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Summary

Arterial hypertension is a leader among the most
common chronic cardiovascular diseases which covers
30-45% of world population with a dynamics of further
growth. 1,3-oxazole-4-yl-phosphonic acid derivative
(abbreviated as oxazole derivative) is a novel original
compound with vasodilating activity. The purpose of
this work was to study the NO-mediated mechanism of
vasodilating effect of this derivative according to the
activity of eNOS, iNOS and NO; through their content
in rats on a resistant arterial hypertension model. The
oxazole derivative intraperitoneally administered at
a dose of 25 mg/kg prevented development of arterial
hypertension by promotion of recovery of eNOS, iNOS
and NO; activity in the studied aorta, heart, and blood
serum to the normal level recorded in intact animals. It
can be concluded that the mechanism of antihypertensive
action of the oxazole derivative is mediated by the NO
system.
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Souhrn

Arteridlni hypertenze predstavuje nejcastéjsi chronické
kardiovaskularni onemocnéni, které postihuje 30 az
45 % svétové populace s dynamikou dalSiho ristu.
Derivat 1,3-oxazol-4-yl-fosfonové kyseliny (zkracené
jako oxazolovy derivat) je nova originalni sloucenina
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s vazodilataéni aktivitou. Ulelem této prace bylo
studovat u tohoto derivatu mechanismus vazodilatacniho
pusobeni zprostfedkovaného plisobenim NO podle
aktivity NOS, iNOS a NO; stanovenim jejich obsahu
na modelu rezistentni arteridlni hypertenze u potkana.
Oxazolovy derivat intraperitonedln¢ podany v davce
25 mg/kg zabranil rozvoji arterialni hypertenze podporou
obnoveni aktivity eNOS, iNOS a NO; ve studované aorte,
srdci a krevnim séru na normalni troven zaznamenanou
u intaktnich zvirat. Lze konstatovat, ze mechanismus
antihypertenzniho uc¢inku oxazolového derivatu je zpro-
sttedkovan systémem NO.

Klicova slova: arteridlni hypertenze ¢ oxid dusnaty e
derivat kyseliny 1,3-oxazol-4-yl-fosfonové

Introduction

Arterial hypertension (AH) is a leader among the most
common chronic cardiovascular diseases and covers
30-45% of world population with a dynamics of further
growth?. One of causes for exacerbation of this problem
is a significant number of patients with uncontrolled blood
pressure (BP) level, which is partly due to incorrect regimens
of treatment of this pathology and the presence of resistant
forms of arterial hypertension?. In this regard, a development
of new antihypertensive drugs and a search for biologically
active compounds meeting the basic requirements for an
ideal hypotensive drug remain relevant?.

1,3-Oxazole-4-yl-phosphonic acid derivative (abbreviated
name — oxazole derivative) is a novel original compound
with vasodilating activity, the antihypertensive effect of
which has been confirmed in previous experimental in
vitro® and in vivo® studies. In addition, relatively low
toxicity of this compound has been established at different
routes of administration®. However, the mechanism of
the vasodilating effect of oxazole derivative has not been
investigated and is still unknown.

Currently, nitric oxide (NO) and its metabolites
as markers of arterial hypertension and their role in
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the formation of endothelial dysfunction are being
actively studied”. Under physiological conditions, NO
functions as a powerful vasodilator when regulating
the vascular tone. The main target of nitric oxide in the
vascular system is gem-soluble guanylate cyclase. By
activating guanylate cyclase, NO increases formation
of cGMP in smooth muscle cells, which is the main
intracellular messenger in the cardiovascular system,
and causes vascular relaxation®. In its turn, synthesis of
NO in the body is influenced by the enzymes of nitric
oxide synthase NOS in the presence of NADPH, FAD,
FMN, tetrahydrobiopterin, calmodulin, and Ca®" ions?.
It is known that in smooth muscles of rats with arterial
hypertension a decrease in endothelial NO-synthase
(eNOS) activity and an increase in inducible (cytokine-
dependent) NO-synthase (iNOS) activity is observed!'?.

