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A study of unit activity in the posterior ventrolateral thalamic nucleus in acute experiments on 

unanesthetized cats revealed neurons (about 20% of those studied) which respond to visual and 

somatosensory stimulation. By the character of their response to these stimuli, polymodal neu- 

rons can be divided into three groups. During the formation of an active defensive reflex to 
visual and electrodermal stimulation, a rhythm-binding response to flashes was recorded in 

this nucleus; this response was depressed if a biologically meaningful stimulus was presented 

at the same time. After division of the optic tract and severance of interhemispheric connec- 

tions down to the cerebellar level the rhythm-binding response and its depression were found in the 

posterior ventrolateral thalamic nucleus on the side of the divided optic tract~ This fact indi- 

cates that the dominant channel for transmission of visual afferentation to this nucleus passes 

through the brain-stem reticular formation. 

KEY WORDS: polymodal neurons; EEG; neurosurgical simplification; active defensive reflex. 

The character of polysensory convergence and the pathways whereby nonspecific information reaches the 

subcortical centers of the sensory systems still remain largely unexplained. Many investigators have shown 
that nonspecific afferentation can reach subcortical brain centers in principle via the brain-stem reticular for- 

mation through indirect connections and along commissural channels [2, 4, 7, 8, i0]~ 

In the investigation described below the role of some of these channels in the conduction of visual in- 
fluences to the posterior ventrolateral thalamic nucleus and the character of polysensory interaction in that 

nucleus were studied by the use of a combination of electrophysiological methods and neurosurgical simplifica- 

tion of afferent systems. 

EXPERIMENTAL METHOD 

Acute experiments were carried out on 9 cats immobilized with a muscle relaxant (listhenon) and artifi- 

cially ventilated. Unit activity was recorded with tungsten electrodes insulated with epoxide varnish. The di- 

ameter of the electrode tip was 1 p and its resistance 20-30 M~. The skin of the forelimbs was stimulated by 

means of a "Disa Multistim" stimulator. Electrodermal stimulation exceeded the pain threshold by 1.5 times 
and was applied to the contralateral limb relative to the nucleus studied. Photic stimulation consisted of short 

flashes from the FS-02 stimulator, ~th a flash energy of 0.i J; the angular size of the light source was 30 ~ 

Unit activity was recorded by means of a UBP-I-02 amplifier with cathode follower and the 'TI~lektronika- 

i00" two-channel tape recorder. The unit activity was displayed as histograms of the running mean discharge 

frequency counted in 100-msec intervals. The mean discharge frequency (MDF) during 1 sec and the mean 

period of activity of the neuron (MPA) during 1 see (the time during which the running mean discharge fre- 

quency differed from zero) were determined. Averaged values of both these parameters for each neuron were 

obtained by analysis of five unit responses; the duration of analysis of each response was 2 sec [3]. 

Experiments with chronically implanted electrodes were carried out on four cats. The left optic tract 

and all interhemispheric commissures and connections down to the level of the cerebellum (one cat) or of the 
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Fig.  1. Changes in mean p e r i o d  of ac t iv i ty  of two groups  of po lymodal  
neurons  in p o s t e r i o r  v e n t r o l a t e r a l  tha lamic  nucleus in r e sponse  to 
v i sua l  and s o m a t o s e n s o r y  s t imula t ion :  1, 2) curves  showing changes 
in mean  p e r i o d  of ac t iv i ty  for  neurons  of groups 1 and 2 r e s p e c t i v e l y ,  
depending on t ime i n t e rva l s  between photic and s o m a t o s e n s o r y  s t imul i .  
Short  hor izon ta l  l ines  on left  of o rd ina te  give mean p e r i o d  of ac t iv i ty  
for  two groups of neurons to photic  (P) and to e l e c t r o d e r m a l  (E) s t i m -  
ulat ion alone.  A b s c i s s a ,  t ime in t e rva l  between photic and e l e c t r o d e r -  
mal  s t imula t ion  (in msec) ;  o rd ina te ,  mean pe r iod  of ac t iv i ty  of po ly-  
neurons  (in msec) .  

p o s t e r i o r  c o m m i s s u r e  (two cats) were  divided in the an imals  1 month before  the e xpe r i m e n t s .  B ipo la r  ni -  
ch rome e l e c t r o d e s  were  implan ted  into the p o s t e r i o r  v e n t r o l a t e r a l  tha lamic  nucleus (PVL), so that  the d is tance  
between the e l ec t rode  t ips  was 1-1.5 ram. Comple teness  of the sec t ions  and the pos i t ion  of the e l ec t rode  t ips  
were  ve r i f i ed  ana tomica l ly  and h i s to log ica l ly  [1]. In the an ima l s  of this group an act ive  defensive r e f l ex  was 
fo rmed  to painful  e l e c t r o d e r m a l  s t imula t ion  of the left  l imb [5]. The p a r a m e t e r s  of e l e c t r o d e r m a l  s t imula t ion  
were  the same  as in the acute expe r imen t s .  The EEG was r e c o r d e d  on the 4]~t~G encephalograph.  

