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Responses of spontaneously active neurons of the mesencephalic  re t icu lar  formation to 
e lect r ical  stimulation of the dorsa l  columns of the spinal cord  and somatic nerves  of the 
limbs were studied by extracel lu lar  recording of unit activity in acute experiments on 
unanesthetized cats.  Stimulation of the dorsa l  columns was shown to augment o r  inhibit 
spontaneous activity of single re t icu lar  neurons.  It is postulated that inhibitory inter-  
neurons part icipate in the mechanism of the inhibitory action of lemniscal  impulses on 
spontaneous unit activity of the re t icular  formation.  

The detailed study of e lec t r ica l  charac te r i s t i cs  of single units of the bra ins tem re t icular  formation 
(RF) can shed light on some of the charac te r i s t i c  proper t ies  of par t icu lar  parts  of the cortex and subeortex. 
Fo r  example, it has been shown experimental ly [4, 7] that many re t icu lar  cells possess  spontaneous act i -  
vity; i.e., they periodical ly generate  e l ec t r i ca l  d ischarges  without afferent influences. 

According to the investigations of Moruzzi  [9], three  main types of spontaneous activity of re t icular  
neurons can be distinguished in unanesthetized animals:  single volleys of spikes at a frequency of 50-60/ 
sec,  high-voltage i r r egu la r  spikes with a frequency of 2 -5 / sec  and, finally, high-amplitude (up to 10 mV) 
volleys with a frequency of 50-60/sec .  The shape of the potentials can va ry  widely: biphasic waves with 
an initial negative wave, monophasic e lect r ical ly  positive waves, and so on [7, 8]. It is important to d is -  
cover  the mechanisms of the spontaneous activity of single neurons and of their  responses  to various af- 
ferent  inputs in o rder  to understand the physiological role of the RF in the activity of the nervous sys tem 
as a whole and its centra l  apparatus in par t icular .  

In the present  investigation, responses  of spontaneously active neurons of the mesencephal ic  RF to 
e lect r ical  stimulation of the dorsa l  columns of the spinal cord  and also to stimulation of the somatic nerves 
of the limbs were studied. 

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

Experiments  were ca r r i ed  out on unanesthetized cats immobilized with Listhenon or  Diplacin. Ar t i -  
f icial  respira t ion was applied. The spinal cord  was exposed in the region of the upper cerv ica l  segments.  
The dorsa l  columns were separated f rom the remainder  of the t rac ts  and divided. The lateral  columns of 
the spinal cord  also were divided just above the point of stimulation of the dorsal  columns. The central  end 
of the dorsal  columns and the somatic nerves  of the limbs were st imulated by square pulses (amplitude 
2-5 V, duration 0.1 msec).  E lec t r ica l  activity of single re t icu lar  neurons was investigated extracel lular ly  
by glass  microe lec t rodes  (1-3 #, 20-25 M~). 

Responses of the spontaneously active mesencephal ic  RF neurons to e lec t r ica l  stimulation of the 
dorsal  columns showed considerable variation.  Fo r  example, in response to stimulation of the dorsal  
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Fig.  1. Responses of spontaneously active mesencephalic  RF neurons to 
e lect r ical  stimulation of the dorsa l  columns and somatic nerves of the limbs 
A:I)  Spontaneous unit activity; 2) response of same neuron to stimulation of 
dorsal  columns; 3) response of another neuron to stimulation of dorsa l  co l -  
umns; B:I)  spontaneous unit activity; 2) response to stimulation of dorsa l  
columns; 3) response to stimulation of forel imb. 

Fig. 2. Responses of spontaneously active mesencephalic  RF neurons to 
paired stimulation of dorsa l  columns: 1) spontaneous unit activity; 2) inhi- 
bition of spontaneous activity during stimulation of dorsa l  columns; 3) r e -  
sponse of neuron to paired stimulation of dorsa l  columns. 
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Fig. 3. Diagram of hypo- 
thetical  functional o rgani -  
zation of mesencephal ic  
RF neurons: A) neurons 
setting rhythm of neuron 
B; B) spontaneously active 
RF neuron; 3) inhibitory 
interneuron; 4) axon col-  
la teral  of neuron B. 

columns, neurons of one type discharged with a volley of spikes, the spon- 
taneous rhythm being vir tually unchanged although, in some cases ,  a slight 
increase  in firing rate was observed immediately af ter  the volley discharged 
(Fig. 1A). The spontaneous activity of other neurons was appreciably inhib- 
ited during stimulation of the dorsa l  columns of the spinal cord. The spon- 
taneous rhythm was completely blocked. After a short  t ime (25-30 msec) 
the spontaneous activity was res tored.  Neurons of this type usually did not 
give a volley of spikes o r  an increase  in the fir ing rate before inhibition. 

