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Abstract

Background: This review examines how different patterns of alcohol consumption—moderate, acute, and chronic—affect the
development and management of diabetes mellitus, based on experimental and clinical studies.

Methods and Results: A comprehensive literature search was conducted across PubMed, Scopus, Web of Science, Google
Scholar, and gray literature sources. Alcohol impacts diabetes pathophysiology, notably insulin resistance and B-cell function.
Chronic heavy drinking worsens glucose tolerance and promotes diabetes progression. In contrast, moderate intake with meals may
enhance insulin sensitivity and reduce cardiovascular risk. Acute alcohol use, especially without food, can cause hypoglycemia.
Effects vary depending on the dose, timing, and individual health.

Conclusions: Alcohol has both beneficial and harmful effects on diabetes. Moderate consumption may help, but chronic use
increases risks. Personalized medical advice is essential for safe alcohol use in diabetic patients.(International Journal of
Biomedicine. 2025;15(4):627-633.)

Keywords: alcohol consumption ¢ insulin sensitivity ¢ diabetes mellitus ¢ cardiovascular diseases
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Abbreviations

AT, adipose tissue; BDNF, brain-derived neurotrophic factor; CNS, central nervous system; DM, diabetes mellitus; DRW,
dealcoholized red wine; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ROS, reactive
oxygen species; RW, red wine; STZ, streptozotocin; TIDM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.

Introduction

Despite extensive research on diabetes mellitus (DM)
and the application of modern treatment methods, the disease
persists in its progression, particularly in industrialized nations.
According to the World Health Organization (WHO) DM is
classified into several types: Type 1 diabetes mellitus (T IDM);
Type 2 diabetes mellitus (T2DM); Hybrid forms of diabetes
(Slowly evolving immune-mediated diabetes of adults, so
called Latent autoimmune diabetes in adults (LADA) and
Ketosis-prone type 2 diabetes); Hyperglycemia first detected
during pregnancy (DM in pregnancy and Gestational DM);
Specific types of diabetes (Monogenic diabetes, Diseases
of the exocrine pancreas, Endocrine disorders, Drug- or
chemical-induced Infections); Unclassified diabetes.! But the

two major types are TIDM and T2DM. T1DM, also known
as the insulin-dependent form, develops as a consequence of
the autoimmune-mediated gradual destruction of pancreatic
B-cells responsible for insulin production.? Approximately,
5-10% of all DM cases are attributed to TIDM. T2DM is a non-
insulin-dependent acquired metabolic disorder characterized
by diminished insulin sensitivity in tissue cells.? In adults,
T2DM accounts for 90-95% of all DM cases. Its prevalence
is on the rise, particularly among people over 40.1 According
to the WHO, the number of adults with diabetes worldwide in
2014 has doubled in recent decades, reaching 422 million, with
projections estimating a rise to 629 million by 2045. The surge
is predominantly observed in children and adolescents with
T2DM. T1DM is defined by an absolute deficiency in insulin
production, while T2DM involves both diminished insulin
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secretion and increased insulin resistance.* In contrast to
T1DM, where insulin replacement therapy is highly effective,
managing T2DM necessitates addressing insulin resistance
alongside impaired insulin secretion. Gestational diabetes is
associated with high blood glucose during pregnancy.®

The manifestations of diabetes encompass a spectrum
of disorders, including hyperglycemia, altered metabolism of
lipids, carbohydrates, and proteins, as well as complications
related to vascular injuries,® strokes, heart and kidney diseases,
impaired immune function, changes in intestinal processes,
neuropathy,” retinopathy, and gangrene of the extremities.?
These complications contribute to premature disability and
mortality.

It is recognized that during DM, the body’s antioxidant
defenses are weakened.? This, in combination with hyperglycemia
and lipid metabolism disorders, contributes to a decrease in the
permeability of phospholipid membranes in peripheral tissue
cells, as well as in the islets of Langerhans of the pancreas. This
disorder ultimately leads to damage to the B-cells of the islets.!

Although alcohol consumption is approached
cautiously by both clinicians and diabetes patients due to
risks like hypoglycemia, metabolic imbalance, and long-
term complications, recent biomedical research highlights
potential benefits of moderate ethanol intake. Alcohol-related
disorders often precede diabetes and remain a public health
concern, prompting growing interest in managing diabetes
among individuals with alcohol dependence. Epidemiological
data suggest a possible inverse link between moderate alcohol
use and atherosclerotic risk, raising questions about its role in
diabetes care. Alcohol consumption over time is linked to a
lower risk of T2DM in initially light or rare drinkers, evident
within four years.!

This review summarizes recent scientific findings on
the complex relationship between alcohol consumption and
diabetes mellitus, recognizing their shared impact on multiple
physiological systems. A comprehensive literature search was
conducted across PubMed, Scopus, Web of Science, Google
Scholar, and gray literature sources.

Experimental Models of Diabetes

Analyzing and summarizing recent scientific research
on the link between alcohol consumption and DM requires
data integrating from both experimental models and clinical
studies. Ethical constraints significantly limit diabetes
research in humans, as deliberately inducing the disease is
strictly prohibited. Research in experimental diabetology
plays a crucial role in elucidating pathogenesis, clinical
presentation, prevention, and treatment of diabetes.
Experimental models of DM provide valuable insights
into the pathophysiology of the disease and explain the
antidiabetic mechanisms of various drugs through targeted
use. Consequently, experimental animal models play a
vital role in biomedical studies, offering valuable insights
into the mechanisms and potential treatments for human
diabetes. Numerous experimental models of DM have been
developed,'213 with significant ones being:

* Surgical model: The complete or partial removal of the
pancreas.

* Chemical model: Injections of chemicals that selectively
target the B-cells of the islets of Langerhans, such as alloxan
and streptozotocin (STZ).

* Endocrine model: Metapituitary diabetes from prolonged
use of somatotropic hormone or adrenocorticotropic hormone,
or metasteroid diabetes from glucocorticoid use.

* Immune model: Administering anti-insulin antibodies to
animals.

e Genetic model: Employing pure animal lines with
hereditary diabetes mellitus.

The development of diabetes in animals depends on the
experimental model and the type of chemical used. Chemical-
induced diabetes models, particularly using alloxan or STZ,
have shown effective results. Alloxan is used to model
T1DM, leading to B-cell destruction and insulin deficiency,**
possibly via the generation of cytotoxic hydroxyl radicals
(-OH). Developing an animal model that accurately represents
human T2DM poses significant challenges. Nevertheless,
such models are crucial for advancing comprehensive diabetes
research. Otsuka Long-Evans Tokushima Fatty (OLETF) rats
are a common model for studying T2DM, as they exhibit
obesity, hyperglycemia, and insulin resistance. In contrast,
Long-Evans Tokushima Otsuka (LETO) rats serve as their
non-diabetic counterparts, genetically resistant to diabetes.
STZ induces both TIDM and T2DM, depending on the dose
and administration scheme.!? Despite their utility, none of
these models fully replicates the time-consuming processes of
DM in humans.

