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Responses to e lec t rodermal ,  photic, and acoustic s t imuli  recorded  in neurons of the motor  
cor tex  of immobil ized cats anesthetized with chloralose are  little different f rom unit r e s -  
ponses of cats immobilized with chloralose.  This suggests  that the occurence of responses  
to stimuli  of different modali t ies ,  the s imi lar i ty  between them, and interaction of the block- 
ing type under chloralose anesthesia cannot be explained by secondary  effects associated 
with the motor  response  to the st imuli  used. 

Experiments  with in t race l lu lar  record ing  [3, 4] have previously shown that virtually all neurons of the 
ca t ' s  motor  cor tex  f rom which recordings  have been obtained under deep chloralose anesthesia give s imi lar  
postsynaptic potentials (PSPs) to stimuli  of different modalities.  On the presentat ion of a second (testing) 
stimulus at an interval  of between 2 0-3 0 and severa l  hundreds of mil l iseconds af ter  the f i rs t  (conditioning) 
stimulus, in most  cases  no PSP appeared in response  to the testing stimulus regard less  of the modalit ies of 
the st imuli  used (symmetr ica l  interact ion of blocking type). Under chloralose anesthesia relat ively shor t -  
latency motor  responses  are  often observed [1, 5, 6] to different per ipheral  stimuli. It has been suggested 
that the s imi lar i ty  between the PSPs and this type of interact ion descr ibed above cannot be explained by the 
appearance (or blocking) of the motor  response  sending afferent impulses back to neurons of the motor  c o r -  
tex. At f i rs t  glance this hypothesis Would seem to be supported by compar i son  of the resul ts  obtained in 
experiments  with ext racel lu lar  record ing  of unit activity of the motor  cor tex in unimmobilized [2] and cu- 
r a r i zed  [7, 8] cats anesthetized with chloralose.  In the second case,  the proport ion of polysensory  cells 
was appreciably lower than in the first .  

A ser ies  of control  experiments  was accordingly ca r r i ed  out in which unit activity of the motor  cor tex  
was recorded  ext racel lu lar ly  and int racel lu lar ly  in cats anesthetized with chloralose and immobilized by 
injection of a relaxant.  

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

The methods of record ing  and st imulation (e lect rodermal  st imulation of the contra la tera l  forel imb 
and ipsi la teral  hind limb, f lashes,  clicks) were s imi la r  to those descr ibed previously [3]. In four of the 
seven experiments  chloralose  was injected (70 m g / k g  intraperi toneally) initially, activity of some neurons 
was observed,  and the relaxant (succinylcholine chloride) was then injected and art i f icial  respi ra t ion  applied. 
Ether  anesthesia was used in 3 experiments.  After the end of the operat ion the wound areas  were anesthe- 
t ized with xylocaine and succinylcholine chloride injected into the cat. After the activity of severa l  neurons 
had been recorded  in the unanesthetized animal, administrat ion of chloralose began. 

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

Activity of 40 cells was recorded  in the animals under chloralose anesthesia. Ext race l lu lar  r e c o r d -  
ings were obtained f rom 13 neurons,  in t racel lular  f rom 19, and quasi int racel lular  f rom 8. Of the 17 in t ra-  
cel lular  record ings ,  action potentials (APs) more  than 40 mV in amplitude were observed in 9, while in the 
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Fig. 1. Ext race l lu lar  record ing  of responses  of 3 neu- 
rons in the same experiment:  1) stimulation of forel imb 
(here and in Figs.  2 and 3, marked by a black circle);  2) 
photic (arrow); 3) acoustic (short s t raight  line); 4) s t im-  
ulation of hind limb (empty circle).  Ar row on d iagram 
points to site of recording;  B) spikes extend beyond CRO 
screen.  

r e s t , t he  mechanism of AP generat ion was inactivated by injury. Three neurons were recorded  (and others 
were observed without being recorded)  in animals under chloralose anesthesia before injection of the r e -  
laxant. The responses  of these neurons were identical with those observed previously under  s imi la r  con- 
ditions [3, 4]. In all exper iments  in which chloralose was adminis tered initially, and in one of the three 
experiments  in which chloralose  was injected into a previously immobil ized animal, s imi la r  resul ts  were 
obtained and they will be descr ibed together.  