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

Of 47 PVL neurons  t e s t ed  11 could be r e g a r d e d  as polymodalo Eight neurons responded  with a spike d i s -  
charge  to e l e c t r o d e r m a l  and photic  s t imula t ion  and th ree  neurons  inhibi ted the i r  r e sponse  to nocicept ive  s t imu-  
la t ion when accompanied  by condit ioning photic  s t imulat ion;  under  these  c i r c u m s t a n c e s  no r e s p o n s e  was ob- 

s e r v e d  to phot ic  s t imula t ion  alone.  

The MDF of the po lymodal  neurons  in r e sponse  to e l e c t r o d e r m a l  s t imula t ion  of the c o n t r a l a t e r a l  l imb 
was on ave rage  a l i t t l e  lower  than for  monomodal  neurons  (42.2 and 53.3 s p i k e s / s e c  r e spec t ive ly ;  P < 0.05). 

Po lymoda l  neurons  responding  to noc icep t ive  and phot ic  s t imula t ion  could be divided into two groups .  
Group 1 (five cel ls)  included neurons  for  which MDF to photic  and e l e c t r o d e r m a l  s t imula t ion  was of the same 
o r d e r ,  whereas  group 2 ( three cells)  cons i s t ed  of neurons  whose MDF in r e s p o n s e  to photic  s t imula t ion  was an 
o r d e r  of magni tude lower  than to e l e c t r o d e r m a l .  The MPA of neurons with a high MDF was h igher  in mos t  

c a s e s  than for  neurons  with low MDF. 

The MPA of a neuron had a much s m a l l e r  d i s p e r s i o n  than i t s  MDF both to monomodal  and to po lymodal  
s t imula t ion .  To d e s c r i b e  po lymoda l  in t e rac t ion  in the groups  of neurons  spec i f i ed  above,  MPA was accord ing ly  
used (Fig.  1). As Fig.  1 shows,  during in t e rac t ion  between photic and noc icept ive  a f fe ren ta t ion ,  the changes in 
MPA of the two groups  of neurons  followed di f ferent  c o u r s e s .  Two phases  can be d is t inguished  on both curves  
of in te rac t ion .  The f i r s t  phase  develops  when the i n t e r v a l s  between tes t ing  and condit ioning s t imul i  were  f rom 
0 to 100 m s e c  and they were  c h a r a c t e r i z e d  as  a whole by an i n c r e a s e  in MPA. However ,  the regions  of ex- 
t r e m a l  va lues  fo r  these  curves  di f fered.  The second phase  developed when the i n t e rva l s  between s t imul i  ranged  
f rom 100 to 500 m s e c .  The d i rec t ion  of the changes in MPA di f fe red  for  these  groups .  Changes in MPA of the 
two groups  of PVL neurons  evident ly  d i f fe red  in d i rec t ion  because  of asynchronous  development  of pos t synap t i c  
po ten t ia l s  on the m e m b r a n e  of the po lymoda l  neurons  under  the influence of the condit ioning photic s t imula t ion .  
Accord ing ly ,  no evoked po ten t ia l s  to phot ic  s t imula t ion  a r e  r e c o r d e d  in this  nucleus [6]. However,  with a change 
in the a n i m a l ' s  s ta te  (for example ,  dur ing training) synchron iza t ion  of ac t iv i ty  of the polymodal  neurons  can 
take p lace  with the r e s u l t  that EEG r e s p o n s e s  can be r e c o r d e d  in this  nucleus  to photic  s t imula t ion .  
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Fig. 2. Eleetroencephalographic resonses in posterior ventrolateral thalamic nucle- 
us during formation of active defensive reflex in an animal with division of left op- 
tic tract  and of all interhemispheric connections down to the cerebellum: 1, 2) EEG 
responses on side of intact optic tract; 3, 4) the same on side of divided optic tract. 
Arrows pointing upward and downward denote beginning and end of presentation of 
conditional stimulus respectively. Calibration 100 pV. Explanation in text. 

In the chronic experiments flashes were one component of the combined conditional stimulus and the sec- 
ond component was the presentation of a target - a white paper rectangle fixed to an electric bell. During the 
formation of an active defensive reflex the animal had to strike the target with its paw, and in the absence of 
any aggressive response, the left paw was pricked [6]. 

Before conditioning no response to flashes was recorded in PVLo During formation of the reflex a re- 
sponse to flashes appeared in the form of rhythm binding (Fig. 2). This response was found both in intact ani- 
mals and in animals with division of the optic tract and interhemispheric connections down to the level of the 
posterior commissure and the cerebellum. It was manifested bilaterally both in intact animals and in those 
with a split brain. On presentation of the target, if an aggressive response developed, depression of the rhythm 
binding response was observed in both left and right PVL in the intact animals and in those undergoing the op- 
eration (Fig. 2: i, 3, 4). If, however, no reflex response took place on account of loss of attention or fatigue, 
depression of the rhythm binding response likewise was not observed (Fig. 2: 2). 

