
The Zoological Society of Japan

NII-Electronic Library Service

The  ZoologicalSociety  ofJapan

'

ANNOTATiONES  ZOOLOGgCAE  JAPONENSES

        Volume  24, No. 1-December  1950

         wwwwmFm  nvumwm,"pt,,,pmmm

Published by  the Zoologieal Society o £  Japan

  Zoological Institute, Tokyo  VnivevBity

Axon-axon Transmissgon of  Nerve Irnpugse$, as  Testedi

  by Motor Axons okny the Cheliped of  the Crayfish:i:'

..-･t

,m･

                     ""itlv 2  7iext:figwres and  Piate f

                        Hirosi NAGAHAMA

           ZOologi･cat fustittate, thczalty of Seienee, 7'gkyo Ur.ive'nsity

                    (Co,n,71zwnicaSecl by T. YA,rvIAMoTe)

    1. A  eonsiderable  n･u/mber  of  investigations hag. been aee'umulatedi,
in whieh  aetion  potentials ovr nerve  fibers a.eeompanyii･ig  tbe conduetlon

ef  impulses nre  proved  #o exert  seme  infi'uenee on  adj"aeen.t  fibers runf)iri.tr
in sueseierit  pffoximity, 

'andi,
 ii'i some  experirnent･g,  direet transmissioy+tr

of' imPulses beti"een tbe j'uxtaposed' axons  has baen dernonstrated.
Jasper and  Mennier ('.38) first sueceeded  in ebtRining  transmission  of

excitation  aerogs  a  eontact  region  of  two  neT,"ve 
'bumdles,

 whielt  were

disseeted eut  of  the nerve  trunk  of  the erustaeea,tz  limb' and  pla'ced in
eonicaet  i" the  form  of  a T. Sueh  a mutually  exeita'tory  effeee  be,t"reen
adjaeen't'  fibers is probably  zzot  the ease  in the 2,}erve tyuiik in' vizro,

beea,'use ef  ehe  relatively  large insulating effee't of  tlieiT sheatla.  (I'n
faet, sueh  a transmission of  impulses f'rom axoLn  to axo/n  would  fai] to
aeco'ut.ng  f- er  the defui･ite patinways  shown  to be  independefytly activated.)

Tinus, Rose].u,blueth ('41) worked  out  the fae't tihat imp'ttlses travelling a?,i
a 

ocr.
 :ro':ip ol fibers iii eat  phrek,.i-ic n.erve  se't up  rtew  imp'fx]ses I,/'it nLeighbo/e.  i".g'

fibers ,",'t tl･ie point where  thei.r exei'tability  had 

Mbee.it
 erthaneed  locally'

by mean･s  of  elec'trotonus.  C)n t'he othe:,"  l,i-fl..y.Adi,, Arvanitaki ('40, 
'42)

aehievedi  ar?, exper'imenta:,  axoll-zxo//1  juL,z,eeion be't;weeli two  giall.t, axo ±
'1,S

of  Sepia apt"aRged  i]i eon'tact  wit]a  oi.ie anoei/J.ei7 fo:･" a s15,oz'"t distan,.ee at

their tersniixatioxs.s. Iii sueh  a  preparation,  U tlrG nyoJittaet  yegion  had

   *) [I]Ele pi esent  research  was  ･aided by t.he Governmental  R･eseareh Fund  for Seieneeb
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30 HIRoSl  NAGAHAMA

been previously  treated with  Na-eitrate, it was  found' th.at aetion  eurrents

of  ene  axon  aeted  ns  iiminal s'eimuli  to t/he otre,er.

    Conditions fer analysis  may  be mue'h  more  favcrable wit'it an  axon

to axon  preparation sueh  as  Arvani'taki's, ttnd,  if possi"ble, wi･th  the

transmissiozn surfaces  of  nat'ural  eontaet,  so  as  to exclude  maz,iy  unkv.vawn

eoiiditiofls  sueh  as  i"tumber  of  aetive  fibers, elemeLats  infius/,eeed, posi'Lioix
and  eo/ndition  ef  the  eontacL:  surfaces,  amount  of  slhuntl,t'ig, etc.  [I]he

present inve-qti.cratf.on is eoncerned  with  this soTt  of  a,xoii-nxove  
'tra.m,smig-

sion  of  nerve  impulses.

