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The widely held view that the ascending r e t i cu l a r  act ivat ing s y s t e m  (ARAS) is ad rene rg ic  in nature  
is  disputed by a number  of w r i t e r s  [12, 14, 15] because  of the exis tence of chol inergic  s t r u c t u r e s  in this 
sy s t em.  Recent  exper imen t s  have  yielded r e su l t s  indicating, on the one hand, that the ARAS at the bra in  
s t e m  level  is chemica l ly  he te rogeneous  [2, 6], and on the other  hand, that  the t e rmina l  neuron of the ARAS 
in the cor tex ,  par t ic ipa t ing  in the e lec t roencephalographic  (EEG) act ivat ion reac t ion  is chemica l ly  homo-  
geneous (cholinergic) [9]. Meanwhile it  has  been  s ta ted that  amphetamine ,  admin i s t e red  agains t  the b a c k -  
ground of blocking of the cen t ra l  chol inergic  s t r u c t u r e s  by atropine,  does not induce an EEG act ivat ion r e -  
act ion [10, 13, 15]. 

These  observa t ions  cal l  for  a m o r e  detai led study of the role  of the chol inergic  s t r u c t u r e s  of the 
ARAS in the m e c h a n i s m  of blocking of the adrenerg ic  EEG act ivat ion reac t ion  by cholinolyt ics .  

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

Changes in e l ec t r i ca l  act iv i ty  of var ious  a r e a s  of the cor tex,  the nonspecif ic  nuclei of the thalamus,  
and the mesencephal ic  r e t i cu l a r  fo rmat ion  were  inves t iga ted  in 95 an imals :  in waking rabbi t s  in chronic  
expe r imen ta l  conditions and in cats  with an intact  b ra in  and a f te r  t r ans sec t ion  of the b ra in  s t e m  in acute 
expe r imen ta l  conditions.  

The opera t ions  were  p e r f o r m e d  under  e ther  anesthesia ;  at the end of anes thes ia  the cats  with an 
intact  b ra in  were  immobi l i zed  with the c u r a r e - l i k e  agent displacin and t r a n s f e r r e d  to ar t i f ic ia l  r e s p i r a -  
tion. The b ra in  was divided mechan ica l ly  and e lec t ro ly t ica t ly :  at the level  of the t r igemina l  nerve  nuclei  
( t r igeminal  sect ions) ,  through the r o s t r a l  par t  of the pons, and through the mesencepha lon  (mesencephal ic  
sect ions) .  Simultaneous record ings  were  made of the background b ioe lec t r ica l  act ivi ty  and of changes in 
the EEG in response  to rhythmic  f lashes  of di f ferent  f requencies  (the ~followingn response) ,  to acoust ic  
s t imulat ion,  and to e l ec t r i ca l  s t imula t ion  ( rec tangula r  pulses ,  250-300 cps,  durat ion 0.5 msec) of the 
sciat ic  nerve  or  mesencepha l ic  r e t i cu l a r  fo rmat ion  (arousal  response) .  

To produce pharmaco log ica l  exci ta t ion of the adrenerg ic  s t ruc tu re s  of the ARAS, in addition to a m -  
phetamine the cen t ra l  ad renomime t i c  drug p ipradro l  [4] was used.  The la t ter  is s i m i l a r  in i ts  action to a m -  
phetamine but d i f fers  f r o m  it  in i ts  p e r i p h e r a l  sympa thomime t i c  effect  [11]. To study the mechan i sm of 
blocking of the adrenerg ic  EEG act ivat ion reac t ion  a number  of different  cholinolytic drugs  pos se s s ing  a 
blocking act ion on both cen t ra l  and pe r iphe ra l  musca r ine - l i ke  (M) and nicot ine- l ike  (N) chol inergic  s t r u c -  
tu res  were  used. All drugs  inves t igated were  injected int ravenously .  

