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R O L E  OF C O R T I C O F U G A L  I N F L U E N C E S  IN M E C H A N I S M S  

O F  F O R M A T I O N  O F  C O R T I C A L  B I O E L E C T R I C A L  A C T I V I T Y  
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In experiments  on cats  anesthetized with a mixture of chlora lose  and pentobarb i ta l , revers ib le  
cooling of the 1st sensomotor  a rea  (SM-I) unilateral ly to between 25 and 23~ was accompa-  
nied by a simultaneous and general ized change in the activity of other  par ts  of the cortex. 
These changes were expressed ei ther  as the appearance of slow high-amplitude activi ty or ,  
on the other  hand, by a marked decrease  in amplitude of the EEG. Warming the cooled region 
of the cor tex  was followed by res torat ion of the normal  EEG of the other par ts  of the cortex. 
These changes in electroencephalographic activity of the cor t ica l  a reas  are  discussed in con-  
nection with the existence of synchronizing and desynehronizing subcort ical  brain s t ructures .  
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The reverbera t ion  cha rac t e r  of excitation affecting cer tain subcort ical  and cor t ica l  s t ruc tures  has 
been demonstra ted by e lect rophysiological  methods [12, 14]. More recent  observat ions have extended ideas 
of reverbera t ion  c i rc les ,  including the ce rebra l  cor tex  [9, 16] or  only subcort ical  formations [15]. The study 
of the neurophysiological  mechanisms of formation of behavioral  responses  has shown that the degree of in- 
volvement of the subcort ical  s t ruc tures  and the cha rac t e r  of reverbera t ion  of excitation are  both determined 
by the biological quality of the response itself [1, 10]. 

After  these d iscover ies  the art i f icial  cha rac t e r  of the distinctions between cor t icopetal  or  cort icofugal  
effects became evident, for under conditions of function of the whole brain cor t i co-subcor t i ca l  relat ions 
with a reverbera t ing  cha rac t e r  of excitation exist. 

One way of analyzing cor t i ca l - subcor t i ca l  relations is by the revers ib le  blocking of one o r  more  c o r -  
tical project ion a r ea s  by cooling. Not only functional connections of various par ts  of the cor tex  with sub- 
cor t ica l  s t ruc tu res  in acute e~periments  but also dis turbances  of the integrative activity of the whole brain 
under free behavioral  conditions have been studied by this method [2, 6]. 

The object of the present  investigation was to examine the role of the 1st sensomotor  a r ea  of the cor2  
tex (SM-I) and its functional state in its relat ions with o ther  parts  of the brain as reflected in the e lec t r ica l  
act ivi ty of cor t ica l  s t ruc tures .  

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

Adult cats  were anesthetized with chloralose  (60 mg/kg) and pentobarbital  (10 mg/kg),  injected in t ra-  
peritoneally.  The animals were fixed in a s tereotaxic  apparatus,  the skin and muscles  of the scalp removed 
in l ayers ,  and the skull trephined in the region of a rea  SM-I on the left and above the level of the midbrain. 
Area  SM-I was cooled to a tempera ture  of between 25 and 23~ by application of ice. The temperature  of 
tile surface of the cooled a rea  of cor tex  was monitored by a type TSM-2 e lec t ro thermometer .  The EEG was 
recorded  with needle e lec t rodes  from symmet r i ca l  points of the left and right hemispheres  on a Racia poly- 
graph. Unit act ivi ty of the mesencephalic  re t icular  formation was recorded  ext racel lu lar ly  by means of 
glass microe lec t rodes .  For  this purpose UBP-01 preampl i f ie rs  with external  cathode follower and a Disa 
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Fig. 1. Two types (A and B) of change in EEG of var ious  cor t i ca l  
a r e a s  in r e sponse  to cooling of a r e a  SM-I on the left. F r o m  top to 
bottom: left  frontal ,  par ie ta l ,  occipi tal  regions;  r ight  frontal ,  t e m -  
poral ,  occipi ta l  regions.  Black band denotes per iod of cooling of 
a r ea  SM-I. Calibrat ion:  100/~V, 1 sec.  

Electronic  r e c d r d e r  were  used. The project ion of the mic roe l ec t rode  was de te rmined  in his tological  s e c -  
tions f rozen with CO~ and with a thickness of 50 g. 

