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THE EFFECT OF THYROID HORMONE IMBALANCE ON THE NERVOUS
SYSTEM.

Rahimova R.R.", Aghayeva AR."

Abstract

This review presents current data on the effect of thyroid hormone imbalance on the nervous system
and discusses the role of neuron-specific enolase as a marker of neuronal damage. Thyroid disorders
are widespread and often accompanied by damage to the central and peripheral nervous systems,
manifesting as cognitive impairment, mood changes, and acute neurological conditions. Thyroxine and
triiodothyronine play a key role in the development and functioning of the nervous system, affecting
neurogenesis, synaptogenesis, myelination, neuronal metabolism, and cognitive function at all stages
of life. Hormone imbalances lead to decreased attention, impaired memory, slowed psychomotor
reactions, and emotional instability. Autoimmune processes, including Hashimoto's thyroiditis and
Graves' disease, can further affect the nervous system through autoantibodies and systemic immune
dysregulation. Neuron-specific enolase is considered a potential biomarker of early neuronal damage,
reflecting the impact of hormonal imbalance on nervous tissue. The limited nature of existing data
highlights the need for further research to understand the pathogenetic mechanisms, improve early
diagnosis and prognosis, and develop individualised therapeutic approaches for patients with
neurological complications of thyroid disease.

Keywords: thyroid gland, hypothyroidism, hyperthyroidism, cognitive impairment, autoimmune
mechanisms, neuronal damage, neuron-specific enolase.

from  thyrotoxic  periodic  paralysis,

Introduction manifested by episodes of muscle

Thyroid disorders are widespread and often
accompanied by damage to the central and
peripheral nervous systems [1, 2, 3].
Clinical manifestations range from
subclinical cognitive impairment and mood
changes to acute neurological conditions —
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weakness, to myxedema coma [4, 5].
Understanding the mechanisms by which
thyroid hormone imbalance affects nerve
tissue is important for both diagnosis and
the identification of sensitive biomarkers of
neuron damage. This review presents
current data on the effects of
triiodothyronine (T3) and thyroxine (T4)
imbalance on the nervous system and
reviews information on neuron-specific
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enolase (NSE) as a marker of neuronal
damage in thyroid diseases.

The effect of thyroid hormones on the
activity of the nervous system.

It is well known that thyroxine and
triiodothyronine play a key role in the
development and functioning of the nervous
system throughout a person's life [6]. In the
embryonic and early postnatal periods,
thyroid hormones are necessary for
neurogenesis, neuron migration,
synaptogenesis, and myelination. Hormone
deficiency leads to irreversible cognitive
impairment [7]. In adults, T3 and T4
support neuron metabolism, modulate the
expression of genes responsible for
synaptic plasticity, and affect mood and
cognitive function [8, 9, 10]. These
hormones enter cells through special
transporters and are then activated or
inactivated by the enzymes D2 and D3
deiodinases. They then bind to nuclear
receptors, which leads to the regulation of
gene transcription, affecting their function.
Disruptions in these mechanisms, which
occur in clinical and subclinical hypo- or
hyperthyroidism, can lead to difficulties with
concentration, impaired ability to retain and
process information (working memory),
slowed psychomotor reactions, and
increased emotional instability [11, 12].
Hypothyroidism and the nervous
system.

Clinical hypothyroidism is one of the most
significant endocrine causes of cognitive
impairment. Thyroid hormone deficiency
slows down neurometabolic processes,
reduces neurotransmitter levels, and
impairs synaptic plasticity. Adult patients
often suffer from slowed psychomotor
activity, memory impairment, decreased
attention, and mood swings. It should be
noted that congenital hypothyroidism
remains the most common preventable
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cause of mental retardation, with a
prevalence of 1:2000-1:4000 newborns
[13]. Low levels of thyroid hormones,
especially in the first months of life, slow
down the myelination of nerve fibres. This
also reduces the accumulation of lipids and
glycoproteins in nerve tissue, leading to
morphofunctional  disorders  of the
membranes of neurons in the brain's
conduction pathways [14]. Since the clinical
manifestations and course of
hypothyroidism vary significantly among
individuals of different ages, unfortunately,
at one year of age, when early diagnosis is
extremely important, the clinical picture
typical of this condition is observed in only
10-15% of cases [15]. Timely diagnosis
and replacement therapy can prevent
serious cognitive impairment, although in
some cases minor language or learning
difficulties may persist [16]. It should also be
noted that in elderly patients,
hypothyroidism can  manifest  with
symptoms similar to dementia, sometimes
leading to misdiagnosis; replacement
therapy often improves cognitive function,
but complete recovery is not always
achieved [17].

Hyperthyroidism and the nervous
system.

Hyperthyroidism, on the contrary, is
associated with hyperactivation of the
central nervous system. Patients often
complain of restlessness, irritability, sleep
disturbances, poor concentration, and
fatigue [18]. Studies have shown that
patients with newly diagnosed
hyperthyroidism perform worse on tests of
attention, memory, and executive function
than patients with normal thyroid function
[19]. In older people, hyperthyroidism can
also mimic dementia, accompanied by
confusion and cognitive decline, but
restoration of normal thyroid function often
leads to improvement [20]. There are
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opinions that cognitive and behavioural
changes in hyperthyroidism may be partly
associated with adrenergic hyperactivity,
which is confirmed by the beneficial effect
of beta-blockers on attention and
concentration [21]. In addition, autoimmune
hyperthyroidism (Graves' disease) may be
accompanied by neurological autoimmune
disorders, such as myasthenia gravis,
exacerbating the clinical picture [22].
Autoimmune mechanisms and cross-
associations.

The effect of thyroid dysfunction on the
nervous system is not limited to hormonal
disorders alone. Autoimmune diseases,
primarily Hashimoto's thyroiditis and
Graves' disease, which are the most
common forms of thyroid pathology, can
play a significant role. Neuropsychiatric
manifestations in these conditions are due
to complex and multifactorial pathogenetic
mechanisms [23]. Autoantibodies to thyroid
antigens can indirectly affect the function of
neurons and glial cells [24], and in some
cases can penetrate the disrupted blood-
brain barrier, contributing to inflammation
[25]. In this context, according to several
authors, neuron-specific enolase (NSE)
may be elevated in autoimmune thyroid
diseases. Given that NSE is a cytosolic
enzyme of neurons and neuroendocrine
cells, anincrease in its serum concentration
is considered to reflect neuroendocrine
activation and possible subclinical neuronal
damage in the context of immune-mediated
inflammatory processes associated with
thyroid dysfunction. Such alterations may
indicate the involvement of the nervous
system in the pathogenesis of autoimmune
thyroid pathology [26]. There is also a well-
established link between Graves' disease
and myasthenia gravis, which occurs more
frequently than would be expected by
chance [27]. Hashimoto's thyroiditis is
associated with an increased risk of
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developing multiple  sclerosis  and
autoimmune encephalopathies [28].
Systemic dysregulation of the immune
system, including cytokine imbalance and
oxidative stress, further contributes to the
development of neuropsychiatric
manifestations. This can occur even when
thyroid hormone levels remain close to
normal [29].

Neuron-specific enolase as a marker of
neuronal damage.

NSE is an isoform of a glycolytic enzyme
that is predominantly expressed in neurons
and neuroendocrine cells. Normally
localized within cells, NSE is released into
the bloodstream after neuronal damage,
making it a widely used biomarker of
neuronal damage. Elevated NSE levels are
observed in traumatic brain injury, stroke,
and hypoxic-ischaemic encephalopathy,
where they correlate with severity and
prognosis. They are also elevated in
neurodegenerative diseases, including
Alzheimer's disease and amyotrophic
lateral sclerosis [30]. According to recent
studies, elevated levels of neuron-specific
enolase are also associated with the
development of diabetic neuropathy,
reflecting damage to neuronal tissue [31].
In clinical studies of patients with primary
hypothyroidism, serum neuron-specific
enolase (NSE) has been evaluated as a
marker of nervous system involvement. In a
cohort of individuals with primary
hypothyroidism, serum NSE levels were
assessed alongside neurological status and
electrophysiological evaluations, revealing
that NSE activity varied with clinical factors
such as symptom severity, disease
duration, and presence of neurological
signs, and that changes in NSE correlated
with treatment dynamics. These findings
support the view that elevated serum NSE
in hypothyroidism may reflect underlying
neurophysiological alterations associated
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with the endocrine disorder [32]. In addition
to these clinical observations, several other
neurobiochemical markers are widely used
to assess nervous system involvement,
including S100B and glial fibrillary acidic
protein (GFAP). While NSE primarily
reflects neuronal metabolic activity and
neuronal injury, S100B and GFAP are
predominantly associated with astroglial
activation and structural glial damage.
S100B is considered a marker of blood-
brain barrier disruption and astrocytic
stress, whereas GFAP represents
cytoskeletal alterations within astrocytes. In
contrast, NSE may be more sensitive to
subtle metabolic disturbances affecting
neuronal integrity, such as those observed
in endocrine disorders, including thyroid
hormone imbalance. Therefore,
comparative evaluation of these biomarkers
may improve the interpretation of
neurobiological changes in hypo- and
hyperthyroid states [33]. In this context,
thyroid hormone imbalance may have a
similar effect on NSE levels, potentially
reflecting neuronal damage in thyroid
pathology. However, the available data in
this area remain limited, highlighting the
need for further research. Given the
insufficient sensitivity of existing diagnostic
methods for the early detection of
neurological disorders in thyroid diseases,
NSE can be considered a promising
biomarker of early neuronal damage in this
group of patients.

Conclusion

Thyroid hormone imbalance has a
significant impact on the nervous system,
manifesting itself in a wide range of
cognitive and neurological disorders.
Despite the well-documented role of T3 and
T4 in brain development and function,
quantitative indicators of neuronal damage
in thyroid dysfunction remain limited.
Further research will provide a deeper
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understanding of the mechanisms of
neurological complications arising from
thyroid disease and enable the
development of more accurate diagnostic
and therapeutic approaches tailored to the
individual needs of patients.
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QALXANABONZOR VOZININ HORMONLARININ DISBALANSININ SINIR SISTEMINS
TOSIRI

Rahimova R.R.", Agayeva 8.R."

1. Azarbaycan Tibb Universiteti, biokimya kafedrasi, Baki

E-mail: r.rahimova1008@gmail.com

Xilaso

Bu icmal qalxanabanzar vezi hormonlarinin disbalansinin sinir sistemina tasirine hasr olunmusgdur va
neyronlarin zadelanmasinin gdstaricisi kimi neyron-spesifik enolazanin rolu nazardan kegirilir.
Qalxanabeanzar vazinin xasteliklori genis yayllmisdir ve tez-tez mearkazi ve periferik sinir sisteminin
pozulmalari ile musayist olunur. Bu dayisiklikler kognitiv funksiyalarin zeiflemasi, ahval dayisiklikleri ve
muxtelif nevroloji slamatlerle 6zinu gostare biler. Tiroksin va triiyodtironin sinir sisteminin normal
inkisafl va faaliyyati lGc¢ln vacibdir. Bu hormonlar neyrogenez, mielinizasiya, neyronlarin maddalar
muibadilesi ve yaddas da daxil olmagla koqgnitiv funksiyalara tasir gdsterir. Hormon balansinin
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pozulmasi diggstin azalmasina, yaddasin zsiflemasina, psixomotor reaksiyalarin langimasina va

emosional geyri-sabitliya sabab ola bilar. Hasimoto tireoiditi va Qreyvs xastaliyi kimi autoimmun
xastaliklar immun mexanizmlar vasitesilo sinir sistemina alave taesir gostare biler. Neyron-spesifik
enolaza sinir toxumasinin zadalenmasini aks etdiran haessas biomarker hesab olunur. Mdvcud
malumatlarin mahdudlugu bu sahada slave tadgiqatlarin apariimasinin, erkan diagnostikanin
yaxsilasdiriimasinin ve qalxanabanzar vazi xestslikleri olan pasiyentler tGg¢in daha effektiv mualice
yanasmalarinin islenib hazirlanmasinin vacibliyini gésterir.

BJINSIHUE QUCBAJIAHCA TOPMOHOB LUNTOBUOHOW XEJIE3bl HA HEPBHYIO
CUCTEMY.

Pazumosa PP ', Acacga A.P.’
1. AsepbatidxaHckuli MeduuuHckul YHusepcumem, kaghedpa buoxumuu, baky
E-mail: r.rahimova1008@gmail.com

Pe3lome

B paHHOM 0630pe npeacTtaBneHbl COBPEMEHHble AaHHble O BAWsSHUMM gucbanaHca ropMOHOB
LUMTOBUAOHOW Xenesbl Ha HEPBHYIO CUCTEMY W 0BCyXaaeTca ponb HerMpoHcneunduyeckon sHonasbl
Kak Mapkepa noBpexaeHus HempoHoB. 3aboneBaHns WUTOBMAHON Xenesbl LUMPOKO pacnpoCTpaHeHb!
M 4acTo COMpPOBOXAATCA NOBPEXOEHNEM LEeHTPanbHON N nepndepmnyeckon HEPBHOM CUCTEMBI, YTO
NPOSABSAETCA B BUAE KOTHUTMBHbIX HAPYLUEHWUA, U3BMEHEHUI HACTPOEHUSA U OCTPbIX HEBPONOrMYECKNX
COCTOSIHUN. TUPOKCUH U TPUAOATUPOHUH UrPatoT KIMHOYEBYHO Pofb B PasBUTUU U (DYHKLIMOHUPOBAHUN
HEePBHOW CUCTEMBbI, BIMSAA HA HENpoOreHes, MUenMHu3aumo, MetTabonnuam HEMPOHOB U KOTHUTUBHbIE
YHKUMM Ha BCexX aTanax XusHu. FopmoHanbHbI AncbanaHC NPUBOOAUT K CHUDKEHUIO BHUMAHWS,
yXyOLEHUIO NaMAaT, 3amMensieHU0 NCUXOMOTOPHBIX Peakunin U 3MOLMOHANbHOW HeCTabunbHOCTW.
AyTOMMMYHHbIE MpoLUecChl, BkMYaa Tupeouant Xawumoto u  6onesHb [pensca, MoryT
OOMONMHUTENBbHO BNWSATb Ha HEPBHYH CUCTEMY u4epe3 ayToaHTUTena W CUCTEMHYID WUMMYHHYIO
aucperynauuio. HempoHcneuududeckasa aHonasa cumtaeTcs noteHumansHbiM BMomapKkepom paHHero
NoBpeXOEHUS HEMPOHOB, OTPaXalLUM BIUAHWE FOPMOHanNbHOro guvcbanaHca Ha HEepBHYIO TKaHb.
OrpaHM4YyeHHOCTb  CyLLEeCTBYHOLUMX  [aHHbIX  MOAYEepKMBaeT  HeobxoaMMoCTb  AanbHenwunx
nccnegoBaHUin s NOHMMaHUSA NaToreHETUYECKUX MEXaHU3MOB, YNy4dLLIEHWUst paHHen ONarHOCTUKN U
NPOrHO3MpPOBaHWs, a Takke pas3paboTkm NepcoHaNU3NpPOBaHHbLIX TepaneBTUYECKMX NoaxodoB As
NauMEeHTOB C HEBPOMOrMYECKMMN OCIIOXHEHUAMM 3ab60NeBaHUN LWMTOBUAHOM Xenesbl.
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COMPARATIVE ANALYSIS OF MENTAL DISORDERS AMONG PATIENTS
WITH DIABETES MELLITUS AGED 18-65 YEARS

Mehdi Zada L.A."

Abstract

The aim of this study was to determine the prevalence of depression, its clinical characteristics, and its
association with quality of life, functional status, and diabetes-related emotional distress among adult
patients with diabetes mellitus. To examine the prevalence, clinical features, and functional
consequences of depression among diabetic patients aged 18—65, with emphasis on psychosocial
correlates and disability outcomes. A cross-sectional clinical-psychiatric study was conducted among
diabetic patients aged 18-65. Standardized instruments, including PHQ-9 , the Diabetes Distress Scale
(DDS), Diabetes Quality of Life Scale (DQOL), and the WHO Disability Assessment Schedule
(WHODAS 2.0) were applied alongside psychiatric evaluation using ICD-10/DSM-5 criteria for
depressive disorders. A cross-sectional clinical study involving 186 adult diabetic patients (Type 1 =
48; Type 2 = 138) attending an endocrinology clinic. Standardized psychometric scales (PHQ-
9,DDS,DQOL,WHODAS 2.0) and laboratory measures (HbA1c) were administered. Pearson
correlations and multiple linear regressions were used to examine relationships between psychiatric
and metabolic variables. 42.4% of people had moderate-to-high diabetes distress (DDS = 2.0), and
29.6% of people had clinically significant depression (PHQ-9 = 10). Poor glycemic control and a lower
quality of life are significantly predicted by depression and diabetes-related distress. Depressive
symptoms were detected in approximately one-quarter to one-third of the diabetic population, with
higher prevalence in females, individuals with longer disease duration, and those reporting poor
metabolic control. Patients with comorbid depression demonstrated significantly higher DDS scores
(greater diabetes-related emotional burden), lower DQOL scores, and elevated WHODAS disability
scores compared to non-expressed diabetic controls.

Key words: diabetes mellitus, mental disorders, depression, anxiety, diabetes distress, quality of life,
functional impairment, WHODAS, DDS, DQOL, PHQ-9, adults aged 18-65.

Introduction comorbidities - especially major depressive
Diabetes mellitus (DM) is a long-term disorder (MDD) - are commonly observed
metabolic disease that has serious effects [7]. Epidemiological studies indicate that
on health around the world. In addition to individuals with diabetes are almost twice
physical complications, psychiatric as likely to suffer from depression

© ATUJ and The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to theoriginal author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from

AZORBAYCAN TiBB . . . L. . .
UNIVERSITETININ JURNALI the copyright holder. To view a copy of thislicence, visit http://creativecommons.orgllicenses/by/4.0/.
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compared to the general population [10].
The relationship is bidirectional: depression
raises the risk of diabetes through
behavioral and biological mechanisms,
whereas diabetes-related stressors and
complications render individuals
susceptible to depressive episodes [15].
The simultaneous presence leads to
inadequate glycemic regulation, elevated
complication rates, decreased treatment
adherence, and a lowered quality of life.
The current study examines depression in
diabetic individuals aged 18 to 65 years, a
demographic particularly susceptible to
psychosocial and occupational disability.
According to a meta-analysis of 42 studies
(n = 21,351), type 2 diabetes had a
prevalence of depressive symptoms of
27%, while type 1 diabetes had a
prevalence of 23% [9]. According to data
from the 2019 NHANES survey, the lifetime
prevalence of major depressive disorder
was 24% for adults with diabetes and 11%
for those without the disease (p < 0.001).
The reported prevalence in low- and
middle-income nations ranges from 15% to
35%, in part because of cultural and
underdiagnosing factors. On the other
hand, after controlling for socioeconomic
status and BMI, longitudinal studies show
that individuals with major depressive
disorder have a 37% higher chance of
acquiring type 2 diabetes within ten years
[3]. This reciprocal relationship points to
common  behavioral and biological
processes.

Yazigma lgin alage:

Mehdi Zada L.A."

1. Azerbaijan Medical University, Department of
Psychiatry, Baku

E-mail: leyla.mehdizada@gmail.com

Azarbaycan Tibb Universitetinin Jurnali
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Materials and Methods

This study employs a cross-sectional,
descriptive, and analytic design. The study
includes adult patients aged 18 to 65 years
(n=186) with a diagnosis of type 1 or type
2 diabetes mellitus. Location: The Republic
Endocrinology Center, Baku.). Exclusion
criterias are severe cognitive impairment,
psychotic disorders, substance
dependence, pregnancy. Psychiatric
Assessment: Structured clinical interview
according to ICD-10 criteria for depressive
disorders. Diabetes Distress Scale (DDS):
Measures  diabetes-related = emotional
burden. The Diabetes Distress Scale (DDS)
is a validated self-report instrument
specifically developed to measure the
emotional and psychological burden
associated with living with diabetes. Unlike
generic depression measures, the DDS
captures  diabetes-specific  stressors,
including  frustration  with  treatment
regimens, fear of complications,
interpersonal challenges, and perceived
lack of support from healthcare providers
[9]. The DDS consists of 17 items divided
into four domains:

1. Emotional burden — feelings of being
overwhelmed by the demands of
diabetes.

2. Physician-related distress -
dissatisfaction or lack of trust in medical
support.

3. Regimen-related distress — stress linked
to complex treatment adherence, diet,
and lifestyle modifications.

4. Interpersonal distress — lack of support
or understanding from family, friends, or
peers. Each item is scored on a 6-point
Likert scale (1 = no problem, 6 = a very
serious problem), with higher scores
indicating greater distress. A mean
score =3 is typically considered clinically
significant. In diabetic populations, DDS
has demonstrated strong reliability
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(Cronbach’s a > 0.85) and predictive
validity for both poor glycemic control
(HbA1c) and psychiatric comorbidities
such as depression and anxiety.

