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Oxidative metabolism of neutrophilic polymorphonuclear leukocytes circulating in the
blood was studied by chemiluminescent analysis and the nitroblue tetrazolium reduc-
tion test. Pronounced activation of oxidative metabolism of polymorphonuclear leuko-
cytes was observed by the third and sixth hours of massive embolism of the pulmo-
nary arteries. Comparison of the examined parameters of oxidative metabolism of leu-
kocytes isolated simultaneously from venous and arterial blood indicates a delay of the
most active cell fraction in pulmonary vessels during massive embolism. The transfer
of functionally active leukocytes from the circulating to the marginal pool of the lungs
suggests their participation in damaging the pulmonary microvascular endothelium and
in increasing its permeability.

Key Words: massive pulmonary embolism; neutrophilic polymorphonuclear leukocytes; lung

vessels; endothelium

Damage to the endothelial lining of microvessels
is thought to be the principal factor in the devel-
opment of the respiratory distress syndrome in
adults with various diseases [17]. Numerous reports
attest that endothelial damage is associated with the
activation of oxidative metabolism in neutrophilic
polymorphonuclear leukocytes (NPMNL) and the
production of reactive oxygen species (ROS) by
them [11,13,14,21]. We have shown that acute
massive embolism of pulmonary arteries (MEPA)

Russian State Medical University, Moscow. (Presented by V.
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is paralleled by neutrophil accumulation in the
lumen of alveolar capillaries, by numerous local
impairments of the endothelium, and by manifest
interstitial edema [2]. The aim of this work was
to investigate NPMNL oxidative metabolism and
the possible role of ROS generated by these cells
in damage to the endothelium of pulmonary
microvessels in experimental MEPA.

MATERIALS AND METHODS

Mongrel dogs weighing 15 to 20 kg were used in
experiments which were carried out under conditions
of closed chest and spontaneous respiration. For

0007-4888/94/0012-1332$12.50 ©1995 Plenum Publishing Corporation
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premedication promedol was injected intramuscularly
in a dose of 10 mg/kg; narcosis during the experi-
ment was achieved by fractional intravenous infusion
of sodium thiopental in a dose of 20 mg/kg.
Catheterization of the heart and vessels and acute
MEPA modeling were performed as described previ-
ously [2]. The experimental group comnsisted of 14
animals; blood samples were collected immediately
after catheterization of the heart and then 3 and 6
h after MEPA reproduction. The control group con-
sisted of 13 animals from which blood samples were
collected at the same times. In all cases, blood for
analysis was collected simultaneously from the right
and left ventricles of the heart. Euthanasia was per-
formed by intravenous infusion of a lethal dose of
sodium thiopental in both groups of animals.

Chemiluminescent analysis and the nitroblue
tetrazolium (NBT) reduction test are widely used
in studies of the functional activity of NPMNL and
of ROS production by them ([3,5]. For the NBT
test, a drop of incubation medium (0.2 ml 0.2 M
‘NaH,PO,, 0.8 ml 0.2 M Na,HPO,, 2 mg crystal
stain NBT, pH 7.2) was added to a drop of blood
on a slide and mixed with a glass rod. The mix-
ture was incubated for 65-75 min in a humid
chamber at 37°C and then cooled at room tem-
perature. Smears were prepared, dried, and fixed
with ethyl alcohol for 3 min. NPMNL nuclei were
then additionally stained with a 1% aqueous solu-
tion of methyl green for 10 min. Counts of
NPMNL with different contents of diformazan
granules in the cytoplasm (Table 1) were assessed
as described previously {4] and the mean cy-
tochemical index of activity per 100 cells was es-
timated: the number of the group was multiplied
by the number of NPMNL in this group, the
products were summed and divided by 100. Chemi-
luminescent analysis was carried out using a 1251
luminometer (LKB). Hanks solution, pH 7.39,
Iuminol, cells, and activator (opsonized zymosan) in
final concentrations of 2.0x105 M, 0.25x10%/ml,
and 0.1 mg/ml, respectively, were placed in the
luminometer cuvette. The luminescence light sum
per 10 sec was measured during constant stirring at
37°C. Chemiluminescence was assessed before and
after the addition of activator to cells. This value
corresponded to the difference of the peaks of the
curves reflecting activated and spontaneous chemilu-
minescence. The data were processed by mathemati-
cal statistics using Student’s r test.

