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FUNCTIONING OF NITRIC OXIDE CYCLE IN GASTRIC
MUCOSA OF RATS UNDER EXCESSIVE COMBINED INTAKE
OF SODIUM NITRATE AND FLUORIDE
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In the article the function of nitric oxide (‘NO) cycle in rat’s gastric mucosa was assessed under exces-
sive combined chronic fluoride and nitrate intake during 30 days. It was estimated that general nitric oxide
synthase activity (NOS) was increased during excessive sodium fluoride intake meanwhile influence on gene-
ral nitrate reduction was not statistically significant, but general nitrite reduction was increased. General
arginase activity decreased. Excessive sodium nitrate intake decreased NOS activity, but increased nitrate,
nitrite reduction and general arginase activity. Combined sodium nitrate and fluoride intake increased NOS
by 18.9%, nitrate reduction by 71.7%, nitrite by 161.5%, arginase activity increase by 61.4%. The highest
amounts of peroxynitrite were obtained from excessive sodium fluoride intake group, excessive sodium nitrate
intake showed the lowest levels and combined excessive sodium nitrate and fluoride intake levels had inter-
mediate results. Summarizing the data obtained, the authors have made a conclusion that combined excessive
sodium nitrate and fluoride intake creates optimal conditions for functioning of nitrate-nitrite reductases.
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itric oxide (‘NO) is known to be one of cell

‘ \ ‘ mediators and is involved in performing
various functions. Some of its biological
properties provide protective function (e.g. vasodila-
tation during heart ischemia), others may affect cell
(e.g. peroxynitrite -mediated lipid peroxidation) [1].
In mammalians ‘NO is produced during enzyme-
controlled reaction from L-arginine (L-ARG), howe-
ver as it was shown in recent decade that is not the
only way. The other one is earlier, and it involves the
reduction of nitrate (NO,) to nitrite (NO,’) and fur-
ther reduction to nitric oxide (NO) [2]. The reduction
pathway is the primary way of getting ‘NO by bac-
teria and plants. Some structures of mammalian or-
ganisms were identified as possible agents capable of
reducing NO, to NO (myoglobin, hemoglobin, cyto-
chrome) under specific conditions, which include hy-
poxia and acidosis. The nature of mammalian nitrate
reductases still remains unknown [2]. However, it
has been shown that dietary nitrates increase the lev-
els of nitrite in the blood thus indicating the presen-
ce of some types of reductases [3]. Furthermore, the
NO-synthetic pathway of L-ARG metabolism also
is not the only the way. The alternative pathway
includes activation of arginases (EC 3.5.3.1.). This
pathway competes with NO-syntases (EC 1.14.13.39)

70

for L-ARG. But it remains mostly inactive in physio-
logical conditions. This situation changes drastically
during pathogenic states [4]. It should be mentioned
that the products formed from arginase-controlled L-
ARG hydrolysis are L-ornithine and urea, L-ornithi-
ne is needed for synthesis of putrescine. It has been
reported that arginase activation takes place during
hypoxia and is associated with acidosis, but maxi-
mum activity is shown by agrinase under much more
higher pH levels (pH = 9-10). Taking into considera-
tion that urea is one of the arginase reaction products
one may suggest the pH is slowly increasing during
arginase overexpression. As it was mentioned above,
peroxynitrite (ONOO") is a dangerous metabolite of
‘NO. It is formed during the reaction of ‘NO with
superoxide anion-radical (O,). This metabolite is
responsible for increasing oxidative stress dama-
ging cells as well as being one of the factors that can
initiate the programmed cell death [5, 6]. The organs
of gastrointestinal tract are the first which respond
to this intoxication. Salivary glands can reduce ni-
trate to nitrite and then to nitric oxide lessening the
damage, which might be cased by some medicines
[7]. Fluoride can damage the stomach mucosa and
reduce its motor activity [8]. Fluoride can also acti-
vate inducible forms of NOS (iNOS).
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There are regions in Ukraine where concentra-
tion of fluorides exceeds hygienic norms. Poltava re-
gion can serve as a bright example of such regions.
Inorganic and organic nitrates are used as fertilizers
in agriculture. Thus the combined exposure to these
two compounds through digestive system is possible.
Nevertheless, there are little data on combined ef-
fects produced by these toxins on NO-cycle and on
stomach mucosa.

