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F l u c t u a t i o n s  in  E x c i t a b i l i t y  of  
S i n g l e  M y e l i n a t e d  N e r v e  F ibres  

An elect r ica l  s t imu lus  app l i ed  to a n  exc i t ab le  t i ssue  
evokes a n  ac t ion  p o t e n t i a l  if i ts  s t r e n g t h  exceeds  a ce r t a in  
amoun t .  A t  n e a r - t h r e s h o l d  in t ens i t i e s  t he  e x c i t a t o r y  ef- 
fect is i n c o n s t a n t  a n d  successive iden t ica l  pulses  will 
e i ther  el ici t  or  fail to  el ici t  a spike  L W h e n  t he  t r ia ls  a re  
sepa ra t ed  b y  i n t e r v a l s  la rger  t h a n  the  r ecove ry  cycle, t he  
l ikelihood of t r igge r ing  a spike  in a n y  g iven  t r i a l  is no t  
inf luenced b y  t h e  p r ev ious  s t imu la t ions .  T he  successes 
and  t he  fa i lures  are  t h e n  d i s t r i b u t e d  a t  r a n d o m  in  t h e  
tr ials  a n d  t he  p r o b a b i l i t y  of response  can  be  def ined  by  
the  p e r c e n t a g e  of successes in a large n u m b e r  of t r i a l s2 -L  
The  whole  r a n g e  of u n c e r t a i n t y  cons idered  can  be  ex-  
plored b y  m a k i n g  t r i a l s  w i t h  s t imul i  of  va r ious  near -  
t h re sho ld  in tens i t i e s  a n d  b y  e s t i m a t i n g  t he  p r o b a b i l i t y  
of response  for each  in t ens i ty .  I f  such  p r o b a b i l i t y  is 
p lo t t ed  ve r sus  i n t ens i t y ,  a n  S - shaped  cu rve  is o b t a i n e d  2, s. 
The  s teepness  of th i s  cu rve  is r e l a t ed  to t h e  a m p l i t u d e  of 
the e x c i t a b i l i t y  f l u c t u a t i o n  wh ich  can  t h u s  be s tud ied  
and  c o m p a r e d  u n d e r  va r ious  e x p e r i m e n t a l  condi t ions .  
The  p r e s e n t  p a p e r  dea ls  w i t h  e x p e r i m e n t s  in  which  ampl i -  
tudes  of exc i t ab i l i t y  f l u c t u a t i o n s  h a v e  been  c o m p a r e d  for 
long a n d  s h o r t  c u r r e n t  pulses.  As sugges ted  to me  b y  
Professor  RULANT, some i n f o r m a t i o n  could  be  o b t a i n e d  
a b o u t  t h e  s t i l l  u n a n s w e r e d  q u e s t i o n  of t h e  f r equency  
Spec t rum of the  e x c i t a b i l i t y  f luc tua t ion .  Indeed ,  if t h e  
m e a n  per iod  of t he  f l u c t u a t i o n  a n d  t h e  ef fec t ive  d u r a t i o n  
of t he  s t i m u l u s  are of t he  same  order ,  t he  f l u c t u a t i o n  
a m p l i t u d e  m u s t  be  reduced  for the  longer  c u r r e n t  pulses.  

Single m y e t i n a t e d  f ibres  were d issec ted  f rom t he  sc ia t ic  
ne rve  of Rana ¢emporaria, fol lowing t he  t e c h n i q u e  of 
HUXLEy a n d  ST;{MPFLI " w i th  some modi f ica t ions .  The  
ne rve  s h e a t h  is cu t  open  w i t h  a microsca lpe l  ove r  a l e n g t h  
of a b o u t  3 c m  a n d  al l  n e r v e  fibres,  e x c e p t  a large-sized one, 
are cut .  T h e  t i ssue  s u r r o u n d i n g  one i n t e r n o d e  a n d  t he  
a d j a c e n t  nodes  of R a n v i e r  is c leaned  away.  The  i n t e r n o d e  
is la id  across  a 0.5 m m  air  gap,  b e t w e e n  two  pools  of 
R i n g e r  so lu t ion .  Two Ag/AgCl  e lec t rodes  c o n n e c t  t h e  
pools to  a b r idge  c i rcu i t  7's, des igned to  pass  c u r r e n t  
pulses a n d  to record  the  spike  w i t h  a d e q u a t e  c o m p e n s a -  
t ion  for the  a r t i f a c t  (Figure  A). T h e  e x p e r i m e n t s  las ted  
up  to  six h o u r s  a n d  b y  t h a t  t i m e  t he  spike  r e m a i n e d  al-  
mos t  u n c h a n g e d ,  whi le  t he  t h r e s h o l d  h a d  a l m o s t  doubled .  
The  c a t h o d e  follower picks up  ac t ion  p o t e n t i a l s  of a b o u t  
20 mY. T h e  responses  are d iphas ic ,  t he  d o w n w a r d  w a v e  
or ig ina tes  in  t he  node  of R a n v i e r  N,,. T he  second  u p w a r d  
Wave o r ig ina tes  in  t he  node  N1 a n d  is t r iggered  b y  t h e  
spike of N= (Figure  A). B o t h  nodes  are  i m m e d i a t e l y  
si lenced b y  s u b s t i t u t i n g  i so ton ic  KC1 for the  R inge r  solu- 
t ion  in t h e  co r r e spond ing  pool. 

