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We studied functional activity of the system responsible for generation of reactive oxygen
species by blood neutrophils and involved in pathophysiological mechanisms of bronchopul-
monary diseases. Insufficiency of this system can be classified as relative, latent (type I and
II), and severe.
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Our previous studies revealed changes in the basal and
zymosan-induced luminol-dependent chemilumines-
cence (LCL) in individuals occupationally exposed to
ozone. These changes attested to functional disturbanc-
es in the system responsible for generation reactive oxy-
gen species (ROS) by blood neutrophils [1]. Here we stu-
died functional insufficiency of this system in patients
with chronic bronchitis (CB) exposed or not exposed
to ozone, a modulator of free radical oxidation.

MATERIALS AND METHODS

We examined 196 patients with CB (during remission)
employed in plastic industry and occupationally expo-
sed to ozone in a concentration of 0.10-0.23 mg/m3.
Prebronchitis (PB), chronic nonobstructive bronchitis
(CNB), and chronic obstructive bronchitis (COB) were
found in 48, 82, and 66 workers, respectively. The dura-
tion of service was more than 2-10 years. Seventy-five
patients with PB (n=26), CNB (n=26), and COB (n=23)
not exposed to ozone comprised the control group.

Generation of ROS by neutrophils was evaluated
by the intensity of LCL. To this end, luminol in a final
concentration of 10�5 M was added to the whole blood
(0.1 ml) stabilized with 20 U/ml heparin, and the volume
was adjusted to 1 ml with Hanks solution. LCL induced

by 2 mg/ml zymosan was measured on a KhL-003 che-
miluminometer [3]. The leukocyte activation coeffi-
cient (AC) was calculated as the ratio between zymo-
san-induced and spontaneous LCL [2]. The results
were processed using Student�Fisher reliability test.
The differences were considered reliable at p<0.05.

RESULTS

We proposed the following classification of distur-
bances in the system of ROS generation by blood neu-
trophils: relative, type I and II latent, and severe func-
tional insufficiency (Table 1).

In workers with PB spontaneous LCL increased
by 67%, zymosan-induced LCL did not differ from
normal, and leukocyte AC decreased 1.8-fold (relative
ROS insufficiency). In patients with PB not exposed
to ozone spontaneous LCL slightly increased, zymo-
san-induced LCL did not differ from normal, and AC
decreased by 1.2 times. Therefore, these patients also
had relative ROS insufficiency. These results attest to
nonspecific functional disturbances in the system of
ROS generation in patients with PB exposed and not
exposed to ozone.

In workers with CNB spontaneous LCL did not
differ from the control, while zymosan-induced LCL
and leukocyte AC decreased by 54% and 2.8 times,
respectively. Changes in the spontaneous and zymo-
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san-induced LCL depended on the duration of service.
Spontaneous LCL increased by 70-260% over the first
5 years of exposure to ozone, did not differ from the
control after 6 years, but decreased by 34-80% in in-
dividuals employed for 7 years. The intensity of zy-
mosan-induced LCL progressively decreased with an
increase in the duration of service (by 48 and 94-95%
after ozone exposure for 3 and more than 8 years, re-
spectively). In individuals employed for 3-4 and 4-5
years leukocyte AC decreased by 3.1-3.2 and 6.0-7.8
times, respectively. Thus, individuals employed for 3-
5 and 7-10 years were characterized by type I latent
and severe ROS insufficiencies, respectively. In pa-
tients with CNB spontaneous LCL increased by 126%,
zymosan-induced LCL did not differ from normal, and
leukocyte AC decreased by 2 times. Thus, these pa-
tients were characterized by relative ROS insufficien-
cy. In workers with CNB spontaneous LCL decreased
by 25-82% independently on the duration of employ-
ment. These changes were most pronounced 8 years
or more after entering employment. In these workers
zymosan-induced LCL and leukocyte AC decreased
by 90-97% and 6.7 times, respectively. Therefore, they
were characterized by severe ROS insufficiency.

In patients with COB spontaneous LCL increased
by 219%, while zymosan-induced LCL and leukocyte
AC decreased by 42% and 5.6 times, respectively (re-

lative ROS insufficiency). Therefore, individuals with
COB exposed and not exposed to ozone are charac-
terized by specific changes in the system of ROS gen-
eration. Our results indicate the development of func-
tional disturbances in the system of ROS generation
in workers with CB. The degree of ROS insufficiency
in employers increased with increasing in the severity
of CB. The type of ROS insufficiency depended on
the duration of ozone exposure. It should be empha-
sized that functional disturbances in the system of
ROS generation in employers were more pronounced
than in patients not exposed to ozone. These results
indicate that CB in workers exposed to ozone should
be considered as an occupational lung disease.

This classification of ROS insufficiency reflects
functional activity of the system responsible for ROS
generation by blood neutrophils and involved in the
pathogenesis of various diseases.
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Relative Above normal Above normal  or normal Below normal

Latent

type I « Below normal «

type II Normal « «

Severe Below normal « «

Type of ROS insufficiency

TABLE 1. Types of Functional Disturbances in the System of ROS Generation in Blood Neutrophils

zymosan-inducedspontaneous

LCL intensity
Leukocyte AC
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