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ABSTRACT. The effect of low and moderate sodium nitrite doses (final concentration − 0.007, 0.070, 0.15, 0.35, 
0.70 and 3.50 mM) on oxidative processes in erythrocytes, glutathione content, changes in catalase and glutathione 
peroxidase activity and the intensity of lipid peroxidation and the effect of sodium selenite (5 µM) as a possible 
antioxidant factor affecting the development of oxidative processes in vitro (incubation period 30 min, t = 37 °C) was 
considered. During nitrite-induced oxidation, there is a depletion of intra-erythrocyte glutatione (up to 12% of the initial 
level), which is in direct proportion to the final concentration of sodium nitrite. Catalase activity at all final sodium 
nitrite concentrations decreases, reaching a minimum already in the middle of the incubation period. In case of nitrite-
induced oxidation, multidirectional changes in the glutathione peroxidase activity take place, which, at low and 
moderate sodium nitrite concentrations slightly increasein the initial period of incubation and decrease in the middle of 
the period. Catalase and glutathione peroxidase activity decrease in erythrocytes caused by nitrites is accompanied by 
an intensive accumulation of methemoglobin and an increase in lipid peroxidation at high concentrations of sodium 
nitrite (0,70−3,50 mM) by the end of the incubation period. The negative relationship between a decrease in glutathione 
peroxidase activity and an increase in lipid peroxidation intensity suggests a predominant role of glutathione peroxidase 
in limiting oxidative stress in erythrocytes.The results obtained indicate the active participation of these antioxidant 
erythrocytes enzymes in oxidative metabolism under nitrite exposure. Sodium selenite can, to a certain extent, act as a 
regulator of nitrite-induced oxidative stress. 

КЛЮЧЕВЫЕ СЛОВА: erythrocytes, hemoglobin, sodium nitrite, sodium selenite, glutathione peroxidase, 
catalase, lipid peroxidation. 

Abbreviations: 
AO − antioxidant factor 
CAT − catalase 
FC − final concentrations 
FCSN − final concentrations of sodium nitrite 
GSH − glutathione 
GP − glutathione peroxidase 
H2O2 − hydrogen peroxide 
Hb − hemoglobin 

LPO − lipid peroxidation 
MetHb − methemoglobin 
MDA − malondialdehyde 
NaNO2 − sodium nitrite  

Na2SeO3 − sodium selenite  
NO − nitric oxide 
SPB − sodium phosphate buffer 
TBARS − thiobarbituric acid reactive substances 

 
INTRODUCTION 
Among the nitrogen-containing substances pre-

sent in or entering in the human body, the key place 
is occupied by nitrites, which are the most basic fac-
tor of nitrogen impact on the human organism. Ni-

trites in the body are donors of nitric oxide, which 
performs a wide range of important regulatory func-
tions (DeMartino, et al., 2019), and depending on 
the concentration and a number of other conditions 
can act as an antioxidant, interrupting free radical 
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oxidative processes (Wink, et al., 2001) and as a 
prooxidant (Hogg, 1995). One of the main targets of 
the nitrites toxic effect is hemoglobin, which has an 
increased oxidative affinity (formation of MetHb 
and other oxidative derivatives) for nitrites (Hogg, 
1995; Doyle, et al., 1981; Titov, Petrenko, 2005). 

During the oxidative reaction between oxyhe-
moglobin (oxyHb) and nitrites, along with nitrate, 
MetHb, hydrogen peroxide and NO2

· are mainly 
formed, that is, radical products capable of serving 
as intermediates for further oxidative processes, 
leading to the development of protein and lipid pe-
roxidation, causing cell death (Doyle, et al., 1981; 
May, et al., 2000; Keszler, et al., 2008). This reac-
tion itself consists of two phases: a slow phase (initi-
ation phase) and an autocatalytic phase, the contri-
bution of which depends on the concentration of ni-
trites in relation to Hb (Doyle, et al., 1981; Kosaka, 
Tyuma, 1987; Spagnuolo, et al., 1987; Keszler, et 
al., 2008). The predominant product in the slow 
phase is H2O2 (Keszler, et al., 2008), while for the 
autocatalytic phase it is NO2

· radical. In this case, 
the fraction of the slow phase is significant at low 
nitrite concentrations, and at high nitrite concentra-
tions, the initiation phase is short or absent, and the 
reaction becomes autocatalytic (Doyle, et al., 1981; 
Keszler, et al., 2008).  