Previously, we studied isolated aorta segments of rats
with regard to the influence of the L-NAME NO-synthase
blocker on the vasodilator activity of 1,3-oxazole-4-yl-
-phosphonic acid derivative, but preservation of the efficient
effect of oxazole derivative against the background of NO-
synthase blockade gave rise to assuming that the influence
of these two chemical compounds on vessels is realized
through different targets'?. Therefore, the purpose of this
paper was to study the NO-mediated mechanisms of the
vasodilating effect of oxazole derivative according to the
activity of eNOS, iNOS and NO; content as one of the
products of NO metabolism in rats on a resistant arterial
hypertension model.

Experimental part

The studies were conducted on 36 white viripotent
Wistar rats of (181.8 + 3.54) g average weight (No. of
approval from the animal care committee of Bogomolets
National Medical University: 56/2018). All manipulations
with animals were performed according to the European
Convention on the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes
(Strasbourg, 1986).

The resistant arterial hypertension was simulated by salt
load — salt drinking (1% solution of sodium chloride) with
free access to it during 21 days'?. The rats recorded with a BP
increase by 10% or more were considered to be animals with
the formed AH. Animals not recorded with a BP increase
21 days after beginning of salt load were not included into
groups’ allocation and were withdrawn from the trial.

All rats were kept under identical laboratory conditions
on the ordinary diet in a vivarium, under “day/night” light
regime at 2022 C and had free access to drinking water.
The mean blood pressure and heart rate in unanesthetized
rats were registered by a sphygmomanometric method
using a specialized cuff with a pulse sensor mounted
on the rat’s tail and analysis of periodicity of blood
flow oscillations at a Ugo Basile unit (Italy, 2005).
The experimental rats were preheated to 28-32 °C for
10-15 minutes, and indicated temperature was maintained
throughout the experiment to ensure blood circulation in the
tail in the required volume and stabilization of the blood flow.

The rats were divided into 3 groups of 12 individuals
in each by random sample technique: intact, blank and
basic. The intact group included rats without salt loading
and without other manipulations (drug administration,
etc.) with free access to drinking water. The blank group
included rats with the model of stable arterial hypertension
being formed during 21 days by way of salt load and
starting from the 14" day after the start of salt load was
administered with a mixture of Tween-80 and water for
injection in a ratio of 1 : 10 as a solvent by the scheme
equivalent to that, which was administered to the animals
of the basic group. The basic group included rats with an
8% and above elevated blood pressure level at the 14th
day after the start of salt load. Starting from the 14th day,
animals of this group were receiving oxazole derivative at
a dose of 25 mg/kg (ED,)” intraperitoneally, once per day,
daily, within 7 days. This group of animals was formed to
determine the effect of 1,3-oxazole-4-yl-phosphonic acid
derivative with regard to the prevention of the development
of hypertension or decreasing degree of hypertension.

For analysis of the studied biochemical parameters,
blood serum, the heart and the aorta were taken at the
221 day after AH simulation commencement.

Frozen tissues were directly homogenized manually in
ahomogenization buffer in volumes three times the weight of
the tissues. The homogenization buffer containing 320 mM
sucrose, 50 mM Tris base, 0.1 mM EDTA, 1 mM
dithiothreitol, 10 pg/ml leupeptin, 10 pg/ml soybean trypsin
inhibitor, and 2 pg/ml aprotinin was adjusted to pH 7.0 with
HCI before addition of 10 mg/ml of phenylmethylsulfonyl
fluoride (PMSF). The crude homogenates were then
centrifuged at 14.000 g for 40 min at 4 °C. The supernatants
were analyzed for determination of NOS activity.