EXPERIMENTAL RESULTS AND DISCUSSION 

The cor t i ca l  e l ec t r i ca l  act ivi ty  of the cat  under mixed ch lo ra lose -pen tobarb i t a l  anes thes ia  was c h a r -  
ac te r i zed  by s low-wave act ivi ty  with periodic "nembutal"  spindles.  Application of ice to a r ea  SM-I on the 
left  lowered the t e m p e r a t u r e  of the sur face  of this pa r t  of the co r t ex  to between 25 and 23~ In turn,  local 
cooling of a r e a  SM-I was accompanied by changes in the act ivi ty of o ther  regions of the corte~,  A marked  
inc rease  in ampli tude of the slow waves  in all  leads of the EEG can be c l ea r l y  seen in Fig. 1A. Not only 
the extensive sp read  of synchronized s low-wave act ivi ty  in the co r t ex  but the s imul taneous  c h a r a c t e r  of its 
onset  will be noted. The low-frequency high-ampli tude synchronized act ivi ty,  r ep resen ted  by spindle-  
shaped waves  las t ing s e v e r a l  seconds,  appeared  mos t  typical  under these expe r imen ta l  conditions. In some 
ca se s  local  cooling of a r e a  SM-I uni la tera l ly  was accompanied  by dif ferent  e lec t roencephalographic  man i -  
festat ions.  Instead of a m a rked  inc rease  in ampli tude in all  leads of the EEG, the level  of the spontaneous 
cor t i ca l  act ivi ty  was lowered and individual low-ampli tude spindles appeared  (Fig. 1B). The dec rea se  in 
ampli tude of the spontaneous ac t iv i ty  could not be cal led desynchronizing,  for the E EG rhythm e i ther  was 
unchanged o r  was slightly slowed. These changes in the EEG of the cor t ica l  a r e a s  were  obse rved  during 
somewhat  deeper  local  cooling of a r e a  SM-I. 

Analysis  of unit act ivi ty  in the mesencephal ic  r e t i cu la r  format ion (MRF) showed that cooling a r e a  
SM-I is accompanied  mainly  be a dec r ea s e  in the level  of spontaneous activity.  The study of r e sponses  of 
r e t i cu l a r  neurons to s t imulat ion showed cons iderable  changes during r eve r s ib l e  local  cooling of the cor tex.  
The abil i ty of the neurons to respond to s t imulat ion was genera l ly  reduced.  

