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ABSTRACT
Introduction and aim. The aim of this work is to study the parameters of the nitric oxide (NO) system in the blood of guinea

pigs under the conditions of the experimental periodontitis (EP) and immobilization stress (IS) formation and to evaluate the
effectiveness of thiocetam use.

Material and methods. Experimental studies were performed on 50 guinea pigs (males, body weight 0.18-0.21 kg) which were
divided into five groups (10 in each): the first group were intact animals as control; the second experimental group were ani-
mals with experimental periodontitis under conditions of immobilization stress (3rd day), the third group included guinea pigs
with EP and IS on the 5th day of the combined model process, group IV — animals with EP and IS 15th day (without administra-
tion of thiocetam) and group V - animals on the 15th day of experiment with EP and IS after use of thiocetam.

Results. As a result of this research, changes in the activity of the NO system in the blood were observed, namely an increase
in the level of stable metabolites and an increase in the activity of total NO-synthase, which is accompanied by a compensa-
tory inhibition of the L-arginine activity, and these indicators were most pronounced in the late stages of EP and IS formation.
Conclusion. The use of thiocetam showed a corrective effect on the changed variables of NO metabolism in the peripheral
blood of guinea pigs under the conditions of the EP and IS development.
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Introduction characterized by progressive destruction of periodontal
Generalized periodontitis is a specific dystrophic in- tissues with subsequent tooth loss. In particular, accord-
flammatory process (reflex neurovascular dystrophy of ing to WHO data, periodontal disease is found in 80% of
periodontal tissues) that occurs as a result of the vari- children and 95% of adults. It is a social problem that in
ous exogenous and endogenous factors interaction. It is the most able-bodied population aged 35-44, the preva-
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lence of periodontal lesions reaches 92-98%."? Progres-
sive generalized periodontitis is one of the main causes
of tooth loss among the adult population.’

When dystrophic inflammatory diseases of the peri-
odontium occur, the interaction between conditionally
pathogenic microorganisms of dental plaque (biofilm)
and the patient’s body (host) is important in its patho-
genesis.* Its implementation is largely determined by the
immune response of the host organism.** General so-
matic diseases, smoking, and psychological stress have
a significant impact on this interaction.® The impact of
stressful factors causes changes in the parameters of the
functional activity of the body’s physiological systems,
including various adaptive changes in the immune sys-
tem and periodontal tissues."®” The degree of stressor
tissue damage depends on the features of the neurohu-
moral mechanisms of tissue metabolism regulation.®

The relevance of the problem is due not only to a
significant percentage of the periodontal diseases spread
among the population worldwide, but also to the insuf-
ficiency of early diagnosis and the effective treatment
of patients with this pathology.” For the early detection
of periodontitis, a thorough examination is required,
which includes collection of information, examina-
tion, probing the depth of the gingival pockets, as well
as radiography. Considering the polyetiological nature
and complex pathogenesis of generalized periodontitis,
complex and multicomponent treatment regimens are
used to treat patients.

In particular, Kuvaeva demonstrated the positive ef-
fect of the nitric oxide (NO) modulator in the form of
arginine gel in the treatment of experimental periodon-
titis in rats.® Bedeniuk showed the corrective effect of a
selective inhibitor and -NOS - aminoguanidine, which
was used at a dose of 20 mg/kg in rats for 14 days together
with the antioxidant lycopene at a dose of 100 mg/kg for
generalized periodontitis.” Several scientists used L-argi-
nine as a drug with a corrective effect on impaired lev-
els of the nitric oxide system during adrenaline-induced
myocardial damage and immobilization stress."

Oleshchuk recommended the application of such
modulators for the synthesis of NO:"

1. L-arginine, administered intraperitoneally at 25
mg/kg in the form of a 2.5% aqueous solution once a
day for 7 days,

2. Glutargin is administered intraperitoneally at 45
mg/kg in an equimolar dose in terms of L-arginine once
a day for 7 days,

3. N-nitro-L-arginine methyl ester was adminis-
tered 10 mg/kg as a 1% solution intraperitoneally once
a day for 7 days.

The full range of treatment measures is quite long,
expensive and not always sufficiently effective,** there-
fore the issue of treatment regarding the expediency
of using expert recommendations in the doctors’ dai-

ly practice is extremely relevant and requires special re-
search.

