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The Initiation of Propagated Potentials in Single 
Nerve Fibres: Comparative Aspects 

T h e  d e m o n s t r a t i o n ,  b y  HODGKIN 1, of s u b l i m i n a l  n o n -  
c o n d u c t e d  r e sponses  in c r u s t a c e a n  axons ,  a t  a t i m e  w h e n  
o n l y  i n d i r e c t  e v i d e n c e  was  a v a i l a b l e  for  t h e  e x i s t a n c e  of 
local  r e sponses  in  f rog  n e r v e s  (see: KATZ 2) led some  
p h y s i o l o g i s t s  to  t h i n k  of a f u n d a m e n t a l  d i f f e rence  
b e t w e e n  m e d u l l a t e d  a n d  n o n - m e d u l l a t e d  n e r v e  f ibres ,  
in  t h e  w a y  b y  w h i c h  p r o p a g a t e d  impu l se s  are  g e n e r a t e d  
in t h e i r  su r face  m e m b r a n e .  KATZ a, h o w e v e r ,  s h o w e d  t h a t  
n o n - p r o p a g a t e d ,  i.e. local ,  r e sponses  cou ld  be  r e c o r d e d  
f rom t h e  f rog ' s  sc ia t i c  if a n  a p p r o p i a t e d  t e c h n i q u e  was  
e m p l o y e d .  His  r e su l t s  h a v e  been  c o n f i r m e d  r e c e n t l y  b y  
t h e  d i r e c t  d e m o n s t r a t i o n  of local  r e sponses  a t  t h e  n o d e s  
of R a n v i e r  of m y e l i n a t e d  n e r v e  f ib res  of t h e  f rog (DEL 
CASTILLO-NICOLAU a n d  STARK4). H U X L E Y a n d  STAMPFLI 5 
h a v e  o b s e r v e d  s i m i l a r  p o t e n t i a l s  in  t h e  s a m e  p r e p a r a -  
t ion ,  a n d  SCHOEPFLE a n d  ERLANGER6have r e c o r d e d  local  
r e sponses  o r i g i n a t e d  a t  s ingle  n e r v e  f ib res  in  t h e  p h a l a n -  
geal  n e r v e  of t h e  frog. One  may ,  t he re fo re ,  conc lude ,  
t h a t  t h e r e  is l i t t l e  or  n o  d i f fe rence  b e t w e e n  i n v e r t e b r a t e  
a n d  a m p h i b i a n  n e r v e  f ibres  as r e g a r d s  t h e  m o d e  of ini-  
t i a t i o n  of p r o p a g a t e d  po t en t i a l s .  I n  b o t h  k i n d s  of f ibres ,  
t h e  c a t h o d i c  s t i m u l a t i o n  causes  q u i t e  d i s t i n c t  effects .  I f  
i t s  s t r e n g t h  is weak ,  o n l y  a p o l a r i z a t i o n  p o t e n t i a l ,  
d i r e c t l y  p r o p o r t i o n a l  to  t h e  s t r e n g t h  of t h e  shock ,  is 
p r o d u c e d .  W h e n  t h e  s t i m u l u s  s t r e n g t h  a p p r o a c h e s  t h r e -  
shold ,  a s u b l i m i n a l  response ,  in f o r m  of a n  a d d i t i o n a l  
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wave  of n e g a t i v i t y  of n o n - l i n e a r  c h a r a c t e r i s t i c s ,  is a d d e d  
to  t h e  p o l a r i z a t i o n  p o t e n t i a l .  T h e  p r o p a g a t e d  sp ikes  rise 
f r o m  t h e  c a t h o d i c  p o t e n t i a l  w h e n  t h e  local  r e sponse  
g e n e r a t e d  b y  t h e  s t i m u l u s  r eaches  a c r i t i ca l  level .  

Loca l  r e s p o n s e s  d u e  to  e x c i t a t i o n ,  of a n a l o g o u s  cha-  
r a c t e r i s t i c  w i t h  t h o s e  m e n t i o n e d  a b o v e ,  h a v e  b e e n  f o u n d  
to  o c c u r  in  t h e  su r face  m e m b r a n e  of s t r i a t e d  musc le  
f ibres  (KUFFLER1).  

