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At the t ime of intravenous injection of adenos ine t r iphosphor ic  acid (ATP) into ca ts  anes the-  
t ized with pentobarbi ta l ,  the durat ion of the vol leys  in the medu l l a ry  exp i r a to ry  neurons,  the 
number  of spikes  pe r  volley,  and the i r  mean  f requency were  a l l  reduced.  Af ter  15-150 sec 
the mean  f requency of spikes  in the vol ley f rom the in sp i r a to ry  neurons was higher  t han in i -  
t ia l ly .  The r e sponse  r em a i ned  the same  in the exp i r a to ry  neurons as  during injection of 
ATP. Compar i son  of these r e s u l t s  with those of e a r l i e r  invest igat ions sugges ts  that ATP 
weakens the act ion of pentobarbi ta t  and other drugs inhibiting r e sp i ra t ion .  

Adenos ine t r iphosphor ic  acid (ATP) is  the chief  source  of ene rgy  of the m u s c l e s  [8], the caro t id  sinus 
r e c e p t o r s  [1], the sodium pump [7], and for changes in the exci tabi l i ty  of the c h e m o r e c e p t o r s  of the skin [9] 
and for  other  physiological  functions [5]. Lit t le informat ion  is avai lable  on the role  of ATP in the act ivi ty  
of the r e s p i r a t o r y  center  [1]. 
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Fig. 1. E lec t r i ca l  ac t iv i ty  of d iaphragm (above) and of exp i r a to ry  
neuron (below) before  (A) and a f t e r  (B, C, D, E, F) in t ravenous in- 
ject ion of ATP.  
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T A B L E  1. Changes  i n U n i t A c t i v i t y o f  M e d u l l a r y  R e s p i r a t o r y  Neu-  
r o n s  D u r i n g  I n t r a v e n o u s  I n j e c t i o n  of  A T P  

Time of observation 

Beforeinjection of ATP 

During injection of ATP 
P 

15-150 see after injec- 
tion of ATP 

P 

per Inspirato__ ry neurom 
no. of spikes duration of mean frequency intervalbetween 

volley volley (in see) ~ (spikesAec) [ volley (i n ~ec) 

55,66-+ 5,49 

49,56----- 6,82 
>0,05 

3,04--+0,31 

3,64~0,46 
> 0,05 

1,83-+0,40 
<0,05 

39,27-+ 1,82 
<0,02 

19,25~3,38 3,61-+0,63 

13,15--2,04 
>0,05 

20,24-+3,64 1,48-+0,72 
>0,05 <0,05 

Time of observation 

Before injection of ATP 

During injection of ATP 
P 

15-150 sec afterinjec- 
tion of ATP 

P 

no. of spikes 
per volley 

73,41-+ 15,65 

38,54• 
<0,001 

Expiratory neurons 

duration of 
volley (in sec) 

t 3,27----- 2,81 
<0,01 

mean frequenc~ interval between 
(spikes/sec) | volley (in see) 

2,24-+0,40 33,01--5,34 

1,21--+0,26 20,01-----3,15 
<0,05 <0,05 

0,57-----0,10 20,04--2,79 
<0,001 <0,05 

3,55-+0,39 

1,90-0,21 
<0,01 

I t  was  a c c o r d i n g l y  d e c i d e d  to s tudy  the 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  a f t e r  i n j e c t i o n  of  A T P  into the b lood  s t r e a m .  

EXPERIMENTAL METHOD 

Cats were anesthetized with pentobarbital (40-50 mg/kg). 
Unit activity in the respiratory center was recorded by extracellu- 
far glass microeleetrodes. Activity of the diaphragm was recorded 
simultaneously with concentric electrodes. ATP (0.3-0.5 ml of the 
1% solution) was injected into the femoral vein. The duration of the 
volleys, the number of spikes per volley, intervals between volleys, 
and the over-all distribution of spikes in the volley relative to the 
phases of the respiratory cycle were analyzed. Altogether, nine 
inspiratory and 12 expiratory neurons were tested. 

