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and development mechanisms of periodontal tissue diseases at gastroesophageal reflux disease, bibliographic, ana-
lytical research methods and the method of systematic approach were used.

Results. Recent publications show that the development of periodontitis is often caused by pathology of internal 
organs. High dental morbidity is observed at presence of the gastroduodenal zone diseases (chronic gastritis and 
duodenitis, duodenal ulcer). Inflammatory processes in the oral cavity may be the first clinical signs of disorders at 
diseases of the digestive system. The presence of somatic diseases in the human body makes a significant differ-
ence in the etiopathogenesis of periodontal diseases. Combined pathology is characterized by a mutually burdened 
course of diseases due to presence of close functional relationship between the affected organs. A number of re-
searchers suggest that generalized periodontitis, despite sufficient monomorphism of clinical manifestations, is an 
etiologically and pathogenetically heterogeneous disease. Motor-tonic disorders of the esophagus against the back-
ground of lower sphincter dysfunction cause violation of the mineral composition and viscosity of saliva with the de-
velopment of acidification (pH < 5.0) and, according to many scientists, trigger a cascade of dental damage at GERD.

Conclusions. Thus, after analyzing the literature, it can be concluded that periodontal tissue lesions associated 
with gastroesophageal reflux disease have a wide range of clinical manifestations and an upward trend. Therefore, 
for the development of preventive measures, it is important to study in-depth the cause-and-effect relationships 
and mechanisms of periodontal tissue diseases at gastroesophageal reflux disease.

Key words: gastroesophageal reflux disease, inflammatory processes, periodontitis, combined pathology, pre-
vention.
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MODERN VIEW ON THE ISSUES OF IMMUNOLOGICAL TOLERANCE  
OF THE ORAL MUCOSA
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Modern molecular biology and genetics make it possible to consider the epithelium of the mucosal system 
through the prism of immunology and expand the understanding of the implementation mechanisms immune’ re-
sponse upon contact with the microflora of the oral cavity.

The purpose of the research is to analyze literature sources based on Scopus, Web of Science, MedLine, PubMed, 
NCBI databases, the study of which does not exceed 10 years, including literature reviews and the results of clinical 
studies.

Being part of the mucous membrane system, the buccal and gingival epithelium takes an active position in re-
lationships with irritating factors from the external and internal environment. This allows it to be used to study the 
physiology and reactivity of mucous membranes, including as an indicator of local and general disorders of homeo-
stasis. Oral mucosa is in a state of tolerance, which is only occasionally broken in the presence of certain “danger 
signals”. Typically, regulatory T cells are considered a key player in this tolerance.

The oral mucosa is a site of intense immune activity where a wide variety of immune cells occur to provide the 
first line of defense against pathogenic organisms.
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Connection of the publication with planned re-
search works. 

The work is a fragment of the research work of Den-
tal Therapy Department of I. Horbachevsky Ternopil Na-
tional Medical University “Development and implemen-
tation of differentiated approaches to the diagnosis, 
treatment and prevention of periodontal and oral mu-
cosa diseases”, state registration number 0123U100071.

Introduction. 
The rapid development of molecular biology and ge-

netics at the present stage has allowed us to expand our 
understanding and was marked by a significant increase 
in interest in the “immunological functions” of the epi-
thelium of the mucosal system. This is due to the recog-
nition of its coordinating position in the reactions of the 
mechanisms of nonspecific and specific immunity, in the 
initiation and stabilization of inflammatory processes, 
which occupy a leading place in the pathology of the di-
gestive tract, periodontal tissues and oral mucosa [1, 2]. 

Features of the anatomy of the oral cavity empha-
size its importance in ensuring the digestive process. At 
the same time, villages note that the oral cavity is the 
site of the body’s primary meeting with the microbial 
factor, which ensures its active immune response. The 
implementation and maintenance of immune reactions 
is ensured by the coordinated interaction of inductive 
and effector sites. The term inductive sites refers to the 
anatomical sites where the majority of lymphocytes 
are activated when stimulated by antigenic structures, 
while effector sites are the sites where activated lym-
phocytes migrate to mediate the immune response. In 
the oral mucosa, effector sites include the epithelium, 
lamina propria and salivary glands. Inductive sites in-
clude tonsils and lymph nodes [3, 4]. The above infor-
mation actualizes the issue of harmonious interaction of 
epithelial cells and lymphocytes of the lamina propria of 
the oral mucosa as a component of lymphoid tissue as-
sociated with mucous membranes and makes it possible 
to characterize the tolerogenic mucous ability.

