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t3is j e tz t  g ibt  es noch keine gesicherten Hinweise  dafiir, 
dass diese Nervenzel len in der D a r m w a n d  die Da rm-  
mot0r ik  steuern. Ferner  fehlen noch Unte r suchungen  fiber 
eine motor ische Inne rva t i on  des Osophagus.  Die Ven- 
t r iku la rnerven  en tha l ten  Neuronen,  die ebenialls  spontan  
ak t iv  sind 7. 

Summary. Mult i te rminM nerve  cells have  been found 
in the  Ioregut  of crickets (Acheta domesticus (L.), Gryllus 
campestris L.) which are sensi t ive to s t re tching the  wall  
of the  gut. These ceils are spontaneously  ac t ive  and t h e y  
r e s p o n d  to s t re tch in a phasic- tonic  way. Wi th in  the  

ven t r icu la r  nerves there  are also neurones being spon- 
taneous ly  active.  

B. MDHL 

Zoologisches Institut der Universitiit Kgln, 
Lehrstuhl ]ftr Tierphysiologie, 
5000 K61n-Lindenthal (Deutschland), 76. April 7969. 

Die Untersuchungen werden durch ein Promotionsstipendium der 
Universitfit KNn und durch Mittel, welche die Deutsche For- 
schungsgemeinschaft Herrn Professor Dr. Huber zur Verffigung 
stellt, untersttitzt. 

Reactive Depolarization 
Current Flow 1 

of Muscle Fibre Membrane with Slowly Increasing Middle-Frequency 

KuMAzAwA 2-4, using intracel lular  recording a t  the  site 
of s t imulat ion,  has shown tha t  t rains of s ine-wave middle :  
f requency current  (20 kc/sec) of var iab le  s t rength  and 
dura t ion  applied h-ansversely to the  curar ized sartorius 
m u s c l e  of the  frog evoke character is t ic  responses t h a t  
m a y  be summed  up as follows: (1) The  decrease of mem-  
brane potent ia l ,  a t  first  linear, towards  the  end of uti l iza- 
t ion t ime  passes gradual ly  into the  upst roke of the  con- 
ducted  act ion potent ia l .  (2) The  rate  of the  l inear decrease 
of the  membrane  potent ia l  is not  di rect ly  propor t ional  
to the  vol tage  applied. The  slope of the  diminishing mem-  
brane  po ten t ia l  is steeper t h a n  the  slope ob ta ined  in 
dlrect  relat ion.  (3) In i t i a t ion  of spike po ten t ia l  occurs as 
soon as a g iven degree of depolar izat ion (approx. 20 mV) 
is reached. (4) Ne i ther  local decrease o f  membrane  
po ten t ia l  nor conducted  act ion po ten t ia l  is observed if the  
sodium ions of the  ba th ing  fluid are  replaced by  choline 
ions. Bo th  effects are ful ly reversible.  

F r o m  thesef indings ,  i t  was concluded tha t  the  p r imary  
effect of middle- f requency current  flow on the  muscle 

Fig. 1. Five stimuli records, each successive stimulus at lower rate 
of rise (upper beam). The 5 action potentials (1-5; lower beam) 
arise at the same stimulus threshold. The horizontal broken line 
connecting the 5 threshold values indicates that no accommodation 
occurs. (The vertical broken lines indicate the return of the mem- 
brane potential to its resting level after cessation of stimulus.) 

fibre membrane  cannot  be explained on the  basis of an 
electric depolar izat ion process imposed on the  membrane  
by  an ou tward  current  flow. I t  is to all  appearances  due 
to some process in i t ia ted wi th in  the  membrane ,  and has 
hence been qual if ied as ' reac t ive  depolar izat ion '  (KUMA- 
z A w ,  and WYssd). 

The object of the present investigation was to study 
the  non-propor t ional  relat ion be tween  reac t ive  depolariza- 
t ion and current  s t rength.  Expe r imen t a l  condit ions were 
s imilar  to those previous ly  used. The  following modif ica-  
t ions were, however ,  in t roduced : (a) The  middle- f requency 
currents  were appl ied a t  a slow, l inear ly  rising rate,  the  
r is ing-t ime being ex tended  up to several  minutes ;  (b) the  
f requency was reduced to 5 kc/sec;  (c) the  sartorius 
muscle  was no t  curarized.  

W i t h  slow l inear increase of middle- f requency  current  
flow, reac t ive  depolar izat ion developed after  an  ini t ial  
period dur ing which a possible e levat ion f rom the  base 
line of rest ing po ten t ia l  was hard ly  recognizable (Figure 
2A). The  decrease of membrane  po ten t ia l  passed gradual ly  
into the  conducted  spike, and hence resembled KUMA- 
ZAWA'S resul ts  wi th  middle- f requency current  pulses. The  
threshold values, however,  r emained  below 10-12 mV in 
the  present  exper iments .  The rate  of reac t ive  depolariza- 
t ion depended on the  ra te  a t  which s t imulus  vol tage  
increased. The  spike arose as soon as s t imulus  reached 
' s t imulus  threshold '  and reac t ive  depolar izat ion 'mem-  
brane  threshold '  (Figure 1). Hence  no accomnloda t ion  
was ever  shown to slowly rising s t imulus  intensi ty .  