The aim of this research was to find out influen-
ce of combined excessive sodium nitrate and fluo-
ride intake on the functioning of NO-cycle in rat’s
stomach mucosa, by measuring activity of two of its
core components: general NOS activity and nitrate-
nitrite reduction activity.

Materials and Methods

The experiment involved 52 mature female and
male rats with mean body weight 180-220 g. All ani-
mal experiments were performed in accordance with
the rules of the European Convention for the Protec-
tion of Vertebrate Animals used for Experimental
and Other Scientific Purposes (Strasbourg, 1986).
Excessive fluoride intake was modeled by adminis-
tration of water solution of sodium fluoride intragas-
trically in a dose of 10 mg/kg via special probe once
a day before feeding for 30 days [9]. Nitrates were
administered as water solution of sodium nitrate
in the same mode in a dose of 500 mg/kg of body
weight [10]. Combined intoxication was modeled by
combining 10 mg/kg of sodium fluoride and 500 mg/
kg of sodium nitrate in one dose. The dosage was
chosen depending on animals’ body weight. Maxi-
mal volume of infusion was no more than 1 ml per
day to avoid stomach overstretching. The animals
were euthanized in 30 days by thiopental overdosa-
ge (45 mg/kg). The internal organs were taken for
biochemical analysis.

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

Total activity of NO-synthases (NOS) was
evaluated by increase in NO, concentration after
incubation of homogenated tissue samples for 30
min in the incubation solution (2.5 ml 0.1 M Tris-
buffer, 0.3 ml 320 mM L-ARG water solution and
0.1 ml 1 mM NADPH solution). The 10% homogena-
te (0.2 ml) was taken for the analysis. Immediately
after mixing homogenate with the incubation solu-

tion, we took 0.2 ml of it to evaluate the initial ni-
trite concentration. 1% sulfanilic acid in 30% acetic
acid and 0.1% 1-naphtylamine in the same solvent
were chosen as nitrite specific reactants. Then we
added 1.8 ml of distilled water to 0.2 ml of solution
taken for initial nitrite assessment. Following this we
added 0.2 ml of 1% sulfanilamide acid and 10 min
later 0.2 ml of 0.1% I-naphtylamine were added
as well. The amount of nitrites was measured by
spectrophotometer Ulab-101 (540 nm in cuvette with
optical path length of 5 mm). Concentration was cal-
culated as C = 0.30104-Absorbtion (umol/g) [11, 12].

Following incubation (30 min) the reaction
was stopped by adding 0.02 ml of 0.02% sodium
azide. Then 0.2 ml was taken to assess final nitrite
concentration. Total NOS activity was calculated
as NOS = (A,-A )2057/N (umol/g-min), where A,
means absorbance of solution taken for final nit-
rite measurement, A, stands for absorbance of so-
lution taken for initial nitrite measurement, N 1is
the concentration of protein calculated by Biurette
method g/1.

Total activity of arginases was assessed by
using the following technique. First, 0.1 ml of ho-
mogenate was taken to estimate initial level of L-or-
nithine. Then we used the modified Chinard’s reac-
tive [13]. The 0.2 M phosphate buffer (0.5 ml, pH 7.0)
and 0.1 ml of 2.5% ninhydrin on acidic mixture
(2 : 3 60% orthophosphoric and ice acetic acids and
6 : 4 with water) and 1.0 ml of glacial acetic acid was
added to 0.1 ml of homogenate. The solution was
boiled for 40 min to achieve maximal color yield.
Then 1 ml of 20% trichloracetic acid was added to
precipitate proteins and after centrifugation (1000 g)
for 30 min the absorbance of 1 ml of supernatant
was measured (A ) (10 mm cuvette against water for
515 nm wavelength).

