
P A T H W A Y S  O F  A C T I V A T I O N  O F  N E U R O N S  

O F  T H E  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  

B .  T .  C h u v i n  UDC612.823.5 

In acute expe r imen t s  on cu ra r i zed  cats  neurons of the mesencepha l ic  r e t i cu l a r  format ion  
(RF) rece iv ing  af ferent  impulses  via the l ema i sca l  and sp ino- tha lamic  s y s t e m s  were  inves-  
t igated.  Spike activity of single RF neurons was r eco rded  ex t race l lu la r ly .  After coagula-  
tion of the pos te roven t ra l  l a te ra l  nucleus of the tha lamus  and blocking of the cor tex  by KC1 
application,  activity of neurons responding to st imulation of the dorsa l  columns of the spinal 
cord could be r eco rded  in the mesencepha l ic  RF.  It  is postulated that  neurons of the m e s e n -  
cephalic RF can be act ivated via co l l a t e ra l s  of the media l  l emniscus .  

The p rob lem of the af ferent  pathways by means  of which information is t r ansmi t t ed  to the r e t i cu l a r  
format ion  of the b ra in  s t em still  r em a i ns  unsolved despite many y e a r s  of invest igat ion.  Contradict ions are 
pa r t i cu la r ly  apparent  in connection with the pathways t ransmi t t ing  somat ic  a f ferent  information to the 
r e t i cu la r  format ion  (RF). 

Some worke r s  cons ider  that  the main s y s t e m  of t r a n s m i s s i o n  of somat ic  informat ion to the RF in the 
b ra in  s tem cons is t s  of the ven t ro la te ra l  pathways of the spinal cord  [5, 7, 10], while o thers  [8, 13] indi- 
cate that a f ferent  impulses  can be t r ansmi t t ed  into the mesencepha l ic  RF along co l l a t e ra l s  of the lemnisca l  
pathways,  while l a t e r  invest igat ions [4, 6] complete ly  deny any par t ic ipat ion of co l l a t e ra l s  of the medial  
l emniscus  in RF act ivat ion.  

Bear ing  in mind the fact  that  the lemnisca l  sy s t em has  a l ready acquited a wel l -marked  somate topica l  
organizat ion even before  i ts  format ion at the b r a i n - s t e m  level ,  namely in the dorsa l  columns of the spinal 
cord,  and p r e s e r v e s  this organizat ion at subsequent levels  [1], there  a r e  good grounds for  consider ing that 
the co l la te ra l s  of this s y s t e m  mus t  also have a somatotopical  dis t r ibut ion.  In such a case ,  it could be con- 
s idered  that endings of the l emnisca l  co l la te ra l s  in the b r a i n - s t e m  RF mus t  p r e s e r v e  the somatotopical  
pr inciple ,  i .e. ,  that they mus t  exhibit  somatotopical  pro jec t ions .  This,  in fact ,  has never  been observed ,  
and mos t  w o r k e r s  consider  that the sys t em of a f ferent  pro jec t ions  in the b r a i n - s t e m  RF has  a diffuse dis-  
tr ibution.  The view has  been e x p r e s s e d  that specif ici ty of the incoming informat ion is  lost  in the RF [3, 9, 
11, 12]. 

The object  of the invest igat ion descr ibed  below was to examine the possibi l i ty  of conduction of af ferent  
impulses  to the mesencepha l ic  RF along hypothetical  co l l a t e ra l s  of the l emnisca l  pathways and to de te rmine  
the c h a r a c t e r  of convergence of the l emnisca l  and sp ino- tha lamic  impulses  on the common s y s t e m s  of neu- 
rons  in the mesencepha l ic  RF.  

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

Cats  were  anes thet ized and immobi l ized  with l isthenon. Art i f ic ial  r e sp i r a t i on  was applied. The ani- 
m a l s  were  fixed in a s te reo tax ic  appara tus ,  and painful points of fixation were  inf i l t ra ted with procaine .  
The spinal cord  was exposed at the level  of the super io r  ce rv ica l  segments  and the t r a c t s  (dorsal  columns 
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Fig. 1. Responses of mesencephal ic  
RF neurons to stimulation of the 
limbs before (A) and after (B) divi- 
sion of dorsal  column at the level 
C1- 2: 1) stimulation of contrala t -  
e ra l  forelimb; 2) of ipsi lateral  fore-  
limb; 3) of contra la tera l  hind limb; 
4) of ipsi lateral  hind limb. 

