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Soon a f t e r  the a r e a s  of the bulbar  r e t i cu l a r  fo rmat ion  p o s s e s s i n g  fac i l i ta tory  and inhibi tory inf luences  
had been descr ibed ,  e x p e r i m e n t s  w e r e  c a r r i e d  out in which the h igher  fo rmat ions  of the mesencepha lonand  
diencephalon were  found to p o s s e s s  analogous functions [1, 5, 6, 8, 10, 12, 15, 16]. 

Since the convergence  which ex is t s  pe rmi t s  in te rac t ion  between compet ing exci tat ions at d i f ferent  
leve ls ,  it was n e c e s s a r y  to v e r i f y  whether  the segmenta l  r e f l exes  could be influenced both by descending 
excitat ion and by exci ta t ion ascending f rom the pe r iphery ,  taking account of the data a l ready  obtained on 
th i s  question [3, 7, 19], indicating the influence of nocicept ive  s t imulat ion on pe r iphe ra l  mo to r  act ivi ty .  

The object  of the p re sen t  invest igat ion was to study the re la t ionships  between the  descending inhibit-  
o ry  influence of the mesencepha l i c  r e t i cu l a r  fo rmat ion  and segmenta l  t h e r m a l  nocicept ive  s t imulat ion of 
the hind l imb using an ex tenso r  re f lex  (of the knee) as  indicator .  

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

Exper iments  were  c a r r i e d  out on 20 adult ca t s .  Under Nembutal  anes thes ia  (35 m g / k g  body weight, 
in t raper i toneal ly)  the an t e r io r  c r u r a l  ne rve  was d issec ted ,  the b ranch  leading to the r ec tus  f emor i s  mu sc l e  
was divided, and i ts  cent ra l  end was p laced on e l ec t rodes .  By means  of a capac i tance  de tec tor ,  the m o v e -  
ment  of  the l imb was r eco rded  on a "Rac ia"  ink-wr i t ing  polygraph.  The nocicept ive  s t imulus  was wa te r  at 
a t e m p e r a t u r e  of between 55 and 65 ~ The ha i r  was cut f rom the con t r a l a t e ra l  hind l imb re la t ive  to the r e -  
cording, and the l imb was then i m m e r s e d  in a v e s s e l  of hot water .  The subcor t i ea l  s t r uc tu r e s  we re  s t imu-  
lated by means  of b ipo la r  s t a in less  s tee l  e l ec t rodes ,  1.2 m m  apar t ,  introduced s t e reo tax ica l ly  into the 
s t r u c t u r e s  of the mesencepha lon .  

To obtain spinal  an imals ,  the spinal  cord was divided at the level  L1 -L  2. 

The e l ec t roencepha log ram (EEG), e l e c t r o c o r t i c o g r a m  (ECoG), the m e c h a n o g r a m ,  and r e sp i r a t i on  
were  r eco rded .  

EXPERIMENTAL RESULTS 

Stimulation of the mesencepha l i c  r e t i c u l a r  fo rmat ion  with r ec tangu la r  pulses  of e lec t r i c  cu r r e n t  (3- 
8 V) caused a m a r k e d  d e c r e a s e  in the ampli tude of the lmee je rk ,  which d i sappea red  comple te ly  in some  
expe r imen t s .  At the same  t ime ,  a d e c r e a s e  was obse rved  in the ampli tude of the r e s p i r a t o r y  m o v e m e n t s  
although the i r  f requency was unchanged; s o m e t i m e s  r e sp i r a t ion  ceased .  With weak s t imulat ion,  when the 
descending inhibi tory effect  of the mesencepha l i c  r e t i c u l a r  format ion  was not pronounced, changes  were  
obse rved  in the r e s p i r a t o r y  component  of the reac t ion .  

So fa r  as  the ascending influences of the r e t i cu l a r  fo rmat ion  on the c e r e b r a l  cor tex  a r e  concerned,  
with anes thes ia  of a v e r a g e  depth, as a ru le  they took the f o r m  of a desynchroniza t ion  r eac t ion  ( low-ampl i -  
tude, h igh-f requency act ivi ty) .  

A higher t e m p e r a t u r e  modif ied the mo to r  act ivi ty  caus ing inhibition of the knee j e r k  which continued 
for  some  t i m e  a f te r  nocicept ive s t imulat ion had ceased .  In s o m e  c a s e s  the changes  in mo to r  ac t iv i ty  oc-  
cu r r ed  in phases:  an init ial  faci l i ta t ion was followed by inhibition of the knee j e rk .  
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Fig.  1. Changes assoc ia ted  with the combined action of s t imulat ion 
of the mesencepha l i c  r e t i cu la r  fo rmat ion  and nocicept ive s t imu la -  
t ion. F r o m  top to bottom: resp i ra t ion;  mechanogram;  ECOG of left 
f rontal  and t e m p o r a l  a r e a s  of the cortex;  EEG of r ight  frontal ,  t e m -  
poral ,  pa r ie ta l ,  and occipi tal  a r e a s  of the cor tex;  m a r k e r  of s t imu-  
lation of the mesencepha l ic  r e t i cu la r  fo rmat ion  and of the action of 
the noeicept ive s t imulus  (black line). Stimulation of the r e t i cu l a r  
fo rmat ion  by a cu r r en t  of 5 V, with f requency 300 eps  and pulse 
durat ion 0.1 msec ;  nocicept ive s t i m u l a t i o n -  wa te r  at a t e m p e r a t u r e  
of 60 ~ . 