E X P E R I M E N T A L  R E S U L T S  

Exper iments  on an imals  with an intact  b ra in  showed that, against  the background of a c l ea r ly  defined 
EEG act ivat ion reac t ion  evoked by p ipradro l  or  amphetamine  (5 mg/kg) ,  admin is t ra t ion  of even smal l  doses  
of the benzylic acid e s t e r s  benactyzine,  benzazine  (2 -d imethy laminoe thy les te r  of benzyl ic  acid), and me th a -  
mici l  (methyldiazil) (beginning with 0.05-0.1 mg/kg) ,  possess ing  a cent ra l  M-cholinolyt ic  action, abolished 
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Fig. 1. Effect  of gangleron,  p ipradro l ,  and benactyzine on e l ec t r i ca l  
act iv i ty  of different  pa r t s  of the r abb i t ' s  b ra in .  F r o m  top to bot tom: 
EEG of s e n s o r i m o t o r  a r e a s  of left  and r ight  hemisphe re ,  r e t i cu l a r  
nucleus and cen t rum medianum of the tha lamus ,  left  mesencepha l i c  
r e t i cu l a r  format ion ,  ECG. A) Before  injection; B) 10 rain a f t e r  in-  
t ravenous  inject ion of gangleron (10 mg/kg) ; C) 9 min a f t e r  i n t r a -  
venous inject ion of p ipradro l  (3 mg/kg) ;  D) 2 rain a f t e r  intravenous 
injection of benactyzine  hydrochlor ide  (0.3 mg/kg) .  

this activating effect and restored slow electrical activity in the cortex, in the peripheral nuclei of the 
thalamus, and in the mesencephalic reticular formation (Fig. ID). With an increase in dose of the M- 
cholinolytie, changes in the background activity became more marked and persistent. At the same time 
the degree of blocking of the arousal response to acoustic and electrical stimulation increased. The im- 
provement in the "following" response observed against the background of action of pipradrol and ampheta- 
mine likewise was abolished. The "following" response to rhythmic flashes of high frequency (16-50/see) 
became even worse than before injection of the preparations. These M-cholinolytics gave a blocking action 
of about equal strength (the action of methamicil was a little stronger). 

Atropine, which besides a powerful peripheral cholinolytic effect also has a well marked action on 
central M-cholinergic systems, blocked the pipradrol and amphetamine EEG activation reaction in much 
larger doses (starting from 2-3 mg/kg). This is in agreement with reports that the central M-cholinolytic 
action of atropine is weaker than that of benzylic acid esters [3]. 

The peripheral M-cholinolytie oxyphenonium bromide, in a dose of 0.4 mg/kg, had no action on the 
activating effect of pipradrol and amphetamine, whether administered before or after. The dose of oxy- 
phenonium bromide used causes no changes in electrical activity of the brain [3], and is almost I00 times 
greater tban the dose required to block peripheral M-eholinergic structures [7]. 

The results of these experiments demonstrate that abolition of the adrenergic EEG activation reac- 
tion by benzylic acid esters and atropine is associated with blocking of central M-cholinergic structures. 

In the case of tropazine* and adiphenine hydroehloride, with the property of blocking N-cholinergic 
structures in small doses, and both M- and N-eholinergie structures in large doses [5, 6], these drugs 
blocked the adrenergic EEG activation reaction only when given in doses producing a central M-cholinolytie 
effect (not less than 2-3 mg tropazine and 3-6 mg adiphenine/kg; Fig. 2). 

To prevent the activating effect of pipradrol and amphetamine, much higher doses of the central M- 
cholinolytic were required than to abolish it. 

