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A state of stress [23, 24] in a healthy child is accompanied  by changes in the body functions. If powerful fac-  
tors act or if  the organism is in an enfeebled state,  stressors evoke pathologica l  changes, whereas in ordinary c i r cum-  
stances physiological  changes develop, leading to the creat ion of a "state of nonspecif icat ly  increased resistance" [10, 
11]. This increased resistance to the act ion of stressors is of very great  prophylact ic  impor tance  in mainta in ing the 
chi ld 's  health.  According to Selye, this resistance is nonspecif ical ly increased during the resistant stage of stress, in 
relat ion not only to the act ing stimulus, but also to other factors. Such phenomena have been observed in hypoxia [2, 
12], during the act ion of dibazol  (2 -benzy lbenz imidazo le  HC1), radix ginsengi, v i tamin Blz [5, 10, 11], and after mus-  
cular exercise [6-8]. However, the effect  of brief  exposure to a stressor agent such as a cold stimulus proved especi -  
al ly interesting. This has long been used for the prevention of common colds in children and for "hardening" them. 
In the modern view, this stimulus causes a reflex s t imulat ion of the ac t iv i ty  of the adrenal  medul la ,  as a result of 
which the concentrat ion of adrenal in c i rculat ing in the blood stream is increased.  The increased adrenalin concen-  
tration act ivates  the re t icular  formation, both through the chemoreceptors  of the ref lexogenic  zones of the aorta and 
carotid arteries and also direct ly .  Al l  the st imuli  are re layed to the re t icular  formation and hypothalamus,  and from 
thence to the pi tui tary,  also via col la tera ls  of the afferent tracts [1, 17-22]. This accounts for the role of the re t icu-  
lar formation of the brain stem as an important  structural component  of the adaptat ion react ion during "hardening." 

The reflex secretion of adrenalin and ace ty lchol ine  is of great  impor tance  in the mechanism of ac t iva t ion  of 

the ret icular  formation by afferent s t imulat ion from the periphery and by cort icofugal  impulses from the cerebral  cor-  
tex. Under the influence of cold s t imulat ion of the skin receptors of the hands, the concentrat ion of adrenal in  i tself  
in the blood of heal thy persons rises while the ace ty lchol ine  concentration falls; c l in i ca l ly  this is manifested by an 
increase in the tone of the parasympathet ic  division of the nervous system [4, 9.]. The results obtained indica ted  that  
the cold test could be used to determine  the l imits  of the homeostat ic  reactions of the adult  person. 

After the brief  act ion of a cold stimulus on the receptors of the t r igemina l  nerve of children fat igued as a re -  
sult of study, their fatigue was observed to disappear, their normal  higher nervous ac t iv i ty  was restored, and their d e -  

pressed autonomic components (psychogalvanic,  vascular,  respiratory) of their condit ioned reactions were strengthen- 
ed [15]. 

The object  of the present investigation was to study the dynamics of the e l ec t r i ca l  reac t iv i ty  of the brain and 
of the b io logica l ly  ac t ive  substances of the blood in c l in ica l ly  healthy children aged 13-15 years, in response to the 
reflex act ion of a cold agent on the skin receptors for a period of 1 rain. 

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

The method of evoked brain potentials  was used, and the coeff ic ient  of synchronization and combined energy 
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Content of Catecholamines  and Acety lchol ine  in 
Blood of Healthy Children and Adults 

Biological ly  Children Adults 

ac t ive  sub- 
variations a r i thme-  

stances in level  t i ca l  mean 

(in p g%) 

Adrenal in-  
l ike  sub- 
stances 

DALS 

Ksp 
Acety lcho-  

l ine 

variations a r i thme-  

in level  t i ca l  mean 

(in p g%) 

2.20-18 8.50 
0-4.40 0.94 

0.65-1.30 0.97 

0.25-1.20 0.90 

4-12 

0.2-3.50 

0.2-1.36 

0.3-0.50 

of the potentials  were determined by the method of 
Lowell and Dossett [13]. The concentration of adrena l -  
i n - l i ke  substances and of their reversibly oxidized de -  

hydro forms (DAIS) was determined by Shaw's method 
as modif ied  by A. M. Utevskii and M. L. But [16]. The 
re la t ive  content of unoxidized adrenal in was assessed 

from the coeff ic ient  of specif ic i ty  (Ksp). When Ksp_~ 
_< 1 no free adrenal in was present in the blood and un- 
ident i f ied adrena l in - l ike  substances (chromogens) ap-  

7.50 peared; when 2> Ksp> 1, both adrenalin and chromo-  
0.44 gens were present in the blood, while if Ksp_>2 only 

free adrenal in was present. The blood ace ty lchol ine  
0.98 

leve l  was determined by F~ihner's b io logica l  method, 
0.45 

as modif ied  by Betyaeva, using the dorsal muscle of a 

l eech  [3]. 

