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The effect of e l e c t r i c a l  s t imula t ion  of the d o r s o t a t e r a l  (DL) and ven t romedia l  (VM) zones of 
the caudal  region of the mesencepha l i c  r e t i c u l a r  format ion  on unit ac t iv i ty  in the l a t e r a l  zone 
of the p o s t e r i o r  s igmoid  gyrus  was invest igated in cats .  The mainly  exc i t a to ry  c h a r a c t e r  of 
m e s e n c e p h a l o - c o r t i e a l  effects  was conf i rmed  and p redominance  of uni ta ry  r e sponses  with a 
shor t  la tent  pe r iod  (3-12 msec)  to s t imula t ion  of VM and a longer  latent  pe r iod  (20-25 msec)  
to s t imula t ion  of DL was d i scove red .  The expe r imen t s  showed in te rac t ion  between VM and 
DL in the i r  effects on c o r t i c a l  neurons,  both those s ens i t i ve  to somes the t i c  s t imul i  (mono-,  
d i - ,  and polyvalent)  and those not responding to e l e c t r i c a l  s t imula t ion  of the skin  of the l imbs.  
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One line of r e s e a r c h  in the p r o g r a m  for  s tudying convergence  of a f ferent  inputs into the mo to r  co r t ex  
[1, 9] is the study of the organ iza t ion  of m e s e n c e p h a l o e o r t i c a l  r e l a t ions .  A s e r i e s  of invest igat ion in which 
at tent ion was concen t ra ted  on the ana lys i s  of c o r t i c a l  effects  during s t imula t ion  of the red nucleus in ca ts  
has r ecen t ly  been publ ished [4, 5, 9]. In addit ion to the bas i c  phenomena -- s h o r t - l a t e n c y  an t id romic  d i s -  
cha rges  and r e c u r r e n t  inhibi tory pos tsynapt ic  potent ia l s  (IPSPs) in neurons of the c o r t i e o r u b r a l  t r a c t  [4, 
9] - r e l a t i v e l y  long- la tency  o r thod romic  exci ta t ion,  poss ib ly  connected with the accompanying r ec ru i t i ng  
of ce l l s  o r  f ibe r s  of the mesencepha l i c  r e t i c u l a r  fo rmat ion  (IVLRF) contiguous with the red nucleus,  a lso  
was observed .  

The influence of MRF on di f ferent  a r e a s  of the neocor tex  has been the subject  of much r e s e a r c h  [3, 
6, 8, 10, 12, 15], but the r e su l t s  a r e  con t r ad ic to ry .  In many c a s e s  a d i f fe ren t ia l  app roach  was not used to 
spa t i a l l y  d is tan t  zones of this  bulky and complex  sys t em,  and the s t e r eo t ax i c  coord ina tes  of the points of 
MRF s t imula t ion  were  not even mentioned.  

This pape r  d e s c r i b e s  the r e su l t s  of s e r i e s  of expe r imen t s  to r eco rd  unit r e sponses  and evoked po-  
ten t ia l s  (EPs) in a nar row zone of the m o t o r  co r t ex  ( r o s t r o l a t e r a l  por t ion of the p o s t e r i o r  s igmoid  gyrus)  
to e l e c t r i c a l  s t imula t ion  of the caudal  pa r t  of MRF in ca t s .  