Impact of Ethanol on Carbohydrate Metabolism

The impact of ethanol on carbohydrate metabolism is
complicated and not yet fully elucidated. Specific effects are
directly linked to ethanol or its metabolites, acetaldehyde and
acetate, while others arise from ethanol-mediated elevation of
the NADH/NAD- ratio in hepatic cells. This alteration in redox
balance is driven by the enzymatic conversion of ethanol to
acetaldehyde, which is subsequently converted to acetate via
dehydrogenase activity. Consequently, this shift in the redox
state suppresses the citric acid cycle and fatty acid oxidation,
thereby favoring the conversion of pyruvate to lactate.l
Normally, the liver releases glucose from its glycogen reserves
in response to an anticipated glucose deficit. However, alcohol
can interfere with this glycogenolysis process. Chronic ethanol
consumption significantly impairs glucose release from
the liver, leading to a marked reduction in glycogen levels,
potentially due to decreased synthesis or increased breakdown,
ultimately contributing to hypoglycemia.l? Findings indicate
that prolonged alcohol consumption causes a substantial
decrease in hepatic gluconeogenesis when ethanol is present
in hepatocytes, with women exhibiting a greater effect than
men.!® Studies reveal that ethanol acutely impacts pancreatic
microcirculation, causing redistribution in blood flow from
the exocrine to the endocrine regions of the pancreas by
mechanisms involving nitric oxide and vagal nerve activity.!?
As a result, late-phase insulin secretion is enhanced, leading
to the development of hypoglycemia. Ethanol selectively
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increases blood flow to the pancreatic islets by nearly fourfold
without significantly altering overall pancreatic blood flow.
These effects may help explain the hypoglycemic action of
alcohol commonly observed in individuals with diabetes
or in those with liver dysfunction associated with chronic
alcohol consumption. Reactive hypoglycemia occurred more
frequently following the simultaneous consumption of ethanol
and glucose than of glucose alone.?

In a study by our group, a single intraperitoneal injection
of ethanol in alloxan-induced diabetic animals resulted
in hypoglycemia, significantly reducing peripheral blood
glucose levels by 26%.2 In summary, alcohol’s impact on
carbohydrate metabolism is multifaceted, involving various
pathways and factors that contribute to complex outcomes.

Some Pathophysiological Mechanisms of the
Influence of Ethanol on Diabetes Pathogenesis

The metabolic breakdown of ethanol generates free
radicals, primarily targeting mitochondrial membranes.
This process hinders oxidative phosphorylation, disrupts the
coupling between oxidation and phosphorylation, and depletes
energy within the mitochondrial matrix.2

The primary metabolite of ethanol, acetaldehyde, has a
strong tendency to covalently bind to amino and sulfhydryl
groups of proteins, forming Schiff bases and disrupting protein
function. Since the inner mitochondrial membrane consists of
a substantial proportion of proteins, it is considered the main
target of reactive oxygen species (ROS) inside mitochondria.?
Elevated alcohol intake has been linked to increased ROS
production due to disturbances in the mitochondrial oxidative
chain by two main enzymes, cytochrome P450 2E1 (CYP2EI)
and catalase, two key enzymes that metabolize alcohol to
acetaldehyde. This could contribute to pancreatic B-cell
dysfunction in individuals with diabetes.

Long-term alcohol consumption has been increasingly
linked to T2DM, disrupting glucose metabolism and promoting
pancreatic B-cell dysfunction and apoptosis. Even low-to-
moderate alcohol intake can structurally alter glucokinase
through tyrosine nitration, thereby reducing its enzymatic
activity. Prolonged ethanol exposure has been shown to
downregulate and inactivate glucokinase via nitration of Tyr
residues, contributing to B-cell dysfunction and apoptosis.2
A study demonstrated that treatment of the rat B-cell line
RINmS5F with ethanol causes B-cell death by apoptosis.2
Such findings underscore the harmful consequences of
excessive alcohol consumption, including disruptions in lipid
metabolism associated with diabetes, driven by oxidative
stress and metabolic dysregulation linked to impaired insulin
sensitivity.

It is known that diabetes produces various dysfunctions
of the central nervous system (CNS), including increased
stroke risk, altered brain transport, blood flow disturbances, and
metabolic disruptions that may lead to chronic encephalopathy.
Acute glycemic fluctuations can trigger coma, seizures,
focal neurological deficits, and impaired consciousness.?®
Elevated blood glucose levels in DM negatively impact
brain function and cognitive abilities, leading to various
neurological and neuropsychiatric disorders, including chronic

neurodegeneration and cognitive decline.Z Alcohol indirectly
affects DNA and histone methylation by altering one-carbon
metabolism from which methyl groups are derived.?® A possible
pathway by which chronic alcohol consumption could impact
various processes associated with the interactions between the
nervous and the endocrine systems in T2DM is by influencing
appetite-regulating peptides, specifically ghrelin and leptin.

Ghrelin, a gastric-derived peptide, has a dual function
in pancreatic B-cells. Beyond its role as a negative regulator
of insulin secretion, the findings imply that ghrelin enhances
B-cell regeneration in newborn rats treated with STZ.
Therefore, early ghrelin administration could potentially aid
in preventing diabetes in individuals at risk following B-cell
depletion.? Ghrelin regulates glucose metabolism and insulin
secretion in a variety of species. Consistent with its ability
to suppress insulin secretion in vivo, ghrelin-deficient mice
generally exhibit lower blood glucose levels than wild-type
controls. Ghrelin receptor antagonism has been explored as a
potential therapeutic strategy to reduce obesity-related weight
gain and improve glucose metabolism in T2DM.* Research
has demonstrated that ethanol elevates serum ghrelin levels
while lowering insulin levels in male Wistar rats, leading to
increased mobilization of free fatty acids from adipose tissue
to the liver and contributing to hepatic steatosis.*

Leptin, the circulating hormone encoded by the obese
gene, is produced in adipose tissue (AT) and is a crucial
regulator of overall glucose metabolism. Leptin inhibits
appetite, increases energy expenditure, and helps stabilize
blood glucose, primarily by decreasing hepatic glucose
production and increasing glucose utilization in peripheral
tissues. Ithas been demonstrated that excessive leptin levels can
contribute to the development of metabolic imbalances, such
as dysfunction of pancreatic f3-cells, insulin resistance, obesity,
and impaired glucose metabolism, all of which contribute to
the development of T2DM.*2 Insulin therapy over extended
periods has been associated with weight gain and rising leptin
concentrations, indicating a regulatory interplay between
insulin and leptin secretion. Together, ghrelin and leptin seem
to engage in a broad functional interplay, potentially playing
an important role in the overall consequences of diabetes with
long-term alcohol ingestion.

