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A series of investigations in the author's laboratory [2-7, 14, 15] has shown that in puppies aged from 1 to 18- 
20 days an activation reaction may be absent from the cortical EEG in response to the action of acoustic, tactile, 
and nonciceptive stimuh, and desynchronization may not be found in the encephale isol6 preparation. Animals of 
this age do not show the periodic change of rhythm on the EEG when sleep changes to waking and vice versa. In 
both states activity of low amplitude and frequency is found. In inhibition associated with sleep and narcosis, and 
also during the action of chlorpromazine and in the enc6phale isol6 preparation, the slow high-amplitude activity 
typical of adult dogs does not develop in the cortical EEG. 

The intravenous injection of adrenalin into adult animals produces transient desynchronization of the b ioe lec-  
trical activity, followed by a long phase characterized by the appearance of slow high-amplitude activity in the 
cerebral cortex [18, 19, 21-23, 25, 26]. Because the mechanism of action of adrenalin has not been fully explained 
[11], the investigation of its action on young animals is interesting in connection with reports of the discovery of a 
high content of catecholamines in the brain stem [13], the incomplete development  of the blood-brain barrier [19], 
and also the distinctive pattern of the reactions of the pressure receptors of the carotid sinus [1, 20] at this age. The 
above-mentioned factors are known to be of essential importance to the understanding of the mechanism of the ac-  
tion of adrenalin on the cerebral cortex as revealed by the EEG. 

Because of these findings, it appeared interesting to investigate the variations of the cortical EEG of dogs with 
age in association with the action of adrenalin. 

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

The EgG of the sensory, parietal, and occipital cortex was recorded on a four-channel VNIOMIO oscillography 
by means of bipolar needle electrodes implanted into the crmlial bones. The ECG in lead II and, in some experi- 
ments, the respiration also were recorded. The experiments were conducted without anesthesia and fixation. Adrena- 
lin was injected intravenously in doses of between 10 and 800 gg/kg body weight. The period of observation varied 
from a few hours to 1 day after injection of the drug. 

Experiments were carried out on 22 dogs of three age groups: group 1) puppies aged from 5 to 13 days; 2) 
puppies aged from 20 days to 2 months; and 3) adult dogs and puppies over 2.5-3 months old. 

R E S U L T S  

The experiments on the adult dogs mainly confirmed the data described in the literature. The activation re- 
action on the cortical EEG and restlessness of the animals developed after injection of adrenalin, not oniy in small 
doses (10-25 /~g/kg), but also moderate and large doses (75-800 pg/kg).  The period of desynchronization length- 
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Fig. 1. Cort ical  EEG of a 6-day  old puppy in fron- 
tal  (1), par ie ta l  (2), and occipi ta l  (3) leads and 
ECGin lead  II(4). I) InirialEEGand ECG; It) 1 min 
after intravenous inject ion of adrenalin in a dose 
of 25 gg /kg  body weight; tID 5 rain after; IV) 
10 min after injection. 

ened from 3-5 to 30 rain when the dose was increased from 10 
to 75 #g/kg,  and with a further increase in the dose i t  short- 
ened to 10-5 rain. Later, slow h igh-ampl i tude  potentials ap-  
peared on the EgG, the dog became  quiet, i t  lay on its side 
and went to sleep. To judge by the animal ' s  behavior and the 
indices of the EEG, the state of s leep lasted several  hours. 

In the young puppies (aged from 5 to 13 days) adrenalin 
in doses of between 10 and 200 p g / k g  did not produce the b i -  
phasic reaction typiea t  of adult dogs. Both desynchronization 

and the subsequent synchronization of the e lec t r ica l  act ivi ty  
of the cortex were absent. The basic e lec t r ica l  act ivi ty  
character is t ic  of the animals of this age was essentially un- 
chm~ged, whereas the effect of adrenalin on the heart was 
present (Figs. 1 and 2). A marked bradycardia  was present, as 
observed ear l ier  by S. L Enikeeva [8] in her experiments.  An 
increase in the dose to 400 #g /kg  and above l ikewise did not 
produce desynchronization on the EEG but, on the other hand, 
i t  led to a dist inctive and reversible depression of the e l e c -  
t r ica l  act ivi ty,  expressed as a decrease in the ampli tude of the 

potentials without  any appreciable  change in their  frequency 
(Fig. 2, III). The puppy's behavior  changed and its movement  
and cry ceased. The in i t i a l  EgG and motor ac t iv i ty  were re-  
stored after 10-15 rain. With an increase in the doses of 
adrenalin to 800 #g /kg  (see Fig. 2, IV) the e lec t r i ca l  act iv i ty  
almost comple te ly  disappeared. During the period of recovery 
of the EgG the ampl i tude  of the cor t ical  potentials increased 
and their frequency also rose sl ightly (Fig. 2, V). 

In the puppies of the second group (aged from 20 days to 2 months) the react ion to the inject ion of adrenalin 
was s imilar  to the react ion of adult dogs. Ini t ia l ly  a transient desynchronization appeared, and the respiration and 
heart rates rose. This reaction was replaced by slow, h igh-ampl i tude  potentials on the EEG and a slowing of the res-  
piration and heart rates (Fig. 3). The puppy fel l  asleep. Ini t ia l  desynchronization during the action of adrenalin 

appeared in the puppies at an age when an act ivat ion react ion during sensory and nocicept ive  s t imulat ion appeared in 
intact  animals, and also in the experiments on the enc6phale isotg preparation. At the age of 18-20 days the pup- 
pies were able to assume a standing posture and several  exteroceptors began to function. The act ivat ing function of 

the ascending system of the ret icular  formation of the brain stem appeared for the first t ime,  as also did signs of its 
blocking during sleep and narcotic  inhibit ion and also in response to the action of chlorpromazine [2-7, 14, 15]. 

