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Neurons responding to stimulation of the dorsa l  roots ,  the per ipheral  nerves ,  and somato-  
sensory  a r ea s  1 and 2 of the cor tex  were recorded  in the mesencephalie  re t icu la r  f o rma-  
tion (RD of cats .  In some cases  interaction between afferent stimuli reaching RF neurons 
by the lemniscal  and spinothalamic sys tems  may be inhibitory in charac te r .  The number 
of convergent  neurons in the mesencephal ic  RF  is 40% of the total dumber recorded.  

One of the most  cha rac te r i s t i c  features  of the b r a in - s t em re t icular  formation (RF) is the convergence 
of afferent stimuli of different sensory  modali t ies on single neurons [2, 3, 9]. Anatomical and physiolo-  
gical  studies have shown that somatic afferent impulses reach  the b ra in - s t em RF  by direct  spinoret icular  
f ibers  in the vent ro la tera l  columns of the spinal cord and also by col la terals  of the spinothalamic t rac t s  
[5, 6, 8, 9]. Some worke r s  consider  that neurons of the brain stem receive afferent impulses via the cor -  
t ical loop [1, 4], belonging to the sys tem of the medial lemnisci .  

In the investigation descr ibed below convergence of the lemniscal  and spinothalamic impulses on 
me sencephalic R F neurons was inve stigated and the cha rac te r  of interaction between the se impulse s studied. 

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

Acute exper iments  were  per formed on unanesthetized cats  immobilized with listhenon and maintained 
on art i f icial  respi ra t ion .  The animal was fixed in a s tereotaxic apparatus and the spinal cord  was dissected 
at the level of the super ior  cerv ica l  segments.  The dorsa l  and la teral  columns of the spinal cord  were  
then divided. The per ipheral  nerves  of the fore l imbs and the central  ends of the dorsal  columns were  
stimulated. Single unit activity of the mesencephalic  RF was recorded  extracel lular ly  by glass  mic roe l ec -  
t rodes  (1-2 #, 25-30 Mf~) on an oscil loscope of the Disa-Indicator  type with cathode follower. 

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

Activity of 73 neurons was r eco rded  in 25 experiments .  Forty  of these neurons responded only to 
stimulation of the central  end of the dorsal  columns, with a latent period of 6-25 msec,  while 29 neurons 
responded to stimulation of the centra l  end of the dorsal  columns and nerves of the forel imbs.  Since the 
dorsa l  and la teral  columns were  divided in the cervical  region, the afferent impulse during stimulation of 
the nerve to the forel imb could reach the mesencephalic  RF neurons only by the sys tem of the spinothal- 
amic t rac t .  The latent period of the unit response  to stimulation of the limb as a rule exceeded the latent 
period of the response  to stimulation of the dorsal  columns.  Four neurons responded to stimulation of the 
dorsal  columns and two to stimulation of the somatosensory  cortex.  In ear l ier  experiments ,  convergent  
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Neutron II 

Fig .  1. Responses  of two neurons  of the mesencepha l i c  
R F  to s t imula t ion  of the d o r s a l  columns (A) and co r t ex  (B). 

Fig .  2. Inhibi tory  effect of l e m n i s c a l  impu l se s  on unit  r e -  
sponse evoked by sp ino tha l amic  af ferent  i m p u l s e s :  1) unit  
r e s p o n s e  to s t imula t ion  of d o r s a l  columns;  2) unit  r e s p o n s e  
to s t imula t ion  of fo r e l imb  nerve;  3) unit  r e s p o n s e  to s t im-  
ula t ion of d o r s a l  co lumns  a f te r  s t imula t ion  of fo re l imb ;  4) 
no unit r e s p o n s e  to s t imula t ion  of fo re l imb  appl ied  45 msee  
af te r  s t imula t ion  of d o r s a l  columns.  

neurons  responding  to s t imula t ion  of the d o r s a l  columns were  r e c o r d e d  in s o m a t o s e n s o r y  a r e a s  1 and 2 of 
the cor tex .  As a ru le ,  the la tent  pe r iod  of the r e s p o n s e  to co r t i ca l  s t imula t ion  was much sho r t e r  than to 
s t imula t ion  of the do r sa l  columns.  However,  neurons  responding  to co r t i ca l  s t imula t ion  with a longer  latent  
p e r i o d  than to s t imula t ion  of the do r sa l  columns a lso  were  found (Fig. 1). The r e a s o n  was evident ly  that  in 
the l a t t e r  case  the a f fe ren t  impulse  r e a c h e d  the R F  neuron af te r  a cons ide rab le  number  of r e l a y s  in the 
RF  i tse l f .  