Recent studies highlight that AT is a key target of
ethanol.?* Adipose tissue plays a significant role in ethanol’s
effects, as adipocytes release adipokines- biologically
active molecules. Ethanol disrupts the secretion of these
cell-signaling proteins, thereby altering liver function.
Studies show that chronic alcohol consumption in animals
and humans increases inflammatory mediators in AT, such
as cytokines and chemokines.** This alcohol-induced AT
dysfunction contributes to liver inflammation by releasing
pro-inflammatory molecules like tumor necrosis factor-
alpha, which raises circulating inflammatory cytokine levels
and induces hepatocyte apoptosis.?* This subsequently leads
to alcohol-associated liver disease, which includes conditions
such as steatosis, steatohepatitis, fibrosis, and cirrhosis.®

The brain is susceptible to toxicity induced by
alcohol. Chronic alcohol consumption significantly impacts
neurological function and memory, contributing to cognitive



630 N. Kocharyan et al. / International Journal of Biomedicine 15(4) (2025) 627-633

impairments in affected populations.” It is known that

the development of depression is observed during DM.®#
Moreover, ethanol’s impact on various physiological and
mental functions is well-documented. Long-term alcohol
consumption can progressively impair psychological well-
being, potentially resulting in varying levels of cognitive
dysfunction, with severe cases leading to dementia.* DM
is often considered an accelerator of cognitive decline. Like
alcohol exposure, diabetes may also be associated with
cognitive impairment.*?

Researchers have explored the influence of ethanol on
the onset of T2DM, focusing on the impact of altered Brain-
Derived Neurotrophic Factor (BDNF) levels.t Studies on
TrkB.T1-deficient mouse model and mouse cell lines reveal
that the BDNF receptor TrkB.T1 is present in pancreatic
B-cells and in skeletal muscles, and it is crucial for insulin
secretion, suggesting a metabolic role separate from CNS
influence. These findings highlight BDNF’s potential as a
key regulator of insulin secretion and a promising target for
diabetes treatment.

Studies have revealed that prolonged heavy
administration of ethanol induces a reduction in blood BDNF
levels in T2DM animals. Specifically, rats treated with ethanol
exhibited considerably lower plasma BDNF levels than
controls, indicating a possible combined effect of chronic
excessive alcohol use and T2DM on reducing BDNF.#2
Moreover, these animals had lower fasting glucose levels but
elevated postprandial glucose, highlighting the role of BDNF
not only in alcohol metabolism but also in glucose homeostasis
and insulin resistance.

Chronic ethanol exposure impairs glucose regulation
through mitochondrial dysfunction, oxidative stress, and
disrupted insulin secretion. These effects highlight the harmful
impact of excessive alcohol on pancreatic -cell function and
underscore the need for strategies to address alcohol-related
metabolic risks in diabetes.

Ethanol Consumption and Health Outcomes

According to the WHO, 2.6 million deaths worldwide
were related to alcohol consumption in 2019, of which 2 million
were among men and 0.6 million among women. Ethanol’s
impact on health is multifaceted, with effects varying based
on the amount consumed and drinking patterns. While most
studies quantify alcohol intake in grams, some investigations
employ standard drink units, which contain approximately
12 grams of ethanol. Recent publication with a large sample
size (n~300,000) reported that spirit drinking was associated
with 25% higher risk of mortality and 48% higher risk of liver
cirrhosis compared with red wine drinkers.** The 2020-2025
U.S. Dietary Guidelines states that for adults heavy or binge
alcohol consumption is >60 or 100 g of ethanol per day, or,
five or more drinks on any day for men and four or more on
any day for women, and moderate alcohol intake is <60 g/day
for men, <50 g/day for women, or two drinks or less in a day
for men and one drink or less in a day for women.* Increased
alcohol intake has been shown to be positively correlated with
an increased incidence of T2DM.% Similar results were found
in a study among Japanese men.#¢

On the other hand, moderate alcohol intake has been
associated with a lower risk of diabetes, with the strongest
inverse correlation observed at 22-24 g/day.’ A meta-analysis
of 15 studies found that moderate drinkers had a reduced risk of
developing T2DM compared to abstainers or heavy drinkers,
regardless of the beverage type.*® However, a study on healthy
women indicated a stronger protective effect from wine and
beer compared to liquor.® A government-funded study from
the Korean Genome and Epidemiology Study (2001-2012)
analyzed data from 1,772 middle-aged Korean men and
found a J-shaped relationship between alcohol consumption
and T2DM risk.*® Among white British populations, light to
moderate alcohol intake appeared to offer protection against
diabetes, whereas excessive drinking heightened the risk.>
Additionally, alcohol consumption had minimal influence on
insulin sensitivity, except in cases of heavy intake, suggesting
that ethanol primarily affects diabetes risk through its impact
on B-cell function rather than insulin sensitivity.

A separate meta-analysis suggests that moderate alcohol
consumption may improve glucose metabolism and contribute
to T2DM prevention in men, particularly when compared to
lower intake levels.®? Another recent meta-analysis found
no significant impact of alcohol consumption on insulin
sensitivity overall, although a potential improvement was
observed among women, with no similar effect detected in
men.>* While moderate alcohol intake has been linked to a
reduced risk of T2DM, some studies indicate that in some
Asian groups, even minimal consumption may still contribute
to disease development.**

Researchshows thatpolyphenolsinwine have antioxidant
properties, while ethanol promotes oxidative stress. In one
clinical trial, participants consumed 30 g of alcohol daily for
4 weeks, either as red wine (rich in polyphenols) or gin (poor
in polyphenols); red wine showed more potent antioxidant
effects due to its polyphenol content.>® Another study found
that daily intake of 400 mL of red wine increased plasma total
antioxidant status compared to abstention.®* However, the
effects of different alcoholic beverages on antioxidant status
remain incompletely understood.

Studies indicate that the non-alcoholic components
of red wine, particularly polyphenols, may improve
insulin resistance, suggesting that red wine offers greater
cardiovascular protection than other alcoholic beverages.
Key findings show that red wine, whether alcoholic (RW) or
dealcoholized (DRW), enhances glucose metabolism, whereas
gin, which lacks polyphenols, does not. Additionally, RW, but
not DRW or gin, was found to lower lipoprotein(a) levels in
men at high cardiovascular risk.’” However, caution should
be taken when making recommendations related to alcohol
consumption.

