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The central  gray stratum (CGS) of the mesencephalon has been shown c l in i ca l ly  and exper imenta l ly  to be 
d i rec t ly  associated with the centra l  autonomic regulat ion and to take part in the mechanism of development  of 
sleep [2, 3, 4, 10, 13, 14]. As part of the re t icular  formation,  the CGS in a zone for the despatch of processed im-  
pulses from the la te ra l  areas of the re t icular  formation and other systems of the brain stem. The  essential  fact  ~ is 

that in the CGS, as in the ret icuiar  formation,  the afferent signals lose their  modal i ty  [8, 12, 17]. 

Meanwhile ,  as regards their  morphoiogica l  features,  the neurons of the CGS have much in common with the 

cei ls  of the hypotha lamic  region, indicat ing that  they belong to the apparatuses of autonomic regulation.  These 
neurons give off numerous col la tera ls  inside the CGS and spread far beyond its l imits,  providing communica t ion  
with the cerebra l  cortex, the diencephalon,  and the more cauda l  structures of the brain stem [16, 19]. A wide var ie ty  
of neuroreceptor and media tor  zones is present in the CGS, some of  them adrenergie.  This is evidence of the im-  
portant role of the biogenic  amines in the mechanisms of its funct ional  ac t iv i ty  [6, 11, 20]. However no experi-  

men ta l  investigation has been made  of the character  of the relationships between the CGS and the. cerebral  cortex. 

The object  of the present study was to examine  the functional  pecul iar i t ies  of the CGS and its relationships 
with the sensorimotor region of the cerebra l  cortex. 

M E T H O D  

The method of monopolar recording of the primary responses and the t ranscal losal  potentials of the primary 
project ion zone of the somatosensory cortex to test s t imulat ion of the cutaneous receptors and the specific relay 
nucleus of the thalamus was used. The primary responses to rhythmic test s t imulat ion were recorded before and 
after sending single or ser ial  rectangular  condit ioning impulses into the COS. The in i t ia l  responses were recorded 

by the superposition method. The loca l  cor t ica l  motor reactions evoked by e l ec t r i ca l  s t imulat ion of points of the 
cortex were also taken into account.  Electrodes were implanted into the brain structures by means of a s tereotaxic 
apparatus in accordance with the coordinates of Jasper and Ajmone-Marsan  [18], and the position of their ends was 
subsequently verif ied his tological ly .  Adrenalin solution was injected di rec t ly  into the CGS by a microinjector .  The 

experiments  were conducted on 70 cats. 

RESULTS 

In the experiments of the first series, carried out on animals moderately anesthetized with sodium amytal, 
primary responses were evoked by stimulation of the cutaneous receptor fields with rectangular pulses of 3-5 V. The 

principal changes in the components of the primary responses after stimulation of the CSG consisted of an increase 

in the length of the latent period of the response, reduction of the positive component, and growth of the negative 

(Fig. I, I). In a series of experiments the latent period increased by 2-3 msec, while the positive component was 

reduced by 15-62% of its original amplitude. Meanwhile there was a large increase (up to 300%) in the negative 

wave, followed by persistent negativization. Reduction of the positive component of the primary response, it should 

be noted, was not the result of masking of positivity because of its curtailing by the negative wave, for the same 

reduction was observed in experiments on more deeply anesthetized animals, in which growth of the negative wave 

was not observed. 
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Fig. 1. Changes in pr imary responses of the first 
project ion zone of general  sensation. A) In i t ia l  
primary responses; B) pr imary responses after 

s t imulat ion of the COS; 1) effect  of s t imulat ion 
of CGS in an anesthet ized an imal  during test 
s t imulat ion of the cutaneous receptor  f ield;  2) 
effect  of s t imulat ion of CGS in a waking an imal  
during test s t imulat ion of the specif ic  tha lamic  

nucleus; 3) effect  of s t imulat ion of mesencephal ic  
re t icular  formation;  4) effect  of s t imulat ion of 
COS after b i l a t e ra l  coagulat ion of mesencephal ic  
re t icular  formation.  

To exclude the influence of the CGS on the internuncial  

afferent links at the spinal level ,  a series of experiments  was 

carried out in which primary responses were evoked by stimu- 

lat ion of the ips i la tera l  specific relay nucleus of the thalamus.  
In these experiments ,  as in the preceding series, it  was found 
that  after s t imulat ion of the CGS an increase took place  in 
the latent  period, accompanied  by reduction of the positive 

component of the primary response and growth of the nega- 
t ive.  Experiments on waking cats, immobi l i zed  with the 

curariform agent diplacin ,  revealed s imilar  changes in the 
components of the primary responses during s t imulat ion of 
the CGS (Fig. 1, 2). These facts indicate  that the COS has 

its effect  main ly  on the conduction of specific afferent im- 
pulses through the tha tamocor t i ca l  link of the sensory system. 