 
'
 2. Motor axons  innerVating the  ela,w-addacter  of  the ehelip.ed  of

the crayfish,  Ca･･mbaras clatrkii,  were  used.  The  adctuetor  nn'uscle  is
'b.mervated

 by only  t'i .ree efferemt  axons,  one  of  whieh  is the inhi･hiteryl

axon  cornmon  with  the extensor  of  the prepodite  and  tlne otLkuer tvvTo

are  
'the

 inotor  axon,s  of  its own,  respectively  referred  tQ n.s 
'the

 
`slow'

and  
`fast'

 axom  (HarTeveld and  Wiersma, 
'36,

 
'37.

 ; Wiersma  and  Har-

reveld,  
'38,

 
'39).

 As was  done by the autlior  for the Japanese  glant
erab,  ifae･}"ocheira kaemw'e7"･g (Nagahama, '41),

 their topog-raphieal Teiatio:,i

in real  appearance  may  be indieated by  a`llerve-map"as  shown  im the

aecompanyi.ng  plate figure. [ll]hey are  easily  receg/nizable  by their larger

size  (more than  20pa in diametezb in tliie meropodlte  region)  in ecmparison
with  the other  soi"ts  of  nerve  fibers (less tha:･i 10pa), a'nd  by their diefinite
co'urse  in the nerve  trunk, Moreover,  

'they
 eai'i be distingui･$hed fro]yk

eaeh  other  by their relative  sizes ; viz.  
'the

 fast axoll of greatest  dSameter

(5e-90pt running  elose  togetheif with  the siow  axen  of  rnedium  size

<35--50p) ln a  nerve  bnndle B2.-1-b-Ad (ef. nerve-map),i'and  the 2nhibitery
axon  of  least diarneter (20A.30pa) whieh  eemes  ou,t  at  t:ne 

'middle
 region

ef  the earpopodite  from the bundle  B,--u-Ab to join the rrtotor  axen,s

at  the entrance  of  the .pTepodite.

    The  two  motor  axons  are  distinguished physt7ologieal]y from  6ixe

another  as  follows. To  a si.ngle imp'alse of  the fast axon  t'be m'usele

respoiids  with  a  single  twiteh,  though  in i'sot a eompletely  fres'h. prepara-
tion ai.' least two  impulses suitably  sp, aeed  are  :･"equired  to evoke  eon-

t.veaetion athd  in this ease  tlhe eharacteristies  of  eosctiTa･va･ t/ion de,pend op, tlite

nuTnber  and  freq'aeney of  the  i'mp'ul.ses, while  no  visible  ¢ oneracti･on  is
obea,iried  oi,'i a, single  imp'alse iit the slow  axon,  a  traktpu. o £, nerve  

'En/rp'ulses

?,t suitable  katervals being  required  for a visible  eo"trae'.'ioax･.

   
''The

 cheliped  was  eut･eff  at  the natural  poiAt ei" fTactuve,. A'ftew
exposing  the nerve  t.runk ge'u]miin.cr in 'the meyopodite  and  earpopadite

by remov'ing  the halves of the sh' ell of t'hose segtnents  toge'ther itt'itlts

the uaicterlying  extensor  musel･es,  trae shell  o", the opposite  sieles was

removed,  toge't"nei" wit'h  the ffexor mustles,  under  a  bi'noeular mieroseope.