The  fact  t ha t  the  cri t ical  va lue  of m e m b r a n e  threshold 
was below the  cri t ical  va lue  obta ined  by  I~UM/kZAWA, 
m a y  be due to the  technical  modi f ica t ion  adopted  in the  
present  invest igat ion.  

If, af ter  l inear  rise, vol tage was kep t  a t  cons tan t  level  
before membrane  threshold was a t ta ined,  reac t ive  de- 
polar izat ion cont inued up to  7 mV, associated, however,  
wi th  slow f luc tuat ions  of, regular  or i rregular  in type,  
dura t ion  ranging be tween  2-30 sec. 

The  effect of successively replacing sodium by  choline 
was to modi fy  the  reacl~ive depolarizat ion.  A reduct ion  
of membrane  po ten t ia l  exceeding 10-12 mV now was 
required in order to reach ' m e m b r a n e  threshold ' .  F ina l ly  
the  cri t ical  reac t ive  depolar izat ion was no longer reached, 
and occasional abor t ive  spikes replaced the  full ac t ion 

1 Presented at the First Meeting of the Union of the Swiss Societies 
for Experimental Biology, Berne, 17 May, 1969. 
T. I{UlV!AZAWA, Experientia 22, 393 394 (1966). 

3 T. KUMAZAWA, tIelv, physiol. Acta 26, 257 (1968/69). 
T, K~JMAZAWA und O. A. M. WYSS, Helv. physiol. Acta 24, C3 (1966). 
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Fig. 2. Modification of the reactive depolarization to increasing middle-frequency current-flow after replacing sodium by choIine. From 
(A) to (D): Upper beam: Each middle-frequency stimulus increases at the same linear rate. Lower beam: Intracellular-recorded membrane 
potential at high amplification (!0 mV/div). Note that the stimulus mid-line does not represent the zero-level of membrane potential. Th e 
resting value of the latter remains at approximatively 90 mV throughout the experiment. (A) Mode of action of the reactive depolarization 
at onset of replacement of sodium by choline. (Continuous supply approximatively 30 drops/rain. Bath solution content about 11.5 ml.) 
The reactive depolarization is followed by an ordinary action potential. (B) After 12 min; (C) after 18 rain; (D) after 21 min. From (A) to (D), 
the membrane threshold rises above 10-12 mV, whereas the height of the responses fails. 

po ten t i a l .  F u r t h e r  r e d u c t i o n  of sod ium c o n c e n t r a t i o n  
on ly  led to in i t ia l  t )rogressive increase  of depola r iza t ion ,  
fol lowed b y  decrease  of slope, u n t i l  a cei l ing of up  to  
20 m V  r e d u c t i o n  of m e m b r a n e  p o t e n t i a l  was  a t t a i n e d  
(Figure  2, B - D ) .  Th i s  cei l ing in sp i te  of c o n t i n u i n g  c u r r e n t  
flow, showed  a t e n d e n c y  to decrease,  i.e., to  s p o n t a n e o u s  
repo la r iza t ion .  W i t h  f u r t h e r  r e d u c t i o n  of sod ium con- 
cen t r a t ion ,  cei l ing depo la r i za t ion  was also reduced.  

All  these  f ind ings  con f i rm  p rev ious  o b s e r v a t i o n s  t h a t  
r eac t ive  depo l a r i za t i on  depends  on  ex t r ace l lu l a r  sod ium 
ions. F u r t h e r m o r e ,  t h e r e  is s t rong  ev idence  t h a t  t h e  
p h e n o m e n o n  r ep re sen t s  a process  el ic i ted w i t h i n  t h e  
exc i t ab le  m e m b r a n e .  

Zusammen[assung. Die M i t t e l f r e q u e n z - Q u e r r e i z u n g  
(5 kHz)  wi rd  a m  Sar to r ius  des Frosches  mi t t e l s  in t raze l lu -  
l~rer A b l e i t u n g  a m  Re izo r t  u n t e r s u c h t ,  wobe i  die W e c h -  
s e l s t r o m a m p l i t u d e  l inea r  l a n g s a m  fiber M i n u t e n  z u n i m m t .  
Die als r e a k t i v  zu b eze i ch n en d e  Depo la r i s i e rung  is t  i h r e m  
W e s e n  n a c h  ein e igens t~nd iger  Vorgang .  Der  he rvo r -  
s t e ch en d s t e  U n t e r s c h i e d  gegeni iber  de r  phys ika l i s ch  auf-  
gezwungenen  Gle i chs t romdepo la r i s i e rung  ist, dass  ke ine  
A k k o m m o d a t i o n  n a c h w e i s b a r  ist.  
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