Moderate alcohol consumption was shown to be
associated with a decreased incidence of DM, primarily due
to its positive impact on atherosclerotic conditions, notably
coronary heart disease in persons with diabetes.®® In 6745
Framingham Heart Study (FHS) participants (mean age
49 years; 53% women), this effect is believed to involve
alterations in lipid metabolism, blood clotting, blood pressure,
and insulin sensitivity.*
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Epidemiological studies have linked moderate
alcohol intake to reduced cardiovascular risk and elevated
HDL-C levels, although it does not significantly influence
total cholesterol, LDL-C, triglycerides, or lipoprotein(a)
concentrations. 360

Research consistently shows a dose-dependent
relationship between alcohol consumption and hypertension
risk.® While heavy drinking elevates hypertension risk,
moderate consumption appears to have a protective effect,
similar to the pattern observed for cardiovascular disease.

Age-related differences in alcohol’s effects on LDL-C
levels have also been noted. A recent cross-sectional study
found a negative correlation between alcohol intake and
LDL-C concentration in young women, whereas older men
exhibited a positive association.®? These findings suggest
that moderate alcohol consumption provides the most
significant cardiovascular benefits for postmenopausal
women and adult men. In another investigation, it was shown
that moderate red wine consumption has beneficial effects
on hemorheological parameters, which may contribute to
the “French Paradox.”%

Heavy or binge drinking increases the risk of death
and poses serious social and economic challenges. In
contrast, moderate alcohol intake-particularly wine and beer-
may offer cardioprotective benefits. However, interpreting
epidemiological data requires caution due to confounding
factors like ethnicity, age, gender, and drinking patterns.
Therefore, recommendations on alcohol use must consider
beverage type and population specifics.

Conclusions

The relationship between alcohol consumption
and diabetes mellitus is multifaceted, with both harmful
and potentially beneficial effects. This review highlights
the significant impact of chronic alcohol use on glucose
tolerance and insulin resistance, which may contribute to
diabetes development. However, moderate alcohol intake,
when consumed responsibly and with food, may help reduce
cardiovascular risks and support glycemic stability.

Appetite-regulating peptides such as ghrelin, leptin,
and BDNF may mediate the link between alcohol and T2DM,
though further research is needed to clarify these mechanisms.
The complexity of alcohol’s metabolic effects underscores
the importance of personalized medical guidance. There is no
universal rule for safe alcohol use in diabetes; clinicians must
consider individual health status, treatment plans, and lifestyle
factors.

Ultimately, a deeper understanding of these interactions
may inform more effective therapeutic strategies for managing
both alcohol use disorder and diabetes, emphasizing the
need for open, patient-centered communication in clinical
practice.
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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
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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.®2 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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Abstract

Oral squamous cell carcinoma (OSCC) is a common type of head and neck malignancy, leading to high morbidity and mortality
rates. This brief review focuses on the regional lymphatic status in patients with OSCC. The lymphatic system plays a key role
in the dissemination of malignant cells from the primary tumor. Tumor cell migration into the lymphatic system is a complex
process involving multiple mechanisms and interactions within the tumor microenvironment. This multistep process is associated
with the complex role of lymphatic endothelial cells in the tumor microenvironment, lymphangiogenesis, lymphatic invasion,
and the modulation of the immune response. Despite recent advances, the precise role of the regional lymphatic system in the
progression of OSCC remains unclear, highlighting the need for further in-depth study.(International Journal of Biomedicine.
2025;15(4):639-644.)
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ral squamous cell carcinoma (OSCC), originating
from the flat squamous cells that line the mouth,
lips, and tongue, accounts for more than 90% of all oral
malignancies.! OSCC dramatically impacts patients’ quality
of life, resulting in high morbidity and mortality rates. Early
diagnosis and complete tumor removal are considered the
mainstays of treatment for OSCC.22 Despite improvements in
diagnosis and treatment over the past 30 years, the five-year
survival rate for OSCC remains only 50%.%2 Cervical lymph
node (LN) involvement (N-status) is one of the most important
independent prognostic factors in OSCC.%Z
This review focuses on the regional lymphatic status
(RLS) of patients with OSCC.

Regional lymphatic status in patients with oral cavity
carcinoma is crucial for determining the stage of the disease,
prognosis, and treatment strategy. The drainage and transport
functions of the lymphatic system are essential to oral cancer,
as they serve as the primary pathway for metastasis.

Lymphatic endothelial cells (LECs), a specialized
subset of endothelial cells, play multiple roles in the tumor
microenvironment in addition to lining lymphatic vessels.®2
Lymphatic endothelial cells interact with innate and adaptive
immune cells in both tissues and lymph nodes. These cells
produce chemokines to attract immune cells to lymph nodes;
specifically, CCL21 is involved in recruiting dendritic cells,
which, in turn, promotes lymph node enlargement.1%-12
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Lymphatic endothelial cells play a crucial role
in the formation of new lymphatic vessels observed in
highly active tumors, a process known as tumor-associated
lymphangiogenesis.? Tumor-associated lymphangiogenesis
also involves various lymphangiogenic factors secreted by
tumor cells or host cells present in the tumor microenvironment.
These include vascular endothelial growth factor (VEGF) C and
D, known primarily for stimulating lymphatic vessel growth,
angiopoietin-2, fibroblast growth factor (FGF), and others.**

Importantly, the discovery of specific markers for
LEC, such as the lymphatic vessel endothelial hyaluronic
acid receptor 1 (LYVE-1) and podoplanin (D2-40), has
enabled the distinction between lymphatic and blood
vessels.17 LYVE-1 exhibits a high degree of lymphatic
vessel specificity and has been an essential component in
numerous studies on tumor-induced lymphangiogenesis.'?8
Furthermore, LYVE-1 is closely associated with lymph node
metastasis in OSCC.2

The complex role of lymphatic endothelial cells in the
tumor microenvironment and recent advances in this field
require in-depth study.

The lingual, sublingual, and submental nodes provide
lymphatic drainage from the tongue and surrounding tissues,
playing a crucial role in local immunity. Lymphatic metastases
in oral cavity carcinoma are a sign of a more aggressive course
of the disease and make the prognosis less favorable.

Lymphovascular invasion (LVI), in which cancer cells
invade the lumen of endothelial-lined lymphatic and blood
vessels, is considered an important step in lymph node
metastasis.*? Lymphatic invasion is the main mechanism by
which cancer cells in oral squamous cell carcinoma disseminate
to regional lymph nodes.? Blood vessel invasion is considered
a secondary route of distant metastasis, although it does not
appear to be associated with lymph node metastasis.?

Michikawa et al.2 reported a multivariate analysis of
63 patients with oral tongue squamous cell carcinoma, which
showed that lymphatic vessel invasion was an independent
risk factor for the presence of lymph node metastasis, although
blood vessel invasion was not.