The use of a series of N-cholinolytics in this investigation made it possible to differentiate more 
closely between the role of M- and N-cholinergtc structures in the mechanism of blocking of the adrenergic 
EEG activation reaction by eholinolytie drugs. Both N-cholinolytics with peripheral ganglion-blocking 

* 1,2-dimentyl-3-diethyl-aminopropyl-p-isobutoxybenzoate hydrochloride. 
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Fig. 2. EEG of var ious  pa r t s  of the 
r abb i t ' s  b ra in  during act ion of am phe t -  
amine  and adeiphenine hydrochlor ide .  
F r o m  top to bot tom: EEG of left  and 
r ight  s e n s o r i m o t o r  cor tex,  of r e t i c u -  
l a r  nucleus and cen t rum medianum of 
tha lamus ,  of left mesencepha l ic  r e t i -  
cu la r  format ion ,  ECG. A) Before  in-  
jection; B) 3 rain a f te r  in t ravenous  
inject ion of amphetamine  (5 mg/~g);  
C) 15 rain a f t e r  intravenous inject ion 
of adiphenine hydrochlor ide  (13 mg/kg) .  

On the bas i s  of all  these  data it may  
a re  one place where  m e c h a n i s m s  blocking 
ope ra te .  

(hexamethonium) and c u r a r e - l i k e  (diplacin) act ion,  and gangleron,  * 
pachycarpine ,  and nanophyne,$ possess ing  cen t ra l  N-cholinolyt ic  
action also [1], if  injected in t ravenous ly  suff icient ly slowly 
(about 3 mg/kg /min)  even in la rge  doses  (up to 10 mg/kg) had 
no signif icant  action on the t ime  of appearance ,  durat ion,  and 
s eve r i t y  of the EEG activation reac t ion  evoked by p ipradro l  and 
amphe tamine  (Fig. 1C), and had no effect  l ikewise on the a rousa l  
and "following" r e sponses .  

Hence, exper iments  on an imals  with an intact  b ra in  demon-  
s t r a t ed  that  the EEG act ivat ion reac t ion  evoked by s t imula t ion  
of adrenerg ic  s t ruc tu res  of the r e t i cu l a r  fo rmat ion  by p ipradro l  
and amphetamine  may  be abolished by blocking cen t ra l  M- 
chol inergic  s t ruc tu re s .  

Relat ionships  between the ad renomime t i c s  and cen t ra l  
M-chol inolyt ics  retained the s a m e  c h a r a c t e r  a f te r  t r ansec t ion  
of the b ra in  s tem,  when p ipradro l  and amphe tamine  continued to 
evoke an EEG activat ion reac t ion  ( t r igeminal  and m e s e n c e -  
phalic sect ions) .  With a dec r ea se  in the par t  of the m e s e n c e -  
phalic r e t i cu la r  format ion  left in communica t ion  with higher  
b ra in  s t ruc tu re s ,  the act ivat ing action of the ad r enomime t i c s  
was weakened, but the blocking of this act ion by cen t ra l  M-chol -  
inolyt ics was faci l i tated.  

However ,  the level of the ARAS at which this blocking 
took place r ema ins  unexplained. Unquestionable cen t ra l  M- 
cholinolyt ics  produce blocking of M-chol inerg ic  s t r uc tu r e s  of 
the r e t i cu la r  format ion  of the bra in  s t e m  and the reby  suppres s  
chol inergic  act ivation.  However,  in these  conditions an EEG 
act ivat ion reac t ion  is obse rved  during exci ta t ion of ad renerg ic  
r e t i cu la r  s t ruc tu re s  [2, 8]. Consequently,  the adrenerg ic  EEG 
act ivat ion reac t ion  is blocked by M-chol inolyt ics  somewhere  in 
the h igher  regions  of the brain .  The r e su l t s  of expe r imen t s  with 
local applicat ion of cholinolytic subs tances  [9] show that  the 
endings of the ascending pathways of the r e t i cu la r  act ivat ing 
s y s t e m  in the c e r e b r a l  cor tex  a re  M-chol inergic :  amphetamine  
act ivat ion is blocked in the region of appl icat ion of the M-cho[-  
inolytic,  while intravenous inject ion of an t icho l ines te rase  drugs  
r e m o v e s  this block. 

be postulated that  M-chol inergic  cor t ica l  neurons  of the ARAS 
the adrenerg ic  EEG activat ion reac t ion  by M-chol inolyt ics  
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