Diabetes Quality of Life (DQOL):
Evaluates subjective quality of life
related to diabetes. The scale
comprises 46 items covering four
domains.

Satisfaction with treatment —
perceived adequacy of medical care,
convenience, and effectiveness.

. Impact of diabetes — effect of the

disease on social life, work, and
leisure.

Worry about future effects — concerns
regarding long-term complications
and disease progression.

concerns -
limitations in career, social

interactions, and independence

The Diabetes Quality of Life (DQOL)
Scale [13] is one of the most widely
used disease-specific instruments to
assess health-related quality of life in
diabetic patients. Originally developed
during the Diabetes Control and
Complications Trial (DCCT), the DQOL
has been extensively validated in both
type 1 and type 2 diabetes populations.
In psychiatric research, DQOL has
shown strong sensitivity to the presence
of depression and diabetes distress, as
patients with depressive symptoms
report markedly reduced satisfaction
and higher disease burden [13]. By
including DQOL in this article, the study
captures subjective well-being
alongside psychiatric diagnoses, thus
reflecting the patient’s own perspective
of living with diabetes and depression
[13]. Responses are typically recorded
on a 5-point Likert scale, and domain
scores can be computed to generate an
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overall quality of life index. Lower scores
indicate poorer perceived quality of life.

WHO Disability Assessment Schedule
(WHODAS 2.0): Measures functional
disability across six domains [8]. The
WHO Disability Assessment Schedule
(WHODAS 2.0) is a generic instrument
developed by the World Health
Organization to measure disability and
functional impairment across a wide
range of health conditions, including
chronic diseases and psychiatric
disorders. It reflects the International
Classification of Functioning, Disability,
and Health (ICF) framework, thereby
allowing for cross-cultural comparability.
This scale assesses functioning in six
domains:

(understanding and
communication)

. Mobility (movement and walking)
. Self-care (hygiene, dressing, eating)
. Getting

along (interpersonal

interactions)

. Life activities (work and household

responsibilities)

6. Participation (community involvement

and social activities)
The scale is available in 12-item and 36-
item versions; in psychiatric research,
the 36-item version is commonly used to
capture nuanced functional deficits.
Scores are calculated on a 0—100 scale,
with higher values indicating greater
disability. For diabetic  patients,
WHODAS 2.0 provides an objective
measure of disability burden, bridging the
gap between psychiatric symptoms
(e.g., depression) and their real-world
impact on functioning. Its application in
this study supports a holistic evaluation of
how depression and distress affect daily
living, beyond symptom severity.
Participants gave informed consent.
Psychiatric interviews were conducted
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by qualified psychiatrists.
Questionnaires (DDS, DQOL,

WHODAS) were administered in a
standardized sequence. Data were
analyzed using descriptive statistics,
chi-square for categorical comparisons,
and t-tests/ANOVA for group
differences. The integration of PHQ-9,
DDS, WHODAS, and DQOL establishes
a comprehensive framework for
evaluating psychiatric morbidity in
diabetic patients aged 18 to 65. DDS [9]
identifies distress specific to diabetes
that overlaps with but is distinct from
clinical depression. WHODAS
measures the functional impairment
resulting from psychiatric and physical
comorbidity. The DQOL assesses
subjective quality of life by incorporating
medical and psychosocial dimensions.
These instruments facilitate a thorough
assessment of the manifestation of
depression in  diabetic  patients,
encompassing both its psychiatric
diagnosis and its wider implications for
functional status and quality of life.

Results

A total of 186 participants (52.7% female,
mean age = 49.8 * 12.3 years) were
recruited through consecutive sampling.
42.4% of people had moderate-to-high
diabetes distress (DDS = 2.0), and 29.6%
of people had clinically significant
depression (PHQ-9 = 10). The mean HbA1c
was 8.4 £ 1.6%. The degree of depression
had a negative correlation with DQOL (r = —
0.58, p < 0.001) [1,13,9] and a positive
correlation with HbA1c (r=0.42, p <0.001),
DDS (r = 0.61, p < 0.001), and WHODAS
total score (r=0.53, p <0.001). PHQ-9 and
DDS together accounted for 38% of the
variance in HbA1c levels, according to
regression analysis. The study population's
sociodemographics show a slight female

control.
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predominance (52.7%) and a mean age of
49.8 years. The participants’' moderately
chronic disease course was indicated by
the mean duration of diabetes, which was
9.1 years. In line with the global distribution
pattern of diabetes prevalence, type 2
diabetes mellitus affected about three-
quarters (74.2%) of the sample. The mean
HbA1c level of 8.4 £ 1.6%, which was
higher than the advised target of less than
7%, showed that participants' glucose
control was generally poor.
Psychometrically, the DDS mean score
(2.21 £ 0.78) indicates that a significant
percentage of participants have clinically
significant emotional distress related to
diabetes, while the average PHQ-9 score
(9.7 £ 5.8) is in the mild-to-moderate
depressive range. The average quality of
life (DQOL) score was 58.6 + 14.2, which
indicates a moderate level of satisfaction
and a discernible psychosocial burden.
Additionally, a mean WHODAS 2.0 score of
325 + 171% suggests a moderate
impairment in day-to-day functioning. The
PHQ-9 criteria for clinically significant
depression (210) were met by 29.6% of
participants. This is consistent with
research from around the world that shows
depression rates among diabetic
populations range from 25% to 35%.
Furthermore, 42.4% showed moderate to
high levels of diabetes distress (DDS = 2.0),
indicating that this cohort has a significant
emotional burden related to managing
diabetes. Lastly, = moderate-to-severe
functional disability (WHODAS > 25) was
present in 33.8% of patients, highlighting
the real-world effects of physical and
psychological limitations on daily activities.
The need for integrated psychosocial and
medical management in diabetic care is
highlighted by the elevated levels of both
depression and distress, which are
probably causing suboptimal glycemic
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Table 1. Sociodemographic and Clinical Profile of Participants (N = 186)

2026

Variable Mean * SD / n (%)
Age (years) 49.8 £12.3
Gender (female) 98 (52.7%)
Diabetes duration (years) 9157

Type 2 Diabetes Mellitus
Type 1 Diabetes Mellitus

138 (74.2%)

48 (25.8%)

HbA1c (%) 84+16
PHQ-9 total score 9.7+538
DDS mean score 2.21+0.78
DQOL total score 58.6 + 14.2
WHODAS 2.0 (%) 32.5+17.1

Table 2. Prevalence of Psychological and Functional Outcomes

(WHODAS > 25)

Measure Clinical Threshold Prevalence (%)
Clinically significant depression (PHQ-9 = | Moderate higher | 29.6%

10) depression

Moderate/high diabetes distress (DDS = | Elevated emotional burden | 42.4%

2.0)

Moderate-to-severe functional disability | Notable activity limitation 33.8%

Table 3. Pearson Correlation Matrix between Glycemic, Psychological, and Functional
Variables (N = 186).

Variables | HbA1c PHQ-9 | DDS DQOL WHODAS

HbA1c — 0.42*** | 0.39*** -0.36*** 0.33**

PHQ-9 0.42*** | — 0.61*** —0.58*** 0.53***

DDS 0.39*** 0.61* | — —0.55*** 0.47*

DQOL -0.36*** | -0.58*** | —0.55*** — —0.49***

WHODAS | 0.33** 0.53*** | 0.47*** 0.49*** —

Glycemic control (HbA1c), depression parameters, with all correlations being

severity (PHQ-9), diabetes distress (DDS),
diabetes-related quality of life (DQOL), and
functional disability (WHODAS 2.0) are the
two main clinical and psychometric
variables that are shown in the Pearson
correlation matrix (Table 3). In the study
cohort, there were significant correlations
between metabolic and psychological
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statistically significant (p < 0.01).

Discussion

Positive Associations: a moderate positive
correlation was observed between HbA1c
and PHQ-9 (r=0.42, p <0.001), suggesting
that patients with more severe depressive
symptoms tend to have poorer glycemic
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control.  Similarly, HbA1c correlated
positively with DDS (r=0.39, p <0.001) and
WHODAS (r = 0.33, p <0.01), implying that
both emotional distress and functional
disability are associated with elevated
blood glucose levels. These results lend
credence to the idea that psychological
stress may impede dietary adherence,
medication compliance, and diabetes self-
management. The strongest correlation in
the matrix was between PHQ-9 and DDS (r
= 0.61, p < 0.001), reflecting a robust
overlap between general depressive affect
and diabetes-specific emotional distress.
This strengthens the conceptual
understanding that, despite being separate
concepts, diabetes distress and depression
frequently coexist and exacerbate one
another. A self-perpetuating cycle of
emotional exhaustion and inadequate
disease control can result from patients with
depressive  symptoms feeling more
burdened by the demands of diabetes-
related self-care. Additionally, there was a
moderately positive correlation between
depression (PHQ-9) and functional
disability (WHODAS; r = 0.53, p < 0.001),
suggesting that higher levels of depressive
symptomatology are linked to more
impairment in  participation,  social
functioning, and everyday life activities.
Likewise, there was a positive correlation
between DDS and WHODAS (r=0.47,p <
0.001), indicating that diabetes distress is
linked to both practical functioning
limitations and emotional distress. Negative
Associations: In contrast, DQOL scores
were negatively correlated with all other
psychological and metabolic variables.
Specifically, significant inverse correlations
were found with PHQ-9 (r = -0.58, p <
0.001), DDS (r = —0.55, p < 0.001), and
WHODAS (r = -0.49, p < 0.001). This
pattern indicates that increased
depression, emotional distress, and
disability are all associated with reduced
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perceived quality of life. The negative
relationship between HbA1c and DQOL (r =
-0.36, p < 0.001) further suggests that
poorer glycemic control diminishes
subjective well-being and satisfaction with
life.

Conclusion

Poor glycemic control and a lower quality of
life are significantly predicted by depression
and diabetes-related distress [5,1,7]. For
thorough patient management, psychiatric
screening instruments like the DDS and
PHQ-9 must be incorporated into diabetes
treatment. Sociodemographic distribution:
Elevated prevalence observed in females,
unemployed individuals, and those with
lower levels of educational achievement
[15,9]. Depression exhibited a significant
association with prolonged diabetes
duration, elevated HbA1c levels, and the
presence of microvascular complications,
including neuropathy and retinopathy.
Patients with depression exhibited elevated
DDS scores, signifying an increased
emotional burden. The DQOL scores
indicated a significant reduction, signifying
a decline in well-being and satisfaction.
WHODAS disability scores were increased
in the areas of cognition, mobility,
participation, and interpersonal
relationships [6,13,8]. The results indicate
that depression is a prevalent and clinically
relevant  psychiatric disorder among
diabetic individuals aged 18 to 65. In
alignment with global literature, women and
patients exhibiting poor glycemic control
faced an increased risk. Multiple factors
account for this elevated comorbidity.
Biological mechanisms include
inflammation, dysregulation of the HPA
axis, and alterations in neurotransmitter
levels;

* The psychological burden associated with
managing chronic illness;
* Behavioral effects encompass inadequate
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adherence to treatment and lifestyle
modifications. Depression exacerbates

clinical outcomes and results in functional
disability, evidenced by elevated WHODAS
scores, and diminishes life satisfaction, as
indicated by lower DQOL scores [6,13,8].
The findings underscore the necessity for
integrated psychosomatic care models,
involving collaboration among psychiatrists,
endocrinologists, and psychologists in the
management  of  diabetic patients
[14,11,13,7].
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Xiilaso

Tadqigatin esas magsadi sekarli diabetle ($D) yasayan yetkin pasiyentlarde depressiyanin yayilma
tezliyini, klinik xtsusiyyatlerini va onun hayat keyfiyyati, funksional faaliyyat ve emosional distress
gostaricileri ila garsihgll slagesini misyyanlesdirmakdan ibarat olmusdur. Tadqgigat 18-65 yas arasi
186 diabetli xasto arasinda apariimigdir. Klinik-psixiyatrik giymetlendirma ICD-10 ve DSM-5
kriteriyalarina esaslanaraq aparilmig, eyni zamanda asagidaki standartlasdiriimis psixometrik
aletlarden istifade edilmisdir: PHQ-9 (depressiya daracasi), Diabetes Distress Scale — DDS (diabetla
bagl emosional gerginlik), Diabetes Quality of Life — DQOL (diabetlo alagali hayat keyfiyyati) vo WHO
Disability Assessment Schedule — WHODAS 2.0 (funksional alillik deracesi). Malumatlarin statistik
analizi korrelyasiya ve coxsayll reqressiya modellori ilo aparilmisdir. istirakcilarin 29,6 %-de klinik
ahamiyyatli depressiya (PHQ-9 = 10), 42,4 %-ds ise orta ve yuksak saviyyali diabet distresi (DDS =
2,0) askar edilmisdir. Depressiya daracasi DQOL ile manfi (r = -0,58; p < 0,001), DDS (r = 0,61; p <
0,001), WHODAS (r = 0,53; p < 0,001) ve HbA1c (r = 0,42; p < 0,001) ile mlsbat korrelyasiya
goOstermisdir. Depressiya va diabet distresi artdiqgca hayat keyfiyyati shamiyyaetli derecaeda asagi
dismus, funksional mahdudiyyatler ise artmisdir. Tedgiqat gdéstermisdir ki, sakerli diabet xastelarinda
depressiya va diabetlo bagl emosional distress xastaliyin gedisatina, ganda gekarin tanzimlanmasina
vo psixososial rifaha manfi tasir gosterir. Bu sababdan PHQ-9 ve DDS kimi psixometrik alatlarin
mitamadi skrining magsadile diabetik pasiyentlorin klinik idaragiliyine daxil edilmasi vacibdir. Diabetin
yalniz bioloji deyil, ham da psixososial aspektlerinden ibaret kompleks yanasma xastalarin Gmumi
saglamliq ve hayat keyfiyyatinin ylksaldiimasinds mihim rol oynaya biler.

Acar sozlor: sokarli diabet, psixi pozuntular, depressiya, tosvis, diabet distresi, hayat keyfiyyati,
funksional pozulma, WHODAS, DDS, DQOL, PHQ-9, 18-65 yas.

CPABHUTEIIbHbIA AHAIIN3 NMCUXUYECKUX PACCTPOUCTB Y NMALMUEHTOB C
CAXAPHbIM QUABETOM B BO3PACTE 18-65 JIET

Mexmu 3ade /1.A."
1. AsepbatioxaHckuti MeduuuHckul YHueepcumem, kaghedpa ricuxuampuu, baky
E-mail:leyla.mehdizada@gmail.com

Peslome

Llenbto unccnegoBaHust ObIo  onpedenuTb PacnpoCTPaHEHHOCTb AENpPeccuu, ee  KIMHU4YecKue
0CODEHHOCTH, a Takke B3aMMOCBS3b C NOKa3aTeNnsaMmn KauecTBa XKNU3HN, PYHKLMOHANbHOro COCTOSIHNS
n anabeTmnyeckoro guctpecca y B3pocnbiX NauneHTOB C CaxapHbiM anabeTom.

B nccnenosaHne 6binn BkoYeHbl 186 maumeHToB ¢ caxapHbiM gvabetom B Bo3dpacte 18-65 ner.
KnnHnko-ncuxmatpmyeckas oueHka npoBoaunack Ha ocHoBe guarHoctudeckmx kputepnes MKB-10 n
DSM-5. B nccnegoBaHmm UCMNOnb30Banucb CTaH4APTU3MPOBAHHbIE NCUXOMETPUYECKUE NHCTPYMEHTbI:
PHQ-9 (oueHka BblpaxeHHocTn paenpeccun), Diabetes Distress Scale (DDS) — gns oueHku
3MOLMOHarnbHOro gncTpecca, ceasaHHoro ¢ gnabetom, Diabetes Quality of Life (DQOL) — ansa oueHku
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kavyectBa xm3Hu, nu WHO Disability Assessment Schedule (WHODAS 2.0) — gns oueHku
dYHKUMOHaNbLHOW MHBaNMAn3auuu.

Cratuctudeckmn aHanu3 npoBOAMMCH C  UCMONb30BAHWEM  KOPPENAUMOHHONO aHanusa u
MHOXECTBEHHON nuHenHon perpeccun. KnuHmyeckn 3Haummas genpeccuss (PHQ-9 = 10) 6bina
BbisiBfieHa y 29,6% nauueHToB, TOrga KakK YMEPEHHbI M BbICOKMA YpPOBEHb AnabeTnyeckoro
ouctpecca (DDS = 2,0) Ha6nogancs y 42,4% nauneHToB.

BblpaxxeHHOCTb Aenpeccumn nokasana oTpuuaTenbHY KOPPENSLMIO C NoKa3aTensiMm Ka4ecTBa XXU3HU
no wkane DQOL (r = —0,58; p < 0,001) 1 NONOXUTENbHYIO KOPPENSALUMIO C YPOBHEM AnabeTnyeckoro
auctpecca no wkane DDS (r = 0,61; p < 0,001), nokazatenamu yHKUMOHANBHOM MHBaNMansaumm no
wkane WHODAS (r = 0,53; p < 0,001) n ypoBHem rnukmpoBaHHoro remornobuHa HbA1c (r = 0,42; p <
0,001). No mepe yBenn4eHus BbipaXKeHHOCTM Aenpeccun n anabeTnyeckoro gucTpecca oTMevarnochb
OOCTOBEPHOE CHWKEHME KavyecTBa XU3HW U YBENUYEHME (PYHKLUMOHANbHbLIX OrpaHNYeHNUN.
lMony4yeHHble pe3ynbTaTbl CBMAETENbLCTBYIOT O TOM, YTO Aenpeccus u anabeTtnyeckuin OUCTpecc
oKasblBalOT OTpuLATENbHOE BNUSAHME Ha TedeHuMe caxapHoro guabeTa, KOHTPONb MUKEMUM U
ncuxocoumanbHoe OGnarononyyve naumeHToB. B cBA3M C 3TMM peKkoMeHayeTcs perynspHoe
NCMOJIb30BaHNE NMCUXOMETPUYECKUX MHCTPYMEHTOB, Taknx kak PHQ-9 n DDS, B knnHMYeckon npakTuke
ONS CKPUHMHra genpeccun y naumeHToB C caxapHbiM anabetom. KomnnekcHbIn noaxon K NevYeHuto
caxapHoro aunabeta, BKIOYAOWMN He TONbKO Guonorvyeckne, HO M MNcuxocoumnasribHble acnekTbl
3aboneBaHus, UrpaeT BaXKHyt0 porb B yNy4dleHnn obLLero COCTOSAHUS 300POBbS M KAa4eCTBa >KU3HU
NauMeHTOB.

KniouyeBble crnoBa: caxapHbii gnabeT, NCUMXNYECKNEe pacCTPOMCTBA, OENpeccusi, TPEBOXHOCTb,
OnabeTnyeckun ANCTpecc, KavyecTBO XU3HN, yHKUnoHanbHble HapyweHnnsd, WHODAS, DDS, DQOL,
PHQ-9, B3pocnie 18—65 rner.
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NMATO®U3NOJTIONMYECKUE ACIEKTbI CTPECC-MHOAYLMUPOBAHHOI'O BECMNIOAUA,
POJIb METUPO3UHA

Babaesa M.A.", lN'ycenHosa ".A%, KasnmoBa A.Y2, Nagxuesa C.N3., Ary6os K.M.2

Pe3stome

Ctpecc npegctaBnaeT cobon afjanTauMOHHYK peakLuumio opraHuMaMa, HarpasfeHHYl Ha
nogoepXxaHme romeocrasa npu BO3AENCTBUM HebraronpusTHbIX dakTopoB. Ero peanmsauus
obecneyuBaeTcs akTmBaumen rmnoTtanamo-rmnogpunsapHo-Hagno4e4yHMKOBOM " cmMnaTo-
agpeHanoBon cuctem. [pogosmkuTenbHas CTUMYnNAUMS  3TUX  CUCTEM  MOXET  BbI3blBaTb
ncnuxocomMaTu4eckme 1 penpoayKTMBHbIE HapyLLeHns. [cuxonornyeckun CTpecc HeraTUBHO BRMSET Ha
epTUNBbHOCTb, OCOBEHHO Y XKEHLLUMH, U MOXET NpMBoAUTb K 6ecnnoaunto. B Hawwem ncenegosaHmm no
N3yYeHUIO BNUSHUSA IKCMIEPUMEHTArbHOrO CTpecca Ha BO3MOXHOE MOBpPeXAeHWe SNYHUKOB KpbIC
Mbl ucronb3oBanu MeTuposnH — npenapart, KOTOpPbI WHIMOUpyeT EPMEHT TUPO3MHA -TUPO3UH
M'mppokcunasy, yyYacTBYIOLWMI B CMHTE3€e KaTexonamuHoB. B ctaTtbe npencrasneHbl maTepuansl u
MeToAbl UCCneaoBaHus, MHpopMaLmsa 06 aKCNepUMeHTanbHbIX FPynnax v NoslyYeHHbIX pesynbTaTax.