Several retrospective studies have also reported a
significant positive association between LVI and lymph node
metastasis.2** A meta-analysis by Huang et al.* included
36 studies involving 17,109 patients with squamous cell
carcinoma. It concluded that LVI can serve as a prognostic
indicator of metastasis and prognosis in OSCC.

In oral carcinoma, due to its location and the
characteristics of the vessels and lymphatic pathways that
pass through the glossopharyngeal neuromuscular complex,
metastasis and lymphatic drainage occur under high
pressure, which can influence the rate of tumor growth and
dissemination.?® Recently, numerous studies have shown that
abnormal tumor vasculature can create significant pressure
on the tumor microenvironment, collectively referred to
as hydrostatic stress.?? Typically, fluid stress is generated
by blood flow and interstitial blood flow, which includes
microvascular fluid pressure, interstitial fluid pressure, and
shear stress.?® Due to increased interstitial fluid pressure in
the central regions of the tumor, interstitial fluid flows from

the center to the periphery and carries proangiogenic factors
such as VEGF, promoting tumor hemangiogenesis. These
proangiogenic factors also lead to increased lymph node
metastasis by promoting lymphangiogenesis.?2 Shear stress
in lymphatic vessels has also been shown to activate YAP1
(Yes-associated protein 1), thereby stimulating cancer cell
migration.*?

In oral carcinoma, lymphatic pathways lead to metastasis
to regional lymph nodes, including the submandibular and
cervical nodes, located outside the muscular structures in the
subcutaneous tissue.*2 Lymph node metastasis is the most
adverse prognostic factor of OSCC, with an incidence rate of
approximately 40%.333*

Having precise knowledge of the regional spread can
be highly beneficial before initiating any definitive treatment.
There are approximately 300 lymph nodes in the head and
neck region, which are classified according to various criteria,
such as superficial and deep or medial and lateral.?>37

Lymph from the tongue drains along a specific pathway:
the anterior third to the submental lymph nodes (level IA), the
middle third to the submandibular lymph nodes (level IB), and
the posterior third and root of the tongue to the deep lymph
nodes of the neck located along the internal jugular vein
(levels IIB and 111, less commonly 1V).33

The intraoral areas have a rich lymphatic supply and
are a typical site of metastasis in oral cancer.®® There is a
predictable pattern of spread from upper to lower lymph node
levels: submental (IA), submandibular (IB), superior jugular
(II), middle jugular (IIT), inferior jugular (IV), and posterior
cervical (V).

In oral cavity carcinomas, the submandibular lymph
nodes (level IB) and the superior deep jugular lymph nodes
(level IT) are the most frequent sentinel lymph nodes. Metastasis
to the lateral lingual lymph nodes (LLNs), located lateral to
the hyoglossus muscle behind the submandibular gland, has
not been frequently reported in English literature. This group
of LLNs was illustrated by Rouviére.** Lingual lymph nodes
are intervening lymph nodes that appear inconstantly within
the fascial/intermuscular spaces of the floor of the mouth.*24
Rouviére classified LLNs into median LLNs located between
the genioglossus muscles and lateral LLNs located lateral to
the genioglossus muscle or the hyoglossus muscle.*!

Ozeki et al.*# first reported a case of LLN metastasis in
1985, and subsequent cases have been reported since then. 548
According to studies, the incidence of metastases to the medial
and lateral LLNSs in patients with squamous cell carcinoma of the
tongue was 0.7-3.0%*43 and 1.4-14.3% #4352, respectively.

Suzuki et al®2 presented the first case of metastasis
to the lateral LLN located behind the submandibular gland
from squamous cell carcinoma of the tongue. Eguchi et al.®®
presented a clinical case of a 55-year-old man with squamous
cell carcinoma of the tongue (stage T4aNOMO0) who underwent
hemiglossectomy with cervical dissection and free flap
reconstruction. An 8-mm lesion was present in the lingual
septum, which, upon histopathological examination, was
diagnosed as a metastasis to the medial lingual lymph node.
The patient developed multiple distant metastases and died of
the disease 18 months after the initial surgery. The presence
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of metastases to the medial lymph node could have led to
metastases to the contralateral neck and worsened the prognosis.

In a study by Kuroshima et al.,* a 5-year disease-
specific survival was significantly lower in patients with
squamous cell carcinoma of the tongue and LLN metastasis
than in patients without LLN metastasis (49.0% vs. 88.4%, P<
0.01). Cox proportional hazards analysis revealed that cervical
lymph node metastases at levels IV or V and LLN metastasis
were independent prognostic factors for 5-year survival. LLN
metastasis had a strong negative impact on survival in patients
with squamous cell carcinoma of the tongue.

In a letter to the editors, Calabrese et al.>> stated that
LLN metastases may worsen prognosis and may have the
same effect as level I lymph node metastases.

However, data on the clinical significance and prognostic
value of LLNs in patients with squamous cell carcinoma of the
tongue are insufficient, as LLNs have received little attention
until recently.

Median LLNs, located in the muscularis propria of the
tongue, are arare anatomical structure, and their presence can be
variable. Their unique location, directly within the muscularis
propria of the tongue rather than in the submandibular glands,
may serve as a site for metastasis in tongue cancer, a poorly
understood issue. A study by Tomblinson et al.*® estimated
the prevalence of median LLN metastases from oral cavity
squamous cell carcinoma. In the study group, a solitary
metastasis to the median LLN from a tumor on the lateral
surface of the tongue (T4aN2c) was detected in 1 of 105 cases
of OSCC (0.95%).

Assessment of regional lymphatic status in oral
carcinoma includes a clinical examination to palpate the nodes,
a combination of instrumental methods (ultrasound, CT, MRI,
PET-CT) to detect metastases in deep lymph nodes, and a
biopsy of an enlarged lymph node for histological verification
of the diagnosis.

Magnetic resonance imaging (MRI) has a high degree
of soft tissue discrimination, making it the preferred method
for assessing oral soft tissue conditions. The use of advanced
MRI techniques, such as diffusion-weighted imaging (DWI),
dynamic contrast-enhanced perfusion-weighted imaging
(DCE-PWI), magnetic resonance spectroscopy (MRS),
diffusion tensor imaging (DTI), and diffusion kurtosis imaging
(DKI) (an advanced DWI technique that focuses on the non-
Gaussian diffusion of water molecules in heterogeneous tissue
microstructures), can improve diagnostic accuracy. These
advanced functional MRI techniques enable noninvasive
assessment of the biochemical, structural, and metabolic
characteristics of tissues, which is crucial for the diagnosis,
staging, and monitoring of oral cancer treatment.