In recent years, researchers have paid considerable at-
tention to studying the role of NO, which lies in providing
it with optimal work of the whole organism. The import-
ant role of nitric oxide in the regulation of various body
systems has been experimentally demonstrated, therefore
it shows that most chronic diseases are directly related to
the deterioration of the functional state of systems and
organs responsible for the synthesis of NO in the body
(blood vessels endothelium, nervous and connective tis-
sue cells — neurons and macrophages).*?

Bedeniuk established disorders in the microcir-
culation system in patients with chronic periodontitis
with concomitant atrophic gastritis.’ The direct cause of
microcirculatory disorders is endothelial dysfunction,
largely dependent on the bioavailability of nitric oxide
produced by the endothelial form of NOS. In inflam-
matory lesions, hypersecretion of inducible NO usually
occurs. It leads to the production of excess NO, which
can play the role of an important effector in the develop-
ment mechanisms of periodontal tissue inflammation.
In addition, it has been shown that during periodontitis,
so-called nitrooxidative stress develops, in which nitric
oxide interacts with superoxide anion, resulting in the
formation of peroxynitrite. The latter is associated with
the altering effect of NO on biological macromolecules.
Especially on proteins and lipids, which in turn causes
an imbalance in the processes of inactivation of reactive
oxygen forms, which leads to disruption of the structure
and function of cell membranes and ends in cell death
and the development of inflammation."

Our previous studies also revealed the develop-
ment of oxidative stress and an imbalance of cytokine
status in experimental periodontitis (EP) and immobi-
lization stress (IS). Savelieva showed that NO is a factor
initiating and maintaining the development of inflam-
mation in periodontal tissues in patients with chronic
generalized periodontitis, and changes in the nitric ox-
ide system play a significant role in the mechanisms of
periodontitis formation."

Thus, NO can be considered as one of the most im-
portant regulators of the body’s general adaptive capa-
bilities, which ensures its optimal adaptation to external
influences of various character and, as a result, mainte-
nance of the necessary level of health in general.”” Al-
most every extreme state of the body and pathological
process is directly or indirectly related to the multifunc-
tional characteristics of NO. Therefore, further study
of the nitric oxide effects in medicine and, through the
process of research, obtaining new scientific facts about
the peculiarities to the biosynthesis of this compound
and how its molecular and biochemical effect will allow
to develop a new strategy and tactics for correcting and
treating pathologies of various genesis.'®
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It is known that the production of NO by macro-
phages under periodontal inflammation stimulates the
phagocytosis reaction together with other radicals, that
is, NO can also perform a useful function in periodon-
titis, acting as a non-specific factor of protection against
bacteria.'” At the same time, NO deficiency contributes
to the reproduction of pathogens in the periodontal tis-
sues, which leads to this pathological process develop-
ing into chronical. However, a sharp increase in the level
of NO plays a negative role, as it initiates a number of
free radical mechanisms that cause the destruction of
tissues, including periodontal connective tissue.'®

Proceeding from the above, it became necessary to
carry out the pharmacological correction of the revealed
disturbed metabolic processes concerning the nitric ox-
ide system in EP and IS with the help of the drug thioce-
tam, which belongs to the group of cerebroactive agents,
possessing nootropic, anti-ischemic, antioxidant, mem-
brane-stabilizing properties, as well as improving the
rheological properties of blood due to the activation of
the fibrinolytic system, it stabilizes and reduces areas of
necrosis and ischemia and eliminates the stress conse-
quences.'*?

It is known that thiocetam has as its main active sub-
stance a morpholinium salt of tiazotic acid (1 mL of a
solution containing morpholinium salt of tiazotic acid) in
terms of 100% of the substance - 25 mg, which is equiva-
lent to 16.6 mg of tiazotic acid, and piracetam — 100 mg. It
should be emphasized that thiocetam contains two com-
ponents: the first, piracetam, is an antioxidant, that stabi-
lizes cell membranes, stimulates alternative metabolism
pathways in hypoxia, and improves microcirculation.
The second component is thiotriazolin, which has anti-
oxidant, membrane-stabilizing, immunomodulating, cy-
tokine-correcting, and anti-inflammatory properties, and
is hepatoprotective and cardioprotective.

