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It is generally accepted that the respiratory response to work is activated and inactivated through the 
action of neurogenic factors connected with physical exertion - cortical and proprioceptive [4, 5]. Meanwhile, 
humeral stimuli, hypercapnic and hypoxie, mediated through medullary and arterial  chemoreceptors, also 
participate in the regulation of respiration during muscular activity. The role of these chemoreceptors in 
the control of pulmonary ventilation in the different phases of work has not yet been adequately studied. 

The writers showed previously [1, 2] that in the steady-state period of exercise the sensitivity of the 
respiratory control apparatus t5 a combination of hypoxic and hyporcapnic stimuli is appreciably increased. 
Moreover, it has been shown that these stimuli have a significant effect also on the intensification of pulmonary 
ventilation at the beginning of work, i.e., on the phase which (like the decrease in ventilation at the end of the 
work) is generally attributed entirely to the ~nonchemical" factors mentioned above and which is called the 
rapid neurogenic component of the respiratory response to exercise. 

The main aim of the present investigation was to assess the contribution made by chemoreceptor regu- 
lation in the transitional phases of "working hyperpnea." For this purpose, under conditions of hypereapnic 
and hypoxic stimulation of different intensity, during work, the magnitude and rate of rise and fall of the pul- 
monary ventilation respectively were determined at the beginning and end of exercise. 

EXPERIMENTAL METHOD 

The pulmonary ventilation was recorded in 12 healthy men aged 22-35 years, breathing through a mask 
in the sitting position, on a modified spirograph. After a 5-rain background period of rest,  the subject did 
work for 5 rain on a bicycle ergometer with a power of 50 or 100 W, turning the pedals at a speed of 60 rpm. 
The work began and ended in response to an illuminated signal. During the 2 rain after the beginning of e r r -  
cise and the same period after its end, and also at the 5th minute all indices were recorded for periods of 10 
sec. The half-reaction time, during which ventilation increased (at the beginning of work) and decreased (at 
the end of work) to a value equal to half the difference between the background (resting) level and the steady- 
state period of exorcise (5th minute) and, correspondingly, between the steady-state periods of exercise and of 
recovery, was calculated. By dividing these values, i.e., half the increase and half the decrease in ventilation, 
by the half-reaction time at the beginning and end of exercise, indices were obtained for the rate of activation 
and inactivation of the ventilatory response. Experiments were carried out on subjects breating air (control) 
and various gas mixtures; hypercapnic (4% CO 2 in air), hypoxic (13% 0 2 in nitrogen), hypercapnic-hypoxic (4% 
CO2+13% O 2 in nitrogen); hyperoxic (100% 02), and hypercapnic-hyperoxic (4% CO 2 in oxygen) or after pre-  
liminary (for 30 sec before the beginning of work) voluntary hyperventilation with air or oxygen. The relative 
values of the hypercapnic and hypoxic stimuli were assessed from the partial pressures of the gases in the 
alveolar air  (pACe 2 and pAO2) , which were recorded by means of the MKh 6202 mass spectrometer. The in- 
vestigations during work of different power and in respiratory mixtures of different composition were alter-  
nated in randomized order.  
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Fig. i. Magnitude and tLrne of ventilatory half- 
response to starth~ and stopping e~rcise during 
chemoreceptor stimuli of different intensities. 
I} Load 50 W; If} load I00 W. a) Start of e~rcise, 
b} end of exercise. Abscissa, half-reaction time 
(in sec}; ordinate, magnitude of ventilatory half- 
response (in litres/min}. I) Inhalation of air 
(control), 2} of 13% 02 in nitrogen, 3) of 4% CO2 
in air, 4) of 13% 02+4% CO 2 in nitrogen, 5) 100% 
02, 6) 4% CO 2 in oxygen, 7) inhalation of air after 
p r e l i m i n a r y  hypervent i la t ton before  beginning of 
e x e r c i s e ,  8) of  100% 02 a f t e r  p r e l i m i n a r y  hype r -  
venti lat ion.  

