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Secondary r e s p o n s e s  of the p o s t e r i o r  vent ra l  tha lamic  nucleus and s o m a t o s e n s o r y  cor tex  
were  inves t igated in acute expe r imen t s  on cats  anes the t ized  with hexobarbi ta l .  These  r e -  
sponses  were  found to a r i s e  independently in the cor tex  and nucleus.  Secondary r e sponses  
to splanchnic nerve  s t imulat ion were  shown to be more  widely r e p r e s e n t e d  and more  s table  
than those to soma t i c  s t imula t ion .  Data in the l i t e ra tu re  and ana lys i s  of the r e su l t s  sugges t  
a poss ib le  r e t i c u l a r  m e c h a n i s m  of origin of these r e s p o n s e s .  

The pr inc ip les  of organiza t ion  of the pro jec t ion  s y s t e m s  of the b r a in  have been invest igated in detai l  
mainly  by ana lys i s  of the spat ia l  d is t r ibut ion of p r i m a r y  r e sponses  (PRs). A c lose r  study of the functional 
organiza t ion  of these  s y s t e m s  r equ i r e s  ana lys i s  of the whole combinat ion of e l ec t r i ca l  r e s p o n s e s  evoked by 
a f fe ren t  impulses .  The late or  secondary  r e s p o n s e s  (SRs) a re  of g r ea t  in te res t  in this r e s p e c t ,  for  they 
a r e  r e g a r d e d  as a re f lec t ion  of int imate p r o c e s s e s  of ana lys i s  of incoming informat ion [1]. Most inves t iga-  
tions of SRs have consis ted  of a descr ip t ion  and ana lys i s  of cor t ica l  potentials  [1, 3, 7, 9, 11]. There  is 
l ess  informat ion  on tha lamic  SRs. SRs in the tha lamic  nuclei a r e  known to be connected with e i ther  nonspe- 
cific or a s soc ia t ive  s t r u c t u r e s  [3, 8]. Repor ts  on SRs of the speci f ic  r e l ay  nuclei have only begun to appea r  
compara t i ve ly  recen t ly .  Andersen  et  a l .  [5, 6] have analyzed the sequence of posi t ive and negative waves  
following the PRs of the v e n t r o - b a s a l  complex and which r e f l ec t  cycl ic  changes in exci tabi l i ty .  Durinyan 
[2] made a detai led study of evoked potent ials  of this nucleus and as a r e su l t  isolated zones  of SRs located 
at  the pe r iphery  of the a r e a s  of r e p r e s e n t a t i o n  of d i f ferent  par t s  of the body and of the v i s c e r a .  These r e -  
sponses  had a longer  latent  per iod and a higher  ampli tude of the i r  negative phase and were  followed by ad- 
ditional waves .  The SRs re f l ec ted  the intensi ty of s t imulat ion,  the level  of anes thes ia ,  and o ther  effects  
connected with changes in the functional s ta te  of the s y s t e m  c lea r ly  enough. Pa r t i cu l a r ly  c l ea r  SRs were  
r eco rded  in r e spons e  to s t imula t ion  of v i s c e r a l  a f fe ren t  nerves .  

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

Acute expe r imen t s  were  c a r r i e d  out on 22 cats  anes the t ized  with hexobarbi ta l  (80-100 m g / k g ) .  P o -  
tent ia ls  were  r ec o rded  by a monopolar  technique f rom the sur face  of the cor tex  and f rom the p o s t e r i o r  ven-  
t r a l  nucleus (PVN) in accordance  with the coordina tes  of J a s p e r  and A jmone -Marsan ' s  a t las ,  in r e sponse  to 
single s t imula t ion  of the con t r a l a t e ra l  fo re l imb and hindlimb ne rves  and the splanchnic nerve .  