The positive antioxidant and immunocorrective ef-
fect of thiotriazolin was established by Shchepanskyi
and Reheda in guinea pigs with bronchial asthma and
experimental periodontitis and pneumonia.?"*

To date, the influence of thiocetam on disturbed in-
dicators of the NO system in EP and IS is unknown. But
taking into account the thiotriazolin component of this
drug and its wide mechanism of action, which is cov-
ered in the article, it is possible to express an opinion
about the mediated effect of thiocetam on the specified
markers of the nitric oxide system in EP and IS.

The mechanisms underlying the stress impact on the
periodontitis pathogenesis, the specifics of the combined
pathology course, still require a more detailed study. In
particular, the assessment of the nitrooxidative stress in-
tensity, which to a certain extent determines the mani-
festation of resorptive processes in the connective tissue,
becomes important both in studying the formation mech-
anisms and in correcting the periodontitis treatment.

Aim

The aim of the work is to study the parameters of the ni-
tric oxide system in the blood of guinea pigs under the
conditions of the EP and IS formation and to evaluate
the effectiveness of the thiocetam use.

Material and methods

Experimental studies were performed on 50 guinea pigs
(males), body weight 0.18-0.21 kg, which were divided
into five groups (10 in each): the first were intact ani-
mals as control; the second (experimental) group were
animals under the conditions of experimental peri-
odontitis and immobilization stress development (3™
day), the third group included guinea pigs with EP and
IS on the 5 day of the combined model process, group
IV - animals with EP and IS 15® day (without using of
thiocetam) and group V - animals on the 15" day of ex-
periment with EP and IS after the use of thiocetam.

It is known that guinea pigs serve as a classic ob-
ject for modeling inflammatory and allergic processes.
Therefore, these animals were used to reproduce this ex-
perimental model of disease and stress.

Fixed days were chosen: the 3%, 5™ and 15" day for
the experiment under conditions of the development of
EP and IS separately and in their combination before
and after treatment with thiocetam, which correspond-
ed to the stages of the acute inflammatory response,
which included the development of the disease (3'), the
height of the disease (5"), convalescence (15" day) and
stages of stress: the 3™ day corresponded to the anxiety
stage: the 5" day - the stage of resistance and the 15%
day - the stage of exhaustion.

Experimental periodontitis was modeled by the
method of Jogan, which consisted of animals that were
on a diet that included 1 g of dry lyophilized cattle liv-
er, 10 g of dry skimmed milk, and 20 g of crackers.”
The diet is designed for one guinea pig per day. Morpho-
logically, the presence of periodontitis in animals was
not confirmed, since this is a long-known, tested exper-
imental model.

Immobilization stress was reproduced by the meth-
od of Horizontov. We selected fixed days (3™, 5™ and
15™) for studies that corresponded to the classic stag-
es of acute inflammation. To correct disorders in group
V, the drug thiocetam was administered at a rate of 250
mg/kg intramuscularly from the 6th day of the experi-
ment for 10 days. The application of the specified dose of
thiocetam was based on experimental scientific studies,
which used thiocetam at 250 mg/kg of body weight once
a day for the treatment of cranioskeletal trauma com-
plicated by blood loss with functional and morphologi-
cal disorders of the liver in rats with different resistance
to hypoxia and established the effect and improvement
of endogenous intoxication and cytolysis indicators, re-
duced dystrophic-necrotic processes in the liver.?
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They also took into account the fact that thiocetam
has the main active ingredient morpholinium salt of ti-
azotic acid, which is similar to that contained in thiotri-
azolin, and the latter is used in various doses of 100-250
mg/kg of body weight in various inflammatory and al-
lergic processes.”"*>%

All experiments on laboratory animals carried out
with following the European Convention for the protec-
tion of vertebrate animals used for experimental and other
scientific purposes (Strasbourg, 1986), Council Directive
2010/63/EU, the Law of Ukraine 3447- IV “Protection an-
imals from the cruelty,” the general ethics of animal ex-
perimentation adopted by the first national Congress on
bioethics in Ukraine. The study protocol was approved by
the Ethical Committee of Danylo Halytsky Lviv National
Medical University (protocol No 35; 05.10.2022).