It should be noted that with a small and moder-
ate effect of nitrite on erythrocytes, stimulation of 
H2O2 breakdown is important for limiting the induced 
oxidative stress in erythrocytes, which is normally 
carried out by a system of AO enzymes: superoxide 
dismutase, GP, CAT, glutathione reductase, peroxire-
doxin-2 (Johnson, et al., 2005; Chun-Seok, et al., 
2010; Rocha, et al., 2015) and by Hb itself, which has 
a certain peroxidase activity (Widmer, et al., 2010). 

In addition, it is known that nitrites are donors 
of NO·, which, when interacting with the superoxide 
radical (О2·−), formed during Hb oxidation, generate 
an aggressive radical product – peroxynitrite 
(ОNOO−), capable of oxidizing cellular structures 
(Kondo, et al., 1997; Denicola, et al., 1998; Osipov, 
et al., 2007). In this regard, there is extensive infor-
mation on the use of various antioxidants to neutral-
ize nitrite toxicity, including the destruction of me-
tabolites of nitrite exposure (peroxynitrites, etc.) 
(Kondo, et al., 1997; Chow, Hong, 2002). In particu-
lar, there is data on the AO effect of selenium-
containing substances: Se-proteins and Se-amino ac-
ids or other selenium compounds (usually acting like 
SH-containing compounds, but with greater effi-
ciency) (Sies, et al., 1998; Alvazer, Radi, 2003; 

Storkey, et al., 2015). There is evidence that seleno-
protein is able to catalyze degradation of ОNOO- at 
a high final rate of the 2nd order reaction (Sies, et al., 
1998; Storkey, et al., 2015). It was suggested that 
GP acts as a peroxynitrite reductase, reducing and 
protecting Hb from oxidation and nitration (Sies, Ar-
teel, 2000). At the same time, it was shown that GP 
selenenzyme is deactivated in the presence of 
ОNOO− which also confirms the importance of Se-
proteins and Se-amino acids in the protection against 
nitrite toxicity, given that nitrites as a source of NO· 
form with О2

− highly active oxidants − peroxyni-
trites (Padmaja, et al., 1998).  

In addition, there are indications that GP is di-
rectly deactivated in the reaction medium in the 
presence of NO· (Asahi, et al., 1995), which also in-
dicates the importance of selenium-containing com-
pounds in the regulation of nitrite toxicity. 

In the literature there are a number of indica-
tions that Na2SeO3 is easily incorporated into eryth-
rocytes (selenium pump), in which it undergoes a 
complex metabolism, interacting with Hb, influenc-
ing its properties, with the subsequent release from 
erythrocytes into plasma in the composition of vari-
ous albumins (Gasiewicz, Smith, 1978; Mas, et al., 
1988; Suzuki, et al., 1998). Thus, selenium, which is 
included in erythrocytes, as an active intermediate, 
can affect oxidative processes induced by nitrites or 
their metabolites. 

The purpose of this study was to examine the 
patterns of development of oxidative stress, the state 
of the main antiperoxide enzymes − CAT and GP in 
isolated human erythrocytes during the development 
of oxidative stress caused by exposure to low and 
moderate doses of NaNO2 in the presence of sodium 
selenite, as a substance with an active AO metabo-
lism in erythrocytes. 

MATERIALS AND METHODS  
The following reagents were used in the work: 

sodium selenite ≤ 99% (Sigma-Aldric Chemie 
Gmbh), reduced glutathione (AppliChem, Germa-
ny), 5.5-Dithio-bis (-2-nitrobenzoic acid) (Ellman's 
Reagent) (Germany), thiobarbituric acid (Appli-
Chem, Germany), ethylenediamine tetroacetic acid 
(Acros Organics, Belgium), sodium azide (Biochem, 
France), tert-butyl hydroperoxide (Sigma Aldrich, 
USA), oxymethyl aminomethane, trichloroacetic ac-
id, sodium nitrite, ammonium molybdate (Russia). 
All reagents are chemically pure. 