The aim of the study.
Analyze literary sources based on Scopus, Web of 

Science, MedLine, PubMed, NCBI databases, the study 
of which does not exceed 10 years, including literature 
reviews and results of clinical studies in which keyword 
searches were used to optimize the identification of 
published materials using the advanced search function 
regarding the role of epithelial cells in the implementa-
tion of the function of immunological tolerance of the 
oral mucosa.

Main part. 
Epithelial cells, as components of effector sites, con-

stitutively express, and when activated, enhance the 
secretion of proinflammatory cytokines, chemokines, 
growth, differentiation and hematopoietic factors, en-
dothelin and other peptide mediators, inhibitors of pro-
inflammatory agents, cytokines [5]. 

These cytospecific properties provide the possibility 
of interaction and cooperation of epithelial cells with 
professional inducers and effectors of inflammation and 
immunity. This is due to the fact that, being under the 
influence of exogenous and endogenous factors, epithe-
lial cells are able to change their functional status, be-
coming involved in the formation of vicious circles that 
support chronic pathology in the oral mucosa system [6, 
7]. 

Being part of the mucous membrane system, the 
buccal and gingival epithelium takes an active position 
in relationships with irritating factors from the external 
and internal environment. This allows it to be used to 
study the physiology and reactivity of mucous mem-
branes, including as an indicator of local and general dis-
orders of homeostasis. Like other epithelial cells, buccal 
and gingival cells are capable of producing a number 
of cytokines and chemokines (IL-6, IL-8, granulocyte-
macrophage colony-stimulating factor [8], IL-18 and 
γ-interferon), prostaglandins PG-E2 and leukemia anti-
gen-presenting (HLA-1, HLA-2), coadhesive (CD-54) and 
colony-stimulating (CD-40) molecules. Their formation 
depends on the functional state of the cells and changes 
under the influence of various factors [9, 10, 11, 12, 13].

Experiments showed [14] that buccal epithelial cells 
are able to enhance the secretion of PG-E2 and increase 
the level of intracellular calcium when co-cultivated 
with live E. coli strains. The presence of cationic peptides 
with the properties of defensins in buccal epithelial cells 
is documented by direct histochemical and functional 
analyzes [15, 16]. 

K. Papadimitriou in his works [17] showed the acti-
vation of the synthesis of IL-8 (one of the most power-
ful chemoattractants for neutrophils) upon adhesion of 
Streptococcus bovis to human buccal epithelial cells. 
The same effect was obtained when exposed to anti-
gens extracted from the cell wall of S. bovis [18, 19].

Buccal epithelial cells are sensitive to the action of 
interferons, and according to M. Tsukasaki et al. [20], 
they constitutively express genes for IL-8; incubation 
with α-interferon is accompanied by an increase in the 
level of RNA transcripts for IL-8. Incubation of buccal 
epithelial cells with α- and β-interferons is accompanied 
by increased gene expression for RANKL-15 [21]. 

E. Bojang et al. [22] observed this in experiments 
with buccal cells infected with C. albicans. Secretion of 
β-interferon (observed in the early phase of infection) 
contributed to the appearance of the active form of 
IL-18, an inducer of β-interferon. Its mRNA and precur-
sor protein are constitutively expressed by epithelial 
cells of the oral mucosa, but the active form is formed 
upon adequate stimulation and is associated with IL-1β-
convertible protease. Stimulation with lipopolysaccha-
ride was sufficient to activate IL-18 but did not induce 
interferon-γ production. 

Like other epithelial cells, the functional status of 
buccal and gingival cells depends on their degree of 
maturity. As part of multilayered squamous epithelium, 
buccal epithelial cells are at different stages of morpho-
functional differentiation – from poorly differentiated 
precursors in the basal layer, providing epithelial regen-
eration, to highly specialized cells, which, as they differ-
entiate, are shifted to the surface layers subject to des-
quamation. Some of them have signs of keratinization. 
Differentiation and proliferative processes, as well as 
the functional parameters of mature cells are regulated 
by factors of local and central origin. Therefore, it is not 
surprising that the state of the epithelial cells of the oral 
mucosa reflects the nature of destabilizing processes at 
the local and systemic (distant) levels [23, 24]. 