Activity of NO synthase (NOS) was detected by
VV Sumbaev method.? The total activity of nitric ox-
ide synthase was determined by the intensity of NAD-
PH-H* use in a reaction medium containing 0.6 mL of
5 mM KH,PO,, 0.6 mL of 1 mM MgCl,, 0.6 mL of 10
mM CaCl, in Tris-HCI buffer pH=7.4, 0.6 mL of 4 mM
aqueous solution of L-arginine, 0.4 mL of 1.0 mM NAD-
PH-H* solution. The reaction was started by adding 0.3
mL of experimental biopsy material (tissue homogenate,
erythrocyte hemolysate) to the reaction mixture. The
control tube contained a similar set of reagents, except
for a solution of L-arginine, instead of which 0.6 mL of
distilled water was added. The reaction was stopped by
adding 8 mM HCIO, solution to the reaction mixture.

A decrease in the absorbance of solutions was re-
corded at a wavelength of 340 nm. Nitric oxide synthase
activity was expressed as nmol of NADPH-H*, which
was oxidized within 1 minute per 1 mg of protein.

L-arginine content in the blood serum was deter-
mined by the Aleinikov method.” Up 0.5 mL of a 5% tri-
chloroacetic acid solution was added to 0.5 ml of blood
serum and centrifuged for 10 minutes at 3000 rpm. 0.5
mL of the supernatant was taken and 1 mL of a 5% NaOH
solution, 0.05 ml of a 0.02% alcohol solution of a-naph-
thol, 0.05 ml of a hypobromide reagent, and 0.2 mL of a
10% urea solution were added and made up with distilled
water up to 4 mL. After 20 minutes, they were evaluated by
spectrophotometry using at 1=500 nm. The experimental
sample and control were evaluated by spectrophotometry
against distilled water. The control contained the same re-
agents as the experiment; instead of serum, distilled water
was added. Arginine concentration was determined using
a pre-constructed calibration graph.

Stable NO metabolites were determined by the
Schmidt protocol.®® The content of total NO products in
the studied biological samples was determined using the
Griess reagent, spectrophotometrically measuring the
staining products at wavelengths 1=550 nm. From the mea-
sured optical density values, the average value was found

and the concentration of stable nitric oxide products was
determined using a pre-constructed calibration curve.

This method was carried out as follows: 0.2 mL of
the test sample was placed in a centrifuge tube, and 0.2
mL of 4% sodium hydroxide solution was added and in-
cubated, stirring, in an ice bath for 10 minutes. After
this, 0.4 mL of distilled water and 1.2 mL of a 4% solu-
tion of zinc sulfate were added and kept in a water bath
with ice. In 10 min. centrifuged for 20 min. at a tem-
perature of 0+4 °C at a speed of 15000 rpm. To 1.4 mL
of the selected supernatant was added 1.4 mL of Griess
reagent (1:1), which included: 0.1% N-(naphthyl)eth-
ylenediamine hydrochloride and 1% sulfanilic acid, pre-
pared in 5% orthophosphoric acid. The sample with the
added reagent was placed for 15 min. in a dark place for
color development, then absorbance was measured us-
ing a spectrophotometer at 1=550 nm.

The control is an 8% protein solution, processed ac-
cording to the experimental method. Recalculation was
carried out according to the calibration graph obtained
with standard solutions with a concentration of total ni-
tric oxide metabolites from 1 to 250 umol/L.

All numerical results were subjected to statistical
processing using the arithmetic mean (M), error of the
arithmetic mean (m), and Student’s test. Calculations
were performed using statistical and graphical analysis
tools for Microsoft Excel spreadsheets in the Microsoft
Office software package.

Results

When studying the activity of stable metabolites, total
NOS (endothelial and inducible) and L-arginine in the
blood of guinea pigs with EP and IS, it was recorded that
at all stages of their formation there were likely chang-
es in variables compared to the control group. Having
compared the variables of nitric oxide metabolism in
guinea pigs with EP and IS between different groups of
animals, we also found shifts in all the indicators we had
determined in different periods of its formation.

In the dynamics of EP and IS formation, it was no-
ticed that stable metabolites grow practically linearly al-
ready at the initial stage and reach their maximum at
the latest term of the experiment. When comparing the
groups, we observe that the studied indicator is almost at
the same level on the 5" day compared to the 3* day of
the experiment (p,<0.05). Subsequently, the level of stable
metabolites increases by 7.2% (p,<0.05) on the 15" day of
EP and IS compared to the second group (Table 1).

