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Abstract

AIM To study the effect of leukocyte-
endothelium interaction (LEI) on the flow
and distribution of leukocytes in
microcirculation under physiological
condition.

METHODS A microcirculation image multiple
parameter computer analysis system
(MIMPCAS) was used to study the flow and
distribution of leukocytes in mesentery
microcirculation of rats /n vivo.

RESULTS The difference of visible leukocyte
flux (VLF) was as high as 131 times in the
arterioles and venules with similar diameter
and blood velocity. The visible leukocytes
rolled along the blood vessel wall as a
“jerky” movement. The frequency
distribution of the visible leukocyte velocity
(VLV) showed a “two-peak” curve. The low
peak value was on 10 um/s-15 um/s while
the high peak fell between 25 ym/s-30um/s.
With the increase of diameter of venules,
VLF increased while the VLV remained at the
same level. With the increase of RBC
velocity, VLV trends to elevate and VLF to
fall down.

CONCLUSION The results herein might
provide a basic theory for the study on
the mechanism of LEI under physiological
condition and novel methods for the
prevention and treatment of high
LEI in many pathological processes.
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INTRODUCTION

Leukocyte-endothelium interaction (LEI) existsin
many pathophysiological processes, such as
inflammation, burns, tumor and shock!*2. Intherecent
two decades, quantitative studies on the interaction
of leukocyte-endothelium have been carried out and
the change of the flow and distribution of leukocytes
isthebasisfor theabnormal increase of LEI®*®. High
level LEI would b ring about the blockage of blood
vesselsand decrease of blood perfusion!®”. Therefore,
it isimportant to study the flow and distribution of
leukocytes in microcirculation. We used a
mi crocircul ation image multiple parameter computer
analysis system (MIMPCAS) to study the
characteristic of theflow and distribution of leukocytes
in mesentery microcirculation of rats, and analyzed
itsinfluencing factors.

MATERIALS AND METHODS

Five Sprague-Dawley rats were anesthetized
with a mixture of 133 g/L urethane and 10 g/L
chloralose (6 mL/kg, im)!. The abdomen of
rats was open by the incision on the midline
under the xiphoid. Small intestinal loopswere
pulled out and the mesentery was mounted on
a hollowed transparent pedestal for
observation. The specimen was suffused with
a balanced 37°C Kreb’s solution to maintain
relatively normal condition in temperature and
environment.

An Olympus microscope with ahalogen lamp and
Leitz long distance lens (20 x ) was used to
observe the third order arterioles and venules.
Being transmitted through alow-light level camera
of model 1319, the signal was displayed on aHitac
hi color monitor. A JVC recorder was used for
off line measurement. Each specimen was
recorded no more than 30 minutes so as not to
affect the mesentery microcirculation®. The
MIMPCAS was used to measure the diameter (D)
of blood vessels, the velocity of red blood cells
(Vrbc), the visible leukocyte velocity (VLV), the
visible leukocyte flux (VLF) and the adhesive
leukocyte count (ALC) following the procedure
described previously™.

The following formulawas used to calculate the
parameters of microcirculation*®: 1. mean blood
velocity, V men = Vind 1.6; 2. flow volume of blood,
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F =V e X TTx D?/4; 3. shearrate, Yiy = 8 X (Ve D); 4.
total leukocyteflux, TLF= (60 x F)x K x 10, K isthe
amount of leukocytesintheblood™; 5.invisibleleukocyte
flux, ILF=TLF-VLF.

The results were represented by mean + standard
deviation (X s) and the significance of differencewas
judged by Student’ st test.

RESULTS

Leukocytes flow and distribution in
microcirculation of rat mesentery under
physiological condition

Twenty arterioleswith adiameter between 11 pm-
45 um were selected for observation. Only one
leukocyte rolled along the wall an d there was
no leukocyte sticking on it in the third order
arterioles. In the 20 capillaries with an average
diameter of 6.3 um=+ 1.7 um, thevisibleleukocyte
flux was 0.2 cells/min = 0.4cells/min and there
were no plugging leukocytes. In the 20 venules
with a diameter of 10 um-50 um, the visible
leukocyte flux was 13.3cells/min £ 7.2cells/min
and therewere about 0.3 + 0.3 leukocytes sticking
on the wall within a length of 94 um of blood
vessels (Table 1). Under the physiological
condition, the flow and distribution of leukocytes
indifferent blood vesselsvariesto alarge extent.
The visible leukocyte flux (VLF) differed
significantly between the venules and arteries
with comparable diameter and blood vel ocity and
the value of VLF in venules was as high as 131
times that of arterioles. Due to the interaction of
leukocyte and endothelium which mainly occurred
in venules, further studies were curried out on
the flow and distribution of leukocytes in
mesentery venules.