The activation of agrinase-dependent L-ARG
metabolism can be designed under the following
conditions: 20 h incubation in 0.5 ml of 0.2 M phos-
phate buffer (pH 7.0) and adding 0.2 ml of 24 mM
solution of L-ARG at 37 °C. Then we carried out the
procedure of L-ornithine assessment as described
above (A,). Arginase activity was calculated by for-
mula:

V =(232-A-216°A )/(1.2:'N) umol/g-min.

To assess the nitrate-nitrite reductase activity
the concentration of nitrite and the same reagent
used for assessing NOS activity was chosen. Howe-
ver, to measure the nitrate concentration, a resto-
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ration agent is needed. For this purpose we have
chosen 0.55% water solution of hydrasin sulfate.
NADH in a dose of 1 mg/ml solution was used as
electron donor for nitrate-nitrite reductases as well.
The method required 4 aliquots 0.1 ml each. First, to
avoid the absence of either nitrate anions or nitrite
anions in homogenate, 1 ml of 10 mM sodium nitrate
and 1 ml of 10 mM sodium nitrite were to be added
to 0.1 ml 10% tissue homogenate. To precipitate pro-
teins 0.1 ml of 6% zinc sulfate solution was used.
Then we had to evaluate the nitrite concentration in
the solution by adding 0.1 ml of 1% sulfanilamide
acid and 1 ml of distilled water, and 10 min later we
added 0.1 ml of 0.1% 1-naphtylamine with 1 ml of
distilled water. Then 10-min centrifugation (1000 g)
followed. The next step was to determine the absorb-
tion of 1 ml supernatant in 10 mm cuvette against
water for 540 nm wavelength (A)). To estimate total
nitrate and nitrite concentration prior incubation we
added 0.1 ml of 6% zinc sulfate solution, then 0.1 ml
0.55% hydrasine sulfate solution was added and in-
cubated for 10 min at 40 °C. Then we carried out
the procedure of nitrite concentration assessment as
described above (A).

The remaining two aliquots were incubated
in 1 ml of 0.2 M phosphate buffer (pH 7.0) in the
presence of 0.1 ml 1 mg/ml NADH in sealed tubes.
Aliquot 3 (A,) was subjected to the same procedure
as described for aliquot 2, and aliquot 4 (A,) was
subjected to the same procedure as described for ali-
quot 1. A, represents the nitrite concentration prior
the incubation, A, represents the total nitrate con-
centration reduced by hydrosine, and nitrite concen-
tration prior the incubation. A, stands for remaining
total amount of nitrates reduced by hydrosine and
nitrites and A, shows the remaining nitrites only.
Thus, the activities of nitrate-reductases can be sum-
marized by formula:

R, =1000-((137.5-A, - 110-A ) —

—(170-A, — 142.5:A,))/(60-N)
and nitrite reductases:

R, =1000-(137.5-A, - (142.5°A, -

~(X=Y))I(60N),
where X = (137.5A, - 110-A)), Y=(170-A, — 142.5:A)).
We should point out on that nitrite reductase activity
formula takes account of nitrite anions produced by
nitrate reductase. All the activities are presented as
pmol/gmin.

Peroxynitrite concentration was measured
by using its reaction with potassium iodide under
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pH 7.0 in 0.2 M phosphate buffer with the same pH
[14]. For this purpose we took 0.1 ml of homogenate,
which then was solved in 3.9 ml of 0.2 M phosphate
buffer (pH 7.0). Then 1 ml of 5% potassium iodide
was added. Test tubes with the mixture were shaken
vigorously for 2 min. The following centrifugation
(1000 g) lasted 10 min. Then we assessed the ab-
sorbance of 1 ml of upper layer against the control
(1 ml of solution containing 1 ml of 5% potassium
iodide and 4 ml of 0.2 M phosphate buffer, pH 7.0) in
10 mm cuvette at 355 nm wavelength. The peroxy-
nitrite concentration was calculated by the formula:
C = A20; umol/g (here g means the organ mass in
grams).

The data obtained were statistically processed
by ANOVA and the following post-hoc Games-
Howell test if the data had normal distribution. In
case of different distribution, the data processing was
carried out by Kruskal-Wallis and post-hoc Scheffe
tests. The difference was statistically significant if
P <0.05. Data were represented as mean + standard
error of mean.