I t  was  i m p o r t a n t  to  use a s ingle  n e r v e  f ibre p r e p a r a t i o n  
for t he  p r e s e n t  purpose  because ,  as was po i n t ed  o u t  b y  
several  a u t h o r s  9-n,  t he  spikes  of t h e  ne i ghbou r i ng  f ibres  
affect  the  t h r e s h o l d  of a g iven  f ibre  to  a f a r  f rom negl igible  
ex t en t .  T h i s  m u t u a l  d i s t u r b a n c e  var ies  a t  r a n d o m  in 
he igh t  a n d  shape  if t h e  s t imu lus  is w i t h i n  t h r e sho ld  r ange  
for a b u n d l e  of f ibres a n d  is b o u n d  to b r o a d e n  t he  r ange  
of u n c e r t a i n t y  of response.  Indeed ,  some  diff icul t ies  en-  
Countered in our  f i rs t  e x p e r i m e n t s  and  in those  of VER- 
V~EN 4, ca r r i ed  ou t  on  a whole  ne rve  p r epa r a t i on ,  seem to 
have  been  so lved  b y  us ing  single ne rve  f ibre p r epa ra t i ons .  

A t  n e a r - t h r e s h o l d  i n t e n s i t y  a ' s h o r t '  s q u a r e  c u r r e n t  
pulse (0. i msec) m a y  el ici t  a sp ike  in some t r ia ls  (Figure  B) 
While be ing  inef fec t ive  in o the r s  (B') .  I n  t he  same  way  
the  ' long '  s q u a r e  c u r r e n t  pulse  (4 msec) of n e a r - t h r e s h o l d  
i n t e n s i t y  m a y  e i t h e r  evoke  (C) or  fail to  evoke  (C') a spike.  
The  r a n d o m  d i s t r i b u t i o n  of p resences  and" absences  of t h e  

spike was checked  b y  a p p l y i n g  t he  ' r u n  t e s t '  of SW]ED 
a n d  EISENHART Xe, w h i c h  i nd i ca t e s  t h e  n u m b e r  of r uns  of 
consecu t ive  successes a n d  of consecu t i ve  fa i lures  c o m p a t i -  
ble (a t  t h e  level  of 0.05) w i t h  a r a n d o m  d i s t r i b u t i o n ,  g iven  
t h e  t o t a l  n u m b e r  of t r i a l s  a n d  t h e  p r o p o r t i o n  of successes.  
U n d e r  t he  cond i t ions  of t he  p r e s e n t  e x p e r i m e n t s ,  th i s  t e s t  
was  sa t i s f ied  for  s t i m u l a t i o n  f requenc ies  of 3-4 /see  or  
less, b u t  a de f in i t e  c lus t e r ing  of r e sponses  a n d  of absences  
of response  was obse rved  a t  h i g h e r  s t i m u l a t i o n  f r equen-  
cies. Us ing  s q u a r e  c u r r e n t  pulses  of a g iven  d u r a t i o n ,  
severa l  n e a r - t h r e s h o l d  i n t ens i t i e s  were  se lec ted  cove r ing  
t h e  whole  r a n g e  of u n c e r t a i n t y  of response .  A series  of  
1 00 iden t i ca l  s t imul i  of each  i n t e n s i t y  was app l i ed  to  t he  
fibre,  f rom the  lowest  i n t e n s i t y  to t he  h i g h e s t  a n d  b a c k  
to  t h e  lowest ,  as a check  for r eve r s ib i l i ty .  T h e  re sponses  
occur r ing  d u r i n g  each  series were  coun ted ,  t h e i r  n u m b e r  
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A, sketch of the experimental set-up for stimulation and recording 
in a single nerve fibre. B and C, tracings of cathode-ray oscillograms 
of responses evoked by near-threshold square pulses of 0.1 msec (B} 
and of 4 msec (C). Identical stimuli failed to elicit a spike in B' and 
C'. D and E, probability of response for the shorter (0.1 msec) 
stimuli in I3 and for the longer (10 reset) stimuli in E. Abscissa, 
stimulus voltage in % of threshold; ordinate, probability of response 