KnioueBble cnoBa: CTpecc,6ecnnoaune,natodusmonorns, METUPO3UH, SUYHUKA

BBE[EHVWE romeocrtatuyeckoe pasHoBecue. [aHHas
Crtpecc npeacraBnset cobon peakumss  peanusyeTca  NOCPeACTBOM
yHUBEpCcarnbHy0 aganTauMoHHY0 peakLumo akTnsaumm rmnoTanamo-runogu3sapHo-
opraHuama, hopMUpPYIOLLYIOCA B OTBET Ha HagnoyeyHukoson (MH) wn cumnarto-
BO34ENCTBME BHELWHUX NMB0 BHYTPEHHUX agpeHanosou cucTem (CAC),
¢rakTOpOB, HapyLLAKLWNX obecneuynBaroLmx doM3nonorn4ecKknm

OTKNMK OpraHnusama Ha CTPecCOpHble
CTUMYIbl, NOTEHUMAanbHO yrpoxarolume
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accounnpyeTcd C nNoBblLLUEHHbIM PUCKOM
pas3BuUTnA MNCUNXmM4YecCknx wn comMmaTn4decKkmnx

HapyweHuin. CornacHo pfaHHbIM psga
nccnenoBaHum, rcuxonornyeckue
paccTponcTea y YKEHLUMH vyaule
COMpOBOXAAKTCA HapyLleHnsIMun
penpoayKkTMBHon pyHkummn n 6ecnnogmem
MO CpPaBHEHUID C MyX4MHamn. AHanus
nuTepaTypHbIX NCTOYHMKOB
CBMOETENbCTBYET o} TOM, yTO
NCUXONOrMYeCcKnin cTpecc MOXET

WHAYLMPOBaTb pasBUTME PENpPOayKTUBHON
AncyHKUMM 1 Gecnnogusi, npyv  3TOM
OKCUAaHTbl, aHTMOKCUAaHTbl, a Takke
FOPMOHbI ~ KOPTU3OM,  agpeHanuH Wu
HOpadpeHanvH, BEPOSATHO, urpatT
onpenenéHHyo ponb B NaTtoreHeTU4eckmx
MexaHu3Max  yKasaHHbIX  HapyLUeHWH.
Bonee TOro, cormacHo CcoOBpPEeMEHHbIM
AaHHbIM, TepaneBTUYeckoe npUMeHeHne
aHTMOKCMAAHTOB, a Takke WHrMbutTopoB
CMHTE3a KaTexonaMMHOB W KOpTM3ona,

MOXeT obnapatb noTeHumanbHOn
3PP EKTUBHOCTBLIO npu neyeHnn
becnnogus, o0ycnoBneHHoro
BO3OENCTBNEM NCMXO3MOLMOHAIbHOIo
cTpecca.

B Hawem wnccnegoBaHun no N3YHEHUIo
BITMAHNA SKCNEpUMeHTarlbHOro ctpecca Ha
BO3MOXHO€E noBpexaeHne An4YHMKOB KpbIC
npenapar, KOTOprIZ Mbl MUCNoJib3oBaJin —

Metyrosine
X

NH, NH,

1 1
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— —
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3T0 MeTupO3nH, KOTOpbIN UHIMOMpyeT
depmeHT TUPO3MHA - Tupo3uH
'mopokcunasy, y4yacTBylOWMKA B CUHTE3e
KatexonamumHoB. bbino nokasaHo, 4TO
NHrMGUTOP TUPO3MHIMOPOKCUIAasbl
METUPO3NH (a-meTunnapatTnpasuH)
MHrMOMpyeT NpeBpaLleHne TMpo3nHa B 3,4-
ANrMapokcudeHnnanaHuH, 4to SBMsieTcs
NMMUTUPYLOLLEN cTaguen CUHTE3a
KaTexXoslaMMHOB. MeTnposuH,
dapmaLeBTMYECKMI NpenapaT, OKkasblBaeT
cBoe buonornyeckoe gencteune, ocnadnas

CUHTE3 KaTexonamMmunHoB nyTem
n3dmpaTtenbHOro NHrMbuposaHms
aKTUBHOCTU TUPO3UHINOPOKCUMIA3bI,

depMeHTa, urparoLLero Knyesyl posib B
BblLLEYyNoOMAHYTOM NyTn 6uocuHTesa (Pwuc.
1) [2]. MeTnpo3unH okasancs nonesHbIM npu
neyeHun rMNepToHUu, BbI3BaHHOM
N30bITOYHON BbIPABOTKOM KaTEXoNlaMUHOB
npu eoxpomouuToMe K naparaHrimome
[3]. AHanornyHble pesynbTaThl
nuccrnegoBaHNa  Takke  nokasanu, 41O
YPOBHW  HOpagpeHanuHa, a  Takke
aZipeHanuHa cHmxarTcs B obpasLax Kposu
XMBOTHbIX, KOTOPbIM BBOAMMAN METUPO3UNH
[4]. B ogHOM 13 HegaBHUX MUCcnegoBaHUM
coobLanocb, YTO METUPO3VH 3alumuiaeT
TKaHb SIMYHWKOB OT OKUCIIUTESNbHOIO U
BOCManuTeNbLHOro nospexaeHus [5].

Puc. 1. Tlytb buocnHTesa
KaTexonamuHoB W  yyacTByloLue
BHeM  (OepMEHTbI.

(a) L-phenylalanine hydroxylase;

(b) L-tyrosine hydroxylase;

(c) aromatic L-amino acid
decarboxylase;

(d) dopamine-B-hydroxylase;

(e) phenylethanolamine

transferase

N-methyl
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WNHdopmauma, nonyvyeHHasa ns nutepartypbl

B pesynbTate MHOIOYUCINEHHbIX
nccnenoBaHum, nokasblBaer, 4yTO
NMCUXOSIOrMYEeCKUn CTpecc YyBenuynsaet
BblpabOTKy  OKCMOAHTOB, ajpeHanuHa,
HOopaZpeHanuHa W KopTu3ona, KoTopble
MOTyT TMpMBECTM K  penponyKTUBHOM
ancyHkumm - m 6ecnnoguio.  Takmm

obpa3oM, 9TO MNO3BOMSET NPeaAnonoXnTb,
4YTO METUPO3NH MOXET OblTb NONe3eH npu
nevyeHUn penpoayKTMBHOM OUCAYHKUUM U
B6ecnnoans, Bbl3BaHHbIX MCUXOSTOrMYECKNM
CTPECCOM.

Lenb Hawero wuccnegoBaHuss ——
rmcTonartosniornyeckoe nccnegoBaHve
BMUSIHUS METMPO3UHa NpU NOBPEXOEHUN
SIMYHUKOB, PENPOAYKTUBHOW ANCKHYHKLUN 1
Hecnnoamun, KoTopble MOryT BO3HUKHYTb Y
XXMBOTHbIX, NoaBEpPrHyThIX
3KCNEepUMEHTanbHOMY MCUXOSOrMYeCKOMY
cTpeccy.

MATEPWUAIIbl U METOAbI

B nccneposaHum wmcnonb3oBaHo B obLlen
crnoxHoctm 36 camok Kpbic Wistar-
ansbuHocoB Becom oT 260 po 280
rpamMMoB. JKCnepuMeHTasrnbHbIE€ XUBOTHbIE
Gbinn pasgeneHbl Ha 3 rpynnbl: 300poBbIe
(HG), ctpecc-koHTponb (STC), ctpecc +
METUPO3NH Metyrosine(STMS). angs
CO3[aHnst MNCUXONOrM4yeckoro crpecca Yy
XMBOTHbIX B HacTosiLee BpeMSA LUMPOKO
ncnosnb3yeTcs N3BECTHbIN mMeToq
NpUHyanTensHon nmmobunusauumn (MIn)
[10]. [Ona npoBegeHust aKcnepuMeHTa
XMBOTHbIM B rpynne (STMS) (n=12)
BBOAMUSICA MeTUPO3nH (50 mr/kr 2 pasa B
O€EHb) B XKenygok 4Yepe3  30HA.
OncTunnupoBaHHyo Body MPUMEHANN B
ToM xe obbeme (0,5 mn) B kadecTBe
pactBoputena rpynnam xuBotHbix 31 HG
(n=12) n STC (n=12). Yepes 4ac nocne
BBEJEHWs npenapaToB BCEX XMBOTHbIX
(kpome HG) nomeLyanu B nonoxeHue nexa
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Ha cnuHe, CBA3bIBas Nnanbl U nogsepranmu
cTpeccy, yaepXunsasi B 3TOM MOSOXEHUN B
TeyeHme 1 yvaca. 3Ty npoueaypy
NOBTOPSANN OOUH pa3 B AeHb B TedeHune 30
AHen. B koHUe aToro nepuoga wecTb (N=6)
KPbIC M3 KaXXAOW rpynmnbl YMEPLUBASNM C
MOMOLLIbIO aHeCcTe3nn BbICOKOM [03bl U
n3Bnekann UX SIMMHUKWU, TKaHb SIMYHWUKOB
noasepranu rMcTonaTonornyeckomy
nccnegoBaHuio. OcTarnbHbIX XXUBOTHBIX (MO
6 KpbIC M3 KaXKOow rpynnbl) cogepxanu B
nabopaTopHbIX  YCMNoBUAX BMeCTe CO
B3POCNbIMU KpbiCaMU-CaMLiaMWN B TEYEHMNE
ABYX MecsiueB Ansi pasMHoxeHus. Camok
KpbIC, Y KOTOPbIX HAacTynuna 6epeMeHHOCTb
B TeYeHMe 3TUX ABYX MecsLEB, NoMeLLanm
B OTAeNbHble KMEeTKM U coaepxaTtb
NnooAnHOYKE B COOTBETCTBYHOLEN cpene.
KpbiCbl, He poavBLME B TeyeHue [OBYX
MecsueB, cuuTtanucb GecnnogHbiMn. Bce

SKCrnepmmeHTaribHble pesylibTaTbl
oueHuBanm nytemMm CpaBHEHUA MeXay
rpynnamu.

M'McTonaTtonornyeckue npoueanypbl:

TkaHn aunvHukoB cukecnposanm B 10%
pactBope dopmanMHa B TedyeHune 72
YyacoB, nocne ukcauum obpasubl TKaHEN
npombiBanu nog Bo4OMNPOBOAHOW BOOOM B
Kaccetax B TeyeHuMe 24 vacoB. 3aTem
obpasupl obpabaTbiBanu OObIYHbIM
cnuptoM (70%, 80%, 90% n 100%) ons
yaaneHus BOAbl M3 TKAHEW M Nocne 4ero
TKaHW Nponyckanu Yepes KCUnos, 3anuTbli
napacduHom. lNocne nccnegoBaHus TKaHemn
nonyyYnnn cpesbl TOMWMHON 5 MKM Ans
rMMCTONATONONMYECKON OLEHKU, 3TN Cpe3bl
oKpawmBanuM  reMaToKCUIIMHOM-303UHOM
(H&E), n TkaHn oueHMBanucb C NOMOLLbIO
cseToBOoro mukpockona (Olympus BX 51,
ANoHMs) naTonoromMm, KOTOPbIN HE WUMen
npeactaBneHnss o6 3KcnepuMeHTanbHbIX
rpynnax wW He 3Han O [MpOTOKone
NPUMEHEHHOro  neveHuns, doTorpadum
caenaHbl undgposon kamepon (Olympus
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DP 71). TaxecTb rMctonaToniormyeckoro
NOBPEXOEHNST HA KaXaoOM cpes3e TKaHu
oueHmBanace no crtenewn 0-3 (0 -
HopMarnbHoe, 1 — nerkoe nospexaeHune, 2
— cpefHee noBpexaeHne n 3 — Taxenoe
noBpexaeHue).

PE3YJIbTATDI

Kak BMOHO Ha pucyHke 2, Korga TKaHu
SANYHUKOB KOHTponbHOM rpynnbl (HG) 6binn
OLlEHEHbl  TUCTONMONNYecKn,  CTPYKTypa
KOPKOBOrO M MO3roBOro  BellecTBa
oKasanacb HopmarbHOW. Bbino 3ameyeHo,
4yTO pasBuBalomecs ONNUKYNbl UMenu
HOopMarbHOe cTpoeHue. B donnukynax
ObliM  300pOBble  Ha BWO OOUUTbI U
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rpaHynesHble knetkn. B megynnspHon
CTpoMe  Habnoganucb  KPOBEHOCHbIE
cocyAdbl  HOpManbHOro  pasmMepa MU
CTPYKTYpbl.  BbisiBneHa  agereHepauus
PONNUKYNOB, pPa3BMBAKOLLMXCH B TKaHU
andHukoB  rpynnel  STC. 3acton w
paclUMpeHne KpOBEHOCHbIX COCyaoB Bblnu

oBHapyxeHbl B 06nactu, CBA3aHHOW C
mMegynnspHon  ctpomown  (Puc.  3).
HereHepauus Habnioganacb B

pasBMBaloLNXCA PONNMKynax, KoTopblx B
TKaHu AnYHMKOB rpynnbl STMS 6bino marno.
Kpome TOro, B MO3roBoMm BeLLecTBe 6binn
OoBHapy>XeHbl pacLUMpeHHble 3acToVHble
KpoBeHOCHble cocyabl (Puc. 4).

Puc. 2. TkaHb sanvHmkoB rpynnbl (HG). DF:passuBatowwmiica ponnukyn (developing follicule),
>: Xentoe Teno (corpus luteum), KpoBeHOCHLIN cocya mo3sroBoro BewectBa (H&Ex100)

Puc. 3. TkaHb suyHukoB rpynnbl(STC). DF: passuBatowmeca donnukynbel (developing
follicule), »: gereHepauus passuBarOLLUXCA POSNUKYNOB, » @ XenTtoe Teno (corpus luteum):
pacLlMpeHHbIe U NepenofiHEHHbIE KPOBEHOCHbIE cocyabl B Mo3roBoM BellectBe (H&E x100).
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Puc. 4. TkaHb auyHukoB rpynnbl (STMS). DF: passuBatowwmecs onnukynbl (developing
follicule), »: pereHepaumsa pasBuBarOLMXca QOMMUKYNOB, >: paclUUMpPEeHHble WU
nepenosfiHeHHbIe KPOBEHOCHbIE cocyabl B Mo3roBoM Bellectse (H&E x100).

Pe3ynbTaTbl penpoAyKTUBHOIo TecTta cTpeccy wu3-3a npumeHeHus MIIA, He
Becnnoave He pa3BuMNOCb HU y OQHOMO U3 poaunu. MeTnposnH npegoTBpaTun
LLECTU XMBOTHbIX 3gopoBon rpynnbl (HG), pas3BuTMe CcTpeccoBoro 6Gecnnoamss Ha
NCMoSIb30BaHHOM ans pasBegeHus. 33,3%.

OpHako LWeCTb XUBOTHbIX, nogBeprnxca

Ta6nuua 1. BnuaHve meTnposmHa Ha cTpecc-mHayuupoBaHHoe becnnogue

pynnbl XKusoTHoe Poavsluee xumsoTtHoe P HepoausLuee
XuBoTHoe P

XMBOTHbIX  (KONMYECTBO) (konn4yecTBO) (konun4ecTBO)

HG 6 6 -

STC 6 - 6

STMS 6 2 4
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Pe3ynbTaTtbl
Tecra:
HG-100% poxpaemocTb;
STC-0% poxpnaemMocCTb;
STMS-33,3% poxaaemocTb

penpoayKTUBHOIO

OUNCKyccusa

B npaHHOM uvccnemoBaHuM  M3yyaroTcs
rmcronaTornoruyeckme N3MeHeHUs,
Bbl3BaHHbIE aKCnepuMeHTanbHbIM
CTPECCOM B TKaHSIX SIMYHUKOB KpbIC, W
oLeHMBaeTcs 3almTHOe nencTtene
MEeTUPO3nHa npoTuB BO3MOXXHOW

penpoayKTUBHOM OUCHYHKUMMK, BbI3BAHHOM
ctpeccoM. [lonyyYeHHble HaMW [OaHHble
CBMAOETENbCTBYIOT O HErAaTUBHOM BIUSIHUK
ncuxonormyeckoro crtpecca. AganTuBHas
peakuMsi Ha CTpecC BO3HMKaeT, Korga
romMeoctas opraHmsama HaxoguTca noja

yrpo3oM  uUnM  BOCMPUHUMAETCH  Kak
Haxogsawmncs nog yrposon [6]. Bo Bpemsi
cTpecca aKTUBM3UPYKTCA  afanTUBHbIE

dopMbl NoBeAeHMs, 3alumuaioLmne ocobb
M BUO, B TO BpeMs Kak Ouonornyecku
LUEeHHble npoueccsl, Takue Kak
pasMHOXeHue, MoAaBrATCS. OTa
afjanTtauusa noaaepXunBaeTcsa pasnnuyHbIMu
PoM3N0NOrMYEeCKUMU N3MEHEHUSAMN [B].

B nwutepatype Obino nokasaHo, 4TO
NMOCTOSAHHOE BO3OenNcTBue
rMNepakTMBHOCTM CUMMATUYECKUX HEPBOB
HA SMYHWKN  CMOCOBCTBYET  CYXXEHMIO
COCYAOB SINYHMKOB U UX HEAOCTaTOYHOCTMU
[7,8]. DT pasHOCTOPOHHME BO34ENCTBUS

No3BONSAOT npeanonoXuTb, 4yTO
nogasnswollee BNUAHWE CcTpecca Ha
pPenPoOLYKTUBHYIO YHKLMIO HOCUT
CUCTEMHBIN Xapakrep co

MHOXEeCTBEHHbIMN MEXaHU3MaMN.

100%

75%

50%

0%
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HG

STC

STMS

B aTtoM wuccnemoBaHuM —oOLEHMBaNochb
TepaneBTUYECKOE AENCTBME METMPO3NHA
Ha BO3MOXHYHO penpoayKTUBHYIO
ANCHYHKLMIO, BbI3BAHHYIO OKUCIUTENBHBIM
CTpPeccoM, BOCManeHneM, MoBbILLEHNEM
YPOBHS! KATEXONAMWHOB U FTOPMOHANbHbIMM
N3MEHEHUAMM, Bbl3BaHHbLIMY
3KCnepuMeHTarnbHbIM CTPECCOM.

Mpenapat MeTuposuH MHrMBmpyeT
dhepMeHT TMPO3NH rMapoKcunasy, KOTopbin
y4yacTBYyeT B CUHTE3€e KaTexoriaMMHOB, TeM
cambiM  MpegoTBpallad  npespalleHve
TMPO3WHa B Joda M CHUXask YpPOBEHb
KaTexonamuHoB. Bnarogaps aToMy
ahpekTy, Kak bbINo nokasaHo, CHWXaeTcs
OKUCNUTENbHbIA CTPecc W BOCNaneHue B
pasnuyHbiX TkaHax [9,10]. Omup wu
coaBTopbl  (2025)  coobwwmnu,  4TO
METUPO3UH CHMXaeT KapOUOTOKCUYHOCTb,
BbI3BAHHYIO MeTUNEHNJAaTOM, CHUXaeT
ypoBHn MDA, ADR, NDR, DOP wu
nosbiwaeT ypoBHM tGSH [9]. AHanormyHble
pesynbTaTtbl OblNM  MOMy4YeHbl Takke B
MoZensx uwemuun/penepdysnn xenyaka un
anyHukos [10].

Tonbko AOBa
METUPO3UH -

XMBOTHbIX,  MONYyYaBLUMX
(33%), nokasanmu
NnoaoBUTOCTb B TecTe Ha
pPenpoayKTMBHOCTb.  OTU  pe3ynbTaThbl
CBMAOETENLCTBYIOT O TOM, 4YTO BNUSHWUE
METMPO3NHa Ha epTUNBHOCTL
orpaHunyeHo. o HawuMm gaHHbIM, CTpecc
BbI3blBan OereHepaTtuBHbIE N3MEHEHUS B



Babayeva M.Y., Hiiseynova G.A., Kazimova A.U., Haciyeva S.i. ATU Jurnali

TKaHM SMYHUKOB, HAabN4anNUCb 3aCTONHbIE
SIBMEHNUST W paclUMpPeHne KPOBEHOCHbIX
COCyq0B. AN BbIBOAbI Takke
NnoaTBEPXAAKTCS mMarepuanamm
HEKOTOpbIX MCCreoBaHUW B nuTepaType.

