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The xenobiotics methylcholanthrene and sovol (the latter being a mixture of polychlo-
rinated biphenyls), which are monooxygenase system inducers, were tested for their
effect on the respiratory burst in rat blood neutrophils in vive. The chemiluminescence
accompanying this burst was more intensive in the neutrophils of rats treated with me-
thylcholanthrene or sovol than in untreated rats. Observed changes in the 2A _ pa-
rameter of the electron paramagnetic resonance spectrum recorded for the spin probe
5-doxyl stearate in the presence of neutrophils indicated that methylcholanthrene and
sovol can exert a direct effect on the viscous properties of neutrophil plasma mem-
branes in vivo. These changes were similar in direction to those in the intensity of

chemiluminescence during the respiratory burst in neutrophils.
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The monooxygenase system plays an important role
in determining chemical homeostasis in the body
and may be closely associated with another protec-
tive system, namely the immune system [3]. The
monooxygenase system is predominantly located in
the endoplasmic reticulum of hepatocytes, but has
also been identified in cells of other types, includ-
ing immunocompetent cells [1,2].

During the development of inflammation, func-
tionally significant properties in primary cell-medi-
ated immune reactions are manifested by macroph-
ages, leukocytes, and particularly neutrophils.
Thanks to these properties, the respiratory (oxida-
tive) burst is activated in cells as a result of their

Laboratory of Physical Chemistry of Biomembranes, Department
of Biology, Moscow State University (Presented by I. P.
Ashmarin, Member of the Russian Academy of Medical Sciences)

interaction with a foreign antigen or chemical com-
pound (activator) [6,12].

It is significant that the monooxygenase system
of leukocytes and macrophages is capable of being
induced by polycyclic aromatic hydrocarbons and of
expressing aryl hydroxylase activity [2,14]. Effects of
polychlorinated biphenyls (PCB) on the generation
of superoxide radical and on the degranulation of
neutrophils in vitro have been described [11].

Very little is known, however, about the rela-
tionship between the activity of immunocompetent
cells and the induction of a monooxygenase system
in these cells by xenobiotics. In this study, there-
fore, an attempt was made to determine how the
induction of rat blood neutrophils with methyl-
cholanthrene and sovol (a mixture of PCB) might
alter the ability of these cells to exhibit a respira-
tory burst.
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Fig. 1. EPR spectrum of the spin probe 5-doxyl stearate (50
puM) in the presence of a neutrophil suspension (10° cells/100
ul of the medium where measurements were performed).

MATERIALS AND METHODS

Random-bred white rats weighing up to 300 g
were used. A monooxygenase system was induced
in them, after a 24-h fast, with methylcholan-
threne or sovol injected in vegetable oil intraperi-
toneally in a single dose of 200 and 40 mg/kg, re-
spectively. Rats were killed 48 h postinjection, and
neutrophils were isolated from heparinized blood of
their abdominal aorta by Boyum’s method [9] (with
some modifications) into a salt medium of the fol-
lowing composition (mM), in which all measure-
ments were also made: 140 NaCl, 5 KCl, 1 MgClL,
1 CaCl,, 1 Na,HPO,, 5 glucose, and 10 HEPES+5
Tris buffer (pH 7.4).
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Fig. 2. Intensity of the respiratory bursts shown by neutrophils
induced with methylcholanthrene or sovol in relation to that of
uninduced neutrophils taken as 100%. ! and 3) uninduced
{control) neutrophils; 2 and 4) neutrophils induced by methylcho-
lanthrene and sovol, respectively.
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Neutrophils were counted in Goryaev’s cham-
ber and their viability, as estimated by the dye ex-
clusion test using 5% trypan blue, was found to be
no less than 98%.

The intensity of neutrophil chemiluminescence
was measured at 37°C with a PKhL-01 luminometer
after adding luminol (10* M) and the oxidative
burst activator phorbol-12-myristate-13-acetate
(PMA, 107 M) to the salt medium of the above
composition containing 0.5x10° cells/ml. The che-
miluminescence intensity at the peak of the chemi-
luminescence curve was expressed in relative units
per 10° cells.

The electron paramagnetic resonance (EPR)
spectrum of the spin probe 5-doxyl stearate incor-
porated into the neutrophil plasma membranes (Fig.
1) was recorded with an RE-1307 radiospectrometer
of the 3-cm range. For recording the EPR spec-
trum, 1 pl of the probe (50 uM) was added to 100
ul of the salt medium, which was then vigorously
agitated and placed in a special cell in the cham-
ber of the radiospectrometer’s resonator.

The results were statistically analyzed on a
computer using Statgraphics software.

RESULTS

Neutrophils of the blood are more active than ma-
ture bone marrow neutrophils, for the entry of these
cells into the circulation causes them to complete
their functional maturation. High chemilumines-
cence of neutrophils accompanies many diseases and
appears to reflect the degree to which homeostatic
mechanisms are functionally strained. Agents that
raise neutrophil activity to a new level are referred
to as conditioners [5,6]. Neutrophil-conditioning
factors probably include certain xenobiotics.

The respiratory burst in neutrophils was re-
corded 48 h after the rats had been injected with
methylcholanthrene or sovol. By this time, these
xenobiotics effectively induce the cytochrome P-
450-dependent monooxygenase system of the liver
- a process that can be monitored by measuring
the cytochrome P-450 concentration [13]} and 7-
ethoxycoumarin-O-de-ethylase activity [15] in the
microsomal fraction of rat liver (data not shown).