The implementation of the activity of effector sites 
is ensured as follows. Antigens captured by the oral mu-
cosa are recognized by lymphocytes in the proximal as-
sociated lymphoid tissues. At the base of tonsillar crypts 
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(the formation of multilayered epithelium of the tonsils, 
significantly increasing the surface of the epithelium) 
there are specialized cell micropores that facilitate the 
transport of these antigens to the tonsils. There, anti-
gens are taken up by dendritic cells and presented to T 
helper cells and B cells, which form the germinal centers 
of the tonsils. The germinal centers produce antibodies 
that initiate the adaptive immune response [25, 26]. In 
addition, resident dendritic cells are likely to capture an-
tigens in non-keratinized parts of the oral mucosa and 
migrate to the tonsils or proximal lymph nodes to initi-
ate an immune response there. Subsequently, B and T 
cells migrate to effector sites (i.e. the epithelium or, in 
the case of B cells, various secretory structures such as 
immunoglobulin-producing plasma cells) [27]. 

However, antigens by themselves cannot provoke a 
protective immune response without additional “dan-
ger signals.” In fact, the tonsils constantly receive anti-
gens from food and resident bacteria without causing 
inflammatory reactions. Thus, the oral mucosa is likely 
to be in a standard state of tolerance, which is only oc-
casionally broken in the presence of certain “danger sig-
nals.” Typically, regulatory T cells are considered a key 
player in this tolerance.

Typically, CD4+T is considered the basis of the im-
mune response. This is due to their unique ability to 
polarize immune responses, mainly towards tolerance 
or inflammation. There are several types of T cells with 
regulatory activity, but the most important and numer-
ous group of Treg cells in the oral mucosa consists of 
CD4 + T cells expressing CD25 and a major transcription 
factor and characterized by the secretion of the cytokine 
IL-10 along with (TGF)β and IL-35 [28, 29, 30, 31]. These 
cytokines promote immune suppression by inhibiting 
the synthesis and secretion of proinflammatory factors, 
reducing the expression of MHC II and costimulatory 
molecules, and suppressing T cell proliferation [32]. To 
summarize, Treg cells are key for maintaining immune 
homeostasis and controlling immune responses in the 
oral mucosa and associated lymphoid tissue. However, 
the presence and genesis of Tregs in the oral mucosa 
requires the intervention of dendritic cells [33].

Changes in epithelial differentiation, recorded mor-
phologically (cell size, nature of nuclei and granules, 
signs of cytolysis), their electrokinetic potential are 
proposed to be taken into account when screening as-
sessing health status under conditions of stress, harm-
ful environmental factors, somatic pathology, biological 
age of a person [34]. 

Buccal epithelial cells may be an indicator of disor-
ders of oral, including solivar, homeostasis. Changes in 
the differentiation of buccal epithelial cells are observed 
in inflammatory diseases of the oral mucosa [35]. 

The experiments showed that incubation of buccal 
cells with nickel, cobalt and palladium chlorides, as well 
as triethylene glycol dimethacrylate, was accompanied 
by a multiple increase in the secretion of PG-E2, IL-6 and 
IL-8. The most intense was the induction of IL-6. The 
production of cytokines was stimulated by non-toxic or 
low-toxic dosages of drugs, and an increase in PG-E2 se-
cretion correlated with the cytotoxic effect [36]. 

A number of researchers [37] have identified the in-
fluence of hormonal levels on the adhesiveness of the 
buccal epithelium in women during the menstrual cycle: 
the most active adhesion of candidal cells to epithelial 

cells was observed in the follicular phase of the cycle. 
This phenomenon, like the effect of corticosteroids, ac-
cording to some scientists [38, 39], may be associated 
with increased keratinization – keratinization of cells 
under the influence of estrogenic hormones. 

According to F. R. Kirchner [40], it is keratinized buc-
cal cells that have the maximum ability to adhere to C. 
albicans. However, increased keratinization is not the 
only change in the buccal epithelium during hormonal 
changes; the mechanisms of its functional modifications 
may be more complex and require detail. They may be 
the result of changes in cell receptors at the stage of 
epithelial differentiation, competitive interactions be-
tween microorganisms, and the influence of oral secre-
tion products. Having sensitivity to various exogenous 
and endogenous influences, buccal epithelial cells un-
dergo functional changes in various disturbances of 
local and systemic homeostasis [41]. From the point of 
view of microbiocenosis, the oral cavity is divided into 
several ecological niches, and buccal cells are one of 
them, no less discrete than epithelial cells of the phar-
ynx, the dysbiosis of which is proposed to be classified 
as an independent clinical and microbiological category. 
Previous works [42] proposed two indicators: the index 
of natural colonization of buccal epithelial cells and the 
degree of their adhesiveness to C. albicans. The natural 
colonization index is a diagnostically significant and uni-
versal indicator in pediatric practice; it makes it possible 
to characterize the activity and predict various diseases, 
including those of an allergic and infectious nature. The 
resistance of buccal cells in Candida albicans changes 
more selectively. These observations indicate the reac-
tivity of the mucosal epithelium in the general system 
of homeostasis, which allows the use of the most acces-
sible of its elements in clinical and laboratory practice, 
in particular, buccal and gingival epithelial cells [43].

