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After  the s t imulant  action of ca techolamines  on the mesencepha l ic  r e t i cu l a r  fo rmat ion  had been 
conclus ive ly  proved  exper imenta l ly  [2, 4, 6, 8, 17, 18], the hypothesis  was na tu ra l ly  put fo rward  that  
changes in exci tabi l i ty  of the c e r e b r a l  co r t ex  found a f t e r  adminis t ra t ion  of monoamines  [7, 12, 13, 15, 16] 
a r e  due to ascending influences f r o m  the bra in  s t em.  Proof  that this hypothesis  was c o r r e c t  was given 
by the fact  that the exper iments  in which adrenal in  and noradrena l in  we re  d i r ec t ly  applied to the exposed 
co r t ex  were  c a r r i e d  out with concentra t ions  of these  subs tances  which were  too high to allow any phys io-  
logical  s ignif icance to be at tached to the exc i ta to ry  effect  thus produced [14]. 

More  r ecen t ly  new data have been obtained, showing that ne rve  f ibe r s  containing monoamines  a r e  
widespread  in different  par t s  of the bra in ,  including the neocor tex  of the c e r e b r a l  h e m i s p h e r e s  [9]. 

The p r e sen t  invest igat ion was accord ingly  c a r r i e d  out to de t e rmine  the d i rec t  influence of ad renerg ie  
subs tances  on the t r an s ca l l o s a l  potential  (TCP) and the d i rec t  co r t i ca l  r e sponse  (DCR). These  r e sponses  
give information on changes in r e la t ive ly  p r e c i s e l y  es tabl i shed synaptie  and neuronal  s y s t e m s  of the c e r e -  
b r a l  cor tex .  As adrenerg ie  subs tances ,  p ip radro l  and amphe tamine  were  used, drugs s i m i l a r  in the i r  
s t r u c t u r e  and cen t ra l  action to adrenal in  and noradrena l in ,  but at  the s a m e  t ime pass ing  read i ly  through 
the b lood-bra in  b a r r i e r .  Ch lo rp romaz ine  was used to block adrenerg ic  r e c e p t o r s .  The d i rec t  action of 
these  subs tances  on the TCP and DCR was c o m p a r e d  with the i r  action through the bra in  s t e m  and also 
with the effect  of excitat ion of the r e t i cu l a r  fo rmat ion  of the bra in  s t e m  by e lec t r i c  c u r r e n t  or  by noc icep-  
rive s t imulat ion.  

EXPERIMENTAL METHOD 

Experiments were carried out on 25 rabbits immobilized with flaxedil and maintained on artificial 
respiration. The animals were prepared for the experiment under other anesthesia. The cortex was 
covered with warm mineral oil. The points of fixation of the animalYs head in the halter of the stereotaxie 
apparatus and the wound surfaces were anesthetized with procaine. To record the ECoG, three pairs of 
silver chloride wick electrodes were placed symmetrically on both hemispheres in the sensorimotor, 
anterior parietal, and visual regions. The TCP and DCR were recorded from the parietal cortex. The 
symmetrical point of the cortex of the opposite hemisphere was stimulated by single submaximal stimuli 
0.5 msec in duration. The DCR were recorded at a distance of 3 mm from the stimulating electrodes when 
stimuli 0.I msec in duration and slightly above threshold strength were used. Stimulation of the mesen- 
cephalic reticular formation was carried out through bipolar platinum electrodes, introduced relative to 
stereotaxic coordinates, using rectangular pulses of current 0.I msec in duration and at a frequency of 200 
per second. A rectangular pulse generator withradio-frequencyoutput was used for stimulation. The 
potentials were recorded on a cathode-ray oscillograph with parallel recording of the ECoG on an "Al'var" 
8-channel ink-writing encephalograph. 