In model experiments, the main object of the 
study was human erythrocytes and Hb. In in vitro 

 

https://www.google.ru/search?newwindow=1&hl=ru-AZ&authuser=0&q=tert+butyl+hydroperoxide&spell=1&sa=X&ved=2ahUKEwj8yaTRz63vAhULKBoKHdNdB80QkeECKAB6BAgCEDM
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experiments, donor blood was used, taken from the 
cubital vein into tubes with heparin (20 units/ml of 
blood). Separation of blood plasma from erythro-
cytes was carried out by centrifugation (800 g for  
15 min). To obtain a suspension of erythrocytes, the 
erythrocyte sediment was washed three times in a 
tenfold volume of physiological solution – sodium 
phosphate buffer (0.01 M sodium phosphate  
+ 0.14 M NaCl; pH 7.4; t = 37 °C), centrifuged at 
800 g for 15 min, followed by removal of the super-
natant liquid. Hemolysis of erythrocytes was 
achieved by diluting the erythrocyte mass with dis-
tilled water in a ratio of 1: 9, followed by freezing, 
thawing and centrifugation at 10000 g for 10 min. 
Two series of experiments were carried out to study 
changes in indicators of oxidative processes in eryth-
rocytes (accumulation of MetHb, GSH content, GP, 
CAT activity, LPO intensity). In the first series of 
experiments in an incubation medium with erythro-
cyte hemolysate, NaNO2 was added, with a final 
concentration in the incubation medium from 0 to 
3.50 mM (0.007; 0.070; 0.15; 0.35; 0.70; 3.50 mM) 
exposure time 0 to 30 min (aliquots were taken eve-
ry 5 min), at 37 °C. The second series of experi-
ments were carried out with the simultaneous addi-
tion of NaNO2 (0.70 mM) and Na2SeO3 (5 µM) to 
the incubation medium with a 15 minute interval 
apart and with a total incubation period of 30 min. 
The dose of 0.70 mM was chosen as the optimal one 
based on our earlier experiments, where it was found 
that a significant increase in MetHb corresponds to a 
noticeable increase in LPO in erythrocytes 
(Huseynova, et al., 2018; Huseynova, 2019). In the 
second series of experiments, 5 options were consid-
ered: 1 control and 4 experimental. The control sam-
ple contained an erythrocyte hemolysate, and in the 
next 4 experimental samples, NaNO2, Na2SeO3, 
Na2SeO3 + NaNO2 and NaNO2 + Na2SeO3 were add-
ed to the erythrocyte hemolysate, respectively. Sodi-
um selenite was used as a possible antioxidant that 
affects oxidative processes with high permeability 
through the erythrocyte membrane and active me-
tabolism in them (Mas, et al., 1988; Suzuki, et al., 
1998; Hongoh, et al., 2012). The FC of Na2SeO3 (5 
µM) in the incubation medium was also selected 
based on previous experiments (Huseynova, 2019) 
(see details in the "research results" section).  

The accumulation of MetHb was estimated ac-
cording to semi empirical formulas proposed by  
J. Szebeni et al. (1984): 

([MetHb] = 28A 577 − 307A630 − 55A 560)  

The content of GSH was carried out by the 
method, the principle of which is the formation of a 
colored compound upon interaction of GSH with 
5,5-dithiobis (2-nitrobenzoic acid) (DTNBA) 
(Ellman, 1959).  

The activity of GP was determined by the rate 
of GSH oxidation in the presence of tert-butyl hy-
droperoxide (Moin, 1986).  

Catalase activity was determined by the spec-
trophotometric method (Korolyuk, 1988), based on 
the ability of hydrogen peroxide to form a stable 
colored complex with molybdenum salts.  

The intensity of LPO processes in erythrocytes 
was assessed by the accumulation of colored prod-
ucts of malondialdehyde, which react in a color reac-
tion with thiobarbituric acid to form a colored trime-
thine complex with a characteristic absorption spec-
trum with a maximum at λ = 532 nm (Mengel, Kann, 
1966). 

All measurements were carried out on an SF-46 
spectrophotometer (Russia). 

Statistical processing of the obtained results 
was carried out using the t criterion at a significance 
level of p = 0.05 (Lakin, 1990). Statistical data pro-
cessing was performed using the MS Excel 2017 
software packages. 