Table 1 The flow and distribution of leukocytes in the mesentery
microvasculature of rats under physiological condition

Arteriole Capillary Venule
Number 20 20 20
D(um) 226+9.1 6.3+17 25.1+10.6
Vmean(mm/s) 1.07 £0.3 0.45+0.12 0.86 = 0.27
Flow(pL/s) 440.1 + 439.2 141+6.7 430.7 + 412.4
Ya(S™) 371.1+2128 5704 +189.7  272.1+189.2
TLF(cells/min)  91.1+ 90.9 29+14 89.2+85.4
VLF(cells/min)  0.1+0.2° 02+04 13.1+7.2b
ILF(cells/min) ~ 91.0+90.9 27+13 76.1+77.8
ALC(cells/94 um) 0 0 0.3+0.3

®P<0.01, t = 8.07.

The characteristic of the flow and distribution of
visible leukocytes

Thegpacecharacterigtic of theflow and digribution of
visibleleukocytes Ten sampling lines on vessel with
equal distancewere set perpendicular tothelongitudinal

vessel and the velocity of leukocyte passing
through each line was measured. The variation
of the velocity of leukocyte reflected the
characteristic of itstemporal distribution. Each
leukocyte passing through the sampling lineswith
a large variation on velocity suggested that
leukocyte rolling along the wall of blood vessels
took a“jerky” movement (Figure 1). However,
the average velocity for a leukocyte passing
through a vessel with a definite length was
similar, about 20 pum/s.

The time characteristic of the flow and
distribution of visible leukocytes For the
measurement, one line was set on a third order
venule (D: 37 um) of mesentery of rat. The
velocity and flux of all the visible leukocytes
passing the measuring line were determined in
10s as one unit, and measurements were
continuously performed 6 timesin 1 minute. It
was found that visible leukocyte velocity and
visible leukocyte flux changed temporarily
(Figure 2).

Frequency distribution of VLV The velocities
of 400 visible leukocytes in 30 third branch
venules were measured, of which the frequency
distrib utionisshown in Figure 3. The frequency
distribution of VLV presented with the
characteristic of double peaks. Low peak value
was about 10 um/s-15 um/swhile the high peak
was around 25 pm/s-30 um/s.Leukocytes with
velocity below 5 um/s or above 50 pum/s were
rarely found.

The influence of vessel diameter and blood
velocity on the flow and distribution of
leukocytes

Visible leukocyte flux and visible leukocyte
velocity were measured in 20 capillaries of
mesentery of rats. Eight venules with similar
blood velocity (Vrbc: 1.2 mm/s+ 0.1 mm/s) and
vessel diameter (D: 10 um-50 pm) were selected
for the observation of influence of vessel
diameter on the flow and distribution of
leukocytes. It was found that with the increase
of blood vessel diameter, visible leukocyte flux
increased while visible leukocyte veloci ty
remained relatively stable. Twelve venules with
similar diameter (31.5 pm = 1.1 um) were
selected for the observation of the influence of
blood velocity on the flow and distribution.The
blood velocity in these vessel s ranged from 0.27
mm/s to 1.38 mm/s. Following the increase of
Vrbc, visible leukocyte velocity increased while
visible leukocyte flux decreased as shown in
Figure4.
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Figure 1 Leukocytes rolling along the blood vessel wall showed a
“jerky” movement. (A. Multiple sampling scheme for the velocity
determination used by MIMPCAS; B. Three leukocytes passed
through 10 sampling li nes with a large variation of velocity.)
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Figure 2 The time-dependent changes of VLV and VLF in the third
order venules of rat mesentery.
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Figure 3 The frequency histogram of VLV.
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Figure 4 Effect of vessel diameter and red blood cell velocity on
the flow and distribution of visible leukocytes in the venules of
rats.