EXPERIMENTAL RESULTS 

Intravenous injection of pipradrol or amphetamine (3-5 mg/kg) led after 1-3 rain to a persistent 
decrease in the amplitude of the DCR and TCP (Fig. I). The decrease in DCR and in the surface-negative 
component of the TCP reached,on the average, 50% of their initial value, whereas the mean value of the sur- 
face-positive component of the TCP was 80% of normal. A clear parallel was observed between the appear- 
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Fig.  1. Changes in TCP (At and DCR (]3) during intravenous injection 
of p ip radro l ,  fol lowed by ch lo rp romaz ine .  On al l  cu rves  negat iv i ty  beneath  
the act ive  e lec t rode  is shown by an upward deflect ion of the beam;  the 
m o m e n t  of s t imula t ion  is shown by an a r t e fac t .  A: 1) Control;  2) 10 rain 
a f t e r  injection of p ip radro l  (3 m g / k g ) ;  3) 4 rain; 47 15 min a f te r  injection 
of ch lo rp romaz ine  (4 m g / k g ) ;  B- 1) control ;  2) 5 rain a f t e r  injection of 
p ip radro l  (3 m g / k g ) ;  3) 8 rain a f t e r  injection of ch lo rp romaz ine  (4 m g / k g ) .  

Fig.  2. Effect  of d i rec t  s t imulat ion of r e t i c u l a r  fo rma t ion  on TCP and DCR 
and action of ch lo rp romaz ine .  Simultaneous r ecord ing  of DCR (top curvet  
and TCP (bottom curve t ;  17 control ;  2) s t imulat ion of r e t i cu l a r  fo rmat ion ;  
37 8 min a f te r  in t ravenous injection of ch lo rp romaz ine  (4 m g / k g ) ;  4 ) s t i m u l a -  
tion of r e t i cu l a r  fo rma t ion  aga ins t  the background of the act ion of c h l o r -  
p romaz ine ;  5) 3 min a f te r  end of s t imula t ion .  

a n t e  of ECoG act ivat ion and reduct ion of the DCR and TCP.  S imi lar  changes in DCR and TCP w e r e  
obse rved  during d i rec t  s t imulat ion of the mesencepha l ic  r e t i cu l a r  fo rmat ion ,  pr icking the paw with a 
needle ,  and s t imulat ion of the sc ia t ic  ne rve .  

The adrenolyt ic  d rug  ch lo rp romaz ine ,  when injected s y s t e m i c a l l y  (4 ~ g / kg), c l e a r l y  blocked the 
changes desc r ibed  above in co r t i ca l  excitat ion a f t e r  5-10 min: the DCR and TCP,  when reduced  by the 
act ion of p ip radro l  or  amphe tamine ,  w e r e  r e s t o r e d  to the i r  ini t ial  level .  Meanwhile ch lo rp romaz ine  
caused  the p ic ture  of ECoG act ivat ion to d i s a p p e a r - a  h igh-ampl i tude  slow act iv i ty  with "sp indles" ,  c h a r -  
ac t e r i s t i c  of the r e s t i ng  s ta te ,  appea red  [1, 3, 10]. In the above dose,  ch lo rp romaz ine  had no effect  on the 
DCR and TCP if these  w e r e  not modif ied by preceding  admin is t ra t ion  of ca techo lamines .  

Reduction of the invest igated potentials  and ECoG act ivat ion during d i rec t  s t imula t ion  of the m e s e n -  
cephal ic  r e t i c u l a r  fo rma t ion  was not r e m o v e d  by the action of ch lo rp romaz ine  (Fig. 2). Hence,  e h l o r -  
p romaz ine  does not d e p r e s s  the t r a n s m i s s i o n  of r e t i cu l a r  influences in the co r t i ca l  link or  it  af fects  them 
much  m o r e  weakly.  Consequently,  under the d i rec t  action of ca techo lamines ,  depress ion  of the co r t i ca l  
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Fig.  3 Fig.  4 

Fig. 3. Changes in TCP (A) and DCR (B) a f te r  intravenous injection of 
p ip radro l ,  followed by ch lo rp romaz ine .  A: 1) Control;  2) 5 rain a f te r  in-  
ject ion of p ip radro l  (3 m g / k g ) ;  3) 10 min a f t e r  injection of benactyzine  
(1 m g / k g ) ;  B: 1) control ;  2) 9 rain a f t e r  injection of p ip radro l  (3 m g / k g ) ;  
3) 10 rain a f t e r  injection of benaetyzine  (1 m g / k g ) .  

