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The mode of act ion of carbon dioxide and hydrogen sulfide on the interoceptor terminations has been repeatedly 
invest igated [9, 10, 14]. As part of a plan to invest igate the receptor mechanisms and the nature of the proeessesunder- 
lying exci ta t ion it seems important  to study the response of the cutaneous analyzer  to the act ion of these st imuli .  It 
is known that carbon dioxide and hydrogen sulfide are widely used in waters for prophylaxis and treatment  of various 

diseases of the nervous system. 

Many investigators at tr ibute the changes occurring under the influence of the waters to the involvement  of the 

central  nervous system [1, 2, 3, 4, 5, 6, 7, 8, 11, 12, 13]. 

No elect rophysiotogical  studies have been make  of the responses and af ter-effects  in the central  nervous system 
of a heahhy subject  during and after a course of carbon dioxide and hydrogen sulfide baths. Nevertheless a study of 
these processes is important  in order to establish the b io logica l  s ignif icance of the cutaneous analyzer  in contributing 

to the therapeut ic  effect  produced by the waters. 

We have studied the changes in the e lec t r ica l  cor t ica l  act iv i ty  of the cutaneous analyzer  and changes in higher 

nervous ac t iv i ty  of dogs during and after a course of carbon dioxide and hydrogen sulfide baths. 

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

We carried out 248 long- te rm experiments  in which we recorded the EEG and higher nervous ac t iv i ty  (condi-  
t ioned-ref lex  salivation);  we used baths containing approximate ly  2g / l i t e r  C Q  at 36 ~ for 10 rain, H2S~180 rag / l i t e r ,  
36 ~ for 10 rain. The EEGs were recorded before, during, and after the bath, for 10 rain in each case, and the study 
was continued subsequently for 28-30 days; in order to investigate the af ter-effects  of the baths we measured the in-  

dices of higher nervous act ivi ty  40 rain after each bath. 

As positive condit ioned st imuli  we used a touch-s t imulator ,  a metronome at  120 beats per rain, and light; as 
negat ive  condit ioned st imuli  we used the metronome at 72 beats per rain. As a result of systematic investigations of 
higher nervous ac t iv i ty  we found that 2 dogs out of the 5 could be classif ied as strong and unbalanced,  and 3 as strong- 

ly balanced and lab i le .  

The EEGs were recorded from a monopolar lead, the different e lect rode being placed in the sigmoid or supra- 
Sylvian gyms, and were displayed on a 2 KUB-4, MPO-2 oscillograph. The EEG changes were analyzed in i tems of 
var iable  labi l i ty ,  de terminat ion of the change in frequency and ampl i tude  of the dominant osci l latory process, quan- 
t i t ies which were deduced from the osci l logram in conjunction with the t ime marker  and the ca l ibra ted  vol tage scale. 
To make  the quanti tat ive data general  we used mean or typica l  values. To analyze  the indices of higher nervous ac -  
t ivi ty we used the total  secretory component  of the condit ioned and of the unconditioned feeding reflexes, the la tent  

periods, and different ial  inhibition. Careful control studies were made.  
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Fig. 1. Change in the parameters of the dominant EEG rhythms of 

a dog during and after the action of a single carbon dioxide (1-1 ')  

and hydrogen sulfide (2-2 ')  bath. Ordinate: 1,2) relative amplitude; 

1', 2') frequency (in cycles). 

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

The effect of a single carbon dioxide bath on the animais was to reduce greatly the level of electr ical  activity 

in the cortical structures corresponding to the cutaneous analyzer. During the action of the bath there was a further 

reduction of cortical electr ical  activity. By the end of the bath the amplitude of the dominant frequency of the EEG 

had fallen by 38~ and the frequency had changed from 33 to 12 cyc!es (Fig. 1). In addition to the over-al l  reduc- 

tion in the level  of cortical electr ical  activity there was an increase in the amplitude of the high-frequency compo- 

nents. The effect of a single hydrogen sulfide bath was also to bring about a preponderance of the inhibitory process 
in the cortical structures investigated. 

The effect of terminat ing the mineral  bath was to produce after-effects which lasted for many hours; they were 
both peripheral [1] and central. For the first 2-3 h after the bath the EEG voltage was reduced, the sum-total  of the 

indices of conditioned and unconditioned reflexes was reduced, and there was no change of internal inhibition. Sub- 
sequently there was some tendency to an increase in the functional indices. At the end of 24 h after the bath the am-  

plitude of the EEG components reached a level in excess of the ini t ia l  values; the frequency characteristic of the EEG 
approximated to normal. 

Thus, the effect of a single carbon dioxide or hydrogen sulfide bath was to favor predominence of the inhibitory 

process in the cortical structures investigated, and to bring about an after-effect consisting of a prolonged inhibition 

leading on to a phase of exaltation. During the phase of exaltation the next bath was taken, which favored the de- 
velopment of after-effects. 

With increase in the number of baths optimal conditions were established favoring the development of interre-  
lated after-effects, processes of temporal summation, of stable and increased cortical electricai  activity, and of the 
indices of the condition of higher nervous activity. 

In the second half of the course the functional indices reached their maximum limit .  Subsequent baths rein-  
forced the new raised level (Fig. 2). 