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 10 cats  weighing 2.8-5.0 kg, anes the t ized  by in t r ape r i tonea l  
inject ion of a mix tu re  of pen tobarb i ta l  (15-20 mg/kg) and c h l o r a l o s e  (30-40 mg/kg) and immobi l i zed  by non- 
depo la r i z ing  musc l e  re laxan t s  injected in t ravenously .  Two b i po l a r  n ichrome e l ec t rodes ,  p laced in the 
s ame  f ronta l  plane,  were  inser ted  s imu l t aneous ly  into MRF in acco rdance  with s t e r e o t a x i c  [11] coord ina tes  
(F r = 2-3; H = 0-(--3); L 1 = 1.5-2.0 and L 2 = 3-5). The loca l iza t ion  of the points of MRF s t imula t ion  was 
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Fig. 1. Cortical  unit responses  to stimulation of re t icu lar  formation:  
A) d iagram showing brain section at level of caudal mesencephalic  re t i -  
cu lar  formation (Fr  = 2 according to the atlas of J a spe r  and Ajmone- 
Marsan [12]), localization of stimulating electrodes in ventromedial  zone 
of re t icu la r  format ion indicated by c ros se s  and in dorsola tera l  zone of 
re t icu la r  formation by dots (scale shown in mm); B) h i s tog ramofd i s t r ibu -  
[ion of response  latencies of pos tcrucia te  neurons: 1) ventromedial ,  2) 
dorsola tera l  zone of mesencephalic  re t icu lar  formation:  horizontal axis, 
latent periods (in msee),  vert ical  axis, number of neurons; C) examples 
of unit responses  of the pos te r io r  sigmoid gyrus to st imulation of mesen-  
cephalic re t icu lar  formation;  right ser ies  - neurons responding to s t imu-  
lation of different points of the ventromedial  zone, left ser ies  - dorsola t -  
eral  zone, bottom record  of right ser ies  obtained intracellularly.  In all 
f r ames  osci l loscope sweep begins with cal ibrat ion pulse of 1 mV, t ime 
m a r k e r  25 msec.  

identified by a histological control  after each experiment,  on the basis of which the general  scheme (Fig. 
1A) was drawn. 

Extraeel lu lar  (in a few cases ,  intracellular)  recording of the unit responses  in the ros t ro la te ra l  por -  
tion of the pos te r io r  sigmoid gyrus to MRF stimulation and to e lectr ical  stimulation of the planter  pads 
was ca r r i ed  out by methods substantially the same as those used previously [1, 91. Microelect rodes  filled 
with 2 M potassium ci t ra te  solution, with a res i s tance  of 2-10 m~2, were used. MRF was stimulated by 
single square  pulses and also by ser ies  of 2-5 stimuli,  0.1-0.3 msec in duration, with an intensity a little 
above the threshold for evoking EPs in the motor  cortex.  

EXPERIMENTAL RESULTS AND DISCUSSION 

In a given ser ies  of experiments the effect of MRF stimulation was studied on the activity of 65 mo- 
tor  cor t ical  units. The localization of the points of lVIRF stimulation was such that they could be grouped 
and two zones of activation could be distinguished: dorsola tera l  (DL) and ventromedial  (VM). In the case  
of VM stimulation the evoked potentials had a shor t e r  latent period and a mainly posEtive-negative config- 
uration; EPs evoked by activation of DL usually had a more  complex s t ructure .  

Responses to M_RF stimulation were  obtained f rom 68% of pos tcrucia te  neurons studied and they were 
expressed both as changes in spontaneous f ir ing rate (poststimulus probabili ty of discharge) and as r e -  
sponses of "phasic"  type in the form of single or  grouped discharges  (Fig. 1C). 