When studying the activity level of total nitric oxide
synthase (endothelial and inducible) in the blood of guin-
ea pigs with EP and IS, an increase in its level was found
(on 31, 5" and 15" days), both in comparison with the
control group and between different groups of animals.
There is a significant increase in nitric oxide synthase in
all studied days compared to the group II of animals: by
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10% (p,<0.05) and 11.8% (p,<0.05) on the 5" and 15"
days respectively, under EP and IS (Table 1, Fig. 1). These
changes lead to excessive formation of nitric oxide and its
active derivatives in the blood, which, in turn, causes in-
hibition of enzyme function, DNA damage, activation of
free radical processes, i.e., in high concentrations, initi-
ates the processes of oxidative and nitrosative stress.

Table 1. The parameters of the nitric oxide system in the
blood of guinea pigs under the conditions of the EP and IS
formation. (M + m, n=40)?

Duration of Stable Total activity NOS, L.
Form of . Number of . L-arginine
experiment expenments animals metabolites nmol NI.\DPH(H+)/ mg/m
in days NO mmol/l (min/ml)
Intact
animals, 10 17.1+2.4% 0.62+0.11* 41.345.0%
control
Guinea pigs 3 10 27.743.2% 1.1+0.02% 18.4+4.4%
with EP 5 10 28.5+3.3* 1.21+0.03* 17.3+3.2%
and|IS 15 10 29.743.4% 1.23+0.03* 15.24£3.4*%

a* _ changes are likely with respect to the values of the
control group (p<0.05)

For a more complete assessment of the nitric oxide
system parameters, the level of L-arginine activity was
studied and its regression in the dynamics of EP and IS
formation was found (Fig. 1).

200

—— control

150 ~—a— stable metabolites
NO

NOS

Learginine

3 5 15days of EPand IS

Fig. 1. The level of nitric oxide system indices in guinea pigs’
blood in the EP and IS formation dynamics (% of control)

L-arginine is one of the most versatile metabolic amino
acids which is a precursor to the synthesis of polyamines,
proline, glutamate, creatine, agmatine, and urea and is
an important component of the metabolic processes of
maintaining optimal nitrogen balance in the body, as it is
a precursor of NO and participates in transportation and
detoxification excess NO in the body. The part of L-arginine
that was not subject to metabolism is used as a substrate for
NO production. Under physiological conditions, synthesis
of NO from L-arginine occurs with the help of NO-synthase
enzymes, and the main supplier of endogenous arginine is
protein metabolism in the body. NO in the brain acts as a
neurotransmitter, in the work of the immune system - as
a mediator of the immune response.'*®

As a result of our work, it was noted that the level of
the studied indicator decreased in comparison between
groups of animals. Thus, on the 5% day of the development
of the combined model process, L-arginine was reduced

by only 6.0% (p,<0.05) compared to the 3** day of EP and
IS. Later, on the 15" day, a similar pattern was noted: a
gradual decline of L-arginine by 17.4% (p,< 0.05), respec-
tively, against the second group of animals (Table 1, Fig.1).

Administration of thiocetam at the rate of 250 mg/
kg intramuscularly from the 6th day of the experiment
for 10 days led to a partial correction of the variables of
the nitric oxide system, namely a decrease in the content
of stable metabolites by 35.3% (p,<0.05) and total activity
NOS by 42.6% (p,<0.05) and a rather significant increase in
the content of L-arginine in the blood by 81.5% (p,<0.05)
compared to the group of guinea pigs with EP and IS before
therapy (Fig. 2), which indicates a positive corrective effect
of this medicinal product on the tested tests.

Bcontrol

mstable NO2 metabolites

Larginine

% before after treatment

Fig. 2. The effect of thiocetam on the level of the
parameters of the nitric oxide system in guinea pig blood
under EP and IS formation dynamics

As a result of the research, changes in the activity of
the NO system in the blood were observed, namely an
increase in the level of stable metabolites and an increase
in the activity of total NO-synthase, which is accompanied
by a compensatory inhibition of the L-arginine activity,
and these indicators were most pronounced in the late
stages of the EP and IS formation.