T h e  i n i t i a t i o n  of n e r v e  i m p u l s e s  in  m a m m a l i a n  
m e d u l l a t e d  f ib res  seems  to  t a k e  p lace  in a s imi l a r  m a n -  
ner .  ROSENBLUETH a n d  L o c o  z, in  a r e c e n t  pape r ,  h a v e  
d e m o n s t r a t e d  t h a t  local  r e sponses  c an  be  r e c o r d e d  f rom 
s t r a n d s  of f ib res  d i s s ec t ed  f r o m  t h e  c a t ' s  s p i n a l  roots .  I t  
is, t h e r e f o r e ,  of s o m e  i n t e r e s t  to  see w h e t h e r  local  
s u b l i m i n a l  p o t e n t i a l s  c a n  be  r e c o r d e d  f r o m  single  nodes  
of R a n v i e r  of i so l a t ed  m a m m a l i a n  axons .  

A m o t o r  f ib re  is i so l a t ed  f rom a m o u s e  sc i a t i c -gas t ro -  
c n e m i u s  p r e p a r a t i o n  in a s imi l a r  m a n n e r  to  t h a t  de sc r ibed  
b y  TASAKI 3 a n d  ST~,MPFLI 4 for  t h e  f rog scia t ic .  T h e  iso- 
l a t e d  f ib re  is p l aced  across  t w o  vase l ine  r idges  s e p a r a t i n g  
t h r e e  pools  fi l led w i t h  R i n g e r ' s  f lu id  so t h a t  one  s ingle  
n o d e  of R a n v i e r  is s u b m e r g e d  in  t h e  c e n t r a l  pool ,  b e i n g  
s e p a r a t e d  f r o m  t h e  a d j a c e n t  ones  b y  t h e  vase l ine  r idges.  
T h e  n o d e  in  t h e  c e n t r a l  pool  is s t i m u l a t e d  b y  br ie f  
c a t h o d i c  shocks ,  a n d  t h e  r e s u l t i n g  p o t e n t i a l  c h a n g e s  are  
amp l i f i ed  a n d  d i s p l a y e d  on  t h e  sc reen  of a c a t h o d e  r a y  
osc i l lograph .  T h e  s e t - u p  of t h e  p r e p a r a t i o n  a n d  t h e  
e l ec t r i ca l  a p p a r a t u s  a re  d e s c r i b e d  w i t h  m o r e  d e t a i l  in  
a n o t h e r  p a p e r  (DEL CASTILLO-NICOLAU a n d  STARKS). 

T h e  size of  t h e  va se l i ne  r idges  a n d  t h e  d i s t a n c e  b e t w e e n  
t h e m  h a d  to  be  m o d i f i e d  a c c o r d i n g  to  t h e  d i m e n s i o n s  of 
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the f ibres  used  (abou t  ,s. ,~ /~ ( t iametcr ,  the  i n t c rnoda t  
d i s t ance  be ing  tess t h a n  I ram). The  e x p e r i m e n t s  were 
carr ied ou t  a t  roonl  t e m p e r a t u r e  (20 -- 23" C). U n d e r  these  
c~mditions t he  i sola ted  ne rve  f ibres r ema in  exc i t ab le  a n d  
act ion po ten t i a l s  can b." recorded  for several  h,)urs a f t e r  
d issect ion.  