No s t r ic t ly  inhibitory responses  were  discovered but cases  of mixed exci ta tory- inhibi tory responses  
(with a pause af ter  initial facilitation of the response) were  found. Predominance of excitatory effects dur -  
ing MRF stimulation have also been reported previously [8, 13, 16], but they have not been discussed in 
connection with the spatial organization of MRF s t ruc tures  or  possible specifici ty of their  ascending in- 
fluences. 
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Fig .  2. R e s p o n s e s  of two p o l y v a l e n t  
c o r t i c a l  n e u r o n s  (A and B) to s t i m u -  
l a t ion  of the  m e s e n c e p h a l i c  r e t i c u l a r  
f o r m a t i o n  and of  the  sk in  of the  l i m b s  : 
A) neu ron  r e s p o n d i n g  to s t i m u l a t i o n  
of v e n t r o m e d i a l  zone of m e s e n c e p h a l i c  
r e t i c u l a r  f o r m a t i o n  (1), sk in  of c o n t r a -  
l a t e r a l  f o r e l i m b  (2), c o n t r a l a t e r a l  hind 
l imb  (3), and i p s i l a t e r a l  f o r e l i m b  (4); 
B) neuron  r e s p o n d i n g  to s t i m u l a t i o n  of 
v e n t r o m e d i a l  (1) and d o r s o l a t e r a l  (2) 
zones  of  m e s e n c e p h a l i e  r e t i c u l a r  f o r -  
ma t ion ,  sk in  of c o n t r a l a t e r a l  hind l imb  
(3), and i p s i l a t e r a l  f o r e l i m b  (4); c a l i -  
b r a t i o n  p u l s e  1 mV, t i m e  m a r k e r ,  25 
m s e c .  

S t i m u l a t i o n  of VM evoked  a r e s p o n s e  in 35 ne u rons  (53.8%), 
w h e r e a s  r e l i a b l e  e f fec t s  to DL a c t i v a t i o n  w e r e  found in only  25 
n e u r o n s  (38.4~,). A l lowing  f o r  t he  known l i m i t a t i o n s  of t h e m e t h -  
od of e x t r a c e l l u l a r  r e c o r d i n g  as  a m e a n s  of d e t e c t i n g  weak  s u b -  
t h r e s h o l d  unit  r e s p o n s e s ,  it  can  be  p o s t u l a t e d  tha t  the  s y n a p t i c  

e f f ec t s  of t h e s e  s u b d i v i s i o n s  of M R F  in fac t  s p r e a d  to a l a r g e  
p r o p o r t i o n  of the popu l a t i on  of p e r i c r u e i a t e  neu rons .  H o w e v e r ,  
the  m u c h  g r e a t e r  e f f e c t i v e n e s s  of c o r t i e o p e t a l  e f fec t s  f r o m  VM 
c o m p a r e d  wi th  t h o s e  f r o m  DL e v i d e n t l y  r e f l e c t s  the  a c t u a l  r a t i o  
b e t w e e n  the  inputs  of t h e s e  s u b d i v i s i o n s  of  M R F  into the  m o -  
t o r  c o r t e x .  

To evoke  a r e s p o n s e  of c o r t i c a l  neu rons ,  h i g h - f r e q u e n c y  
s t i m u l a t i o n  of M R F  was  u s u a l l y  n e c e s s a r y ,  in 20 c e l l s  a r e -  
s p o n s e  to VM a c t i v a t i o n  a p p e a r e d  only a f t e r  a s e r i e s  of t h r e e  
s t i m u l i ;  f o r  r e s p o n s e s  to a p p e a r  to DL a c t i v a t i o n  in 19 of  25 
c e l l s  a s e r i e s  of 3 -4  s t i m u l i  was r e q u i r e d .  M e a n w h i l e  fo r  e igh t  
neu rons ,  s t i m u l a t i o n  of VM by s i n g l e  p u l s e s  of a d e q u a t e  in t en -  
s i t y  (20-40 V) was  e f f ec t i ve .  In s ix  of  t h e s e  c a s e s  r e s p o n s e s  
w e r e  o b s e r v e d  a f t e r  a l a t en t  p e r i o d  of 5 .5-10 .0  m s e c ,  and in t he  
o t h e r  two c a s e s ,  22-45 m s e e .  

