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Abstract

Objectives: The aim of this work is to perform comparative estimation of cytokines levels in chlorinated hydrocarbons and me-
tallic mercury exposure in employees in the dynamics of neurologic disorders formation. Material and Methods: The contents
of cytokines IL-1p, IL-2, IL-4, IL-6, TNF-a, INF-y were determined in blood sera using the method of hardphasic immuno-
ferment analysis. The significance of different average values was assessed using the parametric and non-parametric criteria —
Student (in normal distribution) and Mann-Whitney tests taking into account the Bonferonni correction (non-difference from
normal distribution). Results: It was shown that, a number of inflammation mediators with the dominance, depending on
the expositional toxicant and expression of neurological deficiency, take part in the neurointoxication development. Healthy
employees show pro-inflammatory responses with different expression degree, which dominate in the immune regulation
processes regardless of the expositional factors (metallic mercury vapors and chlorinated hydrocarbons). Conclusions: The
production intensity and interconnection between the pro- and anti-inflammatory cytokines may change in the occupational
injuries of the nervous system development process. The decrease in the serum concentrations of cytokines along with the
increase of clinical manifestation severity may prove dysregulation of the immune system, which promotes maintaining of
pathological process and progradient process of neurointoxication. The most obvious is the imbalance of cytokines in the
employees exposed to metallic mercury (in all the examined groups) that increases neurointoxication in the distant period.
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INTRODUCTION

Currently, production of vinyl chloride is necessary in
many countries of the world. The employees exposed to
a complex of chlorinated hydrocarbons are at risk of vari-
ous effects: carcinogenic [1], mutagenic [2], embriogenic,
teratogenic and other [3].

Recently, the investigations of some authors [4,5] have
focused on the vinyl chloride influence on the nervous

system. It should be noted that according to the sanitary-
hygienic research of vinyl chloride production, the average
levels of this chemical compound exceeded the hygienic
norms 1.2-2 times from 1997 to 2000 (mean-shift maxi-
mum permissible concentration (MPC) - 5 mg/m?). The
concentration of vinyl chloride was recorded at the level
of 0.6-0.8 MPC from 2001-2004.
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In general, the problem of toxic damages to the nervous
system caused by metallic mercury constitutes an actual
problem of occupational medicine, professional pathology
and human ecology. It is well known that mercury has cu-
mulative features [6]. The most evident effect is the one it
has in the cells of the control nervous system. In the case
of production of caustics, for many years, the high levels of
metallic mercury were recorded, exceeding super normal
indices in the air of the workplace zone 5-10 times (mean-
shift MPC - 0.005 mg/m?).

Recently, researchers have paid great attention to the ques-
tions of neuro-immune interactions in different neurologic
pathologies [7]. In the modern literature, the main question
concerns the role of mediators of inflammation (pro- and
anti-inflammatory cytokines) [8-10]. Cytokines net is a self-
regulating system, the damage of which leads to excessive or
insufficient synthesis of definite cytokines, which in turn may
result in development of different pathologic processes con-
stituting the basis of a wide range of human diseases. The
proinflammatory cytokines may influence almost all organs
and systems of the body, which take part in the regulation of
the homeostasis system [11,12]. At the same time, the role
of changes in the cytokine status in progradient process of
neurointoxications forming, induced by occupation, is not
studied well. There is still absence of the real methods for
the diagnosis of professional neurotoxicosis.

The objective of this work is to perform a comparative es-
timation of cytokines levels with chlorinated hydrocarbons
and metallic mercury in employees in the dynamics of neu-
rologic disorders formation.

MATERIAL AND METHODS

One hundred ninety nine men were examined. Among
them: 132 employees involved in the production of vinyl
chloride and polyvinylchloride who are exposed to chlo-
rinative hydrocarbons and 67 employees involved in the
production of caustic who are exposed to metallic mercury
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vapors. The results of the advanced clinic functional ex-
aminations are based on the qualifying criteria of diseases
and conditions according to the International Statistical
Classification of Diseases and Related Health Problems
10th Revision (ICD-10).

The 1st group included 91 training employees without
neuropsychological disorders with the working trainee pe-
riod of 20.9+0.9 years in the conditions of exposure to
chlorinated hydrocarbons (mean age: 50.4+1.1 years).
The 2nd group included 41 training employees involved
in the same production process with the initial manifes-
tations of intoxication with vinyl chloride, characterized
by asthenic (emotionally-labile) disorder and vegetative
dysfunction with peripheral vegetative disorders in the
extremities and cardio-vascular diseases (working trai-
nee period: 18.4+2.8 years, age: 51.4+2.2 years).

