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It is  genera l ly  cons idered  that e l ec t r i ca l  act ivi ty  of the r e s p i r a t o r y  m u s c l e s  under  no rma l  conditions r e -  
f lects  the functional s ta te  of the r e s p i r a t o r y  center .  In pathology, however ,  when the flow of e f fe ren t  impulses  
to the r e s p i r a t o r y  m us c l e s  and also,  probably,  the flow of a f fe ren t  impu l ses  to the r e s p i r a t o r y  center  ( f rom 
r e c e p t o r s  of the affected r e s p i r a t o r y  p a s s a g e s  and lung) is modified, e l ec t r i ca l  act ivi ty  of the r e s p i r a t o r y  
musc l e s  can no longer  be the chief  c r i t e r ion  used to evaluate  the s ta te  of function of the r e s p i r a t o r y  center .  In 
such ca se s  only a s imul taneous  study of the d i scharge  pa t t e rns  of bulbar  r e s p i r a t o r y  neurons and of the e l ec -  
t r ica l  act ivi ty of va r ious  groups  of r e s p i r a t o r y  musc l e s  in a model  of expe r imen ta l  inf lammat ion  of the r e s p i -  
r a t o ry  t r ac t  and lung can adequately elucidate the functional s ta te  of the r e s p i r a t o r y  center  in an imals  in d i f fe r -  
ent s tages  of the d i sease .  

In the invest igat ion desc r ibed  below the f ir ing pa t t e rn  of r e s p i r a t o r y  neurons  and e l ec t r i ca l  act ivi ty  of 
di f ferent  groups of r e s p i r a t o r y  musc l e s  and compensa to ry  reac t ions  of the r e s p i r a t o r y  cen te r  were  studied in 
cats  with an exper imen ta l  les ion of the r e s p i r a t o r y  t r a c t  and lungs. 

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

A model  of in jury to the r e s p i r a t o r y  t r a c t  and lungs was c rea ted  in cats  (60 animals)  by injecting 0.3 ml  
of wood turpentine into the t r a chea  in the d i rec t ion  of the lungs [5]. Exper imen t s  were  c a r r i e d  out 24-72 h af-  
t e r  injection of the turpent ine.  Under pentobarbi ta l  anes thes ia  (40 mg/kg)  action potent ials  of medul la ry  
r e s p i r a t o r y  neurons were  der ived  by m i c r o e l e c t r o d e  and s t e reo tax ic  techniques (using Szentagothai ' s  a t l a s ) .  
The meta l  m ic roe l ec t rode  had a tip 1-3 p in d i ame te r .  Pa r a l l e l  r ecord ings  were  made of the pneumogram,  
EMG of the d iaphragm,  in t e rcos t a l  musc l e s ,  and abdominal  musc l e s ,  and the composi t ion  of the blood gases .  
Gas mix tu re s  of 10% in N 2 and 2% CO 2 in a i r  and O 2 were  used. Af ter  the invest igat ion the an imal  was autop-  
s led to es tab l i sh  the extent  and seve r i ty  of the les ion of the t r a chea  and lungs. 
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Fig. 1. Fi r ing pa t t e rn  of i n s p i r a t o r y  bulbar  neurons  and 
EMG of d iaphragm and in t e rcoas ta l  r e s p i r a t o r y  musc l e s  
in cats  with t rache i t i s  and breathing a i r  (a) or  hypoxic 
(b) and hypereapnic (c) gas mixtures. Legend (from top 
to bottom): EMG of diaphragm, discharges of inspira- 
tory neurons, EMG of inspiratery intercostal muscles, 
pneumogram, EMG of expiratory intercostal muscles, 
EMG of oblique abdominal muscles. 
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Fig. 2. Discharges of inspiratory bulbar neu- 
rons, EMG of diaphragm, EMG of intercostal 
respiratory muscles, and EMG of abdominal 
muscles in cats with unilateral lesion of 
lungs while breathing air. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Depending on the location of the pathological focus, the animals were divided into three groups: 1) injury 
to the trachea; 2) injury to one lung (usually the right); 3) bilateral injuries of the lungs. 

Animals with lesions of the trachea developed distinct hyperemia of the epithelium and edema of the 
trachea with the production of abundant mucus, mixed with blood and pus. The resistance to respiration was 
increased at inspiration and expiration, and this induced a reflex increase in spike and burst activity of both 
inspiratory and expiratory medullary neurons. The systematic reciprocal coordination between these neurons 
was disturbed, which indicates that it is adaptive in character, increasing the activity of the muscles of inspira- 
tion and expiration while maintaining normal values of the respiration rate; electrical activity of the diaphragm 
under these circumstances was so intensive that the breathing became diaphragmatic in character, with active 
expiration. Adequate reactions of the respiratory center to hypoxia and hypercapnia were preserved in the ani- 
mals with tracheitis, indicating" that the apparatus of external respiration has considerable reserve capacity for 
compensation (Fig. 1). 

