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Abstract

The immunological effects of environmental and/or occupational exposure to NO, and NO in air as
polluting gases have been examined in groups of 16 men. The determination of NO, and NO concentrations in
ambient air in the work enviroment as well as in ambient air in residential areas of these men was performed,
always by use of an Amaya-Sugiura passive sampling spectrophotometric method. Mean concentration of NO,
in ambient air in residential areas was 0.0210 mg x m™ (0.0070 to 0.0470). NO, and NO mean concentrations in
ambient air in the work enviroment were 0.0867 mg x m™ (0.0165 to 0.1960) and 0.0614 mg x m™ (0.0220 to
0.1090), respectively. For the determination of T-cell and (CD19+)B-cell populations Behring monoclonal
antibodies were used in indirect immunofluorescence tests. The serum levels of immunoglobulins: G, A, M, E;
C3c and C4 complement components; total circulating immunological complexes (CIC) as well as acute phase
proteins: C-reactive protein (CRP), haptoglobin, ceruloplasmin and transferrin were determined by nephelomet-
ry. The stimulation T-cell line exposed to NO, and NO was evidenced by an increased number of
(CD3+)T-cells, by about twice (p < 0.001) increased number of (CD4+)T-helper cells, and by an increased
number of (CD8+)T-suppressor cells. The higher increase in count of (CD4+)T-helper cells than (CD8+)T-
suppressor cells population caused an increased value of (CD+4)T-helper/(CD8+)T-suppressor ratio by about
25% (p < 0.01) in the men exposed to NO, and NO. No changes were observed in the number of (CD19+)B-
cells nor in the (CD3+)T/(CD8+)T-suppressor ratio. In men exposed to NO, and NO, elevation of IgG serum
concentration by a 17.7% (p < 0.01) was evidenced as well as decreases of C3c by 18.6% (p < 0.001)
and C4 by 35% (p < 0.001), whereas total CIC in serum was doubled (p < 0.001). Significant positive
correlations between concentrations of NO, in air and numbers of total lymphocytes, (CD3+)-cells, (CD4+)T-
helper, (CD8+)T-suppressor cells or IgG (/r/ from 0.31 to 0.71) as well as significant negative correlations
between concentrations in air of NO, and IgE, C3c, CRP or haptoglobin (/t/ from -0.49 to -0.31) were
calculated. Moreover, significant positive correlation between NO concentrations in air in work place and counts
of (CD3+)T-, (CD8+)T-suppressor, (CD19+)B-cells and levels in serum of C4, haptoglobin and ceruloplasmin
(A7 from 0.33 to 0.63) as well as significant negative correlations between NO concentrations in air in work
place and serum levels of IgG, IgA and IgM (/t/ from -0.67 to -0.47) were also observed. In conclusion,
environmental exposure to NO, and NO can modify in the peripheral blood of humans the parameters of cell-
mediated and/or humoral immunity.
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Introduction

The NOJ/ozone system plays a key role in the chemistry
of the atmosphere, particularly in terms of the formation of
dinitrogen pentoxide and its reaction with water to form
nitric acid. Increases in the atmospheric concentration of
nitric oxide, an important trace gas, have evoked concern
because of its role in stratospheric ozone level regulation,
greenhouse warming, and acid rain formation. Three major
contributors to atmospheric NOy were identified: industrial
sources, motor vehicles, and soil emissions. The data reve-
aled that most of the NOx emitted into the atmosphere was
emitted as nitric oxide. Nitric oxide is produced in soils by
nitrification, denitrification and the oxidation of ammo-
nium to nitrate and nitrite, plus other ways, including auto-
mobile or power plant combustion [1, 2, 3, 4].

About 80-90% of inspired nitrogen dioxide is absorbed
in humans and is excreted in urine as nitrate. Also about
80-90% of inhaled nitric oxide is absorbed in humans and
rats, and most of the gas enters the blood unreacted [5].
Vasodilation is a sensitive target mechanism for NO action
and this effect is evident in vitro at nanomolar or subnano-
molar concentrations. A 5 ppm dose is established for acute
vascular effects in animals and 10 ppm can be treated as
the corresponding value for effects in humans [6]. Phar-
macological and toxicologic research on effects of human
and animal exposure to nitric oxide via inhalation are still
being conducted [6]. Short-term inhalation of gaseous NO
has been reported to decrease pulmonary artery pressure
and improve oxygen transfer in patients with pulmonary
hypertension [7, 8, 9].