For example, Shaukat et al.**investigated the accuracy
of DWI for diagnosing oral cancer metastases to cervical
lymph nodes. Magnetic resonance imaging, including a DWI
sequence, in a 1.5-T scanner with a phased-array head and
neck coil, was performed in 150 patients diagnosed with oral
cancer. In the DWI sequence, the area scanned included the
lymph nodes from the suprasternal notch to the base of the
skull. Histopathological examination of the lymph nodes was
used as the gold standard. The sensitivity, specificity, positive

predictive value, negative predictive value, and accuracy
of DWI for diagnosing oral cancer metastasis to cervical
lymph nodes, using histopathology as the gold standard, were
90.57%, 91.75%, 94.68%, 90.57% and 91.33%, respectively.

Innovative lymphography methods, such as radionuclide
and fluorescence, have made it possible to visualize the
process of lymph movement. Fluorescence lymphography,
which visualizes the lymphatic system using a fluorescent
dye such as indocyanine green, enables the assessment
of the condition of lymphatic vessels and nodes, which is
particularly important in oncological diseases.’” Fluorescence
imaging visualizes biological processes occurring during the
early stages of carcinogenesis and can facilitate the detection
of small tumors at early stages. Due to its high sensitivity and
spatial resolution, fluorescence imaging can aid in assessing
resection margins during surgery.®®

Recently, near-infrared (NIR) fluorescence has been
introduced intraoperatively to detect lymph nodes, tumors, and
vital structures.® A study by van der Vorst et al.**demonstrated
the feasibility of detecting draining lymph nodes in patients
with head and neck cancer using NIR fluorescence imaging.

Yang et al.*® evaluated the capability of indirect
computed  tomography and  magnetic  resonance
lymphography (CT/MR-LG) with gadolinium-loaded gold
nanoprobes embedded in polyethyleneimine (Gd-Au PENP)
to assess sentinel lymph node metastasis in the VX2 tongue
carcinoma model. They found that indirect CT/MR-LG with
Gd-Au PENP can be used to diagnose sentinel lymph node
metastasis in tongue cancer.

Conclusion

The lymphatic system plays a key role in the dissemination
of malignant cells from the primary tumor. Tumor cell
migration into the lymphatic system is a complex process
involving multiple mechanisms and interactions within the
tumor microenvironment. This multistep process is associated
with the complex role of lymphatic endothelial cells in the
tumor microenvironment, lymphangiogenesis, characterized by
the expression of MMPs, VEGF, FGF, and PDGF, promoted by
adhesion molecules and cytokines, including CCR7, CCL21,
MMPs, and VCAM-1.226L A key step in cancer cell invasion
and metastasis is the destruction of the basement membrane.
Basement membrane destruction through targeted secretion of
matrix metalloproteinases can lead to increased adhesion of
migrating cells, as well as the release and activation of various
growth factors necessary for angiogenesis, tumor growth, and
metastasis. Lymphatic invasion and lymphatic metastasis are
significant prognostic factors determining tumor survival and
progression. Despite recent advances, the exact role of the
regional lymphatic system in the progression of oral squamous
cell carcinoma remains unclear, underscoring the need for
further in-depth study.
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Abstract

Electrosurgery has significantly transformed modern surgical practices, offering a versatile and effective approach for cutting,
coagulating, and desiccating biological tissue with remarkable precision. This review provides a comprehensive exploration of
the fundamental principles that underpin electrosurgery, including the electrical mechanisms, tissue interactions, and the various
types of thermal injuries that may arise during procedures. It categorizes thermal injuries into direct and indirect types, elucidating
the unique risks associated with patients who have implantable electromagnetic devices. Furthermore, the review emphasizes the
critical role of modeling thermal effects in electrosurgical procedures, highlighting how computational simulations can predict
tissue damage and enhance safety measures. By deepening the understanding of these intricate concepts, surgeons are better
equipped to optimize patient outcomes, minimize complications, and ensure the safe application of electrosurgical techniques.
Ultimately, this review aims to bridge existing knowledge gaps and promote best practices in the field of electrosurgery, reinforcing

its role as a vital tool in contemporary surgical settings.(International Journal of Biomedicine. 2025;15(4):645-648.)
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Introduction

Electrosurgery has revolutionized surgical practices by
providing a versatile and effective tool for cutting, coagulating,
and desiccating biological tissue? By harnessing the effects
of electric current, this technique enhances precision and
efficiency in a wide range of surgical procedures, from
minimally invasive laparoscopic surgeries to complex open
surgeries. The ability to manipulate tissue with high accuracy
not only improves surgical outcomes but also reduces recovery
times and complications associated with traditional surgical
methods.

However, the use of electrosurgery is not without its
challenges. As with any surgical technology, it introduces
inherent risks and complications, particularly in the form
of thermal injuries.®? These injuries can have significant
consequences for patient safety, ranging from minor burns
to severe internal damage. Understanding the underlying

*Corresponding author: Dr. Marija Radmilovic-Radjenovi¢, Institute
of Physics, University of Belgrade, Pregrevica 118, 11080 Belgrade,
Serbia, E-mail: marija@jipb.ac.rs

principles of electrosurgery—including electrical
fundamentals, tissue interactions, and the mechanisms of
potential hazards—is essential for surgeons striving to
optimize patient outcomes and minimize risks.

Electric currents flowing through the human body can
lead to severe tissue injuries, commonly classified as direct
and indirect thermal injuries.® Direct injuries occur when
an active electrode inadvertently contacts any part of the
body outside the intended surgical site. In contrast, indirect
injuries occur when the electrode unintentionally comes into
contact with other metal instruments, causing the current to
divert and affect surrounding tissues. Additionally, patients
with implantable electromagnetic devices face unique risks,
as electrosurgical devices can interact adversely with these
implants, leading to specific injuries.

Given these complexities, this review aims to explore
the principles of electrosurgery, examine the factors that
influence its effectiveness, and emphasize the importance of
safety considerations in its application. By enhancing our
understanding of electrosurgery, we can better equip surgeons
to utilize this powerful tool safely and effectively, ultimately
improving patient care in surgical settings.
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Principles of Electrosurgery

Electrical Fundamentals

The mechanics of electrosurgery are grounded in
electrical principles. It employs alternating current, which
causes cellular ions to oscillate, generating frictional heat. This
process transforms electrical energy into mechanical and then
thermal energy within the cells. Electrode arrangements used
in electrosurgery can be roughly divided into two categories:
unipolar and bipolar (Figure 1).28

a)

b)

Figure 1. Schematic view of dipole circuits:
a) a small active electrode - unipolar
(monopolar) and b) two equal-sized
electrodes - bipolar.