Hanpumep, Chukwuebuka wun coaBTOpbI
(2020) coobLwmnu o} KNeTo4YHOM
aereHepaumu, KPOBOU3NUAHUSX,
NHpMNbTPaL MK BOCManNUTENbHbIMU

KneTkamu U CHUXEHUM Yncna onnnkynoB
B TKaHAX SAMYHWKOB KpbIC, MOABEPriimxcs
ctpeccy [11]. AHanorumyHoim obGpasom,
aereHepaumsa onnuKynoB U COCyauUCTbIN
3acTou ObInNK 3aperMcTpupoBaHbl B Mogenmn
nekapcTBeHHO-UHAYLMPOBAHHOIO
NoBpeXOeHNs SANYHUKOB, MNpPU  KOTOPOM
YPOBHWN KOPTMKOCTEPOHA OblNN BbICOKMMMU
[12].

B Hawem nccnegoBaHmm GbINO OTMEYEHO,

ytTo B rpynne MeTuMpo3uMHa  Oblifo
[OCTUTHYTO YacTU4Hoe ynydLieHvue
CTPYKTYpPbl TKAHU SUYHMKOB.
3AKITIOYEHUE

B paHHOM uvccnegoBaHUM OLIEHMBANOCh
HeraTMBHOE BNUSHUE MCUXONOrNYEcKoro
cTpecca Ha penpoaykTMBHblE OYHKLMM

KpbIC, a Takke n3yyanacob
TepaneBTMYeckasi poSfib MeTUpPO3nHa B
OTHOLLEHUN 3TUX HeraTMBHbIX
nocneacTeun. PesynbtaTbl UccrnegoBaHus
nokasanw, YyTO  CTpecCc  BbI3blBaeT
CTPYKTYPHbIE n yHKUMOHANbHbIE
HapyLleHus B TKaHAX ANYHUNKOB
BCrNeACTBME  OKUCIUTENBHOrO  CTpecca,
BOCNaneHns N  U3MEHEHUN  YPOBHS
rOPMOHOB. B TO BpeMs Kak
penpPoOAyKTUBHbIE TEeCTbl MOKa3anu, 4To
ctpecc  asnsetca  npudmHon  100%
6ecnnoawus, neyexve METUPO3NHOM
obecneunno bonee OrpaHUYEHHYH0
3awunTy.
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STRESS NOTICOSIND® YARANAN SONSUZLUGUN PATOFIZIOLOJI ASPEKTL®ORI,
METIROZININ ROLU

Babayeva M.Y. ", Hiiseynova G.A2%, Kazimova A.U?, Haciyeva S.I.3, Yaqubov K.M.?
1. Azerbaycan Tibb Universiteti, Daxili Xostoaliklor Kafedrasi 2

2. Farmakologiya kafedrasi, Baki, Azerbaycan

3. Patoloji fiziologiya kafedrasi, Baki, Azerbaycan
E-mail:dr.babayevamansura@gmail.com

Xiilaso

Stress, monfi amillere maruz qaldiqgda, badanin homeostazi saxlamaga yonealmis  adaptiv
reaksiyasidir, hansi ki, Hipotalamus-hipofiz-adrenal va simpatik-adrenal sistemlari aktiviesdirmakla
alde edilir. Bu sistemlarin uzun muddat stimullasdiriimasi psixosomatik ve reproduktiv pozgunluglara
sabab ola bilar. Psixoloji stress, xUsusile gadinlarda mahsuldarliga manfi tasir gosterir ve sonsuzluga
sobab ola biler. Eksperimental stressin sigovullarda yumurtaliglarin potensial zedelanmasina tasirini
arasdiran tadgigatimizda katexolaminlerin sintezinda istirak edan tirozin fermenti, tirozin hidroksilazi
inhiba edan bir derman olan Metirozindan istifade etdik. Tedris materiallari vo metodlari, eksperimental
gruplar ve alda edilon naticaler atrafli mizakirs olunur.

Acar sozler: Stress, sonsuzluq, patofiziologiya, metirozin, yumurtaliglar
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PATHOPHYSIOLOGICAL ASPECTS OF STRESS-INDUCED INFERTILITY, THE ROLE
OF METYROSINE

Babayeva M.Y"., Huseynova G.A.?2 Kazimova A.U 2, Haciyeva S.I 3., Yagubov K.M.?
1. Azerbaijan Medical University, Department of Internal Medicine 2

2. Department of Pharmacology, Baku, Azerbaijan

3. Department of Pathological Physiology, Baku, Azerbaijan
E-mail:dr.babayevamansura@gmail.com

Abstract

Stress is the body's adaptive response aimed at maintaining homeostasis when exposed to adverse
factors. It is achieved by activating the hypothalamic-pituitary-adrenal and sympathetic-adrenal
systems. Prolonged stimulation of these systems can cause psychosomatic and reproductive
disorders. Psychological stress negatively impacts fertility, especially in women, and can lead to
infertility.In our study examining the effects of experimental stress on potential ovarian damage in rats,
we used Metyrosine, a drug that inhibits the tyrosine enzyme, tyrosine hydroxylase, which is involved
in the synthesis of

catecholamines. The study materials and methods, experimental groups, and results
obtained are discussed in detail.

Key words: Stress, infertility, pathophysiology, metyrosine, ovaries.
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MUXTOLIF TiP HOCEYROLORD® “SUMAX MEYVOSINDON ALINMIS
EKSTRAKTIN” MUTAGEN SLEYHIN® AKTIVLIYi

Quliyev M.1.", 8liyarbeyova A.8.", Quliyeva N.T."

Xiilaso

Magsad siini mutagen maddalerin (metilnitrozoquanidin - MNNQ) tesiri altinda, “sumax meyvasinden
alinmis ekstrakt”in modifikator qabiliyyetini misyyenlasdirmak ve an effektiv dozasini tize ¢ixarmaqdir.
Tacrubaler bir-birindan fargli hiiceyraler tUzarinds apariimisdi: ag cins olmayan (28 haftalik) sicovullarin
bud sumuyd iliyinin hlceyreleri ve saglam donordan alinmis insanin periferik qan limfositleri.
Metilnitrozoquanidinin - MNNQ tasiri altinda, “sumax meyvasindan alinmis ekstrakt’in modifikator
gabiliyyatinin an effektiv dozasi uygun olaraq 0,3mqg/100q vae 0,01 mkg/ml dozasI olmusdu.

Acar soézlar: metilnitrozoquanidin, Antimutagen, sumax meyvasinden alinmis ekstrakt, Antimutagen

aktivlik, Stni mutagen, Tabii antimutagen madda.

Girig

Artiq bir esre yaxin muddatdir ki, mitagen
va kanserogen maddalarin zarerli tasirina
garsi muqgavimat gostermak qabiliyati olan
maddalerin axtarisi davam edir. Bu
istigamatde ham  bitki mansali tabii
maddalarin, ham de suni maddalerin
axtarisina xususi diqqgat yetirilir. Baxilan
problemi aradan galdirmaq acun
gaunvericilik tedbirleri il yanasi, asas

Yazigma li¢iin alage:

Quliyev M.I.", Sliyarbayova A.8.", Quliyeva N.T."

1. Azarbaycan Tibb Universiteti, Sitologiya, embriologiya
va histologiya kafedrasi, Baki, Azarbaycan

E-mail: mahir-quliyev-65@mail.ru

AZORBAYCAN TIiBB
UNIVERSITETININ JURNALI

istigamatlerdan biride atraf muhit amillarinin
mutagen ve kanserogen tazyiqini aradan
galdirmaq qabiliyyeti olan mutasiya
proseslarinin korrektorlarinin axtarisidi.

Bu tadgigatda qgarsiya qgoydugumuz
maqgsad suUni mutagen maddalarin tesiri
altinda, “sumax meyvasindan alinmis
ekstrakt’in modifikator gabiliyyatini
muayyanlasdirmak ve an effektiv dozasini
Uze cixarmaqdir. Bunun ugln ekstraktin
genis diapazon sulu dozalari 0,001; 0,01;
0,1; 1,0; 10; 100 goturalmusda.

Sumax bitkisinin segilmasi respublikamizda
bu bitki kulturasinin genis yayilmasi ile
sortlonir va har seydan avval ise muxtalif
amillerin zadslayici tesirine qarsi irsiyyst
davamliligini temin etmaya, hamginin DNT
strukturunda yaranmis ilkin zedalenmalari

© ATUJ and The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to theoriginal author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of thislicence, visit http:/creativecommons.org/licenses/by/4.0/.
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aradan qaldirmaga potensial gabil olan,
coxlu metabolitleri 6z tarkibinde saxlamasi
ile alagadardi.

Material vo metodlar

1. Tedqigat obyektleri. Tacrubaslar bir-
birinden  fargli  huceyraler  Uzerinde
aparilmisdi: ag cins olmayan (28 haftalik)
sigovullarin bud sumuya iliyinin huceyraleri
(cedvel 1) va saglam donordan alinmig
yuksak inkisaf saviyyasinda olan insanin
periferik qan limfositlari (cadval 2).

2. Mutagen madda. Genomun
muhafizasinin effektivlik giymatini misyyan
etmak Ugun goturduyimuz mutagen madda
MNNQ (metilnitrozoquanidin) tebistins,
tipine, irsi substratlarla qgarsiligh tesir
mexanizmina, hamg¢inin DNT molekulunda
yaratdiglar ilkin zedslanmalera gore diger
mutagen maddalardan farglenir.

Duzuna tipli tasire malik mutagen madde
olan “Metilnitrozoquanidin® mono- va
polifunksional alkillesdirici birlesma olub,
baslangic formada DNT — hadafle qarsiligli
tosirda olur. Tacrubaslerdas model
mutagenin segilmasi zamani, hamginin
onlarin DNT molekulunda amala gatirdikleri
ilkin zadalanmea tiplarinin spektri de nazars
alinmigdir. Bela ki, MNNQ alkil gruplarinin
donoru olaraq, alkillegmis nukleotidler tipli
ilkin zadalenmalari emala gatirir.

3. Analiz tGsullari.

_nx100%,
a). M= P
baci xromatid mubadilasi. N = Oyrenilmig
batin hdceyraler.

M = mutasiya tezliyi. n =

_ M2-M1 ) _
td—\/im td - kanarlanma. M1
kontrol variantin mutasiya tezliyi. Mo-

taclrbi variantin mutasiya tezliyi. ms? —
kontrol variantin sshvi, m2?  -tecribi
variantin sahvi. m - sahv. P —daqiglik farqi.
AEF= - —
effektlik faktoru. i - ilkin mutasiya gostaricisi,

AEF — mutagen saleyhina

(2026) 01:04
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c - ilkin mutasiya goéstericisina gora sonraki
modifikasiya olunmus mutasiya saviyyasi.

b). Umumi gabul olunmus anafaza Usulu il

laboratoriya heyvanlarinin  simuk iliyi
hlceyralarindo Xromosom
aberrasiyalarinin tezliyinin analizi.

c). Metafaza Usulu ils insanin periferik gqan
limfositlarinin ilkin kulturalarinda xromosom
qurulusunun dayisilmasi tezliyinin analizi.

Mutasiya prosesi modifikatorunun aktivlik
derscesi, AEF= I[-C/C avvalinci ve
avvalinciyo gora modifikasiya olunmus
mutasiya seaviyyalaeri arasinda farqi ilkin
gOstariciya bolarak tapiimisdi.

Laboratoriya heyvanlarinda aparilan
tecrubalerde ag cins olmayan cinsi
yetiskanliya catmis sicovullara (badan

¢okisi 160+10qgr olan) 5 gun erzinds ayri-
ayri variantlara har gun xususi kanyula ile
bilavasite madasina, sumax meyvasindan
alinmig ekstraktin baden ¢oakisine 0,1mq-
dan 0,5 mqg/100 gr gadar olan son dozalari
verilib. Ekstraktin son porsiyasi verildikdan
bir sutka sonra ele hamin Usulla her
varianta kimyevi mutagen —-MNNQ (3
mq/100qr) verilib.

Ekstraktin yoxlanilmasinda tecrubi model
kimi saglam donor insanlarin periferik gan
limfositlerinin ilkin kulturasindan istifada
olunub. Bunun dcgun jelatinle ¢okdurulmus
gan (1ml jelatin +10 ml qgan), tarkibi (1:3)
nisbatinde heparinlesmis plazma (0,1 ml
hazir “Rixter” heparin mahlulu + 10 ml
donor gant), hazir kultural mahit (199 Ne-li
muhit — 3 hisse + laktalbumin hidrolizati — 1
hissa + iribuynuzlu heyvanlarin zardabi — 1
hissa, + hemaaglyutinasiya reaksiyasinin
toradicisi olan fitogemaqqglyutinin (FQA)
(Welcome - 0.1 ml/10 ml qgarigigi) olan
garisiq hazirlanib. Bu sekilda hazirlanmis
garisigi 5 saat 37° C temperaturda
saxladigdan sonra ekstraktin 0,001-den 10
mkg/ml-e qader diapozonlu dozalari, 17
saatdan sonra ise tecrubi hissaler olan
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flakonlarin mahitlerine 2 saat muddatinda
MNNQ (5mkg/ml) alave edilib. Bir saat
kecdikden sonra har iki variantdaki muhit
teze standart muhitle evez olunub.
Kulturanin inkisafinin 24 saatinda tecribi
va kontrol flakonlarin hamisina son dozasi
10mkg/ml olan 5 bromdezoksiuridin daxil
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olunub Vo termostata goyulub.
Kultivasiyanin  72-ci saatinda fiksasiya
edilerak, xromosom aberrasiyalarinin tezliyi
ve xromatidlerin differensial renglanma
Usulundan istifade etmakls hazirlanmis
preparatlarda baci xromatid mubadilasi
tezliyi analiz edilib.

Cadval 1. Ag cins olmayan sigovullarin bud sumuydii iliyinin hiiceyralarinde sumax meyvasindan

alinmig ekstraktin mutagen alehina aktivliyi

Tacriib | Ekstrakt | Oyre | Xromosom Td P
] In nil- aberrasiyalarini
« | variant! | dozalar | mis | n tezliyi Kontrol | Muta- | Kontrol | Muta- | AEF
= | an mq/100 | bitin agobro | gens agobro | gens
% q varia | N Mzm gore gore
§ nt-lar.
Kontrol 0 903 20 2,21 - - - - -
0,49
MNNQ |0 859 97 |11,29 £ 7,69 <0,001 | - -
1,08
0,1 911 74 | 8,12 t|5,74 2,25 <0,001 |<0,05 |0,28
0,90
Sumax
ekstrak | 0,2 905 61 | 6,74 (4,72 3,35 <0,001 | <0,001 | 0,40
ti 0,83
+ 0,3 868 37 | 4,26 244 5,49 <0,05 <0,001 | 0,62
-_g 0,69
< | MNNQ
g 0,4 884 52 | 5,88 3,94 4,04 <0,001 | <0,001 | 0,48
Q 0,79
o
E 0,5 896 64 | 7,14 4,98 3,01 <0,001 |<0,01 |0,37
g 0,86

Cadval 2. insanin periferik qan limfositlarinin ilkin toxumasinda sumax meyvasinden alinmis

ekstraktin mutagen aleyhina aktivliyi

Eks- | Xromoso | td P
trakt | m

_®|In aberrasi

2 *g doz | yalari-

[

© ' | asi

(‘D )

= S

Baci td P
xromati
AE d AE
F | mibadi F
lasi
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mq/ | nin Ko | Muta | Kon | Mut Kont | Mut | Kon | Mut
100 | tezliyi nt- | ge- trol | age BXM ro-la | age |tro- | age
q rol | ne a na . gbra | na la no
M+m . ; . hicers . ; .
a gore | gor | gor .. gore | gor | gor
R ya gora
gor ) ) ) )
)
0 1,83 - - - - - 517 |- - - - -
Kont +0,49 0,71
rol
MNN | O 10,67 |70 |- <0, |- - 14,42 + | 5,05 | - <0, |- -
Q 1,15 7 001 1,69 001
0,00 1491 +(41 (450 | <0, |<0, |05 |79 +|236 |3,33 |<0, <0, {04
1 0,56 6 001 | 001 | 4 0,95 05 | 001 |5
Sum | 0,01 [ 3,77 |27 548 |>0, |<0, (0,6 | 7,05 £ |1,72 | 3,92 | >0, | <0, | 0,5
ax 0,52 3 01 001 |5 0,83 05 | 001 |1
ekstr F01 (519 |44 |425 | <0, | <0, |05 |834 = |278 | 318 | <0, | <0, |04
akti 0,58 2 001 | 001 | 1 0,89 01 01 2
+ 1,0 |644 +|51 (309 |<0, |<0, |04 |961 +|361|244 |<0, |<0, |0,3
7 1 1 1,01 1 4
MNN 0,75 8 00 0 0 ,0 00 05
Q 10 788 +(6,1 1196 |<0, |<0, [0,2 |11,01+£|4,36 | 1,67 | <0, |<0, |-
0,84 4 001 | 05 6 1,14 001 | 05
Miizakira va yekun Cadval 2-de musahide edilan naticaler
Cadval 1-de goriindilyl kimi ag cins gostardiki, sumax meyvasindan alinmig

olmayan sicovullarla aparilan tecrubslarde
Sumax meyvasindan alinmis ekstrakt,
duzuna tipli mutagen tasire malik mutagen
olan metilnitrozoquanoidin muhtinda
aprobasiya edilib. Sicovulun  badan
¢okisina 0,3 mg/100qgr dozali ekstrakt alava
edildikde daha yuksak effektivlikle MNNQ
vasitesilo heyvanlarin bud sumaya iliyi
hiceyralarinda yaradilmig gen
mutasiyalarinin  tezliyini asagir salir.
“Mutagen aleyhina effektlik faktoru” 0,62
olmusdu. Hamginin 0,3-den kanar dozalar
haddinde da (0,1-0,5 mq/100q) muxtalif
effektlikle geyd edilen  xromosom
aberrasiyasi tezliyini azaldir.
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ekstrakt 0,001-den 1,0 mkg/ml diapazon
dozada  “xromosom  aberrasiyalarinin
tezliyini” ve “baci xromatid mubadilasinin”
amala gelmasinin qarsisini alir. Mutagen
aleyhina on yuksak effektlik iso ekstraktin
0,01mkg/ml dozasi olmusdur. Xromosom
aberrasiyalarinin tezliyi Oyrenilean zaman
‘mutagen saleyhina effektlik faktoru” 0,65,
baci xromatid mubadilasi dyrenilen zaman
isea AEF-0,51 olub.
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correlation between antimutagenic activity and

ANTIMUTAGENIC ACTIVITY OF “SUMAC FRUIT EXTRACT” IN VARIOUS CELL TYPES

Guliyev M.1.", Aliyarbeyova A.A.", Guliyeva N.T.'
1. Azerbaijan Medical University, Department of Cytology, Embryology and Histology, Baku

Abstract

The aim of the research were to determine the modifying capacity of “sumac fruit extract” under the
influence of artificial mutagens (methylnitrosoguanidine - MNG) and to reveal the most effective dose.
The experiments were conducted on different cells: marrow cells of femoral bone of white outbreeding
rats (28-week-old) and human peripheral blood lymphocytes from a healthy donor. Result of the study
revealed the most effective dose of the modifying capacity of “sumac fruit extract” under the influence
of methylnitrosoguanidine - MNG was 0.3 mg/100 g and 0.01 pg/ml, respectively.

Keywords: methylnitrosoguanidin, Antimutagen, Sumac fruit extract, Antimutagenic activity, Artificial
mutagenesis, Natural antimutagenic substances
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AHTUMYTAIEHHAS AKTUBHOCTb 3KCTPAKTA I171040B CYMAXA B PA3JIN4YHbIX
TUIMAX KITIETOK.

Iynues M.U'., Anusipbexosa A.A’., M'ynuesa H.T.'

1. AsepbatioxaHckuli MeduuuHckul YHusepcumem, kaghedpa yumornoauu, smépuonoauu u
aucmoyioeuu, baky

Pe3lome

Llenbto nccnepoBaHvs Obino onpegeneHne Moavduumpyrollern cnocobHOCTU JKCTpakTa MnoaoB
cymaxa nof BO3OENCTBMEM WCKYCCTBEHHbIX MyTareHoB (MeTunHuTposoryaHugmHa — MHI) nu
BblsiBieHMe Hanbonee ahpekTUBHON A03bl. KCNEPUMEHTLI MPOBOAUINCE HA Pa3fMYHbLIX KreTkax:
KneTkax KOCTHOro mosra 6egpeHHon koctu 6Genbix 6ecnopogHbix Kpbic (Bo3pacTt 28 Hepenb) u
numMmgoumTax nepmdepmnyeckon KpoBmn YenoBseka oT 340POBOro AoHopa. B pesynbTarte nccnegoBaHus
BbISIBIEHO, YTO Hambonee achdeKkTMBHas Ao3a moandmumpytowen cnocobHOCTU SKCTpakTa MNoaoB
cymaxa nof BO3genctemem MeTtunHutposoryaHnguHa — MHIC coctaeuna 0,3 mr/100 r 1 0,01 mkr/mn
COOTBETCTBEHHO.