Nitric oxide is well known not only as a toxic molecule
and pollutant but at concentrations of aroud 10® mol x 17 it
plays fundamental roles in physiology and biochemistry.
Endogenous nitric oxide is synthesized from the amino
acid L-arginine by constitutive and inducible NO synthe-
ses. Formation of NO in the body is essential for control
and regulation of the cardiovascular system (vasodilatation,
regulation of myocardial perfusion, ischemia-reperfusion,
hypertension-hypotension, atherosclerosis, platelet adhe-
sion), defence against foreign cells (cell-cell communica-
tion within the immune system) as well as in the nervous
system as a central and peripheral neuronal messenger and
memory formation [10, 11, 12, 13, 14]. However, chronic
pathological production of NO in the body may be a risk of
carcinogenic cell transformation, because of the ability of
NO to nitrosylate nucleic acids and break DNA strands and

tissue damage after increased formation of the peroxynitrite
(ONOO) radical [15, 16].

The aim of this study was to assess changes in the
peripheral blood of men with environmental exposure to
NO, and NO some of cell-mediated and humoral immunity
parameters as well as correlations between air concentra-
tions of these gases in residental and work places and valu-
es of determined parameters.

Material and Methods

The study was carried out in 16 males, aged 27 to 57
years old (X = 36.8 + SD = 9.9) with occupational ex-
posure to NO, and NO from 7 to 38 years (X =16.3 + 9.8).
The subjects worked in nitric acid production in three
8 h shift work. Of these, 11 (69%) were smokers.

The_control group comprised 36 males aged 28 - 55
years (X = 46.0 = 8.7) not exposed to any chemical com-
pounds or harmful physical influences; 29 (81%) were
smokers. They worked also in three-shift system in the
same plant but without occupational exposure to nitric
compounds. All workers were subjected to medical exami-
nation for ruling out those with diseases which might have
affected their immune status. Alcoholics, and those regular-
ly taking drugs and convalescents after infectious diseases
were disqualified.

The determination of NO, and NO concentrations in
ambient air in the work enviroment as well as in ambient
air in the residential areas of these men was performed,
always by use of an Amaya-Sugiura passive sampling
spectrophotometric method of nitrogen dioxide determina-
tion in ambient air with triethanolamine as absorbent after
reaction with Saltzman reagent and in Krochmal et al.
modification [17, 18, 19, 20, 21].

Blood samples for determining immunology and para-
meters were obtained from the veins during the morning
hours to avoid external contamination. For the determina-
tion of T-cell and (CD219+)B-cell populations Behring (Be-
hringwerke AG Diagnostica, Marburg, West Germany)
monoclonal antibodies were used in indirect immuno-
fluorescence tests. Heparinized venous blood was diluted
1 + 1 with normal saline, and overlaid on Ficoll/Paque
(Pharmacia LKB Biotechnology, USA). This two-phase
system was centrifuged at 400 g for 30 minutes at 18-20°C.
The lymphocytes from the interphase were washed twice

Table 1. Effects of exposure to NO2 and NO in the population of leucocytes, total lymphocytes and T-cells.

Lymphocytes

Growip L(”;'i‘{’;?l“;s Total (CD3+) T-cells

a.n, % a.n. %
Control (o) ¥= 6.47 2.05 33.0 1.33 64.7
n=736 + 8D = 1.59 0.56 7.0 0.43 8.5

Exposed to NO; and NO (D) XXX XXX XXX X
n=16 X= 7.30 2.96 41.1 2.00 67.4
+SD = 1.80 0.77 6.6 0.57 6.8

a.n. - absolute number (x 10" cells/1), n - number of exposed men
Statistical significance: 1:C: X - p < 0.05; XXX - p <0.001
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Table 2. Effects of exposure to NO, and NO in the population of T-cells (T-helper and T-suppressor), (CD16+)NK-cells and T-hel-

per/T-suppressor cells ratio.

Lymphocytes
CD3+/ CD4+/
D4+) T- CD8+) T- CDI16+) NK
Seop e des Sy /CD8+ | /CD8+
a.n. %o a.n. % a.n. %
Control (C) X= 0.84 41.30 0.47 22.7 0.26 12.7 2.96 1.90
n=36 +SD= 0.30 7.84 0.18 49 0.14 | 0.73 0.60
Exposed to NO, and NO (1)) XXX XXX XXX X XXX XX
n=16 X= - 1.78 59.60 0.78 26.5 0.18 5.8 2.68 2.37
+SD= 0.60 10.40 0.28 6.5 0.14 37 0.75 0.68

a.n. - absolute number (x 10° cells/1), n - number of exposed men
Statistical significance: I:C: X - p < 0.05; XXX - p <0.001