E X P E R I M E N T A L  R E S U L T S  

Compar i son  of the p a r a m e t e r s  of the ventf la tory response  to exe rc i se  during inhalation of different m i x -  
tu res  (Table 1; Fig.  1) shows that  the magnitude of the response  in genera l  increased  with an increase  in the 
intensi ty of chemorecep t o r  s t imulat ion and was maxhna l  (a lmost  doubled) during a combinat ion of hypercapnea  
and hypoxia. Under o rd ina ry  condit ions,  the hypercapnic  fac tor  is known to have a re la t ive ly  s t ronge r  h~flu- 
ence on resp i ra t ion ,  but it was noted that  with an inc rease  in the load the contr ibution of the hyperoxic s t h n u -  
lus inc reased  [3]. In fact ,  during e x e r c i s e  with a power of 100 W inhalation of a mix tu re  of 13% 02 in ni t rogen 
inc reased  the inc rease  in venti lat ion to the same  degree  as inhalation of a mix tu re  of 4% CO 2 in a i r .  Stopping 
the hypoxic stLrnulus by inhalation of oxygen, on the o ther  hand, in m o s t  c a se s  reduced the vent i la tory  r e sponse  
to work.  This r e sponse  was weaker~ed st i l l  m o r e  a f t e r  p r e l i m i n a r y  hypervent i la t ion with oxygen, which t e m p o -  
r a r i l y  abolished both c h e m o r e c e p t o r  s t imul i .  

Le t  us now examine the index of the ra te  of act ivat ion of the vent i la tory  r e sponse  at  the beginning of 
exe r c i s e  (Table 1, Fig.  1). This index depended even m o r e  than the magnitude of the response  on humora l  
f a c to r s .  Attention is drawn to the pa r t i cu l a r  fea tu res  of the irfftuence of hypercapnie  and hypoxic fac to r s .  
Whereas  during e xe rc i s e  with an intensi ty  of  50 W hypercapnea  inc reased  the r a t e  of act ivat ion a lmos t  as much  
as a combination of hyperocapnea  with hypoxia,  and the effect  of isolated hypoxfa was somewhat  weaker ,  during 
e x e r c i s e  with an intensi ty of 100 W the act ion of the hypoxic s t imulus  inc reased  re la t ive ly .  

Against  the background of hyperoxia,  inhalation of CO 2 in genera l  did not affect  the ra te  of act ivat ion of 
the vent i la tory  r e sponse .  Inhalation of pure  oxygen caused this index to fall ,  and the dec rease  was v e r y  con-  
s ide rab te  with a load of 100 W. The ro le  of  the hypoxic s t imulus  in the t r ans i t iona l  s ta te  of  m u s c u l a r  act iv i ty  
was thus even m o r e  important  than in the s teady s ta te .  Af ter  hypervent i la t ion with a i r ,  and in pa r t i cu la r ,  with 
oxygen m a r k e d  slowing of the i nc rea se  in pulmonary  venti lat ion at the beginning of exe rc i s e  was obse rved .  

The  index of the r a t e  of inactivation of the vent i la tory  r e sponse  a f t e r  r e m o v a l  of the load showed s i m i l a r  
co r re la t ion  with c h e m o r e c e p t o r  s t imulat ion of r e sp i ra t ion .  The s t ronge r  the s t imul i ,  the f a s t e r  the pulmonary 
vent i la t ion diminished; all  that  need be ment ioned is that  hypoxia acce l e r a t ed  inactivation of the r e sponse  to 
a g r e a t e r  degree  than hypercapnea.  Inhalation of oxygen, on the other  hand, espec ia l ly  a f t e r  a p re l imina ry  
hyperventi lat ion,  lowered the ra te  index of inactivation.  