KnioueBble cnoBa: MEeTUIHUTPO3oryaHnauH, aHTUMYyTareH, OKCTpaKT nnoaos CymMaxa,
aHTUMyTareHHasa akTMuBHOCTb, MCKyCCTBeHHbIVI MyTareHes, npmpogHble aHTUMyTareHHble BeLleCcTBa.
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IN SILICO DESIGN, ANTIBACTERIAL AND ANTIFUNGAL EVALUATION OF
TRITERPENOID GLYCOSIDE SAPOLIDE FROM SAPONARIA OFFICINALIS L.

Ashurova L'., Sasmakov S'., Ramazonov N'., Aliyeva Sh2., Garaev E. 2

Abstract

The aqueous and chloroform fractions of the methanolic extract obtained from the aerial parts of
Saponaria officinalis L. were evaluated for their antibacterial and antifungal activities. The aqueous
fraction exhibited the highest antibacterial activity, with inhibition zones measuring 12 mm against
Bacillus subtilis, 13 mm against Staphylococcus aureus, 18 mm against Escherichia coli, and 14 mm
against Pseudomonas aeruginosa. In silico PASS predictions indicated that sapolide, a major
constituent, possesses high probabilities of biological activity, including 92.4% for general
antineoplastic effects, 88.7% for pro-apoptotic activity, and 85.4% for antineoplastic activity against
lung cancer. Pharmacokinetic analysis revealed that sapolide complies with Lipinski's “rule of five,”
shows good oral bioavailability, and meets the criteria for drug-likeness. Molecular docking analysis
revealed that sapolide binds to Aurora B kinase with binding energies ranging from —10.7 to -7.4
kcal/mol, and to the Pregnane X Receptor with energies from —8.8 to —7.5 kcal/mol. These
interactions suggest stable and specific binding, with the sapolide—Aurora B kinase complex, in
particular, supporting its potential as a novel inhibitor of this enzyme with antitumor activity. In
summary, these findings highlight sapolide as a promising bioactive natural compound with both
antimicrobial effects and significant therapeutic potential in oncology.

Keywords: Saponaria officinalis L., sapolide, in silico, molecular docking

INTRODUCTION have led to the isolation of various
The genus Saponaria (Caryophyllaceae) metabolites, including carbohydrates and
comprises about 40 species distributed triterpenoid ~ glycosides  such  as
across the temperate regions of Eurasia, saponazides [2] and saponariosides A-M
with a center of diversity in the [3-5] together with four aglycones:
Mediterranean area [1]. Six species are hederagenin, hydroxyhederagenin,
endemic to the territory of Uzbekistan. gypsogenin, and quillaic acid [6]. In
Among them, Saponaria officinalis L. is addition, the leaves of S. officinalis contain
particularly notable for its exceptionally alkaloids, ascorbic acid, and flavonoids
high saponin content, which constitutes such as vitexin, saponarin, and
20-35% of the root dry mass. saponaretin [7,8]. In traditional medicine,
Phytochemical investigations of its roots decoctions and infusions prepared from

the roots and leaves of S. officinalis have

© ATUJ and The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission
AZORBAYCAN TiBB directly from the copyright holder. To view a copy of thislicence, visit http://creativecommons.org/licenses/by/4.0/.
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long been employed for the treatment of

respiratory  diseases,  gastrointestinal
disorders, rheumatism, polyarthritis,
psoriasis, lichen planus, eczema, and
prostate  adenoma [9,10]. Recent

phytochemical studies of the aerial parts of
S. officinalis growing in Uzbekistan
resulted in the isolation of a new natural
saponin, sapolide [11]. This compound had
previously only been obtained synthetically
through acid hydrolysis of albigenic acid
[12]. In modern pharmaceutical research,
computer-aided drug design (CADD) has
become an essential tool for the discovery
of new therapeutic agents with improved
efficacy and safety profiles [14]. Among the
most widely applied strategies are
structure-based drug design (SBDD) and
ligand-based drug design (LBDD), which
allow the evaluation of biological activity,
toxicity, physicochemical parameters, and
pharmacokinetic properties of candidate
molecules [15].

The present study we evaluate the
antibacterial and antifungal activities of
extracts and fractions from S. officinalis
and perform an in silico investigation of
sapolide, focusing on its predicted
biological  activity, safety, solubility,
bioavailability, pharmacokinetics, and drug-
likeness.

Yazigma ligiin alaqa:

Ashurova L'., Sasmakov S'., Ramazonov N*., Aliyeva
Sh2,, Garaev E. 2

1 S.Yu. Yunusov Institute of the Chemistry of Plant Substances
AS RUz, Tashkent, Uzbekistan,
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2 AsepbanpxaHcknii MeguumHckun YuueepcuteT, bBaky,
AszepbangxaH
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MATERIALS AND METHODS
Plant material. The aerial parts of
Saponaria officinalis were used in this
study. The plant material was collected in
July 2020 during the full flowering stage in
the Yunusabad district of Tashkent,
Uzbekistan. The samples were air-dried,
packed in paper bags, and stored in a
cool, dark place until further use.

Extraction and isolation. The powdered
air-dried aerial parts of the plant (1 kg)
were extracted five times with methanol at
room temperature. After vacuum
evaporation, a crude extract (445 g) was
obtained, which was suspended in water
(5 L) and successively fractionated with
chloroform, ethyl acetate, and n-butanol.
The n-butanol extract (120 g) was
chromatographed on a silica gel column
(0.03—-0.200 mm) using a gradient solvent
system of CHCI;—CH3;OH (1:0 — 0:1),
yielding four fractions (A-D). Fraction 1 (56
g) was rechromatographed on silica gel
(0.040-0.063 mm) with a gradient system
of CHCI;—CH3;0H (50:1 — 0:1), resulting in
ten subfractions (A1.1—-A1.10). Subfraction
A1.1-5-6 (48 mg) was further purified by
preparative TLC (CHCI;—CH;0H, 40:1),
affording pure sapolide (20 mg). The yield
was 0.002% relative to the air-dried plant
material.

Determination of antimicrobial activity.
The fractions of the methanolic extract of
Saponaria officinalis were evaluated for
antibacterial and antifungal activities using
a modified agar diffusion method [13].

In silico analysis of sapolide. The
biological activity of sapolide was
evaluated using the PASS Online,

SwissADME, and SwissTarget programs.
PASS Online (https://www.way2drug.com)
was used to predict the biological activity
of sapolide based on structure—activity
relationship analysis [16].



mailto:eldargar@mail.ru
https://www.way2drug.com/

Asurova L.,Sasmakov S.,Ramazonov N.,Bliyeva S. ATU Jurnali

SwissADME (SIB,
WWW.expasy.org/resources/swissadme)
was used to evaluate the physicochemical

properties, solubility, bioavailability, and
pharmacokinetic parameters.
SwissTarget (SIB,

www.expasy.org/resources/swisstargetpre
diction) was used to predict potential
protein targets.

Molecular docking was performed using
AutoDock  Vina 4.3, which was
downloaded from the official website
(www.scripps.edu). The AutoDock tools
were used to generate the PDBQT file. All
docking calculations were carried out with
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the AutoDock Vina 4.3 software package in
combination with auxiliary tools AutoDock
Tools and PyMOL.

The crystalline structures of
macromolecules were obtained from the
RCSB Protein Data Bank

(www.rcsb.org/pdb/). All calculations were
performed in AutoDock Vina 4.3 using
AutoDock Tools and PyMOL.

RESULTS AND DISCUSSION
Determination of antimicrobial and
antifungal activity. The results of the
antimicrobial  activity of  Saponaria
officinalis extracts are presented in Table
1.

Table 1. Antimicrobial and antifungal activity of the fractions of the methanolic extract of

Saponaria officinalis

Samples B. subtilis S. aureus E. coli P i C. albicans

aeruginosa
S. officinalis
(aqueous 12.0440.10 13.08+0.12 | 18.08+0.12 | 14.12+0.13 NA
fraction)
S. officinalis
(chloroform 7.04+0.10 6.08+0.12 6.08+0.12 7.12+0.13 NA
fraction)
Ampicillin (10 | oo 141010 | 27.08:0.12 | NT NT NT
Mg/disc)
Ceftriaxone | - NT 26.08:0.12 | 28.12+0.13 | NT
(30 pg/disc)
Fluconazole

+

(25 pg/disc) NT NT NT NT 30.04+0.10
*NA — not active; NT — not tested
The results (Table 1) showed that the Escherichia coli, and 14 mm for

tested extracts inhibited the growth of both
Gram-positive and Gram-negative
bacterial test strains. The aqueous fraction
exhibited the highest antibacterial activity,
with inhibition zones measuring 12 mm for
Bacillus subtilis, 13 mm for
Staphylococcus aureus, 18 mm for
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Pseudomonas aeruginosa.

In silico study of sapolide. The in silico
predictions of the biological activity of
sapolide were obtained using the PASS
Online program by inputting the chemical
structure of the compound. The results
were considered within
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Table 2. Predicted biological activity of the compound sapolide — Pa (0.001-100)

Pa Pi Biological activity Chemical formula of sapolide

0,924 | 0,005 Antineoplastic

0,887 | 0,005 Apoptosis agonist

0,854 | 0,004 Antineoplastic (lung cancer)

0,854 | 0,004 Caspase 3 stimulant

0,841 | 0,002 Transcription factor NF kappa B
stimulant

0,841 | 0,002 Transcription factor stimulant

0,827 | 0,003 Chemopreventive

0,803 | 0,003 Nitric oxide antagonist

0,797 | 0,002 Caspase 8 stimulant

0,753 | 0,005 Phosphatase inhibitor

0,651 | 0,009 Hepatoprotectant

According to the predictions of the PASS
Online service (Table 1), the compound
sapolide demonstrated the  highest
probabilities of activity: 0.924 (92.4%) for
antineoplastic activity, 0.887 (88.7%) for
apoptosis agonist properties, and 0.854

Table 3.

Predicted parameters (physicochemical

(85.4%) for antineoplastic (lung cancer)
activity.

The prediction of physicochemical
properties, pharmacokinetic parameters,
and drug-likeness indicators of sapolide
was carried out using the SwissADME
program (Table3).

properties, solubility, pharmacokinetic

characteristics, and drug-likeness) of sapolide according to the SwissADME program

Physicochemical Water Solubility

Properties

Name Log S (ESOL) -6.33

Formula C30H4605 Solubility 2.27e-04 mg/ml ;
4.66e-07 mol/l

Molecular weight 486.68 g/mol Class Poorly soluble

Num. heavy atoms 35 Log S (Ali) -7.14

Num. arom. heavy atoms 0 Solubility 3.50e-05 mg/ml ;
7.19e-08 mol/l

Fraction Csp3 0.93 Class Poorly soluble

Num. rotatable bonds 1 Log S (SILICOS-IT) | -5.61

Num. H-bond acceptors 5 Solubility 1.19e-03 mg/ml ;
2.45e-06 mol/l

Num. H-bond donors 2 Class Moderately soluble

Molar Refractivity 135.93 Pharmacokinetics

TPSA 83.83 A2 Gl absorption High

Lipophilicity BBB permeant No

Log Po/w (iLOGP) 3.28 P-gp substrate Yes
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Log Po/w (XLOGP3) 5.62 CYP1AZ2 inhibitor No
Log Po/w (WLOGP) 5.06 CYP2C19 inhibitor No
Log Po/w (MLOGP) 4.14 CYP2C9 inhibitor No
Log Po/w (SILICOS-IT) 5.13 CYP2D6 inhibitor No
Consensus Log Po/w 4.65 CYP3A4 inhibitor No
Druglikeness Log Kp (skin | -5.28 cm/s
permeation)
Lipinski Yes; 0 violation
Ghose No; 3 violations:
MW>480, MR>130,
#atoms>70
Veber Yes
Egan Yes
Muegge No; 1 violation:
XLOGP3>5
Bioavailability Score 0.55

Based on the results obtained using the
SwissADME program (Table 2), it can be
predicted that sapolide meets the
pharmacokinetic  criteria (absorption,
distribution, metabolism, and excretion) as
well as the physicochemical requirements
(no more than five hydrogen bond donors,
ten hydrogen bond acceptors, and a
molecular weight not exceeding 500 Da,
among others) defined by Lipinski’s “Rule
of Five.” The compound demonstrates

33.3%

13.2%

6.7%

B oOxidoreductase M Kinase

Enzyme
Cytochrome P4.50

Figure 1. Biological targets of sapolide (%)

As shown in Figure 1, the results obtained
from the SwissTarget program predict that
sapolide interacts with macromolecules in
the following order: oxidoreductases

MHudlear receptor
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good bioavailability and satisfies the
criteria for drug-likeness. The SwissTarget
program compares the chemical structure
of the studied compound with a database
of known molecules and predicts similar
interactions based on this comparison.
Using the SwissTarget program, various
macromolecules that may serve as
potential biological targets for sapolide
were predicted (Figure 1).

13.3%
6.7%
G.7%
20.0%

B Phosphatase
Family & G protein-coupled recepior

(6.7%), kinases (13.3%),
(33.3%), and so on.

phosphatases
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Molecular docking. Using AutoDock Vina
4.3, molecular docking was performed to
predict the binding mode and affinity of the
sapolide ligand to the biological targets—
macromolecules identified with  the
SwissTarget program. AutoDock Vina 4.3

PRO
D:863
LEU
D:865
GLN PRO PRO
D:858 D:862 A:337
° ARG
A:l139
= HIS
ILE A:l133
D:855 D:859 fl 1
PHE —
A:l101 é A Y
TYR SER
A1S6  ATSS L8O A8 HIS
: A:l134
LE PRO
. Alal Lys A
Aprl{g)a A:210 A215 A:135
GLY
A:209
Interactions
:I wan der VWaals :I Conven tional Hydrogen Bond
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predicts the optimal spatial orientation of
the ligand and calculates the interaction
energy between
macromolecule.

Aurora B Kinase (PDB code: 4AF3)

the ligand and the

Figure 2. Molecular docking representation of sapolide with Aurora B kinase (2D — left, 3D — right)

Table 4. Binding affinity of sapolide to the macromolecule Aurora B kinase

Mode Affinity (kcal/mol) RMSD L.b. RMSD u.b.
1 -10.7 0.000 0.000

2 -8.7 15.386 18.509

3 -8.4 29.458 32.767

4 -8.4 29.482 32.357

5 -8.4 2177 4.492

6 -8.1 29.956 33.367

7 -7.7 22.817 25.306

8 -7.5 30.390 33.425

9 -7.4 29.762 32.440

As shown in Figure 2, two oxygen- group of sapolide and the hydroxyl group

containing fragments at positions 16 and
28 are involved in interactions with TYR
A:141 (interaction between the carbonyl
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of tyrosine) and with GLN D:858
(interaction between the hydroxyl group of
sapolide and the glutamine residue of the
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protein). The blue areas indicate potential
regions of electron density, representing
electrostatic interactions that correspond to

hydrogen bonds. Green dashed lines
depict hydrogen bonds between the
sapolide ligand and the amino acid

residues of Aurora B kinase. The residues
shown in green circles are amino acids
located approximately 4-5 A from the
ligand, indicating possible hydrophobic, T—
1, van der Waals, and other interactions.
Molecular docking determines the binding
affinity and potential biological activity of a
low-molecular-weight compound. In
docking analysis, it is generally accepted
that a ligand with a lower (more negative)
binding energy to a macromolecule
indicates stronger potential binding [17].
The active binding sites of the Aurora B
kinase protein are as follows:
. Hydrophobic: LEU D:865, PRO
D:862, ILE D:855, PHE A:101, PRO
A:336/337/158, TYR A:156

Pregnane X receptor (PDB code : 8SVN)

PHE
A:l72
P LYS HIS
AT Al69 gy A:168
ARG
A:173 .
-4 Lys
\l\ A:252
o— ~
R < %
ASP
A285 B TYR
THR 5
A:248 >
PRO
A:423
Interactions
[] van der waals Alkyl

I conventional Hydrogen Bond
[] carbon Hydrogen Bond

Pi-alkyl
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. Polar/charged: HIS A:133/134, ARG

A:139, LYS A:215, GLU A:155, SER
A:338

1. Hydrogen bonds (green dashed lines):
Classical hydrogen bonds are formed
between the ligand molecule and the
following amino acid residues of the
protein: GLN (D:858), TYR (A:141).

2. Van der Waals interactions (light green
lines): The ligand molecule establishes
weak Van der Waals interactions with
multiple amino acid residues of Aurora B
kinase. These interactions are observed
with the following amino acids: ILE
(D:855), TYR (D:859), PHE (A:101), GLU
(A:155), TYR (A:156), PRO (A:158), LEU
(A:210), GLY (A:209), LYS (A:215), PRO
(A:135, A:336, A:337, D:862, D:863), LEU
(D:865), HIS (A:133, A:134), SER (A:338).
These weak hydrophobic interactions

contribute to the proper positioning of the
ligand within the active site and enhance
the overall stability of the binding.

Figure 3. Molecular docking representation of sapolide with the Pregnane X receptor (2D — left, 3D —

right)
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Table 5. Binding affinity of sapolide to the macromolecule Pregnane X receptor

Mode Affinity (kcal/mol) RMSD L.b. RMSD u.b.
1 -8.8 0.000 0.000

2 -8.0 11.106 14.503

3 -7.9 22.024 24.219

4 -7.9 2.017 3.371

5 -7.9 21.421 24.724

6 -7.9 27.905 31.026

7 -7.8 22.384 25.223

8 -7.6 21.007 25.321

9 -7.5 2.110 8.677

1. From Figure 3, the following types of
interactions can be identified:

2. Hydrogen bonds (green dashed lines):
Classical hydrogen bonds are formed
between the hydrophilic groups of the
ligand and the residues ARG (A:173), LYS
(A:170), and HIS (A:168) of the PXR
protein. These bonds enhance the binding
selectivity and stability of the complex,
stabilizing the ligand within the active site
of the macromolecule.

3. Tm-Alkyl interactions
lines):

1-Alkyl interactions occur between the
aromatic rings of the ligand and the
residues LYS (A:252) and TYR (A:249) of
the protein. The interaction of aromatic
residues with the saturated regions of the
ligand further enhances the stability of the
complex.

4. C—H or Van der Waals interactions (light
green lines):
The ligand molecule forms weak Van der
Waals interactions with several amino acid
residues of the Pregnane X Receptor

(purple dashed
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(PXR, PDB: 8SVN). These interactions are
observed with the residues ASN (A:171),
PHE (A:169), PHE (A:172), THR (A:248),
THR (A:422), and PRO (A:423). These
weak interactions contribute to the proper
positioning of the ligand within the active
site and help maintain its stability.

A carbon-hydrogen bond is observed
between the ligand and the residue ASP
(A:245). This weak interaction further
stabilizes the position of the ligand.
CONCLUSION

The aqueous and chloroform fractions of
the methanolic extract of the aerial parts of
Saponaria officinalis L. exhibited
antimicrobial activity, with the aqueous
fraction showing the strongest inhibition
against both Gram-positive and Gram-
negative bacterial strains. This effect is
most likely associated with the high
content of saponins. The triterpenoid
glycoside sapolide, isolated from this plant,
demonstrated promising pharmacological
potential in silico. PASS predictions
indicated high probabilities for
antineoplastic activity, apoptosis agonist
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properties, and activity against lung
cancer. Pharmacokinetic and
physicochemical analyses confirmed its
compliance with Lipinski’'s “Rule of Five,”
good oral bioavailability, and overall drug-
likeness. Molecular docking revealed
strong and stable binding of sapolide to
Aurora B kinase and the Pregnane X
receptor, with binding energies in the
range of —10.7 to —7.4 kcal/mol and —8.8 to
—7.5 kcal/mol, respectively. These
interactions suggest that sapolide may
serve as a promising ligand and potential
inhibitor of Aurora B kinase, supporting its
further development as a candidate for
antitumor therapy.

Overall, these findings highlight sapolide
as a bioactive natural compound with dual
antimicrobial and anticancer potential,
warranting further in vitro and in vivo
investigations.
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UCCJIEQOBAHNE AHTUBAKTEPUAJIbHOW N TIPOTUBOIMPUEKOBOW AKTUBHOCTHU
®PAKLINN SAPONARIA OFFICINALIS L. U IN SILICO AHAJIN3 TPUTEPIEHOBOIO
rNIMKO3nAA CAIOJTNAA
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Pe3rome

WccnepoBaHbl BoAHbIE U XNOPOJOPMHbIE DpaKUMM METaHOMbHOMO 3KCTpaKTa HaA3eMHOW 4acTu
Saponaria officinalis L. Ha aHTubakTepuanbHyt0 U MPOTUBOrPUOKOBYIO akKTMBHOCTb. Haubornbluas
aHTnbakTepmanbHas akTMBHOCTb OTMEYEHa Yy BOOHON dopakumu: 30Ha MHrMbmpoBaHusa cocTasuna 12
MM ans Bacillus subtilis, 13 mm ana Staphylococcus aureus, 18 mm ansa Escherichia colin 14 mm gns
Pseudomonas aeruginosa.