The  lengthening of the la tent  period of the primary 
response and the reduction of its positive component ,  observed 
after s t imulat ion of the CGS, ref lect ing the arr ival  of the 

signal in layers 3 and 4 of the project ion cortex, suggest that 

this part icular  b ioe lec t r i ca l  effect  reflects  a process of block- 
ing of the transmission of the specif ic  sensory signal through 
the tha lamocor t i ca l  system by the centra l  gray stratum. This 
does not rule out the possibili ty that the increase in the 

negat ive component  in these conditions is to some extent  

associated with a lowering of the leve l  of exc i t ab i l i t y  of the 
cor t ica l  field [1]. 

Bearing in mind that  the CGS in the neighborhood of 
the aqueduct  of Sylvius lies close to the nucle i  of the mesen- 
cephal ic  re t icular  formation,  the suggestion may  be made  

that the observed effect  of s t imulat ion of the CGS is not due 
to influences arising from this formation in the brain stem, 
but is the result of secondary exci ta t ion  of the rect icular  
formation.  This suggestion was made more probable by the 

fact  that in several  cases a reduction in the posit ive com- 

ponent of the primary response of the opt ic  and acoustic 
cor t ica l  fields was observed during s t imulat ion of the mesen-  

cephal ic  re t icular  formation.  To confirm or refute this 
hypothesis, it was necessary to compare  the observed effects 
of s t imulat ion of the CGS with the effects of s t imulat ion of 

the re t icular  formation,  and also to invest igate these effects after coagula t ion  of the re t icular  formation. For this 
purpose an addi t ional  series of exper iments  was carried out in which electrodes were implanted  in the CGS and the 
re t icular  formation of animals  at the same leve l  in the frontal plane,  at a distance of 1.0-1.5 mm apart .  Under 
these circumstances it was found that  single or ser ial  s t imulat ion of the re t icular  formation,  preceding by a short 
t ime  interval  test s t imulat ion of the specif ic  tha lamic  nucleus, has a fac i l i t a t ing  effect  on the primary responses of 
the first cor t i ca l  project ion zone of general  sensation (Fig. 1, 3). In these exper iments  an increase could be observed 
in both the positive and the negat ive  components of the primary response, in agreement  with data  in the recent  
l i terature [5, 7, 8]. S t imula t ion  of the CGS after uni la tera l  or b i l a t e ra l  coagulat ion of the ret icular  formation,  on 
the other hand, led as before to a reduction in the positive wave of the primary response (Fig. 1, 4), indicat ing the 
re la t ive  independence of the observed effect  from the mesencephal ic  re t icular  formation.  

After local  poisoning of the cerebra l  cortex with 6% sodium amytaI  solution, s t imulat ion of the CG8 was inef- 
fect ive  in re la t ion to the components  of the pr imary response (Fig. 2, 1). It may  be concluded from this finding 
that the influences of the COS are most probably brought to bear on the postsynaptic leve l  of the tha lamocor t i ca l  
link. 
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Pig. 2. Changes in pr imary responses and t ranscal losal  
potentials  during s t imulat ion of the CGS. A) In i t ia l  
evoked potentials;  B) after s t imulat ion of CGS; 1) ef- 

fect  of e l ec t r i ca l  s t imulat ion of CGS on primary re- 

sponses of the cortex after appl ica t ion  of 6% sodium 
amyta l  solution to its surface; 2) effect  of s t imulat ion 
of the CGS on transcal losal  potentials;  3) effect of 
micro in jec t ion  of adrenalin into the CGS on the trans- 

ca l losal  potentials.  
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Fig. 3. Changes in the cor t ica l  motor reactions during 
e l ec t r i ca l  s t imulat ion of the CGS. 1) In an intact  cat;  
2) after a circular  incision around the motor area of 
the cortex; 3) after addi t ional  division of the corpus 
cal losum. The arrows denote the beginning and end 
of s t imulat ion of the CGS with an e lec t r ic  current, 
rectangular  in shape, with a vol tage of 4.5 V and a 
frequency of 200 pulses/sec.  St imulat ion of the motor 
cortex was applied every 7 sec. 

The question natural ly arises of the role of the CGS 
in the mechanism of interact ion between the primary 
sensory fields of the cerebral  cortex. This interact ion 

between the fields of opposite hemispheres,  and their 
mutual  dynamic  control, are known to be effected through 
the exchange of sensory information along the ca l losal  
pathway. The effect  of s t imulat ion of the CGS on the 
t ranscal losal  transmission of exci ta t ion  was therefore studied. 
Experiments showed that s t imulat ion of the CGS leads to 

reduction of the positive wave of t ranscal losal  potent ia l  
and to growth of the negat ive.  Besides this, in some ex- 
periments a shortening of the duration of the positive wave 
and a lengthening of the  negat ive  were observed (Fig. 2, 2). 
These effects were frequently observed also after the 

cessation of s t imulat ion of the CGS. For example ,  in a 

series of experiments  the a f te r -e f fec t  persisted for 50-60 sec. 