estimated on the basis of I00 trials for each point. 
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giving in % the probability of response. This was plotted 
versus intensity of stimulus given in % of threshold. The 
points fit an S-shaped curve (Figure D and E). When the 
ordinates are subjected to the Probit  ~3 transformation, a 
straight line is obtained which shows the S-shaped curve 
to be the integral of a Gaussian distribution 2. The sigmoid 
obtained for the longer current pulses (Figure E) is steeper 
than the one for the shorter pulses (D) in the same fibre. 
The amplitude of the excitabili ty fluctuation is thus 
smaller when longer pulses are used. This result has been 
consistently observed in 11 nerve fibres in which the effect 
of square pulses of 0.1 and 10 msec has been systemati- 
cally compared. Indeed, by applying Student 's  test by 
pairs to the experimental  results, the difference proved 
significant at tile level of 0.001. 

Whatever  the intrinsic processes governing the un- 
certainty of response near threshold, some conclusions 
about the frequency spectrum of the resultant fluctuation 
might  be drawn from the experimental  data. Of course, 
the really effective duration as a stimulus of the longer 
current pulses will be limited by accommodation. If 
the random changes in excitability were rather slow com- 
pared to the time scale of the electrical stimuli used, the 
duration of the latter would not affect their abi l i ty . to  
trigger a spike and the probability of response would de- 
pend only on the level of depolarization produced at the 
membrane of the node (within the limits allowed by 
'accommodation').  On the contrary, if the mean period of 
the random fluctuation in excitability was of the same 
order as the duration of the current pulses used, the 
probability for a stimulus inducing a given depolarization 
to trigger a spike would increase with its duration, because 
the longer depolarization has more chance to benefit from 
any random intermit tent  change in the membrane which 
facilitates the firing off. in other words, when the voltage 
of the stimuli is increased close to the region of uncer- 

tainty, a point is reached where the depolarization pro- 
duced by either the longer or the shorter pulses triggers.a 
response in only a few of the trials; further increase m 
depolarization will augment the probabili ty of response 
more rapidly in the case of the longer pulse, hence the 
steeper S-shaped relation seen in E. Along this line, it can 
be suggested that  the duration of the current pulses used 
is of the same order as the mean period of the fluctuation 
process. 

No specific hypothesis can be elaborated from the data 
but it can be pointed out that  such rather rapid random 
changes in excitability might be related to thermal agita- 
t ion at molecular level ~4 

Rdsumd. I1 est possible de montrer  des fluctuations 
al6atoires de l 'excitabilit~ 61ectrique de fibres nerveuses 
my61inis~es isoMes excit6es au moyen de chocs proches du 
scull. L 'ampli tude de cette fluctuation a 6t6 compar6e 
pour des excitants rectangulaires de deux dur6es (0,1 et 
10 msec); elle est plus grande quand on utilise des chocS 
brefs. Ces r6sultats sugg~rent que les composantes de 
relat ivement haute  fr6quence du spectre de la fluctuation 
sont importantes. 

J. C. DEB~clcg~ 15 

Laboratoire de Physiologic, Universitd libre de 
Bruxelles (Belgium), June 79, 1964. 
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Reduction of Dynamic Sensitivity of Primary 
Muscle Spindle Endings in Experimental 

Tremor 

The main sensing elements of the proprioceptive feed- 
back system, primary muscle spindle endings, respond 
statically to amount, as well as dynamically to rate, of 
muscle length changes 1-3. In a servomechanism of this 
type, the derivative component improves the stability of 
the whole system and counteracts inherent oscillatory 
tendencies~-L Supraspinal muscle spindle act ivation 
modulates the dynamic properties of the spindle endings s 
Furthermore, relatively independent fusimotor controls 
of their static and dynamic responses, respectively, seem 
to existT,% Hence, if some differential fusimotor action 
would predominantly reduce the dynamic sensitivity of 
primary spindle endings, this would, by analogy with 
technical feedback systems, favour oscillations in the 
proprioceptive feedback loop and could thus be one pos- 
sible cause for tremor motor phenomena. 

~Ve have induced, in cats under steroid anaesthesia 
with 'Presuren'  10 a state of experimental tremor by per- 
fusing the cerebral ventricular system with a solution of 
d-tubocurarine chloridO ° in artificial cerebrospinal fluid 
(5-100 /,g/rain) n'12. Methods and results of a detailed 
analysis of the mechanical and electrophysiological as- 
pects of this type of tremor will be published elsewhere ~. 

Here we wish to report on the responses of innervated 
muscle spindles from ankle extensors and flexors, re- 
corded from filaments of centrally cut dorsal roots. Im- 
pulses conducted at velocities exceeding 72 m/sec were 
considered to originate from primary spindle endings. A 
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