Results and Discussion

The analysis of findings obtained shows (Ta-
ble) that excessive fluoride intake elevates the total
NOS activity by 120.7%. This can be explained by
the activation of inducible NOS. Fluoride intoxica-
tion produces no effect on nitrate-reductase activity,
but nitrite reductase activity has increased by 85.6%
that can be explained by tissue hypoxia following
fluoride intoxication [15]. Under such conditions NO
is oxidated by oxygen present in the tissues to ni-
trite (NO,) providing substrate induction for nitrite-
reductases. Being competitors for L-ARG with NOS,
arginases lose their substrate and reduce their activi-
ty by 40%.

Nitrate intoxication provides an increase in
nitrate-reductases activity by 76.3%, nitrite induc-
tion increases as well but by 85%. Nitrate reduction
can obviously provide more substrate for nitrite-
reductases than they can reduce to nitric oxide for
1 min thus resulting in the increase of nitrite con-
centration in the tissues. This increased nitrite con-
centration may produce adverse effect upon the body
due to high instability of newly formed nitrite. It can
easily initiate nitrosilation reactions thus increasing
the damage to tissue proteins. Activity of NOS is
reduced by 35% as the most amount of nitric oxide
is generated by reductive pathway that leaves more
substrate to arginases, and their activity increases
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Metabolic changes in rat’s gastric mucosa under excessive combined intake of sodium nitrate and fluoride

(M +m)
Groups
Parameters . Flu.orid'e - Nij[rat.e . Congbingd
Control, n =10 intoxication, intoxication, intoxication,
n=13 n=14 n=15

Nitrate-reductase, nmol 598 +0.74 6.09 = 1.05 10.54 + 1.08*** 10.27 + 0.63%**#
(NO,)/min-mg of protein

Nitrite- reductase, nmol 4.32 £ 0.69 8.02 + 1.23* 7.99 + 1.45* 11.30 £ 0.48%**#
(NO,)/min‘mg of protein

NO-syntases, nmol (NO,)/ 6.51 £ 0.41 14.37 £ 0.82* 4.23 +(0.36%** 7.74 £ 0.27%4*#
min-mg of protein

Arginases, nmol 2.07 £0.08 1.24 £ 0.11* 3.77 £ 0.38%** 3.34 £ 0.08***#

(L-ornithine)/

min-mg of protein

Nitrite, nmol/g 11.59 £ 0.51
Peroxynitrite, pmol/g 0.88 £ 0.06

19.59 + 0.46* 0.25 £ 0.44%** 18.9 + 0.8**
247 £ 0.09* 0.48 £ 0.03%+* 1.48 + 0.06%**#

* Significantly different from control group with P <0.05; ** significantly different from fluoride intoxication group with
P <0.05; # significantly different from nitrate intoxication group with P < 0.05

by 82.1%. NOS activity is obviously reduced (by
71%) compared to fluoride intoxication, this can be
explained by inhibition of NOS by excessive ‘NO
formation in nitrate-nitrite reductive pathway. There
is an increase in nitrate-reductase activity by 73%,
compared to fluoride intoxication, but there is no
significant difference in nitrite-reductases activity.
Arginases activity is increased by 204%.
Combined intoxication has shown both ni-
trite and nitrate reduction systems increase, but
the amount of the substrate they convert is nearly
identical. This can indicate that combined action of
fluoride and nitrate produces optimal conditions for
nitrate-nitrite reduction process. Ironically, NOS ac-
tivity also increases (by 18.9%). As constitutional
NOSs are regulated by 'NO concentration, we can
conclude this increase results from inducible form
of NOS. The iNOS increases its activity considerab-
ly during inflammatory processes. As a stomach is
one of the organs especially exposed to the action
of these two toxic substances, we can suggest that
fluoride induces damage to gastric mucosa by stimu-
lating tissue macrophages. They in turn produce ex-
cessive amount of nitric oxide via iNOS activation.
Arginase activity enhanced by 61.4% contributes to
NO-cycle dysregulation. We should point out that the
activity of arginases was measured in this study in
conditions of substrate presence (24 mM L-ARG so-

lution). The question is whether such conditions are
present in mucosa remains unknown. Anyway, this
situation will result in elevated L-ARG consumption.

