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The present study evaluated the effect of short term intake of nitrite and nitrate drinking water on
the antioxidant system and membrane damage of rat erythrocytes. Wistar rats, were randomly divided into
three groups as follows; the group I received only distilled water ad libitum; the group Il was given water
with Nitrate (a dose of 124 mg/kg of nitrate-nitrogen) as drinking water and the group 11l was given nitrites
dissolved in distilled water in a dose of 150 mg/kg for 7 days. At the end of the study, group Il rats showed a
significant decrease in activities of glutathione peroxidase (GPx), glucose 6-phosphate dehydrogenase (G6P-
DH) and catalase (CAT), while in group Il rats, the activity of GPx and CAT were significantly reduced, but
no significant changes in glutathione reductase activity and peroxynitrite levels were observed. On the other
hand, malondialdehyde (MDA) was increased in both groups with respect to group 1. Also, our major results
indicate that all treatments changed methemoglobin levels and osmotic fragility in comparison to group I rats.
The intensity of alterations was found more severe in rats of group 111, followed by rats of group II. It can be
concluded from these observations that nitrate or nitrite leads to alterations in the erythrocytes antioxidant
defense status mainly throughout NADPH relate enzymes.
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rinking water is derived from two basic
D sources: surface waters, such as rivers and

reservoirs, and groundwater. All water con-
tains natural contaminants, particularly inorganic
compounds that arise from the geological strata
through which water flows and, to a varying extent,
anthropogenic pollution by both microorganisms
and chemicals. The quality of drinking water and
possible associated health risks vary throughout the
world were some regions show high levels of arse-
nic and fluoride, or contamination by pathogens [1].
There is a number of possible sources of man-made
contaminants, some of which are more important
than others. Agriculture is another source of chemi-
cal contamination. In this case, the most important

contaminant is nitrate, which can cause methemo-
globinaemia, or blue-baby syndrome, in bottle-fed
infants under 3 months of age [2].

Comarca Lagunera Region of Mexico is famed
as the largest milk-producing area. The Laguna
faces a serious problem of over-exploitation and con-
tamination of its water sources. Located in a semi-
desert, it produces cotton, alfalfa, walnut, cattle and
goats. Such economic activities, along with the large
production of milk and beer, consume the aquifer
reserves in the region. As a result, the remaining wa-
ter supplies are contaminated with arsenic, nitrates
and other contaminants [3], an important factor for
health problems in hundreds of people in the local
communities.
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The intoxication with nitrates is produced by
exposure levels of 450 mg/1 through drinking water.
Nitrate itself is non-toxic, but in the gastrointestinal
tract, a percentage of nitrates are reduced to nitrites,
which are ten times more toxic than nitrate due to its
oxidative properties. Nitrites are then absorbed into
the bloodstream, from where they can reach other
tissues. The main mechanism of nitrite toxicity is
the oxidation of the Fe?" to Fe**, converting the he-
moglobin into methemoglobin (MetHDb).

Several in vivo and in vitro studies reported that
nitrites and nitrates could induce oxidative damage
through the release of free radicals associated with a
decrease in glutathione (GSH) level in the intracel-
lular medium associated with membrane lipid per-
oxidation [4, 5].

The erythrocytes are highly susceptible to oxi-
dative damage due to its high levels of oxygen and
hemoglobin, a powerful promoter of the oxidative
process [6]. Although their primary function is to
transport the respiratory gases, oxygen and carbon
dioxide, between the lungs and tissues, these circu-
latory cells are equipped with effective antioxidative
systems that make them mobile free radical scaven-
gers, providing antioxidant protection not only to
themselves but also to other tissues and organs in
the body. This protective system includes superoxide
dismutase (SOD), catalase (CAT), glutathione (GSH)
and glutathione peroxidase (GPx) [7].

As an oxygen shuttle, the erythrocytes must
continue to perform this essential task while being
exposed to a wide range of environments for each
vascular circuit and to a variety of xenobiotics across
its lifetime. Accordingly, several studies have been
dedicated to understanding the relationship between
antioxidant system of erythrocytes and diverses
pathophysiological conditions as senescence and
diabetes [8, 9].