The effects obtained are to be interpreted as evidence of the nature of the dominant  process which is arrested 
at the exaltat ion phase the parabiotic process. 

During the after-effects of carbon dioxide and hydrogen sulfide baths taken for 2.5-30 days this optimal increase 

in the level of the functional radices was steadily maintained;  subsequently the indices studied tended to return to 
their original values; the level of the unconditioned feeding reflexes remained enhanced. 
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Fig. 2. Change in the parameters  of the dominant  EEG 

rhythms of a dog before, during, and after a course of 
carbon dioxide (1-1 ' )  and hydrogen sulfide (2-2 ' )ba ths .  

Indications as in Fig. 1. 

We may also pause to consider the special  features of 
the act ion of carbon dioxide and hydrogen sulfide baths on 
the organism. 

The specif ic i ty  of the act ion of these baths shows up 
when the indices which we invest igated are compared.  
The hydrogen sulfide bath produced greater functional 
changes in the after-effects;  during the af ter-effects  there 
was a more prolonged and more profound inhibitory residue, 
which was followed by a change into the phase of exal tat ion.  

When carbon dioxide baths were used the increase in 

the ampl i tude  and frequency characterist ics  of the EEG 
oscil lat ions and of the secretory component of the eondi-  

t ioned and uncondit ioned feeding reflexes changed over in 

the middle  of the course so that  these indices became re-  
duced, and by the end of the course there was a mainta ined 
increase and disinhibition of differentiation.  However, dur- 
ing the course of hydrogen sulfide baths the ini t ia t  increase 
in the ampl i tude  of the dominant  EgG rhythms was followed 

by a fall ,  and by an increase in the secretory component  
of the condit ioned and unconditioned feeding reflexes; by 
the end of the course the moderate  decrease of the indices 
observed hal f -way through it was followed by a consider-  

able increase, by a reduction of the EEG frequencies, and by an increase in the condit ioned and unconditioned feeding 

reflexes, as wel l  as by an increased concentrat ion of the process of internal  inhibit ion.  

A comparison of the changes undergone by the indices representing higher nervous act ivi ty  in response to the 
act ion of these baths was re la ted to typologica l  features of the nervous system as follows: during the t ime the baths 

were taken the increase in the level  of condit ioned and unconditioned reflexes was more marked in animals with the 
strong balanced type of nervous system than it was in those of the strong unbalanced type. The increase in internal  
inhibit ion was greater in animals  of the strong unbalanced type. The observed functional reorganizat ion of cor t ical  
ac t iv i ty  occurring after the course of hydrogen sulfide baths was main ta ined  longer in animals of the strong unbalanced 

type.  

The increase in the level  of the condit ioned and uncondit ioned reflexes and disinhibition of differentiation, as 
was observed when the carbon dioxide baths were taken was more marked and more prolonged in animals  of the strong 

unbalanced type than it was in those of the strong type with lab i le  and balanced nervous processes. 

Thus, when carbon dioxide baths were taken the increase in the level  of the functional  indices was associated 
with disinhibition of differentiat ion,  whereas in the hydrogen sulfide baths the increase of these indices was associated 
with a reduction in the frequency of the dominant  EEG rhythms and with an increase in the concentrat ion of internal  

inhibition. 

A theore t ica l  analysis of the data obtained indicates that during a course of carbon dioxide or hydrogen sulfide 
baths a central  co-ordinat ion develops and is related to features of the dominant  process. The mainta ined  opt imal  
level  of central  nervous function was a feature of the af ter-effects ,  of the phenomena of summation,  and of the dom-  
inant  process, as was shown by the profound functional association between the phenomena we have described. The 

b io logica l  s ignif icance of these facts is that the system of cutaneous analyzers plays an ex t remely  important  part in 

media t ing  the therapeut ic  effects of the bath. 

S U M M A R Y  

Long-term experiments  were carried out on dogs. The action of a single carbon dioxide or hydrogen sulfide 

bath produced a reduction in e l ec t r i ca l  ac t iv i ty  of the cor t ica l  area representing the skin analyzer .  

The af ter-effects  of the bath was to produce a prolonged inhibitory t race which passed into a phase of exc i t a -  
tion; the next part of the course produced effects which were superimposed upon the previous ones. Whether carbon 
dioxide or hydrogen sulfide was used, a qual i ta t ive ly  new stable increased functional level  of the CNS was at tained,  
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and was maintained during the period of the after-effects. The increase in optimal levet applied to the after-effects, 

to the time of summation, and to the characteristics of the dominant process in which a profound functional re!ation- 
ship between the different phenomena was made manifest. The biological significance of the results obtained is that 
the dominant role in the therapeutic effect produced by the bath is due to the action of the cutaneous analyzer system. 
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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 ib l i ography  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  o f  the  a b b r e v i a t i o n s  as  g iven  in the  or ig ina l  R u s s i a n  journal .  Some or all of th is  peri-  

od i ca l  l i t e ra ture  may we l l  be a v a i l a b l e  in Engl i sh  translat ion.  A c o m p l e t e  l i s t  o f  the c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back  o f  th i s  i s s u e ,  
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