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Unit activity in the region of the r e sp i r a to ry  center  in the medulla of anesthetized cats was 
recorded  ext racel lu lar ly  with glass  microe lec t rodes .  After in t racel lular  injection of an 
apnea-inducing dose of adrenalin, some insp i ra tory  neurons continued to discharge regular  
volleys of spikes during apnea, increas ing the duration of the volleys and the number of spikes 
in each volley. Other neurons stopped generating regular  volleys and discharged uniformly 
and continuously throughout the period of apnea. Most inspi ra tory  neutrons, however, ceased 
their  activity completely during apnea. Among expira tory neurons,  none were recorded which 
generated regular  volleys of spikes during the period of adrenalin apnea. The activity of these 
exp i ra to ry  neurons stopped at different t imes after injection of adrenalin. 

Adrenalin has a powerful effect on respi ra t ion and can cause it to stop (adrenalin apnea) [2, 4]. It is 
usually accepted that apnea is the resul t  of a reflex effect of adrenalin on activity of the r e sp i ra to ry  center  
through changes in a r te r ia l  p r e s s u r e  which act upon receptors  of the ca rd io-aor t i c  and carotid sinus zones 
[1-4]. In addition, the possibil i ty of a di rect  action of adrenalin on the r e s p i r a t o r y  center  cannot be ruled 
out. 

Whatever the method of action of adrenalin on the r e sp i r a to ry  center,  analysis of changes in activity 
of the r e sp i ra to ry  neurons during adrenalin apnea is a mat ter  of considerable interest  for elucidation of the 
functional organization of this center  and the mechanism of spontaneous recovery  of respira t ion after  apnea. 
No information on this problem can be found in the accessible  l i terature.  

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

Experiments  were ca r r i ed  out on cats anesthetized with nembutal (35-40 mg/kg). Unit activity in the 
bulbar r e sp i r a to ry  center  was recorded ext racel lu lar ly  with glass  microe lec t rodes  (1-3 #; 2.5 M KC1). 
Tempora ry  cessat ion of r e sp i ra to ry  movements (adrenalin apnea) was produced by injection of 0.1% adre-  
nalin solution (in ampules for injection) in a dose of 0.3-1 ml per  animal. The duration of volleys of spikes 
in various phases of respirat ion,  the number of spikes, the mean frequency, duration of intervals between 
volleys, and the distribution of interspike intervals  in the volley were analyzed. 

Activity of 28 neurons, 15 insp i ra tory  and 13 expiratory,  was recorded.  Adrenalin apnea usually oc-  
cur red  10-15 sec after  intravenous injection of adrenalin. The time of onset of apnea was preceeded by a 
gradual diminution in ,he depth and an increase  in the duration of the resp i ra to ry  movements. After injec-  
tion of adrenalin, and before the onset of apnea, various groups of inspi ra tory  and expira tory  neurons in- 
c reased  the number  of spike s per  volley appreciably (inspiratory by 1.29 �9 0.39 t imes,  expiratory by 1.21 �9 0.41 
times), and also increased the duration of the volleys (inspiratory by 1.1 • 0.26 t imes,  expiratory by 1.26 �9 0.3 8 
times) approximately to the same degree,  sothat  the mean frequency of spikes in the volleys changed only neglig-  
ibly (on the average by 1.03 ~: 0.17 time s for inspira tory neurons and by 0.96 :~ 0.2 t imes for  expiratory;  in all case s 
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TABLE 1. Changes in Activity of Insp i ra to ry  Neurons 
dur ing Adrenalin Apnea 

i No. of spikes per 
volley 

Duration Mean frequency 
of volley of spikes of volley 
(in sec)  (spikes/sec) 

A B l A l B 

Lengfh of interval 
between volleys 
(in see) 

A I B 

88 
77 
55 

268 2,6 13,2 
164 1,1 3,3 
333 4,3 24,4 
691 _ 4,91 

210 11,6 
531 4,91 

183 12,3 
125 3,8 
571 1,11 

33,6 
68,5 
12,8 

2 0 , 4  
4 9 , 1  
1 3 , 8  
1 9 , 0 1  
1 8 , 2  
1 5 , 0  l 
1 4 , 8  
3 3 , 0  
5 0 , 5 1  

2,9 
4,0 
4,1 

7,9 
6,8 
6,1 
6,11 
4,7 
5,7 x 
7,0 
0,6 
0,91 

~-V'~-~es obtained af ter  s ta r t ing  up ar t i f ic ia l  r e s p i r a -  
t ion in per iod of apnea 
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Fig. 1. Change in unit act ivi ty of r e s p i r a t o r y  cen te r  a f te r  inject ion 
of adrenalin.  A) normal  breathing;  B) changes in unit act ivi ty a f te r  
injection of adrenalin;  C) r e s to ra t ion  of or iginal  activity.  Top t rac ing  
shows unit activity,  bot tom t rac ing  r e s p i r a t o r y  movements  ( inspi ra-  
tion upward). T ime m a r k e r  1 sec.  

P < 0.001). Charac te r i s t i ca l ly ,  the typical  distr ibution of spikes in the volley shown by the different  groups 
of neurons  dur ing normal  breathing was undisturbed a f t e r  injection o[ adrenal in .  

During the per iod of adrenal in  apnea, usual ly  last ing 15-60 sec,  the following quali tat ive changes took 
place  in unit activity.  Some insp i r a to ry  neurons continued to d ischarge  r egu la r  vol leys  of spikes,  although 
the duration of the vol leys  and the number  of spikes p e r  volley were  increased.  Other  neurons ceased  to 
genera te  r egu la r  vol leys  and d ischarged  Continuously and evenly throughout the per iod of apnea. Most 
i n sp i r a to ry  neurons,  however,  ceased  the i r  act ivi ty comple te ly  during apnea (Fig. 1). 