The primary difference between these modalities lies
in the pathway of the current. The unipolar circuit consists
of a small active electrode placed at the surgical site and a
patient return electrode placed on the patient’s body. The
current’s likely path is from the active electrode to the ground
electrode and back to the electrosurgical generator, completing
the circuit. The high current density produced at the active
electrode creates a pronounced diathermic effect, causing
tissue destruction at the operative site. On the other hand, a
bipolar circuit uses two electrodes of equal size, creating a
dipole circuit at the site of application. Upon applying a high
current density through bipolar forceps, the small amount of
tissue contained between the tips of the forceps is coagulated
with minimal effect on surrounding tissue.

Thermal Tissue Effects

Figure 2 illustrates thermal tissue effects, which refer
to the changes that occur in biological tissues when they are
exposed to heat or cold.2 Electrosurgical cutting occurs when
temperatures exceed 100°C, leading to cellular vaporization.
The gradual temperature rise between 60°C and 95°C results
in desiccation and coagulation. Desiccation is achieved
through the loss of cellular water, while coagulation arises
from thermal protein denaturation. The use of wider active
electrodes generally reduces current density, making it more

conducive to coagulation and desiccation. Fulguration is
a specialized application of the coag waveform, executed
with the active electrode positioned away from the tissue.
This technique generates electric arcing that bridges the air
gap, producing temperatures above 200°C and resulting in
carbonization. The low duty cycle ensures rapid diminishment
of current, thus preventing excessive heat accumulation in
deeper tissues. Fulguration proves effective in controlling
bleeding from raw surfaces, providing a valuable tool for
surgical hemostasis.
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Figure 2. Tissue effects result from the
changes that biological tissues undergo
when exposed to heat or cold.

Tissue Factors

Tissues with high impedance, such as fat and scar
tissue, will require higher power to achieve the desired
tissue effects compared to those with low impedance, such
as muscles and skin.*? Generally, obese or emaciated patients
need more power output to cause the same tissue effects as
in lean and muscular patients. Patients with vascular diseases
such as atherosclerosis, liver cirrhosis, diabetes, and collagen
disorders may not be suitable for electrosurgical hemostasis,
and alternative hemostatic techniques may be required. Eschar
build-up on the active electrode poses a high impedance to
current; hence, higher power will be needed to achieve the
desired tissue effects. It is good practice to keep the electrode
clean at all times or to use non-stick electrodes (Teflon or
silicone-coated).
Hazards of Electrosurgery

Although advanced technology has significantly
reduced electrosurgical complications, severe internal burns
still occur.t The estimated incidence of such burns is 3.6
per 1,000 laparoscopic procedures. The majority of such
burns are not recognized at the time of surgery, which can
lead to severe morbidity or even mortality postoperatively.
Additionally, they are associated with increased costs due
to repeated surgeries, prolonged hospitalizations, and



B. Radjenovi¢ & M. Radmilovi¢-Radjenovié / International Journal of Biomedicine 15(4) (2025) 645-648 647

malpractice claims. Table 1 shows a practical classification
of electrosurgical hazards.

Table 1.

Overview of the electrosurgical hazards (unintended burns,
electrical shock and glove burns, surgical plume, explosion,
surgical fire, and electromagnetic interference with other devices).

Unintended burns

Active electrode Dispersive electrode |Current diversion

Lateral thermal spread |Poor skin contact Insulation failure

Residual heat

Poor lead connection |Direct coupling

Inadverten activation Capacitive coupling

Direct thermal extension Antenna coupling

Alternate site injury

Electrical shock and glove burns

Surgical plume

Explosion

Surgical fire

Electromagnetic interference with other devices

Implantable electronic
devices

Video imaging

Electrocardiogram
system

Modelling of Thermal Effect

Accurate modeling of electrosurgical heating of soft
tissues requires a fundamental understanding of how the
applied energy distributes and dissipates within the tissue.
Electrosurgery involves the application of an alternating
current to cut and coagulate tissues simultaneously.l2 When
higher power settings are applied, the tissue is rapidly heated
to 100°C within seconds. In an electrosurgical procedure, the
vicinity of the electrode is a region of high-power density
as the electric field intensity drops off as the square of the
distance from it, resulting in sharp temperature and pressure
gradients with large evaporation losses.l* The challenge of
accurately modeling electrosurgical heating of hydrated soft
tissues arises from the need to capture energy dissipation that
is significantly affected by changes in temperature-dependent
properties, latent heat loss, and phase change within the tissue
that is heterogeneous and contains than 70% water by mass.
Computational models are frequently employed to evaluate
the safety of electrosurgical procedures, predict tissue damage,
and inform the development of new instrument designs.14 In
the modeling of thermal effects on the tissue, several factors
have to be considered:

* Penetration of Electric Field into Tissue — The
distribution of the electric field is determined by the geometry
of the electrodes. For spherical and cylindrical electrode
configurations, the penetration depth of the electric field in
tissue is approximately equal to the electrode radius.

* Heat Diffusion — The penetration of heat into the tissue
by diffusion depends on pulse duration. If repetitive pulses are
applied, heat accumulation should be prevented by providing

a sufficient delay between pulses for energy dissipation from
the heated area.

» Cavitation — In pulsed ablation, tissue can also be
damaged by the mechanical effects of the rapidly expanding
and collapsing cavitation bubbles. During the collapse of the
cavitation bubbles, fast water jets can form near the tissue
boundaries, extending the range of mechanical tissue damage.

e Electroporation — Another potentially damaging
mechanism is the direct effect of the electric field on cellular
membranes. Due to the polarization of the cell in an electric
field, its transmembrane potential is increased on the anodic
side (hyperpolarization) and decreased on the cathodic side
(depolarization).

e Tissue Modelling — The significant discrepancies
found between model predictions and experimental data in the
literature show that accurately modelling the radio-frequency
heating of soft tissue requires capturing the interactions
between the heterogeneous phases that comprise soft tissue,
including heat transfer, mass transport, phase change, and
mechanics.

e Evolution of Tissue Damage — Modeling of
electrosurgical procedures is complicated because the models
must also include the motion of the electrosurgical tool. The
actual depth and extent of tissue injury depend on several
factors, including power density, electrode size and shape, and
the nature of the tissue being dissected.

a)
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Figure 3. Graphical illustration of the sparking
that occurs during the electrocoagulation with
desiccation.