Determination of total NO-synthase activity

For the purpose of determining the total activity of
NO-synthase (eNOS and iNOS), a combination of
classical method and its modern modification adapted
for spectrophotometric measurement of one of the
reaction products — L-citrulline was employed'® 9.
Sample aliquots containing 100 pg of protein were being
incubated in a total volume of 100 pl of substrate mixture
of the following composition (mmol/l): KH,PO, —
50, MgCl, - 1, CaCl, - 2, NADPH - 1, L-arginine —
2,pH 7.0 within 60 min at 37 °C. The reaction was stopped
by addition of 0.3 ml of 2NHCIO,. Controls were the
samples containing a complete substrate mixture and pre-
denatured 2NHCIO, protein. The mixture was centrifuged
at 3500 rpm within 10 minutes, and L-citrulline content
was determined in a supernatant protein-free mixture
by a highly specific spectrophotometric method in color
reaction with antipyrine.

Determination of inducible and endothelial
NO-synthase activity

The method of determination differs from the
previous one by that for determining the iNOS activity
in incubation mixture, and 2 mmol of EDTA was added
instead of CaCl,.
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Calculation of endothelial nitric oxide synthase (eNOS)
activity

eNOS activity was calculated by subtracting the iNOS
activity from the total NOS activity. Enzymes activity
was expressed in picomoles of newly formed L-citrulline
per 1 min calculated using 1 mg of total protein in sample.

Determination of citrulline content

Citrulline was determined by a highly sensitive
colorimetric method'. Non-protein sample aliquots
were mixed with 2 ml of reagent (1 ml of 59 mmol
diacetylmonoxime, 1 ml of 32 mmol antipyrine and
55 umol of iron (II) sulphate in 6NH,SO,), boiled within
15 min in a water bath; after cooling, the magnitude of
extinction was determined at 465 nm. The amount of
citrulline was determined using a calibration chart.

Determination of nitrite ions content

Nitriteions content was determined by the Griess method
with modifications'®. 1.8 ml of distilled water, 200 ul
of 1% solution of sulphanilic acid in a 5% phosphoric
acid solution was added to 200 pl of homogenate.
Then it was left for 7 minutes in a dark place at room
temperature. Then, 200 pl of 1% solution of alpha-
naphthylethylenediamine with 5% orthophosphoric
acid was added, stirred, and left in a dark place at room
temperature for 10-15 minutes. Optical density of
samples was measured at 539 nm. NO; scontent was
determined according to a calibration graph which was
constructed using different concentrations of NaNO, and
recalculated on 1 mg of total protein.

Determination of protein concentration

Concentration of protein was determined by the Lowry
method'”. The method is based on the formation of colored
products of aromatic amino acids with Folin’s reagent in
conjunction with biuret reaction to peptide bonds.

Statistical calculations were carried out using
BioStat 2009 v 5.8.4. (Manufacturer — Analyst Soft).
Depending on the normality of the distribution of the
compared series, the research groups were compared
with the blank and intact groups with the help of
Student’s criterion for independent samples and with
the initial value using the paired Student’s criterion. The
significance level for all criteria was 0.05.

Results

eNOS, iNOS activity and NO; content in the rat
aorta, heart and blood serum is represented in Tables 1,
2, 3. In the blank group of rats with persistent arterial
hypertension, an expected decrease in eNOS activity was
observed at 56.9% (p <0.05) in the aorta, 44.9% (p <0.05)
in the heart, and 62.9% (p < 0.05) in blood serum relative
to the intact group of animals. At the same time, under
pathological conditions caused by AH formation, iNOS
activity increased almost three-fold (p < 0.05) in the
aorta, by 2.3 times (p < 0.05) in the heart, and two-fold
(p < 0.05) in blood serum. NO; content increased to
a greater extent in blood serum and the heart by 48.4%
(p <0.05) and 42.7% (p < 0.05), respectively, than in the
aorta — by 34.5% (p < 0.05) in comparison with intact
animals.