F igures  a -  h . . - c - - d  i l lus t ra tes  the  resul ts  of one (~f 
the e x p e r i m e n t s ,  t : a eh  of t he  I~hotographs is o b t a h w d  by 
the  supe r in :pos i t i on  of  the  p o t e n t i a l s  e l ic i ted  by 10 sttc- 
ccssive s t imul i ,  c a t h o d i c  shocks  of b r ie f  du ra t i on  (about  
6(i ps). t¢ecord a shows  the  local p o t e n t i a l  changes  due  
to s h o c k s  of  s t r e n g t h  equa l  to  0-5 t h r e sho ld .  Af te r  t he  
init ial  s h o c k - a n d  c a p a c i t a t i v e - - a r t i f a c t s ,  a l a s t ing  
polar iza t ion (e lec t ro ton ic  po ten t i a l )  ( an  be o b s e r v e d  
which decl ines  in an a p p r o x i m a t e l y  e x p o n e n t i a l  way.  
If the  s t r e n g t h  of the  shock  is now iucrcased  to  about  
I~-82 t h r e s h o l d - - F i g u r e  b - a  h u m p  in the  decay ing  
polarizaticm p o t e n t i a l  appea r s ,  c o r r e s p o n d i n g  to  a Io ta |  
response  wh ich  d e v e l o p s  abe)re the  pass ive  e lect rot ( ,n ic  
poteut ia l ,  i n  th i s  record  a f l n e t n a t i o n  in the  a m p l i t u d e  
of the local  r e sponse  is e v i d e n t :  tit(: s ize  of  t lw  t:otentia.ls  
gem,ra ted  by  shocks  of t h e  s a m e  s t r e n g t h  v a r y  wi th in  a 
wide range .  This  f l uc tua t i on  is even  more  e v i d e n t  if t he  
po ten t ia l s  are  p r o d u c e d  b y  shocks  of h ighe r  i n t e n s i t y  
((>85 t h r e sho ld  in F igu re  b). Most  cd the  po t en t i a l s  s(~ 
el ici ted are  only s l igh t ly  h ighe r  t h a n  those  of I ; igure b, 
~\ herons t w o  of thorn have  g rown in to  huge h u m p s  which 
i l lus t ra te  p a r t i c u l a r l y  well t he  p h e n o m e n o n  of the  local 
resprmse. In F igure  d t he  s t r e n g t h  c)f the  shock  was 
s l ight ly  above  t h r e s h o l d ,  aud  p r o p a g a t e d  a c t i . n  po ten -  
tials ar is ing a f t e r  va r ious  de l ays  ( a n  be seen. A po ten t i a l  
change is also see:: in th is  record wh ich  propaga . led  away  
a l though  i t  did no t  g row to  a full sp ike  a t  t i le d i rec t ly  
s t imu la t ed  node.  A p p a r e n t l y ,  t h e  local response  of th is  
rome of R a n v i e r  s t i m u l a t e d  by  e l ec t ro ton i c  sp r ead  tb,, 
ad j acen t  node,  whose  e x c i t a b i l i t y  was higher .  

A c : ,mpar i son  of these  resu l t s  wi th  those  alr~ a d y q u o t e d  
from a m p h i b : a n  m e d u l l a t e d  fibres,  n o n - m e d u l l a t c d  in.. 
ve r t eb ra t e  a x o n s  and  s t r i a t e d  musc le  fibres,  r cv (a l s  a 
f u n d a m e n t a l  s i m i l a r i t y o f  t he  e v e n t s  which  a f t e r  ca thod ic  
s t imula t ion  l~ad to  t he  onse t  of p r o p a g a t e d  p o t e n t i a l s  
ill all the  exc i t ab l e  t i s sues  which have  so far been s tud ied ,  
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l)cpartment, t;f l~hysioIogy. ( ' n i \ ' c r s i t v  ('(allege, I.on- 
doll, ()clo|.)er 30, 1{)51. 
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1.(~kalc Poten t iah , ,  wclche fiir (tie E n t s t c h u n g  f o r t g e  
h i tc tcr  , S p i k e s .  v e r a n t w o r t l i c h  sintt, k o n n t e n  an ein- 
zelm,n R a n v i e r s c h e n  Schn i i r r ingen  m o t o r i s c h e r  Fase rn  
(Its Mt iuse- Isch/adicus  nachgcwiesen  werden .  

l)icse B c f u n d e  s+,,iitzen die Ans ich t ,  dass  die E n t s t e -  
hunR fo r tgc l c i t e t e r  P o t c n t i a l e  in allen e r r e g b a r e n  Mem-  
brauen at:f 5tnnli(he \Veise s t a t t f i n d e t .  

D i s t r i b u t i o n  o f  R a d i o p h o s p h o r u s  i n  t h e  L o n g  
B o n e s  o f  A d u l t  R a b b i t s  ~ 

The ear l ies t  e x p c r i m c n t s  m a d e  with r a d i o p h o s p h o r u s  e 
have s h o w n  t h a t ,  i n m : e d i a t c l y  a f t e r  a d m i n i s t r a t i m :  (~f 
the is.elope, t he  specif ie  a c t i v i t y  of the  ep iphyscs  (,f the  

i This work was supported i)l palt b) ° ;-{rallta fFOItl the ];'olids Na 
ti-nal de la Recherche Fcicntifiqm" ~,f lk-lgium. 

