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Discharges  of bulbar  r e s p i r a t o r y  neurons  and e lec t r i ca l  act iv i ty  of the d iaphragm and in te r -  
costal  musc les  we re  studied and PO2, pCO2, pH~ and the oxygen sa tura t ion  of the a r t e r i a l  blood 
were  de te rmined  in cats anes thet ized with pentobarbi ta l  and exposed to the combined action 
of hypoxia and hypercapnia .  During inhalation of a hypoxic gas mixture  the developing hypo-  
capnia  dis turbed the f i r ing pa t t e rn  of the r e s p i r a t o r y  neurons  and r e s p i r a t i o n  of the C h e y n e -  
Stokes type was es tabl ished.  Addition of 2~c CO 2 to the hypoxie gas mixture  r e s t o r e d  the a r -  
t e r ia l  blood gas  composi t ion to its initial l eve l ,  p reven ted  the development  of hypocapnia,  
and p reven ted  the d is turbance of the rhy thmic  f i r ing pa t t e rn  of the r e s p i r a t o r y  neurons .  Ad- 
dition of 5% CO 2 to the hypoxic gas mixture  had a negative action: r e s p i r a t o r y  unit act ivi ty  
was f i r s t  s t imula ted ,  then inhibited, metabol ic  and r e s p i r a t o r y  acidosis  was induced, and 
asphyxia  developed. 
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Exper imenta l  invest igat ions have shown that the addition of CO 2 to a hypoxic gas mixture  inc reases  
the r e s i s t a n c e  of the body to hypoxia, as a r e su l t  of the action of CO 2 on all s y s t e m s  supplying the organs  and 
t i s sues  with oxygen [2, 3, 5, 8, 10, 13-17, 19]. The use of t he rmoe l ec t r i c  and polarographic  methods showed 
that the addition of CO 2 to a hypoxic gas mixture  acts p r i m a r i l y  by producing a regional  red is t r ibu t ion  of 
blood in the body: the blood supply and oxygen par t ia l  p r e s s u r e  in the bra in  and hear t  t i s sues  a re  improved  
whereas  in the skele ta l  musc les  they a r e  sharp ly  worsened  [4, 11, 12]. 

The addition of CO 2 to the hypoxic gas mixture  r e s t o r e s  normal  r e sp i r a t i on  and improves  the func- 
tional s tate  of the CNS [3, 5, 6, 8, 10, 13, 16, 18, 19]. However ,  the changes in unit act ivi ty,  the coordina-  
tion re la t ions ,  and the functional p rope r t i e s  of the bulbar r e s p i r a t o r y  neurons  r ema ined  unstudied. 

The object of this invest igat ion was to study unit act ivi ty  of the bulbar 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 the r e s p i r a t o r y  musc les  in conjunction with ventilation of the lungs and the composi t ion of 
the blood gases  in the course  of hypoxia assoc ia ted  with n o r m o - ,  hypo- ,  and hypercapnia,  

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

Exper iments  were  c a r r i e d  out on 57 cats under pentobarbi ta l  (40 mg /kg  body weight, [n t raper i tone-  
ally) anes thes ia .  Stereotaxic  and mie roe lec t rode  techniques were  used. The tip of the metal  m i c r o e l e c -  
t rode  was 1-3 p in d iamete r .  

The animals  inhaled gas mix tures  of the following composi t ion for 10 min: 10% O 2 in ni t rogen,  10% 
O 2 +2~ CO2; 10~ 02 +5% CO 2. In the interval  between the changes to inhalation of a new gas mixture ,  the 
animats  brea thed  a tmosphe r i c  a i r  for 20-30 mtn. 
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Fig. 1. Unit activity of bulbar [nspiratory neurons and EMG of dia- 
phragm and expira tory intercostal  muscles of cat during inhalation 
of a tmospheric  air  (a) and hypoxic gas mixture of 10% 0 2 in nitrogen 
(b). F r o m  top to bottom: EMG of diaphragm, unit activity of r e s -  
p i ra tory  neurons,  pneumogram, EMG of expira tory intercostal  muscles.  

a 

IZ~ ~v 
~ - . ~  i I I r - e r ~ r , , ~ - ~ "  , �9 T �9 , i - -  , ,  . ~  - - T  ]5 - 

I so ~, v 
. . . . .  I . . . . . . . . . . . . . . . .  I I I I  

I ~ " v , t t t l t a n h U m k  : .... U~ l l l l l lma ,J , ' -  ~ . - -  ~[ l ,  
' ~rPrl  mlin,p,l' ' 1 sec : fPI,rl~pipliPl' 'P?TII' 

b 

-~~N~l,,iml. " I I , ~  
r q-I rl.p..m,., m . . . . . . . . . . . .  i ~}"R Ir ITI. ~r[ 

C 

~._- :+ -~ , ~  . . . . . . . . . . . . . .  ,... _,; ,. ~, . . , . . . . .  q , ._  

J~ 
m ~  m ~ 

-~r- , ' : - ~ - - - , , , , , , .  . . . . . . . . .  , . . . . .  " ~ m : A '  . . . .  - . . . . .  - " ~ + " ' " , .  