RESULTS 
Stimulation of the nitrite oxidative process in 

erythrocytes is accompanied not only by the accu-
mulation of MetHb, but also by accumulation other 
Hb derivatives and the formation of radical products, 
including reactive oxygen and nitrogen species, and, 
as a consequence, by a change in the activity of anti-
oxidant enzymes, primarily САТ and GP as the main 
antiperoxide enzymes that function under conditions 
of active H2O2 generation (Asahi, et al., 1995; 
Padmaja, et al., 1998; May, et al., 2000; Chow, 
Hong, 2002; Nagababy, et al., 2003; Osipov, et al., 
2007; Lapinski, et al., 2014; Rocha, et al., 2015; 
Krych-Madej, Gebika, 2017). 

One of the important consequences of radical 
formation during intracellular oxidation of Hb is the 
oxidation GSH, proceeding according to the scheme 
(Stepuro, et al., 1997; Sopyani, et al., 2008; La-
pinski, et al., 2014). 

GS−  + 2NO• GS•→ + 2NO− → GS• ̶ GSSH 
Considering that the change in the ratio of in-

tracellular GSH to the ratio of GSSH, is an indicator 
of impaired hemostasis in the absence of glucose in 
an incubation medium that maintains the level of 
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the most important intra-erythrocyte hemostasis 
components GSH, NAD, NADPH, ATP, it can be 
assumed that changes in the transition of GSH to 
GSSH can serve as an indicator of oxidative stress 
(Osipov, et al., 2007; Chun-Seok, et al., 2010; Sme-
yne, Smeyne, 2013). At the same time, the activity 
of the key complementary antiperoxide enzymes 
CAT and GP, involved in the regulation of the Н2О2 
level, is related to GSH in different ways, and if the 
bond for CAT is mediated, then GP is directly relat-
ed to GSH, because GSH is a substrate for GP. Un-
der these conditions, heme degradation is more de-
pendent on GSH, given that in erythrocytes, GP, at a 
moderate concentration of hydrogen peroxide, is the 
main antioxidant protector of Hb (Nagababu, et al., 
2003; Chun-Seok, et al., 2010; Rocha, et al., 2015). 

In experiments to study the effect of the final 
concentrations of sodium nitrite in an incubation 

medium on the content of intra-erythrocyte GSH, it 
was revealed that nitrites have a significant effect on 
the depletion of intra-erythrocyte GSH. From Fig. 1. 
it can be seen that in the first 3-5 minutes of 30-
minute incubation there is an insignificant "surge" in 
GSH content, apparently having a compensatory 
value inherent in low or moderate FCSN 0.007; 
0.07; 0.35 mM and which is absent for 0.70 and 3.50 
mM. The rate of GSH depletion is maximum at in-
tervals of 5-10 minutes or 5-15 minutes and depends 
on the FCSN (the higher FCSN, the higher the GSH 
depletion rate). After 30 minutes of incubation, the 
GSH level decreases to 7-25% of the initial (for 
0.35; 0.70; 3.50 mM NaNO2) while for lower con-
centrations, it is about 50%.  

The curves of changes in CAT and GP activity 
under NaNO2 supply to an incubation medium in the 
time interval 0−30 minutes are shown on Fig. 2 and 3. 

 
Fig. 1. Change in the content of GSH in human erythrocytes treated with NaNO2  

(the incubation medium contains 10 mM SPB, 0.14 M NaCl, pH 7.4, t = 37 °C) 

 
Fig. 2. Changes in CAT activity in human erythrocytes treated with NaNO2  

(the incubation medium contains 10 mM SPB, 0.14 M NaCl, pH 7.4, t = 37 °C) 
 

__________________________________________________________________ 

* footnote − Under normal conditions (under physiological conditions), oxidative processes associated with the utilization of hydro-
gen peroxide, including those occurring in the near-membrane space, are regulated by peroxiredoxin-2, the content of which is an 
order of magnitude higher in comparison with GP and especially with catalase. However, having a low rate constant, this enzyme is 
not very effective in the case of induced oxidative processes and the associated flow of hydrogen peroxide. 
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Fig. 2 shows that the activity of CAT at all FC 
decreases, reaching a minimum already in the mid-
dle of the incubation period: 50–60% of the initial 
level (at 0.35 and 0.70 mM NaNO2 concentrations) 
and higher activity levels for lower NaNO2 concen-
trations (less than 0.35 mM). 

