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Strychnine is one of the drugs  mos t  commonly  used for  blocking inhibi tory t r a n s m i s s i o n  in the 
cen t r a l  nervous  s y s t e m .  The d e p r e s s a n t  action of s t rychnine  on postsynapt ic  inhibition has  r epea ted ly  
been demons t r a t ed  in exPer iments  using intravenous injection, local  applicat ion,  and mic rophore t i c  in jec-  
tion techniques [3, 4]. It  is not ce r t a in ,  however ,  whether  it ac ts  on the subsynapt ic  m e m b r a n e  of the 
c h e m o r e c e p t o r  or  on the presynapt ic  endings of the inhibi tory synapses .  The fac t  that s o m e  types of 
inhibi tory influences a r e  not b locked by  s t rychnine  has been a t t r ibuted to the i r  presynapt ic  c h a r a c t e r  [5]. 
Neve r the l e s s ,  work  has  r ecen t ly  been published in which the exis tence  of s t r y c h n i n e - r e s i s t a n t  postsynapt ic  
inhibition of neurons  has been demons t r a t ed  in var ious  pa r t s  of the cen t ra l  nervous  s y s t e m  (spinal co rd  
motoneurons ,  Purkin je  ce l l s ,  neurons  of the h ippocampus and tha lamus ,  Betz cells} [1, 2, 7, 8]. Washizu 
and c o - w o r k e r s  [13], who studied the action of s t rychnine  on the neuron of the c r u s t a c e a n  s t r e t ch  r ecep to r ,  
obse rved  that  the inhibi tory effect  was p r e s e r v e d  during s t imula t ion  of the inhibi tory f iber .  

These  r e su l t s ,  together  with the c o m p a r a t i v e  s impl ic i ty  of synaptic organizat ion and the high level  
of s tudy of its physiology [6, 9], have provided the m o s t  f avorab le  conditions fo r  studying ce r t a in  aspec t s  
of the action of s t rychnine  on inhibi tory synapses  of c ru s t acean  s t r e t ch  r e c e p t o r  neurons .  The r e su l t s  of 
these  invest igat ions a r e  desc r ibed  in the p re sen t  paper .  

E X P E R I M E N T A L  M E T H O D  

The p repa ra t ion  was i m m e r s e d  in H a r r e v e l d ' s  solution by means  of a mic roman ipu la to r ,  and the 
n e r v e  t runk,  held on two s i l ve r  e l ec t rodes ,  was lifted into a l ayer  of m i n e r a l  oil. One of the two neurons  
was of the fas t -adap t ing ,  the other  of the s low-adapt ing type, so  that  with constant  tension of the musc le  
bundles rhythmic  act ivi ty  of only the s low-adapt ing neuron was observed .  In t race l lu la r  record ings  were  
made  by means  of m i c roe l ee t rodes  with a r e s i s t a n c e  of 20-80 m ~2, f i l led with 3 M KC1 solution. I n t r a -  
ce l lu la r  polar iza t ion  was c a r r i e d  out through the record ing  m i c r o e l e c t r o d e  by means  of a br idge  c i rcui t .  
Strychnine n i t ra te  (0.5%} was injected by a sy r inge  into the solution c lose  to the p repara t ion .  

E X P E R I M E N T A L  R E S U L T S  

Rhythmic  action potentials  (AP) of a slowly adapting neuron a r e  shown in Fig. 1, 1. The res t ing  
potent ial  of the s o m a  was 75 inV. During m o de ra t e  s t re tch ing  of the musc le  bundles a gene ra to r  potential  
was produced in the dis ta l  pa r t s  of the dendr i tes ,  sp read ing  e lec t ro tonica l ly  to cause  depolar iza t ion  of the 
soma .  When the m e m b r a n e  potential  was lowered by 12 mV, an AP developed,  t e rmina t ing  with a posi t ive  
deflect ion.  In some  ca se s  of p repara t ions  taken f r o m  c rus t aceans  which had recen t ly  comple ted  molting,  
a f te r  injection of s t rychnine ,AP of the f a s t - adap t ing  neuron were  r eco rded  f r o m  the ne rve  trunk,  usual ly of 
h igher  ampli tude than the AP of the s low-adapt ing neuron.  These  AP of the fas t -adap t ing  neuron could be 
obse rved  throughout the t ime  of action of s t rychnine ,  which thus conver ted  the fas t -adap t ing  neuron into a 
s low-adapt ing  type. In addition, much s m a l l e r  AP were  r eco rded  f r o m  the e lec t rodes  of the ne rve  trunk, 
r e f l ec t ing  the s p r e a d  of excitat ion along the thinner inhibi tory f ibe r  (Fig. 1, 2). When in t r aee l lu la r  r e -  
cordings  were  taken these  co r re sponded  to hyperpola r iza t ion  inhibi tory postsynapt ic  potentials  (IPSP~, 
which effect ively  s u p p r e s s e d  the act ivi ty of both the f a s t  and slow adapting neurons .  The AP of the inh ib-  
i tory  f iber ,  was nega t ive -pos i t ive  in d i rec t ion (Fig. 1, 3), and together  with its t e m p o r a l  re la t ionship  to the 
IPSP,  this indicates  that  its point of or igin was ev iden t ly the  nonmedullated presynapt ic  ending. 

