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It  is usually considered that the object of ref lex automatic control  of the circulat ion is to maintain 
the constancy of the a r te r ia l  p re s su re .  It is c la imed that this is achieved by a c losed c i rcu i t  with a feed-  
back which works in accordance  with the principle of deviation of the pa ramete r  to be control led [3, 4]. 
This principle provides for  compar ison  of the actual and ass ignedvalues  of the pa ramete r  and, consequently, 
fo r  its p re l iminary  "setting" at a par t icu lar  stabil ized value. 

An essent ial  defect of the theory  of automatic stabil ization of the a r t e r i a l  p r e s su re  is that, while 
c la iming that this pa ramete r  is the principal  magnitude assigned,  it does not explain why this par t icular  
value and not some absolute value of the p r e s s u r e  is stabil ized [1, 7]. 

When cr i t ic iz ing  the conception of stabil ization of a r t e r i a l  p res su re ,  L. L. Shik [2] emphasized that 
it is not constancy of p r e s s u r e  which is essent ial  to the organism,  but a definite cor re la t ion  between the 
minute volume of the c i rculat ion and the total oxygen demand, a cor re la t ion  which is such that its end 
resu l t  is a tendency toward maintenance of the constancy of pO 2 in mixed venous blood. However, in this 
conception, s t r e s s ing  that the main purpose of the circulat ion is to supply the t issues with oxygen, the 
reason for  maintenance of a definite value of the a r t e r i a l  p r e s su re  remains  unexplained. 

In the conception of a mul t ic i rcui t  sys tem of adaptive control  of the circulat ion,  developed by one of 
the authors,  the value of a r te r ia l  p ressure ,  which changes in accordance  with the overal l  activity of the 
organism,  is r egarded  as an index of the quality of control  of the c i rculat ion pa ramete r s  [1]. In this case, 
however,  no explanation is given why this par t icular  value of the a r te r ia l  p r e s su re  should be an index of 
optimal circulat ion conditions cor responding  to the actual minute volume. 

The changing oxygen requi rements  of the o rgan i sm are  satisfied if cer ta in  l imitat ions--consequences 
of phylogenetic and individual d e v e l o p m e n t - a r e  present .  The most  important  of these a re  the existence of 
a cer ta in  l imit to the possible oxygen capaci ty of the blood, a limit to the blood volume, "assigned" geo-  
me t r i ca l  dimensions of the vascular  sys t em and heart ,  and a l imit to the output of the hear t .  

The supply of oxygen to the t issues also takes place with cer ta in  l imitations.  In par t icular ,  one such 
limitation is a cer ta in  length l and pe r imete r  of c r o s s  section of the capi l lary  L. The product of these 
values determines  the s t ruc tura l  constant  of the diffusion surface .  This s t ruc tura l  limitation is c o m -  
pensated by functional (controllable) var iables :  the number  n - o f  open capi l lar ies  and the blood flow through 
them, maintaining (in the presence  of a cer ta in  pO 2 gradient) oxygen supply to the t i ssues .  It may also be 
recol lec ted  that the number  of open capi l lar ies  is a function of the total r e s i s t ance  of the precapi l la ry  
vesse ls  of the organ [5, 6]. The lat ter ,  in turn, depends on the intensity of its functions. In future,  for  the 
sake of s implici ty,  it will be considered that the permeabi l i ty  of the diffusion sur face  is unchanged. 

We shall  show that a cer ta in  l inear velocity of blood flow exists in a capi l lary  at which the supply of 
oxygen f r o m  it is optimal f rom the point of view of the steady and adequate nutri t ion of the t issue along 
the whole length of the capi l lary .  