RESULTS

The cytochemical index of activity of NPMNL
circulating in the blood was found to rise by the
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Fig. 1. Changes in the cytochemical index of NPMNL
activity during the third and sixth hours of control and
experimental (MEPA) studies. Ordinates: changes in the
cytochemical index of NPMNL activity in % of initial values.
Blood from right (RV) and left (LV) ventricles. Differences
reliable (p<0.05) vs. the initial () and control (*) values and
between LV and RV (9).

third and sixth hours of the experiment in the
control group (Fig. 1). There were no differences
between the changes in this parameter in blood
samples collected from the right and left ventricles.
The rise of the cytochemical index occurred due
to an increased share of NPMNL with a high level
of oxidative metabolism (Table 1). Specific counts
of functionally active NPMNL were virtually the
same in blood samples from both ventricles.
Chemiluminescent analysis did not reveal appre-
ciable changes in spontaneous or activated chemi-
luminescence of NPMNL in the blood flowing
from the lungs (Fig. 2). There was a tendency
toward a decrease in the intensity of both types of
chemiluminescence of NPMNL isolated from
mixed venous blood.

Hence, a moderate increase of the functional
activity of NPMNL circulating in the blood was
observed in the controls, which might be due to
some factors associated with the experimental con-
ditions (narcosis, catheterization of the heart, pro-
longed immobilization of animals). The mean cy-
tochemical index of NPMNL activity and the spe-
cific count of blood NPMNL with a high level of
oxidative metabolism were the same before and
after blood passage through the lungs. This rules
out a delay of the NPMNL fraction most active
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with respect of ROS production in the pulmonary
microvessels in the control, an assumption which
is confirmed by the results of chemiluminescent
analysis, which did not reveal a reduction of
NPMNL capacity to generate ROS after these cells
had passed_through the lungs.

By the third and sixth hours of MEPA the
cytochemical index of NPMNL activity in venous
and arterial blood was noticeably increased, sur-

—passing the baseline and control levels (Fig. 1),
although the values of this index were less changed
in samples collected from the left ventricle than
from the right. The rise of the cytochemical in-
dex occurs due to an increase in the percent con-
tent of NPMNL with a high level of oxidative
metabolism (Table 1). In parallel with this, the
share of NPMNL with low functional activity
drops. The specific share of the most active
NPMNL (groups 4 and 5) is smaller in the blood
samples from the left than from the right ventricle.
Chemiluminescent analysis revealed increased spon-
taneous and activated chemiluminescence of NPMNL
isolated from the venous pool (Fig. 2). The right
to left ventricle ratio increases by the third and
sixth hours of MEPA as regards activated chemilu-
minescence of NPMNL (2.35+0.59 and 1.45%0.29),
reliably surpassing the control (0.85£0.09 and
0.68+0.12, respectively, p<0.05).
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Hence, MEPA is associated with a more pro-
nounced increase of the functional activity of
NPMNL circulating in the blood and of their ca-
pacity to produce ROS, in comparison with the
control. Changes in NPMNL and in vascular en-
dothelium are known to be closely related and
interdependent. Activation of the endothelial layer
induces a cascade of reactions which boost oxida-
tive metabolism of NPMNL [1]. Various factors
may influence the status of vascular endothelio-
cytes, such as changes in hemodynamics, gaseous
and biochemical composition of the blood, and
activity of the neurohumoral regulatory systems,
which are involved in the complex of pathophysi-
ological reactions in MEPA [2,6,9]. Comparison of
the examined parameters of oxidative metabolism
in NPMNL isolated simultaneously from venous
and arterial blood demonstrated a retention of the
cells most actively producing ROS in pulmonary
vessels in experimental MEPA. The following cir-
cumstance may be conducive to this. Embolic oc-
clusion of a lung vessel is associated with a pres-
sure drop and blood flow disorders in vessels dis-
tal to the site of involvement [6]. Since the
massive variant of experimental embolic occlusion
involves bilateral damage to quite a number of
lobar arteries [2], the observed circulatory changes
may have an appreciable impact on the size and

TABLE 1. Percent Content of NPMNL with Different Levels of Oxidative Metabolism in the Blood of Control and Experimental