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

In r e sponse  to single s t imula t ion  of the somat ic  or  v i s c e r a l  nerve and PVN with a square  pulse ,  be-  
s ides the PR a l a t e r  negative or  posi t ive-negat ive wave was r eco rded  with a la tent  per iod of 40 to 80 m s e c ,  
durat ion 50-150 m s e c ,  and ampli tude up to 500 gV. These r e sponses  appeared  under  the same  conditions as 
cor t ica l  SRs in r e s p o n s e s  of the Forbes  [11] type,  desc r ibed  in an imals  under  deep ba rb i tu ra t e  anes thes ia .  
In the p resen t  expe r imen t s ,  bes ides  SRs f r o m  PVN, SRs also were  r eco rded  f rom the su r face  of the cortex,  
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Fig. 1. Secondary e l ec t r i ca l  r e s p o n s e s  of the soma-  
t o senso ry  cor tex:  A) change in configurat ion of p o -  
tent ia ls  depending on place f r o m  which they a r e  r e -  
corded on the cor t i ca l  su r face ;  numbers  denote r e -  
cording points and cor responding  potent ia ls .  Cali-  
bra t ion:  50 m s e c  and 250 #V; B) re la t ions  between 
potent ia ls  r e c o r d e d  in cor tex  (top curves)  and in 
tha lamic  r e l a y  nucleus (bottom curves) .  Explanation 
in text .  Cal ibrat ion:  50 m s e c  and 250 pV. 

and in the i r  configurat ion and t empora l  p a r a m e t e r s  they cor responded  with F o r b e s '  r e s p o n s e s .  The SRs 
r e c o r d e d  were  widely r e p r e s e n t e d  in the cor tex  although they var ied  in intensi ty at  d i f ferent  points.  As 
Fig. 1A shows,  no SRs were  found in the cen te r  of the zone of fore l imb r e p r e s e n t a t i o n  in s o m a t o s e n s o r y  
a r e a  I; the f a r the r  the r ecord ing  e lec t rode  was moved toward the pe r iphery  of the a r ea ,  pa ra l l e l  with the 
dec r ea se  in ampli tude of the PR, a late wave r e s e m b l i n g  the PR in shape,  but differing f r o m  it in its much 
longer  la tent  per iod and durat ion of its phases ,  appeared  and inc reased  p r o g r e s s i v e l y  in s ize .  S imi lar  po -  
tent ia ls  with a latent  per iod of 70 m s e c  have been obse rved  in the visual  pro jec t ion  cor tex  [7]. Inves t iga-  
tions [9] have shown that  although SRs of the visual  cor tex  differ  f rom F o r b e s '  r e sponses  in the i r  local iza-  
tion, the i r  or igin  is the s a m e ,  i .e. ,  they a r i s e  through the par t ic ipat ion of nonspecif ic s y s t e m s .  The s imi -  
l a r i ty  between the t empora l  p a r a m e t e r s  and conditions of or igin of the tha lamic  and cor t ica l  SRs r a i s e  the 
quest ion:  a re  these phenomena dependent upon one another  or  not ? Simultaneous r ecord ings  f r o m  the co r -  
t ical  sur face  and PVN shows (Fig. 1B) that  SRs a r i s e  in PVN and the s o m a t o s e n s o r y  cor tex  evidently inde- 
pendently.  The ampli tude of the cor t ica l  SR is independent of the ampli tude of the SR f r o m  PVN (Fig. 1B, 
1, 2). A cor t ica l  r e sponse  may be absent  during development  of the tha lamic  r e sponse  or it may  be r e -  
corded even in the absence  of a tha lamic  r e sponse  (Fig. 1B, 3, 4). The SRs f rom PVN, like cor t ica l  SRs, 
cannot follow frequencies  of s t imula t ion  higher  than 4 Hz. In the graph in Fig. 2 the r e c o v e r y  cycles  of the 
PRs and SRs to s t imulat ion of the fore l imb during conditioning s t imula t ion  of the splanchnic nerve are  
shown. As the graph shows, with an in terva l  of 300 m s e c  between conditioning and test ing s t imul i  the am-  
plitude of SR is r e s t o r e d  to 90% of its initial  level .  Complete r e s t o r a t i o n  takes  place a t  320-350 msec .  The 
r e c o v e r y  cycles  of the SRs, like the i r  p a r a m e t e r s ,  were  very  va r iab le .  The value of each ordinate was ob-  
tained by ave rag ing  the r e su l t s  of 20 m e a s u r e m e n t s ,  and in individual cases  the ampli tude of the SR could 
be r e s t o r e d  by 150 m s e c ,  while in other  cases  the SR r ema ined  comple te ly  blocked until 350 m s e c .  If 
pa i red  s t imul i  were  used,the SR to the tes t ing s t imulus was blocked r e g a r d l e s s  of the nerve  to which the 
conditioning s t imulus  was applied,  so long as  it evoked an SR. On the other  hand, the appearance  of a PR 
to the tes t ing s t imulus  did not p revent  the development  of an SR to the conditioning s t imulus  (Fig. 2A). The 
ampli tude of the SRs r eco rded  f rom PVN during somat ic  s t imula t ion  depended essen t ia l ly  on the place f r o m  
which they were  r eco rded .  No SRs could be r e c o r d e d  a t  the focus of max imal  ac t iv i ty  and in the zone of the 
1)R. As the e lec t rode  was shifted toward the pe r iphe ry  of the a r e a  of r ep r e sen t a t i on  the ampli tude of the 
PR d e c r e a s e d  while that of the SR inc reased  p r o g r e s s i v e l y  (Fig. 2B, below). A di f ferent  p ic ture  was 
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Fig. 2. Secondary electrical responses of thalamic relay 
nucleus. A: above) relations between responses to con- 
ditioning and testing stimuli, below) graphs of reproduci- 
bility cycles of primary and secondary responses. Ab- 
scissa, interval between stimuli (in msec); ordinate, re- 
producibility (in percent); B) changes in configuration of 
potentials in relation to point of recording in nucleus. 
Above) during splanehnic nerve stimulation; below) stimu- 
lation of forelimb. Calibration: 50 msec, 250 #V. 