?.
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                Axon-axon  Transmission o £ Nerve  Impu!ses  31

Care was'tal<en  to leave ehe nerve  trunk  intaet, tinzzs providing  R nerve

pxeparation extending  over  the full length (2--3em) of  
'L'he

 meropodite

and  eavepopodite  and  conneeted  with  the tissues in the propedite.  Fu].'ther

preparRtion  with.  the aid  of  the･nerve-map  will  be referred  
'to

 in 'the

following paragraphs. During and  after  pTeparation 
'the

 llevere was

preven-ted from  excessive  styetehing  and  kept  immersed  in Hazreveid's

solution  except  for t] e  interval d'uring which  stimulation  was  applied

to it.                                 '

    [l]he tendon  Qf  the abd'uceor  was  eut  and  the tip of  the daetygppodite
was  conneeted  with  an  isotoni¢  lever, by mea,ns  of  w"taieh the meehano-

gram  af  the adductor  was  registered  as  usuai.. Ind'aation s'hoeks  with

the make  shoeks  eaiieelled,  or repetitive  shecks  of  direct eurrent  ef

short  duration were  applied  to the zierve  through  Ag-AgCi  eEeotvodes

covered  wEth  cotton  thread  mois･tened  with  Ha?reveld's soi'ution.  [I]he

stimulatien  intensity was  Tegulated  by a  potentiometrie  deviee (un]ess
otherwise  stated,  kept low so  as  to obtain  a single  impulse on  each

stimulus  and  yet to avoid  repetitive  diseharges).

    Experiments  were  done at  room  temperatures between 15 ai.i-d 200C.

    3. Exeept for the nerve  b'andle eontaining  two  motor  s,xeits in

question  (BL"-f-･b in the newe-map),  all bundles were  e'ut  at  the eiitranee

of  t'he propodite  and  weife  earefully  seperat'ed  from  each  ot"o.er over

the full lengt'k, Ieaving only  a small.  porntion io. roximai  to the eut  point

(2N5 mam)  in naturai  contaet.  After cutting  all huwiIes at  the piroximal

ends  of  the meropodite  region,  the buiidle reaehing  the adduetoifi  and

ene  er  more  of  the other  bundles were  seper2rkely  hung  orz･ glass hobl[s
wit'h  threads ligating the proximal  ei]ds.  When  repetitive  shoe//'[s were

applied  near  the  preximal  ends  of b'undles t"nus severed  frern the musele,

stimulation  thus  applied  never  gave  
'fise

 to respofi.se  of  t}],e m'uscle,

irrespeetive of  its intensit:y and  frequency, no  matter  whieh  condition.s

shown  in the following payagraph  were  takeri. Irhetefore it may  be
said. t"flat Jas,per and  Moiiniey's artifici･al synapse  as  pre{f:o'asly eit･ed  is
not  realizable  fin 'the

 present ease.

    4. Retainin.cr, th',e bundle containing  two  mQtozm  axoms  for tr".e ad-

d'ttc'ter, all the b'vandies of  the j.}ewe  preparation  we･ture rerna;re(X  ?,yid then
'the

 fast aitd  slow  axonswere  ¢ omp]eeeTy  sepasc'a,ted over  the fll11 Eengt'h,
leaving only  a small  portion (2N5 mm)  near  the entrai'mee  ef  

't'i
 e  prepodite.

After euttiftxwor. the fast axe:,i at  
'the

 e'ntraence  of  the prododiee, t'he tt"Jo  axeits

"Tez"e  ,aj.eparately  i'rLung ofk gla,ss. I.i.ooks wit/h. threads  l,igating th.e 'proximal

enas.  itepetitive shoeks  were  th,e:,'i applied  te the fase axon  anear  t,lte

prcximal  end  for s'uitaiple  periods (Fig. 1).
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32 . Hmost  NAGAHAMA.

    Il]he re$ults  obtained  ar.e shown  diagifamatically in B'igL 1, es, b, e

and  el.

                                    a.  In the  fir.st plaee, wheit  the

     
Fx

                                whole  axons  aree sahmerged  just
     s// O -- beneath the suTface  ef  the physie-

                                logieal soiution,  stimulation  given  to

     F-------J,z:-:-:------  -- the fast axen  elieits  no  eontraetion
Q) 

//
 

.

     sxt  m  iche adduetoT,  irTespeetive of  its,

 cb, r-4;-il.i8.iffk.....Tt.=. --.".."L.-- /  g?,IXn.Sii.
et,Yi,gnd,,.f,if.e%".en,".,Y."

