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Leptazol ,  troxidone and phenytoin had no significant effect  on sh0r t - l a t ency  re t icu!ospinal ,  vest ibulo-  
spinal,  and rubrospinal  exc i t a to ry  postsynapt ie  potent ials ,  but e f fec t ive ly  modif ied polysynaptic  responses .  

Investigations of descending synaptic influences using a mic roe lec t rode  technique have shown that 
severa l  supraspina!  cen te rs  a r e  connected wi.th the lumbar  motoneurons $n cats not only through complex 
mul t i r e l ay  polysvapt ic  pathways hut a lso through s imple mono-  and disynapti 0 projec t ions  [2-4, 6, 8]. T o  
obtain f u r t he r  deta i ls  regard ing  the c h a r a c t e r  of these supraspinal  synaptic influences we invest igated the i r  
sens i t iv i ty  to pharmacological  agents  with s t imulant  and inhibi tory action. 

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

Exper iments  were  c a r r i e d  ot~t on cats anes the t ized  l ightly with Nembutal (30-40 m g / k g  5-6 h before  
record ing  began) and immobi l ized  with flaxedil.  Potent ia ls  of the lumbar  motoneurons were  r eco rd ed  in-  
t r ace l l u l a r iy  by means of micropipe ts  f i l led with 0.6 M K2SO 4 solution. The ips i la tera l  r e t i cu la r  format ion 
and ves t ibu la r  nuclei  and the cont ra la te ra l  red  nucleus,  together  With other  s t ruc tu re s  in the bra in  s tem,  
were  s t imulated by means  of b ipolar  e lec t rodes  with tips 50-80 # in d i ame te r  and a distance of 0.3-0.1 mm 
between poles ,  introduced s te reo tax ica l ly in to  the brain.  The location of the tips of the e lec t rodes  was v e r i -  
f ied his tological ly  in each exper iment .  Contact unipolar  s i l v e r  e lec t rodes  were used to s t imulate  the con-  
t r a l a t e r a l  s enso r imo to r  cor tex .  Single square  pulses o r  shor t  rhythmic s e r i e s  were  applied for  s t imula -  
tion. The pulse  durat ion was 0.1-0.5 msee  and the s t rength of the cu r ren t  0.1-0.8 mA (up to 2-3 mA for  
cor t ica l  st imulation).  The drugs to be tes ted were  injected in t ravenously  at  a ra te  not producing hemodyrm- 
mic  changes,  as  judged by the level  of the blood p r e s s u r e  in the common carot id  a r t e r y .  

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

The act ion of leptazol pentamethytenete t razole ;  5-20 mg /kg )  was studied on 18, and that of t roxidone 
(tr imethadione;  100-300 mg/kg)  and phenytoin {diphenylhydantoin 10-30 mg/kg )  on 16 a -motoneurons .  F o r  
record ing  type responses  of cel ls  showing no essent ia l  sign~ of injury over  a long per iod of t ime,  the test  
drugs were  re injected.  

TABLE 1. Effect  of Lep~azol on Exciha~ory and Inhibitory 
Polysynapt ic  Responses  

Time of [ 

Before in. 
]sc~ion 
1 min ~f~ 
6 rain alter 

2.0,4 
19,3 
14,9 

| t ,0  < 0 0 5 ~  5 <~,05 <000  
4,9] <0,02 

LaboratOry of P h y s ! o l o ~  cot the Nerve Ce11, l, M. Sechenov Institute of Evolut ionary Physiology and 
Biochemis t ry ,  Leningrad (Presented  by Academician E. M. Kreps) .  Trans la ted  from Byulleten ~ ]~ksperi- 
mental 'noi  Biologii i Medits iny,  Vol. 66, No. 7, pp. 74-79, July,  I968. Original a r t t c ie  submit ted May 19, 
1967. 
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Fig. 1. Effect of Iepmzol (A) and troxidone (]3) on short-  
latency vestibalospin~l EPSP in response to single and 
paired stimuli. A) EPSP before (a) and 5 rain after injec- 
tion of 7.5 mg /kg  leps (b), and 3 rain after add'itiona~ 
injection of 7.5 mg /kg  leptazol (c); 1) repeated superposi- 
tion of 10-15 paths; 2) s in~e paths; 3-5) responses to 
paired stimuli; B) EPSP before (a) and 15 min after injec- 
tion of 200 mg/kg  troxidone (b); 1} repeated superposition 
of 10-15 paths; 2) single paths; 3-4) respoues to paired 
stimuli. 