Ins t i tu te  of Higher  Nervous Activity and Neurophysiology,  Academy of Sciences of the USSR, Moscow. 
Trans l a t ed  f r o m  Byulle ten '  ]~ksper imental 'noi  Biologii i Meditsiny,  Vol. 64, No. 11, pp. 25-30, November ,  
1967. Original  a r t i c l e  submit ted  F e b r u a r y  21, 1967. 

1158 



Fig. 1. Origin and effect of IPSP after  injection of s trychnine.  1) Normal;  
record ing  f rom axon (below) and soma;  2) beginning of action of s t rychnine;  
3) AP of inhibitory f iber ;  4) inhibition of AP and steep decline of prolonged 
action potentials of neurons;  5) effect of IPSP on plateau (to save space two 
portions of the plateaus have been cut out); 6) di rect  hyperpolar izing 
impulses during plateau (strength 5 �9 10 -I~ A); 1, 2, 4, 5) the same p repa ra -  
tion. Amplification 44 mV (1, 2) and 22 mV (4, 5). Time calibrat ion 40 msec 
(3), 80 msec (5), and 400 msec (1-2, 4-6). 

Fig. 2. Transformation of hyperpolarization IPSP into depolarization. 
I) Beginning of action of strychnine; 2) multiple discharge of inhibitory 
fiber (above) and depolarization IPSP; 3) activation of neuron by means 
of IPSP; 4, 5) IPSP for different levels of membrane potential; 6, 7) two 
types of multiple discharges ot inhibitory fiber. The top part (3) is cut 
off. Amplification 22 mV, time calibration 400 msec (i, 2) and ll00 msec 
(3-7). 

According to some observations [11, 14], cer ta in  pharmacological  substances increase  the activity 
of motor  presyaapt ic  endings in warm-blooded animals ,  leading to the appearance of rhythmic activity or  
to an increase  in such activity during stimulation. When the action of s t rychnine was prolonged, the r e -  
polarization phase of the AP of the slow-adapting neuron became drawn out into a depolarizat ion plateau, 
accompanied by oscillations of membrane  potential. The depolarization gradually diminished while the 
amplitude of the oscillations on the plateau increased,  so that when a c r i t ica l  level was reached the plateau 
terminated abruptly and changed into a positive deflection. The oscillations on the plateau were  accom-  
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Fig.  3. Origin and action of mult iple  d i scharges  of an inhibi tory f iber .  1) Normal ;  2) muRiple  
d i scharge  and its ref lec t ion  in the soma;  3-4) two succes s ive  PAP,  one of which was f o r m e d  
by a d i scharge  of IPSP;  5) AP of axons of r e c e p t o r  neurons  and inhibi tory f iber ;  6-7) AP and 
mul t ip le  d i scharges  of inhibi tory f iber  during grouped d i scharges  of neurons ;  8, 9) inhibition 
of f a s t - adap t ing  neuron;  10) action of d i rec t  hyperpo la r i z ing  cu r r en t  (strength 5 �9 10 -9 A). 
1-4) One p repara t ion ,  and 5-9) another  p repara t ion .  Amplif icat ion 44 mV (1-2, 8-10) and 
22 mV (3-4, 6-7).  3-4) AP f r o m  axons ampli f ied four  t imes  c o m p a r e d  with AP in 1 and 2. 
T i m e  ca l ibra t ion  400 msec  (1-5, 10), 1100 msec  (6, 8),and 1700 m s e c  (7, 9). 