~.-TLe,lJ~t'"~L,. . . . . 13l .umlm ,., . .  I 3~,,Jl,i~i - .  
- T  e P ' I P I H I I ' I I U  " " " " l ~ l i i ~ i n m m  . . . . . . . .  , I  ~ r n m . m e =  I I I  I I I I I I I I  I I I I I I I ' I I I "  

Fig. 2. Unit activity of bulbar inspira tory neurons 
and EMG of diaphragm and expi ra tory  intercostal  
muscles of cat during inhalation of a tmospheric  air  
(a) and hypoxic gas mixture with 2% CO 2 (b, c). 
Legend as in Fig. 1. 

Activity of bulbar r e sp i r a to ry  neurons was recorded  during inhalation of a tmospher ic  air ,  inhalation 
of the gas mixture,  and 10-20 min after  stopping inhalation of the gas mixture. Para l le l  with r e s p i r a t o r y  
unit activity the EMG of the diaphragm and intercostal  muscles ,  the pneumogram,  and the pulmonary ventil-  
ation were recorded.  

The ar te r ia l -b lood oxygen saturation was determined with a Brinkman's  oxyhemometer ,  and pCO 2 and 
pO 2 of the blood by the method of Astrup and Siggaard-Andersen.  

EXPERIMENTAL RESULTS AND DISCUSSION 

During inhalation of the hypoxic gas mixture (10%'O 2 in nitrogen) changes in the response of the res- 
piratory neurons depended not only on the degree of hypoxic but also on the duration of exposure to it (Fig. 
I). In the first 2-3 rain the frequency and number of spikes of the inspiratery neurons were increased and 
activity of the expiratory neurons'was reduced. The respiration rate was quickened and pulmonary ventLla- 
t[on was increased by 80% compared with initially. A specific rhythm of unit activity often appeared after 
2-6 rain: long volleys of the [nspiratory neurons alternated with very short. The volleys of the expiratory 
neurons became less  prolonged. Respirat ion acquired a pathological charac te r  of the Cheyne-S tokes type ,  
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Fig. 3. Activity of bulbar inspi ra tory  neurons 
and EMG of diaphragm and inspi ra tory  in ter -  
costal  muscles  of a cat during inhalation of 
a tmospher ic  air (a) and hypoxic gas mixture 
with 5% CO 2 (b, c). Legend as in Fig, 1. 

The pulmonary ventilation was reduced and the resp i ra t ion  rate  fell. The appearance of the specific rhythm 
of unit activity coincided with the development of acute hypocapnia. For the arterial blood at this time,pCO 2 

was 22-18 mm Hg, pH was 7.48-7.52, and pC 2 was 55-50 mm Hg; in other words, a state of respiratory alka- 
losis was observed. 

The change from a rhythmic to an aperiodic type of respiration during acute hypoxia thus took place 
as a result of disturbance of the rhythmic discharge pattern of the respiratory neurons at a time of sudden 
humoral changes in the arterial blood. After the inhalation of the hypoxic mixture had ceased and the ani- 
mal had breathed ordinary air for 5-10 rain, regular volleys of spikes were discharged by the respiratory 
neurons and the normal arterial blood gas composition was restored. 

The animals were re-exposed to hypoxia after 20-30 rain, the only difference being that 2% CO 2 was 
added to the hypoxic gas mixture. The response of the respiratory neurons to the combined action of hy- 
poxia and hypercapnia had a marked biphasic character. In the first 1-2 rain of inhalation of the combined 
gas mixture (Fig. 2b),Iong volleys of the inspiratory neurons with an increased firing rate was observed - 
the typical response to an excess of CO 2. After 2-5 rain the character of the unit activity changed (Fig. 2e), 
the volleys of the inspiratory neurons were shortened, and there was a corresponding decrease in the num- 
ber of spikes; a faster rhythm of respiratory trait activity was established and it persisted until the end of 
inhalation of the combined gas mixture. Characteristically, the activity of the expiratory neurons and ex- 
piratory muscles also was increased under these conditions, and not reduced as it was in hypoxia without 
CO 2 (Fig. 2). The consecutive reciprocal connection between the inspiratory and expiratory neurons and 
muscles was disturbed. 