with normal saline to remove platelets and suspended for
obtaining a concentration of 5 x 10° lymphocytes per cm™
(CD3+)T-cells were determined using monoclonal antibo-
dies from Behring BMA 030. (CD4+)T-helper were found
by means of monoclonal antibodies from Behring BMA
040, (CD8+)T-suppressor cells - Behring BMA 081,
(CD16+)NK-cells Behring BMA 070 and (CD19+)B-cells
monoclonal antibodies Behring BMA 0130 were used, al-
ways followmg the suggestions of the producer (Behring).
A 50 mm™ volume of cell suspensmn was incubated for 30
min at +4°C with 10 mm™ of proper monoclonal antibo-
dies. Then, after washing the cells with phosphate buffered
saline (PBS) and sodium azide (pH 7.6) (according to Phar-
macia, USA), antiimmunoglobulin rabbit serum labelled
with fluorescein isothiocyanate (Behring) was added. After
30 min of incubation at +4°C the cells were washed with
PBS and after supernatant removal they were suspended in
0.1 cm™ of PBS. The percentage proportions of T-cell sub-
populations were calculated with a fluorescence microsco-
pe (VEB Carl Zeiss Jena, E. Germany). The absolute num-
ber of CD 3+, CD 4+, CD 8+ and CD 16+ lymphocytes
was calculated from the total white blood cell count (deter-
mined by chamber method), and from the differential white
blood cell count. The serum levels of immunoglobulins: G,
A, M, E; C3c and C4 complement components; total cir-
culating immunological complexes (CIC); as well as acute
phase proteins (C-reactive protein - CRP, haptoglobin, ce-
ruloplasmin and transferrin) were determined by nephelo-
metry (Nephelometer type 100, Behring, Germany), all
with using standards, controls and sera of Behring, accor-
ding to producer's instructions.

The obtained results were subjected to normal distribu-
tion analysis by Shapiro-Wilk Gaussian decomposition test.

Thereafter, the results indicating normal distribution,
without or after logarithmic conversion, were subjected to
statistical analysis by Cochran-Cox C test or Student's
t test. Analysis of variance (ANOVA) amongst comparison
between the exposed groups were also calculated. In ad-
dition, the correlation coefficients /r/ were calculated bet-
ween the analyzed immunological parameters and the NO2
or NO concentrations in ambient air in the work and also in
the residental environments as well as time-weighted ave-
rage NO, concentrations.

Results

The investigated group of 16 men exposed to NO, and
NO and also men of the control group were regarded as
healthy. The socioeconomic status of all workers in this
study was similar. Air analyses in ambient air in residential
areas have demonstrated that mean concentration of NO,
was 0.0210 + 0.0125 mg x m* (in range 0.007 to 0.047).
NO, and NO mean concentrations in ambient alr in the
work enviroment were 0.0867 + 0.0585 mg X m 3 (in range
0.0165 to 0.1960) and 0.0614 + 0.0263 mg x m* (in range
0.0220 to 0.1090) respectively. The time weighted avera-
ges calculated for both residential and occupatlonal expo-
sures to NO, was about 0.043 + 0.026 mg m* . Moreover,
the degree of residental and occupational exposures to SO,
(expressed as concentratlons of SO2) was in the range 0.21
to 2.73 mgx m? (X = 0.6875 + 0.6369) and 0.390 to 1.985
mg x m* (X = 1.196 + 0.588), respectively and were lower
and significantly different (p < 0.05) than in the residental
and occupational enviroments of subjects working in sul-
phuric acid production.

Table 3. Effects of exposure to NO, and NO in the population of leucocytes, total lymphocytes and (CD 19+) B-cells.

Lymphocytes

Grong Lf)':c]‘;]‘;ﬁ‘;s Total (CD19+) B-cells

a.n. % a.n. To
Control (©) X= 6.47 2.05 33.0 0.17 8.30
n=36 +SD = 1.59 0.56 7.0 0.10 2.51
Exposed to NO; and NO (1) XXX XXX XX
n=16 X = 7.30 2.96 41.1 0.17 5.84
+8D= 1.80 0.77 6.6 0.10 2.86

a.n. - absolute number (x 10 cells/1), n - number of exposed men
Statistical significance: 1:C: XX - p <0.01; XXX - p < 0.001
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Table 4. Effects of exposure to NO, and NO in the concentration
of serum immunoglobulins G, A, M (g/1) and E (IU/ml).