A review of latest research findings on nitrate
toxicology over erythrocytes has produced conflict-
ing results that do not appear to be relevant on adult
human exposure. However, it has been reported that
nitrite added to erythrocytes oxidizes glutathione
and causes membrane damage, protein oxidation,
high levels of lipid peroxidation [10] and also per-
turbs energy metabolism in these cells [11]. Besides,
the administration of nitrite to mice leads to an in-
crease in the metHb level, the activity of GR and
glucose 6-phosphate dehydrogenase (G6PDH) of
erythrocytes, as well as a decrease in the activity of
SOD and CAT. A high level of erythrocyte lipid per-

oxidation after nitrite intoxication is observed [12].
Moreover, Bouaziz-Ketata et al., [13] found that the
nitrate-treated group showed a marked reduction in
the antioxidant enzyme activities, along with an ele-
vation on lipid peroxidation levels, a reduction in the
total GSH content in erythrocytes and a significant
increase in the frequencies of total chromosomal
aberrations and micronucleus in bone-marrow cells.
As the toxicity of nitrate results from its conversion
to nitrite and the possible endogenous formation of
reactive nitrogen species (RNS) which cell damage.
However, there are studies that suggested nitrite rap-
idly enters erythrocytes and reacts with oxyhemo-
globin but does not exert a strong oxidant stress on
these cells [14, 15].

In addition to detrimental effects, a metabolic
requirement for nitrite has been proposed. Nitrite
has emerged as an endogenous signaling molecule
with potential therapeutic implications for cardiovas-
cular diseases. It is now clear that nitrite can act as
an antioxidant and a promising therapeutic agent to
protect against myocardial ischemia-reperfusion in-
jury through mediating nitric oxide (NO°) homeosta-
sis [16]. It has been found that plasma nitrite concen-
trations reflect the degree of endothelial dysfunction
in humans [17].

Previously, Lu et al., [18] reported that nitrites
possess anti-and pro-oxidant activities by interfering
hemoglobin-dependent redox reactions. Therefore,
the dual effects on hemoglobin-triggered oxidative
stress may provide new insights into the physio-
logical and toxicological implications of nitrite
with hemoproteins. Thus, it is difficult to determine
whether oxidative stress is caused by nitrate or by
the role of antioxidant defense system's response to
nitrate toxicity. Despite of abundant literature data,
much still remains unexplained.

Therefore, we set out to examine in detail the
effects of nitrates and nitrites on the erythrocytes
and to determine whether the putative NRS or ROS
release of the compounds present in drinking water
provides greater oxidative stress on erythrocytes of
rats.

Materials and Methods

This study was approved by the Local Ethics
Committee for Animal Experiments at Faculty of
Chemical Sciences, University Juarez of Durango
State (Mexico). Procedures involving the animals
and their care were according to the institutional
guidelines, in compliance with national and inter-
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national laws and criteria for the use of animals in
Biomedical research was followed (19).

Experimental design. The female Wistar rats
were housed in well-ventilated polypropylene cages
under controlled temperature (25 °C), relative hu-
midity (60-80%), and light/dark cycle of 12 h. They
were provided with animal feed (Harland, USA) and
water ad libitum.

Estimation of the dose range and percentage of
mortalities. The nitrite was administered to rats by
oral route (per 0s), in an increasing and single dose,
in order to determine the lethal dose 50% (LD, ).
The rats were separated in groups of 5 animals. The
nitrite was administrated p.o at doses of 0, 100, 200,
400 and 500 mg/I [equivalent to 0, 2, 4, 8, 10 mg
nitrite-nitrogen/kg of body weight (bw)]. The signs
of toxicity and death were observed up to 48 h after
the treatment. The LD, was calculated by means
of the method of Miller and Tainter, [20]. The LD,
value for acute toxicity of sodium nitrite obtained
was 232.31 mg/kg (equivalent to 4.64 mg nitrite-
nitrogen/kg bw). We have not determined LD, for
nitrate due that literature reported in short-term and
long-term toxicity experiments in rats dose levels
ranged from 366 to 1825 mg nitrate-nitrogen/kg bw/
day [21].

The dose of 150 mg/l of nitrite was selected
after performing preliminary assays of increasing
doses that alter methemoglobin levels, osmotic fra-
gility, and antioxidant enzyme activities. The dose
of 124 mg/I1 of nitrate was chosen because it exceeds
maximum permissible limit of 10 mg/I [22].

Experimental design. The animals were ran-
domly divided into three groups, each comprising
seven animals and orally administered the respective
doses of 150 mg/kg potassium nitrite and 124 mg/kg
potassium nitrate and distilled water by intragastric
gavage daily for a period of 7 days as shown below.