Fig.  4. Effect  of local  appl icat ion of p ip radro l  to the co r t ex  on TCP and 
DCR and effect  of subsequent  intravenous injection of ch lo rp romaz ine  (A 
and B) and benactyzine(C).  A: 1) Control  (application of physiological  
sal ine);  2) 4 rain a f t e r  applicat ion of 1% p ipradro l  solution; 3) 7 rain a f t e r  
injection of ch lo rp romaz ine  (4 m g / k g ) ;  B: 1) contro l  (application of phys io-  
logical  sal ine);  2) 3.5 min a f t e r  appl icat ion of 1% p ipradro l  solution 3) 6 
min a f t e r  injection of ch lo rp romaz ine  (4 m g / k g ) ;  C: 1) contro l  (application 
of physiological  sal ine);  2) 5 rain a f te r  appl icat ion of 1% p ipradro l  solution; 
3) I0  rain a f t e r  injection of benactyzine .  

potent ials  of the TCP and DCR is a s soc ia t ed  with ascending influences of the mesencepha l ic  r e t i cu l a r  
fo rmat ion ,  and judging f r o m  data obtained prev ious ly  in the au thor s '  l abo ra to ry  [5], the final co r t i ca l  link 
of this pathway is chol inergic .  In fact ,  the m u s c a r i n e - l i k e  cholinolytic drug benactyzine  hydrochlor ide ,  
when injected in t ravenous ly  in the p re sen t  expe r imen t s ,  comple te ly  r e s t o r e d  the TCP and DCR to the i r  
init ial  level  a f t e r  reduct ion by p ip radro l  or  amphetamine ,  and at the s a m e  t ime  blocked act ivat ion of the 
ECoG (Fig. 3). The nicot ine- l ike  oholinolytic drug gangleron,  when injected into the genera l  c i rcula t ion,  
had no such action,  in full  a g r e e m e n t  with observa t ions  indicating that the m e c h a n i s m  of the act ivat ion 
reac t ion  during s t imula t ion  of the r e t i cu l a r  fo rma t ion  is pure ly  m u s c a r i n e  in na ture .  

The d i rec t  action of p ip radro l  on the co r t ex  was invest igated by applicat ion of a 1% solution to the 
su r face  of the cor tex .  In the exper iments  descr ibed ,  depress ion  of the TCP and DCR was observed .  How- 
ever ,  the effect  of subsequent  injection of adrenoly t ics  or  cholinolyt ics on these  modif ied potentials  differed.  
Af ter  sy s t emic  admin is t ra t ion  of ch lo rp romaz ine  an i nc rea se  in the prev ious ly  reduced TCP and DCR was 
observed ,  amounting in some  cases  to r e s to ra t i on  of the i r  no rma l  value (Fig. 4, A and B). Converse ly ,  
intravenous injection of benactyzine  had no essen t ia l  action on the TCP when reduced  by p ipradro l  (Fig. 4,C). 

The r e su l t s  desc r ibed  above conf i rm that adrenerg ic  subs tances ,  when admin i s t e r ed  sys t emica l ly ,  
influence co r t i ca l  excitat ion mainly  through the r e t i c u l a r  s t r u c t u r e s  of the mesencephalon .  This action of 
the ad renomime t i c s  is abolished by the cen t ra l  adrenolyt ic  ch lo rp romaz ine ,  and the block takes place at  
the level  of the b ra in  s t em.  The ad renomimet ic  effects  could also be  blocked at the co r t i ca l  level  by 
benactyzine,  conf i rming  the m u s c a r i n e - l i k e  chol inergic  na ture  of the f inal  link of r e t i cu lo - co r t i c a l  act ivat ion.  

Experiments in which pipradrol was applied to the surface of the cortex revealed that adrenergic 
structures are present in these neuronal systems associated with the origin of the transcallosal potential, 
and also with the reaction of the st~face neuropil, i. e., with the direct cortical response. The specific 
character of this effect is shown by its abolition by the central adrenolytic chlorpromazine. Depression of 

the TCP and DCR by the direct action of pipradrol on the cortex evidently reflects depression of the 
synaptic transmission of excitation and depends on a decrease of excitability of the postsynaptic membrane 

of the cortical neurons. It has in fact been shown by Krnjevid and Phillis [II] that electrophoretie admin- 

1165 



istration of catecholamines to the cortical  neurons causes depression of syaaptic transmission and also 
depression of spontaneous discharges of neurons and their responses to glutamate. 

It thus follows that the adrenergic synaptie systems at the level of the mesencephalic ret icular  
formation are  excited by catecholamines,  while those in the cortex are  depressed. When adrenomimetics 
act through the blood s t ream this direct effect cannot be found, for  it is masked by activating influences of 
the ret icular  formation. 
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