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Introduction
The groundwater pollution has become critical in 

recent years due to agricultural over application of 
fertilizers, various salts to increase crop production. 
The ammonium nitrate, potassium nitrate, sodium 
nitrate can serve as examples of such fertilizers. 
Excess concentrations of nitrates in groundwater 
can result in the shifts in its mineral composition, 
can replace chloride ions from their sodium salts 
and reduce the concentration of calcium ions. There 
are a number of reports devoted to negative effects 
produced by nitrate intoxication on the functioning 
of antioxidant enzymes that intensifies the processes 
of peroxidation of biological polymers [1, 2].

Another, not less dangerous, the pollutant of 
water resources is fluorine. Fluoride can enter 
groundwater with mineral compounds or wastes, 
formed during aluminum production or various 
types of steel. Fluoride ions, like nitrate ions, can 
enhance the processes of lipid peroxidation and 
reduce the activity of antioxidant enzymes [3-6].

Ukraine has some areas with a high content 
of fluoride in ground water. Poltava, Lviv and 
Kirovograd regions can be classified as such areas 
also known as the most promising from the point of 
view of intensive agriculture. Accordingly, in these 
areas, there is the possibility of simultaneous effects 
produced by two potentially dangerous factors ‒ 
nitrates and fluorides ‒ on the humans and animals. 
An intake of excessive amounts of nitrates and 
fluorides with water primarily affects the metabolic 
processes in the gastric mucosa. In our previous 
works, we investigated changes in the functioning 
of the nitric oxide cycle that enabled us to establish 
a decrease in the peroxynitrite pool under nitrate 
intoxication and its increase under combined nitrate-
fluoride intoxication [7]. Peroxynitrite (ONOO-) is 
considered to be a major agent leading to nitrosylation 
of proteins and increase in lipid peroxidation. 
Peroxynitrite is formed under physiological 
conditions during inflammatory process in order 
to provide the body with antimicrobial protection. 
There is little information available on sources of 

ONOO- production in rats’ gastric mucosa during 
combined excessive intake of both fluorides and 
nitrates.

The aim of the research is to study influence 
of combined nitrate-fluoride intoxication on the 
production of ONOO- and superoxide anion radical 
(O2

•-) in gastric mucosa of rats.
Material and methods

The study was carried out on 52 white rats of 
the Wistar line (180-220 g) kept under standard 
conditions. The animals were divided into 4 groups: 
the first was made up of intact animals (n=10) which 
received intragastrically 1 ml of distilled water, the 
second included animals on which we modeled 
fluoride intoxication by administering 10 mg/kg 
sodium fluoride intragastrically via special probe 
once a day before feeding for 30 days (n=13). The 
third group, the nitrate intoxication group, consisted 
of 14 animals, which received a solution of 500 
mg/kg of sodium nitrate for 30 days. The fourth 
group was made up by animals that simultaneously 
received nitrate and sodium fluoride at doses of 
500 mg/kg and 10 mg/kg, respectively (n=15) for 
30 days. Doses of nitrates and fluorides used in 
modeling chronic intoxications were developed by 
the department of Pathophysiology of Ukrainian 
medical stomatological academy [9]. The exact 
dosage was chosen depending on animals’ body 
weight. Maximal volume of infusion was no more 
than 1 ml per day to avoid stomach overstretching. 
The animals were killed by withdrawing blood 
from the right atrium under thiopental anesthesia. 
All manipulations with animals were carried out in 
accordance with the "European Convention for the 
Protection of Vertebrates used for research and other 
scientific purposes". All manipulations with animals 
were approved by bioethical committee of Ukrainian 
medical stomatological academy (Protocol № 141 
from 7.09.2016).