CornacHo nporHosam in silico, canonua AEeMOHCTPUPYET BbICOKYD OWONOrMYeckyto akTUBHOCTL:
92,4% — aHTuMHeonnacTundyeckas akTuBHOCTb, 88,7% — aroHUcTUYeckme CBOWCTBA B OTHOLLEHUU
anonTo3a, 85,4% — aHTUHeonnacTuyeckas akTMBHOCTb MpU pake Nérkmx. PapmMakoKMHETUYECKUIA
aHanua nokasblBaeT, YTO canonug COOTBETCTBYET «npaBuny natu» JIunuHckoro, obnagaer xopoluen
B1OOOCTYNHOCTBIO M YOOBMNETBOPSET KPUTEPUAM NEKAPCTBEHHOW CXOXECTH.
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MonekynspHbIi AOKMHI MoKasarn, 4To canonug ceasbiBaeTcst ¢ Aurora B Kinase ¢ aHepruen ot —10,7
no —7,4 kkan/monb, a ¢ Pregnane X Receptor — ot —8,8 0o —7,5 kkan/monb. 3TO yKasbiBaeT Ha To,
4YTO canonug MoXeT ObITb NOTEeHUManbHbIM cybcTpaTtom Ansa aTnx muweHen. Komnnekc canonuga c
Aurora B Kinase BepoaTHO cTabuneH un ©Ouonornyeckn aktmeeH. [lonyyeHHble pesynbrathbl
noaTeepxgatoT crneunduryHoe 1 NpoYHoe ceasbliBaHWe canonuaa ¢ Aurora B Kinase, 4To genaet ero
NepcrnekTUBHbLIM COeAuMHEHWeM [Ans pas3paboTkM HOBbIX WMHIMOMTOPOB AaHHOrO epMeHTa C
NPOTMBOOMNYXONEBOM akKTUBHOCTBLI. AHanorn4Ho, komnnekc ¢ Pregnane X Receptor ykasbiBaeT Ha
NOTeHUManbHy0 GMONOrMYECKy0 akTUBHOCTb canonuaa Kak nuranga ans aTom MakpoMOSeKynbl.

KnroueBble cnoBa: Saponaria officinalis L., canonug, in silico, MonekynspHbIA JOKUHT

SAPONARIA OFFICINALIS L. FRAKSIYALARININ ANTIBAKTERIAL VO ANTIFUNGAL
AKTIVLIYININ T9DQIQI VO TRITERPEN QLIKOZIDI SAPOLIDIN IN SILICO ANALIZI

Asurova L'., Sasmakov S'., Ramazonov N.", Oliyeva S2, Qarayev E.?
1. Ozbokistan EA-nin akademik S.Yu. Yunusov adina Bitki Maddaleri Kimyasi institutu, Daskend
soh., Ozbekistan

E-mail: ashurova lola1985@mail.ru

2. Azarbaycan Tibb Universiteti, Baki, Azaerbaycan
E-mail: eldargar@mail.ru

Xulasa

Saponaria officinalis L. bitkisinin yertsti hissesinin metanol ekstraktinin sulu ve xlorofrom
fraksiyalarinin antibakterial ve antifungal aktivliyi tedqiq edilmisdir. ©n yiksek antibakterial aktivlik
sulu fraksiyada miuisahide olunmusdur: inhibisiya zonasi Bacillus subtilis Ug¢in 12 mm,
Staphylococcus aureus Uglin 13 mm, Escherichia coli Ggin 18 mm ve Pseudomonas aeruginosa
Ugln 14 mm teskil etmisdir. In silico prognozlara esasen, sapolid ylksak bioloji aktivlik nimayis
etdirir: 92,4% — antineoplastik aktivlik, 88,7% — apoptoza munasibatds aqonist xususiyyatlar,
85,4% — agciyar xargengi zamani antineoplastik aktivlik. Farmakokinetik analiz gosterir ki, sapolid
Lipinskinin “bes gaydasina” uygundur, yaxsi bioloji elcataniga malikdir ve dermanabenzerlik
meyarlarini édayir.

Molekulyar doking naticalarine gore, sapolid Aurora B kinaza ile —10,7-den —7,4 kkal/mol, Pregnan X
reseptoru ile ise —8,8-dan —7,5 kkal/mol enerji diapazonunda baglanir. Bu, sapolidin bu hadaflar tgtin
potensial substrat ola bilacayini géstarir. Sapolid—Aurora B kinaza kompleksi ehtimal ki, stabil ve
bioloji cehatdan aktivdir. ©lde edilan naticeler sapolidin Aurora B kinaza ila spesifik va mdhkam
baglanmasini tesdiglayir ki, bu da onu antitumor aktivliye malik yeni inhibitorlarin hazirlanmasi Ggtn
perspektivli birlegsma edir. Eyni zamanda, Pregnan X reseptoru ilo amala galan kompleks sapolidin bu
makromolekul agun ligand kimi potensial bioloji aktivliyini gostarir.

Acar sozler: Saponaria officinalis L., sapolid, in silico, molekulyar doking
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FISSURECTOMY WITH POSTEROLATERAL SPHINCTEROTOMY IN THE
TREATMENT OF CHRONIC ANAL FISSURE

Abbasov V.Sh.!, Abdinov E.A.", Sariyeva K.H."

Abstract

The main aim of the study was to investigate the effectiveness of the modified posterolateral
sphincterotomy (PLIS) in the treatment of chronic anal fissure (AF).

During 2 years, 19 patients who were underwent the modified PLIS + fissurectomy for the dorsal
localized chronic AF were under our treatment and medical observation. 11 of the patients at the age
of 18-62 were men and 8 were women. PLIS (at 5 or 7 o’clock positions) was performed in all
patients. Under visual control sphincterotomy was applied involving only the 1/3 distal part of the
internal anal sphincter (IAS). In this regard, the landmark was the dentate line. For satisfactory
dosing of PLIS during the operation an obturator with a diameter of 33-34 mm was used. The 4-finger
inspection was also considered appropriate. In order to increase the mobility of the skin flap after
PLIS, the skin was sharply separated from the external anal sphincter (EAS) in 2-2.5 cm along the
perianal direction and mobilized, so the flap was prepared for closing the fissurectomy defect. For
secure fixation the IAS was also partially taken to the sutures of the fissurectomy defect closure.
Specific complications after surgery and the possibility of recurrence were investigated.

Modified PLIS + fissurectomy allows safe surgical control and to perform sphincterotomy without
additional incision; considering the low risk of complications and recurrence, it can be applied in the
surgical treatment of chronic AF.

Key words: anal fissure, posterolateral sphincterotomy, fissurectomy, anal incontinence.

Introduction

An anal fissure (AF) is a linear wound
defect between the dentate line of the
anoderm and the outer edge of the anus
[1, 2, 3]. AF is a widespread proctological
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disease, occurring in all age groups with
the same frequency for both sexes [4].
Although AF is mostly primary, it has not
exact pathogenesis, but solid faecal
excretion and hypertonicity of the IAS are
considered to be the main factors of this
pathology [5]. AF is manifested mainly with
anal pain * slight bright red bleeding with
defecation [2]. If AF does not heal within 6
weeks, it can be recognized as chronic AF
[4]. According to other authors’ mind, if the
fissure is present for less than 8 weeks, it

© ATUJ and The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of thislicence, visit http://creativecommons.org/licenses/by/4.0/.
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should be considered as acute AF.
Chronic AF lasts longer and should be
accompanied by one or more signs of
chronicity (hypertrophied anal papilla at
the proximal end of the fissure, sentinel
tag at the distal end, and increased tone of
IAS fibers along the fissure) [1, 2, 6, 7]. In
most cases, AF is mostly located at
posterior midline (90 %) and also it may be
located at anterior midline (predominantly
in women). In 3% of patients fissures can
be located at posterior and anterior
positions simultaneously. Fissures that
located rather than the midline is
considered to be atypical or secondary
and needs more evaluation, because of
possibility of association with serious
diseases, like Crohn’'s disease and
immunodeficiency syndromes [2, 7]. The
basing aim of the treatment of chronic AF
is to relieve IAS spasm associated with a
chronic  fissure.  Although  medical
treatment is effective in some cases, in
vast majorities conservative measures fail.
For such cases, surgery remains the gold
standard of treatment for chronic AF [4].
Surgical methods for the treatment of
chronic AF include anal dilatation,
posterior midline internal sphincterotomy
(PIS), lateral internal sphincterotomy (LIS),
posterolateral sphincterotomy (PLIS), and
fissurectomy with advancement flap repair
[4]. Treatment has focused on alleviating
hypertonicity of the sphincter. The most
common surgical treatment is partial
internal lateral sphincterotomy. In all types
of surgical interventions, the main aim is to
reduce sphincter hypertension. The most
accepted type of surgical treatment is
partial internal lateral sphincterotomy [4,
8]. A recent systematic review shows that
patients treated with sphincterotomy have
a cure rate of 95.13 %. At the same time,
the positive results of surgery may be
achieved at the cost of increased
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complications, especially persistent
incontinence [9].

In the lateral position, internal anal

sphincterotomy can be performed both by
open and closed methods with almost the
same effectiveness, being considered
preferable than anal dilatation [10].
Posterior internal sphincterotomy (PIS)
was proposed by Eisenhammer in 1951 as
a midline incision along the fissure [11].
The aim of sphincterotomy during PIS was
to cut the hypertonic part of the IAS
muscle in order to reduce anal tone and
facilitate fissure healing [12]. Although, in
differ from LIS, the PIS can be performed
through the same incision without creating
a new wound [13], but prolonged healing
time due to keyhole deformity and leakage
of fecal material are considered as
disadvantages of this procedure [1, 13].
However, if there is an intersphincteric
fistula connected with the fissure, PIS can
stil be considered as an alternative
treatment for chronic AF [13]. According to
other authors’ mind, blindfold cutting of the
internal sphincter during LIS leads to an
increase of incontinence cases [14]. Some
researchers noted that fissurectomy and
sphincterotomy have the opposite effect
[15, 16]. A sphincterotomy can be
performed by a fissurectomy, in which a
new surgical wound is created. So, by
cutting the fibrotic fissure stable wound
healing is provided [14]. According to
several authors, LIS is recommended now
as a standard procedure for the treatment
of chronic AF [17, 18], because it is safe,
effective and can be repeated [19, 20].
Several reliable studies come to
conclusion that there is no significant
difference between properly performed
open and closed surgical sphincterotomy
[7]. Excision of the IAS in LIS can be
performed outside the fissure, in the right
or left lateral positions under local, regional
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or general anesthesia, in the patient's
lithotomy or prone jack-knife position, both
by open or closed method [21]. Alawady M
et all. comparing PLIS and LIS concluded
that the time to complete healing was
significantly shorter and pain score was
significantly lower after PLIS than after LIS
which can be due to more reduction in the
resting anal pressure after PLIS.
Continence disturbances occurred after
PLIS less frequently than after LIS;
however, no significant differences
between the two techniques were noted
[22].

Although various procedures are used in
the treatment of AF, meta-analysis study
found that for evaluation of the
effectiveness of these different procedures
more data are needed [23]. Early
complications of sphincterotomy include
bleeding, hematoma, bruising, perianal
abscess, and fistula, but the most
important complication is incontinence of
different grades. Such cases are observed
in up to 30% of patients, especially in
patients with weaker, shorter sphincter
muscles and in women who have suffered
of mechanical damage of sphincter due to
childbirth [21].

The aim of the research was to study the
effectiveness and safety of fissurectomies
completed by the posterolateral
sphincterotomy (PLS) proposed by us in
the surgical treatment of anal callous
fissure in terms of symptomatic recovery,
complications and relapses. Our main goal
was to describe in detail the modified PLIS
technique and its results in the surgical
treatment of chronic AF. Therefore, we did

(2026) 01:06

49

Azarbaycan Tibb Universitetinin Jurnal
2026

not consider comparisons with other
surgical treatments for chronic AF.
Material and methods

The patients with the diagnosis of primary
chronic AF (located at 6 o’clock position)
who underwent fissurectomy with modified
PLIS were included in the study. The
observations were carried out at the
Educational Surgical Clinic of the
Azerbaijan Medical University (Baku,
Azerbaijan) during 2 years (2024-2025).
Following the medical literature [2, 7],
patients diagnosed with acute AF,
tuberculosis, ulcerative colitis, secondary
chronic fissure connected with Crohn's
disease, and chronic AF, accompanied by
hypotonicity of the anal sphincter were not
included in this study. Besides, patients
with associated proctological pathologies
were also excluded from the study,
because of their possible influence on the
final results. The total number of patients
was 19; 11 of them were men and 8 were
women, the age range was 18-62 years
(average age 38 years). The frequency
rate according to gender and age was not
statistically significant, our conclusion is
generally consistent with the results of
other studies [4]. All subjects were
undergone fissurectomy + PLIS procedure
at 5 or 7 o’clock positions by the same
surgical team. This factor reduced to zero
the possibility of subjective effects
connected with different approaches to
surgical results. During PLIS, only the
distal 1/3 of the IAS was partially
dissected, and a dentate line was taken as
a marker. Visual control of PLIS allowed to
perform optimal sphincterotomy and to
achieve meticulous hemostasis (Figure 1).
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Figure 1. The critical operation view of PLIS performed under visual control up to dentate

line

The results of our study are consistent with
the facts we found in the medical literature
on this issue [15, 16]. For evaluation of the
satisfactoriness of PLIS, in the operation
an anoscope obturator of 33-34 mm
diameter was introduced into the anal
canal. After the procedure, the free
insertion of the obturator through the anal
canal was considered as an indicator of
the successful sphincterotomy. The 4-
finger principle has been also applied as
an equivalent to using an obturator.
However, the use of an obturator was
considered as more rational one. After
performing of PLIS, for closing the
fissurectomy defect and secure fixation of
the skin flap the operations were continued
as we proposed: initially, the skin flap was
prepared so that it maintained its integrity
and trophism. In order to increase the
mobility of the skin flap, a 2-2.5 cm long
section of skin was mobilized from EAS by
sharp dissection in the perianal direction
along the wound. After preparing the flap,
when we started to tailor the medial part of
the flap, slightly took the superficial fibers
of the internal sphincter into the muco-
cutaneous suture. It induced the fixation of
the flap in the anal canal, supporting the
mucosa to hold the sutures. So we found it
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useful for
retraction.
In order to minimize thermal tissue stress,
it was considered more appropriate to use
electrical devices as little as possible, to
use cold (ice) throughout the operation, to
achieve hemostasis by mechanical
pressure and suturing. At the end of the
procedure, perianal block by
articaine+epinephrine 40 mg+5 mg/1ml
injection (total 6-8 ml) and wound dressing
with Metronidazole ointment were applied
as auxiliary measures to reduce
postoperative  pain  syndrome. The
operations were performed under spinal
(in most cases) or general anesthesia in
the lithotomy position with bladder
catheterization to prevent postoperative
acute urinary retention and control
diuresis. The indications for general
anesthesia were patient's choice, including
refusal of spinal anesthesia, impossibility
of spinal anesthesia or anesthesia risks.
Patients were followed 3 months, for
assessing symptomatic recovery process

prevention of postoperative

and detecting early  postoperative
complications. Complications, such as
bleeding, fever, incontinence, keyhole

deformity, abscess and fistula forming;
pain severity and recurrence rate were
evaluated.
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Discussion of the obtained results

Anal manometry was performed in 17
patients 2 months after surgery, and only
in 1 patient the resting pressure (RP)
decreased to 38 mmHg. This case was
assessed as 1%t degree incontinence and
was corrected conservatively. In other
patients, postoperative RP ranged from 42
to 48 mmHg. Postoperative squeeze
pressure (SP) was within the normal range
in all patients. Information on early

Azarbaycan Tibb Universitetinin Jurnal
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postoperative complications is presented
in Table 1, and all complications that arose
were resolved conservatively.
Complications such as bleeding, keyhole
deformity, abscess and fistula formation,
disease recurrence, and the need for
repeat surgery were not observed. Our
results are generally consistent with
statistical data found in the medical
literature [4].

Table 1. Early postoperative complications and their frequency

Early postoperative complications

Frequency of occurrence

(%)
Acute urinary retention 1(5.26 %)
Bleeding -
Temperature 1(5.26 %)
Incontinence (1 degree) 1(5.26 %)

Relapse of disease

Keyhole deformity

Abscess and fistula forming

Need for repeated surgical intervention

Medical parameters such as operation
time, volume of blood loss, postoperative
patient activation time, need for antibiotic
administration, postoperative NSAID and
narcotic analgesics use, and postoperative

Table 2. Medical parameters of treatment

rehabilitation were investigated, and the
results were found to be satisfactory
(Table 2). The pain intensity measured by
the VAS (the Visual Analogue Scale) was
generally considered very weak, with less
than 30 points.

Studied parameters Indices
Duration of operation (min.) <30
Volume of blood loss (ml) <30
Postoperative activation of patient (hours) <12-24
Antibiotic adminstration (number of patients/days) Yz
Postoperative NSAID adminstration (days) <3
1
Postoperative narkotic-analgesics prescriptions (number of patients/days) 3/
Postoperative rehabilitation ( days) 30

As part of our ongoing research, we plan to compare the proposed modified PLIS procedure with the standard LIS procedure.

Conclusion
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Analysis of the results showed that visual
control during fissureectomy with PLIS in
all age groups, regardless of gender,
allows for reliable dissection of the IAS of
the required size without the need for
additional incisions. Intraoperative use of a
33-34 mm  diameter obturator is
recommended to control the
sphincterotomy volume. During the closure
of the fissurectomy defect for secure
fixation of the skin flap in the anal canal,
taking superficial internal sphincter fibers
into the muco-cutaneous sutures was
beneficial in preventing the flap from
immediate future displacement and also in
avoiding of the keyhole deformity. The
operation is comparable to alternative
methods in terms of medical and technical
aspects, financial costs, and medico-social
rehabilitation indicators. Therefore,
fissurectomy performed using PLIS can be
considered an effective and safe
procedure of choice for the surgical
treatment of chronic AF, given the low risk
of postoperative complications and
recurrence.
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XRONIK ANAL GATIN MUALICSSIND® POSTEROLATERAL SFINKTEROTOMIYA iL®
TAMAMLANAN FiISSUREKTOMIYANIN TOTBIQi

Abbasov V.S'., Abdinov E.8"., Sariyeva K.H."
1.Azarbaycan Tibb Universiteti, 2-ci corrahi xastoliklor kafedrasi, Baki
E-mail:kenul.sariyeva@gmail.com

Xiilaso

Xronik anal ¢atin (AC) mualicesinde modifikasiya etdiyimiz Usulla posterolateral sfinkterotomiyanin
(PLIS) effektivliyinin arasdiriimasi tedgigatimizin asas maqgsadi olmusdur.

Material vo metodlar: 2 il arzinds dorsal lokalizasiyali xronik AC-a gore taklif etdiyimiz tGsulla PLIS +
fissurektomiya carrahi emaliyyati kecirmis 19 xaste mualicemiz ve nazarstimiz altinda olmusdur. 18-
62 il yas araliginda olan xestelerden 11-i kisi, 8-i gadin olmusdur. Bitlin xastslorde PLIS (5 ve ya 7
radesinde olmagla) hayata kecirilimig, sfinkterotomiya vizual nezaret altinda yalniz internal anal
sfinkterin (IAS) distal 1/3 hissesini shate etmisdir. Bu baximdan oriyentirimiz digli xatt (dentate line)
olmusdur. PLIS-in genastbaxs dozalanmasi li¢lin emaliyyat zamani 33-34 mm diametrli obturatordan
istifade edilmisdir. 4 barmagq taftisi de praktik cehatden genastbaxs hesab edilmisdir. PLIS icrasindan
sonra dari diliminin harakiliyini artirmaqg magsadile deri yara boyunca perianal istiqgamatda xarici anal
sfinkterdan (EAS) iti suratde 2-2,5 sm dl¢iids ayrilaraq mobillesdiriimis ve fissurektomiya deffektinin
baglanmasi Ggln flap hazir veziyysta gatirilmisdir. Glivanli fiksasiya Ugln fissurektomiya deffektinin
tikislorine IAS da hissevi gétirilmusdir. ©maliyyatdan sonra spesifik agirlasmalar ve residiv ehtimali
arasdinlmigdir. Modifikasiyali PLIS + fissurektomiya smsaliyyati giivenli cerrahi nazarsts sahib
olmagla barabar, sfinkterotomiyani alave kasik aparmadan icra etmays imkan verir; agirlasma ve
residiv riskinin clizi olmasini nezars alaraq, xronik AC-in carrahi mualicasinds tatbig edils biler.