There  is evidence in the l i t e ra tu re  that local  cooling of the co r t ex  is accompanied  by marked  changes 
both in the physiological  p rope r t i e s  of the cooled a r e a  [4] and in the pat tern  of its e l ec t r i ca l  activity.  How- 
ever ,  there  is no genera l  a g r e e m e n t  regarding  the o r d e r  of the changes in the e l e c t r o c o r t i c o g r a m  (ECoG) of 
the cooled a rea .  Some w o r k e r s  [6, 8] s ta te  that during cooling to 25-23~ the ampli tude of the ECoG is 
f i r s t  reduced,  but during deeper  cooling the f requency of the waves  also d e c r e a s e s .  Other  worke r s  [7] con-  
s ider  that the f requency changes f i rs t ,  in the di rect ion of slowing, and the ampli tude of the waves d e c r e a s e s  
la ter .  Careful  ana lys is  of the e lec t roencephalographic  changes connected with cooling the bra in  in monkeys  
has demons t ra ted  the i r  comple~ cha rac te r .  F i r s t  of all  there  was a gradual  d e c r e a s e  in the ampli tude of 
the high f requencies ,  then d i sappearance  of those f requencies ,  followed by a dec r ea se  in ampli tude of the 
low frequencies  and, finally, by pe r s i s t ence  of only the low-ampli tude 0-rhythm on the EEG [19]. 
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These con t rad ic to ry  views on the changes  in brain  e l ec t r i ca l  act ivi ty  can be explained ent i re ly  by the 
exper imen ta l  technique, by the p r e s ence  o r  absence  of anes thes ia ,  and by the method and depth of cooling. 
The impor tance  of anes thes ia  when changes in e l e c t r i c a l  act iv i ty  during cooling are  studied is indicated by 
the fact  that in expe r imen t s  on unanesthet ized an imals  local cooling of one cor t i ca l  a r e a  as a rule is not 
accompanied  by any profound changes in the b ioe lec t r i ca l  ac t iv i ty  of o ther  co r t i ca l  a r ea s .  Admittedly,  
P e r o v  [6] s t a t e s  that during cooling of a r e a  SM-I on the left  side in unanesthet ized ca t s  s lower  waves  p r e -  
dominate  in the ECoG recorded  in a r e a  SM-I on the right.  In the p resen t  expe r imen t s ,  using mixed c h lo r a -  
lose -pen tobarb i t a l  anes thes ia ,  local cooling of one a r e a  SM-I was accompanied by the appearance  of high- 
ampli tude slow act ivi ty  in o ther  pa r t s  not only of the ips i la te ra l ,  but also of the con t r a l a t e ra l  hemisphe re ,  
indicating the par t ic ipat ion of s t r u c t u r e s  with genera l ized  effects  on the co r t ex  in this p roces s .  It is i n t e r -  
es t ing to note that in pat ients  undergoing opera t ions  under modera t e  hypothermia  (down to 28~ in the 
per iod of act ive r ewarming ,  when the t e m p e r a t u r e  reaches  31-33~ high-ampl i tude synchronous potent ials  
appea r  in both hemisphe re s  [5]. The s imul taneous  appearance  and the genera l ized  c h a r a c t e r  of the slow 
high-ampl i tude  waves suggest  that local  cooling of a r e a  SM-I induces sha rp  functional changes in the s t r u c -  
tures  of the meseneepha l i c  r e t i cu l a r  formation.  Invest igat ion of unit act ivi ty of the act ivat ing MRF under 
o rd ina ry  condit ions,  using m i c r o e l e c t r o d e s ,  showed that an inc rease  in the exci tabi l i ty  of a r e a  SM-I has 
predominant ly  fac i l i ta tory  effects  [3, 13, 17, 21]. 

Local  cooling of a r e a  SM-I is accompanied  by marked  changes in the functional p rope r t i e s  of MRF 
neurons ,  e x p r e s s e d  as some dec r ea s e  in the level  of spontaneous act ivi ty and in the i r  abil i ty to respond to 
s t imulat ion [11]. 

The compar i son  of changes in the e l ec t r i ca l  ac t iv i ty  of var ious  regions of the co r t ex  during local 
cooling of a r e a  SM-I and changes  in unit act ivi ty  of MRF suggests  that the appearance  of slow h igh-ampl i -  
tude synchronized act ivi ty  is connected with the cons iderable  weakening of the genera l ized  act ivat ing in- 
f luences of MRF. Consider ing that the act ivat ing MRF has r ec ip roca l  re la t ions  with the synchronizing p o r -  
tions of the medu l l a ry  r e t i cu l a r  fo rmat ion  [20] and with the nonspecific thalamic nuclei [18], it mus t  be a s -  
sumed that local  cooling of a r ea  SM-I  to between 25 and 23~ predominant ly  inhibits the act ivi ty  of the a c -  
t ivating b r a i n - s t e m  r e t i cu l a r  format ion ,  thereby bringing about act ivat ion of the synchronizing subcor t ica l  
s t ruc tu re s .  Deeper  local  cooling of a r e a  SM-I in all  probabi l i ty  inhibits the act ivi ty  of s t r u c t u r e s  with syn-  
chroniz ing  ef fec ts  on cor t i ca l  e l ec t r i ca l  act ivi ty,  as e x p r e s s e d  both by a genera l  d e c r e a s e  in ampli tude of 
the potent ia ls  and as a gradual  change in the EEG frequency.  The r e su l t s  of these invest igat ions a re  ev i -  
dence of d i f fe rences  in re la t ions  of a r e a  SM-I with the synchronizing and desynchroniz ing subcor t ica l  s t r u c -  
If r e v e r b e r a t i o n  of exci ta t ion is p r e s en t  between the cor t i ca l  and subcor t ica l  format ions ,  these d i f fe rences  
a r e  e x p r e s s e d  as d i f ferent  pa t t e rns  of changes  in co r t i ca l  e l ec t r i ca l  activity.  
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