Biochemical studies were carried out immediately 
after removing animals from experiment in 10% 
homogenate of the gastric mucosa. The gastric 

УДК 577.125:616.33-018.25:615.916:546.16./33]-092.9
 							       doi: 10.25298/2221-8785-2018-16-6-730-734

SUPEROXIDE AND PEROXYNITRITE PRODUCTION IN GASTRIC MUCOSA  
OF RATS UNDER COMBINED NITRATE-FLUORIDE INTOXICATION

Akimov O. Ye. (riseofrevan5@gmail.com), Kostenko V. O. (patofiziolog@umsa.edu.ua) 
Higher State Educational Institution of Ukraine “Ukrainian medical stomatological academy”,  

Poltava, Ukraine  

The aim of the research is to study influence of combined nitrate-fluoride intoxication on the production of 
peroxynitrite (ONOO-) and superoxide anion radical (O2•-) in gastric mucosa of rats. 

Material and methods. We carried out experiments on 52 mature rats. Intoxication was modeled by intragastric 
administration of sodium fluoride and nitrate in a dose of 10 mg/kg and 500 mg/kg respectively. Total production of 
O2•-, ONOO- and concentration of thiobarbituric acid reactants (TBA-reactants) was determined in 10% homogenate 
of gastric mucosa. 

Results. We observed the highest ONOO- production from fluoride intoxication, while O2•- production was the 
highest under combined intoxication. The TBA-reactant concentration was the highest in fluoride intoxication group.

Conclusion. Combined nitrate-fluoride intoxication intensifies lipid peroxidation by increased production of both 
O2•- and ONOO-. 

Keywords: nitrates, fluorides, peroxynitrite, reactive oxygen species.

Оригинальные исследования



731Журнал Гродненского  государственного медицинского университета, Том 16, № 6, 2018   

mucosa was removed from underlying layers 
with the scalpel and was rinsed with 0.9% sodium 
chloride solution. Then it was homogenized with 0.1 
M Tris-buffer (pH=7.4) in cold to obtain 10% tissue 
homogenate.

In this study we determined basic level of 
the superoxide radical anion (O2

•-) production 
spectrophotometrically by the formation of 
diformazan in the reaction of O2

•- with tetrazolium 
nitro blue (TNB) after a 30-minute incubation 
in a buffer solution containing in 1 liter 5.37 g of 
anhydrous monosodium phosphate, 8.5 g of sodium 
chloride and 1.5 g of sodium hydroxide (pH = 7.4) 
and in presence of inductors such as 0.1 ml of a 3% 
aqueous solution of NADH+(H+) and 0.1 ml of 3% 
aqueous solution of NADPH+(H+) [8]. 

To determine the sources of ONOO- production 
we used a modification of existing method [10]. We 
carried out the determination as follows: in 0.1 ml of 
10% homogenate of the gastric mucosa, the initial 
concentration of peroxynitrites of alkali and alkaline-
earth metals was determined by the concentration of 
I3- formed in the reaction of ONOO- with potassium 
iodide (KI). Then, 3 aliquots of 0.1 ml of 10% tissue 
homogenate were taken. To first aliquot 0.1 ml of 
a buffer solution (containing 5.37 g of anhydrous 
monosodium phosphate, 8.5 g of sodium chloride, 
1.5 g of sodium hydroxide in 1 liter) was added; 
0.1 ml of a 3% aqueous solution (450 nmol) of 
NADH+(H+) was added to the second aliquot; 0.1 
ml of 3% aqueous solution of NADPH+(H+) was 
added to the third aliquot. All three aliquots were 
incubated for 5 min at t=37оC. Then 3.8 ml of a 
phosphate buffer solution (pH = 7.0) and 1 ml of a 
5% solution of potassium iodide were added to each 
aliquot. Absorption of the corresponding aliquot 
was determined at a wavelength of 355 (Absorbance 
of corresponding aliquot, Ax), after which the final 
concentration of peroxynitrite was calculated in 
each aliquot according to the formula Cx = 20•Ax 