 
,,ggO:`.r.O.i

     q  --.'

     
b
 . . , with suitable  intensity and  frequeney                t t/..

,,,g-vg-.H-.--.tc
.-----:I,g

kg.P,Zo,gegh.eg:,ge:,aege?, 'A.db,.w.},m',;

{a') r:L{.-t/-f.
 -.u.,,,.,. /  Isiuf`r;daeg

'iiotfOt?hhee,S,ir,i.?'.W,9'thig.OLiM･.tit.h.ft

       s/  stimulation  to the fas# axon  does

   Fig- 1. Diagrams showing  axen-  elieit reSPOxEse  of  tke rr]usele  aved

 axon  cransmission  aeross  the eontaet  
'the

 resu,iti/nwor. cont･i'ae ¢ien･ i.s' in all

 
'regi6nL

 F:.fastaxen;S:  slowaxon;  its esse/",.tial featuyes th.e same  as

 t: ligated or  nareotized  part･ In the the slow  eoJ:,.tlraetion.
 right  eolupa'n,  the eorresponding  cen-

 tz:aetlon eurves  
are

 ,shown･semidia- 
C. 

'HOW'eVer,
 where  the  eontaet

 gramatieally. r,egioit  of  the two  axens  is immersed

                                in the  ph.y;siclogieal so]utiost,  stitnu-

latien te tlte fast axon  evekes  no  contraetion  of  the m'u,cr.ele, even  if the
stim'ulated  i"egioix remains  in the air.

    d. Cotraversely, in the situatioi･i that the comtaet  region.  is lifted

out  of  
ib'lne

 solution  and  the  stimulated  region  is imrnexsed :iust beneath
the spTfaee  of the physioliogieal solution,  stimulation  a/pp]ied  to the fast
axon  again  g.ives rise  to a  response  Df  the musele  wi･:ich  is of  t'ae siew

eoittraetlogL, ty,p. e.
                                                               '

    iyE tliie eas･e  of/T b and  {l, z･nuo eoiitTaetion  appear:v･  
'in

 t}.ie musele  fellow-
ing tb.e stimulatiorta  of  tlhe fast axon  l/n those prep.";ratiove.s iii whieh  

'the

fast axon  is lignted with.  a  thiTz･ thread or  plaeed  nt  a  po;,nt be'tween
t'he -stimulated  .",nd  cD],itaet  veegioits  (t ifi Fig. 1)･ oi'i a ga.'Tip of  fii/ter

papei'"･soaked wi.'th a mixtare  of  ether  and  Iiai'/rreve].d's ge.olution.  (l)n
t?ie,-･ot-hey ha,lld, stimulaeion  of  the s･low axon  imsteaCl of  the fast
axon  givey. rise  £ o  eontraetion  of  the musele.  The nareotizing  effeet

is -itevers･iblG -unlesg
 it is applied  too long. Iffegiee it nppears  tfhat

the  exeitRtory  effeet  on  the musele  foliowing .q,timulaeion  of  the ±
'asXb'

d
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axon  is net  due  to a spread  of  the eleetric  eurrent  to the siow  axon

at  the,eantaet region.  
'

    The ev'idenee  of  the transmission  of  nerve  imp'ulses aeross  the  contaet

regign  from  the fast axen  to the siow  one  will  be brought out  more

eonvineingly  in the experiments  with  variation  in intensity and  frequeney
of' stiifnizlation applied  to the fast axon,  Whe  rate  and  height of  the
evoked  contrvaetion  depend exel'usively  en  frequeney, arpd  the stimulation

intensity ka,s no  mageked  infiuenee on･them.  Asi ean  be seen  in Fig. 2,

            .,
 L

4 l40
20

ss/

ge

         fi-

s//n

/ g

                     ･-iL
             O'' 2G  4o  6o  

'go
 roo

             .ffig. 2. Reaation between frequemcy  of  stimulation  ap-

          plied to the fast axon･  and  that  of  impulses evoked  in the

          slow  axon.  The  latter may  be  estimated  from  the eurve  of

          e]ieited  eontraation  in eomparison  with  that obtained  in the

          case  of  stimulation  of  the slow  axonitself.  Relative stimu-

          lation interisities are  30 (M, just above  the threshold), 60 (z>.)
          and  90 (O). Each  point bn  the curve  represents  the mean

          value  obtained  frem  five different preparatiens.  Tem.,  18tL

          200C.