To evaluate potential danger due to increased
‘NO production it is necessary to consider the
peroxynitrite amount formed in the tissue. Fluo-
ride intoxication increases peroxynitrite amount
by 180.7%, while nitrate intoxication reduces it by
45.5%. Increased -NO generation might be expected
to lead to increased peroxynitrite concentration but
there is evidence that nitric oxide can regulate the
generation of reactive oxygen species in mitochon-
dria (superoxide in particular) [16]. The combined
intoxication by fluoride and nitrate shows that ni-
trates attenuate excessive peroxynitrite formation to
some extent, when compared to fluoride intoxication
group, but the concentration is still increased (by
68.2%) compared to control group.

Thus, combined fluoride and nitrate intoxi-
cation provides good conditions for functioning
of nitrate-nitrite reduction pathway, allowing this
pathway to take charge in "NO generation, leaving
L-ARG for arginase pathway.

The issue whether excessive arginase activation
leads to the formation of putrescine and spermidine,
which in turn enhance stomach mucosa regeneration
is little known and therefore seems to be promising.
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OYHKIIOHYBAHHSA MUKJY
OKCHUY A30TY B CJOU30BIN
OBOJIOHIII HIJTYHKA IIYPIB 3A
HAJIMIPHOT O KOMBIHOBAHOI'O
HAJXOJKEHHS HITPATY TA
®TOPUY HATPIIO

O. €. Aximos, B. O. Kocmenko

BIH3Y «YkpaiHchbka MEIUYHA CTOMATOJOTIYHA
akanueMisi», [lonTtaBa, Ykpaina;
e-mail: riseofrevan@mail.ru

Y crarTi posrnsmaeTbes (YHKIIOHYBaHHS
KTy okeuay azory (NO) B ymMOBax XpOHIYHOTO
HaJMIpHOTO KOMOIHOBAaHOTO HAaIXO/MKEeHHS (PTO-
puziB ta HiTpaTiB npoTsarom 30 gHiB. BeraHoBie-
HO, o 3araidbHa NO-cuHTa3Ha akTUBHICTE (NOS)
y Tpymi HaAMIpPHOTO HAAXOIKEHHSI (TOpUIy
HaTpito 30iNbITyBajach, y TOH caMUil 9ac HITpat-
penyKTa3Ha aKTHBHICTh CTATHCTUYHO 3HAUyIlE HE
3MiHIOBaJIaCh, aj€ 3arajbHa HITPUT-PENyKTa3HA
aKTHBHICTH 301bITyBasiach. 3arajibHa apriHa3Ha
aKTHUBHICTh 3HM)KYBaJlach. HaaMipHe HaaXomkeH-
HS HITpaTy HaTpil0 3HWXKyBajo 3aranbHy NO-
CHUHTa3Hy AaKTUBHICTb, MiJBULIYIOYH HPU LHOMY
HITpaT-peAyKTa3Hy, HITPUT-PEAYKTa3HY Ta 3arajb-
HY apriHa3Hy akTuBHiCTh. HaamipHe moenHane
HaJIXOJDKEHHS HiTpaTy Ta (TopHay HaTpiro
30impiryBano 3araiabHy NO-CHHTa3HY aKTHBHICTh
Ha 18,9%, HiTpar-peayKTasHy akTHBHICTh Ha
71,7%, wmiTpur-penykrasny Ha 161,5% Ta 3aranb-
Hy apriHa3Hy akTHBHicTb Ha 61,4%. HaiiGinpury
KiJTBKICTh TEPOKCHHITPUTY Oyi0o 3adikcoBaHO
B TpyINi HAaAMIPHOTO HAAXOMKEHHS (TOpUIY
HaTpilo, HaMEHIIy — y pa3i HaAMIpHOTO Haj-
XO/KeHHsI HiTpaTy Hartpiro. [loennane HammipHe
HaJXOJDKEHHS HITpaTty Ta (TOpuUIy HATPilO TO-
Ka3aJl0 TPOMIXKHI pe3yibratd. [[iHIm BUCHOBKY,
110 MO€AHAaHE HaJMIpHE HAAXOMKEHHS HITpaTy Ta
(hropuy HATPIFO CTBOPIOE ONMTUMAIIbHI YMOBH IS
(hyHKITIOHYBaHHS HITPaT-HITPUT PEAYKTA3.

