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To assess  the homeostat ic  proper t ies  of the oxygen t ranspor t  sys tem quantitatively it is sug- 
gested that a change in the state of the sys tem be compared with the magnitude of the factor  
inducing it. Experiments to obtain such an assessment  with the aid of a computer and a 
mathematical  model of the resp i ra tory ,  c irculatory,  and energy-metabol ic  sys tems linked 
with oxygen t ranspor t  are described. Quantitative indices of homeostatic proper t ies  were 
found to vary  with the conditions (rest, physical  exertion). During physical  exertion when the 
mechanisms of regulation are under strain, the homeostat ic  power of the sys tem is reduced. 

The homeostat ic  proper t ies  of physiological control sys tems [4, 9, 12] va ry  with the state of the ani-  
mal and the external environmental conditions [1, 5, 6, 10]. The disturbing action of the environment leads 
to the creation of a t ransi t ion process  in the sys tem followed by a new level of activity. The sys tem is 
homeostat ic  if this new level is close to the old. The relationship between the force  of disturbance and the 
magnitude of the response can be used as a measure  of the homeostat ic  power of the organism [7, 10]. When 
the number of disturbing factors  and of var iables  to be investigated is great,  it is possible to make a com- 
bined evaluation of the effect of each disturbance on each variable (coefficient of sensitivity [2]), f rom which 
a mean assessment  of homeostat ic  ability can be obtained [7]. 

This paper  descr ibes  a computer ized method of investigation of the oxygen t ranspor t  sys tem to obtain 
a quantitative assessment  of the homeostat ic  proper t ies  of that system. 

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

A sys tem of equations character iz ing the combined function of the human resp i ra tory ,  c i rculatory,  
and energy-metabol ic  sys tems based on mean stat is t ical  data was solved by the computer [8, 11]. The 
homeostatic proper t ies  were investigated for  two conditions of oxygen consumption (W)" in a state 
of res t  (W = 225 ml/min)  and in a state of intensive muscular  work (W = 2600 ml/min) .  In both cases  
the oxygen consumption of the muscle t i ssue {Wl) and of nonmuscular  t i ssues  (W2) was studied. The com-  
position of the inspired air depended on two var iables :  the part ia l  p r e s su re s  of oxygen (V1) and carbon 
dioxide (V2). The following 14 var iables  of the internal milieu of the organism were determined during the 
experiments:  the alveolar (U1) and venous (U2) part ial  p re s su res  of oxygen, the part ial  p r e s su re  of oxygen 
in the muscular  (U3) and nonmuscular  (U4) t issues ,  the alveolar (U5) and venous (UG) part ial  p r e s su re s  of 
carbon dioxide, the part ia l  p re s su re  of carbon dioxide in the muscular  (UT) and nonmuscular  (Us) t i ssues ,  the 
concentration of incompletely oxidized products in the muscular  (U9) and nonmuscular (U10) t issues ,  the 
pulmonary ventilation (Ull), the blood flow through muscular  (U12) and nonmuscular  (UI3) t i ssues ,  and the 
concentration of incompletely oxidized products in the ar ter ia l  blood (U14). 

To assess  the homeostat ic  proper t ies  of the sys tem it is essential  to have data on the effect of all the 
disturbing factors  studied on the state of all the var iables  examined under the conditions specified. The co- 
efficient of sensitivity - the rat io between the j - th  var iable  of the internal milieu and the i-th variable of the 
external environment - i s  [7] 

Institute for Control Problems,  Moscow. (Presented by Academician of the Academy of Medical 
Sciences of the USSR A. A. Vtshnevskii.) Trans la ted  f rom Byulleten' ]~ksperimental'noi Biologii t Meditsiny, 
Vol. 76, No. 11, pp. 11-14, November,  1973. Original ar t ic le  submitted December  13, 1972. 

�9 Consultants Bureau, a division of Plenum Publishing Corporation, 227 g'est 17th Street, )r York, 3/. Y. 10011. 
No part o/ this publication may be reprodu:ced, stored in a retrieval system, or transmitted, in any/orm or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission o/ the publisher. ,-t 
copy of this article is available/rom the publisher/or $15.00. 

