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An intravital microscopic study of pial microvasculature in the rat cerebral cortex 
showed that, both in the resting state and when the vessels are dilated as a result of 
ischemia, the principle of minimal energy expenditure is one of the factors regulating 
the ratio of arteriolar diameters in arteriolar ramifications. 
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Optimality in terms of a particular criterion is one 
of the basic principles observed in the structure of 
various biological objects [4]. It has been substanti- 
ated theoretically that in the circulatory system this 
principle may be realized according to the criterion 
of the least hydraulic resistance offered by the vas- 
cular network to the flowing blood [5]. Verification 
of this thesis using pial vessels of rabbit cerebral 
cortex showed that for the microcirculatory bed (ar- 
terioles less than 100 g in diameter) it is valid only 
under conditions of postischemic hyperemia [3]. In 
that study, however, vessel diameters were measured 
on morphological specimens, which could skew the 
results. The present intravital study has shown that, 
provided the vascular tone is normal, the principle 
of optimality is observed for cerebral cortical micro- 
vessels both in the resting state and when the ves- 
sels are dilated. 

MATERIALS AND METHODS 

The study was conducted in the fall and winter on 
60 random-bred white male rats (body weight 250- 
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300 g) under chloral hydrate anesthesia. Their ce- 
rebral microvessels were examined (in the area sup- 
plied by the middle cerebral artery) as described 
previously [2] under  an ML-2 microscope using an 
LK-10 contact object lens which enabled these ves- 
sels to be viewed through the intact dura mater (at 
a total magnification of 50). The internal diameters 
of vessels (widths of erythrocyte flow) were measured 
on photographs with a graduated grid. The common 
carotid arteries were occluded bilaterally by applying 
surgical clips to dissected-off vessels. 

The optimali ty of the ramifications of pial 
arterioles was evaluated by the following relation- 
ship, derived by Rosen [5]: 

D03 = D? + D?, 
where D O is the diameter of the main trunk and 
D 1 and b 2 are the diameters of its ramifications. 

The bifurcation for which the above equality 
was satisfied was considered optimal, i.e., offering 
minimal  hydraulic resistance. 

RESULTS 

We examined 271 arteriolar bifurcations (the di- 
ameter  of the main t runk ranged f rom 20 to 80 
g) and 203 venular bifurcations (diameter of main 
t runk  30 to 140 g) under  resting conditions and 
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52 arteriolar bifurcations under  conditions of dila- 
tation produced by occlusion of the c o m m o n  ca- 
rotid arteries. 

Preliminarily, when the cubed diameters of 
the main trunks were compared with the sums of 
the cubed diameters of their ramifications, the dis- 
tribution histograms obtained for vessels of  both 
categories showed that their distribution was nor- 
mal, so that the histograms could be statistically 
treated by Student 's t test. 

The arteriolar bifurcations were classified into 
six groups in order of increasing diameter, in steps 
of 10 ~t (Table 1). 

A paired comparison was then under taken of 
the cubed diameters of  the main trunks with the 
sums of the cubed diameters of the ramifications 
m each of the six groups in the resting state. A 
significant difference by Student 's  t test was ob- 
tained only for group 1 (p<0.05). In the other five 
groups the values did not differ significantly, which 
indicates that most of  the arteriolar bifurcations 
studied obeyed Rosen's optimality principle in the 
state of normal vascular tone. 

When both carotid arteries were occluded, a 
pronounced dilatation of the arterioles was observed 
during the In'st 5 m m  after the onset of occlu- 
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sion. Although the increments  in vessel diameters 
were potentially large enough (35 to 63%) for the 
ratios of  diameters  to exceed the limits of  the 
optimal proportions, estimates of the ratios of  cubed 
diameters of  arterioles and bifurcations showed that 
the optimality principle was still satisfied (Table 2). 

These findings indicate  that opt imal i ty  is a 
regulated rather than a passive parameter .  This 
conclusion is supported by the results obtained for 
the venules, which are known to be incapable of  
changing their lumens [6]. 

The venular bifurcations were also classified into 
six groups in order of  increasing diameter, in steps 
of 20 m. Here, too, a paired comparison of the 
cubed diameters of  the main trunks with the sums 
of the cubed diameters of the ramifications was car- 
fled out for each group. Signfficant differences were 
obtained for groups 2, 3, and 6, but  not  for the 
other three (Table 1). Thus, in contrast to the ar- 
terioles, only a proportion of the venular bifurcations 
obeyed Rosen's optimality principle. 

Taken together,  the results of  this s tudy sug- 
gest the existence of  a mechanism which,  while 
regulating vascular tone, also minimizes the hydrau- 
lic resistance of  the arteriolar bed  [1]. 
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