E x t r a c e l l u l a r  Recording. Of the seven neurons recorded  in these experiments  six responded to all 
s t imuli  applied by a single spike (Fig. IA) o r  a group of spikes (Fig. 1B), while one responded only to s t im-  
ulation of the limbs (Fig. 1C). In this neuron, as in most  of the others ,  spontaneous activity was virtually 
absent in the animals anesthetized with chloralose,  and it was therefore  impossible to decide whether an 
inhibitory response  had a r i sen  to flashes and clicks. 

In t racel lu lar  and Quasi in t racel lu lar  Recording. All 22 cells recorded  responded to all s t imuli  used. 
The typical  response  (Fig. 2) consis ted of a sequence of exci tatory and inhibitory PSPs (EPSP and IPSP 
respect ively) .  The EPSPs usually led to AP generation. In one cell an AP appeared only in response  to 
photic stimulation. In another the threshold of AP generation was so high (about 22 mV; Fig. 3, A anc C) 
that nearly all EPSPs were subthreshold. No appreciable IPSP was observed in this case,  probably because 
of the ext remely  high level of the membrane  potential (the level was not measured  accurately) ,  close to the 
equil ibrium potential for the IPSP. In this cell no significant spontaneous hyperpolar izat ion waves likewise 
appeared (Fig. 3C). In neurons with a damaged spike generation mechanism,e i ther  the same responses  
were observed as in the other  cells (i.e., E P S P - I P S P )  or only the p r imary  IPSP appeared. In one cell, af- 
t e r  injury, there was a substantial  decrease  in amplitude of the IPSP, so that in response to all st imuli  only 
depolarizat ion (EPSP) began to be recorded.  

Interact ion between Stimuli. Interaction was investigated in four cells (two in t racel lu lar  and two qua- 
s i in t race l lu lar  recordings) .  In response  to the simultaneous application of the two stimuli,  or  if a sho r t i n -  
te rva l  (10-20 msec)  separated them, somet imes  a very  small  increase  in the response was observed(Fig.  
3A3) compared with the response  to a single stimulus (Fig. 3A~), or  this response was unchanged. If the in-  
tervals  were longer,  as a rule the test  response  did not appear regard less  of the modality of the stimuli  
{Fig. 3A, B) until the interval  reached the cr i t ica l  value of 200-400 msec.  At intervals close to the cr i t ical  
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Fig. 2. Responses  of two neurons to st imuli  of different modal-  
ities. A) 1 neuron; B) record  of focal potentials after  death of this 
neuron; C, D) another neuron. InA-C:  1-4) the same st imuli  as in 
Fig. 1. C a and DI_ s) application of paired stimuli  separated by in- 
te rva l  of 165 msec;  two photic (Ca) , e l ec t rodermal  and photic (DI, 
D25 , e l ec t rodermal  and acoustic (D3, D4) , and acoustic and photic 
(D0). E lec t rodermal  st imulation is conditioning for D 1 and D 5. 