Discussion
NO is a unique molecule for biological organisms, and
has also very important effects on various pathologic
and physiologic mechanisms. Many cell types can gen-
erate NO during different pathological and physiologic
conditions. Recently, many authors have been reported
the connections between NO and inflammatory diseas-
es. Periodontal pathologies are characterized with spe-
cific periodontal inflammation and host tissues damage
around the teeth, and additional factors such as force
application on teeth. However, the production of NO
and the role of NO in the development of periodontal
pathologies are unclear. On the other hand, many evi-
dences from previous studies indicates a close relation-
ship between NO and periodontal pathologies.*
Inflammatory damage also usually involves overex-
pression of the NOS inducible form, which results in the
production of excessive amounts of NO. This may play an
important effector role in the inflammation mechanisms
generated by bacterial endotoxin. Thus, the so-called ni-
trooxidative stress develops along with the inflammation.’
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We have established that EP associated with IS causes
such pathophysiological features of disorders of the nitric
oxide system, which consist in a gradual progressive in-
crease in the indicators of stable NO metabolites and total
NOS activity against the background of a decrease in the
L-arginine content, most pronounced on the 14" and 24*
century, period of the experiment, corresponding to the
stages of the inflammatory process (height and recovery)
and the stage of stress (resistance and exhaustion) rela-
tive to the control group, which may indicate activation
of the inflammatory process in the periodontium. The
decrease in L-arginine content is explained by its exces-
sive consumption for the synthesis of nitric oxide during
EP and IS. In our opinion, changes in NO levels during
periodontitis and stress are associated with impaired mi-
crocirculation in periodontal tissues, the influence of hy-
poxia and the inflammatory process, and the action of
pro-inflammatory cytokines on them, which have been
proven in several scientific studies.*!

Thiocetam acts as an antioxidant and anti-ischemic
agent, helps to improve microcirculation, normalizes bio-
energetic processes, increases the body’s resistance to hy-
poxia, inhibits the formation of reactive oxygen species,
improves the rheological properties of blood by activat-
ing the fibrinolytic system, stabilizes and reduces areas of
necrosis and improves cytolysis rates, endogenous intoxi-
cation; reduces degenerative processes in the liver during
injury against the background of blood loss.'**

This drug, by correcting the above pathological pro-
cesses, can indirectly have a positive effect on impaired
indicators of the NO system, since its use involves not
only studying the effect on markers of the NO system
but also elucidating its effect on immune indicators, lip-
id peroxidation processes, cytokine status, proteolysis
processes in EP and IS.

Thiocetam was started to be administered from the
6™ day of EP and IS, since during this period the distur-
bances of metabolic and immune processes were most
pronounced, as established in our previous studies (de-
velopment of oxidative stress, increase in the level of an-
ti-inflammatory cytokines against the background of a
decrease in anti-inflammatory cytokines, inhibition of
cellular under conditions of stimulation humoral immu-
nity, proteolysis processes against the background of in-
hibition of antiprotease potential), which dominated on
the 5th, and especially on the 15% day of the experiment.

Conclusion

Under the conditions of the experimental periodonti-
tis and immobilization stress development, a multidi-
rectional vector of changes in the metabolism variables
of the NO system is observed - an increase in the con-
tent of stable nitric oxide metabolites and the total ac-
tivity of nitric oxide synthases against the background
of the decrease in the L-arginine concentration, which

were most pronounced on the 15" day of the exper-
iment. This indicates the production of an excessive
amount of NO, which can play the role of an important
effector in the mechanisms of inflammation generated
by bacterial endotoxin. Increased synthesis of NO can
exhibit a cytotoxic effect associated with the forma-
tion of peroxynitrite, leading to necrosis or apoptosis,
i.e. during inflammation, the so-called nitrooxidative
stress develops, which will lead to the progression of
the disease.

The use of thiocetam showed its corrective effect on
the changed variables of NO metabolism in the periph-
eral blood of guinea pigs under the conditions of the EP
and IS development.

Declarations

Funding

This research received no specific grant from any funding
agency in the public, commercial, or not-profit sectors.