Animals {(NBT Reduction Test} (M=*mj}

Number of difor- Control group

mazan granules in 0Oh 3h

NPMNL cytoplasm

RV LV RV LV RV

No granules

(group 0) 10=3*] 10=3

Granules fill up to
30% of cytoplasm
(group 2) 29=%3

27x2 | 25%=2 | 26=%3

Granules fill 50—
100% of cytoplasm;
nucleus discernible
(group 4}

Granules. fill ‘up_to

{group

16=4

22£3

Experimental group (MEPA)
6 h 0h 3 h 6 h

LV | RV | LV | RV | LV | RV | Lv
1424 | 2124 | 1625 | 723° | 73 | 1224 | 174
1122t | 1122t | 1923 | 1423

263 | 262 | 304 | 1823 | 23%4 | 15=5 | 17=5
142 | 1822 | 27%3" | 30%4" | 1823 | 2547

5%1 |22#3°%| 16227 |20227*| 13=2"
21 ) 21 10420 | 1654° | 14537

Note. RV: right, LV: left ventricle. Reliable differences (p<0.05) vs. initial () and control (*) values.
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Fig. 2. Spontaneous and activated chemiluminescence of NPMNL in control and experimental (MEPA) studies. Notation

as in Fig. 1.

composition of the marginal pool in the lungs.
The shift of functionally active NPMNL from the
circulating to the marginal pulmonary pool suggests
that they play a role in damaging the vascular
endothelium [1,20]. Our previous ultrasound study
of pulmonary microvascular endothelium in MEPA
[2] revealed signs of its impairment (clearing of
the cytoplasm, destruction of mitochondria, appear-
ance of lamellar membrane structures, transforma-
tion of transport communications, development of
local membrane defects) which were most fre-
quently observed at sites of endotheliocyte contact
with activated NPMNL. The results of the present
study permit us to attribute the endotheliocyte
damage detected in experimental MEPA to reac-
tions involving ROS generated by functionally ac-
tive NPMNL.

When assessing the possible changes in oxida-
tive metabolism of NPMNL and their role in im-
pairing the pulmonary microvascular endothelium
in patients with massive pulmonary artery throm-
boembolism, one should bear in mind several fac-
tors. On the one hand, changes in the hemostasis
system leading to the development of embologenous
venous thromboses are observed in this category of
patients [6], but are absent in experimental ani-
mals. The processes of clot formation are associ-
ated with the production of numerous bioactive
substances stimulating NPMNL [1]. This has been
demonstrated, for example, for arachidonic acid
derivatives [12,15,20]. The data presented permit us
to expect more intensive activation of NPMNL cir-
culating in the blood in patients with massive pul-
monary artery thromboembolism than in experi-
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mental MEPA. On the other hand, hydrocortisone
levels are appreciably increased in the blood of
patients with acute massive pulmonary thromboem-
bolism, which is never observed in experimental
MEPA [9]. Glucocorticoids are known to prevent
injury to the vascular endothelium and an increase
of its permeability, including in cases following
reduced adhesion, aggregation, and chemotaxis of
NPMNL, inhibition of phosphorylase A, and
NADPH oxidase [10,16,18,19,22]. The latter fac-
tor is responsible for the reduction of ROS pro-
duction, this being paralieled by a reduction of
NPMNL chemiluminescence under the effect of
glucocorticoids [23]. Hence, the degree of oxida-
tive metabolism activation of NPMNL and their
role in the genesis of injury to the pulmonary vas-
cular endothelium in patients with MEPA depend
on the ratio between stimulating and inhibitory
factors, which is largely an individual matter.

In conclusion, this investigation demonstrates
the “protective” function of the lungs vis-a-vis
other vascular regions in MEPA. Retention of the
most activated NPMNL in pulmonary vessels,
feading to a reduction of their activity and of their
ability to produce ROS, results in the release of
functionally less active NPMNL in the greater cir-
culation. This, in turn, lessens the possibility that
NPMNL and the ROS produced by them will be
able to damage the vascular endothelium in other
organs, primarily the myocardium. The latter cir-
cumstance is extremely important because the out-
come of MEPA, namely the possible development
of irreversible heart failure, depends to a great
degree on the status of the myocardium, as was
demonstrated in our previous studies [7,8].
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