inhe frequeney  of  the impulses evoked  in the slow  axoA  does not  eoincide

with  that  of  the  stimu.lation  given  to thhe fast axon  (aeeerdingly, that

of the impulses travelii]kg through  the fast axon,  sinee  the fast axon

laas little tendeney  of  reepetitive  diseharges). Furthermore, so  long as

tke fnst axowa  is fiTing, the slow  axon  is aetivated  even  with  threshold
intensity and  in spi'te of  three-foldi vaTiation  in relative  stimulation

intensity, there is sao i.Lotieeal)le differenee in the number  of  evol{ed

impugseg iwa the slow  axolt  eorresponding  to the frequency  of  stimulation.

Sueh eonst,atheies  as oecu.m  make  it unlikely  that the slew  axon  is aetivated
direetly loy spreead  o£ the stimulating  eurrent.  

'

    It shouldi  be reinarlscedi here that the curve  in Fig. 2 ean  not  be
extrapolated  in the divection of  the origin  beeause of  the £aet  that the

slow  system  shows  
'a

 perceptible response  ongy when  the frelquency of
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 impulseg is hig'i er  than  5 per  s･ec. Thus, the stgrting  point  of  the curve

 may  be take:,i to ifidieate a rat'io of  ab6u.t  4 between the  
etrequency

 ox"

 impulses in the fast axon  and  th' at  i/ti ±he slow  axon'aetivfited  by''the

 fa,st･ imp'ulses. [g]his ratio  is found  
'not

 
'to

 be cons'tant  at  differe!-mjs s'tim･u-

 latioii frequencieg but to tend  to decrease, the higher 'L'ite
 frequeney'

 becomes, though,  at  t'he higher range  ipvestigated (up to nbellt  100per

 see.), a  slight  iperease oeeurs  with  an  kzcrease iri t'ft'e k'eque'ney,

 
'thus

 revealing  that the aetivating  effeet  en  
'tb..e

 slow  axou  ir},ex'ea'ses,

 the  more  rapidly  the impulses in the  fas't ax.on  follow eaeh  other.

     Thus  it may  well  be  eonel'uded  that, if 'the
 interstitlag fiuid in the

 eontaet  region  of  two nerve  axons  is suMciently  ineffective in shimting

 the aetie.n  eurrent  in the exte?ior  eeziduetive  media,  tlhe s'timulating

 effeet  of  the aetion  e'urrent  of  an  axon  eliei'ts a propagated  
･uxeitation

 in an  adjaeent  axon.  In addition  it mus't  be netieed  heTe 'that,
 as  is

 eiearlyshown  in Table 1, the reaetion  time of  the slow  con'tractieR

 iRduced  by stimulatiolt  of  the neighboring  fast'axon is notieeabgy  aonger

 t'han one  giving rise  to exaetly  the same  eontraction  hut 
';'ndueed

 by

                               Table 1,

      Reaction time  of  the sEow  eon"braetion  evoked  eithe]r  by stimulation  of  the

           slow  axon  or by axon-axon  transmissiom  frem  the  fast a]con.
                                               ,pmmu  m

Number  of

preparation

   fitt- .

Frequency of

gtizr)ulation  to
the fast axon
  (per see.>

   Reaetion time  <msee.) by
       stimulation  of
"'
 tta's"t"'2tto' ni) 

'
 l'-slow ax/ti'{)

l.---
llij

Differenee  ef  the
twe  reeaeCion  times

24.4 ±r4.52)
22.e±2.5

28.0± 3.9
26.4±2.g.."...-...