μmol / g (where g stands for gram of tissue) [7].
The peroxynitrite production was evaluated 

using the formulae: basal production = (С1-Сb) / 300 
μmol/s per g of tissue; production of peroxynitrite 
induced by NADPH+(H+) = (C2-Сb) / 300 μmol/s 
per g of tissue; production of peroxynitrite induced 
by NADH+(H+) = (C3-Сb) / 300 μmol/s per g of 
tissue. Where C1-3 stand for concentrations of 
peroxynitrite in 1-3 aliquots after incubation, Cb 
is initial concentration of peroxynitrite, 300 is 
incubation time in seconds. The lipid peroxidation 
was assessed by measuring thiobarbituric acid 
reactive substances (TBA-reactants) levels. The 
quantification was based on measuring formation 
of TBA-reactants according to the method 
described by Wills (1969) with modifications made  
by P. V. Prabhakar et al [6]. All spectrophotometric 
studies were performed by using an Ulab 101 
spectrophotometer.

The results were statistically processed by 
the Microsoft Office Excel software package and 
the Real Statistics 2007 extension. The data was 
checked for dispersion normality by the Shapiro-
Wilk test. We used ANOVA test during normal trait 
distribution, followed by analysis by Games-Hovel. 
In the case of a distribution other than normal, the 
Khruskal-Wallis ANOVA test was used, followed 
by paired comparisons by Mann-Whitney U test. 
To avoid effect of multiple comparisons Bonferroni 
correction was used. Differences between the groups 
were considered statistically significant if p <0,05.

Results and Discussion
Fluoride intoxication increases the basic 

production of O2
•- by 52.5% (p<0,001; Table), the 

base production of ONOO- increases by 44.5% 
(p<0.05) compared with control group. Fluoride 
intoxication does not affect the production of 
ONOO- induced by NADH+(H+) and decreases 
NADPH+(H+) stimulated one by 8.5% (p<0.05). 
However fluoride intoxication increased NADH+(H+) 

Table. – Reactive oxygen and nitrogen species production in rats’ gastric mucosa (M±m)

Parameters
Groups

Intact  
animals, n=10

Fluoride  
intoxication, n=13

Nitrate  
intoxication, n=14

Combined  
intoxication, n=15

Basal peroxynitrite production,  nmol/s per 
g of tissue 2.81±0.15 4.06±0.27* 2.73±0.15** 3.44±0.14*/***

NADPH-induced  peroxynitrite production,  
nmol/s per g  of tissue 36.99±0.85 33.84±0.72* 33.1±0.42* 41.87±0.98*/**/***

NADH-induced  peroxynitrite production,  
nmol/s per g  of tissue 40.89±0.24 39.93±0.45 32.42±0.23*/** 43.08±0.38*/**/***

Base superoxide anion generation nmol/s 
per g of tissue 0.4±0.01 0.61±0.02* 0.82±0.02*/** 1.18±0.01*/**/***

NADPH-induced   superoxide anion 
production,  nmol/s per g  of tissue 7.17±0,16 11.4±0.09* 10.0±0.16*/** 8.04±0.22*/**/***

NADH-induced   superoxide anion 
production,  nmol/s per g  of tissue 4.9±0.23 5.32±0.08* 9.4±0.12*/** 8.15±0.22*/**/***

TBA-reactants concentration μmol 6.1±0,25 17.35±0.44* 8.93±0.2*/** 13.65±0.11*/**/***

* - the data are statistically significant different (p <0.05) from the intact group
** - the data are statistically significant different (p <0.05) from the group of fluoride intoxication
*** - the data are statistically significantly different (p <0.05) from the nitrate intoxication group
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induced production of O2
•- by 8.5% (p<0,05) and 

NADPH+(H+) induced production of O2
•- by 59% 

(p<0.05). 
Nitrate intoxication increases the base production 

of O2
•- by 105% (p<0.001), but does not affect the 

base production of ONOO-. Nitrate intoxication 
reduces the production of ONOO- induced by 
NADPH+(H+) and NADPH+(H+) by 20.7% (p<0.05) 
and 10.5% (p<0.05), respectively. In the same time 
NADH+(H+) increase production of O2

•- by 91,83% 
(p<0.001) compared to control group. Induction 
by NADPH+(H+) increases formation of O2

•- by 
39.47% (p<0.05). Nitrate intoxication increases 
concentration of TBA-reactants by 46.39% (p<0.05) 
compared to control group.