The r a t i o  between the number s  of convergent  and nonconvergent  neurons  (33 : 40) r e c o r d e d  in the 
p r e sen t  inves t iga t ion  in the mesencepha l i c  R F  c o r r e s p o n d s  c lo se ly  to that  obtained by Pa l e s t i n i  [7], who 
found that  the number  of convergent  neurons  in the meseneepha l i c  R F  may r e a c h  50%. 

In 14 of the 29 convergent  neurons  which responded  to s t imula t ion  of the c e n t r a l  end of the do r sa l  
columns and the nerve  of the c o n t r a l a t e r a l  f o r e l imb  the c h a r a c t e r  of in te rac t ion  between the l e m n i s c a l  and 
sp inotha lamic  impu l ses  could be de te rmined .  For  ins tance ,  if the f i r s t  of two consecut ive  s t imul i  was ap- 
pl ied to the d o r s a l  co lumns  and the second to the fo re l imb ,  and under  these  c i r c u m s t a n c e s  the neuron r e -  
sponded to the second s t imulus  only a f te r  an in te rva l  much longer  than the la tent  pe r iod  of the r e sponse  to 
s t imula t ion  of the fo re l imb ,  it  could be concluded that  s t imul i  r each ing  the neuron via  the l e m n i s c a l  s y s t e m  
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Fig.  3. Inhibitory effect  of spinothalamic  impulses,  on unit 
r e sponse  evoked by l emnisca l  a f ferent  impulses :  1) unit 
r e sponse  to s t imulat ion of fo re l imb  nerve;  2) unit r e sponse  
to s t imulat ion of dorsa l  columns;  3) inhibition of unit d is -  
charge  evoked by s t imulat ion of dor sa l  columns ( l s t  s t imu-  
lus) on s t imulat ion of fo re l imb  nerve  (2nd stimulus) ; 4) no 
unit r e sponse  to s t imulat ion of dorsa l  columns applied 85 
m s e c  a f te r  s t imulat ion of fo re l imb .  

had an inhibi tory action in that case  on the spinothalamic impulses .  Six convergent  neurons  with r e s p o n s e s  
of a s im i l a r  c h a r a c t e r  to l emnisca l  and spinothalamic  af ferent  impulses  were  r eco rded  (Fig. 2). 

If the neuron responded  to s t imulat ion of the dorsa l  columns when following s t imulat ion of the fo r e -  
l imb at an in terval  much g r e a t e r  than the latent  per iod  of the r e sponse  to s t imulat ion of the dorsa l  columns 
only, it was  concluded that  the spinothalamic  impu l ses  had an inhibi tory effect  on the unit r e sponse  to af-  
f e ren t  impu l ses  f r o m  the s y s t e m  of the media l  l enmisc i .  Responses  of this type were  r eco rded  f r o m  th ree  
neurons  (Fig. 3). Five neurons  responded  to s t imulat ion of the dorsa l  columns and ne rves  of the fo re l imbs  
v i r tua l ly  r e g a r d l e s s  of the in terva l  between them.  

Although the r e s u l t s  given above suggest  that the effect  of af ferent  impulses  reaching  the b r a i n - s t e m  
RF neurons  via  the s y s t e m  of the media l  l emnisc i  is mainly  inhibitory,  final conclusions can be drawn only 
when sufficient convergent  neurons  have been found. 

So f a r  as the m e c h a n i s m  of the inhibitory in teract ion between the l emnisca l  and spinothalamic im-  
pulses  on b r a i n - s t e m  R F  neurons  is concerned,  it may  evidently be both p resynapt ic  and postsynapt ic  in 
c h a r a c t e r  and its locat ion may  be in the RF  i tself  or in the tha lamie  r e l ay  nuclei.  

1o  

2. 

3. 

4. 
5. 
6. 
7. 

LITERATURE CITED 

R. A. Durinyan and V. L. Tsa tu rov ,  Dokl. Akad. Nauk SSSR, 178, 748 (1968). 
D. V. Kadzhaya,  Abs t r ac t s  of P roceed ings  of the Fifth All-Union Conference on Elec t rophysio logy 
of the Nervous System [in Russian] ,  Tbi l is i  (1966), p. 138. 
V. E. A m a s s i a n  and H. J .  Wal ler ,  in: Re t icu la r  Format ion  of the Brain,  Boston (1957), p. 69. 
A. Brodal ,  Re t i cu la r  Fo rma t ion  on the Bra in -S tem,  Edinburgh (1957). 
F. Morin, H. G. Schwartz,  and J .  L. O 'Lea ry ,  Acta Psychia t .  Scand., 26, 371 (1951). 
M. Pales t in i ,  G. Ross i ,  and A. Zanchett i ,  Arch.  Ital.  Biol.,  2, 97 (1957). 
M. E. Scheibel and A. B. Seheibel, in: Re t icu la r  Format ion  of the Brain,  Boston (1957), p. 31. 

1367 