'･L',

1z34 383838-38

iIl
406386423417 3823644e5391

lI/

l234

    Average

68 !
       i'
68 ,

        '
6868

t..t.. .tt t.t. .
 126 leS

 146 128

igl i l:Ii
Average

25.2± 2.g

     18.0zk1.g 
-

     18.4± 3.2

      14.e± 3.o

     16.8± 2.8

t 16.8± 2.e
ienptuae

   Each value  is a  mean  of  five measurernen;us.  iiength of  eentaet  regioit,  2mm  ; tempo,

18tL200C. .

   1) The  distanee between  the stimulating  eleetredes  (the pogar distance of  4･N-5mm)
nnd  the end  of  the eontact  region  disLal to the musele  was  adjusLLed  always  to be 15 mn]

en  the axon.

   2) With  reliability  -of 95 %.

                                                         NII-ElectronicMbrary
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g.timulation  ef  ehe slow  axoii.  Although it va'/ries somewhat  with  the

sti'rnulation  frequeriey, the  di'fferezzee between  the two  ren,ction  times is

f.o'uBd. to be of  the order  of  15 to 2'7 msee.  S'uppo$ifig that the differesice

ip. eonduetion  times alo"ng  L'he £ast  nnd  slow  nxons  frorn the stgmula'tedi

point  to the coritaet  region  at  whieh  transmission aeross  the two  ax'otis

rnay  ottc'ur is neglegible,  the above-meiitiondd  differenee in reaction  time

may  be mainly  at'tributed  to the £ ime  delay for transimission  of  impulses

aeross  the contanet  region  from 
'the

 fast axon  t'o t"fie slow  one.  The'
value  is eompnrable  with  that reported  by Jasper aixd  Moftnier <'38)
and  explained  by Arvanitaki ('42)･,as an  indicatiori of rhythmienl  and

,graduallY  lnereasing lgeal electrie  aetivity  foreeed'ing 
'the

 propaga,tive
exelt.fttlon.

    The  length of  the eontaet  region  of  
'the

 t'wo axons,  even  if ie is

more  than  5 rrim  in the usual  preparation,  h,as no  appreeiable  influenee

¢ n  the  results,  although  if it is less than  lrnm,  tr"ansmission hard13r

takes place, probably  beeause ef  unfavorable  conditions  ef the eontaet
sur £aees  indueed during preparation. 

'

    lt should  be pointed  out  here that for the effeetiveness  of  t.be action

eurrerit  as  a  stimulus,  the electrie  field created  in t'h.e exterior  conduetive

medium  and  its variation  vsTith  the propagation  ef  the spike  along  the
"active

 axon  play  important  parts. As  has been  

'demonstrated
 by

Arvanitakl  ('42), among  others,  when.  a  spike  along  afi active'axoll

ceases  to propagate  further ais 
'a
 poinC  sUch  as  a'euic  end,  varia £ ion of

the  potential developed in the  vieinity  of  that point suhjeets  t'he eon-

tiguous axon  to an  action  of  the eleetrie  field most  favorable to exeite

it. Sueh seems  to be the ease  with  the  preparation used  in the  pxesen¢
i:nvestigatlon.

    5. If the y,low axon  was  e'ut off from  the  musele  instead of  the

£ast  axoxi,  

'stimulation
 of  the Iatter did not  give  any  indieation ef  tlzae

axon-axon  transmission.' It is s'orppo3ed  that  in this ease  transmission

may  have failed beeause oE  some  peeuliarities ss  follows. a) It ls very

glkely that actien  e'urrents  cf  the  slew  axon  are less effective  as  stimulip

because their peak  value  is rnueh  smaller  thafi that of  the fast axon.
b) The eflioctivenes.g  of  an  action  eurrent  as  a, stimulus,  depe:,ids, os.z

the  other  hand, en  the exeitability  eha.raeteristieg  o £ tl e  reeeptivg  axon.

I,n this respect,  the fast nxon  doas llo't lend itgelf very  well  to thls rols

ef  reeeptivb  axon,  in conttast  to the slow  a,xo'ii whieh  is e'haraeterizeci

by i'ts £aeility  oifi giving  repeti'tive  diseharges. In not  a eompletely  fresh
preparation,  .the fast axon  us'ually  shows  repetitive  diseharges enay  wii;h

dificulty. e) As  has already  beeza meRtioned,  during preparation the
muscle  comes  to respend  only  to two  or  more  sueeessive  impul'ses of
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  the fast axon  reaehing  it at  an  interval of  less than aloout  40msec.

