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The effect of SO3
2—, S2—, NO3

—, and NH4
+ on activity of the peroxidase-hydrogen peroxide

system in human peripheral blood neutrophils was studied by the cytochemical method.
We showed that the effect of these xenobiotics on neutrophils is similar to that on plants.
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Air pollution with sulfur dioxide, nitrogen dioxide,
hydrogen sulfide, and ammonia is an urgent prob-
lem of industrial cities, because these xenobiotics
directly affect the major physiological processes in
plant, animal, and human cells. Oxidative activity
of cells is of particular importance for evaluation
of the damaging effect of xenobiotics during air
pollution, since oxygen-dependent nonspecific im-
munity reflects survival capacity of the organism.
The molecular basis of nonspecific immunity is the
myeloperoxidase system in neutrophilic granulo-
cytes, which includes enzyme myeloperoxidase,
hydrogen peroxide, and cofactors chloride, thio-
cyanate, bromide, and iodide. Cofactor chloride
plays a key role in antimicrobial activity of the myelo-
peroxidase system. Oxidation of chloride with hydro-
gen peroxide results in the formation of hypochlorite,
a potent nonradical oxidizing agent. In human neu-
trophils about 70% hydrogen peroxide is spent for
HOCl formation [6]. A general mechanism for the
bactericidal effect of hypochlorite is damage to the
ATP synthase complex (i.e., alteration of energy
transformation system in the cell) [1].

A convenient method was developed for eva-
luation of activity of the peroxidase—hydrogen
peroxide system in animal and human neutrophils
using peripheral blood smears. This method allows

us to evaluate total oxidative activity of neutrophils.
In the present work this method was used to study
the in vitro effect of SO3

2—, S2—, NO3
—, and NH4

+ on
activity of the peroxidase—hydrogen peroxide sys-
tem in human peripheral blood neutrophils.

MATERIALS AND METHODS

Peripheral blood smears from 10 healthy donors were
dried (2 h) and fixed with alcohol and formalin (9:1)
for 1 h. Blood smears of treatment group 1 were
washed with water to remove fixative, dried, and
placed for 1 h in solutions of Na2SO3, NaNO3, Na2S×
10 H2O, and NH4Cl. The concentration of solutions
decreased from 10—1 to 10—6 M. Control blood
smears were maintained in water. After treatment with
salts, blood smears were washed with water and incu-
bated in a medium containing 3-3'-diaminobenzidine
tetrahydrochloride (DAB) in 0.2 M Tris buffer (pH
7.6, 8 mg DAB per 10 ml buffer) at 37oC for 1 hour
and 15 minutes. Blood smears of treatment group 2
were fixed and incubated with salts at the specified
concentrations. Smears were then washed with water,
dried, and stained with 1% methyl green. Washing of
blood smears and preparation of the buffer and salt
solutions were performed using bidistilled water.

RESULTS

Published data show that the incidence of diseases
of the upper airways and lungs in humans and ani-
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mals depends on air pollution with gas wastes, which
are formed during combustion of black oil, diesel
oil, coal, and benzene [5]. Immune disorders are
associated with oxidative dysfunction of neutro-
philic leukocytes. Study by the method of luminol-
dependent chemiluminescence showed that aque-
ous suspension of carbon (400 mg) and sulfite
particles (5×10—4 M), components of smog, decrea-
sed reactive oxygen generation by human polymor-
phonuclear leukocytes [5].

We took into account that dissolution of SO2,
NO2, H2S, and NH3 in water drops at neutral pH
results in their transformation into SO3

2—, NO3
—, S2—,

and NH4
+. Figure 1 illustrates the effect of the corre-

sponding salts on activity of the peroxidase—hyd-
rogen peroxide system. Ions into S2— and SO3

2—

were most active both after maintenance of blood
smears in salt solutions and during addition of salts
to the incubation medium. The effect of sulfite on

oxidative activity of neutrophils was most signifi-
cant during addition of Na2SO3 to the incubation
medium. Sulfite in a concentration of 10—4 M decrea-
sed activity of the peroxidase—hydrogen peroxide
system by 30%. Our results are consistent with publi-
shed data that sulfite in a concentration of 5×10—4 M
decreases chemiluminescence of zymosan-activated
neutrophils by 30% [5].

We previously studied the effect of SO3
2—, NO3

—,
S2—, and NH4

+ on peroxidase-dependent plant im-
munity by the method of luminol-dependent che-
miluminescence [9]. These data were compared with
the results of our present work. Xenobiotics had a
similar effect on oxidative activity of plant cells and
human neutrophils. Sulfite in a concentration of
5×10—4 M decreases chemiluminescence of dam-
aged pea roots [9], which is consistent with pub-
lished data on human neutrophils [5] and results of
our study.

Fig. 1. Effect of xenobiotics on activity of the peroxidase—hydrogen peroxide system in neutrophilic leukocytes from human peripheral
blood. Light bars: preincubation in xenobiotic solutions; dark bars: addition of xenobiotics to the incubation medium. Each bar of the
diagram represents the mean of 10 measurements.
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In our experiment, chemiluminescence of pea
roots was induced by damage [9]. The cascade of
protective processes induced by damage or other
elicitors in plant cells (formation of signal poly-
peptides, activation of lipoxygenase and NADPH
oxidase complex with subsequent transcriptional
expression of protease inhibitors) is similar to that
in animal cells [10,11]. The superoxide radical in
plant cells is generated by the enzyme complex si-
milar to the NADPH oxidase complex in human
neutrophils [2,7,13]. According to the results of im-
munoassay, plant cells contain components of the
NADPH oxidase complex [4,12] and other proteins
participating in the function of the oxidase complex
in human neutrophil membranes [3]. Superoxide ge-
neration was modeled by mixing of the cytosolic
fraction from human neutrophils with the plant cell
membrane [4]. Diphenyliodonium, an inhibitor of
flavocytochrome B558 playing a key role in the oxi-
dase complex of neutrophils, inhibits hydroxymeta-
bolite formation in plant cell membranes by preven-
ting electron transfer from NADPH to O2 [8]. These
data illustrate similarity of oxidative metabolism in
plant and animal cells, which partially explains si-
milar effect of some xenobiotics on these cells.
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