The synaptic responses of the motoneurons were divided into two groap3. One group consisted of ex- 
citatory postsynaptie potentials (EPSP) arising in.:response to single stimulation of the reticular formation of 
the medulla and pens, nuclei of the vestibular complex, and the red nucleus. These EPSP appeared after  a 
very short (3-4 msec) laten~ period, and the inter~a} het~,veen the arrival  of ~e  fastest components o[ the 
dorsal  surface potential or the fo~al potential Of the ventrolateral columns and the beginning of the EPSP 
demonstrated that at least the initial part of De EPSP is monos)~_~ptir in v2~are [2, 3, 5]. Frequentiy the 
short-latency EPSP were simple in form, shni lar  to monoss~aptic po~ntiais evoked by a volley in group IA 

�9 muscle afferents. The inhibitorypostsynaPtie potentials ~ S P )  :~nd t~e EPSP arising only in response to 
rhythmic stimulation had a longer latent period (exceeding 5 msec) and were regarded as polysynaptic re -  
sponses. 
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Fig.  2. Ef fec t  of  leptazol  (A, B) and t r o -  
xidone (C) on potent ia t ion of s h o r t - l a t e n c y  
ves t ibulospina]  E P S P  during pa i r ed  s t i -  
mulat ion.  A) Rela t ionship  between po ten-  
t iat ion and in te~-a l  between s t imul i .  A b -  
s c i s s a ,  in te rva l  (in msee) ;  o rd ina te ,  a m p l i -  
tude of second  r e s p o n s e  (in pe r cen t  of f i rs t ) .  
C i r c l e s  denote  contro l  m e a s u r e m e n t s ,  t r i -  
angles  m e a s u r e m e n t s  a f t e r  inject ion of 7.5 
m g / k g  lep tazo l ,  s q u a r e s - - a f t e r  additional 
inject ion of 7.5 m g / k g  lept~zoI.  B) R e l a -  
t ionship between degree  of poteti t iat ion of 
second EPSP and ampli tude of f i r s t .  A b -  
s c i s s a ,  ampl i tude  of f i r s t  EPSP (in mV); 
ord ina te ,  ampl i tude  of second response  (in 
% of f i rs t ) .  C i r c l e s  denote m e a s u r e m e n t s  
be fo re  in ject ion of !eptazol ,  t r iangles  and 
s q u a r e s  m e a s u r e m e n t s  a f t e r  two injectipns 
of 7.5 m g / k g  Iepmzol .  C) Relat ionship be~. 
tween po ten t i a~on  and in terval  between 

s t i m u l i .  A b s c i s s a ,  in terva l  (in msec) ;  o r -  
dinate,  m a g n i t ~ e  of second r e sponse  (in %). 
C i r c l e s  denote contro l  m e a s u r e m e n t s ;  t r i -  
angles denote m e a s u r e m e n t s  a f t e r  injection 
of 200 m g / k g  tz~xidone.  

Lep tazo l  had no ef fec t  on the la tent  per~od of the 
s h o r t - l a t e n c y  EPSP evoked by  re t i cu losp ina l ,  ve s t i bu l e -  
spinal ,  o r  rubrosp ina l  impu l ses .  The ampl i tude of these 
poten t ia l s  e i t h e r  r emianed  unchanged a f t e r  injection of 
l ep tazo l  o r  i nc rea sed  s l ight ly  ('Fig. 1A). Meanwhile,  the 
�9 descending phase  of the EPSP  was usual ly  !eng-thened, 
and s u p p l e m e n t a r y  waves  s o m e t i m e s  appea red  on it. 