Group I (untreated control); animals were given
distilled water (0.3 to 0.7 mg/kg bw/day, equivalent
to >0.03 mg Nitrate-nitrogen/kg bw/day).

Group II (nitrate); animals administered with
124 mg/kg bw/day, equivalent to 4.6 mg nitrate-ni-
trogen/kg bw/day.

Group III (nitrite); animals administered nitrite
(150 mg/kg bw/day, equivalent to average daily doses
of approximately 3.5 mg nitrite-nitrogen/kg bw/day).

Isolation of rat erythrocytes. Blood samples
were obtained by cardiac puncture under sodium
pentobarbital anesthesia and were collected into a
tube containing EDTA. Then centrifuged at 800 g
at 4 °C for 10 min. The plasma and buffy coat were
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removed by aspiration and discarded. The erythro-
cytes were washed three times in buffer containing
21.0 mM Tris, pH 7.4. Cells were prepared on the
day of use and diluted to 10% hematocrit with PBS
(0.9% NaCl in 0.01 M phosphate bufter, pH 7.4) con-
taining 100 mM EDTA [23].

Measurement of free hemoglobin and methe-
moglobin. Samples were centrifuged at 800 g at 4 °C
for 10 min, and the presence of free hemoglobin in
the supernatant was determined by light absorp-
tion at 405 nm [24]. Methemoglobin and oxyhemo-
globin were measured by spectrophotometry method
(HACH DR5000, UV/VIS, Mexico) using 630 and
540 nm, respectively [25].

Hemolysis. Hemolysis was determined by
measuring released hemoglobin into the supernatant
of the induced samples at 540 nm and was represen-
ted on the basis of the maximum absorbance (100%)
in the aliquots of erythrocytes completely hemolysed
in distilled water [26].

Osmotic fragility. The procedure was a slightly
modified method of O'Dell et al., [27]. A 100 pul ali-
quot of washed erythrocytes suspension was added
to tubes containing 0.3%, 0.4% and 0.9% buffered
salt solution (PBS, pH 7.4). These tubes were allowed
to stand at room temperature for 30 min, centrifuged
at 800 g to pellet the cells and the absorbance of the
supernatant was measured at 540 nm. PBS (0.9%)
was considered as a control sample.

Peroxynitrite assay. Peroxynitrite was assayed
by diluting aliquots of blood samples into 1.0 M
NaOH and measuring the increase in absorban-
ce at 302 nm. As a control, samples were added
to 100 mM potassium phosphate (pH 7.4). The de-
crease in absorbance was measured at neutral pH as
peroxynitrite decomposes [28].

Evaluation of enzymatic activities. CAT activi-
ty was measured in hemolysates according to Aebi,
[29]. Decomposition of H,O, was followed directly
by monitoring the decrease of absorbance at 240 nm.
The activity of glutathione reductase (GR) was de-
termined by a method of Staal et al., [30]. The rate
of oxidation of NADPH was immediately monitored
at 340 nm for 5 min at 15 s intervals. The activity of
GR was calculated using the molar extinction coef-
ficient of 6.22 M-'em™'. G6PDH activity was measu-
red by the modified method of Zinkham, [31] by
observing the conversion of NADP* into NADPH
after addition of glucose 6-phosphate. GPx activity
was determined by the coupled assay of Paglia and
Valentine [32] using t-butyl hydroperoxide as sub-
strate. Lactate dehydrogenase (LDH) activity was
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usually measured according to Bergmeyer, [33]. The
production for NAD* was followed by a decrease in
absorbance at 340 nm. The molar extinction coeffi-
cient for NAD(P)H was 6.22 M'cm™ at 340 nm and
used to calculate the enzyme activity.

Preparation of erythrocyte ghost membranes.
Packed erythrocytes were obtained by centrifugation
of whole rat blood at 800 g for 10 min at 4 °C. Af-
ter the removal of the plasma and the buffy coat by
aspiration, cells were washed three times with 0.9%
NaCl solution. For the preparation of hemoglobin-
free ghosts, a method slightly modified from that of
Dodge et al., [34] was used. Hemolysis of the washed
erythrocytes was performed in 5 mM sodium phos-
phate buffer (pH 8.0) and the pellet was obtained by
centrifugation at 7,500 g for 30 min at 4 °C. This
process was repeated five to seven times until the
pellet became colorless. The ghosts were finally sus-
pended in the same buffer at a concentration of about
2 mg of protein/ml and stored at -20 °C. Membrane
protein was estimated by the procedure of Lowry et
al. [35].