Author contributions

Conceptualization, M.R. and P.O.; Methodology, M.R.-E;
Software, S. R.; Validation, S.R., PO. and M.K,; Formal
Analysis, L.E; Investigation, P.O.; Resources, V.F; Data
Curation, M.R.-E; Writing — Original Draft Preparation,
S.R.; Writing - Review & Editing, P.O.; Visualization, M.
K.; Supervision, M. R.; Project Administration, M.R;
Funding Acquisition, P.O,, L.E, M.R.-E, M.K.

Conflicts of interest
The authors declare no competing interests.

Data availability

The datasets used and/or analyzed during the current
study are open from the corresponding author on rea-
sonable request.

Ethics approval

The study protocol was approved by the Ethical Com-
mittee of Danylo Halytsky Lviv National Medical Uni-
versity (protocol No 35; 05.10.2022).

References

1. Kononova O. The effectiveness of the treatment of patients
with exacerbative course of generalized periodontitis with
manifestations of psychoemotional stress. Actual Denti-
stry. 2020;2:24-28. doi: 10.33295/1992-576X-2020-2-24

2. Kononen E, Gursoy M, Gursoy UK. Periodontitis: A Mul-
tifaceted Disease of Tooth-Supporting Tissues. Journal
Clin Med. 2019;8(8):1135. doi: 10.3390/jcm8081135

3. Holde GE, Oscarson N, Trovik TA, Tillberg A, Jons-
son B. Periodontitis prevalence and severity in adults: a
cross-sectional study in Norwegian circumpolar com-
munities. J Periodontol. 2017;88:1012-1022. doi: 10.1902/
jop.2017.170164



346

European Journal of Clinical and Experimental Medicine 2024; 22 (2): 340-346

10.

11.

12.

13.

14.

15.

16.

17.

Sanz M, Marco Del Castillo A, Jepsen S, et al. Periodontitis
and cardiovascular diseases: consensus report. J Clin Pe-
riodontol. 2020;47:268-288. doi 10.1111/jcpe.13189
Ravida A, Rodriguez MV, Saleh MHA, et al. The correla-
tion between history of periodontitis according to staging
and grading and the prevalence/severity of periimplantitis
in patients enrolled in maintenance therapy. J Periodontol.
2021;92(11):1522-1535. doi: 10.1002/JPER.21-0012
Tarasenko LM, Bilets MV. Mechanisms of oral cavity tissues
stress damages (a brief review of the literature and our own
research). Ukrainian Dental Almanac. 2016;1(2)23:23-26.
Kononova O. Pathistological investigation of the influ-
ence of the adrenoblocator complex on regeneration of
the mandible bone. Actual Dentistry. 2018;2:36-38. doi:
10.33295/1992-576X-2018-3-36-39

Borysenko AV, Kuvayev AS, Kononova OV, Palamarchuk
SI. Correction of nitricoxide metabolism in the complex
therapy of patients with generalized periodontitis. Int ]
Med Dentistry. 2016;6(2)6:84-87.

Bedeniuk OS, Korda MM. Role of oxidative and nitrooxi-
dative stress in pathogenesis of periodontitis on the chro-
nic gastritis background. Medical and Clinical Chemistry.
2016;18(4):11-15. doi: 10.11603/mcch.2410-681X.2016.
v0.14.7248

Lys OB, Reheda MS, Sementsiv NG, Reheda-Furdychko
MM, Reheda SM. Peculiarities of disorders of the nitro-
gen oxide system in the blood at adrenalin-induced my-
ocardial injury in conditions of immobilization stress
and their correction by L-arginine. ScienceRise: Pharma-
ceutical Science. 2021;4(32):24-28. doi: 10.15587/2519-
4852.2021.238320.

Oleschuk OM. The impact of modulators of nitric oxide
synthesis on biochemical indices of liver in rats. Fiziolohich-
nyi zhurnal. 2014;60(2):57-62. doi: 10.15407/£260.02.057
Yan Wang, Xiangdao Huang, Fuming He. Mechanism and
role of nitric oxide signaling in periodontitis. Exp Ther
Med. 2019;18(5):3929-3935. doi: 10.3892/etm.2019.8044
Zubachyk VM, Yarychkivska NV. The role of nitric oxide
in periodontal tissue homeostasis (review of the referen-
ces). Bukovyna Med Bull. 2016;20(2):194-198.