EXPERIMENTAL RESULTS 

The results in Table I show that during injection of ATP the 
n u m b e r  of s p i k e s  and  t h e i r  m e a n  f r e q u e n c y  in the  e x p i r a t o r y  neu-  
r o n s  w e r e  r e d u c e d .  

The d u r a t i o n  of the v o l l e y s  and  the n u m b e r  of s p i k e s  in them 
b e g a n  to d e c r e a s e  in the  i n s p i r a t o r y  n e u r o n s  15-150 sec  a f t e r  the 
i n j ec t i on  of A T P .  The  m e a n  sp ike  f r e q u e n c y  p e r  v o l l e y  of the in-  
s p i r a t o r y  neuron ,  h o w e v e r ,  showed  a t e n d e n c y  to i n c r e a s e .  M e a n -  
whi le ,  the d u r a t i o n  of the v o l l e y s  and  the n u m b e r  of s p i k e s  in the e x -  
p i r a t o r y  n e u r o n s  con t inued  to d e c r e a s e  whi le  the m e a n  f r e q u e n c y  
of s p i k e s  in the v o l l e y s  r e m a i n e d  a l m o s t  the s a m e  a s  du r ing  the in -  
j e c t i o n  of A T P .  T h e s e  r e s p o n s e s  c o i n c i d e d  wi th  c o n s i d e r a b l e  
s h o r t e n i n g  of the i n t e r v a l s  b e t w e e n  v o l l e y s .  Wi th  the c o u r s e  of 
t i m e  the d u r a t i o n  of  the v o l l e y s  and  the  n u m b e r  of s p i k e s  in them 
in the e x p i r a t o r y  n e u r o n s  b e c a m e  unequal ,  and  g r a d u a l l y  a l l  the 
p a r a m e t e r s  r e t u r n e d  to t h e i r  i n i t i a l  v a l u e s  (F ig .  1). 
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In those i n sp i r a to ry  neurons whose volleys appea red  before  the beginning of the phase of inspi ra t ion 
and ended at the beginning of the phase of expi ra t ion  a continuous d ischarge  of spikes  some t imes  appeared  
under the influence of ATP (Fig. 2). 

The o v e r - a l l  dis t r ibut ion of spikes  re la t ive  to the phases  of the r e s p i r a t o r y  cycle was unchanged by 
the injection of A TP ,bu t  s o m e t i m e s  the m a x i m u m  of the d i scharges  was shifted during the phase of the cy-  
cle - in the  i n s p i r a t o r y  neurons  toward the end of inspi ra t ion and in the exp i r a to ry  neurons  toward the be-  
ginning of expira t ion.  

The c h a r a c t e r i s t i c s  of unit act ivi ty  of the r e s p i r a t o r y  neurons following injection of ATP into the blood 
s t r e a m  a re  s i m i l a r  to those in unanesthet ized cats  [6]. ATP thus apparen t ly  weakens the narcot ic  act ion of 
pen t ,ba rb i t a l  and i n c r e a s e s  the exci tabi l i ty  of the r e s p i r a t o r y  center .  This conclusion is conf i rmed  by 
e a r l i e r  expe r imen t s  in which injection of ATP into the fluid per fus ing  the c e r e b r a l  ven t r i c les  of cats  p r e -  
vented the depress ion  of r e s p i r a t i o n  by subsequent  injection of a t ropine [4], whereas  injection of ATP a f te r  
depress ion  of r e s p i r a t i o n  and the ref lex  exci tabi l i ty  of the r e s p i r a t o r y  center  by cocaine potentiated the 
r e s t o r a t i v e  act ion of adrena l in  [2]. This  conclusion is a l so  conf i rmed  by d i sappearance  of the re f lex  ex-  
ci tabi l i ty  of the r e s p i r a t o r y  cen te r  under the influence of anes the t ics  [3] dis turbing oxidative phosphoryla-  
tion and reduc ing  the product ion of ATP. 
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