Lipid peroxidation (LPO). Lipid peroxidation
was assessed by measurement of thiobarbituric acid
reactive substances (TBARS) after the addition of
2 ml of TBA-TCA-HCl reagent as described by Bue-
ge and Aust, [36], and placed in a boiling water bath
for 60 min. The samples were cooled and centri-
fuged at 7,500 g for 30 min at 4 °C. The absorbance
of the simple (the pink colored product formed when
malondialdehyde reacts with TBA) was recorded at
535 nm against the appropriate blank. The malondi-
aldehyde concentration of the samples was calculated
using an extinction coefficient of 1.56x10° M-'cm'.

Statistical analyses. The results were represen-
ted as mean+SD. Statistics were applied using Sig-
maPlot v11. 0 (Systat Software Inc). Values between
the groups were analyzed by one-way ANOVA fol-
lowed by Pearson’s multiple comparison tests to de-
termine the statistical significance between various
groups. Differences were considered to be statisti-
cally significant levels P < 0.05.

Results and Discussion

Blood, as an internal transport, is an important
tool to assess the toxicant of organisms and one of
the major routes of absorption of environmental pol-
lutions [37]. Nitrates consumed in food are concen-
trated in the saliva and converted to nitrite by com-
mensal in the mouth [38]. Nitrates and nitrites may
be toxics at serum concentrations barely exceeding

the therapeutic level of 3 mg/kg [39]. Concentrations
about or above 10 mg/l for nitrates and 1 mg/l for
nitrites are considered to be extremely toxic or even
fatal [40]. The dose given to group II and group III
in this study is with the toxic range.

The effect of treatment with nitrate (group II)
and nitrite (group III) on methemoglobin, MDA,
peroxynitrite and lactate dehydrogenase is shown in
Table 1. Significant differences were seen between
the MetHb, MDA, peroxynitrite and LDH activity
values of group I and both treated-groups (Il and
IIT). Table 1 shows that the level of MDA was in-
creased and LDH activity was decreased. The MDA
concentration was higher in group II compared to
group I and III. There was no difference in peroxy-
nitrite levels between group I and group II, but it
was significantly higher in group III. Compared to
the group I (1.7%), the MetHb levels of group II and
group III were significantly higher (5 and 13.9%, re-
spectively).

Erythrocytes osmotic fragility, the sensitivi-
ty to changes in osmotic pressure characteristic of
erythrocytes, has been found to be altered in various
pathological conditions. The integrity of erythro-
cytes may be determined by measuring the eryth-
rocytes osmotic fragility changes [41]. Fragility is
measured by the degree of hemolysis in hypotonic
NaCl solution. The hemolysis was significantly in-
creased in the groups II and III in the present study.
In addition, fragility can be used as an indicator of
oxidative stress and the measure of defense against
free radicals in animals [42, 43].

In group I, the osmotic fragility levels were
found to be maximum at 0.35% NaCl and minimum
at 0.55% NaCl, whereas in group II reached a maxi-
mum at 0.4% NaCl and minimum at 0.65% NaCl and
in group III reached a maximum at 0.4% NaCl and
minimum at 0.6% NaCl. These values represent a
significant increase of the maximum osmotic fragil-
ity limits between group I and both treated-groups
(IT and IIT) (P < 0.05). Hemolysis in groups II and I11
was higher than that of group 1. The standard hemo-
lytic increment curve of both groups was shifted to
the right when compared to the curve for the group I
(Fig. 1). The concentration of NaCl at which 50%
of erythrocytes were lysed was considered the me-
dian osmotic fragility (MOF). The results showed
that MOF was significantly greater in group II than
in group I (0.6 = 0.03% vs 0.41 + 0.01%). Percenta-
ge erythrocyte fragility was highest in the group II
compared to group III (0.6 = 0.03% vs 0.52 + 0.05%).

93



ISSN 2409-4943. Ukr. Biochem. J., 2018, Vol. 90, N 4

Table I Erythrocyte oxidative damage biomarkers by nitrate water consumption and nitrite drinking water

Group MetHb, % LDH, pmol/min/ug protein Peroxynll;[:;‘i:};lmol/mg MDA, pmol/l
I 1.70 £ 0.02 20.88 = 1.8 1.9+0.2 2.02+0.22
11 4.95 + (.35 23.10 £ 1.0° 23+1.0 4.86 + 0.41°
I 13.97 + 0.46™ 19.70 + 1.6° 3.5+04* 272 +£0.23*

MetHb — Methemoglobin; LDH — Lactate dehydrogenase; MDA — Malondialdehyde. Significant differences were
obtained by Duncan’s multiple comparison tests. Data are expressed as mean + SD, (n = 7). *Significant difference from

group I (P < 0.05); bsignificant difference from group II (P < 0.05)

These findings are in agreement with previous re-
ports [11].

