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Studies of the e l ec t r i ca l  ac t iv i ty  of the in sp i r a to ry  and exp i ra to ry  neurons  of the r e t i cu l a r  format ion  
in the medul la  [4, 5, 8-14, 21-23] have shown that  r e c ip roca l  re la t ionships  exist  between them.  

S imi lar  re la t ionships  between the e lec t r i ca l  ac t iv i ty  of the i n sp i r a to ry  and exp i ra to ry  musc l e s  and 
n e r v e s  in r e spo ns e  to var ious  p rocedures  were  desc r ibed  by Marshak  and Maeva [2, 3] in acute expe r i -  
men t s  on an imals  and by Kulik [1] in observa t ions  on man.  

In the p resen t  invest igat ion the dynamics  of the pulsed act ivi ty  of the in sp i r a to ry  and exp i r a to ry  
neurons  was studied during hypoxia and hyperoxia .  

EXPERIMENTAL METHOD 

Invest igat ions  were  c a r r i e d  out on 42 ca ts ,  weighing 2-3 kg, anes thet ized with Nembutal  (50 m g / k g  
body weight in t raper i tonea l ly) .  

The pulsed act ivi ty  was detected by means  of meta l l i c  m i c r o e l e c t r o d e s  (d iameter  of point 1-5 ~) and 
r eco rded  on a "Disa" e l ee t romyograph .  A unipolar  method of record ing  was used.  The indifferent  e l ec -  
t rode  was a s i lve r  pla te  2 x 2 cm in s ize ,  placed on the skull in the region of the frontal  s inuses .  The 
ac t ive  e lec t rode  was inser ted  into the medul la  through the eerebel lura  by means  of a H o r s l e y - C l a r k  
s t e reo tax ic  appara tus  in accordance  with the coordinates  of Szentagothai ' s  a t las .  The r e s p i r a t o r y  cen te r  
was s t imulated.by using 10% oxygen in ni t rogen and 100% oxygen. For  control  purposes ,  the e l ec t r i ca l  ac -  
t iv i ty  of the musc l e  of the d iaphragm and the pneumogram were  recorded  in s tep  with the pulsed act ivi ty  
of the r e s p i r a t o r y  neurons .  

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

Only those  neurons  giving vol leys  of impulses  e i ther  in step with vol leys  of impulses  of the d iaphragm 
( insp i ra tory  neurons) or  during the period of r e s t  of the d iaphragm (expi ra tory  neurons) were  r ega rded  as 
r e s p i r a t o r y  neurons .  The view is held that  the i n sp i r a to ry  and exp i ra to ry  neurons  a r e  local ized s e p a r a t e -  
ly in the medul la  [5-9, 12, 14, 19, 21], although Gesel l  suggested as long ago as in 1936 that  the i n sp i r a to ry  
and exp i r a to ry  neurons  a r e  not spat ia l ly  sepa rab le .  This  view is now held by many  inves t iga tors  [13, 18, 
20, 22, 23]. 

Exp i ra to ry  and i n sp i r a to ry  neurons  were  found with the s ame  coordina tes .  Moreover ,  action poten- 
t i a l s  f rom one in sp i r a to ry  and a group of exp i ra to ry  neurons  and vice v e r s a  were  f requent ly  r eco rded  by 
the  same mie roe l ec t rode .  

Examples  of the different  e lec t r i ca l  act ivi ty  of the exp i ra to ry  and insp i r a to ry  neurons  a re  shown in 
Fig.  1. Volleys of individual neurons  differed cons iderab ly  in the durat ion and f requency  of the impulses .  
However,  for  each neuron they remained  constant  during inhalation of a i r .  

When the gaseous  composi t ion  was changed, obvious changes ve ry  quickly appeared  in the pulsed ac -  
t iv i ty  of the in sp i r a to ry  and exp i ra to ry  neurons .  These  changes were  seen pa r t i cu l a r ly  c l e a r l y  in expe r i -  
men t s  in which the pulsed act ivi ty  was r eco rded  by  the same m i c r o e l e c t r o d e  f rom the i n sp i r a to ry  and 
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F i g .  1. P u l s e d  a c t i v i t y  of the  r e s p i r a t o r y  n e u r o n s  of t he  m e d u l l a  d u r i n g  
i n h a l a t i o n  of a t m o s p h e r i c  a i r .  a) I n s p i r a t o r y ;  b) e x p i r a t o r y ;  c) i n s p i r a -  
t o r y  a n d  e x p i r a t o r y  n e u r o n s ;  a - c  ( f r o m  top  to  b o t t o m ) :  EM G of d i a p h r a g m ,  
p u l s e d  a c t i v i t y  of r e s p i r a t o r y  n e u r o n s ,  p n e u m o g r a m .  
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A i r  