Combined intoxication increases the base 
production of O2

•- by 195% (p<0.001) compared to 
the intact group, by 91.8% (p<0.001) compared to the 
fluoride intoxication group and by 43.9% (p<0.05) 
compared to the nitrate intoxication that indicates a 
synergistic effect of nitrates and fluorides on the base 
production of O2

•-. Production of O2
•- in presence 

of NADPH+(H+) increases by 11.57% (p<0.05) 
in presence of NADH+(H+) by 66.33% (p<0.05) 
compared to control group. NADPH+(H+) stimulated 
O2

•- production during chronic combined nitrate-
fluoride intoxication decreases compared to fluoride 
intoxication by 29.47% (p<0.05) and compared 
to nitrate intoxication by 19.6%. NADH+(H+) 
stimulated O2

•- production during chronic combined 
intoxication increases by 53.2% (p<0.05) compared 
to fluoride and drops by 13.3% (p<0.05) compared to 
nitrate intoxication. The base production of ONOO- 
does not statistically significantly change under 
conditions of combined intoxication compared 
to fluoride intoxication group, elevates by 22/4% 
(p<0.0) compared to control and by 26% (p<0.05) 
compared to nitrate intoxication. These changes 
indicate that the main agent inducing peroxynitrite 
formation under combined intoxication is fluoride. 
Production of ONOO- induced by NADPH+(H+) 
increases by 13.2% (p<0.0) compared to the intact 
group, by 23.7% (p<0.05) compared to the fluoride 
intoxication group and by 26.5% (p<0.05) compared 
to nitrate intoxication. The ONOO- production 
induced by NADH+(H+) increases by 5.4% (p<0.05) 
compared to the intact group, by 7.9% (p<0.05) 
compared to the fluoride intoxication group and by 
32.9% (p<0.05) compared to nitrate intoxication. 
The concentration of TBA-reactants during chronic 
combined nitrate-fluoride intoxication increases 
by 123.8% (p<0.01) compared to control group, 
but drops by 21.3% (p<0.05) compared to fluoride 
intoxication. Combined intoxication elevates 
concentration of TBA-reactants by 52.9% (p<0.05) 
compared to nitrate intoxication.

NADH+(H+) is an electron donor for mitochondrial 
electron transport chains (ETC) and NADPH+(H+) 
is an electron donor for microsomal ETC. 
Mitochondrial ETC is necessary for production of 
both O2

•- and NO (from cytochromes) [4], necessary 
for ONOO- formation in mitochondria. Microsomal 
ETC is necessary for production of O2

•- and NO from 
NOS [11, 12]. In presence of excessive amounts of 
electron donors for ETCs there is an increase in 

their activity, which can lead to ONOO- formation. 
But in presence of electron donors the production 
of ONOO- does not increase under fluoride 
intoxication that allows as exclude mitochondrial 
and microsomal ETCs as sources of peroxynitrite. 
Fluorine ions tend to activate the inducible form of 
NOS, which activity increases, as shown in previous 
study, this isoform is expressed predominantly in 
phagocytic leucocytes [7, 11, 12]. The peroxynitrite 
formed during fluoride intoxication may be viewed 
as the result of fluoride-induced inflammation. 
The reactive nitrogen species are necessary as the 
part of antimicrobial protection during infections. 
However, during fluoride induced inflammation 
there are no microbial agents, thus, reactive oxygen 
and nitrogen species formed by NADPH-oxidase 
will lead to oxidative and nitrosative stress. We 
can observe the results of oxidative and nitrosative 
stress due to increase of TBA-reactant concentration 
by 86.1% compared to control group.