Oxygen radicals are produced continuously in
erythrocytes by hemoglobin autooxidation [44], and
this process is accelerated upon exposure to a large
number of xenobiotic agents [45, 46]. Thus, oxyHb
autooxidation is probably the main source of H,O, in
red blood cell [47]. Moreover, the free hemoglobin
exposed to H,O, causes heme degradation with the
release of iron ions which are catalytically active in
initiating free radicals and lipid peroxidation and
this leads to membrane damage and eventually he-
molysis [48].

Results of treatment of nitrate and nitrites on
redox system are presented in Table 2. An increase
in the activity of CAT and SOD is usually observed
in the face of environmental pollutants [49] since
SOD-CAT system represents the first line of defense
against oxidative stress. CAT activity is useful as
an indicator of the inhibition by ROS. In the present
study resulted in a significant decrease in the eryth-
rocytes CAT activity was found in group II. While
that the group III was resulted in approximately 20%
decrease in CAT activity (Table 2). The decrease was
found to be statistically significant (P < 0.05). The
decreased CAT activity may be due to superoxide
accumulation, which has been shown to inhibit CAT
activity [50].

On the other hand, GPx and GR are both intra-
cellular GSH-related enzymes, working with GSH in
participation in the process of oxidative stress injury.
Our results showed that GPx activity in group Il rats
was comparable to group I (Table 2). In the case of
GPx 50% decrease was observed in the enzyme ac-
tivity in group III and insignificant change (about
5%) was observed in the group II. Table 2 shows the
activity of GR in erythrocytes of different groups.
No significant changes were observed in group II
and III rats versus group I. In addition, treated-
groups was resulted in decreased activity of GOPDH.
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A decrease ranging from 30 to 90% in the enzyme
activity was observed in case of group II and III.
These data greatly supports and confirms that both
nitrate and nitrite induce oxidative damage in rat
erythrocytes. In accordance with this, recent studies
[11, 51] has reported a decrease in the levels of these
enzymes in human erythrocytes treated with nitrite.
In addition, it was observed that nitrite increased the
activities of acid phosphatase, AMP deaminase, and
LDH.

Hence osmotic fragility is a measure of the re-
sistance of erythrocytes to burst under hypotonic
conditions. The ability of normal erythrocytes to
withstand hypotonicity results from its biconcave
disk shape, which allows the erythrocyte to increase
its volume by 70% before membrane rupture [52].
Lower osmotic fragility limits have been reported
in various diseases as a result of increased lipoper-
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Fig. 1. Osmotic resistance curves of different groups
of rats. The results shown are representative of
three independent experiments. Group I (black cir-
cles); Group Il (inverted black triangle); Group II1
(white circles). “Significant difference from group I
(P < 0.05); ’significant difference from group III
(P <0.05)
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oxidation [53]. After nitrate or nitrite was adminis-
trated, both groups Il and III showed right-shifted
sigmoidal osmotic fragility curves (Fig. 1), indicat-
ing an increase of the osmotic fragility and possibly
a membrane damage.

According to Krishnamoorthy and Sangee-
tha, [54], sodium nitrite (300 mg/kg body weight)
significantly increased the lipoperoxidation and the
activities of liver marker enzymes such as alanine
aminotransferase, aspartate aminotransferase, acid
phosphatase and lactate dehydrogenase, and de-
creased the activities of antioxidant enzymes such
as SOD, CAT, and reduced GSH level.

The G6PDH is an important enzyme of hexose
monophosphate shunt and its function in the ma-
ture erythrocytes is to generate NADPH, which is
required for the conversion of oxidized glutathione
(GSSG) to GSH that in turn is necessary for mem-
brane integrity of erythrocyte membranes [55].

