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Measurements of velocity profiles in arterial microvessels (20-103 µ in diameter) of rat
mesentery and m. creamaster showed that bloodflow regimen under natural conditions
can be similar to that of Newton fluid or pseudoplastic laminar stream, which indicates
significant fluctuations in blood viscosity.
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The development of methods for adequate evalua-
tion of blood rheology acquired special signifi-
cance in studies of the effects of surface-active sub-
stances on blood supply intensity under critical con-
ditions caused by acute blood loss (hemorrhagic
shock) [2,5-7]. Attempts at explaining the mecha-
nism of this effect by changes in blood rheology
were not confirmed in experiments on viscosime-
ters [5-7], because numerous specific factors of
functioning of a living microcirculatory bed (MCB)
forming blood rheology could not be reproduced
simultaneously [2]. The curve of velocity profiles
reflects real value of shear rate in the stream, while
its changes in the vessel indicate transformation of
the bloodflow regimen and hence, qualitative chan-
ges in blood rheology.

We studied the velocity profiles in arterioles of
different diameters in vivo under real conditions of
a living MCB functioning.

MATERIALS AND METHODS

Experiments were carried out on 42 mesenteric
arterioles (13-40 µ in diameter) and of m. crea-
master arterioles (42-103 µ in diameter) in 18 labo-
ratory rats of both sexes (200-300 g). The rats were

narcotized with Nembutal (6 mg/100 g, intramus-
cularly). The respiratory function was provided for
by tracheotomy. One or both (depending on the
tasks of the experiment) internal carotid arteries, fe-
moral artery, and jugular vein were catheterized.
The circulatory system of animal was connected to
a Stadtham pickup (Elema-Shonander) for blood
pressure recording via a catheter inserted into the
femoral artery (in some cases into the carotid ar-
tery). The diameter of the vessel and linear velocity
of individual strata of the blood stream were mea-
sured. Bloodflow velocity in arterioles and distri-
bution of velocities of individual flow lines were
recorded in parallel with arterial pressure.

For subsequent biomicroscopy, the abdominal
cavity was opened sagittally and a mesenteric loop
or m. creamaster was isolated, after which the ani-
mal was placed on a thermostat table washed with
saline in order to prevent drying of the studied
object. The visual field was illuminated with a light-
guide in order to prevent thermal exposure of the
studied object (blood vessel).

Life-time recording of linear velocities of indi-
vidual layers of the blood stream was carried out
on an MPV-Compact Vel. device [4] installed on a
microscope phototube perpendicularly to the plane
of the mesenteric loop. A vessel for measurements
of the velocity profiles was to meet the following
requirements: the vessel axis was to be as straight
as possible; the diameter of vascular lumen was to
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be about the same in the entire visual field; visually
seen flow lines were to be parallel in the entire
visual field, parallel to the lattice opening field, and
perpendicular to its sides. Linear velocities of the
bloodflow (bloodflow lines) were fixed along the
transverse section of the vessel. The animal was
moved on the scanning table of the microscope
preparation guide in the plane perpendicular to the
bloodflow direction in the studied organ, so that the
bloodflow velocity lines could be recorded at a
preset step starting from the layer immediately at
the vascular wall towards the contralateral wall.
Linear velocity registration (Vr) was carried out on
an MPV Compact Vel. device in parallel with mea-
surements of the distance between the point in which
the velocity was measured and the vascular wall
and the inner diameter of the vessel (2R). The dis-
tance to the vascular wall was then conversed to the
distance from the vascular axis (r). These distances
and bloodflow linear velocities at the vessel axis
(Vax) were repeatedly controlled during registration
of the linear velocities of the bloodflow lines, as the
inner diameter of the vessel and Vax could change
during the measurements. The Vr/Vax at the vas-
cular wall was taken for the 0, at the axis for 1. The
resultant values reflected shear rate in individual
layers of erythrocyte flow (velocity profile in the
studied MCB vessels).