1260 



~9 

�9 

o 

�9 

..-i 

.< 

e ~ q ~ q  

- N q - ~  

~.2~ 

�9 ~ 0 ~ 0  

=g 

0 

0 

~ 

r J1 

r ~  

r/l  

0 

�9 

o 

�9 
.,.-i 

.,.-4 

< 

~ d 2 ~ d  
~ m  

2 ~ = d d  

4 g ~ d  

~ .,.4 

. ~ . 2  

�9 ~. ~ .~ e~ 

~ 0 ~  ~ 

Vi Auj AUj~O, hVi--*O, si j  = - 0 7 j  �9 ~ ; 

w h e r e  AVi ~ 0 and AUj --- 0 s ign i fy  that the  v a l u e s  of 
AVi  and AUj must  be as s m a l l  as p o s s i b l e .  A change in 
the s tate  of the s y s t e m  in r e s p o n s e  to the act ion of d i s -  
turbing fac tor s  V 1 and V 2 w a s  a s s e s s e d  jo int ly  by the 
m e a n  square  coe f f i c i en t  of s e n s i t i v i t y :  

s = l /  I - ~  X (Sii)~: 

The  va lue  of h = 1 / S ,  in a c c o r d a n c e  with data in 
the  l i t e r a t u r e  [7], can be ca l l ed  the index  of h o m e o -  
s ta t i c  abi l i ty  of  the s y s t e m  for it c h a r a c t e r i z e s  the de -  
g r e e  of maintenance  of cons tancy  of the  internal  m i l i e u  
during the p r e s e n c e  of var ia t i ons  in the e x t e r n a l  en -  
v i r o n m e n t .  It is  diff icult  to  obtain data for c o e f f i c i e n t s  
of s e n s i t i v i t y  in the  e s s e n t i a l  quantity and yet  s a t i s f y -  
ing the r e q u i r e m e n t  of s m a l l n e s s  of the  dev ia t ions  by 
d i rec t  e x p e r i m e n t s  on a n i m a l s .  H o w e v e r ,  an adequate 
m a t h e m a t i c a l  m o d e l  on which addi t ional  i n v e s t i g a t i o n s  
can be c a r r i e d  out to d e t e r m i n e  the h o m e o s t a t i c  p r o p e r -  
t i e s  of contro l  s y s t e m s  can be based  on the  r e s u l t s  of 
a l a r g e  number  of e x p e r i m e n t a l  i n v e s t i g a t i o n s  [3, 6, 13]. 

In the p r e s e n t  inves t iga t ion  the v a l u e s  of Vt and 
V 2 w e r e  changed in the c o u r s e  of the e x p e r i m e n t  so  
that AV 1 =0 .1  V 1 and AV 2 =0 .1  V 2. New v a l u e s  of al l  
v a r i a b l e s  of the internal  m i l i e u  and of t h e i r  i n c r e a s e s  
AUj w e r e  ca lcu la ted ,  a f ter  which the  c o e f f i c i e n t s  of 
s e n s i t i v i t y  could be d e t e r m i n e d .  

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

V a l u e s  of all  v a r i a b l e s  and c o e f f i c i e n t s  of s ens i t i v"  
ity for  c a s e s  of var ia t ion  in V 1 and V 2 in a s tate  of 
basa l  m e t a b o l i s m  W =225 ml  O2/rain 0V1 =65 m l / m i n ;  
W 2 =160 m l / m i n )  are  g iven in Table  1. The  m e a n  
square coefficient of sensitivity S in this case was 0.83 

and the index of homeostatic ability h was 1.2. 

Table 2 gives the same values for the case of 

intensive physical exertion W =2600 ml/min (W 1 = 

1800 ml/min, W 2 =800 ml/min). In this case the values 

of S and h were 1.89 and 0.53, respectively. 

During physical exertion the system is thus more 

sensitive to variations in the environment than in the 

state of basal metabolism. This worsening Of the state 

is reflected in a decrease in the index of homeostatic 

ability from 1.2 under basal metabolic conditions to 

0.53 under conditions of physical exertion. 

i. 
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