Acar sozlar: anal ¢at, posterolateral sfinkterotomiya, fissurektomiya, inkontinensiya

NMPUMEHEHUE ®UCCYPIKTOMUUN, JONMOJIHEHHOW NMOCTEPOJIATEPAJ/IbHOU
COUHKTEPOTOMMUEMU, B IEYHEHUN XPOHUYECKOU AHAJIbHOU TPELYNHbI

A66acos B.11I"., A6AuHos 3.A’., Capbiesa K.I". !
1. AsepbatidxaHcKkuli MeQuyUHCKUl yHusepcumem, kaghedpa xupypaudeckux 6osiesHel 2, baky
E-mail: kenul.sariyeva@gmail.com

Pe3iome

OcCHOBHOW Uenbl Hawero uccnegoBaHnsa 6bino nsyveHne 3PPEKTMBHOCTU MOCTeponartepasnbHON
chuHkrepotomun (MINC) npu nevyeHnn XpoHnyeckon aHanbHon TpewmHbl (AT) ¢ ncnonb3oBaHMeM
MoANULIMPOBAHHOIO HaMM MeToga.

MaTtepuanbl n metoabl: B TeueHne 2 net nog Hawmm HabnogeHmem Haxogunuceb 19 naumeHToB C
XPOHNYECKOW aHanbHOW TPELUMHOW [OopcaribHOM noKanusauun, KOTOpbiM Oblfla  BbINOMNHEHA
npearoxeHHas Hamu Xnpypruyeckas ornepauus: nnmc + donccypakToMus.
BoapacT naumeHToB coctaBndan oT 18 oo 62 net, U3 HUX 11 MyXXUMH 1 8 XXEHLMH.

Y Bcex nauuneHToB BbinonHanack MJINC (Ha yposHe 5 unu 7 YyacoB), Npyv 3TOM COUHKTEPOTOMUSA MOA
BM3yarnbHbIM KOHTPOSieM OXBaTbiBana TOMbKO AucTanbHy 1/3 4acTb BHYTPEHHEro aHanbHOro
cuHktepa (BAC). OpueHTvpom cniyxuna 3ybuyatas nuHua (dentate line). [Ona apgeksBaTHoro
posuposanua MNINC Bo Bpemsi onepauun ncnonb3osancd odtypaTtop gunameTpom 33—-34 mm. lNocne
BoinonHeHnus [JIMC, ¢ uenbilo yBenuvyeHUs MOABWXKHOCTU KOXHOrO JocKyTa, MpousBoAunach
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MO6VIJ'IVI38LI,VIF| KOXW BAOOJIb paHbl B NepuaHaribHOM HanpaBieHn OT HapyXHOro aHasribHOro

cpuHkTepa (HAC) Ha 2—2,5 cm, nocrne Yero NocKyT nogrotasnueancs Ansa 3akpbltus gedekra nocne
duccypaktomuun. [Ons HagexHon dukcaumm B WBbI gedekta nocne (pUCCypakTOMUUM YaCTUYHO
3axBaTblBarnca TaKkke BHYTPEHHUA aHanbHbli  CUHKTEp. [locneonepaunoHHO  M3y4Yanucb
cneunguyeckme OCNoXHeHN U BEPOATHOCTb peunanea.

MoanduumpoBaHHaa onepauua [JIMC + dumccypaktomms, nomumMo obecneyeHuss HageXHoro
XUPYPrnuyeckoro KOHTPOMS, MO3BOMSET BbIMNOMHUTL CUHKTEPOTOMUIO 6e3  AO0NOSIHUTENBHOMO
paspesa. YuuTbiBas HU3KUA PUCK OCNOXHEHUN N peungmBa, OaHHbIA METO MOXET NPUMEHATLCS B
XUPYPrMyeckoM neveHnm XpoHN4EeCKon aHanbHOM TpeLLmHbI.

KnioueBble cnoBa: aHanbHas TpewmHa, nocrepornateparnbHas COUHKTEPOTOMUS!, (PUCCYPIKTOMMS,
WNHKOHTUHEHLMS.
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FUNCTIONAL OUTCOMES AFTER TERPT VS LAPAROSCOPIC-ASSISTED
TERPT IN SHORT-SEGMENT HIRSCHSPRUNG'S DISEASE

Polukhov R.Sh.", Falah Mehrjardi G.M. ', Mahammadov V.A.", Gafarov |.A.2, Mustafayeva G.I.",
Bagirov M.G."

Abstract

This study aimed to evaluate postoperative functional outcomes in children with short-segment
Hirschsprung’s disease (HD) following transanal endorectal pull-through (TERPT) and
laparoscopically assisted TERPT (L-TERPT). We retrospectively analyzed 72 patients who
underwent minimally invasive surgery for short-segment HD at the Department of Pediatric
Surgery, Educational-Surgical Clinic of Azerbaijan Medical University between 2014 and 2025.
Thirty patients underwent TERPT, and 42 underwent L-TERPT. Functional outcomes were
assessed over a median follow-up of 36 months (IQR, 18-60) using the Rintala Bowel Function
Score (BFS), bowel movement frequency (BMF), and the severity of constipation and fecal
incontinence according to the Krickenbeck classification. The incidence of postoperative
Hirschsprung-associated enterocolitis (HAEC) was also evaluated. Most patients in both groups
achieved good to normal bowel function. While most outcomes were comparable between TERPT
and L-TERPT, postoperative constipation was significantly less frequent in the L-TERPT group (p
= 0.032). No significant differences were observed in BFS, bowel movement frequency, fecal
incontinence, or postoperative HAEC. Postoperative complications were associated with patient-
specific and perioperative factors rather than the surgical technique. Both TERPT and L-TERPT
appear to be safe and effective minimally invasive procedures for treating short-segment HD, with
favorable long-term functional outcomes.

Keywords: Hirschsprung’s disease; transanal endorectal pull-through; laparoscopically assisted
transanal endorectal pull-through; functional outcomes; fecal incontinence

INTRODUCTION submucosal (Henle), and myenteric
Hirschsprung’s disease (HD) is a rare (Auerbach) plexuses of the distal intestine,
congenital disorder with an estimated resulting in a functional intestinal
incidence of approximately 1 in 5,000 live obstruction due to an aperistaltic segment
births [1,2]. It is characterized by the [1.3].

absence of parasympathetic ganglion cells HD is most commonly diagnosed within the
in the submucosal (Meissner), deep first year of life. Neonates typically present

© ATUJ and The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to theoriginal author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of thislicence, visit http://creativecommons.org/licenses/by/4.0/.
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with delayed passage of meconium,
progressive abdominal distension, and
bilious vomiting, while older infants and
children  frequently  exhibit  chronic
constipation, dependence on rectal
stimulation or enemas, recurrent episodes
of Hirschsprung-associated enterocolitis
(HAEC), and growth failure [7].

Based on the extent of aganglionosis, HD is
classified as short-segment, long-segment,
total colonic aganglionosis, or, rarely, total
intestinal  aganglionosis  [4,10]. The
aganglionic segment is aperistaltic, leading
to proximal bowel dilation, fecal stasis,
bacterial overgrowth, and a higher risk of
enterocolitis. Untreated HD may result in
growth retardation, neurodevelopmental
delay, recurrent HAEC, and potentially life-
threatening complications such as colonic
perforation. Early diagnosis and timely
surgical intervention are therefore essential
[8].

Over the past decades, minimally invasive
surgical techniques have largely replaced
conventional open  procedures. In
particular, transanal endorectal pull-
through (TERPT) and laparoscopically
assisted transanal endorectal pull-through
(L-TERPT) have become standard
approaches in many centers [1,4-6].
Compared with open surgery, these
techniques are associated with reduced
surgical trauma, shorter hospital stay,
decreased postoperative pain, faster
recovery, and improved cosmetic outcomes
[4-6].
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Surgery
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2 Department of Medical and Biological Physics, Baku,
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TERPT is primarily indicated for patients
with short-segment HD, especially in
younger children. By avoiding abdominal
access, this technique minimizes intra-
abdominal contamination and reduces the
risk of postoperative adhesions [1,9,10].
When performed with careful attention to
pelvic anatomy, the risk of injury to
surrounding structures is low, and both
functional and cosmetic outcomes are
generally favorable.

L-TERPT can be applied across a broader
age range and is suitable for both short-
and long-segment disease. Laparoscopic
assistance enables intraoperative mapping
biopsies, precise identification of the
transition zone, adequate mobilization of
the colon under direct visualization, and
early  detection of intra-abdominal
complications such as bleeding or bowel
torsion [5,9]. These advantages may be
particularly relevant in cases with an
uncertain transition level or proximal
disease extension.

Despite their widespread use, comparative
data on long-term functional outcomes
remain inconsistent. Existing studies
frequently combine short- and long-
segment disease, include heterogeneous
age groups, or use non-standardized
outcome measures. Consequently, the
relative impact of TERPT versus L-TERPT
on bowel function, fecal continence,
constipation, and HAEC—particularly in
short-segment HD—remains unclear.

As short-segment HD is the most prevalent
phenotype, procedure-specific outcome
data in this subgroup are critical for
informing operative strategy and family
counseling. Therefore, this study aimed to
compare long-term functional outcomes
and HAEC incidence following TERPT and
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L-TERPT in children with short-segment
HD. We hypothesized that both techniques
would result in comparable long-term
profiles of  bowel function and
complications.

MATERIALS AND METHODS

This retrospective, non-randomized cohort
study was conducted at the Department of
Pediatric Surgery, Educational-Surgical
Clinic of Azerbaijan Medical University,
between January 2014 and December

2025. The study included children
diagnosed with short-segment
Hirschsprung’s  disease (HD) who

underwent minimally invasive definitive
surgery during the study period.

Short-segment HD was defined as
aganglionosis limited to the rectum or

rectosigmoid colon, confirmed by
histopathological examination and
intraoperative  findings. Patients who

required a protective stoma prior to
definitive surgery were excluded to ensure
cohort homogeneity.

A total of 72 patients met the inclusion
criteria. Patients were stratified according
to the surgical technique performed:
transanal endorectal pull-through (TERPT,
n = 30) and laparoscopically assisted
transanal endorectal pull-through (L-
TERPT, n = 42). The choice of surgical
approach was determined based on
institutional practice  and surgeon
discretion, which may introduce allocation
bias.

Demographic and baseline clinical
characteristics were collected from medical
records, including gender, age at surgery,
body weight, and nutritional status.
Nutritional status was assessed using the
weight-for-age z-score (WAZ). A family
history of HD was documented in three
patients, and parental consanguinity was
recorded in four cases. One patient in the
TERPT group had Mowat—Wilson
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syndrome, and one patient in the L-TERPT
group underwent surgery during remission
from acute leukemia.

All  patients underwent standardized
preoperative assessment, including plain
abdominal radiography, abdominal
ultrasonography, contrast enema studies,
and routine laboratory investigations. In
diagnostically equivocal cases, full-
thickness colonic biopsies were performed
to confirm aganglionosis histopathologically
(n =20).

Preoperative Hirschsprung-associated
enterocolitis (HAEC) episodes were
recorded. HAEC was diagnosed based on
established clinical criteria, including
abdominal distension, fever, explosive
diarrhea, lethargy, and radiological findings
suggestive of colonic inflammation. In
equivocal cases, laboratory findings such
as leukocytosis and elevated inflammatory
markers, in conjunction with imaging
studies, supported the diagnosis. Episodes
were categorized as preoperative or
postoperative according to their temporal
relationship to definitive surgery. All
patients with preoperative HAEC received
standardized management consisting of
metronidazole therapy, synbiotic
supplementation, and regular rectal
irrigations prior to surgery.

All  procedures were performed by
experienced pediatric surgeons according
to standardized institutional protocols.
TERPT was performed using a transanal
endorectal dissection technique without
abdominal access. In the L-TERPT group,
laparoscopic assistance was used for
intraoperative mapping biopsies, transition
zone identification, and colonic mobilization
prior to transanal pull-through.

Functional Assessment

Postoperative functional outcomes were
evaluated over a median follow-up period of
36 months (interquartile range [IQR]: 18—60
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months). Data were obtained through
structured parental interviews, outpatient

clinic assessments, and retrospective
review of medical records. Parental
interviews were conducted using a

standardized questionnaire designed to
capture bowel habits, continence, and
episodes of HAEC.

Bowel function was assessed using the
Rintala Bowel Function Score (BFS; range,
0-20). In accordance with the original
validation, scores 212 were considered
indicative of normal bowel function. For
analytical purposes, outcomes were
categorized as poor (0-7), moderate (8-
11), and good (12-20). Scoring was
performed by a trained pediatric surgical
research fellow who was not involved in the
operative procedures to minimize observer
bias.

Postoperative  constipation and fecal
incontinence were evaluated according to
the Krickenbeck classification. Constipation
was graded as I-lll based on the need for
dietary modifications, laxatives, or enemas,
whereas fecal incontinence was graded
according to frequency and social impact.
Defecation frequency was recorded as the
number of bowel movements per day based
on parental reports.

Postoperative HAEC was documented
throughout the follow-up period and
classified as recurrent (in patients with
preoperative HAEC) or de novo (first-time
postoperative episodes). HAEC diagnosis
was based on established clinical criteria,
including abdominal distension, fever,

2026
explosive diarrhea, lethargy, and
radiological findings indicative of colonic
inflammation. Only clinically significant
episodes requiring medical intervention
were included.

Statistical Analysis

Statistical analyses were performed using
IBM SPSS Statistics (version 27; IBM
Corp., USA). Continuous variables were
expressed as medians with interquartile
ranges (IQRs) and compared between
groups using the Mann-Whitney U test.
Categorical variables were analyzed using
the chi-square (x?) test with Yates’
continuity correction. All tests were two-
tailed, and a p-value < 0.05 was considered
statistically significant [11].

RESULTS

Baseline Characteristics

A total of 72 patients with short-segment
HD were included, with 30 patients
undergoing TERPT and 42 undergoing L-
TERPT. Baseline demographic and clinical
characteristics are summarized in Table 1.
There were no significant differences
between the groups regarding age at
surgery, gender distribution, weight at
surgery, nutritional status (weight-for-age z-
score, WAZ), family history of HD, parental
consanguinity, or associated anomalies (all
p > 0.05). Preoperative HAEC was more
common in the TERPT group (40%)
compared to the L-TERPT group (19%),
although this difference approached
statistical significance (p = 0.052).

Table 1. Baseline clinical and demographic characteristics of patients with short-

segment HD
Characteristics TERPT (n=30) L-TERPT (n=42) p-value
Age at surgery, month
(median, IQR) 17.5 (12.0-25.0) 20.0 (9.0-28.0) 0.571
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Gender, n (%) 0.968
male 18 (60.0) 25 (59.5)
female 12 (40.0) 17 (40.5)

Weight at surgery,

kg (median, IQR) 10.0 (8.3—-12.0) 11.0 (8.0-12.0) 0.736

Malnutrition (WAZ),
(median, IQR)

~0.3 (1.0 to +0.8)

0.7 (-1.2t0-0.2) | 0.065

Preoperative HAEC, n (%)

12 (40.0) 8 (19.0) 0.052
Family history of HD, n (%)

2(6.7) 1(2.4) 0.373
Parental consanguinity,
n (%) 2 (6.7) 2(4.8) 0.730
Comorbidity, n (%)

1(3.3) 1(2.4) 0.810

Note: Continuous variables are presented as median (IQR), and categorical variables as n
(%). The Mann—Whitney U test was used for comparisons.
HAEC = Hirschsprung-associated enterocolitis; WAZ = weight-for-age z score.

Perioperative Outcomes

One L-TERPT case required conversion to
open surgery due to technical difficulties
with bowel mobilization. In the TERPT
group, one patient developed postoperative
anastomotic  stenosis  refractory to
conservative dilatation and subsequently
underwent repeat TERPT.

Functional Bowel Outcomes
Postoperative functional outcomes were
evaluated over a median follow-up of 36
months (IQR: 18-60). According to the
Rintala Bowel Function Score (BFS), most
patients in both groups achieved good
bowel function (Table 2).

Table 2. Postoperative Rintala Bowel Function Score (BFS) distribution

20

-

15—

41

o

bowel function score BFS

T
TERPT

The median BFS was similar between
groups: 17.0 (IQR: 14.0-18.0) in the
TERPT group and 17.0 (IQR: 16.0-18.0) in

T
LTERPT

technique

the L-TERPT group (p > 0.05). The “good”
category was the most frequent outcome,
observed in 86.7% of TERPT and 95.2% of
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L-TERPT patients. Poor functional
outcomes were rare, occurring in only one
patient in each group.

Krickenbeck classification demonstrated
high rates of voluntary bowel movements in
both groups (93.3% TERPT vs 97.6% L-

2026
TERPT). Fecal incontinence was infrequent
and did not differ significantly between
groups, whereas postoperative
constipation was less common in the L-
TERPT group, and this difference reached
statistical significance (Table 3).

Table 3. Assessment of postoperative bowel function using the Krickenbeck classification

Functional Indicators | TERPT (n=30), n (%) L-TERPT (n=42), n | p-value
(%)
Voluntary bowel 0.373
movements
Yes 28 (93.3) 41 (97.6)
No 2(6.7) 1(2.4)
Fecal incontinence 0.400
No 27 (90) 40 (95.2)
Grade | 2 (6.7) 1(2.4)
Grade Il 1(3.3) 1(2.4)
Grade lll 0 (0) 0 (0)
Constipation 0.032*
No 25 (83.3) 41 (97.6)
Grade | 1(3.3) 0 (0)
Grade Il 3 (10) 1(2.4)
Grade Il 1(3.3) 0 (0)

Note: Statistical comparisons were performed using the Mann—Whitney U test.

*— The null hypothesis is rejected.

Postoperative Hirschsprung-Associated
Enterocolitis

Postoperative HAEC occurred in 16.7% of
TERPT and 7.1% of L-TERPT patients, with
the majority occurring in those with
preoperative HAEC (Table 4). Recurrent

HAEC was observed in three TERPT
patients and one L-TERPT patient, while de
novo HAEC occurred in two patients in
each group. There were no significant
differences in  the incidence  of
postoperative HAEC between the surgical
approaches (p > 0.05).

Table 4. Postoperative Hirschsprung-associated enterocolitis (HAEC) by groups

HAEC Indicators TERPT (n=30), n(%) L-TERPT(n=42), p-value
n(%)

History of preoperative

HAEC 0.052
Yes 12 (40.0) 8 (19.0)
No 18 (60.0) 34 (81.0)

Postoperative HAEC 0.208
Yes 5(16.7) 3(7.1)
No 25 (83.3) 39 (92.9)
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Note: P-values were calculated using the Mann—Whitney U test.

DISCUSSION

The present study demonstrates that both
transanal endorectal pull-through (TERPT)
and laparoscopically assisted TERPT (L-
TERPT) provide satisfactory long-term
functional outcomes in the majority of
children with short-segment Hirschsprung’s
disease (HD). The high proportion of
patients achieving BFS 212 indicates that
both procedures restore socially acceptable
bowel function in most cases. These
findings further support the effectiveness
and reliability of minimally invasive
approaches for this patient population.

A notable finding of this study was the
significantly lower rate of postoperative
constipation in the L-TERPT group
compared to the TERPT group. The lower
constipation rate observed in the L-TERPT
group may reflect improved intraoperative
visualization and more accurate
identification of the transition zone,
reducing the risk of residual dysmotility.
Laparoscopic assistance allows precise
mapping biopsies and better mobilization of
the colon, which may contribute to these
functional advantages.

Fecal incontinence was an uncommon
postoperative complication, occurring in
two patients in the TERPT group and one
patient in the L-TERPT group. In all cases,
incontinence was attributable to complex
clinical factors rather than the surgical
technique itself. Specifically, in the TERPT
group, one patient developed incontinence
following repeat surgery for anastomotic
stenosis, and another had severe
hypotrophy associated with Mowat—Wilson

syndrome. In the L-TERPT group,
incontinence  occurred after  early
postoperative anastomotic leakage
necessitating reoperation. These

observations suggest that postoperative
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functional complications are more strongly
influenced by patient-specific factors,
comorbidities, and adverse perioperative
events than by the choice of surgical
approach. Such factors should be carefully
considered when interpreting outcomes
and counseling families.