RESULTS

The velocity profile in large (more than 46 µ in
diameter) rat MCB arterioles was stable and did not
depend on the arteriolar diameter and linear axial
velocity of the bloodflow. The profile shape in a
46-µ  vessel virtually did not differ from that in a
vessel with a several-fold greater diameter (Fig. 1).
The Vax value was inessential for the profile curve:
its shape for a flow with Vax=8.14 mm/sec virtually
did not differ from that with Vax=16 mm/sec.

The picture in vessels with diameters less than
40-46 µ was qualitatively different. The profile shape
could differ in arterioles of approximately the same
diameter, indicating a different (from a rheological
viewpoint) bloodflow regimen. Flow regimens char-
acteristic of Newton (in a 30-µ vessel) and non-
Newton fluid (in a 32-µ vessel) can be seen in MCB
arterioles (Fig. 2). Experimental data on velocity
profiles in a 30-µ vessel are approximated by a
curve reflecting laminar flow of the Newton fluid
and are described by an equation: y=1-x2 (appro-
ximation reliability coefficient R2=0.97). This fact
indicates that under natural conditions the blood in
some MCB arterioles can flow with the viscous
characteristics of the Newton fluid. In vessels smal-

ler than 46-40 µ, in which the vascular/erythrocyte
diameter is much less than 10 and the concentration
of erythrocytes is significantly different, Vax and
2R values are obviously not the factors determining
the bloodflow regimen. The profile shape in them
reflects the integral resultant of the shear and iner-
tial forces, caused by orientation behavior and inter-
actions between erythrocytes. In a 32-µ vessel with
Vax about 2-fold more (4.5 mm/sec) the flow regi-
men corresponds to the flow of caisson (viscous plas-
tic, pseudoplastic) fluids. In this case the velocity
profile curve is approximated by equation: y=1-x5

with the approximation reliability coefficient R2=0.97.
On the other hand, the difference in the bloodflow

Fig. 1. Velocity profile in the rat m. creamaster arterioles of 46
(1), 80 (2), 84-102 (3) µ in diameter. Vax=15-16 mm/sec (1), 8.14
mm/sec (2), and 11.75-16 mm/sec (3).

Fig. 2. Velocity profiles in the rat mesenteric arterioles of 30 (1)
and 32 (2) µ in diameter at axial velocities of 2.3 and 4.5 mm/sec,
respectively. Interrupted line shows the theoretical curves
approximated by equations y=1-x2 (3) and y=1-x5 (4).
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velocity significantly affects the profile shape (Fig.
3). In a 20-µ vessel at Vax of about 9 mm/sec the
profile approximates the profile of the Newton fluid
laminar flow, while at a velocity of 2 mm/sec the
profile is flat, similarly to the flow profile of the
caisson fluid. It is remarkable that both profiles are
situated between the curves described by equation
y=1-x2 for Poiseuille flow of the Newton fluid and
equation y=1-x6 (Fig. 3) characteristic of fluids with
a clear-cut flow nucleus, i.e. caisson fluids (pseudo-
plastic, nonlinear viscous). These data prove that

Fig. 3. Velocity profiles of the rat mesenteric arterioles of 20 µ in
diameter at axial velocities of 2 (1) and 8.75-9.25 mm/sec (2).
Interrupted line shows the theoretical curves approximated by
equations for Poiseuille flow of the Newton fluid: y=1-x3 (4) and
y=1-x6 (5).

under natural conditions (without exogenous ef-
fects) the flow regimens are qualitatively different
in arterioles smaller than 40 µ in diameter, which
indicates significant variability of factors forming
the blood rheology. These regimens reflect different
friction between layers of the bloodflow — the inter-
nal friction coefficient, or the actual viscosity of the
blood flowing in arterioles of a living microcircu-
latory system. Hence, registration of the velocity
profile shape by the method described in this paper
provides objective data for in vivo evaluation of
bloodflow regimen and its changes in MCB vessels,
directly reflecting the qualitative changes in viscous
characteristics of the blood.
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