Fig. 3. Responses of mesencephalic RF 
neurons to stimulation of the dorsal 

columns. A) Different types of mesen- 

cephalic RF unit responses to stimu- 

lation of the dorsal column at the level 
CI-2. B: I) evoked response from 

second cortical somatosensory area; 2) 

stimulation of dorsal columns after co- 
agulation of VPL nucleus and applica- 

tion of KCI to the cortex; 3) response of 

mesencephalic RF neuron to stimula- 

tion of dorsal columns. 
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Fig. 2, His togram of distribution of 
latent periods of mesencephal ie  RF 
unit responses  to stimulation of the 
dorsal  columns of the spinal cord. 

of the spinal cord. Extracellular activity was recorded by glass 

microelectrodes (tip 1-2 p in diameter, resistance 10-30 Mf~). 

Coordinates of the structures investigated were determined 

from the stereotaxic atlas of Jasper and Ajmone-Marsan (1954). 

FXF]~RIM]~N TAL RIr SUL rs 

Of the 70 neurons investigated, 14 responded to stimula- 

tion of the nerve of the fore- and hind limbs on both contralat- 
eral and ipsilateral sides. In the case in which the tracts of the 

spinal cord were not divided, the latent period of the responses 
of these neurons was between 18 and 25 msec for the forelimbs 

and 25-30 msee for the hind limbs. When the dorsal columns 

were divided at the level of CI-2, the latent period of the re- 

sponses reached 60-80 msee or more (Fig. i). 

According to data in the literature, an afferent impulse 
can reach the brain-stem RF through the relay nuclei of the 

thalamus and the cortex along the "cortical loop" [2]. After division of the dorsal columns, afferent im- 

pulses reach the mesencephalic RF only along the slowly conducting fibers of the ventral columns, thus 

explaining the difference between the latent periods of the RF unit responses before and after division of the 
dorsal columns of the spinal cord. 

The same relationships also were observed in experiments in which the dorsal and ventral columns 
of the spinal cord were stimulated directly. 

A histogram of the latent periods of the meseneephalic RF unit responses to stimulation of the dorsal 

columns is shown in Fig. 2. Clearly, there is a considerable scatter of the values of the latent periods of 

these responses-from 6 to 25 msec. It can be postulated that the RF neurons whose responses have a 
latent period not exceeding 8-10 msee are activated via the lemniscal system. 
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The different types of mesencephalic  RF unit responses  to stimulation of the dorsal  columns are 
i l lustrated in Fig. 3. 

It could be postulated that after  blocking of the VPL and cortex, meseneephalic RF neurons will r e -  
spond to stimulation of the dorsa l  columns with a latent period not exceeding 8-10 msec,  for in this case 
an afferent impulse can reach the RF only via the col la terals  of the medial lemniscus.  In fact, the situa- 
tion was somewhat more complex. After coagulation of the VPL nucleus and application of KC1 to the cor-  
tex, the slow potential in cort ical  somatosensory  zones 1 and 2 disappeared.  This suggested that under 
these experimental  conditions aa afferent impulse did not reach the mesencephat ic  RF via the cort ical  loop. 
Nevertheless,  in the experiments  of this ser ies  27 mesencephalic RF neurons responding to stimulation of 
the dorsal  columns were recorded  (Fig. 3B). 

However, the latent period of the responses  of these neurons was not 10-12 msec,  but between 4 and 
23 msec.  In this par t icular  case,  these neurons can be regarded as having been activated along col la terals  
of the lemniscal  pathways. The presence of neurons with a relat ively long latent period (up to 23 msec) 
evidently suggests that in this part icular  case neurons receiving afferent impulses after a large number of 
re lays  in the mesencephalic re t icular  formation itself were recorded.  
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