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Abstract

The investigation of periodontitis pathogenesis is critically important due to its global prevalence. It has been established that
periodontitis is associated with chronic periodontal inflammation, alveolar bone loss, the development of oxidative stress, and oral
microbiota dysbiosis. Oxidative stress biomarkers (e.g., malondialdehyde, 8-OHdG) and genetic factors (CXCR4, SELL, ITGAL)
exacerbate tissue damage and osteoclastogenesis. The oral microbiota plays a significant role in the development and progression
of periodontitis through complex interactions with host immune responses, mediated by pathogenic bacteria like Porphyromonas
gingivalis and their metabolic byproducts. Emerging therapies targeting OS (e.g., resveratrol, curcumin) and microbial balance
highlight the need for integrated treatment strategies. In this context, it is particularly relevant to investigate the interplay between
oxidative stress and microbial dysbiosis to develop targeted therapeutic strategies for the prevention and treatment of periodontitis
and its systemic complications. (International Journal of Biomedicine. 2025;15(4):634-638.)
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Relevance of Studying Periodontitis

Periodontitis is one of the most common diseases,
affecting between 50% and 90% of individuals in developing
countries and between 4% and 76% in developed countries
1 According to the World Health Organization (WHO).
intact periodontitis occurs only in 2-10% of cases, while
inflammatory periodontal diseases are detected in 90-95% of
the adult population.?

Periodontitis is characterized by prolonged periodontal
inflammation, including the gum, periodontal ligament, and
alveolar bone, with loss of the latter.* The main cause, as a
rule, is pathogenic microorganisms contained in plaque.* The
decisive predisposing factors are the fact of smoking, poor oral
hygiene, genetic component, gastrointestinal disorders, etc.> At
a young age, traumatic effects, bleeding gums, partial dentition,
low bone mineral density, and obesity are added.® It was also

noted that disorders in the immune system, local changes in
acid-base balance, hypoxia, and other adverse factors contribute
to the proliferation of pathogenic microorganisms, an increase
in the activity of opportunistic infection, and the progression
of inflammatory and destructive periodontal diseases.” In recent
years, it has been proven that periodontitis, as an inflammatory
process, can be epidemiologically related to other chronic
diseases, which include cardiovascular, neurodegenerative,
autoimmune, oncological, and others.®!® Understanding the
pathology and etiology of periodontitis is crucial to developing
effective approaches to periodontitis treatment.

Oxidative Stress in Periodontitis Genesis

Currently, more than 200 diseases associated with the
involvement of free radicals are known. They are characterized
by changes in the internal environment and vascular disorders,
which indicate a single mechanism of development — an



M. A. Darenskaya et al. / International Journal of Biomedicine 15(4) (2025) 634-638 635

imbalance in the “lipid peroxidation (LPO) — antioxidant
defense (AOD) “LPO — AOD system. The term oxidative stress
(0S) is widely used to describe this imbalance.! LPO-AOD
plays an important role in adaptive reactions, reducing the
activity of inflammatory processes, pathology, and maintaining
homeostasis.!2 The predominant role of this type of reaction in
modifying cell membrane structure, xenobiotic metabolism,
regulating the immune response, cell proliferation, vascular
permeability, and receptor sensitivity is well established.’* The
activation of LPO reactions in the membranes of the endoplasmic
reticulum, mitochondria, and lysosomes undoubtedly plays
a crucial role in the functioning of normal cellular systems,
presumably determining overall reactivity and resistance to
pathogenic factors.!*

Modern studies confirm that the insufficiency of AOD
factors contributes to the uncontrolled intensification of
LPO processes, which play a crucial role in the development
of various pathologies, including those associated with
periodontal disorders.’* Moreover, the development of OS
occurs not only due to a decrease in the buffer capacity of the
AOD system, but also due to a violation of its mobilization
in response to an increase in the activity of prooxidant
factors. Protection of cells from LPO at different stages is
implemented by various systems of both enzymatic and non-
enzymatic nature.’® At the same time, LPO reactions in the
membranes of various cellular compartments play a crucial
role in determining the overall reactivity of the body and its
resistance to pathogenic influences.!?