In contrast to CAT, the GP activity (Fig. 3) at 
low and moderate concentrations of NaNO2 in the 
initial period of incubation slightly increases (com-
pared to control), after which it is established at the 
control level (lag period), and then the activity be-
gins to decrease, ≈ from the middle of the incubation 
term. However, at higher FC a decrease in GP activi-
ty occurs, similar to CAT. Thus, it can be concluded 
from Fig. 1, 2, 3 that the nitrite treatment of isolated 
erythrocytes decreases the intra-erythrocyte content 
of GSH, the activity of CAT and GP (if we exclude 
the initial increase in the activity for low and moder-
ate FCSN).  

In this case, a decrease in the GP activity oc-
curs when the lag period is exhausted, the length of 
which depends on the FC of nitrites. Apparently, this 
is due to the fact, that GSH content exceeds the re-

quirements of GP for GSH as an oxidation substrate 
(Floe, 1988). After passing the “red line", depletion 
of the GSH level begins to affect the loss of GP ac-
tivity. 

The decrease in the activity of the main anti 
peroxide enzymes of erythrocytes, CAT and GP, 
caused by nitrites, is accompanied by an intensive 
accumulation of MetHb and other oxidative radical 
products that can lead to the development of protein 
and lipid peroxidation, and as a consequence to he-
molysis (Hogg, 1995; Ansari, et al., 2015). Our ex-
periments have shown that nitrites already in mini-
mal FC – 0.007 mM have an oxidative effect on 
HbO2, which increases with the growth of FCSN, 
reaching already in the first 15–20 minutes of incu-
bation (for the case of 0.35-0.70 mM) 40% and 
above of the MetHb content mark (Fig. 4). At the 
same time, there is a relatively weak "motivation" 
for MDA accumulation: no significant changes 
(weakening of LPO), were found in the 0-15 minute 
interval of time and only a 50-70% increase in the 
MDA level in 30 minutes incubation time for higher 
FCSN (0.70-3.50 mM) (Fig. 5). 

 
Fig. 3. Changes in GP activity in human erythrocytes with NaNO2  

(the incubation medium contains 10 mM SPB, 0.14 M NaCl, pH 7.4, t = 37 °C) 

 
Fig. 4. Dose-dependent nitrite-induced accumulation of MetHb  

in an incubation medium containing human erythrocytes 
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Fig. 5. Accumulation of TBARS in human erythrocytes incubated in a medium containing NaNO2  

(the incubation medium contains 10 mM SPB, 0.14 M NaCl, pH 7.4, t = 37 °C) 
 
These data show that FCSN has a multidirec-

tional effect on oxidative processes in erythrocytes 
membrane apparatus. The fact that low FCSN leads 
to a decrease in LPO with a significant increase in 
MetHb indicates that MetHb has AO properties. Ear-
lier, in similar experiments, we showed an increase 
in membrane-bound hemoglobin (Hbm) and its main 
oxidative derivative MetHbm with an increase in 
FCSN in an incubation medium containing erythro-
cytes. At the same time, the ratio as the FCSN grew, 
between Hbm and MetHbm reached 1: 4 (Shperlink, 
et al., 2004; Huseynov, et al., 2018; Huseynova, et 
al., 2018). There is evidence that it is the membrane 
Hb during oxidative modification, being closely as-
sociated with erythrocytes membrane apparatus, 
stimulates the development of LPO (Shperlink, et 
al., 2004; Arashiki, et al., 2013; Welborn, et al., 
2016). 

It can be seen from these experiments that: 1) 
only at high FCSN (0.70 mM and higher) there is a 
clear increase in LPO, which is absent (<0.35 mM) 
or there is a decrease in the accumulation of LPO 
products at 0.07; 0.15 mM, at the fact that a signifi-
cant oxidative modification of Hb occurs with all 
used FCSN; 2) There is a parallelism between a sig-
nificant decrease in CAT activity at relatively high 
FCSN (0.35-3.50 mM) and the onset of lipid LPO in 
erythrocytes. However, the development of LPO oc-
curs in membrane structures and in limiting LPO, 
GP rather than CAT has a predominant role, since 
GP also utilizes, along with H2O2, organic hydroper-
oxides, which are participants of LPO (Floe, et al., 
1988; Nagababu, et al., 2003). The more important 
role of GP in comparison with CAT in moderate ox-
idation of Hb is also indicated by many works (Na-
gababu, et al., 2003 and references therein); 3) 3) 
Under the conditions of our experiments (Fig. 4, 5) 

at FCSN of 0.35 and 3.50 mM, a significant increase 
in MetHb (tenfold) corresponds to a 50% increase in 
TBARS, which is probably due to the fact that 
MetHb itself possesses antioxidant properties and 
thus limits the development of LPO (Nagababu, et 
al., 2003). Indeed, according to the literature 
(Keszler, et al., 2008), at high FCSN (10-50 mM), 
deep oxidized forms of Hb are formed - ferryl he-
moglobins: HbFe (+ IV), ˙HbFe (+ IV), which can 
lead to triggering the Fenton reaction with all the en-
suing consequences of oxidative stress in erythro-
cytes (Nagababu, et al., 2003). 