S e v e r a l  f a c t o r s  m a y  l i e  at  the  b a s i s  of th i s  s c a t t e r  ob -  
s e r v e d  in the  l a t en t  p e r i o d s  of  the  r e t i c u l o - c o r t i c a l  r e s p o n s e s :  
the  m e d i a t i o n  of t h e s e  r e s p o n s e s  t h rough  d i f f e r e n t  s u b c o r t i e a l  
nuc le i  [13, 14], the  u s e  of pa thways  con ta in ing  axons wi th  d i f f e r -  
ent  conduc t ion  v e l o c i t i e s ,  s o m e  h e t e r o g e n e i t y  of the  s t r u c t u r e s  

wi th in  VM and DL, and the c h a r a c t e r  of t h e i r  a s c e n d i n g  p r o j e c t i o n s .  C o m p a r i s o n  of the  a p p r o p r i a t e  h i s t o -  
g r a m s  of d i s t r i b u t i o n  of l a t en t  p e r i o d s  of the unit  r e s p o n s e s  (Fig .  1B) shows c o n s i d e r a b l e  d i f f e r e n c e  b e -  
tween  them.  

The  l o n g - l a t e n c y  r e s p o n s e s  in the  ca t  f r on t a l  c o r t e x  to s t i m u l a t i o n  of M R F  d e s c r i b e d  p r e v i o u s l y  [3, 
10] a r e  p o s s i b l y  due to a c t i v a t i o n  m a i n l y  of DL e l e m e n t s  . The  l o n g e r - l a t e n c y  r e s p o n s e s  [3] m a y  be m e -  
d i a t ed  by  long bund les  of f i b e r s  a s c e n d i n g  f r o m  VM [13]. T h e  p o s s i b i l i t y  of i n v o l v e m e n t  of d i r e c t  pa thways  
on the pon t ine  and b u l b a r  nucle i ,  p a s s i n g  c l o s e  to VM, l i k e w i s e  m u s t  be  b o r n e  in mind  [3, 13, 14]. 

R e s p o n s e s  of c o r t i c a l  neu rons  to s t i m u l a t i o n  of both  VM and DL could  c o n s i s t  of  s i n g l e  o r  g r o u p e d  
d i s c h a r g e s  (F ig s .  1 and 2), the  d u r a t i o n  of which  in s o m e  c a s e s  r e a c h e d  20-25 m s e c .  R e t i c u l o c o r t i c a l  r e -  
s p o n s e s  of th i s  type  d i f f e r e d  s i g n i f i c a n t l y  f r o m  the m a i n l y  e x c i t a t o r y - i n h i b i t o r y  s e q u e n c e  of s y n a p t i c  r e -  
s p o n s e s  of m o t o r  c o r t i c a l  n e u r o n s  to h e t e r o m o d a l  s e n s o r y  s t i m u l i  [5]. C o r r e s p o n d i n g l y ,  the  t endency  f o r  
many  p o s t c r u c i a t e  neu rons  to r e s p o n d  to iVhRF s t i m u l a t i o n  by  long r e p e a t e d  d i s c h a r g e s  poin ts  to the  a b s e n c e  
of any e f f ec t i ve  p o s t e x c i t a t o r y  inh ib i t ion  in t h e s e  m e s e n c e p h a l o - c o r t i c a l  i n t e r a c t i o n s .  

Among neurons responding to MRF stimulation, 35 cells (79.5~) also were activated by electrical 

stimulation of the contralateral forelimb. This reflects the presence of a somatic projection input, basic 

for the pericruciate cortex [5], in most of the neurons tested (including those not responding to /VLRF stim- 

ulation). Of this group of neurons, 19 responded to stimulation of the contralateral hind limb and 23 to 

stimulation of the contralateral forelimb. This is evidence that the group of neurons excited by MRF stim- 
ulation consists, to the extent of about half, of polyvalent cells. 

In five neurons responding to VIVi stimulation and four neurons excited by stimulation of both VM and 

DL, no distinct response was found to any of the somesthetie stimuli used. Such neurons were found in ex- 

periments in which most recordings were taken from neurons of the "projection" type. This suggests that 
they belong to the category of associative neurons. 

The results of this investigation clarify previous views regarding the character of corticopetal ef- 

fects of the caudal MRF and they prompt a similar type of investigation of functional projections in the mo- 
tor cortex from rostral zones of MRF. 
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