  (On the eontrary,  i'n the slow  system  the liminal frequeney  of impulses･

  for perceptihle eontraetion  is about  5per sec.,  alithgugh  tlae numher  of

  impulses required  to eveke  it is much  more  than- in the ease  of  the fast

  system.)  Henee  it is conceivable  that, in tbe pyesent inyestigation, the

  transmission of  iznpulses from  the slew  axoit  to tke fast one,has  ap-

  parently  faild beeause the interval between activated. impulses was  too

  long to evoke  the eontraction,  altho'ugh  the fast axon  may  have  beelt

  aetivated  in nyeality.
      Sumrxftaffy. Axon-axon  transmission of  nerv'e  impulses across  the

  eontaet  region  of  fast andp  slow  motor  axons  innewvating the adduetor

  of  the eheliped  ef  the ¢ rayfisth  was  demonstrated. When  the eontaet

  region  is lifted into the aiT, impulses are  capable  af  beimg transmitted,

  from  the  fast axon,  which  has pmeviously loeen cut  off froip its convaee-

  tion with  the musele,,'  to the slow  axgn  to evoke  the slow  eontraction  ;'

  while,  i£  the contaet  region  is submerged  in a  physiologienl  solution,
'
 this sort  of  phenomenon  never  takes .plaee. The  exeitatery  effeet  is not

  due  ta a  spread  of  the stimulating,eurrent,  sinee  the shape  of  the eon-

  
'trnetion

 ettwe  depends- not  on  ehe intensity of  the stimuZation,  but on

  its frequeney. Delay in transmission ef impulses aeross  the contact  of

  two  axons  is 15 to 27msec. On  the eontrary,  eherre is no  indication

  of  axen-axon  trnnsmission from  .the siow  axon  to  ehe fnst axon.

      In eonnection  with  the physiological' investigatiove, a  m.ervb-map  of

  the  ehe}iped  was  construeted  for the four ･distal muse!es  (plate 
-figure).

      The  author  wishes  to'thank Dr. .H. Kinoslta for his kindly interest

  in the work  and  for invaluable eritieism  of  the innnuscript.

                                                '

                               LITEkATuRE

  Awanitalgi,  A. I940 Reaetions di6elenchdies suT  un  axone'e,u  repos  par a'activitel d'un/

        autTe  axone  au  niveau  d'une  zone  de eontact.  Conditions de la tvansmissign  de

        1'excitation. C. R.  Soe. Biol. Paris, g33, 39.

         1942 Effeets evoked  in an  axon  by the electric  activiLjr  of  a  eontiguous  bne.
        j. Neurophysiol., S, 137. 

'

  garreveld, A. van  and  C.A.G.･Wiersrna  1936 The  double metov  innervatien o'f the

        agdudtor  musele  in the elaw  of  the erayfish..J.  Physiol., 8S,  78.

       - 1937 The  triple innervation of  crayfish  musele  an(i  its ffunction in contractioll

        and  inhibition. J. Exp. Biol., g4, 448.

  jasper, H.H. and  A.M.  Monnier  1938 Transmission of  excitation  ioetween exeised'

        non-myelinated  nerves.  An  artifieial  synapse.  J. CGII. Comg). Physiol., gg, 259.

  Nagahama,  H. 1941 "Ner.ve-map"
 oE  xvalking  iegs of  Japanesegiatat erab,  Mtecf'ochei?'ut

        kctenzptleri. if. Fae.  Sci., Tokyo  Imp.  Univ.,  IV,  5, 497.

  Rosenblueth, A. 1941 The  stimulation  of  m'yelinated  axons  in the eonditions  of  eie-

        etrotonie,  stress  eleetricaliy  by nerve  impulses in adjaeeniL' myelinated  axans.