The level of the pulmonary ventilation remained high throughout the period of exposure to hypoxia 
with 2% CO 2 on account of an increase in the respiration rate; the pulmonary ventLlation was increased by 
I00-120~c over its initial level. 

Throughout the period of inhalation of the hypoxic gas mixture with 2~ CO2, pCO 2 in the arterial blood 
fluctuated within its initial limits (29-32 mm Hg), the pH was restored to normal (7.32-7.36), the fall in pC 2 
was slowed, and the oxygen saturation of the arterial blood was maintained at 78-80% (Fig. 2). 

The addition of 2% CO 2 to the hypoxic gas mixture thus, first, restored the arterial blood gas compo- 
sition to a level close to its initial values and prevented the development of hypocapnia, and second, pre- 
vented the disturbance of the rhythmic  firing pat tern  of the r e s p i r a t o r y  neurons and the appearance of a 
pathological type of respi ra t ion.  
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To  compare  the action of different CO 2 concentrat ions under hypoxic conditions, in another se r i e s  of 
experiments  5% CO2 was added to the 10~ O 2 in ni trogen (Fig. 3). During inhalation of a gas mixture  of this 
composition, the biphasic response  of the r e s p i r a t o r y  neurons was revea led  more c lear ly  stil l .  During the 
f i rs t  2-3 rain the inspi ra tory  neurons continued to discharge in long vol leys ,  andthe number of spikes in the 
volley was increased (Fig. 3b). After 4-6 min the cha rac te r  of r e s p i r a t o r y  unit activity changed sharply:  
the volleys became shor te r ,  they contained fewer spikes,  and the frequency of the volleys was increased  
(Fig. 3c). The pulmonary ventilation was increased by 200-300% compared with the initial level ,  initially 
through deepening and la te r  through quickening of respi ra t ion .  DesPite the more intensive hyperventi lat ion,  
pCO 2 in the a r te r ia l  blood was kept between 45 and 58 mm Hg (initial pCO 2 29-32 mm Hg), and pH fell to 
7.21-7.17. The blood oxygen saturat ion and pO 2 differed only a l i t t le  f rom the values r eco rded  during hyp- 
oxia with 2% CO 2. Consequently, on the addition of  5% CO 2 to the hypoxic gas m ix tu r e  the eff iciency of pul- 
monary ventilation fell sharply and hypercapnia and r e s p i r a t o r y  acidosis ensued. The developing r e s p i r a -  
to ry  acidosis led to the appearance of incompletely oxidized products  of metabol ism in the blood and, con- 
sequently, to the development of metabolic acidosis.  The blood supply and metabol ism of the brain and the 
affinity of hemoglobin for oxygen, as previous investigations showed, are  reduced.under  these conditions 
[1, 5, 7, 8]. This is the l ikely explanation of the inhibition of unit activity of the bulbar r e s p i r a t o r y  neurons 
and the low eff iciency of the pulmonary ventilation during inhalation of a hypoxic gas mixture with 5% CO 2. 

Comparat ive analysis of the electrophysiological  data and of the indices of external  r esp i ra t ion  and 
the blood gas composition lead to the conclusion that both hypocapnia and hypercapnia in acute hypoxia ad- 
ve r se ly  affect unit activity of the bulbar r e s p i r a t o r y  neurons .  

The resu l t s  of these investigations showed c lea r ly  that it is only when during the action of hypoxia 
pCO 2 of the ar te r ia l  blood was maintained at the normocapnic  level  (by the addition of 2% CO 2) that a stable 
level  of increased,  rhythmic discharge of volleys of spikes by the bulbar r e s p i r a t o r y  neurons was observed.  
Increased  volley activity of the bulbar r e s p i r a t o r y  neurons determined beth the rhythmic cha rac te r  of the 
resp i ra t ion  and the high level of pulmonary ventilation; consequently,  pO 2 in the alveoli and in the a r te r ia l  
blood was increased.  

The beneficial  effect  of addition of 2% CO 2 to the hypoxic gas mixture  was evidently due also to the 
fact that under those conditions mechanisms of regional  redis t r ibut ion of blood a re  activated,  so that the 
blood flow to such vitally important  organs as the brain and hear t  and the pO 2 level  in them are  increased  
[5, 8, 9, 11, 12]. 
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