2 I.. A.  HAtIN, (~, (.7. }tLVESY, &tld [Q ( ' .  I A'NDSaGAARD, l~i(,('lwm, 
J. 31, 1705 ([9a7),--31, J. I.. DoLs. B. C. P..IANSEX, G.J. STzoo. and 
( ; , J ,  VAN DER ),IAAS, Nature 142, 95a (t93,s)..--G. C. H:~w;sy, 1[, B, 
I.l v:, aud (). tI. RF~rw, t>,i,~chem..l. :>/. 5:1"2 (19.101 

long hones  is a lways  h m n d  t() be h tgher  t han  t h a t  of the  
d iaphyses .  

Several  a u t h o r s  1 add  t h a t  the  specif ic  ac t iv i t i e s  (ff tilt' 
phost)ht~rlls are reduced  to u11ifornl vallles a f t e r  s()nte 
( ta rs  (n" a few wet,ks. 

As far as wc can ascer ta in ,  this  l a t t e r  s t a t e m e n t  res ts  
on e x p e r i m e n t s  l:aade wi th  growing an imals ,  a n d  its 
~eneral  va tMi tv  s h o M d  not  be a c c e p t e d  before  exper i -  
m e n t s  are made  wi th  fullv grown an imals .  

.qint'e it has  be rn  shown  t h a t  bone m a r r o w  e and  perios- 
t e u m  a have a h igh ph( ,s t )horus specif ic  ac t iv i ty ,  ea r (  
mus t  1)e t aken  t o  deal  wi th  bone  t i ssue  c o m p l e t e l y  freed 
from the sof t  t issues,  

@ 

This fi<ure shows how the b~,nca werc divi, lcd, t t .  hmi~eru~: 
R r:tdius; I ~ ulna: t: femur: t" libia. 

Kurtherm(nx,,  it s e e m s  adv i sab le  to es t imah"  the sp(' 
cific ac t ix i t ies ,  not jus t  in the  sha f t  as compared with 
the ep iphyses ,  bu t  in as m a n y  por t ions  of the  long bones  
as is c(m~patibh", wi th  accu ra t e  l n e a s l l r c l n c | l t s ,  

] b ' o c c d u r r .  Three  fully g rown rabb i t s  (skvletat  star(. 
c lwcked  bv X - r a y  e x a mi n a t i o n ) ,  weighing au ave rage  el  
4.£00 kg, wcre in jec ted  s u b c u t a n e ( m s l v  wi th  ca r r ie r - f ree  
t) 32 in solut i(m m a d e  up in normal  sal ine a t  p I [  7 
(snppt ied  b y  : \ t (mfic E m , r g y  Resea rch  I ' ; s ia l t l ishnwnl ,  
Harwetl) .  The one t(> be sacr i f iced 6 d a y s  a f t e r w a r d s  
f t , ( c i t ed  2 mC in two (lays. The  two  o the r s  rc tc iv t 'd  4 I11( 
in t h ree  days .  

"Fhe bones  were c l eaned  wi th  a knife a, nd. di~ ided wi th  a 
b a n d - s a w  into  p t , r t ions  as i nd i ca t ed  by the  Figure.  Thest, 
por t i (ms were bt)iled for o n e  hour ,  di~cste(l for 24 hours  
a t  3 T ' i n  a 1 per  cen t .  so lu t ion  of l)al>ain renew('(1 a f t e r  
12 hor, rs, ])oiled aga in  h)r a few nfinul(:s, dr ied,  and 
e x t r a c t e d  in chh~roform in a S(~xhlet: a p p a r a t u s  re:  
24 hours.  T h c y  weft. then  dr ied,  we ighed  and  d isso lved  
in n i t r ic  acid, An a l iquot  was used for radi()-assay whih" 
the r e m a i n d e r  of the  s()h, ti(m was used for chemica l  
d e t e r m i n a t i o n  of phost) l lorns  no(or( l ing t(a the  m e t h o d  
of Fiske and  Subarow.  

]i'es~dts. The  bones,  t-)eflwe going to ni t r ic  acid,  ;ip,- 
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