observed during splanchnic nerve stimulation (Fig. 2B, above). In that case, SRs could be recorded at all 
points in the area of representation and their amplitude was not significantly changed with a move from one 
point to another. Under the same experimental conditions the stability of the SR during stimulation of the 
splanchnic nerve was appreciably higher than during stimulation of the somatic nerves. 

These facts can be explained on the assumption that the zone of the PR for the splanchnic nerve oc- 
cupies a much smaller volume in the nucleus than the zone for the somatic nerves [2, 4]. The ratio between 
periphery and center for the splanehnic nerve is thus greater than for the somatic nerves, and since the 
SRs arise at the periphery the probability of recording an SR during stimulation of the splanchnic nerve is 
higher than during somatic stimulation. The sharply different recovery cycles, the absence of mutual block- 
ing, and the reciprocal relations observed during movement toward the periphery of the area of representa- 
tion (for somatic nerves) suggest that the PRs and SRs in PVN are different in nature. The SRs of PVN 
are evidently due to the arrival of impulses through the multineur.onal networks of the reticular formation. 

Besides the properties of the SRs described above, other evidence in support of this hypothesis is 
given by the nature of the secondary Forbes' responses in the cortex, which can be regarded as definitely 
reticular in origin [8, I0]. 

LITERATURE CITED 

I. P.K. Anokhin, in: Current Problems in E!ectrophysiological Investigations of the Nervous System 
[in Russian], Moscow (1964), p. 132. 

2. R.A. Durinyan, The Central Structure of Afferent Systems [in Russian], Leningrad (1965). 
3. K.M. Kullanda, Basic Problems in the Electrophysiology of the Central Nervous System [in Russian], 

Kiev (1962). 

227 



4. V.N. Chernigovskii, Neurophysiological Analysis of the Cortico-Visceral Reflex Arc [in Russian], 
Leningrad (1967). 

5. P. Andersen, C. Brooks, J. Eccles, et al., J. Physiol. (London), 174, 34 (1964). 
6. P. Andersen, J. Eecles, and T. Sears, J. Physiol. (London), 174, 370 (1964). 
7. M. Brazier,  Acta Physiol. Pharmaeol. Neurol.,6,692 (1957). 
8. E. Dempsey, R. Morison, and B. Morison, Am. J. Physiol., !31,732 (1941}. 
9. W.J .  For tes ,  Electroenceph. Clin. Neurophysiol., 14..._, 654 (1962). 

10. D . P .  Purpura, J. Neurophysiol., 18_., 246 (1955). 
11. A. Forbes and B. Morison, J. Neurophysiol.,2, 112 (1939). 

228 