panied by a mult iple  d i scharge  of AP spread ing  to the axon, cor responding  e i ther  to each osci l la t ion on the 
plateau or only to the l a r g e s t  osc i l la t ions .  A s i m i l a r  t r ans fo rmat ion ,  but with cons iderab le  delay,  took 
place  in the fas t -adap t ing  neuron.  Prolonged action potentials  (PAP) could be t r aced  for  s e v e r a l  hours .  
The effect  was comple te ly  r e v e r s i b l e  a f te r  r ins ing  the p repara t ion  f r ee  f r o m  s t rychnine .  The spontaneous 
act ivi ty  of the inhibitory f ibe r  accompanying the IPSP also r ema ined  at these  s t ages .  It  is c l ea r  f r o m  Figs .  
1, 4 and 2, 1 that a s ingle hyperpo la r iza t ion  IPSP caused  d i sappearance  of the SP f r o m  the rhythmic  act ivi ty 
of the fas t -adap t ing  neuron and, if i t  coincided in t ime,  a s teep  decline of the PAP plateau of the s low-  
adapting neuron.  The act ion in the l as t  case  mus t  be pa r t i cu l a r ly  effect ive,  for  the equi l ibr ium potential  
of the inhibi tory synapses  of this pa r t i cu la r  p repa ra t ion  is 70 mV [9]. 

F o r  compar i son ,  two PAP a r e  shown in Fig.  2, 1, one of which t e rmina t e s  "na tura l ly ,"  while the 
other  is t e rmina ted  abrupt ly  by  an IPSP.  The re la t ionship  between ampli tude of the IPSP and level  of the 
m e m b r a n e  potential  can a lso  be  seen  f r o m  Figs .  1, 4 and 2, 1. An in t race l lu la r  hyperpo la r iza t ion  pulse 
of cu r r en t  applied during the PAP plateau inc reased  the m e m b r a n e  potential  and amp]itude of the osc i l l a -  
tions on the plateau.  As the level  of depolar iza t ion  of durat ion gave an increas ing  effect,  and one pulse in-  
c r e a s e d  the m e m b r a n e  potent ial  to the c r i t i c a l  for  abrupt  t e rmina t ion  of the plateau (Fig. 1, 6). The 
act ion of an in t race l lu la r  pulse of hyperpola r iz ing  c u r r e n t  was s i m i l a r  to the effect  of the IPSP a r i s ing  
during the plateau (Fig. 1, 5): the f i r s t  IPSP a r i s ing  during the PAP plateau caused  a hyperpo la r iza t ion  
deflect ion of 11 mV, followed by a la rge  wave,  while the second IPSP,  appear ing  in the l a te r  pa r t  of the 
plateau,  caused  it to t e r m i n a t e  abrupt ly .  
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A c h a r a c t e r i s t i c  f ea tu re  of the inhibi tory f iber  during its spontaneous act ivi ty  was its abi l i ty  to d i s -  
cha rge  with mul t ip le  AP when the action of s t rychnine  was intensif ied.  In these  c i r c u m s t a n c e s  the IPSP 
become  superposed  and f o r m  a s teady d e c r e a s e  in depolar iza t ion  of the m e m b r a n e ,  last ing throughout the 
per iod of d i scharge  of the inhibi tory f ibe r  (Fig. 3, 2). Since the equi l ibr ium potential  is r eached  with the 
f i r s t  IPSP,  no summat ion  of the IPSP was observed .  Such prolonged hyperpo la r i za t ion  was able to produce  
effect ive inhibition and rap id  decl ine of the plateau at  a high level  of depolar iza t ion  (Fig. 3, 4). In some  
ca se s  rhy thmic  act ivi ty  of the inhibitory f ibe r  was not accompanied  by inhibition of the slow and f a s t -  
adapting neurons  (Fig. 3, 5). Inhibition l ikewise did not take place when the PAP of these  neurons  appeared ,  
and in this case in~racellular recording from the slow-adapting neuron showed absence of IPSP in it (Fig. 3, 6) 
at various levels of depolarization of the membranes. When the action of strychnine was continued, rhyth- 
mic AP of the inhibitory fiber were grouped together and formed multiple discharges (Fig. 3, 7). Such a 
multiple discharge could inhibit the activity of the fast-adapted neuron, which again discharged as single 
AP as a result of a decrease in the strychnine concentration. In these circumstances the effective inhibit- 
ory action disappeared at the end of the multiple discharge, when its frequency was reduced (Fig. 3, 8). 
A similar "escape" could also be observed during inhibition by a weak intraeellular current. At the same 
time, both IPSP and inhibition of the slow-adapting neuron were absent as before (Fig. 3, 9); the phenom- 
enon of post-inhibitory facilitation was observed - a temporary increase in frequency of AP of the neuron 
af te r  the end of a mult iple  d i scharge  of the inhibi tory f iber .  This  phenomenon was evidently analogous to 
"anode-c los ing  exci tat ion" caused by an in t race l lu la r  pulse of hyperpolar iz ing  cu r r en t  agains t  the back-  
ground of m e m b r a n e  depolar iza t ion  (Fig. 3, 10). 