KnouyoBi ciaoBa: okcuja a3oTy, HITpat-
penyKTasu, HITPUT-PEAYKTa3u, TCPOKCUHITPHUT,
apriHasm.
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KPBbIC ITPU U3BBITOYHOM
KOMBNHHUPOBAHHOM
HOCTYIIJIEHUUN HUTPATA U
OTOPUIA HATPU A

O. E. Axumos, B. A. Kocmemnko

BI'Y3 Vkpaunbsl «YKkpanHCKasi MEIULIMHCKAS
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e-mail: riseofrevan@mail.ru

B cratee paccmarpuBaeTcs (DyHKLIHOHHUPO-
BaHue IuKia okcuaa azora (NO) B ycIoBHSAX XpoO-
HUYECKOr0 M30BITOUHOIO KOMOMHHPOBAHHOTO IIO-
CTyIUICHHUS! (TOPHIOB M HUTPATOB HA MPOTSKEHUN
30 pneii. YcraHosieHo, yTo obmass NO-cuHTa3Has
aktuBHOCTH (NOS) B rpymie u305ITOYHOTO MOCTY-
IJIeHHS (TOpHUlla HATPUSl YBEIMYHUBAJIACH, B TOXKE
BpeMsl HUTpaT-peyKTa3Hasi akTUBHOCTb CTaTUCTH-
YECKH 3HAaYMMO HE M3MEHSIach, HO 00LIasi HUTPUT-
penyKTa3Has aKTUBHOCTH yBelnuuBajiack. OOmas
apruHas3Hasi akTHUBHOCTh CHHXKaJlach. M30bITOuHOE
MIOCTYIUIGHHE HHUTpaTa HATpUs CHIKAJIO OOIIyIO
NO-cHHTa3HYI0 aKTHBHOCTb, MOBBIIIAS IPU 3TOM
HUTpPAT-peAYKTa3HYy10, HATPUT-PEAYKTA3HYIO U 00-
LIYI0 aprHHA3HYI0 aKTUBHOCTb. 30bITOUHOE cove-
TaHHOE MOCTYIUIEHHE HUTpaTa U (propuaa HaTpUs
yBenuuuBaio oouryro NO-cHHTa3HYy10 aKTUBHOCTD
Ha 18,9%, HHUTpaT-peqyKTa3Hyl aKTHBHOCTb Ha
71,7%, autput-penykrasnyto Ha 161,5% u obmryro
apruHa3Hy0 akTUBHOCTH Ha 61,4%. HambGosnbliee
KOJINYECTBO IEPOKCUHUTPUTA 3a()UKCUPOBAHO B
rpynmne n30bITOYHOTO MOCTYIICHUS! Topuaa HaT-
pusl, HaMMEHbIIee — MPH U30BITOYHOM IOCTYILJIe-
HAM HuTpaTta HaTpus. CodeTaHHOE H30BITOUHOE
MIOCTYIIEHHE HUTpaTa M (ropupa HATpus IMOKa-
3aJ10 MPOMEKYTOUHBIE pe3ynbTaThl. CrenaH BIBOA
0 TOM, YTO COYETAaHHOE M30BITOUYHOE MOCTYIIJICHHUE
HUTpaTa u PTOpraa HATPUsI CO3AAET ONTUMAJIbHbIC
ycIoBUS ISl QYHKIIMOHUPOBAHUSI HUTPAT-HUTPUT
pemyKTas.

KnroueBble CJ0Ba: OKCHJI a30Ta, HUTPAT-
peAyKTa3bl, HUTPUT-PENYKTa3bl, NEPOKCUHUTPHUT,
apruHa3ssbl.
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