Since there are two components necessary for 
ONOO- formation, an absence of the increase in 
base peroxynitrite formation under conditions of 
chronic nitrate intoxication can be explained by 
insufficient NO formation by NOS. Our previous 
study showed that during chronic nitrate intoxication 
NOS activity is reduced while nitrite reductases 
activity is increased [7]. Peroxynitrite ability to 
spontaneously isomerize to nitrate and increase in 
the activity of nitrate reductase, shown in previous 
study, contributes to a decrease in the total amount 
of peroxynitrite of alkali and alkaline earth metals 
under nitrate intoxication [7, 13]. 

The effect of fluoride ions during combined 
intoxication on NADH+(H+) stimulated ONOO- 
production can be explained by the increase in 
the O2

•- induced by fluoride intoxication and the 
decrease in the absorption by mitochondria of O2 
[14]. This leads to increased generation of one of 
the necessary products for ONOO- formation. Since 
cytochromes have nitrate-nitrite reduction ability, 
they can provide the second necessary product, 
namely NO via NO3-NO2-NO reductive pathway 
[4]. As we have already established the increase 
in NOS activity in our preceding work, we can 
suggest that an increase in the production of ONOO- 
stimulated by NADPH+(H+) is associated with 
inhibition of the activity of calmodulin-dependent 
NOS isoforms and activation of the inducible form 
[7]. Calmodulin-dependent NOS isoforms use 
microsomal ETC to create spare electron necessary 
for NO• production. Since their activity decreases 
under fluoride ions’ influence and the electron 
transport is not stopped, the spare electron formed 
in ETC is used for O2

•- creation. The effectiveness 
of nitrate-nitrite reductases as a mechanism for 
neutralizing peroxynitrite (after its isomerization to 
nitrate) under conditions of combined intoxication 
is not as effective as in isolated nitrate intoxication.

Conclusions
Combined nitrate-fluoride intoxication intensifies 

lipid peroxidation by increased production of O2
•- 

and ONOO-. Nitrate intoxication limits ONOO- 

production but does not limit lipid peroxidation. 
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ПРОДУКЦИЯ СУПЕРОКСИДА И ПЕРОКСИНИТРИТА В СЛИЗИСТОЙ 
ОБОЛОЧКЕ ЖЕЛУДКА КРЫС В УСЛОВИЯХ ХРОНИЧЕСКОЙ  

НИТРАТНО-ФТОРИДНОЙ ИНТОКСИКАЦИИ
Акимов О. Е. , Костенко В. А. 

Высшее государственное учебное заведение Украины «Украинская медицинская  
стоматологическая академия», Полтава, Украина

Целью исследования является изучение влияния сочетанной нитратно-фторидной интоксикации на про-
дукцию пероксинитрита (ONOO-) и супероксидного анион-радикала (O2

•-) в слизистой оболочке желудка крыс.
Материал и методы. Мы провели эксперименты на 52 зрелых крысах. Интоксикация была смоделирована 

путем внутрижелудочного введения натрия фторида и нитрата в дозе 10 мг/кг и 500 мг/кг соответствен-
но. Общую продукцию O2

•-, ONOO- и концентрацию веществ, реагирующих с тиобарбитуровой кислотой 
(TБК-реактанты), определяли в 10% гомогенате слизистой оболочки желудка.

Результаты. Мы наблюдали наивысшую продукцию ONOO- при фторидной интоксикации, а продукция 
O2

•- была самой высокой при сочетанной интоксикации. Концентрация TБК-реактантов была самой высокой 
в группе фторидной интоксикации.

Вывод. Комбинированная нитратно-фторидная интоксикация усиливает перекисное окисление липидов 
за счет увеличения O2

•- и ONOO-.
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