Meanwhile, one of the charac te r i s t i c  responses  of the spontaneously 
active mesencephalic  RF neurons to e lect r ical  stimulation of the dorsa l  
columns was an increase  in the spontaneous firing rate.  The neurons did 
not always respond to stimulation with a charac te r i s t ic  volley of spikes. 
A response of a neuron of this type is i l lustrated in Fib. 1B, f rom which 
it is c lear  that the spontaneous fir ing rate was slightly increased during 
stimulation of the dorsal  columns. During stimulation of the brachial  
nerve of the contra la tera l  forel imb, the fir ing rate rose  still  fur ther .  In 
this par t icu lar  case the response observed was that of a spontaneously 
active neuron receiving afferent impulses both f rom the lemniseal  and 
f rom the spino-thalamic system,  for  the dorsa l  and la teral  columns were 
divided in the cerv ica l  region and, consequently, the afferent impulses 
during e lec t r ica l  stimulation of the limb could reach the brain stem only 
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via  the sp ino- tha lamie  t r a c t s .  It will a lso be noted that the af ferent  input in this case  was act ivat ing in 
c h a r a c t e r .  It can also be accepted  that in this case  some faci l i ta t ion of the unit r e sponse  to sp ino- tha lamic  
afferentat ion by the preceding  lemnisea l  input was observed .  

Responses  of spontaneously act ive  neurons ,  which responded to e lec t r i ca l  s t imulat ion of the dorsa l  
columns by a vol ley of spikes ,  followed by a fa i r ly  prolonged (up to 150 msec)  phase  of inhibition of spon-  
taneous act ivi ty,  a re  pa r t i cu l a r ly  in teres t ing.  It is difficult to a t t r ibute  such a long phase  of inhibition to 
r e f r ac to r ines s :  it will be c l e a r  f rom Fig.  2, which i l lus t ra tes  the response  of a neuron of this type,  that 
the neuron responded to two consecut ive  s t imuli i  s epa ra t ed  by an in terva l  of 21 m s e c .  Most probably  in 
that  case  act ive inhibition took place,  poss ib ly  as a resul t  of in teract ion with a group of neurons linked to 
the genera l  sy s t em.  

This in teract ion can be r ep re sen ted  by the scheme  given in Fig. 3. A rhythmica l ly  act ive  neuron or  
group of neurons  (A) ac t iva tes  another  neuron (B). The spontaneous act ivi ty of a neuron B, which is r e -  
corded  exper imenta l ly ,  is de te rmined  by spat ia l  and t e m p o r a l  summat ion  of impulses  a r i s ing  f r o m  neurons  
of Group A. When an af ferent  volley (indicated on the scheme by an arrow) reaches  neuron B, it d i scharges  
and ac t iva tes  through the co l l a t e ra l  the inhibitory neuron C which, in turn,  inhibits the act ivi ty  of the neu-  
rons A. 

This  scheme,  of course ,  is by no means  un iversa l ,  and inhibi tory influences on the spontaneous ac t i -  
vity of the neurons  a r e  not n e c e s s a r i l y  brought about through inhibi tory in t raneurons  inside the RF. Inhi- 
b i t ionperhaps  a l so takes  place through the par t ic ipat ion  of other  bra in  s t ruc tu r e s  such as the tha lamus  o r  
c e r e b r a l  cor tex .  Never the le s s ,  par t ic ipat ion  of inhibitory in terneurons  in r e sponses  of this type is p e r -  
fect ly  possible ,  fo r  physiological  analys is  has shown that inhibi tory in terneurons ,  r e spons ib le  for  the m e c h -  
an ism of r e c u r r e n t  inhibition, a r e  found not only in all  the re lay  s t ruc tu r e s  of the bra in  [1, 3, 6] but also,  
evidently,  in the b r a i n - s t e m  RF [2, 5]. 

The spontaneously  act ive  mesencepha l ic  RF neurons invest igated in these  exper imen t s  can thus be 
divided by the c h a r a c t e r  of t he i r  r e sponses  to e l ec t r i ca l  s t imulat ion of the dorsa l  column into th ree  groups:  
1) neurons  whose spontaneous f i r ing is inhibited during s t imulat ion of the dorsa l  columns,  2) neurons  fac i l -  
itating spontaneous act ivi ty  o r  responding by a vol ley d ischarge  to s t imulat ion of the dorsa l  columns,  and 
3) neurons not responding to e lec t r i ca l  s t imulat ion of the dorsa l  columns.  

Neurons of the las t  type,  it will be noted, were  found much less  f requent ly  than spontaneously  act ive  
neurons  giving a m a r k e d  r e sponse  not only to e l ec t r i ca l  s t imulat ion of the dorsa l  columns of the spinal  
cord,  but also to any o ther  af ferent  influence. This  fact  evidently shows that  RF, which plays an impor tant  
role  in act ivat ion of the c e r e b r a l  cortex,  in turn  rece ived  extensive informat ion f rom var ious  afferent  s y s -  
t e m s  of the b o d y .  
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