Group i 1gG IgA IgM IgE
Control (C) X = 11.92 2.33 1.77 < 100
n=3 +SD= 2.92 0.78 0.71
Exposed to (I XX
NO, and NO X = 14.03 2.30 1.65 < 100
n=16 +SD= 2.48 0.67 0.63

n - number of exposed men
Statistical significance: I:C: XX - p < 0.01

The number of total lymphocytes in men exposed to
NO, and NO was increased by a 44% (p < 0.001) (Tab.l).
Stimulation T-cell line in men exposed to NO, and NO was
evidenced by a 50% (p < 0.001) increased number of
(CD3+)T-cells, by about twice (p < 0.001) increased num-
ber of (CD4+)T-helper cells and by 66% (p < 0.001)
increased number of (CD8+)T-suppressor cells (Tab.2).
The higher increase in count of (CD4+)T-helper cells
than (CD8+)T-suppressor cells population caused the in-
creased value of the (CD+4)T-helper/(CD8+)T-suppressor
ratio by about 25% (p < 0.01) in the men exposed to NO,
and NO. In contrast, decreased number of (CD16+)NK
cells by about twice (p < 0.001) in men exposed to NO,
and NO was also observed. No changes were observed in
the number of (CD19+)B-cells as well as in the
(CD3+)T/(CD8+)T-suppressor ratio (Tab. 2 and Tab. 3). In
the group exposed to NO, and NO elevation of 1gG serum
concentration by a 17.7% (p < 0.01) was evidenced as
a well as a decrease of C3c by 18.6% (p < 0.001) and C4
by 35% (p < 0.001), whereas total CIC in serum was eleva-
ted by about two times (p < 0.001). Also, mean concent-
ration of haptoglobin in serum was elevated in men
exposed by about 50% (p < 0.001). No changes were obser-
ved in the serum levels of IgA, IgM, IgE as well as CRP,
ceruloplasmin and transferrin.

Significant positive correlations between concentrations
of NO, in air and numbers of total lymphocytes,
(CD3+)-cells, (CD4+)T-helper, (CD8+)T-suppressor cells
or IgG (A7 in range: 0.31 to 0.71) as well as significant
negative correlations between concentrations in air of NO,
and IgE, C3c, CRP or haptoglobin (/r/ in range: -0.49 to -
0.31) were calculated (Tab. 6). Moreover, a significant
positive correlation between NO concentrations in air in
the work place and counts of (CD3+)T-, (CD8+)T-suppres-

sor, (CD19+)B-cells and levels in serum of C4, haptoglobin
and ceruloplasmin (/r/ in range: 0.33 to 0.63) as well as
significant negative correlations between NO concentra-
tions in air in work place and serum levels of 1gG, IgA and
IgM (/r/ in range: -0.67 to -0.47) were also observed
(Tab. 6).

Discussion and Conclusions

The effects of toxic action of most air pollutants usually
do not lead to specific diseases. But, depending on the
pollutant, the concentration, and the duration of exposure,
they affect some organs as mainly the mucous membranes
and respiratory organs, which are more sensitivity to ir-
ritant gases. The consequences are more frequent inflam-
mations, diminished lung function, increased susceptibility
to respiratory infection, and a higher incidence of chronic
bronchitis. These disorders and diseases are also influenced
by other factors, such as immune deficiency, allergies or
occupational exposure to pollutants [22, 23]. The mecha-
nism of importance in sensitization and subsequent trig-
gering by chemicals appears to be an epithelial release of
mediators, chemotactic factors, the release of oxidants with
increase activity of mononuclear cells, polymorphonuclear
cells, eosinophils and can occur with immune complexes.
Pulmonary alveolar macrophages are usually engaged in
response to irritants and can release chemotactic factors
and other mediators after stimulation by irritants [24].

In experimental models in mice, inflammation induced
by single and repeated acute NO, exposure increases in
lavage cells, protein, and cytotoxicity were observed. Acute
exposures induced significant increases in lavageable
macrophages, epithelial cells, and polymorphonuclear leu-
kocytes [25]. Also, in rats exposed to 14.4 ppm of NO, and
0.8 ppm of ozone for 6 h/d, 7 d/week mast cells were
present in increased numbers and epithelial cell alterations
correlated with inflammatory and fibrotic changes over the
treatment period [26]. In studies of children, a significant
relationship was observed between traffic-related NO, and
the prevalence of asthma and symptoms [27].

Nitric oxide may play a key role not only as vasodilata-
tor but also in cell to cell communications within the im-
mune system. Safety and the effects of inhaled nitric oxide
(NO) in human studies was evaluated mainly in children
with persistent pulmonary hypertension of the newborn or
in patients with acute respiratory distress syndrome [9,28].
Immune effects of NO inhalation in humans, especially
during long-term occupational exposure to NO, has not
been studied so far.