It is well documented in the literature that in
vivo administration of various xenobiotics results
in a decrease in GSH content of erythrocytes [56].
Reduction in enzyme activities with higher doses
of contaminants may be related to consumption of
enzyme against oxidative stress. The increased li-
poperoxidation in group II could be attributed to the
nature of antioxidant synergistic functioning, which
may partly explain the mechanism of their reduced
activity. Inhibition of G6PDH leads to accumulation
of the GSSG by preventing reduction to GSH, sug-
gesting that the consumption of GSH might not have
been compensated by GR. Thus, reduced supply of
NADPH could be a cause for GPx activity; when
CAT or GPx fails to eliminate hydrogen peroxide
from the cell. Thus, erythrocytes with decreased
GSH content had a shorter lifetime and increased
susceptibility to hemolysis (Fig. 2, A). This indicates

accumulation of H,O, in erythrocytes. Therefore, the
oxidative stress caused by nitrates may be mediated
by the conversion of accumulated H,O, to hydroxyl
radical (OH). The OH’ oxidizes polyunsaturated fat-
ty acids in plasma membranes inducing the forma-
tion of lipid peroxides (Fig. 2, 4). Our results support
the idea that erythrocyte hemolysis is enhanced as
a result of increased lipid peroxidation. Therefore,
it could be inferred that nitrate administration re-
sults in an increased lipid peroxidation and increased
MDA levels, playing a causal role in increasing the
osmotic fragility of the erythrocytes (dotted line,
Fig. 2, A4).

During past decade, investigations have
focused on the beneficial effects of nitrate, reporting
that administration of nitrate has strong NO-
like outcomes in both animals and humans [57].
Inorganic nitrite and nitrate are no longer considered
inert end products of NO* metabolism but have been
shown to be biologically active in the vasculature.
Nitrite has been shown to have vasoprotective and
anti-inflammatory properties [58, 59]. However,
these potentially therapeutic properties of nitrite and
nitrate have largely been attributed to the ability of
inorganic nitrite and nitrate to function as a reservoir
for further NO* production. Nitrate is reduced to
nitrite, mostly by bacterial nitrate reductase, and then
nitrite is converted back to NO* through a variety of
enzymatic and nonenzymatic mechanisms, both in
the circulation and in the tissues [60].

The effect of NO* on cells ultimately depends
on many complex conditions such as the rate of NO*
production and its rate of diffusion, the concentra-
tion of potential reactants such as superoxide (O,")
and oxygen, the levels of antioxidants and the dis-
tances between generator cells and target cells [61].
Thus, NO* has both beneficial and harmful effects,

Table 2. Erythrocyte oxidative stress-defense systems affected by nitrate water consumption and nitrite

drinking water

G CAT, GPx, GR, G6PDH,
roup mmol/min/ug protein | pmol/min/ug protein | pmol/min/ug protein | pwmol/min/pg protein
I 16.53£2.9 493 +0.49 0.113 + 0.01 523+12
11 5.63£1.4° 5.18 +£0.52 0.161 = 0.09 37.6 47
I 13.27 £ 0.05% 2.61 £0.27*® 0.102 + 0.02 6.11 £0.28*

CAT - Catalase; GPx — Glutathione peroxidase; GR — Glutathione reductase; G6PDH — Glucose-6-phosphate
dehydrogenase. Significant differences were obtained by Duncan’s multiple comparison tests. Data are expressed as
mean + SD, (n = 7). *Significant difference from control (P < 0.05). *Significant difference from group II (P < 0.05)
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Fig. 2. Scheme of the postulated mechanism of nitrate and nitrite-induced hemoglobin oxidation, lipid per-
oxidation, and hemolysis. A) Nitrates and B) Nitrites can be exerting cellular stress and cause hemolysis via

increased ROS or RNS production and oxidative stress. GAPDH, glyceraldehide-3P dehydrogenase; G6PDH,
glucose-6P dehydrogenase; SOD, superoxide dismutase; CAT, catalase, NR, nitrate reductase; ROOH, hy-
droperoxides; GSH, reduced glutathione; GSSG, oxidized glutathione; NO,, nitrite; Hb, hemoglobin, MetHb,
methemoglobin
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depending on its concentration. At low concentra-
tions, it is a chemical messenger that directly inte-
grates and differentiates time-dependent responses
to stress and defense against pathogens [62]. At high
levels, and in the presence of ROS, NO* produces
reactive nitrogen species (RNS) that create oxidative
and nitrosative stresses [63].