Saveleva N. Nitrogen oxide as factor initiating and ke-
eping development of inflammation inparodonta fabrics
at patients with chronic generalized periodontitis, severity
level I-IT in combination with parasitosis. Exp Clin Med.
2015;69(4):151-153.

Svyrydova NK, Zhhilova NO. Use of L-arginine in the
treatment of comorbid pathology in neurological pa-
tients. East European Journal of Neurology. 2016;4-8. doi:
10.33444/2411-5797.2017.1(13).4-8

Sadlyak OV, Baida ML, Kolishetska MA, Musij-Sementsiv
KhG, Sementsiv NG, Lesyk RB. Nitric oxide as the main
multifunctional regulator of immunocompetent and en-
dothelial cells. Biopolymers and Cell. 2017;33,5:323-334.
Regeda-Furdychko MM. The influence of thiotriazoline on
the indicators of nitric oxide under the condition of expe-

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

rimental contact dermatitis and experimental pneumonia.
Journal of Education, Health and Sport. 2020;10(2):35-40.
doi: 10.12775/JEHS.2020.10.02.004

Arana C, Moreno-Ferniandez A M, Gdmez-Moreno G,
et al. Increased salivary oxidative stress parameters in
patients with type 2 diabetes: relation with periodontal
disease. Endocrinol Diabetes Nutr. 2017;64:258-264. doi:
10.1016/j.endinu.2017.03.005

Aslan T, Turer A, Joseph H. Pathogenesis of myocardial
ischemia-reperfusion injury and rationale for therapy.
Am ] Cardiol. 2010;106(3):360-368. doi: 10.1016/j.amj-
card.2010.03.032

Sikirynska DO, Hudyma AA, Pokhodun KA, Antonyshyn
IV. Influence of cranioskeltal trauma, complicated with
blood loss, on the bile-forming function of liver during the
early period of traumatic disease among rats with different
resistance to hypoxia and its correction. Journal of Educa-
tion, Health and Sport. 2021;11(1):326-337. doi: 10.12775/
JEHS. 2021.11.1.032

Reheda M, Shchepanskyi B. Changes of lipoperoxidation
and antioxidant system in periodontal tissues in exper-
imental bronchial asthma under conditions of chron-
ic periodontitis and correction of these changes with
thiotriazoline. Journal of Education, Health and Sport.
2018;8(4):470-478. doi: 10.5281/zenodo.1250463

Regeda SM. The role of disorders of immune processes in
the pathogenesis of the formation of periodontitis on the
background of experimental pneumonia and their correc-
tion tetrazolium. Journal of Education, Health and Sport.
2017;7(1):350-358. doi: 10.5281/zenodo.268001
Gorizontov PD, Belousov OI, Fedotov MI. Stress and
blood system. Medicine. 1983:338.

Ozhogan Z.R. Improvement of orthopedic methods in
the complex treatment of periodontal diseases. Visnyk
Stomatolohii. 1995;1:41-42.

Regeda-Furdychko MM. The influence of thiotriazoline
on the indicators of nitric oxide under the condition of ex-
perimental contact dermatitis and experimental pneumo-
nia. Journal of Education, Health and Sport. 2020;10(2):35-
40. doi: 10.12775/JEHS.2020.10.02.004

Sumbaev VV, Yasinskaya IM. Influence of DDT on activity
of nitric oxide synthase in the rats’ liver, lungs and brain.
Contemporary Problems of Toxicology. 2000;3:3-7.
Aleinikova TL, Rubtsova GV, Pavlova NA. Guide to practi-
cal classes in biochemistry. Medicine. 2000;128.

Schmidt HHW. Determination of Nitrite and Nitrate in
Culture Media. Acta Biochemica. 1995;2:323-327.

Kai Kang, Xiao-liang Shu, Jing-xia Zhong. Effect of L-argi-
nine on immune function: a metaanalysis. Asia Pac ] Clin
Nutr. 2014;23(3):351-359. doi: 10.6133/apjcn.2014.23.3.09.
Balci N, Kurgan §, Cekici A, Cakir T, Serdar MA. Free
amino acid composition of saliva in patients with healthy
periodontium and periodontitis. Clin Oral Investig.
2021;25:4175-4183. doi: 10.1007/s00784-021-03977-7



