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The work  of M. E.  Marshak  and c o - w o r k e r s  [1-7] has  shown that  if the CO z tens ion in the a lveo la r  
a i r  and a r t e r i a l  blood is  reduced by hypervent i la t ion ,  and also during apnea,  the rhythmic  a l t e rna t ion  of the 
phases  of s t imula t ion  and d e p r e s s i o n  of e l ec t r i c a l  act iv i ty  is d is turbed and continuous impulse  act ivi ty  
a r i s e s  in the i n s p i r a t o r y  and e x p i r a t o r y  n e r v e s  and musc le s .  

In the p resen t  invest igat ion the dynamics  of the impulse  act ivi ty  in i n s p i r a t o r y  and e x p i r a t o r y  neu-  
rons  of the r e t i c u l a r  fo rmat ion  of the medul la  was studied in hypereapn ia  and hypocapnia .  

EXPERIMENTAL METHOD 

Exper imen t s  we re  c a r r i e d  out on 45 ca t s  weighing f r o m  2-3 kg anes the t ized  with Nembuta l  (50 mg /kg  
body weight). Hypercapnia  was c r ea t ed  by adding 6% CO 2 to the  insp i red  a i r  o r  oxygen.  Hypocapnia was 
produced by a r t i f i c ia l  hypervent i la t ion  for  5-6 min.  

The deta i ls  of the method a re  desc r ibed  fully in a previous  pape r  [3]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Inhalat ion of a i r  containing 6% CO 2 by the an imals  for  3-6 rain caused an i n c r e a s e  in the impulse  
act ivi ty  of the i n s p i r a t o r y  neurons  and dep re s s ion  of the impulse  act ivi ty  of the e x p i r a t o r y  neurons  of the 
medulla;  the effect  r eached  a m a x i m u m  a f t e r  3-4 rain, and then r ema ined  constant .  The r e su l t s  of  e x p e r i -  
ments  in which the impulse  ac t iv i ty  of a s ingle i n s p i r a t o r y  neuron and a group of exp i r a to ry  neurons  was 
r eco rded  by one m i c roe l ec t rode  during hype rcapn ia  a r e  i l lus t ra ted  in Fig. 1. Dist inct  d i f fe rences  in the i r  
r e sponses  can be seen.  F o r  example ,  the f requency  of impulses  in the d i scha rges  of the i n s p i r a t o r y  neu-  
ron  inc reased  sha rp ly  to r e a c h  a m a x i m u m  at  the end of the d i scharge .  This  caused  an i n c r e a s e  in the 
depth of insp i ra t ion  and a d e c r e a s e  in the durat ion of the d i s c h a r g e s - t o  an i nc rea se  in the ra te  of r e s p i r a -  
tion. Against  this  background,  the ampli tude of the impulses  in the grouped d i scha rges  of the e x p i r a t o r y  
neurons  was reduced,  leading to a d e c r e a s e  in the number  of act ive e x p i r a t o r y  neurons .  

In the g rea t  ma jo r i t y  of expe r imen t s  the changes in impulse  act ivi ty of the i n s p i r a t o r y  and e x p i r a t o r y  
neurons  dur ing hypercapn ia  were  r e c i p r o c a l  in c h a r a c t e r :  the impulse  act ivi ty  of the i n s p i r a t o r y  neurons  
was inc reased  while that  of the e x p i r a t o r y  neurons  was inhibited, just  as has  been  obse rved  in hypoxia.  
Different  changes  in the impulse  act ivi ty  of  the i n sp i r a to ry  and e x p i r a t o r y  neurons  during hype rcapn ia  were  
desc r ibed  by Salmoiraghi  and Burns  [8, 12]. According to the i r  observa t ions ,  hypercapn ia  causes  an in-  
c r e a s e  in impulse  ac t iv i ty  not only in the insp i ra to ry ,  but also in the exp i r a to ry  neurons .  Changes of this 
c h a r a c t e r  may  be explained by the fact  that  they cause  hypereapnia  by adding 7% CO 2 to oxygen and not to 
a tmospher i c  a i r .  In these  conditions two s t imul i  a c t e d - C O  2 and 02; the f i r s t  s t imula ted  impulse  ac t iv i ty  
of  the i n sp i r a to ry  neurons ,  the second that  of the exp i r a to ry  neurons .  When the authors  r epea ted  e x p e r i -  
ments  as  c a r r i e d  out by Salmoiraghi  and Burns ,  they obtained s i m i l a r  r e su l t s .  

Hypocapnia was produced by ar t i f ic ia l  hypervent i la t ion  with a i r  for  5-6 rain. In the 2nd minute of 
hypervent i la t ion  the act ivi ty  of the i n sp i r a to ry  neurons  was inhibi ted.  The f requency of impulses  in the d i s -  
charges  of the i n sp i r a to ry  neurons  fell  sharp ly ,  and soon the impulses  d i sappea red  comple te ly  (Fig. 2b). 
Meanwhile, the impulse  act ivi ty  of  the exp i r a to ry  neurons  inc reased  apprec iab ly .  As hypervent i la t ion  
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Fig. 1. Impulse activity of a single inspi ra tory  neuron and group of 
expi ra tory  neurons during hypercapnia,  a) Inhalation of a tmospher ic  
air ;  b) inhalation of gas mixture containing 6% CO2; c) r ecove ry  
(after inhalation of a tmospher ic  a i r  for  6 rain). F r o m  top to bottom: 
EMG of diaphragm muscle,  impulse activity of r e sp i r a to ry  neurons of 
medulla, pneumogram.  