The need for  a uniform supply of oxygen along the whole course  of the capi l la ry  emerges  f r o m  the 
resul ts  of compar i son  of the distance between neighboring capi l lar ies  and their  length. In ske le ta lmusc le ,  
fo r  instance, the radius of oxygen diffusion (half the distance between neighboring capi l lar ies)  is 20-25 p, 
while the length of the capi l lary  is 500-1000 p [9]. Hence it follows that the oxygen capaci ty  of the 
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Fig.  1. Scheme of dis t r ibut ion of the oxygen supply to the t i s sue  along 
the length of a cap i l l a ry  in re la t ion  to l inear  ve loci ty  of movemen t  of  
blood in the cap i l l a ry ,  a) L inea r  ve loci ty  below optimal;  b) l inear  ve lo -  
c i ty  opt imal;  c) l inear  ve loci ty  above opt imal ;  A V A O 2 - a r t e r i o - v e n o u s  
oxygen di f ference;  l - l e n g t h  of cap i l l a ry ;  r - r a d i u s  of diffusion. 

e ry th rocy te  mus t  be expended along a path 25- 
v~ e ~ 40 t imes  longer than the radius  of diffusion. If 

the g r e a t e r  pa r t  of the oxygen were  given up in 
the init ial  pa r t  of the cap i l l a ry ,  the dis ta l  pa r t  
of the t i s sue  would be in conditions of hypoxia 
or  anoxia.  Such a s ta te  could a r i s e  if, in a 
working organ,  i .e. ,  in the p r e s e n c e  of a con-  
s ide rab le  pC 2 gradient ,  the l inear  ve loc i ty  of 

v blood flow along the cap i l l a r i e s  we re  below a 
ce r t a in  op t imum (Fig. 1, a).  

Fig.  2. C h a r a c t e r  of re la t ionsh ip  between oxygen 
supply to the t i s sues  and veloci ty  of blood flow The opt imal  ve loc i ty  mus t  be taken as the 
along cap i l l a ry .  PO2/S • l - p r o d u c t  of oxygen ve loc i ty  at  which oxygen reaches  the t i s sues  
supplied by a r ing  of an e l emen ta ry  cyl inder  of a un i formly  along the whole length and in a quantity 
cap i l l a ry  and its length; V - l i n e a r  ve loci ty  of blood de te rmined  by the oxygen demand (Fig. 1, bL 

flow in cap i l l a ry ;  S - a r e a  of r ing.  If the l inear  ve loci ty  exceeds  the opt imal  

value,  although the oxygen demand is met ,  the 
oxygen capac i ty  of the blood is ut i l ized uneconomical ly  (Fig. 1, cL  With an even higher  veloci ty  of blood 
flow, hypoxia may  again a r i s e  because  in these  conditions a fal l  of pC 2 in the t i s sues  may  take place as 
the r e su l t  of the re la t ive ly  low r a t e  of d issocia t ion of oxyhemoglobin [8]. This is i l lus t ra ted  in Fig.  2. 

By definition, the flow Q through a cap i l l a ry  is the ra t io  between the fa l l  of p r e s s u r e  P and the 
r e s i s t a n c e  R. Dividing both pa r t s  of this ra t io  by the a r e a  of c r o s s - s e c t i o n  of the cap i l l a ry ,  we obtain 
an express ion  fo r  the l inear  ve loci ty  of flow: 

P 
v -  R s  �9 

Substi tuting fo r  R in this f o r m u l a  its value e x p r e s s e d  through a f a c to r  of d imensions  of the cap i l l a ry  
and a f a c to r  of blood v i scos i ty ,  i .  e . ,  through (8/~r) ( / / r  4) (7), and express ing  the a r e a  S by 7r r2,we obtain: 

V = k . P . r  ~, 

where  k--l /s  l~ .  Taking k = l  fo r  a ce r t a in  "s tandard  n cap i l l a ry ,  we obtain: 

v =  P . r  ~, 

where  P is the fa l l  of p r e s s u r e  along the length of the cap i l l a ry  and r 2 is a m e a s u r e  of the a r e a  of its 
c r o s s  sect ion.  

