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K o v a l e v a  

During respiration, the functional state of the respiratory center undergoes considerable changes through resis- 
tance, and these are ref lected in the slowing of the rate and increase in the depth of respiration [1, 2, 6-10]. 

Acute experiments on dogs, conducted in this laboratory [4], have shown that the slowing of the rate and in-  
crease in the depth of respiration may be observed not only during respiration against resistance, but also after chang-  
ing to free respiration. In some cases this action took the form of adoption of the rhytba~n established during respira- 
tion against resistance. 

This paper describes an investigation of the influence of the resistance to respiration on the functional state of 
the respiratory center in dogs in chronic exper imenta l  conditions. 

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

The investigation was conducted on 3 adult  dogs: a l together  97 chronic experiments were conducted, varying 
in duration from 1 h 30 rain to h. The observations began 30 min after the dog had been placed in the exper imenta l  
harness. 

The resistance to respiration was created by appl ica t ion  of the mask of a respirator for 5, 10, or 30 min (resis- 

tance to respiration 5-10 mm water). In the course of one exper iment  the mask was worn from 3-5 t imes, with in ter -  
vals of 30 rain between applications.  The respiratory movements  were recorded by means of a pneumograph on a 
kymograph. The ECG was recorded in standard lead II on a type EKP-S-2 electrocardiograph.  In some experiments 

the dogs received a subcutaneous inject ion of morphine in a dose of 0.01-0.02 g. 

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

During respiration against resistance, a slowing of the rate and a considerable deepening of the respiratory 
movements  were observed in a l l  the dogs. 

At the same t ime as the changes affecting respiration, in a l l  the dogs the heart  rate was stowed (by 10-25 bea ts /  
rain), and in the individual  an imal  the most marked slowing of the heart  was recorded in experiments in whichthe 

ini t ia l  rate was high. 

For control purposes, a small  series of experiments was carried out in which the mask was worn but without in-  
corporating resistance. These experiments showed no changes in the respiration and pulse. The results of the inves- 
t igations carried out during respiration against resistance were in agreement  with data in the l i terature ci ted above. 

The changes in the ECG during respiration against resistance demonstrated the development  of respiratory 
arrhyttn-nia or an increase in its severity under the influence of the resistance to respiration; no regular changes 
were observed in the pattern of the waves and intervals of the ECG in these circmnstances.  
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Changes in the ampli tude and frequency of respiration during respiration against 
resistance and immedia t e ly  after removal  of the resistance to respiration. Experi- 
ment  No. 28 on October 6, 1961, on the dog Vagus. 1) Ini t ia l  pneumogram during 
the first 2 rain after inclusion of resistance to respiration (respiration rate fel l  from 
42 to 20/rain;  ampl i tude  rose from 9 to 19 ram); 2) pneumogram at 5th rain of 
respiration in mask (respiration rate 24 /min ;  ampl i tude  15 ram); 3) pneumogram 
at 10th rain of respiration in mask and in af ter-per iod;  the frequency and ampl i tude  
established during respiration in the mask were mainta ined  for 15 sec; respiration 
rate 24 / r a in ,  ampl i tude  15 mm. 

After removal  of the mask, in most (68 of 97) experiments character is t ic  changes in respiration were observed 
for a considerable length of t ime:  the rhythm and ampl i tude  established during respiration against resistance were 
mainta ined,  or a l ternat ive ly  the respiration rate was slightly faster than during respiration in the mask, although 
slower than ini t ia l ly;  the ampli tude of the respiratory movements was lowered, but it  was nevertheless higher than 
in the in i t ia l  state (before the mask was applied).  

Effect of Small  Doses of Morphine on Ampli tude and Frequency of Respiratory 

Movements during Respiration against Resistance and in Period of After-Effect  
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The duration of the period of the af ter -ef fec t  varied from 10 sec to 1 rain 20 sec (see figure). In 29 exper i -  
ments, when the resistance to respiration was removed,  a reversion to the ini t ia l  rate and depth of the respiratory 
movements was observed immedia te ly .  

During the period of the af te r -ef fec t  the changes in the rhythm and ampl i tude  of the respiratory movements 
were by no means paral lel :  the driving of the rhythm of the respiratory movements developed after the change in the 
depth of the respiratory excursions. 

When the exper imenta l  results were analyzed,  a gradual slowing of the respiration rate from 1 experiment  to 
the next was observed throughout the period of the investigation. These changes in the level  of act ivi ty  of the res- 
piratory center were associated with the long period spent by the dog in the harness and with the dog's becoming a c -  
customed to breathing through the mask. 

Similar  changes in the act ivi ty  of the respiratory center were observed in this laboratory during experiments by 
V. S. Raevskii and A. I. Kruglyi [3] on two dogs to investigate their gas exchange. Long and frequent training of the 
animals in the harness for 6 months led to a considerable slowing of the respiration rate. 

The administrat ion of a small  dose of morphine, by excluding the influence of the cerebral  cortex on the sub- 
cort ical  centers, is known [5] to increase the depth and to slow the rate of respiration and also to slow the heart  rate. 

In the present experiments the s t imulant  action of the resistance to respiration was less marked in character  against 
this background (see table).  

The inject ion of morphine depressed the manifestat ion of the react ion of the respiratory center during the af te r -  
period also. The changes in the heart  rate in the form of its slowing during respiration against resistance were also 
diminished by the act ion of morphine. 

It is concluded from these findings that the dissociation of the cerebral  cortex from the subcortical  centers de-  
presses the react ivi ty  of the respiratory center to adequate st imulation.  

S U M M A R Y  

Three adult  dogs were used in 97 chronic experiments to study the influence of resistance to respiration on the 
functional state of the respiratory center.  Resistance to respiration was produced by using a respiratory mask for 5-  
10-30 min. In a number of experiments,  t h e  animals were given morphine in 0.01 g doses. The pneumogram and 
elect rocardiogram were registered in the second standard lead. 

Respiration with resistance was accompanied  by a slow-down in the rhythm of respiratory movements  and an 
increase in the ampli tude;  in 68 experiments out of 97, these changes were noted also in the period of af ter-effect .  
At the same t ime,  in the process of training of the animals changes in the ampl i tude  of respiratory movements ar-  
rived first, and duplicat ion in their rhythm came on later .  Morphine reduced the react ion of the respiratory center  
under the influence of increased resistance to respiration. 
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