The results obtained, showing absence of desynchronization in the first phase of the action of adrenalin in the 
young puppies (under 18 days old), confirm the conclusion drawn from ear l ier  investigations in the author's labora-  
tory that their ascending ret icular  system is immature .  

After the investigations of Bonvallet, Dell, and co-workers [21-25], and of Rothballer [27] and others, the 

mechanism of the act ivat ion reactions has been associated with the adrenergic substratum of the re t icular  formation 

of the brain stem. 

The facts presented in this paper, demonstrating the absence of the act ivat ion react ion in the cor t ica l  EEG 
during the action of adrenalin on young puppies despite the high content of ca techolamiues  in their  brain stem and 
the high permeabi l i ty  of their  b lood-brain  barrier, are evidence that the presence of an adrenergic substratum in the 

re t icular  formation alone is inadequate  to bring about the act ivat ion reaction. 

The data indicat ing the importance of the rostral portion of the brain s tem in the mechanism of the act ivat ion 
reaction, especia l ly  during the action of sympa the t i comimedc  drugs, and concerning the blocking of this react ion 
by muscar ine- l ike  cholinolytics [9, 10, 12, 26] demonstrate that the cholinergic neurons of the rostral portion of the 

re t icular  formation of the brain stem must par t ic ipate  in the mechanism of this reaction, 

In a previous investigation [t6, 17] the author showed that the act ivi ty  of the true cholinesterase of the rostra1 

portion of the re t icular  formation of the mesencephalon,  corresponding to the level  of the anterior col l icul i  in adult 
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Fig. 2. Cort ical  EgG and gCG of an 
g-day old puppy. I) Ini t ia l  EEG and 
ECG; II) 5 rain after intravenous in -  
ject ion of  adrenalin in a dose of 75 
~lg/kg; III) 3 rain after inject ion of 
adrenalin in a dose of 400 txg/kg; IV) 
1 min after; V) 18-20 h after in jec -  
t ion of adrenalin in a dose 800 ~xg/kg 

body weight. 
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Fig, 8. Cort ical  EEG (1), respiration (2), 
and ECG (3) of a 25-day old puppy. I) 
Before inject ion II) 10 min after; IK) 30 
rain after inject ion of adrenalin in a 
dose of 200 #g/kg.  

dogs, is much bxgher than in the media l  thalamus and in the ret icular  
formation of the mesencephalon corresponding to the level  of the posterior 

col l icul i .  Data indicat ing the heterogenei ty of the b iochemica l  charac-  
teristics of these portions of the brain have confirmed the suggestion [2, 3] 
that the rostral portion of the re t icular  formation of the brain stem is a dis- 
t inct ive  and complex in te rmedia te  link in relat ion to the thalamocort ica!  
system, of great  importance in the mechanism both of the phase act ivat ion 

reactions and of the reactions of inhibition. 

In young puppies (under 18-20 days old) there is no difference be-  

tween the cbolinesterase act ivi ty  of the rostral portion of the mesencepha-  
ion, the media l  thalamus, and the more caudal  portion of the re t icular  

formation. 

The immatur i ty  of the cholinergic neurons in this portion, confirmed in experiments with acetylchol ine  and 

atropine, explains the absence of the act ivat ion react ion during the action of adrenalin at an early age. 

The absence of synchronization in the cor t ical  EEG of young puppies in the second phase of the action of 
adrenalin may be explained by the immatur i ty  of the functions of the pressure receptors of the carotid sinus [1, 20]. 

In puppies at the age of 18-20 days there is a sharp increase in the cholinesterase act ivi ty of the rostral por- 
tion of the re t icular  formation of  the brain stem. A difference appears between the characterist ics of this division, 
and those of the medial  thalamus and the more caudal  portion of the mesencephalon. It may be considered that  the 
sharp increase in cholinesterase ac t iv i ty  is a condition necessary for the real iza t ion of the mediator  function of 
acetylchol ine  in the cholinergic neurons of the rostral portion of the brain stem in bringing about the phased exc i t a -  

tion in the period of the arousal reaction appearing for the first t ime at this age. 

S U M M A R Y  

Data obtained on the absence of the adrenalin effect in puppies of a young age (up to 18 days) confirm the 
conclusions of the immatur i ty  of their  ascending act ivat ing system drawn at our laboratory ear l ier  from the results 
of  several  studies. Nonrepresentation of desynchronization in the first phase of adrenalin action at an early age is 
accounted for by the functional immatur i ty  of the in termedia te  cholinergic link in the rostral part of the ret icular  
formation of the brain stem. The absence of synchronization of the EEG in the second phase of the adrenalin action 
is associated with the immatur i ty  of the function of the sinocarotid zone baroreceptors. 
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At the age of 18-20 days puppies develop a typical adult two-phase reaction under the action of adrenalin in 
connection with maturation of the functions of the ascending activating system, in particular, the intermediate 
cholinergic link in its rostral part. At the same age, the function of the baroreceptors of the sinocarotid zone appears. 
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Al 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  ~f  the  a b b r e v i a t i o n s  as  g i v e n  in  the o r ig in a l  R u s s i a n  journa l .  Some or a l l  o [  th i s  per i -  
od ica l  l i t e ra ture  m ay  w e l l  be a v a i l a b l e  in E n g l i s h  t rans la t ion.  A c o m p l e t e  l i s t  of  the  c o v e r - t o -  
cover  E n g l i s h  t r a n s l a t i o n s  appears  at the hack  of  the  f irs t  i s s u e  o f  t h i s  year .  
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