The 3rd group included 19 employees working under
the influence mercury, seniority — 19.1%1 years (mean
age: 47x1.2 years). The group is characterized by asthenic
(emotionally-labile) disorders and vegetative dysfunction
with peripheral vegetative disorders in the extremities and
cardio-vascular diseases. In 34.7+5.8% of the cases from
that group, the determined mercury level exceeded the
normative indices in biological medium.

The 4th group consisted of 16 patients with occupational
chronic mercuric intoxication (CMI) (working trainee pe-
riod: 21.6%1.6 years, mean age: 49.6+1.3 years). The pro-
fessional CMI was shown in I and I-II stages. Toxic encepha-
lopathy was registered in 16.7+8.8% of the cases in patients
with diagnosis of occupational CMI. The mercury content
over normative indices was revealed in biological medium
in 66.7+11.1% of the patients.

In the 5th group the 32 patients who were diagnosed
with CMI in the postponed period, had been previously ex-
posed to mercury (working trainee period: 15.6+0.8 years,
mean age: 53.3%0.8 years). The toxic encephalopathy was
revealed in 91.629.9% of the study group, cases with or-
ganic disorders of personality and cognitive dysfunction
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in 80.5%9.2% cases in patients with CMI in the postponed
period. All the people who had worked with mercury were
examined in 4 years repeatedly.

The control group consisted of 47 “practically healthy”
men of the representative age and total working period,
who were not occupationally exposed to any harmful sub-
stances.

The studies were performed after obtaining an informed
consent from the patients and they corresponded to the
ethic norms of Helsinki’s Declaration (2000) and the Or-
der of Public Health Ministry, RF No. 266 (19 June 2003).
The contents of cytokines IL-1p, IL-2, IL-4, IL-6, TNF-q,
INF-y were determined in blood sera using the method of
hardphasic immunoferment analysis by means of the test-
systems of the Company “VECTOR-BEST” (Novosibirsk).
Statistical processing of the results was performed using
the Packet of Applied Programs Statistica 6.0 in Windows
(No. AXXR004E642326FA, Right Possessor of License is
Federal State Budgetary Instutution “East-Siberian Sci-
entific Centre of Human Ecology”, Siberian Department
of RAMS, Angarsk, Russia). Average arithmetical va-
lue (M), error of average arithmetical value (m), standard
deviation (0), median (Me) and interquartile span (25th
and 75th percentiles) were calculated for the indices. The
significance of different average values was assessed using
the parametric and non-parametric criteria — Student (ab-
normal distribution) and Mann-Whitney tests taking into
account the Bonferonni correction (no difference from
normal distribution).

RESULTS

The results of the analysis of serum concentrations of
the pro- and anti-inflammatory cytokines in the employ-
ees with a long-term working period and the persons
with the initial manifestations of vinyl chloride neuro-
intoxication are presented in Table 1. These data give
evidence of the increased level of IL-1f in the working

trainee employees without neuropsychiatric disturbances
of 1.59+0.6 pg/ml and in the persons with initial manifes-
tations of neurointoxication of 2.56+0.87 pg/ml compared
to the control group (1.15+0.4 pg/ml; p = 0.004).

The compensatory increase of TNF-a both in the 1st
(12.5+3.9 pg/ml) and in the 2nd (16.7+3.9 pg/ml in the
examined employees vs. 2.45%0.7 in the control group;
p = 0.01) group should be noted. The most expressed
tendency of IL-6 to increase in the examined persons
in both groups (7.59+3.0 pg/ml and 13.4£3.6 pg/ml; in
control - 1.68+0.4 pg/ml) was also revealed. It should be
noted that in the case of the initial manifestation of neu-
rointoxication, IL-6 in the working trainee employees in-
creases an analogous index about 2 - fold in comparison
with the same employees without neuropsychiatric dam-
ages (p = 0.03).

As for studying changes in the serum concentration of
pleiotropic IL-2, it is necessary to pay attention to its more
expressed decrease in working-trainee employees with
the initial manifestations of vinyl chloride intoxication
(2.06x1.02 pg/ml) than in the employees without neuro-
psychiatric damages (4.74+0.86 pg/ml) and in the control
group (16.6+2.5pg/ml)respectively. Apartfromthe parallel
increase of the production of pro-inflammatory cytokines
in both groups of the examined individuals, a real decrease
(p < 0.05) of the anti-inflammatory IL-4 - 4.3+0.8 pg/ml
in working trainee employees without neuropsychiatric
damages and 5.2+1.5 pg/ml — with the initial signs of vi-
nyl chloride intoxication (against 10.0+3 pg/ml in control)
is observed.