The conditions of opt imal  diffusion in a ce r t a in  pa r t  of the t i s sue  demand that  in a s y s t e m  con-  
s i s t ing  of n ~standard n cap i l l a r i e s  connected in para l le l ,  the s a m e  l inear  ve loci ty  of blood flow is m a i n -  
tained as in a s ingle  cap i l l a ry .  The value of this mean  l inear  ve loci ty  fo r  a s y s t e m  of cap i l l a r i e s  is d e t e r -  
mined f r o m  the fo rm u l a  
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Vh ~ Pn,r2.n,  

where  P is the fa l l  of p r e s s u r e  in the s y s t e m  of cap i l l a r i e s ,  r 2 �9 n is the i r  total  a r ea ,  and Vn is the mean  
l inear  ve loci ty  of blood flow in the cap i l l a ry  s y s t e m ,  i .e. ,  

V n = ~ vi/n, 
i= 1 

where  n r e p r e s e n t s  the number  of cap i l l a r i e s .  

The  only de te rminan t  of opt imal  l inear  ve loc i ty  in a s y s t e m  cons is t ing  of n cap i l l a r i e s  connected in 
pa ra l l e l  is thus the value of the fa l l  of perfus ion p r e s s u r e  P.  In turn,  this value is se t  by the mean a r t e r -  
ial  p r e s s u r e .  

The  following hypothesis  m a y  be put f o rwa rd  on the bas i s  of the foregoing a rgumen t s .  The va r i ab le  
f low of blood in the c i r cu la to ry  s y s t e m  mus t  c o r r e s p o n d  to a pe r fec t ly  definite value of a r t e r i a l  p r e s s u r e  
n e c e s s a r y  for  mainta ining op t imal  conditions fo r  oxygen diffusion (and fo r  t i s sue  m e t a b o l i s m  in a wider  
sense) ,  by maintaining the r equ i red  l inear  ve loci ty  of blood flow along the cap i l l a r i e s .  The f i r s t  conclusion 
to be drawn f r o m  this is that  the concept ion of s tabi l iza t ion of a r t e r i a l  p r e s s u r e  is fundamenta l ly  unsound. 
A change in the minute volume of blood, if the a r t e r i a l  p r e s s u r e  is s tabi l ized,  would inevi tably lead to 
deviat ion of the mean  l inear  ve loc i ty  of blood flow through the cap i l l a r i e s  f r o m  the opt imal  value.  On the 
o ther  hand, in the conception of regula t ion  of the ove ra l l  blood flow by the cen t ra l  nervous  s y s t e m  [3], 
r igh t ly  emphas iz ing  the re la t ionship  between this value and the oxygen demand,  the a r t e r i a l  p r e s s u r e  is 
r e p r e s e n t e d  pure ly  as the fo rce  moving the flow of blood, and the s ignif icance of the p r e s s u r e  r e cep to r  
zones is d i s r ega rded .  The contradic t ion is r e so lved  if al lowance is made  fo r  the in format ive  value of the 
a r t e r i a l  p r e s s u r e  as a magnitude which, through the p r e s s u r e  r e c e p t o r  zones,  r e f l ec t s  the mean l inear  
ve loci ty  of blood flow in the cap i l l a ry ,  and the reby  the adequacy of the conditions of t i s sue  me tabo l i sm.  

The  re la t ionship  between oxygen supply along the cou r se  of the cap i l l a ry  as a function of l inear  
ve loci ty  has a m a x i m u m  (Fig. 2). Consequently,  the a r t e r i a l  p r e s s u r e ,  as a ref lec t ion  of the mean  l inear  
ve loc i ty  of blood flow in the cap i l l a r i e s ,  mus t  a lso  have a ce r t a in  value cor responding  to conditions of 
adequate and un i form gas exchange along the length of the cap i l l a ry ,  i. e. ,  to the condition of op t ima l t i s su e  
m e t a b o l i s m .  In this sense ,  this magnitude of a r t e r i a l  p r e s s u r e  is an in format ive  index of the opt imal  
re la t ionsh ip  between t i s sue  m e t a b o l i s m  and minute  volume of the c i rcula t ion.  Consequently,  the main  
purpose  of nervous  regulat ion of the c i rcu la t ion  is to es tab l i sh  a level  of a r t e r i a l  p r e s s u r e  which, during 
var ia t ions  in minute  volume,  will  ensure  s tabi l iza t ion of the fundamental  p a r a m e t e r  of the t i s sue  c i r cu la t ion~  
the mean l inear  ve loc i ty  of blood flow in the cap i l l a r i e s .  
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