In the basic group of rats, which were receiving
1,3-oxazole-4-yl-phosphonic acid peritoneally at a dose
of 25 mg/kg in order to prevent hypertension development
or reduce hypertension degree, its ability to normalize
the studied parameters was detected. For example, eNOS
activity was higher by 53.7% (p < 0.05) in blood serum,
by 46.1% (p <0.05) in the aorta, and by 29.3% (p =0.066)
in the heart than in rats with arterial hypertension. The
effect of oxazole derivative also covered the recovery of
AH-related enhanced iNOS activity. The above indicator
was lower by 29.3% (p < 0.05) in the aorta, by 27.9%

Table 1. Endothelial NO-syntase activity in the aorta, heart, and blood serum of rats, nmol x min™' x mg™ of protein (M +m, n = 12)

Parameter . Aorta Heart Blood serum
Groups of animals

Intact 91.89 +5.65 17.86 +0.77 8.44+0.42
Arterial hypertension (blank) 39.52 £2.2% 9.84 + 0.45* 3.13 £0.15*
% of change -56.9! —44.9! —62.9!
Arterial hypertension + oxazole derivative 57.77 £ 3.79* 12.72 £ 0.73** 4.81+£0.27%
Sl . ol

*p < 0.05 relative to the intact group, “p < 0.05 relative to the blank group

1% of changes relative to the intact group, *% of changes relative to the blank group
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(p < 0.05) in the heart, by 24.6% (p < 0.05) in blood
serum versus the corresponding values in the group of
rats with arterial hypertension. Vasodilating activity of
the test compound is also confirmed by an increase in
NO, content in blood serum of rats by 1.4 times (p < 0.05)
versus the group of rats with arterial hypertension.

Discussion

A decrease in endothelial NO-synthase activity which
was detected in the aorta, heart and blood serum in an
experimental model of hypertension may be associated
with a decrease in the expression of this enzyme gene'®.
At the same time, we have shown that at hypertension,
the activity of inducible NO-synthase, which is low under

normal conditions, increases in the tissues under study.

The changes in the nitric oxide system during
hypertension established in this experiment probably
relate to a decreased ability of endothelial cells to release
relaxation factors together with unchanged or increased
formation of vasoconstrictive agents. Production of
cyclooxygenase-dependent prostaglandins and free
radicals is increased leading to a decrease in NO
activity'?.

Atamoderate level of synthesis, active forms of oxygen
act as specific signalling molecules and are involved
in the regulation of immune processes, operation of
the circulatory, endocrine and other body systems. The
signalling function of active forms of oxygen is realized
due to their activating influence on the transcription

Table 2. Inducible NO-syntase activity in the aorta, heart, and blood serum of rats, nmol x min™' x mg™ of protein (M +m, n = 12)

Parameter . Aorta Heart Blood serum
Groups of animals

Intact 1.22+0.09 0.97 £ 0.06 0.62 +0.03
Arterial hypertension (blank) 3.75+0.27* 2.26 £ 0.09* 1.26 + 0.06*
% of change +207.4! +133.0! +103.2!
Arterial hypertension + oxazole derivative 2.65+0.2% 1.63 +0.07* 0.95 + 0.04**
% of hange s S e

*p < 0.05 relative to the intact group, “p < 0.05 relative to the blank group
1% of changes relative to the intact group, *% of changes relative to the blank group

Table 3. Content of nitrite ions in the aorta, heart and blood serum of rats, nmol x mg™ of protein (M £m, n = 12)

Parameter . Aorta Heart Blood serum
Groups of animals

Intact 6.49+0.4 1.24 +0.05 3.72+0.2
Arterial hypertension (blank) 4.25+0.32% 0.71 £ 0.04* 1.92 +0.1*
% of change -34.5! —42.7! —48.4!
Arterial hypertension + oxazole derivative 5.36 £ 0.39* 1.05 +0.05* 2.66+0.15*
S 5 s

*p < 0.05 relative to the intact group, “p < 0.05 relative to the blank group
1% of changes relative to the intact group, *% of changes relative to the blank group
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factors through the complex redox-sensitive signalling
systems of cells.