L ' m I. '< ~ [ - - - -  �9 . ~ < , . . . . . . . . . . . . . . . .  . . . . .  ; l i l l ~  , 
~ ' / , ) i  i i  ~ - ' t - ' f L ip  
~ U U  i ~ V  . . . . . . . . . . . . . . . . . . . . . . .  1 ~ i iIIml h IIJ I , l ' i ' l i l  ~ I , ' t '~ '~ 

~ r i ~  - - - -  til~lill~ I ' l l lm I I I I le l l i i lUl l f l  l l l l l l l t l l l l l l l l i t l i l  ~llilllllillllllllll I U " . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . .  l i l  . . . . . . . . .  ' . . . . . . .  I I l l l q lg l l l l ~ l l l t l l t tm l l l [ l ! l ~ l l l l ~ f l l q f l~ r~ ! l l l ~ l l ! ! l ~ l l l l l l ~ l l lA I  ! l l l i l  I . . . . .  

' tsec' Air 
b 

tl~§ ............... '~:  '~, ~- ,l~ ~, " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hyperventilation 2 min 

. . . .  ~ . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . .  ~ . . . . . . . . .  ~ : - ' : ' ;  " : ' : ~ :  . . . .  Y : l l l  

c 3min ~ min 5min 

~k 

~ l ~ ' l l ~ l m l l l l n l l t ~ l ' l l N r  f l H I l l l l l l i l ~ n ~ r l ~ l l ~ l l l l / N l I N r l n l l l l l n , l l u l q r , , ] l l  I m l l H i ' ~  I . r r l l l l l l i " l  r ' n  l r i r n l l ? l r l ' l ' N l ' l i r l r H ~  r,Pp~'%, i i ~ , l l t n n l ~ t l i l , i l l H  !~Nanil~l 

tsec ' Apnea 

nil I l l l  Iq l l l l l  I IHl i t lqPlrF If  p I I! I]111 ~NIII I~111 [Itr'l II ~11 Illl Ill'iN N t n '1 U i'lqll I g IIIIlilIJld~IIIIHUI~ UI[III]!I II NllilII~II Ill N Ilnlil]p I P I[t pplllll~llllllllll~llll~llllll pili~lullll l!l lJl~llll l l l$]l~ III i llllpIl~lu IIIII N~r~IINII1 

d Apnea 

.......................... ,,,~ Hi,~,~,~,~,~.,.,,,,,~,~p~,~,,,, . . . . . . .  ~ , m ~ ~  I 

Air 

Fig. 2. Impulse activity of a single insp i ra tory  and a group of ex- 
p i ra to ry  neurons during hypocapnia, a) Inhalation of a tmospher ic  
air;  b) ar t i f ic ial  hyperventi lat ion; c) prolonged insp i ra tory  apnea 
after  hyperventi lat ion; d) r ecove ry  (after inhalation of a tmos -  
pheric a i r  for  10 min). Remainder  of legend as in Fig. 1. 

continued, the rhythmic impulse activity of the exp i ra to ry  neurons disappeared,  and was replaced by con-  
tinuous activity (Fig. 2b). At the end of hyperventi lat ion (Fig. 2b) the impulse activity gradually diminished 
and became hard ly  perceptible.  Immediate ly  af ter  the end of hyperventi lat ien,  o r  following a short  interval ,  
continuous activity of the insp i ra to ry  neurons appeared (Fig. 2c). Meanwhile continuous e lect r ical  act ivi ty 
was also recorded  in the diaphragm (Fig. 2c). Insp i ra to ry  apnea continued for 20, and somet imes  for  
100 sec.  With res tora t ion  of rhythmic activity of  the r e sp i r a to ry  neurons spontaneous resp i ra t ion  was 
res tored .  

Salmoiraghi and Burns [8, 12] noted that during apnea the rhythmic activi ty ceased in some insp i ra tory  
neurons and continuous impulse activity developed. In the same conditions, Eyzagui r re  and Taylor  [10] 
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r eco rded  continuous impulse act ivi ty  in the r e c u r r e n t  and phrenic nerves .  However,  these authors did not 
attach the p roper  importance to these  facts .  Cohen [9], however,  who observed  this appearance of rhythmic 
impulse act ivi ty and the appearance  of continuous activity in the insp i ra tory  neurons during a fall of the 
a lveolar  CO 2 concentrat ion in vagotomized cats ,  put forward the suggestion that CO 2 faci l i ta tes  per iodici ty  
in the working of the r e s p i r a t o r y  neurons of the medulla and pons. Continuous activity of the insp i ra to ry  
and exp i ra to ry  neurons of the medulla was descr ibed  by Robson and co-worker s  [11] during r e s p i r a t o r y  
a r r e s t  in the phase of inspira t ion o r  expirat ion.  They at tr ibuted these facts to blocking of the pathways 
responsible  for  mutual inhibition of r e s p i r a t o r y  neurons.  

Analysis of the resu l t s  of these exper iments  shows that hypocapnia dis turbs  the rhythmic activity 
and evokes continuous impulse act ivi ty both in in sp i ra to ry  and expi ra tory  neurons;  prolonged and deep 
hypocapnia dep res ses  the ability of the r e s p i r a t o r y  neurons to generate impulses .  Evidently rhythmic im-  
pulse activity is due not only to nervous  re f lex  mechanisms,  but also to metabolic p ro ce s se s  in which CO 2 
plays a decis ive role .  
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