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The dynamics of temporal  and spatial pa rame te r s  of assigned re sp i ra to ry  movements  (com- 
pared with movement of the upper limb) was investigated in ten men aged 19-30 years  under 
conditions of p rogress ive  hypoxia, hypercapnia,  and a combination of hypoxia and hypercap-  
nia. Hypercapnia (especially if combined with hypoxia) was shown to be a specific factor 
preventing voluntary control of r e sp i ra to ry  movements.  The factors  indicated above had 
their grea tes t  effect on the precis ion (exceeding the assigned re sp i ra to ry  volume) of the 

r e s p i r a t o r y  movements and ability to co r r ec t  them. These facts are regarded as the resul t  
of chemorecep tor  stimulation of the r e sp i ra to ry  center  (imperative stimulus). 

KEY WORDS: regulation of respirat ion;  voluntary movements;  chemoreceptors ;  hypoxia; 
hypercapnia~ 

Voluntary control of respirat ion in man is known to be limited by the range of intensity of chemorecep-  
tor stimulation of the r e sp i r a to ry  center.  Disturbances of the gas composition and acid-base balance of the 
internal medium of the body lead to the formation of an imperat ive stimulus [ 1], and as a resul t  the r e sp i r a -  
tory movements fall completely under the control of the bulbar ref lex-humoral  mechanisms.  However, the 
qualitative aspect  of this influence of chemoreceptor  stimulation on the voluntary control of r e sp i ra to ry  move- 
ments has so far received little investigation. To assess  specific features of this effect, it is necessa ry  to 
know how the voluntary control of movements not concerned with the act of respira t ion is modified under the 
same conditions. 

The object of this investigation was to study the charac te r i s t i cs  of the temporal  and spatial pa ramete r s  
of voluntary resp i ra to ry  movements (by compar ison with upper limb movements) during exposure to p rog re s -  
sive hypoxia, hypercapnia,  and a combination of hypoxia and hypercapnia. 

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

Experiments  were car r ied  out on ten clinically healthy men aged 19-30 years .  The method of recording 
temporal  and spatial pa ramete r s  of assigned re sp i ra to ry  movements developed by the wri ter  was used: mo-  
t ion-picture spi rography with the Meta 1-25 spirograph.  The pa ramete r s  of the r e sp i r a to ry  movements were 
assigned by a p rogram recorded beforehand on the squared paper tape of the spirograph,  which moved during 
the experiment " away  from the subject"  at a speed of 60 mm/sec .  The subject had to reproduce this p rogram 
under pursuit  t racking conditions [ 3] by forced inspirations and expirations (Fig. 1). The experiments with 
upper limb movements (at the wrist  joint) were performed in a s imi lar  way. 

The charac te r i s t i c s  of the p rogram were as follows: number of assigned re sp i ra to ry  cycles  7; tidal 
volume 800 ml; time between assigned movements f rom 1.8 to 2.7 sec; length of p rogram 32 sec; assigned 
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Fig .  1. Record  of t e m p o r a l  and spa t i a l  p a r a m e t e r s  of a s s igned  
r e s p i r a t o r y  m o v e m e n t s  ( m o t i o n - p i c t u r e  s p i r o g r a m ) .  Thick  l ine 
r e p r e s e n t s  a s s igned  p r o g r a m ;  thin l ine  i s  s p i r o g r a m .  T r i a n g l e  

m a r k s  t ime  of ac t iva t ion  of p r o g r a m .  R e m a i n d e r  of exp lana t ion  
in text.  