DISCUSSION

Recently, wide interest has been shown in the
research of leukocyte-endothelium interaction.
Studies on therheological behavior of leukocytesin
themicrocircul ation have promoted theunderstanding
on the mechanism of cellular adhesion. These studies
mainly involved two aspects, i.e., one is the
interaction between leukocytes and red blood cells
and the other is that between leukocytes and
endothelial cellg57.

It wasfound in this study that leukocytes scarcely
rolled on thewall or firmly sticked in arterioles.
Under normal condition, sticking leukocytesin
venules were rarely observed while some
leukocytes rolled along the vessel wall in the
marginal stream, suggesting that the flow and
distribution of leukocyte in venules and
arterioleswassignificantly different. There exist
some interactions between leukocytes and
endothelium in venules, for which the major
phenomenon is the leukocytes rolling on the
endothelium of venulewall. The development of
leukocyte rolling and sticking on endothelium
depends on two forces: leukocyte-endothelium
adhesive forces and hemodynamic dispersal
forces, i.e., shear stress!*®. Mayrovitz had
suggested that the adhesion of leukocytes on the
vessel wall might be mainly related to shear
stress, for the adhesion of leukocytes existed
on the wall of post-capillary venules!”.
However, the results herein showed that VLV
varied to a large extent even in the arterioles
and venules with a similar shear stress,
suggesting that under physiological conditionthe
difference of leukocyte flow and distribution in
different vessels mainly came from the
characteristic of endothelial cellsand the micro-
environment around leukocytes®.

Therolling of leukocytesdong thewalls presented
with an uneven “jerky” movement. The balance
between adhesive forces and dispersal forces
was broken by the non-homogeneity of
endothelium and that of hemodynamic forces,
which brought about the rolling of leukocytes
with the characteristic of non-stable speed ©##
19, The factors that influence homogeneity of
endothelium include non-even surface of
endothelium, local characteristic of endothelium,
surface distribution of charge, the concentration
of reactive substances, etc., while that for
hemodynamic force, were temporal variation of
blood velocity and local concentration of red
blood cells. The results from the analysis on the
frequency of VLV showed that the rolling
leukocytes with avelocity lower than 10 um/s
had a potential to stick on the endothelium
of blood vessels, while therolling leukocytes with
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a speed higher than 30 um/stended to merge into the
central stream of blood. Thetwo peaksof thedistribution
of VLV suggested that there were at | east two kinds of
adhesive moleculeswith different property, by whi ch
twodifferentve ocitiesof leukocyterollingadongthewalls
were mediated. However, the adhesive molecules
involved in the leukocyte-endothelium interaction are
waiting to beidentified and it is al so necessary to pay
more attention to the study on themechanism of cellular
adhesion.

In this study, the impact of diameter of blood
vessels and blood flow of venules on the flow and
distribution of leukocytes was analyzed. The
diameter of blood vessels were found to have a
significant effect on the flow and distribution of
leukocytes. In the blood vessels with a larger
diameter, visible leukocyte flux (VLF) increased
significantly, but thevisibleleukocytevelocity (VLV)
kept stable. Atherton had suggested that thetemporal
contact between leukocyte and endothelium should
be taken as an inelastic collision®®. The increase of
adhesion force would bring about more chances of
random collision and higher degree of inelastic
collisionbetweenleukocytesandendothelium. Visible
leukocyte flux mainly reflects the random collision
between leukocyte and endothelium, while visible
leukocyte velocity indicates the degree of inelastic
collision. Inthelarger vessels, theleukocyteflux and
theareaof endothelium arealso larger, so therandom
contact chancesincrease to bring about high flux of
visibleleukocyte. The change of diameter would not
impact the adhesion force, so visible leukocyte
velocity was the same.

Given acertain extent of blood viscosity, shear
stress is determined by blood velocity under the
condition of definite vessel diameter!2¢81%, The

shear stressishigh in the blood vessel swith fast flow of
blood, whichwill reducethechanceof collision between
leukocyteand endothelium. Thereforeinthevesselswith
fast blood flow, visibleleukocytefluxislowwhilevisible
leukocytevelocity ishigh.

Insummary, the flow and distribution of leukocytes
inthe mesentery microcirculation of ratswas studied in
vivo, and theinfluencia factorsonwhichwereexplored
under normal conditions. Theresult of thisstudy ishelpful
for the understanding of the mechanism for leukocyte
endotheliuminteractioninphysiologicd sateandprovides
theoretic basisfor the study and treatment of increased
LEl in pathologica processes.
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