Conclusions. 
The oral mucosa is a site of intense immune activity 

where a wide variety of immune cells occur to provide 
the first line of defense against pathogenic organisms. 
Interestingly, the oral mucosa is exposed to a large num-
ber of antigens coming from food and commensal bac-
teria. The mechanisms mediating such tolerance are not 
yet fully defined. Much work has focused on active im-
mune mechanisms involving dendritic and regulatory T 
cells. However, epithelial cells also make a major contri-
bution to tolerance, influencing both innate and adap-
tive immunity. Therefore, the tolerogenic mechanisms 
operating in the oral mucosa are intertwined.

The prospect of further research. 
In the future, it is planned to consider the role of 

dendritic cells in the implementation of immune toler-
ance of the oral mucosa. 
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СУЧАСНИЙ ПОГЛЯД НА ПИТАННЯ ІМУНОЛОГІЧНОЇ ТОЛЕРАНТНОСТІ СЛИЗОВОЇ ОБОЛОНКИ ПОРОЖНИНИ 
РОТА

Білозецький І. І., Радчук В. Б., Дзецюх Т. І., Погорецька Х. В.
Резюме. Вступ. Стрімкий розвиток молекулярної біології та генетики на сучасному етапі дозволив роз-

ширити уявлення та ознаменувався значним підвищенням інтересу до «імунологічних функцій» епітелію сис-
теми слизових оболонок, які є місцем первинної зустрічі організму із мікробним чинником, що забезпечує її 
активну імунну відповідь. 

Метою дослідження є аналіз літературних джерел на основі баз даних Scopus, Web of Science, MedLine, 
PubMed, NCBI, вивчення яких не перевищує 10 років, включаючи огляди літератури та результати клінічних 
досліджень на предмет ролі епітеліоцитів в реалізації функції імунологічної толерантності слизової оболонки 
порожнини рота.

Основна частина. Будучи частиною системи слизових оболонок, букальний та ясенний епітелій займає 
активну позицію у взаєминах з подразнювальними факторами із зовнішнього і внутрішнього середовища. Це 
дозволяє використовувати його для вивчення фізіології і реактивності слизових оболонок, у тому числі в якос-
ті індикатора місцевих та загальних порушень гомеостазу. Однак, антигени самі по собі не можуть спрово-
кувати захисну імунну відповідь без додаткових «сигналів небезпеки». Епітеліоцити як складові ефекторних 
сайтів конститутивно експресують, а при активації посилюють секрецію прозапальних цитокінів, хемокінів, 
ростових, диференціаційних і гемопоетичних факторів, ендотеліну та інших пептидних медіаторів, інгібіторів 
прозапальних агентів, цитокінових рецепторів, молекул головного комплексу гістосумісності і міжклітинних 
взаємодій. Таким чином, слизова оболонка порожнини рота знаходиться в стані толерантності, який лише 
іноді порушується за наявності певних «сигналів небезпеки». Як правило, регуляторні Т-клітини вважаються 
ключовим учасником цієї толерантності.

Висновки. Слизова оболонка порожнини рота є місцем інтенсивної імунної активності, де зустрічається 
велика різноманітність імунних клітин, щоб забезпечити першу лінію захисту від патогенних організмів.

Ключові слова: імунна відповідь, слизова оболонка, дендритні клітини, ефекторні сайти.

MODERN VIEW ON THE ISSUES OF IMMUNOLOGICAL TOLERANCE OF THE ORAL MUCOSA
Bilozetskyi I. I., Radchuk V. B., Dzetsiukh T. I., Pohoretska Kh. V.
Abstract. Introduction. The rapid development of molecular biology and genetics at the present stage has 

allowed us to expand our understanding and was marked by a significant increase in interest in the “immunological 
functions” of the epithelium of the mucous membrane system, which is the site of the body’s initial meeting with 
the microbial factor that ensures its active immune response. 