In animals with a unilateral lung lesion in some cases all lobes of the lung were involved and this was ac- 
companied by bronchitis, whereas in others the lesions were found only near the root of the lung. The respira- 
tory center of these cats also was in a state of enhanced excitation. The firing pattern of the inspiratory and 
expiratory neurons throughout the volley was extremely rapid and high in amplitude, because of mass activa- 
tion of the neurons. 

In animals with a unilateral lung lesion electrical activity of the expiratory intercostal muscles and ab- 
dominal muscles was intensified to the same degree as that of the diaphragm. Respiration became a little 
more rapid, of combined diaphragmatic and abdominal type. In most cases this respiration ensured a normal 
tidal volume and an adequate degree of oxygen saturation of the blood (Fig. 2). Compensatory reactions of the 
respiratory center to additional adequate stimuli were preserved in animals with a unilateral lung lesion. The 
main factors with an excitatory action on the respiratory center of such animals were the additional resistance 
to respiration at inspiration and expiration and the developing hypoxemia. 
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Fig. 3. Discharges  of insp i ra tory  bulbar neu- 
rons,  EMG of diaphragm, and EMG of in te r -  
costal  r e sp i r a to ry  muscles  in cats with bi-  
la tera l  lung lesions,  breathing air  (a) and by~ 
poxic (b) and hypercapnic (c) gas mixtures .  

Increased activity of the bulbar r e sp i r a to ry  neurons was observed in animals with severe  bi la teral  l e -  
sions of the lungs .  Volleys of the insp i ra tory  and expi ra tory  neurons were distinguished not only by their ex- 
t remely  high frequency, but also by marked inequality as r ega rds  both durat ion and number of spikes of differ-  
ent amplitudes.  Inequality also was manifested equally in volleys of e lec t r ica l  activity of the main groups of 
r e s p i r a t o r y  muscles .  Breathing became highly pathological in charac te r .  It was a str iking fact that with this 
increased  discharge activity of the bulbar insp i ra tory  and expira tory  neurons,  e lec t r ica l  activity of the pr inc i -  
pal r e sp i r a to ry  muscles  was much weaker than in cats with injury to the t rachea  or  one lung. The decrease  in 
e lec t r ica l  activity of the in tercos ta l  insp i ra tory  muscles  (Fig. 3) was par t icu lar ly  mavked~ At the same time 
e lec t r ica l  activity of the a c c e s s o r y  musc les  of respi ra t ion ,  especial ly the nasolabial is  and pos te r io r  e r i eo -  
arytenoid musc les ,  etc.,  was increased.  

In the presence  of severe  injury to the lungs, when the animal was in a state of hypodynamia, the most  
marked  compensa tory  react ions  of external  resp i ra t ion  were an inc rease  in its frequency and an increase  in 
e lec t r ica l  activity of the a c c e s s o r y  muscles  of respi ra t ion.  Survival of the animals with such ineffective super -  
ficial resp i ra t ion  suggests  that the p roces s  of diffusion of gases  in these animals takes place in the dead space:  
oxygen f rom the dead space into the alveoli and carbon dioxide into the dead space. Such a gas exchange could 
cor respond  to the increase  in e lec t r ica l  activity of the a c c e s s o r y  muscles  of respirat ion,  taking par t  in the act 
of breathing under pathological conditions. The action of additional hypoxia on the r e sp i r a to ry  center  caused 
no appreciable adequate compensa tory  react ions in such animals;  on the cont ra ry ,  their  unit activity was 
sharply disturbed. An increase  in the inequality of volley activity of the bulbar neurons and of e lec t r ica l  act iv-  
ity of these r e s p i r a to ry  muscles  was noted. The animals soon died with a low level of oxygen saturat ion of the 
blood and with mixed acidosis.  This suggests  that t he ' compensa to ry  and adaptive powers of the r e sp i r a to ry  
center  in the presence  of such a degree of injury to the r e sp i r a to ry  t rac t  and lungs were exhausted in these 
animals.  Analysis  of the resul ts  thus showed that the ea r l i es t  compensa tory  react ion in experimental  injury 
to the r e sp i r a to ry  t rac t  and lungs was enhanced excitation of the r e sp i r a to ry  center  - of both insp i ra to ry  and 
expi ra tory  neurons.  

In animals with severe  damage to the r e sp i r a to ry  t rac t  and lung there was a marked increase  in the 
respi ra t ion  rate and a redis t r ibut ion of the efferent  flow of impulses between the principal  and acces so ry  mus -  
cles of respi ra t ion.  The main load fell under these c i rcumstances  on the diaphragm and on the abdominal and 
acces so ry  muscles  of respira t ion,  contract ion of which had no t raumat ic  effect on the affected lungs and sup- 
ported the gas exchange during shallow breathing.  
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