It was proven that OS plays a key role in the pathogenesis
of periodontitis. Studies revealed changes in the expression of
genes associated with oxidative stress (OS genes) in patients
with periodontitis.!®* In total, 74 genes were isolated in
periodontitis, the expression of which changes during OS,
including 65 genes with increased expression and 9 genes with
reduced expression. Six key genes (CXCR4, SELL, FCGR3B,
FCGR2B, PECAMI, and ITGAL) are involved in leukocyte
intercellular adhesion, phagocytosis, and cellular extravasation,
which highlights their role in the pathogenesis of the disease.
CXCR4 is one of the most expressed OS genes in periodontal
tissues. It plays a key role in podocyte damage, proteinuria, and
glomerular sclerosis under oxidative stress. The neutralization
of CXCR4 suppresses the resorption of the alveolar bone in
periodontal inflammation. CXCR4 also suppresses the release
of nitric oxide from macrophages and is involved in modulating
mechanical sensitivity in periodontitis. The interaction of
PECAMI and CXCR4 genes enhances the transendothelial
migration of leukocytes, promoting tissue infiltration by
neutrophils and monocytes. The SELL and ITGAL genes
ensure the adhesion of immune cells to the endothelium, which
exacerbates periodontal damage.?® Another study also identified
the OS genes ITGAM, FCGR3A, and PECAM1, which perform
a crucial function in the development of periodontitis.2! Under
the influence of pathogenic microflora, increased involvement
and activation of neutrophils in periodontal tissues is noted,
which, in turn, synthesize reactive oxygen species (ROS).2
There is an aberrant activation of neutrophils, the increased
release of pro-inflammatory mediators, which ultimately leads
to tissue damage and disease progression.? It is interesting

to discover the special structure of neutrophils — neutrophil
extracellular traps (netosis), which they use for their function.
Numerous studies indicate violations of local and/or systemic
OS indicators.#Thus, clinical studies demonstrate an increase
in the levels of LPO products, such as diene conjugates and
malondialdehyde, in saliva and gingival fluid in patients with
periodontitis.22 These changes correlate with the severity of
the disease and can serve as markers of its progression.2*"In
periodontitis, there was also an increase in other markers of
OS — 8-OHdG, carbonylated proteins, nitric oxide (NO), and
8-isoprostanes. 2 Several studies have investigated the level
of nitrosative stress in the saliva of patients with periodontitis.*®
Basically, an increased level of these biomarkers was found,
correlating with the risk of developing comorbidity of
periodontal pathology and cardiovascular diseases.*Patients
with periodontitis also exhibited an increase in less common
markers, such as those indicating nuclear abnormalities and
shortening of leukocyte telomeres.2*2 Periodontitis-induced OS
can trigger pro-inflammatory mechanisms and, significantly,
osteoclastogenesis, which then leads to bone loss observed
in patients with periodontitis.?® Studies of the AOD system in
periodontitis primarily focus on the activity of GR, SOD, CAT,
GPx, myeloperoxidase, vitamin C, uric acid, GSH, melatonin,
and the integral indicator of overall antioxidant status.?* Negative
changes in periodontitis often occur in the saliva. In patients
with periodontitis, there were disturbances in glutathione
homeostasis in peripheral blood neutrophils, which significantly
impaired the chemotactic ability of these cells to combat
infectious agents.® In patients with stage IV periodontitis,
vitamin C levels were significantly lower than those in patients
with early-stage periodontitis.**It was also noted that vitamin
D deficiency led to a decrease in bone density, osteoporosis,
and, as a result, the progression of periodontal diseases.® It is
believed that the traditional treatment of periodontitis, which
aims to combat bacterial pathogens, is insufficient. The use of
additional antioxidants, such as resveratrol, quercetin, biochanin
A, pyonol, and curcumin, which react stoichiometrically
with ROS, has become a promising method for treating

periodontitis.*®

Oral Microbiota and Periodontitis

The human oral cavity is home to a diverse array of
microorganisms that form a complex ecosystem, which, in
terms of the number of species and complexity of organization,
is second only to the microbiota of the gastrointestinal tract.?’
The complexity of the microbiota is due to the diverse
environmental conditions in various parts of the oral cavity,
which form microenvironments for colonization and growth
of specific microorganisms forming highly organized surface-
associated communities (biofilms) immersed in an extracellular
polymer matrix, which consists of a complex of extracellular
polymeric substances (water, polysaccharides, proteins,
lipids, and DNA).?® The oral microbiota plays a key role in
the development and progression of periodontitis.* Plaque
bacteria are the main culprits of periodontal diseases.*’ Plaque
is present in both the supra-gingival and sub-gingival regions,
forming microbial biofilms that multiply on the tooth surface.
The slit-like epithelium and gingival fissure serve as the main
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habitats of microbes, supported by gingival slotted fluid and a
favorable anaerobic environment.?! It has been identified that
the subgingival plaque, comprising more than 500 species,
changes composition as the disease progresses.**In healthy
conditions, gram-positive cocci and rods predominate as
early colonizers, while Fusobacterium nucleatum promotes
bacterial ~ coagulation®  Pathogenic =~ microorganisms,
such as Porphyromonas gingivalis and Aggregatibacter
actinomycetemcomitans, are capable of triggering a systemic
inflammatory response and exacerbating the course of the
disease.** It was found that OS can suppress the tolerance of
macrophages to endotoxins induced by lipopolysaccharides
produced by Porphyromonas gingivalis bacteria, thereby
contributing to the progression of periodontitis through
the suppression of tolerance to endotoxins.** It is known
that Aggregatibacter actinomycetemcomitans can migrate
from stress factors to a more protected subgingival region
due to the activation of hexosaminidase, which attacks
matrix polysaccharides containing hexosamine.* When
faced with an innate subgingival reaction, Aggregatibacter
actinomycetemcomitans can activate complement resistance
genes and leukotoxin production to modulate the host’s local
immune response and ensure the proliferation of a consortium
of pathobionts. Working together, the consortium can suppress
the natural resistance of the host organism and produce
inflammatory cytokines, which can lead to loss of connective
tissue and bone tissue, as well as impaired attachment.*?