In some  ca se s  the hyperpola r iza t ion  IPSP were  conver ted  into depolar izat ionl  In Fig. 2, 2, for  
example ,  a mult iple  d i scharge  of an inhibi tory f ibe r  can be seen,  accompanied  by a depolar iza t ion  plateau,  
which developed f r o m  ord inary  s ingle  hyperpola r iza t ion  IPSP (Fig. 2, 1). The initial  f requency  of the 
mult iple  d i scharge  was 220 per  second.  After  the d i scharge  had ceased  the m e m b r a n e  potential  was 
gradual ly  r e s t o r e d ,  giving r i s e  in the case  of hyperp01arizat ion to post inhibi tory depres s ion ,  preceding  
post inhibi tory faci l i ta t ion,  as was a lso  obse rved  during h igh- f requency  s t imula t ion  of an inhibitory f ibe r  
[9]. The mul t ip le  d i scharge  accompanied  by depolar iza t ion  could evoke an AP in the neuron (Fig. 2, 3). 
The degree  of depolar iza t ion  produced by the IPSP depended on the level  of the soma  m e m b r a n e  potential  
(Fig. 2, 4 and 5). Since this depolar iza t ion was  higher  than the c r i t i ca l  level  of d i scharge  of the neuron,  
and consequently,  h igher  than the equi l ibr ium potential  of the IPSP,  it could not be explained by an i nc rea se  
in polar iza t ion  of the m e m b r a n e .  It  was probably  due to diffusion of C1 ions f r o m  the m i c r o e l e e t r o d e ,  a l -  
though spec ia l  proof  of this suggest ion is requ i red ,  fo r  r e su l t s  have recen t ly  been obtained [10, 12] su g g es t -  
ing that changes in the equi l ibr ium potential  in the d i rec t ion of g r e a t e r  depolar iza t ion may  take place under  
the influence of s t rychnine .  Bes ides  prolouged mul t ip le  d i scharges  of the inhibi tory f iber ,  s h o r t e r  d i s -  
cha rges  unaccompanied by changes in the soma  m e m b r a n e  potential  or  by any influence on the PAP of the 
s low-adpat ing  neuron could also be r eco rded  in it (Fig. 2, 6 and 7). These  potentials  evidently re f l ec ted  
excitat ion of the presynapt ie  ending on the dendri te  of the f a s t - adpa t ing  neuron,  not c r o s s i n g  by axon-  
r e f l ex  to the b ranch  te rmina t ing  in synapses  on dendri tes  of the s low-adapt ing neuron.  In this case ,  
absence  of inhibition in the s low-adapt ing  neuron during d i scharge  of the inhibi tory f iber ,  inhibiting the 
fas t -adap t ing  neuron (Fig. 3, 8 and 9) was a lso  poss ib ly  of the s a m e  na ture .  It  m a y  be postulated that the 
mult iple  d i scha rge  of nonmedullated presynapt ic  endings of the inhibi tory f ibe r  is based  on the s a m e  changes 
in thei r  m e m b r a n e  as a r e  found in the s o m a  of both neurons ,  and that they lead to fo rma t ion  of a PAP and, 
as a r e su l t  of this ,  to e m e r g e n c e  of d i scharges  on the i r  axons.  

The r e su l t s  obtained thus show that under the influence of s t rychnine  a spontaneous act ivi ty  a r i s e s  in 
the inhibi tory f iber ,  evidently in its presynapt ie  endings, and this is subsequent ly  conver ted  into mult iple  
d i scha rges .  Even at  the s tage  of PAP of the neurons ,  in these  c i r c u m s t a n c e s  no block to inhibi tory synaptie  
t r a n s m i s s i o n  is p resen t .  
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