These  r e su l t s  a r e  evidence that  a hypercapnic  s t imulus can both s t rengthen and acce l e ra t e  the r e sponse  
of r esp i ra t ion  to m us cu l a r  act ivi ty .  The action of this s t imulus is known to be media ted  through both a r t e r i a l  
and medu l l a ry  c h e m o r e c e p t o r s .  Par t ic ipa t ion  of the l a t t e r  can explain the fact  that  the effect  of p r e l i m i n a r y  
hypervent i la t ion before  e x e r c i s e  was exer ted  a t  the level  of  the r e s p i r a t o r y  minute  volume at the 5th minute  
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of exe rc i s e ,  whereas  a lveo la r  hypocapnea d i sappeared  as e a r l y  as 40 sec  a f t e r  the end of hypervent i la t ion:  
This was evidently due to the slow change in pCO 2 in the medu l l a ry  chemosens i t ive  zones,  as a r e su l t  of  which 
the hypercapnic  s t imulus  was weakened for  such a long t ime .  

As r e g a r d s  the f a s t - r e ac t i ng  a r t e r i a l  c h e m o r e c e p t o r s ,  it was evidently the i r  exci ta t ion which affects  
the ra te  of act ivat ion and inactivation of "Working hyperpnea . "  When the hypercapnic  s t imulus  acted against  
the background of hyperoxla  - and in hyperoxia  the a r t e r i a l  c h e m o r e c e p t o r s  lose  the i r  sens i t iv i ty  to CO s and 
the l a t t e r  acts  only through medu l l a ry  c h e m o r e c e p t o r s  - the indices of the r a t e  of act ivat ion and inactivation 
of the vent i la tory  r e s pons e  to e x e r c i s e  were  p rac t i ca l ly  the s a m e  as in the contro l  (inhalation of air) ,  although 
the inc rease  in venti lat ion induced by work  in this case  was g r e a t e r .  The suggest ion that  a r t e r i a l  c h e m o r e -  
cep tors  play an impor tan t  ro le  in the regulat ion of r e sp i r a t ion  in t rans i t iona l  phases  of  m u s c u l a r  act iv i ty  is 
conf i rmed  by the fact  that  r e m o v a l  of the caro t id  bodies in man,  although not s ignif icant ly  changing the levels  
of ventilation during m ode ra t e  exer t ion,  delays the i nc r ea se  in venti lat ion at  the beginning of work  [6]. 

The r e su l t s  obtained in the p r e s en t  expe r imen t s  when the intensi ty of the hypc~ic s t imulus  was changed 
(and this  s t imulus  is known to act  through these  r e c e p t o r s  exclusively) ,  a r e  in a g r e e m e n t  with the fac ts  de -  
sc r ibed  above.  The  hypoxic f ac to r  was pa r t i cu l a r ly  impor tan t  fo r  the rapid  development  of  the vent i la tory  
r e sponse  at  the beginning of exer t ion and when the venti lat ion re tu rned  to the res t ing  level  a f t e r  the end of 
exertion. 

The great importance of the hypoxic stimulus for rapid reduction of pulmonary ventilation to correspond 
to the energy demands of the body is evidently due to the extremely small reserves of oxygen in the blood, 
necessitating rapid responses of respiration (and, of course, of the circulation), which maintain an adequate 
supply of oxygen to the working muscles. 

Hypoxic stimulation of respiration thus potentiates the action of the above-mentioned neurogenic factors 
triggering Wworking hyperpnea, n The mechanism of this action, however, is not yet clear. 

1. 
2. 

3. 
4~ 
5. 
6. 

LITERATURE CITED 

I. S. Breslav, G. G~ Isaev andA. M. Shrneleva, Byull. ]~ksp. Biol. Med., No. II, 1283 (1976). 
I. S. Breslav, E. Lo Kalacheva and S. M. Sidikov, in: Special and Clinical Physiology of Hypoxic States 
[in Russian], Part 35 Kiev (1979), pp. 117-121. 
G. G. Isaev, Byull. Eksp. Biol. Med., No. 5, 390 (1979). 
M. E. blarshak9 Regulation of Respiration in Man [in Russian], Moscow (1961). 
F. F. Kao, An Introduction to Respiratory Physiology, Amsterdam (1972). 
B. J. Whipp and K. Wasserman, Fed. Proc., ~ 2668 (1980). 

571 


