :

    l,, 
i･W,hen

 a pa{'t of  
'tiJhe

 
'Mxi',tisele

 flbx'e is st;i,ynulatetM by a si,ngle

eleety':seali. shoek,  n, ecm'tz'actiti}ll wave  is k.]'iti!tted i'rorri tlh,e point of  $t':Tmu-

1{aeion, ap.d  is nvopag'atedi wE''th,pmit {See'trement  alona'  the entire  length oE
'ehe

 fiihre wi.th  a  x'e'loeity c/r" 1---･3 Tn/seij.

    2. 
Fl)he

 propag'ated  co:,itrae'tioza (･ewitah), c-bey,/,i ti,Le gli-ewo･-!,ione

prineiple.
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tt.

    3. With  /the.lapse of  
't;ime

 ufteir isola'tioJ//t, the m'usele  fibre under-

goes  a  $udden  eha･ns,e  ef  excie'abi.lity aitd'. x'espoxxsiv'eness.  fiIEhe all-or-

mone  primeiple be.comes invalid, ar'id f;he contracei"m  spreads  over  the

fibye wi £h. deerement.

   1]he a'u'theT' wishes  to expres[.L-  his tha'nks to D.v. I･I. I<iT]osita £or  Lhis gu;･(lanee a'nd

eneoura･gement  thi"oughout the prDeftt'ress of  thls worlt.
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                        Ex}IL･ ANATI(()N  OF  PLATE

   Figure A:  rcxarnple or" photog'raphic k'eeetrci 
'taken

 by the "gx'anule

 me'thod".  White
t.racsings in･dicate movemeMt  of  carm,ine  granules adheri/ng  on  the surface''of  the musele

fibre. Biuek  tracing  ii/ stimulation  signal.  Sit.e ef  eapilla,r.v  elect]rode  is shewn  oll  the
'geft-hand

 side  of  the flguTe. By  i/he scale  on  the  right-hallct  side  of  tb,e figure, the

distauces between gs7anules ean  he, measured  in an  ,absolute tinit. 
'Vertieal'

 lines shew

time  ini,]ervaes of  5 rr,illiseeends. The  lowest  line shows  ti,rne eourse  of stimulating

eurrept  re(torded  by  eleet/('omagnet;ie  eseillugr'avh  (break inauet/ien shoe'k).,

   Y'igure B: Contrai'ttien cuTves  ofelemeRtaiFy  pa'rts. Curve a.  b, e, d and  e TepTesent

tlle'respect!ve time ¢hnng,rei.; of tl,e lengthL,, r,,,b, c, d' and  e i/.sc.i figure A. II]ltLe original

point of  t/ime scale  indleates the  b...,gitming o.f sbimutwt,i,on.  Frox  biee,ps rx}it' seie. Temp.:

1.1..U."C. 
' ･
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