A s imilar  a f te r -e f fec t  was also observed in experiments  
in which the primary responses to the arr ival  of specific 
afferent impulses were recorded. A more prolonged after 

effect  of a f luctuating character  (up to 25 min) was ob- 

served after micro in jec t ion  of 0.25-1.0 #g adrenal in into 
the CGS (Pig. 2, 3). The compara t ive ly  long duration of 
the a f te r -e f fec t  indicates that the CGS is capable  of ac-  
cumula t ing  exci ta t ion,  which ton ica l ly  l imits the con- 

duction of specific afferent impulses to the project ion 
areas of the cortex along the ascending and transcal losal  

tracts.  The fact  that the COS is capable  of sharply modi-  
fying its functional  state for a long period of t ime  under 
the influence of microdoses of adrenalin is an argument 

in favor of the hypothesis of the essential  role of the 
adrenergic mechanisms of the CGS in the regional  ac-  

cumulat ion  of the process of exci ta t ion.  

Another interesting problem requiring solution is 
the effect  of the CGS on the efferent cor t ica l  mechanisms 
which, with sensory correction, take part in the motor re- 

flex act.  Our investigations showed that s t imulat ion of the 

CGS against a background of evoked motor responses 
leads as a rule to par t ia l  or to ta l  inhibit ion of motor re- 
actions of cor t ica l  origin. The dis t inct ive feature of 
these influences of the CGS is that inhibition of motor 
ac t iv i ty  most frequently develops after a short la tent  
period (1-4 sec), accompanies  the whole period of stimu- 
lat ion of the CGS, and may  be recorded during the after- 
period (Pig. S, 1). The presence of a period of after- 
effect  following cessation of s t imulat ion of the CGS, 
manifested by inhibit ion of the cor t ica l  motor reactions,  
is a further indicat ion of the static,  tonic character  of the 
influences arising from the CGS. 

Since the CGS has an inhibitory action on the 
cor t ica l  afferent and efferent mechanisms,  it seemed 
important  to discover how the effects of s t imulat ion of 
the CGS are media ted  in respect of the motor act after 

isolation of the motor area of the cortex from the sensory. For this purpose, after the prel iminary de terminat ion  of 
the magni tude of the inhibitory effect  of s t imulat ion of the CGS, ver t ica l  incisions were made in the cortex at the 
borders of these areas. It was found that isolation of the sensory and motor  areas only par t ia l ly  depressed the effect  
of s t imulat ion of the COS, as manifested by the sl ightly increasing ampl i tude  of the motor reactions (Fig. 3, 2). 
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Incisions around the whole circumference of the motor cortex, leaving the vertical pyramidal tracts intact, 
likewise did not completely abolish the effect of stimulation of the CGS. Only by a combination of the circumfer- 
ential and callosal incisions could the effect of stimulation of the CGS be obviously reduced by comparison wkh 
that observed after unilateral section (Fig. 3, 3). After incisions of this type stimulation of the CGS no longer led 
to so marked a reduction of the motor responses. 

Hence, the influence of the CGS on the cortical  motor reactions is considerably weakened after isolation of 
the cortical motor area from the other cortical  areas. The fact that division of the corpus callosum leads to con- 
siderable weakening of the influence of the CGS on motor reactions demonstrates that other, independent mechan-  
isms of the opposite hemisphere are concerned in the operation of this influence. Nevertheless, it must be mentioned 
that not even by a combination of circumferential  and callosal sections can the influence of the CGS on the cortex 
be abolished completely.  This suggests that other systems of the brain are concerned in the realization of the influ- 
ence of the CGS on the cortical motor reactions. The residual effect after these sections of stimulation of the CGS 
evidently is largely dependent upon descending influences. 

The results of these experiments demonstrate that the CGS of the mesencephalon exerts a tonic, inhibitory 
influence on conduction of specific afferent impulses to the sensorimotor cortex, blocks the spread of impulses into 
the opposite hemisphere, and also blocks the outflow of excitation along the motor pathways. 
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A l l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  o f  t h e  a b b r e v i a t i o n s  a s  g i v e n  in the  o r i g i n a l  R u s s i a n  journal .  S o m e  or all  o[  th i s  per i -  

od i ca l  l i t e ra ture  m a y  wel l  be a v a i l a b l e  in Engl i sh  translat ion.  A c o m p l e t e  Hs t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  of  t h i s  i s s u e .  
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