In r e sponse  to r epea ted  s t imula t ion  the s h o r t -  
l a t ency  EPSP  exhibit  the c h a r a c t e r i s t i c  p r o p e r t y  of 
potent ia t ion in p ropo r t i on ' t o  the d e c r e a s e  in the interval  
be tween s t imul i  [2, 3]. Af t e r  inject ion of lep tazol  the 
potent ia t ion of the second r e s p o n s e  p e r s i s t e d  a l t h o u ~  
the typical  cou r se  of the re la t ionship  be tween  the in ten-  
s i ty  of potent ia t ion and the in terva l  between s t imul i  was 
d is turbed  (Fig. 2A). This  could have been due e i t h e r  to 
an i n c r e a s e  in potent ia t ion with long (10-20 msec )  i n t e r -  
va l s  be tween s t imul i  o r  to an  i nc rea se  in the ampl i tude 
and d e c r e a s e  in the s tab i l i ty  of individual EPSP.  A 
spec ia l  ana lys i s  of the re la t ionship  between in tens i ty  of 
potent ia t ion of the s econd  r e sponse  and ampl i tude  of the 
f i r s t  (with the in te rva l  be tween them constant)  showed 
the p r e s e n c e  of a dis t inct  c o r r e l a t i o n  between these  two 
va lues ,  the co r respond ing  m e a s u r e m e n t s  obtained be -  
fore  and a f t e r  inject ion of leptazol  lying a p p r o x i m a t e l y  
on one s t r a igh t  l ine (Fig. 2B). These  facts  conf i rm 
the hypothes is  [3] that the potent iat ion of shor t -Latency  
EPSP of sup ra segmen ta l  o r i o n  is  a s s o c i a t e d  with the 
pa r t i c ipa t ion  of an addit ional synapt ic  r e l ay ,  p robably  
on a p ropor t iona l  in ternuncia l  neuron.  

Troxidone  in doses  of 100-300 m g / k g  did not 
change the la tent  pe r iod  of the s h o r t - l a t e n c y  EPSP and 
had no s ignif icant  effect  on t h e i r  ampl i tude (Fig. 1B). 
In s o m e  c a s e s ,  a f t e r  inject ion of t roxidone shor tening 
of the descending phase  of the EPSP was obse rved ,  and 
this v,as r e g a r d e d  as  the r e su l t  of supp re s s ion  of c o m -  
ponents  of the EPSP assoc ia t ed  with the addit ional  r e -  
l ays .  The development  of potent ia t ion in r e sponse  to 
pa i r ed  s t imul i  ~ a s  undis turbed by troyAdone (Fig. 2C). 

Pos ts )mapt ic  potent ia ls  of polys}maptic r~ ture  
r evea led  h igher  sens i t iv i ty  to a l l  the drugs  tes ted ,  
Polysynapt i  c EPSP  were  not all  changed in the s ame  
m a n n e r  by leptazol ,  Bes ides  the s imple  i nc rea se  in 
ampl i tude  (Fig, 3A), in some  c a s e s  a b iphas ic  r e sp o n se  
was obse rved :  an initial  fall of ampl i tude  in the f i r s t  
1-3 rain a f t e r  injection w~s followed by an i nc r ea se  
above the  control  level .  In four  ce l l s  d i s tor t ion  of the 
EPSP was obse rved  under  the influence of leptazol ,  
i .e . ,  conver s ion  of a depola r iza t ion  into ~ h y p e r p o l a r i -  
zat ion resi~onse (Fig. 3B). The ef fec t  o b s e r v e d  was un-  
doubtedly d~e to the fact  that the EPSP  r e c o r d e d  in 
such e x t ~ r i m e n t s  was in fact  a mixed  r e sponse ,  the in-  
h ib i to ry  f rac t ion  of which was m a s k e d  by a lgeb ra i c  
smmmation of pes t synap t i e  depo la r iza t ion  and h y p e r -  