Table 5. Effects of exposure to NO, and NO in the concentration of C3c and C4 (g/l), CIC (ug/l), CRP (g/1), haptoglobin, ceruloplasmin and

transferrin (g/1) in serum.

Group Cic C4 CIC CRP Haptoglobin (Ceruloplasmin| Transferrin
Control (C) Xz 97.3 37.2 0.90 < 0.01 153.0 273 285.9
n =36 +SD = 12.8 8.7 0.97 40.0 4.1 85.6
Exposed to NO, and NO (I) XXX XXX XXX XXX
X = 79.0 24.0 297 < 0.01 231.0 27.0 288.0
n=16 + 8D = 18.0 8.0 1.72 102.0 4.0 68.0

n - number of exposed men
Statistical significance: I:C: XXX - p < 0.001
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Table 6. Correlation coefficients /r/ between parameters of immunity and: acute phase proteins immunity and

A. Concentrations of NO, (mg » m™®) in ambient air in the residential

place,

B. Concentrations of NO, (mg * m™®) in ambient air in the work place,
C. Time-weighted average concentrations of NO2 (mg * m™) during 24 h of exposure

D. Concentrations of NO (mg « m™®) in ambient air in the work place

el WBC |Lymphocytes | Lymphocytes| CD3+ | CD3+ | CD4+ | CD4+ | CD8+ | CD8+ | CD3+/ | CD4+/ [ CD16+ | CD16+
a.n. a.n. % a.n. % a.n. G a.n. % /CD8+ | /CD8+ a.n. %
A -0.35 -0.12 0.28 006 | 048 | 0.18 | 044 | -007 | 007 | 008 | 028 | 0.01 0.19
B -0.14 0.31 0.71 046 | 051 042 | 028 | 046 | 034 | -0.18 | -0.17 | 020 | 0.17
C -0.23 0.21 0.67 038 | 057 | 039 | 036 | 034 | 031 | -0.12 | -007 | 0.16 | 0.19
D 0.19 0.06 -0.03 0.11 0.33 0.05 0.09 0.19 0.37 -0.30 -0.32 -0.16 -0.18
el CDI19+ |CDI19+ | 12G TgA IgM 1gE C3c Cc4 CIC CRP | Haptoglobin | Transferrin Ccmlopinsmﬂ
an, o (g (g/n (g/l) |(AU/ml) | (g/) (g/) |(ng/ml)| (g/l) (g (g/) (g/l)
Al -026 | -020 | 0.34 | -0.11 | -0.06 | -035 | -0.43 | 0.09 | -0.17 | -0.31 -0.42 -0.11 -0.16
B| 0.09 .05 0.45 0.12 0.10 -0.39 | 044 | -0.19 0.13 -0.21 -0.31 -0.03 -0.26
c| 0 -001 | 046 | 006 | 006 | -042 | -049 | -0.12 | 0.05 | -0.27 -0.37 -0.06 -0.27
D| 051 | 063 [ -047 | -067 | -0.54 | -030 | 0.15 | 063 | -039 | 030 0.37 0.04 0.58
The results of our present study have indicated a stimu- 6. GUSTAFSSON L.E. Scand. J. Work. Environ. Health 19, 44,
latory effect of exposure to NO, and NO of the peripheral 1993.
blood T-cell populations with elevation of IgG serum, total 7. BODY S.C., HARTIGAN P.M. Resp. Care Clin. N. Am. 3,
CIC, and haptoglobin levels, and decreases of C3c and C4 411, 1997.
levels. The values of high positive correlation coefficients 8. AIMASHEVA N.P., ZENINA T.A., MANUKHINA E.B., MI-
Irl between NO, concentrations in the ambient air and pa- KOIAN V.D., KUBRINA L.N., VANIN A.F., MALYSHEV
rameters of cell-mediated immunity and IgG have also in- I.1u. Izv. Akad Nauk Ser. Biol. 5, 634, 1997.
dicated on stimulation by NO, this type of immunity. Mo- 9. DELLINGER R.P. ZIMMERMAN JL. TAYLOR RW.,
reover, the values /r/ between NO, concentrations in the STRAUBE R.C., HAUSNER D.L., CRINER G.J., DAVIS Jr
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posure to NO, -dependent decrease of C3c have probably 1998.
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on humoral immunity, alone or together with endogenous sion 12, 530, 1988.
NO produced during the inflammatory proces. In conclu- 13. GRYGLEWSKI R.J. Tromb. Haemorrh. Disorders 1/2, 1,
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