Bes ides  i ts  pe r iphe ra l  action, nocicept ive s t imulat ion a lso  affected the higher  levels  of the cen t ra l  
ne rvous  sys tem,  modifying the cor t ica l  e l ec t r i ca l  act ivi ty,  leading to d i sappearance  of the cha r ac t e r i s t i c  
spindles  of Nembutal  anes thes ia  and to the  appearance  of h igh-frequency,  low-ampl i tude  act ivi ty,  continu- 
ing for  some  t ime  a f t e r  s t imulat ion had been discontinued. The changes in r e sp i r a t ion  consis ted  of a 
gradual  i nc rea se  in the ampli tude of the r e s p i r a t o r y  m o v e m e n t s  and, at the s ame  t ime,  an i nc r ea se  in the i r  
f requency.  

The in terac t ion  between the inhibi tory effect  of the mesencepha l ic  r e t i cu l a r  fo rmat ion  and nociceptive 
s t imulat ion is shown in Fig.  1. Deepening of the inhibition of the knee je rk ,  changes in the cor t ica!  e l ec -  
t r i c a l  act ivi ty,  and changes in the a n i m a l ' s  r esp i ra t ion ,  which changes its " r e t i cu la r "  c h a r a c t e r  for  "noci-  
cep t ive ,"  may  be observed .  

I n t r amusc u l a r  inject ion of ch lo rp romaz ine  (5 m g / k g  body weight) modif ied the ef fec ts  of the m e s e n -  
cephal ic  r e t i cu la r  fo rma t ion  and of nocicept ive  s t imulat ion in different  ways.  In th is  dose,  ch lo rp romaz ine  
blocked the action of nocicept ive  s t imulat ion,  but to abol ish the inhibi tory effect  produced by s t imulat ion of 
the mesencepha l ic  r e t i cu l a r  format ion,  a l a r g e r  dose  of eh lo rp romaz ine  had to be given. 

Nociceptive s t imulat ion caused inhibition of the polysynaptic  ex tensor  ref lex  both in an imals  with 
low t r ansec t ion  of the spinal  cord and in intact an imals  (Fig. 2b). This  r eac t ion  appeared  approx imate ly  
15 rain a f te r  t r ansec t ion  of the spinal  cord.  In two of the seven an imals ,  p re sumab ly  on account of the con-  
s ide rab le  t r a u m a ,  in r e sponse  to nocicept ive s t imulat ion the mo to r  reac t ion  was comple te ly  absent .  In the 
other  an imals  inhibition of the ex tensor  re f lex  was  comple te  or  par t ia l .  I n t r amuscu l a r  injection of ch lo r -  
p romaz ine  (5-7 rng/kg)  abolished the inhibi tory act ion caused by nocieept ive  s t imulat ion in i ts  var ious  
mani fes ta t ions  (Fig.  2c). 

When examining the effects  of s t imulat ion of the mesencepha l i c  r e t i cu la r  fo rmat ion  and of nocicept ive 
s t imulat ion,  l ike other  inves t iga tors  [2, 4], the author obse rved  that  the d i f ference  in the i r  effects  extended 
to all  pa r t s  of the ne rvous  s y s t e m  including the cor tex .  So far  as  the i r  effects  on pe r iphe ra l  m o t o r  act ivi ty  
a r e  concerned,  in the p resen t  expe r imen t s  inhibition of the polysynaptic ex tensor  r e f l ex  was  found. The 
addit ional appl icat ion of nocieept ive s t imulat ion,  despi te  the width of i ts  effects ,  did not change the inhibi-  
t o r y  action of the pa r t s  of the mesencepahl ic  r e t i cu l a r  format ion  on the segmenta l  r e f l exes .  
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Fig. 2. Effect of chlorpromazine on the inhibitory action of noci- 
ceptive stimulation in spinal animals, a) Action of nociceptive 
stimulation before division of the spinal cord {temperature 60~ 
b) action of nociceptive stimulation after division of the spinal 
cord (temperature 60~ Absence of changes in respirat ion with 
maintenance of inhibition of the extensor reflex; c) absence of 
effect of nociceptive stimulation on the extensor reflex after in- 
t ramuscular  injection of chlorpromazine (7 mg/kg  body weight). 
a-c (from top to bottom): respiration, mechanogram, stimulation 
marker .  

Inhibition of the polysynaptic extensor reflex during the action of nociceptive stimulation was more 
sensitive to chlorpromazine than the inhibition produced by descending impulses from the inhibitory por- 
tions of the meseneephalic ret icular  formation. The results of experiments on animals with low t ransec-  
tion of the spinal cord show that ehlorpromazine can produce its effect also at the spinal level. This pos- 
sibility was indicated by ear l ie r  investigations [14, 17]. In the most recent work [9, 11] it has been sug- 
gested that the most probable point of application of chlorpromazine is the internuncial neurons sensitive 
to the action of noradrenalin. The mechanism of action of nociceptive stimulation is evidently adrenergic 
in nature not only at the supraspinal, but also at the spinal level. The lower sensitivity of the descending 
inhibitory influences of the mesencephalic ret icular  formation to chlorpromazine may be explained by the 
more varied pathways which they follow [13, 18]. 
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