In pathological conditions, the system of generation of
nitric oxide becomes an auxiliary factor in the development
of oxidative stress in a cell. It is known that with high levels of
superoxide radicals and nitric oxide, peroxynitrite is formed
which is a strong oxidizing agent that can cause significant
damage to molecules. In such a way, the developed
peroxynitrite may lead to even more damage of cells of the
cardiovascular system. Thus, the increase in the activity of
inducible NO-synthase we detected in the cardiovascular
system tissues was caused by activation of the enzyme by
pro-inflammatory cytokines, such as alpha-tumour necrosis
factor (TNF-a), and others. In this case, NO molecules formed
under the action of inducible NO-synthase were converted
into peroxynitrite when affected by free radicals, which
resulted in intensification of free radical processes in the
cardiovascular system organs (increased lipid peroxidation,
formation of products of oxidative modification of proteins,
DNA damage)*®. The oxazole derivative normalizes the level
of iNOS in blood serum and cardiovascular tissues and may
be a blocker of one of the stages of the above mechanism.

In addition, nitric oxide belongs to the factors influencing
the processes of inhibition of growth. Endothelial dysfunction
with NO deficiency, increased expression of growth factors,
local vasoactive substances, proteins and proteinases of
the matrix may cause vascular re-modelling and damage
of vessel’s structure. As a result, at hypertension, vessels
have a thickened middle membrane, reduction of the lumen
and an increase in extracellular matrix. Increasing mass of
smooth muscle cells raises the level of vasoconstriction
in response to neurohormones, leads to an increase in
peripheral vascular resistance and thus contributes to further
development of arterial hypertension®?.

The recovery of NO-synthase system detected in
our studies may relate to the effect of 1,3-oxazole-4-yl-
phosphonic acid derivative on the level of bradykinin, which
is a potent stimulant for release of endothelium-dependent
relaxation factors (nitric oxide, endothelium-dependent
hyperpolarization factor, prostacycliny®®. In particular, the
endothelial hyperpolarization factor is an unstable metabolite
of arachidonic acid, the release of which depends on the
concentration of intracellular calcium and calmodulin®.
Prostacyclin is formed in endothelial cells and activates
adenylate cyclase of smooth muscle cells. This leads to
increasing formation of cAMP, which leads to a relaxing
effect that increases vasodilation caused by nitric oxide**.

Another likely mechanism of action of the studied
oxazole derivative on the endothelial function may be
blockade of the formation of angiotensin II, which is
considered as an inducer of oxidative stress. Mechanisms
of action of angiotensin II on the production of ROS
(superoxide radicals) are related to stimulation of NADPH/
NADH oxidases. Thus, a decrease in angiotensin II leads
to a decrease in the intensity of oxidative processes, the
products of which reduce the NO level. Decreasing of
angiotensin II formation may occur through the inhibition
of angiotensin-converting enzyme, or under the conditions
of AT, receptors blockade?.

Moreover, the effect of the test compound on nitric
oxide system we detected may relate to the decrease in
the level of calcium in cells cytosol. Such effect may be
observed as a result of the decrease in transmembrane
calcium delivery in smooth muscle cells of vessels and
due to the NO cGMP-mediated mechanism in endothelial
cells. In particular, the vasodilating effect of other oxazole
derivatives is manifested by inhibition of CK2 protein
kinase and a decreased intracellular calcium level*®.

The effect of the studied drug may also be due to its
antioxidant action. Thus, an increase in the superoxide
dismutase activity leads to a decrease in NO destruction
in vessels wall or influence on the expression of genes by
endothelial NO-synthase, contributing to the increase of its
level in the studied organs in an experimental hypertension
model*”.
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