In the case of nitrite stress, the formation of
RNS is not an inescapable consequence of synthesi-
zing NO'. The NO" is efficiently removed by reacting
with oxyhemoglobin to form nitrate, which prevents
even the highest rates of NO* synthesis from directly
reacting with oxygen to form significant amounts
of nitrogen dioxide (NO,’). However, the simultane-
ous activation of O, synthesis along with NO* will
completely transform the biological actions of NO*
by forming peroxynitrite (ONOQO") [64]. The reac-
tion between NO" and O,” which results in ONOO-
production is three times faster than the reaction
in which SOD catalyzes the dismutation of O, to
hydrogen peroxide (Fig. 2, B). The inactivation of
G6PDH and GPx in group III could facilitate the ac-
cumulation of superoxide radical that interact with
nitric oxide (Fig. 2, B). In addition, NO" in micromo-
lar concentrations will reversibly inhibit CAT [65].
Although ONOO- is a strong oxidant, it reacts at a
relatively slow rate with most biological molecules.
With its reaction with carbon dioxide and other ma-
jor reactions in cells taken into account, ONOO- can
still diffuse quite far on a cellular scale. ONOO" is
able to traverse cell membranes in part through ani-
on channels [66].

Nitric oxide synthase-independent synthesis of
NO' by molybdopterin nitrite reductases (including
xanthine oxidoreductase, aldehyde oxidase, and
sulfite oxidase) seems to be increased in high nitrite
concentration; it could be speculated that nitrite ad-
ministration increases NO* formation and extracel-
lular generated ONOO- gets into erythrocytes by
crossing the membrane barrier into two pathways:

the anion form through band 3 protein anion ex-
changer and the protonated form by passive diffu-
sion through the lipid bilayer [67]. Tyrosine residues
appear to be a major site of the reaction of peroxy-
nitrite with many proteins. Soszynski et al. have
demonstrated inactivation of ATPase activities after
exposure to ONOO- [68]. Besides ATPase, RNS can
lead to oxidation of amino acid residues and frag-
mentation of cytoskeleton protein, which disrupts
viscoelastic properties of the erythrocyte membrane
lipids (dotted line, Fig. 2, B) [69]. Thus the increased
MDA, MetHb, and peroxynitrite indicate that mul-
tifactorial mechanisms might be involved in the
toxicity of nitrates and nitrites which could be mani-
fested by oxidative stress (Fig. 2). However, addi-
tional studies involving membrane protein and lipid
analyses and measurements of lipophilic antioxidant
levels in the erythrocytes subjected to nitrates and
nitrites will clarify this point in the future.

Conclusion. It can be concluded from these ob-
servations that nitrate or nitrite leads to alterations
in the erythrocytes antioxidant defense status main-
ly throughout NADPH and GSH-related enzymes.
These results suggest the importance of G6PDH in
the regulation of cellular function, that is, the ability
of erythrocytes to cope up with oxidative stress in-
duced by nitrates and nitrites. However, the different
responses of the antioxidant enzymes indicated a
complicated mechanism of oxidative stress regula-
tion in the erythrocytes.
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Y nociimKeHHI OIiHIOBAJIH BILUIMB KOPOTKO-
CTPOKOBOTO CITOXKMBAHHS ITUTHOI BOJH, 1110 MiCTUTb
HITpaTH 1 HITPUTH, HA AHTUOKCHUJIAHTHY CHCTEMY 1
MeMOpaHu epuTponnTiB mypis. Lllypu Wistar Oyiu
BHUIIaIKOBUM YHHOM PO3/iJICHI Ha TPU TPYIH: TBa-
puHU 1-i Tpynu (KOHTPOJIBHOT) TUIN TITBKU AUCTH-
bOBaHy Boay ad libitum; y 2-i Tpymi — BOAY, IO
MiCTHJIa HITpaTH B 1031 124 Mr/kr; a B 3-if Tpymi —
BOJY, IO MICTHJIA HITPUTH B 1031 150 Mr/kr Macu
Tima mpotaroMm 7 AHiB. HampukiHIi ekcriepuMeH-
Ty B HIypiB 3-1 IpymH CIOCTEpiragu 3HaYyHE 3HH-
JKEHHSI aKTUBHOCTI TayTarioHnepokcunasn (GPx),
TIII0K030-6-(hocdatneriaporenasun (G6PDH) i ka-
tanasu (CAT); y mypiB 2-1 rpynu aktuBHicTE GPx
i CAT Oyna 3Ha4HO 3HMIKEHA, TOAl SK aKTHBHICTH
TIIYyTaTIOHPEAYKTAa3W 1 PIBEHb TEPOKCHHITPUTY
Oymu 6e3 3miH. PiBerr mamonmianpaeriny (MDA)
OyB 30inpIIeHWH B 000X Tpymax TOPIBHSHO 3
KOHTPOJIGHOIO Tpymnoro. Tako IoKa3aHo, IO
piBeHb METTeMOTJIOOIHY i OCMOTHYHa KPHXKICTh
3MIHIOBAJIUCS B TIYpiB, SKI OTPUMYBalld BOIY 3
HiTpaTamM¥ Ta HITPUTaMH, TOPIBHSIHO 3 KOHTPOIb-
HOIO Tpymor. 3MiHU Oynu HaWBUpaKEHIITUMHU B
urypiB 3-i rpynu. iy BHCHOBKY, IO HITPaTH i
HITPUTH BIUTMBAIOTH HA CTAH aHTUOKCHJIAHTHOI CH-
CTEMH B €PUTPOIHTAX IIypiB, B OCHOBHOMY, 32 pa-
XyHOK 3MiaH akTuBHOCTI NADPH enszumis.