The obtained results show increasing imbalance of cy-
tokines in working trainee employees with the initial
manifestation of vinyl chloride intoxication. This fact is
proven by the comparative analysis of the cytokines in the
examined individuals with the initial neurointoxication
manifestation according to clinical and preclinical stages
of the vegetative dysfunction syndrome (VDS). More ex-
pressed changes in persons with clinical a stage of VDS
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Table 1. Cytokine profile in employees exposed to chlorinated hydrocarbons

I group - IT group -
employees without neuropsychiatric employees with the initial manifestations of Control group
Index disorders intoxication by vinyl chloride (N=47)
(N=91) (N=41) (M=m, Me (Q,-Q,,))
(Mim? Me (Q25_Q75)) (Mim? Me (Q25_Q75)) (pg/ml)
(pg/ml) (pg/ml)
IL-1B 1.59£0.6% 2.56+0.87* 1.15+0.4
0.1 (0.0-0.1) 0.1 (0.1-1.79) 0.01 (0.01-1.17)
IL-2 4.74+0.86* 2.06+1.02% 16.62.5
1.0 (0.2-4.6) 0.32 (0.14-0.56) 12.3 (9.5-14.9)
IL-4 4.3+0.80* 52+1.5% 10.0£3.0
0.01 (0.01-1.75) 0.09 (0.01-1.8) 0.10 (0.1-8.8)
IL-6 7.59+3.0 13.4+3.6* 1.68+0.4
0.01 (0.01-2.1) 0.72 (0.1-11.7) 1.0 (0.01-2.5)
TNF-a 12.5+3.9* 16.7£3.9% 245x0.7
0.01 (0.01-4.97) 0.03 (0.01-35.6) 0.89 (0.12-2.4)
INF-y 41+0.8% 4.1+0.9 4.79£2.3
0.1 (0.01-4.4) 0.11 (0.09-6.5) 0.2 (0.2-0.2)

IL-1p - interleukin-1p; IL-2 — interleukin-2; IL-4 — interleukin-4; IL-6 — interleukin-6; TNF-a — tumor necrosis factor a; INF-y — interferon y.

M - mean; m - error of mean; Me — median; Q,, Q,, - quartile 25, 75.

#Relatively to control are significant, Mann-Whitney test, p < 0.05.
* Differences between groups.

were registered in working trainee employees without
neuropsychiatric damages. Namely, lowering IL-2 down
to 1.59+1.28 pg/ml (4.74+0.86 pg/ml in working trainee
employees without the signs of neuropsychiatric damages)
and increasing production of IL-6 up to 7.59+3 pg/ml in
working trainees without the signs of neuropsychiatric
damages in comparison with 11.2+3.9 pg/ml in persons
with a clinical stage of VDS.

The results of the prospective examination of the em-
ployees exposed to mercury (after 4 years) may con-
firm the increase in the immune failure in the employ-
ees with a long-term working period and with the initial
manifestations of neurointoxication, in the patients
with the revealed diagnosis of chronic mercury intoxica-
tion (CMI) and the persons with CMI in the postponed
period (Table 2). When analyzing the results presented in
Table 2, attention should be paid to the cytokine regulation
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disorder depending on the expression degree of pathologi-
cal process.

The increase in the concentration of the inflamma-
tion initiators — IL-1p and TNF-a was revealed to oc-
cur in the employees exposed to mercury as compared
to the control group in the 1st examination. Therefore,
the significant increase in the levels, namely IL-1p (up
to 65.62+30.7 pg/ml vs. 1.15£0.36 pg/ml in the control
subjects; p = 0.0001); IL-2 (up to 38.54+16.76 pg/ml
vs. 16.62.5 pg/ml in the control subjects; p = 0.0001);
TNF-a (up to 25.03£9.6 pg/ml vs. 2.45+0.7 pg/ml in
the control subjects; p = 0.000001) and a clearly expressed
trend of IL-6 concentration in the serum to increase (up
to 9.62%3.19 pg/ml vs. 1.68+0.35 pg/ml in the control
subjects) was revealed in the employees with a long-
term working period and with the initial manifestations
of intoxication with mercury. The significant increase
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in the production of the anti-inflammatory IL-4 — up
to 83.4%47.9 pg/ml as compared to the control subjects
(10.0£0.03 pg/ml, p = 0.0005) was also observed. The
hyper production of IL-1f (260.62+112.5 pg/ml), IL-2
(171.11£71.75 pg/ml) and TNF-a (150.69£51.95 pg/ml)
in the employees with a long-term working period with
the initial manifestations of intoxication with mercury and
in the patients with CMI should be of particular interest.
The decrease in the cytokines was observed to occur in
the patients with the increased severity of the pathological
process in the postponed period of CMI, compared to the
patients with CMI. The presented materials may confirm
the increase in the changes in the cytokine system depend-
ing on the expression degree of the pathological process.
The further follow-up of the same patients showed that
aggravation of the alterations in the immune system in
the employees with a long-term working period and with
the initial manifestations of neurointoxication may oc-
cur in the same employees after 4 years. Namely, the de-
crease in the IL-1p (0.25%0.14 pg/ml, p = 0.00004), IL-2
(1.72+0.92 pg/ml, p = 0.0002), IL-4 (1.45+0.8 pg/ml,
p = 0.0004) and the increase in the production of TNF-a
(47.32+13.44 pg/ml, p = 0.003), IL-6 (23.6+6.13 pg/ml,
p = 0.02) were observed to occur in continuous expo-
sure as compared to the 1st examination. The decrease
in IL-1p, IL-2, IL-4, TNF-a and the hyper production of
INF-y (in contrast to the employees with a long-term work-
ing period with the initial manifestations of neurointoxica-
tion) was also observed in the patients with the diagnosis
of CMI in dynamics comparing to the 1st examination.
A sustained decrease in the concentration of IL-1f, IL-2,
TNF-a in the blood sera was observed in the patients with
the postponed period of CMI (in the majority of examined
persons).