The spectrum of the evoked brain potentials  of the child was inves-  Altogether 10 children were investigated.  
t igated in the morning before breakfast.  The pulse rate and ar ter ia l  pressure were then taken and 7 ml  of blood was 
withdrawn from a vein.  A cold agent (10 ~ was then appl ied  to the skin receptors for 1 rain, and the pulse rate and 
ar ter ia l  pressure were again determined,  blood was again taken from the vein, and the spectrum of the evoked po-  

tentials  was investigated.  

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

The main tendency of the dynamics of the evoked potentials  of the e lec t roencephalogram (EEG) after expo-  

sure to cold was a slight fa l l  of the coeff ic ient  of synchronization (Ksy n) and a more marked fal l  in their energy in 
different parts of the spectrum (EAsyn).  The opposite tendency was observed during menta l  fat igue [13] and after 

blocking the adrenergie and chol inergic  structures of the synapses of the re t icular  formation of the brain stem in 
children [15], when both parameters  of the evoked potent ials  showed a tendency to increase. In 6 of the 10 children 

studied a tendency for the values of Ksyn and EAsyn to rise was observed, in 2 children these indices remained es-  

sent ia l ly  unchanged, and in 2 children an actual  increase in Ksy n and EAsyn was observed. 

The following remarks must be made concerning the accompanying table.  In 3 of 10 children and in half  the 
adults no DALS were present in the blood. The value of Ksp suggested that  the fraction of adrena l in - l ike  substances 
in the blood consisted largely of chromogens. Comparison of the original  values of the blood concentrations of adren-  

a l i n - l i ke  substances and of DALS, and of Ksp, shown in the table indicates that there was no great difference b e -  
tween these indices in children and adults. At the same t ime , the  greater  s tabi l i ty  of the first 2 indices in children 

than in adults is worth noting. 

Analysis of the blood ace ty lchol ine  concentrat ion before cold s t imulat ion ( in i t ia l  background) showed that this 

index was much higher in children than in adults (0.9/~g%0 compared with 0.3-0.5 pg%o). After exposure to the cold 
stimulus the concentrat ion of adrena l in - l ike  substances in the blood varied from 2.9 to 12.7 pg%, with a mean value 
of 7.4 p g%0. It should be emphasized that  the increase in this index character is t ica l ly  found in adults in responseto 
the cold stimulus was seen in only about half  the cases in children. The DALS level  varied between 0.6 and 3.3 

pg%o after cold st imulation,  with a mean value of 0.9/~ g%0. 

Analysis of these results demonstrates that the concentrat ion of adrena l in - l ike  substances and DALS, and also 
the value of Ksp, corresponded roughly to the values established in adults. Ksp and the concentrat ion of adrenal in-  
l ike substances rose in 5 cases, fel l  in 4 and remained unchanged in 1 case. From the values of Ksp it may be sup- 
posed that  the fractions of ad rena l in - l ike  substances after cold s t imulat ion consisted predominant ly  of chromogens. 

Whereas in adults, in response to cold s t imulat ion the ace ty lchol ine  concentrat ion in the blood fell ,  in children, 

in the same conditions, i t  rose in 8 of 10 cases, varying from 0.4 to 1.42 pg% (mean value 1.08 pg%).  

The changes in the pulse rate after appl icat ion of the cold stimulus were s imilar  to the changes in the level  
of adrena l in - l ike  substances and Ksp: in 5 children the rate increased, in 4 i t  decreased, and in 1 i t  remained un- 
changed. The ar ter ia l  pressure rose in 7 cases, fel l  in 1, and remained unchanged in 2 cases. 
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Fig. 1. Results of invest igat ion 
of evoked brain potent ials  of sub- 
jec t  L., aged 13 years (December  
2a, 1960). a) EEG before act ion 

of cold agent; b) 10 rain after a c -  
tion of cold agent; c) graph of co -  
ef f ic ient  of synchronization (Ksyn) 
of evoked potentials;  d) graph of 

combined energy (EAsy n) of 
evoked potent ials  for each  frequency 
of stimulus. PGR) psychogalvanic  
reflex. On graphs: I) before cold 
stimulus; II) after cold stimulus. 