Since after division of the optic tract and of the interhemispheric connections visual information can 
reach PVL on the side of the divided optic tract only via the brain-stem reticular formation [9], this channel 
must be regarded as the main pathway along which nonspecific visual afferentation reaches PVL. This conclu- 
sion is confirmed by the great similarity between the EEG response on the tractotomized and intact sides 
(Fig. 2). Preservation of only one channel, that running through the brain-stem reticular formation, proved to 
be sufficient for the transmission of information to PVL on the temporal parameters of the visual stimulus and 
its significance. 
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A U T O M A T I C  A C T I V I T Y  O F  P A C E M A K E R  C E L L S  
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Automatic  ac t i v i t y  of p a c e m a k e r  cel ls  with slow diastol ic  depolar iza t ion  was found by means  of 
a m i c r o e l e c t r o d e  technique in the cusps  of the a t r i oven t r i cu l a r  va lves  taken f r o m  the hea r t s  of 
34 rabbi t s .  E lec t rophys io log ica l  c h a r a c t e r i s t i c s  of the action potent ia ls  of these  cel ls  were  
studied. Inhibi tors  of the slow s o d i u m - c a l c i u m  channel (Mn ++, Co ++, and Mg ++ ions) were  
found to abol ish automat ic  act ivi ty  of the p a c e m a k e r  ce l l s ,  whereas  a t h r e e -  to fourfold dec rea se  
in the p o t a s s i u m  ion concent ra t ion  in the per fus ion  solution did not dep re s s  it. The automat ic  
act ivi ty  of the p a c e m a k e r  cel ls  of the a t r i oven t r i cu l a r  va lves  is cons idered  to be due to the func- 
tion of the slow s o d i u m - c a l c i u m  channel.  

KEY WORDS: a t r i oven t r i cu l a r  valves;  au tomat ic  activity;  action potent ials ;  inhibi tors  of ionic 
pe rmeab i l i t y .  

Potent ia l  p a c e m a k e r s  have recen t ly  been found in the a t r i oven t r i cu l a r  va lves  of the dog 's  [11, 12] and 
monkey ' s  [8] hear t .  The cells  of these  p a c e m a k e r s  a r e  c h a r a c t e r i z e d  by slow diastol ic  depolar izat ion,  by 
action potent ia ls  of re la t ive ly  low ampli tude,  and by a low level  of the threshold  and max ima l  diastol ic  potent ia ls  
As r e g a r d s  the ionic m e c h a n i s m s  of au tomat ic  act ivi ty  of the cel ls  of the a t r i oven t r i cu l a r  va lves  all  that  is 
known is that  v e r a p a m i l ,  which blocks  the slow ca lc ium channel,  abol i shes  it  [8]. The w r i t e r s  found p a c e m a k e r  
cel ls  in the a t r i oven t r i cu l a r  va lves  of the rabbi t  hea r t  and inves t iga ted  the i r  e lec t rophys io logica l  c h a r a c t e r i s -  
t ics  as well as the effect  of inhibi tors  of the slow s o d i u m - c a l c i u m  channel and of subs tances  se lec t ive ly  modi -  
fying p o t a s s i u m  p e r m e a b i l i t y  on them.  

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

The h e a r t  was r em oved  f rom 34 rabbi t s  under  ure thane  anes thes ia  and p laced  in oxygenated Tyrode  solu- 
tion at 36-37~ and the cusps  of the a t r i oven t r i cu l a r  va lves  were  excised.  The spontaneously contract ing p r e p -  
a ra t ions  were  pe r fu sed  with Tyrode  solution of the following composi t ion (in raM): NaC1 137, KC1 2.7, CaC12 
1.8, MgC12 1.0, NaHCO 3 12.0, NaHePO 4 10.4, and glucose 5.5. The solution was oxygenated with a mix tu re  of 
95% 02 and 5% CO2; the pH of the solution was 7.4 and i ts  t e m p e r a t u r e  36-37~ Membrane  potent ia ls  of the 
p a c e m a k e r  cel ls  were  der ived  by means  of g lass  m i c r o e l e c t r o d e s  fil led with 3 M KC1, with a tip 0.5 ~ in d i am-  
e t e r  and a r e s i s t a n c e  of 20-40 M~. To ampl i fy  and r e c o r d  the potent ia ls  a cathode fol lower (Biof izpr ibor  Spe- 
cial  Engineer ing Design Office), an $1-19 ca thode - r ay  osc i l loscope,  and an N041 loop osc i l lograph were  
used. The spontaneous exci ta t ion ra te  of the p a c e m a k e r  cel ls ,  the levels  of the i r  c r i t i ca l  and max imal  
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