        Am.  J. Physiel., a32,  119.

t'



The Zoological Society of Japan

NII-Electronic Library Service

The 　Zoologioal 　Sooiety 　of 　Japan

Anno 七。　Zo◎1。　Japone　VQL　 24
，
　No 。1 Plate 亙

ρ

C

＿

H 。Naga ’

nama ； Nerv 已
一map 　 of 　the　Chelipgd　 of 　the　Crayfish

N 工工
一Eleotronio 　Library 　



The Zoological Society of Japan

NII-Electronic Library Service

The  ZoologicalSociety  ofJapan

,"-

                   Axon-axon  Wransmission of  Nerve  lmpuSses 37

                                          '
'Wiersrria,  C.A.G. and  A.  van  Harreveld  1938 The infiuence of  the frequeney of stimu-

       lation on  the slow  and  the  fast eontraetion  in erustaeean  musele.  Physiol. IZoel.,
       kl, 75. . 

･

 --.- 1939  The  interactions ef  the slow  and  t･he fast contTaetien  of  erustae'ean

       musele.  ibid., g2,  43.

                          EXPLANATION  OF  PLA.TE

   Nerve-map  of left e'heliped  of  Cantbar･ms cgarleii,  viewed  from inner side.  The  dis-

tribution Qf efferent  axons  fer the £our  distal muscles  is represen"ed.  In order  to

･constrttct the map,  principally the saTne  method  was  applied  as  that  deseribed  in detail

for the Japanese giant  crab  (Nagahama, 
'41).

    Though  in the isehiopodke region  the nerve  appears  te eonsist  of  only  one  trunk,

it may  be divided into two  main  trunks, a  smalle'r  (Bi) and  larger <B2) one,  imnaediately

after  entering  the meropodite.  Each  ef  .these main  trnnks  consists  of  independent

merve  bmndles  eennected  to one  another  more  or  less-firinEy witli  thin eonneetive  tissues.
'The

 bundles  ferming  the larger trunk  rnay  be divided into tsyo groups  <B,,-1 and  Bpt-e),

so  thaU  although  these two  greups are  also  eonneeted  goosely to one  another,  they  ean

easily  be  separated  by slight  teasing. While  eaeh  bundle  eonsists  oE a number  of  thin

afrerent  axons,  in a  bund!e (Bt-1-b) belonging to the group B2--J of  the large trunk
there  exist  six  efferent  atxons, tegether  with  a  small  number  of  afferent  ones,  three  of

whieh  come  out  of  th2 main  mass  after  entering  the  earpopodite  to innervate  the

fiexor of  the.'propodite (F) as  the fast and  the slow  motor  axons  and  thg inhlbitory
one;  tw'o, the fast and  the slow  motor  axons  (eentained iua bundile B, 

-1-b-Adi
 together

with  a  few  afferent  axons),  i/e46h  the adductor;  and  the remaining  one  btanehing
･out of  the main  near  the entrance  6f the  prQpodite  iS the inhibitory axon  for the

,abductor <repyesented bsi the extra  full line starting  fromB,]-1---b-Aal> and  ttakes  its
way  to meet  ,another axon  fov the abduetor  (contained i" Bi-a-Ab).  The  abduetor  is

Snnervated  by two  axons,  one  of  which  is inhibkory  as  rnentioned  above  and  the other,

running  in a  bundle (BL-a) belonging tg the small  trunk,  a  motor  axon  (of the slow

type)  eommon  with  the extensor  of  the propodite. The  rernainin.cr  efferent  axon  is

one  eemmon  inhibito]ry axon  for bGth the extensor  ef  the prepodite  and  the adduetor,

･exiisting also  in the bundle Bi--.  
'Thus,

 a  braneh (E} of  Bi-a  in the  earpopodiite  con-

{.'ains  ramifications  of  the two  above-mentiened  axons  innervating  the extenh,or,  wht/le

the eommon  inhibitor, a/fter  leaving the main  mass,  joins 
'the

 two  ]notor  axons  foio
the  adductor  at  the entranee  of. the propodite  so  as  to run  to the  musele  (represented
'o'
 y the  extra  fuil line star9ng  

fvem
 
Bi-a-Ai}).

                         '