The EEG of one of the subjects (Fig. la )  shows the recording of evoked potent ials  with a frequency of 13 cps 
before the act ion of the cold  stimulus in 5 occ ip i ta l  leads. Cold s t imulat ion interfered with the ass imila t ion of the l ight  

flashes in the middle  part of the spectrum of photic s t imulat ion (Fig. lb) .  As is c lear  from the graphs shown, in Fig. l c  
and d, the value of Ksy n for a frequency of t a  cps fe l l  from 100 to 69%, while the combined  energy Asy n fe l l  cor-  
respondingly from 3200 to 1900 gV. The react ion of the child to the cold stimulus was parasympathe t ic  in cha rac -  

ter: the pulse rate fe l l  from 82-72/ ra in  and the ar ter ia l  pressure from 105/68 to 98/80 mm. The concentrat ion of 
adrena l in - l ike  substances in the blood fe l l  from 10.6 to 5.3/~g%, and Ksp rose from 0.65 to 0.73; the blood level  
of DALS was not de te rmined .  The aee ty lchol ine  concentration in the blood rose correspondingly from 1.08 to 1.13 
Pg%. 

The results of the investigation of another subject  during the act ion of the cold stimulus are given in Fig. 2. 
The synchronization of the evoked potentials  on the EEG changed only very slightly, in the direct ion of weaken ing .  
The c l in ica l  react ion of this child to the cold stimulus differed somewhat from that of the first: the pulse rate  fe l l  
from 84 to 80/rain,  while the ar ter ia l  pressure �9 rose from 105/60 to 125/78 mm.  The concentrat ion of adrena l in -  
l ike substances fel l  from 7.9 to 5.5 #g%, while the level  of DALS rose from 0.5 to 8.3 pg%, and Ksp rose from 1.2 

to 1.4. The concentrat ion of ace ty icho t ine  in the blood rose from 0.82 to 1/~g%. 

Comparison of the changes in the EEG parameters ,  the 1eve1 of b io log ica l ly  ac t ive  substances in the blood, and 
the c l in ica l  changes shows that as a result of the act ion of a cold stimulus the tone of the subcort ical  formations (the 
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Fig. 2. Results of investiga- 

tion of the evoked brain po- 

tentials of subject Sheh., aged 
15 years (February 17, 1961). 

Legend the same as in Fig. 1. 

ascending activating system of the reticular formation of the brain stem) and of the cerebral cortex was increased. 

The changes in the concentration of adrenal in- l ike  substances in the blood and the increase in Ksp arising i mmed i -  

ately after the action of the cold stimulus demonstrate the reflex participation of the adrenals in this reaction. In 

turn, this inevitably had a secondary influence on the subcortical formations of the brain and the cerebral cortex. 
Evidently the increase in the acetyleholine concentration in the blood played a part in raising the tone of the reticu- 

lar formation in response to the action of cold. The mechanism of this effect, whether reflex or hul-noral, will  be in-  

vestigated later. The factors listed above bring about an increase in the diffuse afferent system (the number of points 
of excitation) of the child's cerebral cortex. The latter evidently leads to the creation of conditions less favorable 
to the synchronization of the evoked potentials, and, consequently, raises the level of the synaptic transmissions of 
the cerebral cortex and subcortical formations. In Fig. 2b for instance, a psychogalvanic orienting reflex with an am-  
plitude of 7 mm and a latent period of l .5  sec can be seen toappear, demonstrating an increase in the tone of the ret icu-  
lar formation of the child's brain stem. Before the action of cold, this reflex to interrupted light was not present Fig. 2a). 

It is worth noting that the indices of the level of adrenal in- l ike  substances in the blood were less stable in 
children than in adults. The high blood concentration of aeetylcholine observed in children before and after cold 

st imulation was much higher than the corresponding value obtained in adults. 
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S U M M A R Y  

A study was made of apparently healthy children aged 13-15 years. A method of potentials modified by Lo- 
well and Dosset was used to determine the energy characteristics of evoked potentials for each frequency of the stim- 
ulus (As) and synchronization coefficient (Ks) of all the fiequencies of light stimuli before and after cold stimulation 
(+10~ Simultaneous determinations were made of adrenalin-like substances (ALS) in the venous blood, their de- 
hydro forms(DALS), the specificity coefficient after Shaw's method (modified by Utevsky and But), as well as of ace -  
tylcholine (AC) by Funer's method (modified by V. S. Belyaeva). As a result of cold stimulation there was a reduc- 
tion of Ks and a more pronounced fall in EA. As compared to adults a considerable instability of the ALS level was 
noted in children; higher (as compared to adults)AC values were revealed in children, the values increasing under 
the effect of cold; in adults they were found to drop. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the abbreviations as given in the original Russian journal. Some or all of this peri. 

odical l i terature may well be a v a i l a b l e  in English translation. A complete list of the cover-to. 
c o v e r  English translations appears at the back of this issue. 
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