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Hypercapnia  in vagotomized cats  can induce not only an increase  in the depth of resp i ra t ion ,  but 
also an increase  in the f requency of insp i ra tory  volleys.  With deepening of anesthesia ,  the in- 
c r ea se  in depth of the insp i ra tory  volleys continues, whereas  the increase  in the r e sp i r a t ion  
ra te  d isappears .  These  observat ions  point to d i f ferences  in the cen t ra l  mechanisms  control l ing 
the f requency and depth of resp i ra t ion ,  of which the f o r m e r  is more  susceptible to suprabulbar  
influences.  
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It is general ly  accepted that under normal  conditions CO~ increases  the depth and f requency  of r e s p i r a -  
tion. However,  the r e su l t s  of the action of hypercapnia  in vagotomized animals are  surpr i s ingly  cont radic tory .  
According to some workers  [ 1, 5, 14] vagotomy prevents  the increase  in the r e sp i r a t ion  ra te  induced by hy-  
percapnia,  whereas  according to others  [2, 4, 11, 12] it has no such action. 

Yet this is a ve ry  important  problem. If vagotomy prevents  the inc rease  in r e sp i r a t i on  ra te  induced by 
CO2, the r e sp i r a t ion  ra te  is de termined  by a vagal mechanism whereas  the depth of r e sp i r a t i on  is de termined  
by cent ra l  mechanisms .  If the increase  in the r e sp i r a t ion  ra te  is not prevented,  it follows that not only the 
depth, but also the ra te  of r e sp i r a t ion  are de te rmined  by cent ra l  mechanisms .  

During the analysis  of this problem the wr i t e r s '  attention was drawn to the following c i rcumstance .  Some 
workers  [7, 9, 11, 12] have found that af ter  vagotomy hypercapnia  induces an increase  in the r e sp i r a t ion  ra te  
in unanesthetized animals .  Others  [4] ,  on the other hand, c la im that af ter  vagotomy an l n e r e a s e i n t h e  r e s p i r a -  

t i o n  ra te  takes place only in anesthet ized animals and not in waking animals .  

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

Exper iments  were  ca r r i ed  out on 18 cats anesthet ized with pentobarbi tal  (30-35 mg/kg) in t raper i toneal ly .  
Subsequent doses  of pentobarbi tal  were injected intravenously (5-7 mg/kg).  The vagus nerves  were divided in 
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T A B L E  1. R e s p i r a t i o n  R a t e  of A n e s t h e t i z e d  

C a t s  
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the  n e c k .  T h e  g a s  m i x t u r e  c o n s i s t e d  of 7% CO2 in  a i r .  T h e  e l e c t r o m y o g r a m  (EMG) w a s  r e c o r d e d  by  m e a n s  of 

e l e c t r o d e s  s u t u r e d  to  the  s t e r n a l  p a r t  of the  d i a p h r a g m .  

EXPERIMENTAL RESULTS 

Inhalation of the hypereapnic mixture induced an increase in the depth of respiration in all the animals: 
the inspiratory volleys increased sharply. By contrast with the depth, changes in the frequency of respiration 
showed considerable individual variation (Table I). For iastanee, in experiment No. 16, there was no increase 
in the respiration rate, whereas in experiments Nos. 2, 18, and 15 the increase in the respiration rate was very 
slight, and in experiments Nos. 3, Ii, and 12 it was very great. Statistical analysis of the experimental results 
showed that the increase in the respiration rate was significant. In man, hypercapnia also always increases 
the depth of respiration, whereas the respiration rate is subject to individual variation [3, 13]. 

Under normal conditions, before vagotomy, hypercapnia thus regularly acts on the mechanisms determin- 
ing the depth of respiration, whereas it acts less regularly on the mechanisms determining the respiration 
rate. The same result also was observed after vagotomy. In the vagotomized animals inhalation of the hyper- 
capnic mixture caused an even greater increase in the depth of respiration than in intact animals, whereas the 
changes in the respiration rate in these experiments also showed considerable individual variation (Table I). 
For instance, in experiments Nos. 9, 13, and 14 there was no increase in the respiration rate, in experiment 
No. 15 the increase was slight, but in experiments Nos. 3, 4, 6, 8, Ii, and 12 it was considerable. Statistical 
analysis of the experimental results also showed that the increase in the respiration rate during inhalation of 
the hypercapnic mixture by the vagotomized animals was significant. The results thus confirm that the action 
of CO2 on vagotomized animals causes not only an increase in the depth, but also an increase in the frequency 
of respiration. Hence it follows that not only the increase in depth, but also the increase in rate of respiration 
can be determined by central mechanisms. 

Additional pentobarbital solution was injected intravenously into animals in which hypercapnia after 
vagotomy caused an increase in the respiration rate. As the depth of anesthesia increased, the increase in the 
respiration rate caused by hypercapnia gradually diminished and eventually disappeared completely, whereas 
the increase in the depth of respiration persisted (Fig. I). The mechanisms controlling the depth of respira- 
tion are thus more tolerant than the mechanisms controlling the frequency of respiration. The reason may be 
that the mechanisms controlling the frequency of respiration are more dependent upon suprabulbar structures. 
This hypothesis is supported by the fact that during individual development inhalation of CO 2 initially induces 
an increase only in the depth of respiration, and not until later does it increase the respiration rate also [6, 15]. 
The same effect is also observed during the action of CO 2 in adults: an increase in ventilation initially develops 
on account of an increase in the depth of respiration, and not until later on account of an increase in its rate. 



Fig. 1. 1) EMG of diaphragm of vagotomized cat; 2) inhalation of CO s causes in- 
crease in depth and frequency of inspiratory volleys; 3) with increase in depth of 
anesthesia CO s causes increase only in depth of inspiratory volleys and no increase 
in respiration rate.  

The existence of two different mechanisms for the regulation of the depth and frequency of respirat ion 
explains why widely different combinations of depth and frequency of respirat ion are observed in disease, and 
why during attempts to find correlation between the depth and frequency of respiration, many contradictions 
frequently arise.  

The possibility of independent regulation of the depth and frequency of respirat ion is extremely important 
also in the adaptation of respirat ion to the basic activity of the body. For instance, during rhythmic physical 
work the respiration rate comes under the control of the rhythm of the movements. During acyclic work, the 
pulmonary ventilation also increases on account of an increase in the respirat ion rate,  for deep breathing would 
interfere with the performance of purposive movements. The widely held view that the ratio between the depth 
and rate of respirat ion is determined entirely by the level at which the minimal quantity of work [10] or force 
[8] is ~xpended is evidently oversimplified. 
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