A B 

I I 

i 

3 

I 

I 

I00 msec 
I [ 

2 

�9 I I I 

e 
i00 msec I 
b"' 4 

30 mV 

O,g see ~ �9 I 
�9 

/00 msec ~ . . X '  5 

Fig. 3. Interact ion between stimuli  of different modalit ies on the 
same  neuron. A: 1) st imulation of forelimb; 2) click; 3) s imul ta-  
neous application of the same stimuli;  4-75 interaction of s t imula-  
tion of forel imb with acoustic (4, 55 and photic (6, 7) st imulation 
with interval  of 16 0 msec.  Stimulation of limb is conditioning for  
4 and 7; B) presentat ion of paired stimuli  with interval  of 80 msec:  
1) two acoustic stimuli;  2) photic and acoustic;  3) e lec t rodermal  
and acoustic;  45 photic and e lec t rodermal ;  C) f ragments  of contin- 
uous r eco rd  with paired stimuli. Interval between acoustic and 
e l ec t rode rmal  stimuli  43 0 msec;  D) application of two stimuli  of 
the same (1-3) and different (4-75 modali t ies with interval  of 210 
msec :  15 stimulation of limb; 2) photic; 3) click; 4-7) the same 
st imuli  as in A 4_ 7 respectively.  In A 3 and B a one of the E PSPs 
evokes a spike of which only the lower part  is shown. 
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value the tes t ing  r e s p o n s e s  e i ther  were  weak (Fig. 3D4, ~) or  they did not a r i s e  in r e sponse  to eve ry  s t im-  
ulus (Fig. 3DG, 7). Only in one cel l  did the c h a r a c t e r  of the in terac t ion  depend s t rongly on s t imulus  moda l -  
ity; complete  blocking of the r e s pons e  to photic s t imulat ion did not occur  a f te r  conditioning e l e c t r o d e r m a l  
s t imula t ion  (Fig. 2D1) nor  was the re  a r e s po nse  to s t imulat ion of the l imb af te r  a c l ick (Fig. 2D4). If the 
s a m e  s t imul i  were  applied in the r e v e r s e  o rde r ,  and also with all o ther  combinat ions of s t imul i ,  complete  
blocking of the t es t  r e s pons e  was obse rved  (Fig. 2C~, D2, 3, 5)" In all neurons invest igated, the r e sponse  also 
was f requent ly  blocked to a s t imulus  applied a shor t  t ime  a f te r  a spontaneous PSP of suffiently high ampl i -  
tude and with a suffiently s teep  ascending phase  (Fig. 3C2). 

In two expe r imen t s  which were  s t a r t ed  on an immobi l ized ,  unanesthet ized animal ,  adminis t ra t ion  of 
ch lora lose  (90 m g / k g )  did not lead to the appearance  of r e sponses  typical  of the other  exper iments .  No 
w e l l - m a r k e d  focal evoked potent ia ls ,  typical  (see Fig. 2B) of an imals  under ch lora lose  anes thes ia ,  were  ob- 
se rved  l ikewise.  In one of these  expe r imen t s  fu r ther  injections of the anesthet ic  were  given, inc reas ing  the 
total  dose to 400 m g / k g ,  a f t e r  which focal  and unit r e sponses  were  observed.  However ,  even a f te r  this ,  
r e sponses  to at l eas t  one of the s t imul i  were  absent  in th ree  of the four neurons recorded.  The r e a s o n  for  
these  phenomena is not yet  c lear .  The suggest ion is that the depth of anes thes ia  in these  exper imen t s  was 
insufficient  (because of individual d i f ferences  between the animals  or  for  o ther  reasons) .  It is in te res t ing  
to note that  the total  dose specif ied above in one of these expe r imen t s  is th ree  t imes  higher  than LDs0 [6]. 

On the whole , the  r e su l t s  of mos t  of the exper imen t s  on immobi l ized  cats demons t ra ted  vi r tual ly  the 
s a m e  pa t t e rn  of convergence  as was obse rved  in the s ame  expe r imen t s  and had been thoroughly invest igated 
p rev ious ly  [3, 4] on unimmobi l ized  animals  under ch lora lose  anesthesia .  The genera l  pa t t e rn  of the r e -  
sponses ,  t he i r  latent  pe r iods ,  and the c h a r a c t e r  of in te rac t ion  were  ve ry  s i m i l a r  under these  two conditions. 
This  sugges ts  that  the appearance  of moto r  r e s p o n s e s  is not the cause  e i ther  of the comple teness  of con- 
ve rgence  under ch lora lose  anes thes i a ,o r  of the s imi l a r i t y  of the r e sponses  to different  s t imul i ,  or  of the 
s y m m e t r i c a l  in te rac t ion  of "blocking" type. 

The re la t ive ly  low propor t ion  of po lysenso ry  neurons descr ibed  in the l i t e ra tu re  [7, 8] can be ex-  
plained pa r t ly  by the use of ex t r ace l l u l a r  record ing ,  which does not r evea l  "subthreshold"  convergence  suf-  
f icient ly c l ea r ly  (Fig. 3). Another  probable  cause  is d i f ferences  in the exper imen ta l  conditions and also,  
pe rhaps ,  in the dose of anesthet ic ,  which is not specif ied by the authors  cited. 
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