F i g .  2. P u l s e d  a c t i v i t y  of  a s i n g l e  i n s p i r a t o r y  n e u r o n  and  a g r o u p  of  e x -  
p i r a t o r y  n e u r o n s  d u r i n g  h y p o x i a ,  a) I n h a l a t i o n  of a t m o s p h e r i c  a i r ;  b) g a s  
m i x t u r e  c o n t a i n i n g  10% oxygen ;  c) i n s p i r a t o r y  a p n e a ;  d) r e c o v e r y  ( a f t e r  
izLhalation of a t m o s p h e r i c  a i r  f o r  6 r a in ) .  
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Fig. 3. Pulsed activity of a single inspi ra tory  neuron and a group of ex- 
p i ra tory  neurons during hyperoxia,  a) Inhalation of a tmospher ic  air;  b) 
af ter  inhalation of oxygen for 3 min; c) af ter  inhalation of oxygen for  6 
min; d) r ecove ry  (after inhalation of a tmospheric  air  for 6 rain). 

expi ra tory  neurons.  For  example, inhalation of 10% oxygen for  3-6 rain in most  cases  caused an increase  
in the frequency of the impulses in the volleys of the insp i ra tory  neurons and a decrease  of the i r  frequency 
in the volleys of the expiratory neurons.  The duration of the volleys was reduced (Fig. 2b), and this led to 
an increase  in the respi ra t ion  rate  and in the minute volume of pulmonary ventilation. 

In some experiments  longer inhalation of a gas mixture poor in oxygen led to dis turbance of the 
r e s p i r a t o r y  movements  and produced insp i ra tory  apnea. During this state the pulsed activity of the in- 
sp i ra to ry  neurons became continuous (Fig. 2c). With the change of the inspi ra tory  neurons to continuous 
impulsation, continuous activi ty also developed in the muscle  of the diaphragm (Fig. 2c). With the r e sump-  
t ion of rhythmic activity of the r e sp i ra to ry  neurons,  spontaneous respi ra t ion  was re s to red  (Fig. 2d). 

The appearance of continuous activi ty of the inspi ra tory  neurons in acute hypoxia may  be considered 
to be associa ted with the flushing out of carbon dioxide [3]. The ability of the insp i ra tory  neurons to c a r r y  
out continuous activi ty was emphasized by Dirken and Woldring (1951). Later ,  Baumgarten postulated that 
the activity of the inspi ra tory  neurons is i tself  continuous, but is periodical ly inhibited by the expira tory  
neurons.  

During inhalation of pure oxygen for 3-6 rain, the pulsed activity of the r e sp i r a to ry  neurons changed 
in the opposite direction: the frequency of the impulses was reduced and the t ime of the volley of the in- 
sp i ra tory  neurons was diminished, while the frequency and amplitude of the impulses in the group volley 
of the expira tory  neurons were increased,  indicating the bringing of new active expira tory  neurons into 
play (Fig. 3). The duration of the volley was increased,  so that the respi ra t ion became slower.  Hence, in 
hypoxia and hyperoxia,  rec iproca l  relationships were c lear ly  revealed between the insp i ra tory  and ex-  
p i ra tory  neurons.  

Similar resul ts  in analogous conditions were obtained by Baumgarten [8]. He considers  that the 
changes in the pulsed activity of the expira tory  neurons during inhalation of oxygen are  not reflected at the 
periphery,  i.e., they do not modify the electr ical  act ivi ty of the expira tory muscles ,  and that the main func- 
tion of the expira tory  neurons is to inhibit the inspi ra tory  neurons.  However, r ec ip roca l  changes of e lec-  
t r i ca l  activity were found in the au thors '  labora tory  in investigations ca r r i ed  out on the r e sp i r a to ry  
musc les  and also on the phrenic and intercostal  nerves  [1, 3] in hypoxia and hyperoxia.  This suggests that 
the changes in the pulsed activity of the expira tory neurons during hyperoxia modify the e lec t r ica l  activity 
of the expira tory musc les .  
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