KniovyoBi cmoBa: HITpaTH, HITPUTH,
OKHCIIOBAJIbHUM CTpeC, aHTHOKCHJIAHTHI CH3MMH,
METIreMOrI00iH, epUTPOIIUTH.
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B mHacrosiiiem ucclieoBaHMM —OLEHHUBAJIN
BIIMSIHAE KPATKOCPOYHOT'O MOTPEOJICHHUS MUTHEBOH
BOJIbI, COZICPIKAIICH HUTPAThl U HUTPUTHI, HA aHTH-
OKCHUJIAHTHYIO CUCTEMY U MEeMOpaHbl SPUTPOIIUTOB
kpoic. Kppicet Wistar OblTH crydaltHBIM 00pa3oM
pasaeneHbl Ha TPU TPYIIIBL )KUBOTHBIC 1-i TPYIIIIEL
(KOHPOJIBHOM) THUJIM TOJIBKO AMCTUIUIMPOBAHHYIO
Bony ad libitum; Bo 2-i rpymme — BOAY, COJEpKa-
HIYI0 HUTPaTHl B 03¢ 124 Mr/kr; a B 3-i rpynme —
BOJIY, COACPIKAITYI0 HUTPUTHI B 03¢ 150 MT/KT Mac-
Chl Tella B TeueHue 7 aHel. B KoHIle aKcriepuMeHTa
y KpbIC 3-i TPyNIbl 3HAYUTEIBHO CHH)KAJIach ak-
TUBHOCTB I1yTaTHoHNepokcuaassl (GPx), riroko3o-
6-docharnerunporenazsl (G6PDH) u karanass
(CAT); y xpoic 2-if rpynmsl akTuBHOCTE GPx 1 CAT
ObLi1a 3HAYUTEIBHO CHUXKEHA, B TO YK€ BPEMsI aKTHB-
HOCTb TJyTaTHOHPEOYKTa3bl U yPOBEHb NEPOKCH-
HUTpUTA ObUIM 0€3 U3MEHEHHH. YPOBEHb MaJlOHO-
Boro auanpaeruaa (MDA) Obln yBenuueH B 000MX
rpynmnax o CpaBHEHHUIO C KOHTPOJBHOU I'PyIIION.
Takke TOKa3aHO, YTO YPOBEHb METTEeMOTJIOOMHA
U OCMOTHYECKasl XPYIKOCTb M3MEHSUIMCh Y KPBbIC,
HOJTYYaBIIMX BOLY C HUTpaTaMyd ¥ HUTPUTAMH, 1O
CpPaBHEHMIO C KOHTPOJIBHOM rpymnmoil. M3meHenus
ObutH HamboJsiee BBIPAKEHBI Y KpBIC 3-H TPYIIbL.
CrenaH BBIBOJ, YTO HUTPATHl M HUTPUTHI BIUSIOT
Ha COCTOSIHME aHTHOKCHJIAHTHOH CHUCTEMBI B 3pH-
TPOLUTAX KPBIC B OCHOBHOM 3a CUET U3MEHEHUS aK-
tuBHOCTH NADPH 5H3uMOB.

KnrmoueBble CcJ10Ba: HUTPATHI, HUTPUTHI,
OKHCJIUTEIBbHBIA CTPECC, aHTHOKCUJIAHTHBIE SH3U-
MBI, METT€MOTJIOONH, SPUTPOIUTHL.
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