The recording of PMA-induced neutrophil
chemiluminescence demonstrated an elevated level
of the respiratory burst in the cells isolated from
the blood of rats injected with methylcholanthrene
or sovol, as compared to cells from control ani-
mals (Fig. 2). The results were evaluated by the
Mann-Whitney test for paired comparisons.

During the course of their 48-h induction of
the monooxygenase system accompanied by a shift
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in the body’s chemical homeostasis, the xenobiotics
apparently conditioned the rat neutrophils; that this
conditioning activated the neutrophil chemilumines-
cence is indicated by its heightened level. The dif-
ference in chemiluminescence intensity between
neutrophils from methylcholanthrene-treated rats
and those treated with sovol (cf. 2 and 4 in Fig.
2) may be attributed to the different compositions
and properties of these two inducers. The hydro-
phobic polycyclic aromatic hydrocarbon methyl-
cholanthrene, a potential carcinogen and an immu-
nomodulator, reliably induces certain forms of cy-
tochrome P-450 [2,10], while sovol, representing a
mixture of PCB, is a strong inducer of the mono-
oxygenase system [7] and, by virtue of its hetero-
geneous composition, may be an active modulator
of chemical homeostasis.

The shift in chemical homeostasis after the in-
duction of the monooxygenase system by methyl-
cholanthrene probably proceeds via a pathway dis-
tinct from that after the induction by sovol because
the metabolic pathways of these xenobiotics differ,
as do the toxicities of their metabolic products. It
appears that the susceptibility of immunocytes to
homeostatic alterations may be determined by their
intrinsic properties.

The population of neutrophils is heterogeneous
and the induction of their monooxygenase system
by xenobiotics may affect different differentiation
stages of these cells. During the 48-h period of in-
duction by methylcholanthrene or sovol, neutrophils
manage to pass through some phases of their life
cycle. The time elapsing between the start of their
generation in the bone marrow and their exit into
the circulation and their death there ranges from 10
to 15 days, of which they circulate in the blood for
only 6-7 h [6]. Neutrophils, therefore, may be con-
ditioned at different stages of their formation. Di-
rect induction of their monooxygenase system by
xenobiotics in the bone marrow is likely [8], so that
neutrophils entering the bloodstream may already
show enhanced chemiluminescence. Moreover, a
contribution to the conditioning of neutrophils can
probably be made by the cytochrome P-450-depen-
dent system which, it is believed, may be located
in the plasma membrane of immunocytes and act
as a “chemoanalyzer” there [3].

Furthermore, one cannot rule out a direct ac-
tion on neutrophils irn vivo by inducers such as
xenobiotics or by their metabolic products, which
may entail, in particular, alterations in physico-
chemical properties of neutrophil plasma mem-
branes. Bearing in mind this possibility, we com-
pared the viscosity of neutrophil membranes from
rats induced by methylcholanthrene or sovol with
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Fig. 3.  Parameter 2A , of 5—doxyl stearate EPR spectrum in
the presence of rat blood neutrophils. I} untreated rats; 2) rats
treated with methylcholanthrene (2} or sovol (3).

that of membranes from intact rats. The indicator
of altered membrane viscosity was the 2A_  param-
eter of the 5-doxyl stearate EPR spectrum (Fig. 1).
The lower the membrane viscosity, the more rapid
the movement of this probe in the membrane and
the lower the value of 2A , and vice versa [4].
The EPR spectrum was recorded at least 3 times in
different portions of each neutrophil preparation.
Mean 2A__ values for neutrophils from the three
groups of rats are shown in Fig. 3. Owing to the
high sensitivity of the spin probe method used, the
values measured under identical conditions were
very similar. The resolving power of the EPR spec-
trometer was sufficient to regard differences between
2A__ values in the range of 1-2 Gs, which were
observed in this study, as being significant. The re-
sults suggest that different 2A _ values obtained in
the presence of different neutrophils were due to
the disordered structure of their membranes after
induction with methylcholanthrene or sovol.

As seen in Fig. 3, the 2A _ values for neu-
trophils from methylcholanthrene- and sovol-
treated rats were higher than for those from con-
trol animals, but the induction with methylcholan-
threne led to much higher values of this parameter
than the induction with sovol. One likely expla-
nation for this difference is that the highly hydro-
phobic methylcholanthrene can greatly increase the
viscosity of neutrophil membranes by interacting
with them directly in vivo more actively than does
sovol, which may in turn be associated with the
above-mentioned differences between the proper-
ties of these two inducers. ,

On the basis of the concept that homeostasis
has an immunochemical function [3], it may be
surmised that such potent xenobiotics as methyl-
cholanthrene and sovol produce, in the course of
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their 48-h inducing activity and metabolism, appre-
ciable shifts in the body’s homeostasis, with the
result that not only the pathway along which neu-
trophils develop but also their morphological and
functional properties become modified. This is sug-
gested by the changes detected in the EPR spec-
trum of 5 doxyl stearate in the presence of differ-
ent neutrophils.

It is noteworthy that the direction of the
change in 2A__was the same as that of the change
in the intensity of the respiratory burst in neutro-
phils. Whether a direct correlation exists between
these two effects of xenobiotics, cannot be stated
with certainty at present, although such a corre-
lation may prove to be significant.

In conclusion, the authors would like to thank
Prof. Yu. A. Vladimirov, Head of the Department
of Biophysics of the Russian State Medical Univer-
sity, and A. N. Osipov, Senior Researcher at the
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