Microbial imbalance (dysbiosis) contributes to the
activation of OS and chronic inflammation. The formation
of ROS, which has primarily antimicrobial effects, can be
considered a double-edged sword, as ROS can help destroy
invading pathogens during treatment; however, when
overactivated, they can become cytotoxic to host cells. ROS
play an essential role in cell signaling, gene regulation, and
antimicrobial defense. Still, an overabundance of reactive
oxygen species leads to increased oxidative stress, along with
unchanged or reduced antioxidant capacity, which in turn
leads to OS in the affected tissues. This subsequently results in
pathological changes and, consequently, cell destruction of the
host tissues.*®

Periodontitis and Systemic Diseases

Periodontitis is often associated with systemic
pathologies such as oral cancer, Alzheimer’s disease,
Parkinson’s disease, hypertension, diabetes mellitus, and
chronic kidney disease.* The connection arises from chronic
low-grade inflammation, bacterial dissemination, and shared
pathogenic mechanisms between periodontal and systemic
diseases. Every year, the dentists’ interest in disorders of
systemic and local hemodynamics is expanding, and the
links between periodontal pathology and cardiovascular
diseases were established. The presence of systemic diseases,
taking medications, and hormonal changes can certainly
have a significant effect on periodontal tissue. Thus, it was
established that comorbid associations of periodontitis,
particularly with arterial hypertension (AH) in adolescence,
are accompanied by disorders of systemic hemodynamics
and contribute to a more active course of inflammatory

processes in periodontal tissues.®? Circulatory disorders in
periodontal diseases correlate with the severity and degree
of hypertension, as manifested by changes in vascular tone
and permeability, endothelial dysfunction in the arterial
network, and impaired autonomic regulation of vascular tone
in tissues.®® The risk factors for periodontal disease on the
background of hypertension include common factors: socio-
economic, smoking, stress, and age; hence, hypertension and
periodontitis have a common mechanism of development.>
In particular, the dynamic balance in the LPO-AOD underlies
the functioning of systems that regulate the contraction of
vascular smooth muscle cells and, consequently, systemic
blood pressure.*? It was established that the disorganization of
the homeostatic mechanisms of the microvascular periodontal
bed in arterial hypertension causes chronic hypoxia of the
periodontal complex tissues, in which the processes of
LPO of biomolecules are activated, leading to a violation
of the structure and function of periodontal biomembranes
correlations between the parameters of blood flow of the
microcirculatory bed of the periodontium and the content
of the final products of LPO thiobarbituric acid reactants
(TBARs). The reinforcing effect of damaging factors may be
due to the accumulation of prooxidants in periodontal tissues,
their subsequent decomposition, leading to the formation of
free radicals that have a destructive effect on the vascular wall,
resulting in fibrosis, thickening of capillaries, and partial or
complete obliteration.>

Oxidative stress plays a key mediating role, as stress-
related overproduction of ROS overwhelms antioxidant
defenses, accelerating periodontal tissue breakdown and
worsening systemic disease progression.  Stress factors
play a significant role in the development of periodontitis.
It is known that adaptation to stress is associated with the
activation of stress-limiting systems, including prostaglandin
and antioxidant systems, as well as an increase in the number
of adenosinergic receptors. This suggests that the protective
effects under stress are based on the coordinated activation
of central and local stress-limiting systems. At the same
time, adaptation to stress factors is impossible in cases where
the regulatory stress systems responsible for implementing
stress reactions have congenital or acquired defects. It can be
assumed that an innate predisposition to hypertension reduces
the body’s functional reserves, which may serve as a risk
factor for further disease progression.™

In conclusion, periodontitis is a multifactorial disease,
the pathogenesis of which is influenced by oxidative stress,
dysbiosis of the oral microbiota, and systemic inflammation.
The relationship of periodontitis with cardiovascular and other
chronic diseases was established, which underlines the need
for an integrated approach to its prevention and treatment.
Further studies of the pathogenetic mechanisms of periodontitis
will help develop personalized therapies aimed at correcting
oxidative stress and restoring microbial balance.
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