When using Na2SeO3 as an antioxidant, it must 
be borne in mind that selenite in excess, along with 
the AO effect, can enhance lipid peroxidation, re-
duce the content of NADPH, GSH, oxidize SH-
groups of Hb and other proteins, and ultimately pro-
voke hemolysis of erythrocytes (Seko, et al., 1989; 
Sopyani, et al., 2008). In this regard, it was neces-
sary to choose its optimal concentration range of an-
tioxidant effects on erythrocytes. 

Previously, from our own experiments, it was 
found that sodium selenite, with a FC in the incuba-
tion medium of up to 10 μM (incubation period 
0−30 min), does not have a prooxidative effect, does 
not oxidize erythrocyte GSH, and at FC within  
1.0− 5.0 µM it has a certain AO effect: it slows 
down the accumulation of MetHb, slightly increases 
the activity of CAT and GP, with no effect on LPO 
(Huseynova, 2019). 

As can be seen from Fig. 6,7,8 Na2SeO3 at this 
FC in all cases of nitrite action (i.e., at all used con-
centrations) had an AO effect to one degree or an-
other, reducing the accumulation of MetHb,  
lowering the level of lipid peroxidation, somewhat 
reducing the effect of reducing the activity of САТ 
and GP. 
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Fig. 6. Accumulation of MetHb, TBARS, in human erythrocytes incubated (37 ° C)  

in a medium containing NaNO2 (0.70 mM) and Na2SeO3 (5 µM) for 30min.  
Note: р˂0.05 − *, р˂0.01 − ** by comparison with control; р˂0.05 − + by comparison with NaNO2 sample. Values with similar 

indexes do not differ statistically according to Duncan test at p<0.05:  
1 – control; 2- Na2SeO3; 3 – NaNO2; 4 - Na2SeO3+ NaNO2; 5 – NaNO2+ Na2SeO3 

 
Fig. 7. Changes in САТ activity in human erythrocytes  

in an incubation medium containing NaNO2 и Na2SeO3.  
(10 mM SPB, 0.14 M NaCl, pH 7.4, t = 37 °C)  

Note: р˂0.05 − *, р˂0.01 − ** by comparison with control.  
Values with similar indexes do not differ statistically according to Duncan test at p<0.05 

 
Fig. 8. Changes in GP activity in human erythrocytes  

in an incubation medium containing NaNO2 и Na2SeO3.  
(10 mM SPB, 0.14 M NaCl, pH 7.4, t = 37 °C)  

Note: р˂0.05 −* by comparison with control. 
Values with similar indexes do not differ statistically according to Duncan test at p<0.05 

 
 

DISCUSSIONS 
İt is possible to make some assumptions about 

the possible mechanism of the antioxidant action of 
Na2SeO3 during oxidative stress caused by sodium 
nitrite. The metabolism of Na2SeO3 and NaNO2 has a 

number of common features: they are both small-
sized and uncharged compounds easily penetrate 
through the membrane into erythrocytes, where they 
undergo rather complex rapid chemical transfor-
mations. This concerns the incorporation of seleni-
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um into Hb and its subsequent release from Hb and 
other SH compounds (GSH, amino acid residues of 
proteins). The transfer of selenium from erythrocytes 
to plasma occurs through the membrane (anion ex-
changer) AE-1 by a complex interaction of mem-
brane SH-proteins, containing transported selenium, 
with plasma albumin (Suzuki, et al., 1998; Haratake, 
et al., 2005; Haratake, et al., 2008; Hongoh, et al., 
2012). NO in vitro / in vivo is formed by inherent in 
Hb nitrite reductase activity according to the scheme 
(Reutov, et al., 1983):  