The purpose of the research is to analyze literature sources based on Scopus, Web of Science, MedLine, PubMed, 
NCBI databases, the study of which does not exceed 10 years, including literature reviews and the results of clinical 
studies, in which keyword searches were used to optimize the identification of published materials. using the 
advanced search function for the role of epithelial cells in the implementation of the function of immunological 
tolerance of the oral mucosa.

Main part. Being part of the mucous membrane system, the buccal and gingival epithelium takes an active 
position in relationships with irritating factors from the external and internal environment. This allows it to be 
used to study the physiology and reactivity of mucous membranes, including as an indicator of local and general 
disorders of homeostasis. However, antigens by themselves cannot provoke a protective immune response without 
additional “danger signals”. Epitheliocytes, as storage effector sites, constitutively express, and upon activation, 
force the secretion of proinflammatory cytokines, chemokines, growth, differentiation and hematopoietic factors, 
endothelin, etc. our peptide mediators, inhibitors of proinflammatory agents, cytokine receptors, molecules of the 
head complex of histosuiciency and intercellular interactions. Thus, the oral mucosa is in a state of tolerance, which 
is only occasionally broken in the presence of certain “danger signals”. Typically, regulatory T cells are considered a 
key player in this tolerance.

Conclusions. The oral mucosa is a site of intense immune activity where a wide variety of immune cells occur to 
provide the first line of defense against pathogenic organisms.

Key words: immune response, mucosa, dendritic cells, effector sites.
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Galenic and neogalenic phytodrugs, which were widely used in traditional medicine, have not lost their impor-
tance even today due to their lower cost, lower toxicity and wide spectrum of action and availability. Special atten-
tion began to be paid to medicinal phytozamobs, which can activate protein and nucleic acids associated with work 
capacity and are used not only for physical exertion, but also for military and clinical purposes, for diseases of inter-
nal organs, cardiovascular and nervous systems , during the period of viral and infectious diseases.

One of the first plants whose root extract was found to have an anabolic effect was creeping wheatgrass. Already 
in experiments on intact anesthetized rats, the level of total protein, which is associated with the activation of the 
level of nucleic acids, increased in the tissues of the liver, kidneys and heart when intramuscularly the extract of 
creeping tyria was administered. Pharmacological anabolic activity of creeping wheat extract was also confirmed in 
experiments on rats with food deprivation and hydro-induced cortisol-induced protein catabolism. Food deprivation 
was simulated by leaving animals without food for 7 days. Hydrocortisol suspension was administered intramuscu-
larly to rats for 8 days. The anabolic effect of the creeping wheat extract exceeded the effect of the reference drug 
potassium orotate. It has been established that, in addition to the anabolic effect, the extract of creeping wheat also 
has an immunomodulatory, antioxidant, and anti-inflammatory effect, which is the basis for the possibility of its use 
in clinical practice.

Metabolic and anabolic activity was also established in the wild wolf. At the same time, attention was paid to 
wound-healing, immunomodulating effects. At the same time, anti-inflammatory, adhesive, hepatoprotective, di-
uretic, antioxidant, vasodilator, hypoazotemic activity was established.

Preparations of beet roots, along with anabolic activity, also show hypoglycemic, antichenobacterial effect, and 
also normalized blood pressure, revealed antioxidant, anti-ischemic, cardioprotective, neuroprotective and antioxi-
dant activity, influencing the content of nitric oxide.

Due to the presence of phytosterols, organic acids and other biologically active substances, the extract of the 
roots of creeping wheatgrass, field wolfberry, prickly wheatgrass and beetroot has an anabolic, organoprotective, 
reparative, hepatoprotective, diuretic, antioxidant, vasodilator, anti-inflammatory, hyponitrogenous effect.

Key words: extract of the roots of creeping wheat, extract of beet roots, extract of wild lupine, anabolic action.

Connection of the publication with planned research 
works.

The presented article was carried out according to 
the research plan of the department of pharmacology 
«Experimental substantiation of the combined use 
of cardiotropic drugs» (state registration number 
0111U009417).

Introduction. 

In the clinic of internal neurological patients in surgical 
departments, especially in the postoperative period, 
it is necessary to carry out complex pharmacotherapy, 
including the inclusion of herbal preparations, which 
often enhance the main pharmacological effect of other 
means with more accessible, cheaper and less harmful 
analogues [1-3]. In addition, now, thanks to their anabolic 
and anti-stress activity, they are important in the combat 