po la r i za t ion  [2]. Consequent ly,  the unequal imri~ence of lepmzoI  on the exc i t a to ry  and imhibitory f rac t ions  
of the postsyr~,~t ic  potential  m e s t  lead to d is tor t ion o f  ti~e l a t t e r .  In fact ,  leptazol  p o s s e s s e d  a m a r k e d  
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Fig. 3. EffeCt of leptazol, troxidone, and phenytoin on 
polysynaptic responses of motoneurons. A) Cortico- 
spinal EPSP before (1) and I rain (2) and 17 rain (3) 
af ter  injection of.10 mg/kg  leptazol; B) retieulospinal 
EPSP before (1) and 5 min after (2) injection of 5 m g /  
kg leptazol; C) reticulospinal IPSP before (1) and 6 min 
af ter  (2) injection of 10 mg/kg  lepta~ol; D) cortico- 
spinal EPSP before (1) and 5 min after (2) injection of 
200 mg/kg  troxidone; E) reticu/ospinat EI~SP before (1) 
and 10 min after  (2) injection of 10 m g / k g  phenytoin. 

ability to potentiate the IPSP. [PSP with a long latent period were increased part icalarly Clearly (Fig. 3C): 
In all 16 observations their amplitude was increased, although sometimes only during the first  few minutes 
af ter  injection of  the drug. 

Mean values for  the amplitude, latent period:, and duration of the IPSP at various times after injection 
of leptazo[, together with analogous data for the EPSP, which also sho~ed biphasic changes after adminis-  
tration of this drug, are given in Table 1. It ~s clear t[~at a stast ical ly s i~ i f i can t  reciproCai relationship 
exists between e!mnges in the excitatory and inhibitory potentials: initial depression of  the EPSP coincides 
with potentiation of the IPSP, while subsequent growth of the EPSP is accompanied by a decrease in ampli-  
tude of ~:he [PSI'; 

These facts suggest t.hat daring sup ras%~nen~/ stimulation polysyrmpttc EPSP may very often con- 
slat,of the:algebraic sum of the EPSP and IPSP, wi~h predominance of the e.xcit~tory component. This con- 
e[u~io~ ag-rees with resu!+~ob~ined d~rin~ ~rtif~ci~i po!arlzas by an electric current ~njected into the 
cell [iL 
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Substances with depressan t  action (troxSdone and phen~r ) in mos t  cases  lowered the polysynaptic  
potentials  a r i s ing  during s t imulat ion of the cor tex ,  the red  and ves t ibular  nuclei, and the bulbar  re t i cu la r  
format ion.  In the case of t roxidone,  the decrease  in amplitude of the polysynaptic EPSP (fig. 3D) reached 
50% on the average .  The l a t e r  pa r t  of the response " ~ s  pa r t i cu la r ly  ef fect ively  suppressed .  The latent  
per iod of the EPSP wus sl ightly increased  (from 15 to 20 msec ;  P < 0.001}. Polysynaptic  IPSP also were 
depres sed  by t roxidone,  as  shown by a decrease  in the i r  amplitude (from 1.5 to 0.4 mV; P < 0.002). Pheny-  
toin lowered the amplitude of the polysynaptic EPSP (Fig. 3E), suppress ing  responses  evoked by cor t ica l  
and meseneephal ic  s t imulat ion pa r t i cu la r ly  effect}rely.  However ,  in some cases  the IPSP were  ac tual ly  
inc reased  by the action of phen~o~n. 

The observat ions  desc r ibed  thus r e v e a l  a definite qualitative s imi l a r i t y~e tween  the sens i t iv i ty  of the 
monosynapt ie  and  polysyr~pt ic  potentials  Of af ferent  [1, 4, 6] and suprasegme'ntal  or igin to the s t imulant  

l e p t a z o l  and to substances  with depressan t  action. 
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