Hb + NO2
− → MetHb + NO + H2O  

On the other hand, NO, as the main metabolite 
of the NO2

− ion in vitro and in vivo, also interacts 
with Hb in a complex way, entering into a direct 
bond with heme (nitrosylhemoglobin – HbNO) or is 
included in the SH group of α- or β-peptide chains 
(nitrosohemoglobin – SNHb) as nitrosonium NO + 

cations (Pawloski, et al., 2000; Hobbs, et al., 2002; 
Singel, Stamler, 2005; Böhmer, et al., 2016; Sun, et 
al., 2018). Of particular interest is the incorporation 
of NO into the β-chain of Hb at the β-93cys position, 
which is of significant physiological significance for 
the performance of the vasodilator function. This 
circumstance is also interesting because this position 
also includes selenium from sodium selenite, i.e., se-
lenium, which replaces sulfur in the β-chain of cys-
teine. In other words, selenium, along with NO, is 
included in the same site of the β-chain of Hb (β-
93cys) (Suzuki, et al., 1998; Haratake, et al., 2005). 
According to some data the frequency of selenium 
presence in Hb for healthy humans is 1: 225 
(Beilstein, Whanger, 1983), and to other data Se: Hb 
1: 300 (Huseynov, et al., 2012). Normally, the fre-
quency of NO inclusion in Hb is NO: Hb 1: 1000 
(but in extreme cases it can reach 1: 100), i.e. the 
number of inclusions in the β-chain is normally 
higher for selenium than for NO, despite the fact that 
incorporation of NO directly into the β-chain is even 
less (≈40%) (Pawloski, et al., 2000; McMahon, et 
al., 2002; Singel, Stamler, 2005; Osipov, et al., 
2007; Vanin, 2016). 

As mentioned above, NO is an active producer 
of NaNO2 (Wink, et al., 2001; DeMartino, et al., 
2019), and Se is a producer of Na2SeO3 (Seko, et al., 
1989; Sopyani, et al., 2008), which, individually, can 
exhibit, depending on the concentration, both oxida-
tive and prooxidant properties. At the same time, 
their joint presence can have various effects on oxi-
dative processes in Hb and in erythrocytes already in 
other concentration limits. In particular, low or close 
to physiological concentrations in the incubation 

medium of both NO2
- and Se2O3

- impart antioxidant 
properties to Hb that has bound NO or Se, and thus 
has a positive effect on the AO status of erythro-
cytes. 

However, in some cases, when dietary condi-
tions change (nitrite poisoning, or deficiency of ni-
trogen consumption) of both nitrite and selenium 
(excess or deficiency in the diet), the NO: Hb ratio = 
1: 1000 and Se: Hb = 1: 300 can significantly 
change, especially for nitric oxide due to the wide-
spread use of nitrates / nitrites in agricultural and 
food industries. In this case, excess NO can stimu-
late oxidative stress as one of the manifestations of 
nitrite toxicity. Thus, the incorporation of selenium 
at the same site of (β-93cys) Hb can create competi-
tion for NO and thereby reduce the oxidative loading 
on Hb, in addition to the action of GP as a natural 
protector against oxidation (Floe, 1988). 

In addition, recently, using transgenic mice, it 
was shown that the amino acid residue β-93-cys it-
self confers certain AO properties to erythrocytes 
upon stimulation of the formation of Hb ferryl forms 
by hydrogen peroxide (Vitturi, et al., 2012; Kassa, et 
al., 2017). Earlier, a similar idea was put forward by 
Mansouri (1979) in the study of sodium-dependent 
oxidation of Hb, that β-93-cys performs a protective 
AO function for Hb. As for selenium, we have pre-
viously shown that a 2-hour incubation of human 
erythrocytes with Na2SeO3 doubles the selenium 
content in the Hb fraction, enhancing the AO proper-
ties of both Hb and erythrocytes (LPO decrease) 
(Huseynov, et al., 2012). The authors explain this by 
the fact that selenium atoms are more electronega-
tive than sulfur atoms, which it replaces (Viswana-
than, et al., 2013).  

The question of how such low NO inclusions in 
Hb can have significant physiological effects re-
mains unclear (Sun, et al., 2019), despite the impres-
sive progress in this area (recognition of NO as a gas 
molecule, etc.). To a certain extent, this also applies 
to selenium, the content of which in Hb is compara-
ble to NO, but its role as an AO factor, apart from its 
role as a Se-depot, has not been disclosed. And the 
fact that a significant part of NO in Hb is located at 
the same site together with selenium suggests a close 
interaction of these two ligands, which are in compa-
rable proportions, which makes it interesting to 
study this issue. 