TABLE 1. T e m p o r a l  and Spat ial  P a r a m e t e r s  of Volun ta ry  (ass igned)  R e s p i r a t o r y  
Movemen t s  and Upper  L imb  Movement s  in In i t i a l  State (1) and in L a s t  Minute  of 
B rea th ing  in Closed Sys tem of Sp i rograph  (2) (M 4- m) 

Hypoxia and hypercapnia Hypoxia Hypetcapnia 

[ upper respi- upper respi- upper i 
Parameters respiration limb P radon limb P ration limb ~ P 

TT 2 
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LP 2 
P 

MT msec 2 
P 

CT I 

O+ 
I 
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P 
1 
2 
P 
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557 + 29 
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1,0--+o.2 
0,1+010; 
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G0,001 
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2.0~0,2 
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volume of ven t i l a t i on  10.5 l i t e r s / m i n .  Under  these  c i r c u m s t a n c e s  the total  task  p e r f o r m a n c e  t ime  (TT),  l a ten t  
per iod  (LP) ,  m o v e m e n t  t ime  (MT}, c o r r e c t i o n  t ime  (CT), p r e c i s i o n  of m o v e m e n t  (PM), and the e r r o r  with ex -  

c e s s  (0 +) o r  with de f i c i ency  (0-)  of the a s s igned  vo lume (Fig.  1) were  r e c o r de d .  

Changes  in c h e m o r e c e p t o r  s t i m u l a t i o n  were  obta ined by b r e a t h i n g  in  the c losed  s y s t e m  of the s p i r o -  
g raph  " t o  the l i m i t " :  1) without  abso rp t i on  of CO~. {exposure to hypoxia and hypercapn ia ) ;  2) with a b s o r p t i o n  
of CO2 (hypoxia); 3) without  abso rp t ion  of CO~ but  with au tomat ic  supply of 0 2 into the s p i r o g r a p h  s y s t e m  in  an 
amoun t  equal  to that u t i l i zed  (hypercapnia) .  

The e x P e r i m e n t s  u n d e r  the v a r i o u s  condi t ions  (hypoxia, hype rcapn ia ,  a c o m b i n a t i o n  of both) we re  a l t e r -  
nated in r a n d o m  o rde r .  Each  e x p e r i m e n t  with con t ro l  of r e s p i r a t o r y  m o v e m e n t s  was p receded  by an e x p e r i -  
men t  with con t ro l  of uppe r  l imb  m o v e m e n t s  u n d e r  the s a m e  condi t ions .  All  the sub j ec t s  pa r t i c ipa ted  in a 
s e r i e s  of t r i a l  e x p e r i m e n t s  and r e p r o d u c e d  the as s igned  p r o g r a m  suf f ic ien t ly  c l e a r l y .  

Under  o r d i n a r y  condi t ions  and du r ing  exposu re  to the f ac to r s  spec i f ied  above the fol lowing p a r a m e t e r s  
of the a s s igned  m o v e m e n t s  w e r e  r e c o r d e d  (four t i m e s ,  for  32 sec  each t ime) :  SaO ~ (oxyhemomete r ) ,  FACO2 
{GUM-2 capnigraph) ,  ven t i l a t i on  of the lungs .  

EXPERIMENTAL RESULTS 

In the initial state the mean values of the temporal parameters of the respiratory movements were 
considerably higher than the indices during upper limb movements {Table I). Differences between the indices 

of accuracy of movements were not significant. 

The combined action of progressive hypoxia and hypercapnia (a decrease in SaO 2 to 70.0 ~: 5.1% and an 

increase in FACO2 to 9.17 + 0.13%) was accompanied by an increase in MVR at the 6th minute of the function 

test to 75.4 4- 5.1 liters/rain (by 606.3%). Voluntary control of respiratory movements [with an assigned minute 
volume of respiration (MVR) of 10.5 liters/min] against the background of this deficiency of pt~Imonary ventila- 



tion gave r ise  to maximal difficulty. A further  decrease  in SaO 2 and an increase  in FACO2 as a rule led to 

abandonmentof the  r e sp i r a to ry  program.  A considerable increase  in the motor  task per formance  time and a 
decrease  in accuracy  of the r e sp i r a to ry  movements  were observed (Table 1). The grea tes t  changes affected 
the values of CT and O+. Changes in the pa rame te r s  of the assigned upper limb movements under the same 
conditions were less marked (Table 1). 