The computational model plays a significant role in
predicting electrosurgical outcomes, thereby enhancing
electrosurgery, as illustrated in Figure 3, which depicts the stages
of electrocoagulation. a) The process starts with coagulation. b)
At the end of coagulation, the more superficial coagulated tissue
dries out (desiccation) and becomes less electrically conductive,
potentially preventing the current from continuing to flow. ¢)
Sparking may then occur through the nonconductive desiccated
layer, leading to disruption of this layer, passage of more current,
more heat production, and deeper thermal damage. The timing
of desiccation occurrence during coagulation depends on the
current density. With lower current density, there may be deep



648 B. Radjenovi¢ & M. Radmilovié-Radjenovié / International Journal of Biomedicine 15(4) (2025) 645-648

coagulation before desiccation happens. Therefore, for deep
coagulation, a relatively low power should be chosen to provide
slow coagulation and a late occurrence of desiccation, keeping
in mind that a very low power may not be able to ensure the
coagulation. In such cases, simulations may provide accurate
values of the current density that enable the desired coagulation
with late desiccation.

Conclusions and Future Outlook

In conclusion, electrosurgery represents a significant
advancement in surgical technology, enabling the performance
of complex procedures with greater efficiency and precision.
The capability to simultaneously cut and coagulate tissue has
transformed surgical protocols, reducing operation times and
improving patient recovery. However, risks such as thermal
injuries and complications for patients with implantable
devices remain concerns.

This review highlights the importance of ongoing
research in enabling surgical teams to understand the
complexities of electrosurgical techniques and their associated
risks. Implementing rigorous safety protocols and updating best
practices based on current research will be vital in mitigating
complications. Looking ahead, advancements in technology
and computational modeling promise to further enhance the
capabilities of electrosurgery. An improved understanding of
tissue interactions and thermal dynamics through simulation
may enable more tailored surgical approaches, thereby
minimizing damage to surrounding tissues. The integration
of artificial intelligence and machine learning could also
revolutionize precision and safety, offering real-time feedback
for dynamic adjustments during procedures.

As the field evolves, interdisciplinary collaboration among
engineers, surgeons, and researchers will drive innovation,
keeping electrosurgery at the forefront of surgical technology
and ultimately enhancing patient care and outcomes. The future
of electrosurgery is promising, with potential for even greater
advancements in surgical practices and patient safety.
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Abstract

Background: Herpes zoster (HZ), also known as shingles, is often complicated by postherpetic neuralgia (PHN), a chronic pain
condition that significantly impairs quality of life. Vaccination against HZ has become a key preventive strategy to lower the risk
of PHN. This review evaluates the effectiveness of HZ vaccines in reducing the incidence of PHN.

Methods and Results: In accordance with PRISMA guidelines, a systematic search was conducted across PubMed, Embase,
Web of Science, and the Cochrane Library up to May 2024. Eligible studies included randomized controlled trials (RCTs), cohort
studies, and observational studies that reported quantitative outcomes on the occurrence of PHN after vaccination.

The included studies encompassed diverse populations, primarily older adults. The recombinant zoster vaccine (RZV) demonstrated
a substantial reduction in PHN incidence, with effectiveness approaching 60%. In contrast, the live zoster vaccine (ZVL) showed
notable early protection, though its efficacy declined over time. The recombinant zoster vaccine (RZV) was associated with higher
rates of mild, self-limiting adverse reactions compared with ZVL.

Conclusions: Both HZ vaccines, particularly RZV, are effective in preventing PHN and exhibit acceptable safety profiles. Broader
vaccine uptake could decrease the public health burden of PHN. Long-term data on the duration of immunity and the potential role
of booster doses remain areas for future investigation.(International Journal of Biomedicine. 2025;15(4):649-652.)
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Introduction

Herpes zoster (HZ), also known as shingles, is caused
by the reactivation of the latent varicella-zoster virus (VZV),
the same virus responsible for causing chickenpox. Following
primary infection, usually in childhood, VZV remains
dormant within sensory ganglia and can reactivate later in
life. Age-related immune decline, immunosuppression, and
psychosocial stress are among the major triggers of viral

reactivation, leading to the development of HZ. Clinically,
HZ presents as a painful, vesicular rash in a dermatomal
distribution, often preceded by prodromal symptoms such as
itching, burning, or tingling sensations.t

The most common and burdensome complication of
HZ is postherpetic neuralgia (PHN), a chronic neuropathic
pain syndrome that may persist for months or years after
rash resolution. PHN significantly impairs quality of life,
contributing to ongoing pain, functional limitations, sleep
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disturbances, and psychological distress. Beyond individual
suffering, PHN imposes a considerable healthcare and
economic burden due to prolonged treatment needs and
increased healthcare utilization?3

Because PHN is difficult to treat and often refractory to
available therapies, prevention has become a major clinical
priority. Vaccination against HZ has emerged as an effective
strategy to reduce both the incidence and severity of HZ and,
by extension, the risk of PHN. By enhancing VZV-specific
immunity, vaccines aim to prevent reactivation or attenuate
disease severity, thereby lowering the likelihood of PHN
development.*? Current recommendations target older adults,
the population at greatest risk, with evidence suggesting a
meaningful reduction in HZ and its complications following
vaccination.® Nonetheless, questions remain regarding the
degree of protection specifically against PHN, underscoring
the need for a systematic evaluation of available evidence.

In this review, we assess the impact of HZ vaccination
on the incidence of PHN. By synthesizing data across
clinical trials and observational studies, we aim to clarify the
effectiveness of HZ vaccines in mitigating one of the most
persistent and debilitating outcomes of HZ.

Methods

We systematically searched PubMed, Embase, Web of
Science, and the Cochrane Library for studies published up
to May 2024, and screened reference lists of relevant articles.

Eligible studies included randomized controlled trials,
cohort, case-control studies, and observational studies
that assessed herpes zoster (HZ) vaccination and reported
quantitative data on postherpetic neuralgia (PHN) incidence in
humans. Reviews, editorials, case reports, and studies without
relevant outcomes were excluded.

Search terms combined keywords and MeSH headings
for “herpes zoster,” “shingles,” “postherpetic neuralgia,” and
“vaccine.” Two reviewers independently screened records,
extracted data, and resolved discrepancies by consensus.
Extracted variables included study and participant characteristics,
vaccine type and regimen, and outcomes (PHN incidence,
follow-up duration, vaccine efficacy, and adverse events).

The primary outcome was the incidence of PHN after
vaccination; secondary outcomes included the incidence of
HZ, vaccine efficacy, and safety. The methods followed the
PRISMA guidelines.

EEINT3

Results

Across randomized trials, cohort, and observational
studies, herpes zoster (HZ) vaccination consistently reduced
postherpetic neuralgia (PHN) incidence. Most studies involved
adults aged >50 years from the United States, New Zealand,
and Southeast Asia, with sample sizes up to >30,000.

The recombinant zoster vaccine (RZV) lowered PHN
incidence by ~60% in older adults, with durable protection
over several years. By contrast, live zoster vaccine (ZVL)
showed strong early efficacy but declined markedly over time,
suggesting a need for booster strategies.®?

Recombinant zoster vaccine (RZV) was associated with
higher rates of mild local and