In the per iod of adrenal in  apnea, r egu la r  generat ion of vol leys was not observed  by any of the ex p i r a -  
tory  neurons.  The activi ty of some groups of exp i ra to ry  neurons ceased even before  apnea developed. 
Regular  volleys of another  group of exp i ra to ry  neurons ceased  at the moment  of onset  of apnea. A group 
of exp i ra to ry  neurons whose spikes  continued during normal  r e sp i r a t i on  throughout the phase  of expirat ion,  
the i r  f requency reaching a max imum in the middle or  at the end of the volley, began to d i scharge  continu- 
ously a f te r  the onset  o f  apnea, the f requency of the spikes  gradual ly  decreas ing  until they ceased  altogether.  

All types of r e s p i r a t o r y  neurons,  except  a ce r t a in  group of i n sp i r a to ry  neurons,  thus e i the r  ceased  to 
d ischarge  comple te ly  or  genera ted  a continuous d ischarge  of spikes  during the per iod of adrenal in  apnea. 

It is  cha r a c t e r i s t i c  of the i n sp i r a to ry  neurons mentioned above that  during no rma l  breathing the 
vol ley of spikes p e r s i s t s  throughout the phase  of inspirat ion.  Usually,  at the beginning of the vol ley the 
f requency of the spikes  i nc rea se s  a little, af ter  which it r ema ins  noticeably unchanged throughout the r e s t  
of inspirat ion.  Only jus t  be fo re  the vol ley ends does the f requency of the spikes  d e c r e a s e  slightly (Fig. 2A). 
In the per iod of apnea, s i m i l a r  changes in spike frequency in the vol leys  were  observed,  i .e . ,  the c h a r a c t e r  
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Fig. 2. Changes in activity of  inspi ra tory  neurons during adrenalin 
apnea. A} During normal  respirat ion;  B, C) during apnea (tracing is 
continuous 18 see after  injection of adrenalin}. Top t racing shows 
unit activity, bottom tracing r e sp i ra to ry  movements (inspiration up- 
ward). Winding speed 50 mm/see .  
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Fig. 3. Effect of artificial  respirat ion on activity of inspi ra tory  neu- 
rons during adrenalin apnea. A, ]3)(Continuous tracing):  stopping 
art if icial  respirat ion;  C) start ing up artificial  respira t ion (recording 
made 14 sec after  end of A). Legend as in Fig. 1. Arrows indicate 
time of stopping and start ing artificial  respiration.  

of the change in frequency of spikes in the volley was undisturbed (Fig. 2B), although spike activity of the 
neurons showed considerable quantitative changes (Table 1). It is c lear  f rom this table that during apnea the 
duration of the volleys,  the number  of spikes per  volley, and the duration of the intervals between volleys 
were all increased several  t imes. Because the changes in the number of spikes per  volley and in the dura-  
tion of volleys were in the same direction, the mean frequency of spikes per  volley showed a smal le r  change. 
The duration of intervals  between volleys of spikes also increased slightly. It is very  important  to note 
that the start ing up of art if icial  respira t ion in the period of apnea (Table 1) did not immediately cause a de-  
c rease  in the number of spikes pe r  volley or  in the duration of the volleys to bring them neare r  to normal  
(Table 1; Fig. 3). Stopping the art if icial  respira t ion produced changes in the opposite direction. 

In the case of revers ib le  apnea with spontaneous recovery  of the resp i ra to ry  movement~ the quantita- 
tive indices and the charac te r  of unit activity vir tually returned to their  initial levels (Fig. 1C). 

Injection of adrenalin depressed activity of the so-cal led re t icular  neurons, which is not synchronized 
with the phases of the r e sp i r a to ry  cycle. Often activity of the re t icular  neurons ceased even in cases  when 
apnea did not develop. In cases  when apnea developed, spike activity of the re t icular  neurons ceased be-  
fore respira t ion was interrupted. 

After the action of adrenalin had stopped, the initial form of unit activity was gradually resumed. 

Ver i f ica tory  experiments  with denervation of the carot id sinus zone (unpublished data) showed that 
adrenalin apnea is the resul t  of reflex inhibition of activity of the r e sp i ra to ry  center  f rom the carotid sinus 
zones associated with elevation of the blood p res su re  af ter  injection of adrenalin. 

The cessatioL of r e sp i ra to ry  movements in adrenalin apnea is evidently explained by reflex inhibition 
of unit activity followed by disturbance of the relationships between inspiratory,  expiratory,  and re t icu lar  
groups of neurons of the bulbar r e sp i ra to ry  center.  Ret icular  neurons with regular,  continuous discharge 
of spikes cease their  activity first ,  and this is followed by disturbance of function of some groups of ex- 
p i ra tory  neurons.  The expira tory  neurons ceased to generate regular  volleys, and this in turn disturbs 
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the act ivi ty  of the in sp i r a to ry  population of r e s p i r a t o r y  neurons.  With a dec r ea se  in the flow of a f fe ren t  
impulses  f r o m  b a r o r e c e p t o r s  of the carot id  sinus zone, normal  act ivi ty of the r e s p i r a t o r y  neurons  is r e -  
s tored and r e s p i r a t o r y  movemen t s  r e sumed .  The facts  descr ibed  above suggest  the exis tence of specia l  
mechan i sms  for  mainta ining the rhythmic act ivi ty  of ce r t a in  groups of neurons  in the bulbar  r e s p i r a t o r y  
center  in ca se s  when volley act ivi ty of mos t  types of neurons is dis turbed or abolished.  
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