CONCLUSION 
1. The relatively low degree of LPO intensifi-

cation (40−70%) against the background of a signif-
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icant oxidative modification of Hb (accumulation of 
MetHb), which occurs already from the lowest 
FCSN (0.007 mM), indicates that MetHb has antiox-
idant properties that prevent the accumulation of 
LPO products. 

2. Oxidative stress induced by NaNO2 has a 
dose-dependent effect on the activity of the main an-
ti peroxide enzymes (CAT and GP). The activity of 
CAT decreases monotonously under an increase in 
FCSN. However, for GP there is a two-phase char-
acter change in the activity: low doses stimulate an 
increase in GP; high - a decrease. 

3. The changes in GP activity negatively corre-
late with intensification in erythrocytes lipid peroxi-
dation, that indicates the dominant role of GP sele-
nenzyme and selenium as an endogenous AO in the 
regulation of erythrocyte LPO under nitrite exposure. 

4. The use of Na2SeO3 in a FC of 5µM in an in-
cubation medium containing erythrocytes as a possi-
ble antioxidant leads in all cases to a decrease in the 
oxidative effects of sodium nitrite: a decrease in the 
intensity of LPO of erythrocytes, the accumulation 
of MetHb, a decrease in the inhibition of GP and 
CAT activity. 
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ОСОБЕННОСТИ ОКИСЛИТЕЛЬНОГО СТРЕССА,  
ИНДУЦИРОВАННОГО УМЕРЕННЫМИ ДОЗАМИ  
НИТРИТА НАТРИЯ В ИЗОЛИРОВАННЫХ ЭРИТРОЦИТАХ  
В ПРИСУТСТВИИ СЕЛЕНИТА НАТРИЯ 

Т.М. Гусейнов, С.Я. Гусейнова, Р.Т. Гулиева, М.З. Дадашев,  
С.М. Рахманова, Ф.Р. Яхъяева, С.А. Джафарова 

Институт Биофизики, НАН Азербайджана  
ул. З. Халилова, 117, AZ1141, г. Баку, Азербайджан 

РЕЗЮМЕ. Pассмотрено влияние умеренных доз нитрита натрия (NaNO2) (конечная концентрация – 0,007, 
0,070, 0,15, 0,35, 0,70 и 3,50 мМ) на окислительные процессы в эритроцитах, содержания глутатиона, изменения 
активности каталазы, глутатионпероксидазы (ГП) и интенсивности перекисного окисления липидов (ПОЛ) и 
влияние селенита натрия (Na2SeO3) (5 µМ) как возможного антиоксидантного (АО)-фактора, влияющего на раз-
витие окислительных процессов in vitro (срок инкубирования 30 мин, t=37°С). При нитритиндуцированном 
окислении имеет место истощение внутриэритроцитарного глутатиона (до 12% от исходного уровня), которое 
находится в прямой зависимости от конечной концентрации NaNO2. Активность каталазы при всех конечных 
концентрациях NaNO2 уменьшается, доходя до минимума уже в середине инкубационного срока. При нитри-
тиндуцированном окислении имеют место разнонаправленные изменения в активности ГП, которая при низких 
и умеренных концентрациях NaNO2 несколько растет в начальный срок инкубирования и уменьшается середине 
срока. Снижение активности каталазы и ГП в эритроцитах, вызванное нитритами, сопровождается интенсив-
ным накоплением метгемоглобина (MetHb), и ростом ПОЛ при высоких концентрациях нитрита натрия (0,70–
3,50 мМ) к концу инкубационного периода. Отрицательная зависимость между уменьшением активности ГП и 
ростом интенсивности ПОЛ позволяет высказать предположение о предоминантной роли ГП в лимитировании 
окислительного стресса в эритроцитах. Полученные результаты свидетельствуют об активном участии указан-
ных антиокислительных энзимов эритроцитов в окислительном метаболизме при нитритном воздействии. Се-
ленит натрия в определенной мере может выступать в роли регулятора нитритиндуцированного окислительно-
го стресса. 

КЛЮЧЕВЫЕ СЛОВА: эритроциты, гемоглобин, нитрит натрия, селенит натрия, глутатионпероксидаза, 
каталаза, перекисное окисление липидов. 
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