The decrease in the level of TNF-a with the increase in
severity of the pathological process may confirm the pro-
found dysregulation of the immune system and may be
one of the starting mechanisms of pro-gradient process
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of chronic mercury intoxication. Along with this, the se-
cretion of INF-y, the main marker of immune respon-
se (Th-1 type), was increased in the patients with CMI in
continuous exposure to metallic mercury vapors, there-
fore, a more expressed alteration was observed in INF-y
dynamics in the patients with CMI in the postponed pe-
riod of neurointoxication.

The increase in the production of IL-6 was revealed in all
the groups in the dynamics of the pathological process de-
velopment in the examination repeated after 4 years. As
for anti-inflammatory IL-4, its significant decrease was
observed in the group of the employees with a long-term
working period with the initial manifestations of neuroin-
toxication and in the patients with the diagnosis of CMI.

DISCUSSION

Studying the cytokines balance depending on the duration
of exposure, the stage of the pathological process under
exposure to metallic mercury vapors has allowed to re-
veal that the development of occupational lesions of the
nervous system was followed by the dynamics alteration
and correlation between the pro-inflammatory and anti-
inflammatory cytokines.

The results of the performed studies may expand and
supplement available opinions on the role of cytokines
in forming the adaptive and maladaptive responses in the
development of occupational lesions of the nervous sys-
tem. The comparative assessment of the changes in the
cytokine content in the workers with a long-term working
period with the absence of the disorders in the neuropsy-
chical status and in the workers with a long-term seniority
with the initial signs of neurointoxication has shown the
more expressed change in the cytokine regulation under
chronic exposure to metallic mercury vapors than under
the influence of chlorinated hydrocarbons.

The increase in imbalance of the pro- and anti-inflam-
matory cytokines in dynamics (after 4 years) of the
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neurological disorders and in the development stage of
the pathological process (the initial manifestations of in-
toxications, CMI, CMI in the postponed period of neuro-
intoxication) was revealed. The common regularities and
distinctive features in the cytokines content change in the
blood sera of the employees were revealed depending on
the stage of the pathological process.

The pro-inflammatory response trend may be considered
as the common regularity at the initial stages of occupa-
tional neurointoxicosis resulting from the exposure to
vinyl chloride and mercury. The cytokine imbalance was
more expressed in the employees exposed to mercury (in
all the examined groups), which may increase in the post-
poned period of neurointoxication. A number of media-
tors of inflammation with the prevalence depending on the
expression stage of neurological disorders, the production
of pro- and anti-inflammatory cytokines, may take part in
the development of neurointoxications with vinyl chloride
and metallic mercury vapors.

It should not be excluded that the chemical compounds
may exert the direct immunotoxic effect on the immuno-
competent cells, and therefore activate them and promote
entering of the cytokines into the peripheral blood. This,
in turn, may confirm the fact, that the activity of periph-
eral cytokines pool (not only available in the central ner-
vous system) may confirm and pre-determine forming of
a number of neurological disorders.

The hyperproduction of IL-1f, IL-2, TNF-a at the early
developmental stages of occupational neurointoxica-
tion may confirm association between the compensato-
ry-adaptive mechanisms. The production intensity and
the correlation between pro- and anti-inflammatory cy-
tokines in exposure to metallic mercury vapors may be
changed in the development process of the occupational
lesions of the nervous system. The decrease in the serum
concentrations of the cytokines with the increase in se-
verity of clinical manifestations may confirm dysregula-
tion of the immune system. This, in turn, may promote

maintaining the pathological process and the progradi-
ent process of neurointoxication.
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