Exposure to p rogress ive  hypoxia (a decrease  in SaO 2 to 57.8 �9 3.6%) with an increase  in MVR to 18.2 i 
1.3 liters/min caused much smaller changes in the parameters of the assigned respiratory movements (Table 

1). Abandonment of the respiratory program was virtually never observed under these circumstances. Char- 

acteristically, hypoxia has a greater effect on voluntary control of upper limb movements than of respiratory 

movements. 

The isolated action of progressive hypercapnia (an increase in FACO2 to 9.29 �9 0.14%) was accompanied 
by an increase in MVR to 52.4 • 1.6 liters/rain (by 460.1%). Voluntary control of respiratory movements under 

these conditions was considerably more difficult: A further increase in FACO2 as a rule led to abandonment 

of the motor program. The character of the effect of hypercapnia on parameters of the assigned respiratory 

movements was similar to that of combined hypoxia and hypercapnia (Table i). In this case also there was a 

considerable increase in CT + O+. The effect of hypercapnia on voluntary control of upper limb movements 

was not significant (Table i). 

Hypoxia, hypercapnia, and a combination of both thus caused a decrease in the quality of voluntary con- 

trol of the muscles not participating in the act of respiration. This was expressed as changes in the temporal 

and spatial parameters of the assigned movements in the same direction. Characteristically, the latent period 

and voluntary speed were changed to a lesser degree by the factors indicated above than ability to correct the 

movement. The main reason for the observed fact was evidently a disturbance of the optimal conditions of ac- 

tivity of the motor cortex (oxygen deficiency, acidosis). 

The effect of progressive hypoxia and hypereapnia on the voluntary control of respiratory movements 

was manifested differently. An essential condition for voluntary control of respiration is cortical (volitional) 
inhibition of the rhythmic activity of the respiratory center by contrast to the excitatory chemoreceptor stimu- 

lation [i, 2, 4]. The increase in FACO2 and decrease in SaO 2 lead to considerable potentiation of chemorecep- 
tor stimulation and to the formation of an imperative stimulus [ I], the role of which can be reduced to an effort 

to bring the respiratory movements out of cortical control and to subject them to autonomous bulbar neuro- 

humoral mechanisms, which must ultimately lead to correction of the deficiency of pulmonary ventilation. 

This is expressed as a disturbance of the voluntary control of respiratory movements in the form of exceeding 

the assigned respiratory volume, and a considerable increase in the difficulty of correcting the respiratory 

movements at the level of inspiration or expiration ~inadequate" for the given condition. 

The basic role in the formation of the imperative stimulus, preventing voluntary control of respiration, 
is played by hypercapnia [ i, 5, 7], and this was manifested as a stronger (compared with hypoxia) effect of 
hypercapnia on the quality of performance of the respiratory program by the subject. Exposure to the action 

of hypoxia alone can hardly be considered to be a specific factor in the disturbance of voluntary control of 
respiratory movements. Ill-defined changes in the parameters of the assigned respiratory movements during 

hypoxia are evidently the result of oxygen insufficiency in the cortical motor centers and the respiratory cen- 

ter [ 6]. 

On the basis of indices obtained by the motion-picture spirography method, a definite idea can thus be 
obtained of the functional state of the apparatus for controlling respi ra t ion under different conditions. 

Io 

2. 

3. 

4. 
5. 
6. 

7. 

L I T E R A T U R E  C I T E D  

L S. Breslav,  Voluntary Control of Movement in Man [in Russ ian] ,  Leningrad (1975). 
M. E. Marshak, The Regulation of Respirat ion in Man [in Russian] ,  Moscow (1961). 
N~ A. Rokotova and Yu. T. Shapkov, in" Sensomotor Function and Motor Skills in Sport [in Russian] ,  
Leningrad (1973), pp. 78-87. 
S. Godfrey and E. J. M. Campbell, Respir .  Physiol. ,  5, 385 (1968). 
Y. Honda and M. Miyamura, Jpn. J. Physiol. ,  22, 13 (1972). 
M. J. Purves ,  J. Physiol. (London), 18.._55, 60 (1966). 
S. M. Tenney, Ann. N. Y. Acad. Sci., 10____99, 634 (1963). 