Previous literature has reported that fecal
incontinence after pull-through procedures
may result from technical factors, including
potential injury to the anal sphincter
complex, impaired anorectal sensation, and
altered bowel motility following resection
[1,5]. Excessive intraoperative anal dilation
has also been implicated, although these
effects are typically transient [5,6].
Meticulous surgical technique, particularly
accurate placement of the anastomosis
proximal to the dentate line, remains critical
to minimize postoperative dysfunction [1].
Preoperative Hirschsprung-associated
enterocolitis (HAEC) was more prevalent in
the TERPT group, which may reflect the
younger age of these patients. Younger
children are known to be at higher risk for
HAEC, likely due to immaturity of the
enteric nervous system [3,6]. Although
postoperative HAEC occurred slightly more
frequently in the TERPT group, this
difference was not statistically significant.
The absence of a significant difference
suggests that enterocolitis risk is primarily
driven by intrinsic disease factors and
postoperative bowel adaptation rather than
the surgical technique. This finding
underscores the multifactorial nature of
HAEC, including the influence of patient
characteristics and preoperative disease
burden.

Recent systematic reviews and meta-
analyses published between 2023 and
2024 report comparable long-term
functional outcomes between TERPT and
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L-TERPT in short-segment HD. These
studies indicate that rates of constipation,
fecal incontinence, and HAEC recurrence
are primarily determined by patient-related
factors and perioperative management
rather than the specific minimally invasive
approach employed [5,7]. Our findings are
consistent with these contemporary data,
supporting the equivalence of TERPT and
L-TERPT in appropriately selected
patients.

Study limitation

Several limitations of this study should be
acknowledged. First, its retrospective,
single-center design and relatively small
sample size may limit external validity.

Selection bias due to non-random
allocation of patients to TERPT or L-TERPT
may have influenced the observed
outcomes, as the choice of surgical
technigue was based on surgeon
discretion. No formal sample size

calculation was performed, and the study
may be underpowered to detect small
differences between groups. Second, the
absence of multivariate analysis precludes
identification of independent predictors of
functional outcomes. Third, the use of
parental reports for functional assessment
may introduce reporting bias. These
limitations warrant cautious interpretation of
the results and highlight the need for
prospective, multicenter studies.

Conclusion
Both  TERPT and L-TERPT provide
favorable and comparable long-term

functional outcomes in children with short-
segment Hirschsprung’s disease. While
overall bowel function, continence, and
HAEC incidence were similar, L-TERPT
was associated with a significantly lower
rate of postoperative constipation. These
findings suggest that surgical technique
plays a limited role in determining long-term
outcomes, which are more strongly
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influenced by patient-specific factors and
perioperative management. Prospective,
multicenter  studies with  multivariate
analysis are needed to confirm these
results.
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QISA SEQMENTLI HIRSPRUNG X9STOLIiYIND® TERPT V8 LAPAROSKOPIK
DOSTOKLO TERPT: FUNKSIONAL NOTICOLORIN TOHLILI

Poluxov R.S.", Falah Mehrjardi G.M.", Mehammadov V.8.", Qafarov I.A.?, Mustafayeva G.I.",
Bagirov M.Q."

1Azerbaycan Tibb Universiteti, Usaq carrahli§i kafedrasi

? Tibbi ve bioloji fizika kafedrasi, Baki, Azerbaycan
E-mail: gmustafayeva@amu.edu.az

Xiilasa

Tadqgigatin maqgsadi usaglarda qisa segmentli Hirgprung xastaliyinin (HX) minimal invaziv carrahi
mualica Usullari olan transanal endorektal endiriima (TERPT) ve laparoskopik destakle transanal
endorektal endiriima (L-TERPT) amaliyyatlarindan sonra funksional naticelarin muqayisali sakilde
giymetlendiriimasidir. Retrospektiv tadqigat isine 2014-2025-ci illerde Azarbaycan Tibb
Universitetinin  Tadris-Carrahiyya Klinikasi Usaq carrahiyyasi sObasinde “Qisa segmentli
Hirgprunq xasteliyi” diagnozu ile minimal invaziv cerrahi mudaxile apariimis 72 xaste daxil
edilmigdir. 30 xostede TERPT, 42 xastoda ise L-TERPT amaliyyati icra olunmusgdur. Funksional
naticaler 36 ay median izlama muddsti (IQR 18-60 ay) arzinds Rintala bagirsaq funksiyasi skalasi
(Rintala Bowel Function Score, BFS), defekasiya tezliyi (BMF), hamginin Krikkenbek tosnifatina
asasan qgabizlik ve nacis inkontinensiyasinin agirliq daracasi uzre giymatlandirilmigdir. Hemginin
Hirgprung xasteliyine bagli amaliyyatdan sonraki enterokolitin (HAEC) rast galma tezliyi vo
yaranma sebableri mugayisali sokilde tahlil edilmigdir.Har iki qrupda xestelerin akseriyyatinda
bagirsaq funksiyasi yaxgl ve ya normal seviyyeds musahide edilmisdir. TERPT va L-TERPT
gruplari arasinda BFS, BMF, nacis saxlamazhgi ve postoperativ HAEC baximindan statistik olaraq
ahamiyyatli forqg migahida edilmamisdir (p > 0,05), lakin postoperativ gabizlik L-TERPT qrupunda
statistik olaraq daha az olmusdur (p = 0,032). Postoperativ agirlagsmalar nadir hallarda migahida
olunmus ve daha ¢ox xastaya aid fardi xUsusiyyatlar ve perioperativ amillerle slagali olmusdur,
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corrahi texnikadan ise asilligi az olmusdur. Hom TERPT, heam da L-TERPT qisa segmentli
Hirgprunq xeastaliyinin mialicesinda tehlukasiz, effektiv ve etibarli minimal invaziv carrahi Gsullar
olub, uzunmuddstli funksional naticaler baximindan bir-biri il muqgayisaolunan naticelar
gOstarmisdir.

Acar sozlor: Hirgsprung xasteliyi, transanal endorektal endiriima, laparoskopik kémaekls transanal
endorectal endirilma, nacis inkontinensiyasi

®YHKLINOHAJIbHBIE PE3YJIbTATbI NOCJIE TERPT 10 CPABHEHHUIO C
JIA[TAPOCKOIUYECKU ACCUCTUPOBAHHOU TERPT TP KOPOTKOM CErMEHTE
BOJIE3HU TPLUIMPYHIA

Monyxoe PLL.", ®anax Mexpdxapdu IM.", Mazamedos B.A.", Maghapos MN.A.%2, Mycmacghbaesa
I-n.°, bacupos M.I""

1 Aszepbatioxarckuti MeduyuHckui YHusepcumem, Kaghedpa demckoll xupypauu

2Kagpedpa meduuyuHckoli u 6uonoauyeckoll pusuku, baky, AsepbaiioxaH

E-mail: gmustafayeva@amu.edu.az

Pe3rome

Llenbto paHHOro wuccnegoBaHust 6binO  OUEHUTb  NOCneonepaumoHHble  PYHKLMOHaMNbHbIE
pes3ynbTaThl y eTen C KOPOTKMM cermeHToM 6onesHu MpnpyHra (bBIN) nocne TpaHcaHaanbHOro
aHOopekTanbHoro  HusBegeHma  (TERPT) w1 nanapockonnyecku — aCCUCTUPOBAHHOMO
TpaHCcaHaanbHOro aHgopekTanbHoro HuasegeHus (L-TERPT). lNMpoBeaéH peTpocnekTUBHbLIN
aHanu3 72 nauueHToB, KOTOPbIM ObinNn BbIMOMHEHbI MUHUMASIbHO MHBA3MBHbIE XMpPYpruyeckue
BMellaTeNnbCTBa MO NoBo4Y KOPOTKOro cermeHta blr B oTAeneHun geTtckon xupyprmn Y4yebHo-
XUpypruyeckomn KnuHukn AsepbanmxkaHckoro MeguumHckoro YHusepcuteta B nepuog ¢ 2014 no
2025 rog. Tpumguatv naumeHtam Obino BeinonHeHo TERPT, a copoka gsym — L-TERPT.
DyHKUMOHarbHbIE pe3yrnbTaTbl OLEeHMBaNMCb B TedeHne MeamaHHoro nepuoga HabnogeHna 36
mecsaues (IQR 18-60 mecsaueB) ¢ ucnonb3oBaHneM LIKanbl PYHKLMM kuweyHnka PuHtana (Rintala
Bowel Function Score, BFS), yactotbl gedekaumi (BMF), a Takke CTeneHu BbIpaXeHHOCTU
3anopoB W HegepxaHus Kana cornacHo knaccudpukaumm KpukkeHbeka. Takke Obina
npoaHanuaupoBaHa 4acTtoTa MoCreonepaumoHHOro 3HTEPOKONUTA, acCOoLMMPOBAHHOIO C
6onesHbto [vpwnpyHra (HAEC). Y 6onbliMHCTBa naumMeHTOB B o0b6eumx rpynnax OTMeYeHa
xopowasa unuM HopmarnbHas QYHKUMA KuweyHUKa. XoTs BGOonbLUMHCTBO MokasaTenen Obinu
conoctasumbl mexay rpynnamv TERPT n L-TERPT, nocneonepauuoHHble 3anopbl BCTpeyanuch
cTatucTuyeckn 3HadmtenbHo pexe B rpynne L-TERPT (p = 0,032). CtaTucTMyeckn 3HauYnmbIxX
pasnuuun no wkane yHKuun knwedHnka PuHTansl (BFS), yactote pedhekaunin, dpekanbHoOM
WHKOHTUHEHLMM UNn nocrneonepaunoHHOMY 3HTEPOKONUTY, CBA3aHHOMY ¢ 6onesHbto [MpLunpyHra
(HAEC), He BbisiBneHo. NocneonepaLMoHHbIe OCIOXHEHUA Habnoganucb peako v B 6onbluen
cteneHn ObiNM  CBA3aHbI C  UHOMBUAYalNbHbIMW  XapakTepucTukamu  naumeHToB W
nepuonepaumoHHbiMM hakTopamu, HEXenu ¢ TUNOM xupypruyeckon texHukn. Oba meTtoga —
TERPT n L-TERPT — gasnstoTca 6e3onacHbiMU, 3P(PEKTUBHbIMU U HAAEXHBIMU MUHUMAanbHO
WHBA3MBHbIMU XMPYPrMyecknMmn BMeLLlaTenbCTBamMmmn npu nevyeHnm KopoTKoro cermeHta 6onesHu
MpwnpyHra n obecneynBaloT ConocTaBMble OTAANEHHbIE PYHKLMOHaNbHbIE pe3ynbTaThbl.
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KnioueBble cnoBa: 6onesHb [MpLUNpyHra; TpaHcaHanbHOe 3HOOPEeKTanbHOEe HU3BEAEHWE;
nanapocKOMNMYeckn  acCUCTUPOBAHHOE  TpaHCaHanbHOE  JHAOPEeKTanbHOEe  HWU3BEAEHUE;
byHKUMOHambHbIE pe3ynbTaThl; HegepXkaHue kana
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SOKORLI DIABET ZAMANI QALXANABONZSR Vazi
PATOLOGIYALARININ DIABETOGEN MEXANiZMLOR® TOSIiRI

Qasimova A.S.", Bliyeva C.T'., Hiseynova S.M.", 8liyeva A.C.', Agamaliyeva U.C."

Xulasa

Sokarli diabet (SD) ve galxanabanzar vazi (QV) xastelikleri genis yayillmis endokrin patologiyalar
sirasindadir. Hazirki tedgigatin magsadi SD tip 1 va tip 2 olan pasiyentlorde QV patologiyalarinin
rastgelme tezliyini ve klinik xususiyyatlerini giymatlandirmek olmusdur. Tedgiqata 180 $D-li xeste
daxil edilmisdir, onlardan 22-si SD tip 1, 158-i isa $SD tip 2 diagnozlu xaste olmusdur. QV bdylimasi
xastalerin 31,7%-da agkar edilmis va SD tip 2 zamani $SD tip 1 ile mlgayisada shamiyystli deracada
daha ¢ox qeyda alinmisdir (33,5% va 18,2%). Duyunli dayisikliklerin rastgelma tezliyi yasla artaraq
70 yas ve yuxari pasiyentlorde 29,6%- c¢atmisdir (p<0,01). Xronik autoimmun tiroidit va
hipotireoidizm hallari SD tip 2 zamani xastsliyin middsti ile six alagsli olmusdur (5 ilden ¢ox
muddetda 49,3% ve 5 ile qadar 23,4%, p<0,001). Yanasi tiroid patologiyasi olan pasiyentlarda
HbA1c seviyyesi daha ylkssk ve mualiceya rezistentlik daha c¢ox (71,7% ve 27,6%, p<0,001)
olmusdur. Alinan naticeler SD-li pasiyentlerds QV disfunksiyasinin erkan askarlanmasi ve vaxtinda
korreksiyasinin vacibliyini gostarir.

Acar sozlar: qalxanabanzar vazi; sakerli diabet; xronik autoimmun tiroidit; tiroid hormonlari

GIRIS malumatlara ssasan, 2021-ci ilde dinya
Sakerli diabet (SD) va galxanabenzar vezi tzre 529 min nafarde SD qeydes alinmisdir.
(QV) xastaliklari bitun dinyada yayilma Beynalxalqg ekspertlorin  prognozlarina
tezliyine gore ilk siralarda yer alan gore, xastaliyin yayllma tezliyi artan
endokrin patologiyalardir. Statistik dinamikaya malikdir ve 2050-ci ile qader

sokarli diabetle yasayan insanlarin sayinin
1,31 mird nafari 6tecayi gozlenilir [1].

Qalxanabanzer vezi patologiyalari diinya
uzra taxminan 200 min insanda geyda

Yazisma tgin olaga: 1 1 alinmigdir. Hipotireoidizm 1-2%,
Qasimova A.S.", Bliyeva C.T'., Hiseynova $.M.", . T o . .

Bliyeva A.C.". Ajamaliyeva U.C. hlpert|r0|d|zm 0.2-1.3% haIIarda! musahldle
1. Azarbaycan Tibb Universiteti, Patoloji fiziologiya olunur, taxminan 60% hallarda ise xastalik
kafedrasi, Baki, Azerbaycan askarlanmir. Qlobal olarag 1 mird-dan gox

E-mail:aidagasimova08@mail.ru . <. .
insan yod c¢atismazligi ile saciyyalenan

arazilerde vyasayir ve bu faktor tiroid
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patologiyalarinin asas sabablarindan biridir
[2].

Klinik mugahidaler gostarir ki, $D tip 2 olan
pasiyentlorde QV disfunksiyasi saglam
populyasiya ile migayiseds 2-3 defe daha
¢ox rast galinir [3-6]. Bununla bels, tiroid
patologiyasinin SD-li pasiyentlarin
mualicasinin effektivliyina tosiri,
darmanlara rezistentliyin formalasmasi ve
xastaliyin agirlasmalarinin
progressivlesmasi heale da kifayst gader
oyrenilmamisgdir. Eyni zamanda, yanasi
patologiyanin mualicasi ve SD-li diabetli
xostalorde QV xastaliklerinin profilaktikasi
uzra vahid yanasmalar movcud deyil.
Tadgigatin maqgsadi SD tip 1 ve tip 2 olan
pasiyentlarde galxanabanzar vazi
xostaliklorinin rastgalme tezliyini ve klinik
xususiyyatlarini giymatlandirmak olmusdur.

MATERIAL VO METODLAR

Umumilikde 180 SD-li xssts miisahide
edilmisdir. Bunlardan 22-si $SD tip 1 (yas
diapazonu 20-46 yas), 158-i ise SD tip 2
olan pasiyentlor (42-78 yas) olmusdur.
Diabetin muddati 1-27 il civarinda dayisirdi.
SD diagnozu mdvcud Klinik tévsiyalar va
UST meyarlarina (WHO/Standard of Care
2024-2025) uygun olarag qoyulmusdur [7].
Nozarat qrupu praktik saglam sexslardan
formalagdiriimigdir (n=32).

Muaayina planina Umumi Kklinik muayins,
anamnestik malumatlarin  toplanmasi,
HbA1c saviyyalarinin Vo tiroid
funksiyasinin goéstericilerinin (TSH, sarbast
T4 va T3) immunferment Usulu ile tayini
daxil olmusdur. QV-in hacmini,
ekostrukturunu Vo duyunlerin
movcudlugunu  giymatlendirmak  Ggln
ultrases muayinasi (USM) apariimisdir.
Zorurat olduqda ince iyne aspirasiya
biopsiyasi aparilirdi. Tiroid peroksidaz ve
tiroglobuline qarst gan  zerdabinda
anticisimlarin titrleri tayin edilmigdir.
Statistik malumatlarin  emali standart
variasiya statistikasi metodlari ve SPSS
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Statistics v.26.0 (ABS, IBM Corp.) program

teminati  istifadesi ile  aparilmigdir.
Kamiyyat g0stericileri, orta deyarler va
standart  kenarlasma  (M+SD)  kimi,

kateqoriyali dayisaenler ise faizler saklinda
teqdim olunmusdur. Normal paylanmalar
Ugln Student t-testi, normal paylanmadan
kanara c¢ixma hallarinda qeyri-parametrik
Mann-Uitni U testi istifade edilmigdir.
Qruplar arasinda keyfiyyat
xususiyyatlerinin  mugayisesi Pearson x?
testi ile apariimisdir. Fergler p<0.05
oldugda statistik cahatden ahamiyyatli
hesab edilmigdir.

NOTICOLOR VO MUZAKIR®

SD olan xastelords QV bdyumasi 57
(31,7%) neferde geyda alinmisdir. SD tip
2 zamani QV bdyumasi hallari 33,5+3,5%
toskil etmisdir ki, bu da SD tip 1 xastelarina
nisbaten texminan iki dafe ¢cox olmusdur
(18,2+4,1%, x*=6,41, p=0,011).

Ultrasas muayinasinin naticalarine asasen,
endemik zob Ugun saciyyavi olan homogen
exoteksturaya malik QV diffuz izoexogen
béylmasi yalniz 11 xastede (6,1+1,7%)

askar edilmigdir. Qalan hallarda
hipoexogen "halo" ilo dayunlu
zadslenmalar, kalsifikasiya sahaleri ve ya
kistoz dayisikliklara uygun anexogen
dairavi  strukturlar askar edilmisdir.
Duyunlar 42 xestads (23,3%13,0%) askar
edilmisdir.

Duydnld urun rastgelma tezliyinde yasla
bagll aydin slage mugahide edilmisdir.
Yasi 70-den az olan pasiyentlarde duyunlu
dayisikliklar 15,2+4,3% hallarda qeyda
alinmigdir, 70 yas va yuxarl olan
xastolarde ise bu gosterici 29,61+4,0%-o
gadar artmisgdir (p<0,01).

7 xastede anamnezds strumektomiya
haqqinda malumatlar moévcud olmusdur.
SD tip 1 olan pasiyentlerin 2-da diffuz
toksik ur ile bagli emaliyyat apariimigdir, 1
xastede amaliyyat naeticesi olaraq agir
hipotireoidizm inkisaf etmisdir. SD tip 2
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diagnozlu 5 xestada goxduyunlu eutireoid
zob sebeabindan strumektomiya emaliyyati
hayata kegirilmigdir.

Hipotireoidizmin agkar klinik alamatlari 32
xastadoe (17,8+2,8%) mugahida
olunmusdur, onlardan 29-da SD tip 2
diagnozu qoyulmusdur. Bu naticaler, SD-
dan aziyyst ¢aken xaste populyasiyasinda
tiroid catismazhginin goxfaktorlu tabistini
gosterir.

9 xestade hipotireoidizm ile musayiet
olunan xronik atrofik autoimmun tiroidit
(XAAT) diagnozu qoyulmusdur. 55 xastede
ultrases muayinesi zamani  XAAT-In
hipertrofik varianti sibhasi yaranmisdir, bu
da 43 xsstede (78,2 + 5,6%) iyne
biopsiyas! ve tiroid peroksidaza ve/ve ya
tiroglobulin anticisimlerinin yuksak titrlari
ilo tasdiglenmisdir. USM-de vezin qeyri-
muayyan konturlari, kapsulun galinlagmasi
va hipo- va hiperexogen sahalar va lifli
tebagalarin dayismasi ile musayiat olunan
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nazaragarpacaq parenximal heterogenlik
askar edilmisdir.

XAAT ve hipotireoidizm hallarinin rast
galma tezliyi SD tip 2 variantinda xastaliyin
muddati ilo ahamiyyatli deracada
korrelyasiya etmigdir: xastaliyin muddati 5
ile gadar olduqda 23,414,6%, 5 ilden ¢ox
oldugda ise 49,316,2% (p<0,001) tagkil
etmisdir. Hamginin qlikemiyani azaldan
darmanlarin uzunmuddatli istifadesi ile QV
patologiyasinin inkigafi arasinda alaga
muayyan edilmigdir, bu da adabiyyat
malumatlarinda oks edilan strumogen
effektlo izah edile biler [8].

Hormonal statusun tahlili gosterdi ki,
naezarast  qrupunda  TSH soviyyesi
1,92+0,21 mlIU/L, sarbast T3 — 1,181£0,12
nmol/l, serbast T4 — 114,9+3,1 nmol/l teskil
etmisdir. $SD tip 1 olan xestslerde TSH
soviyyaleri umumiyyatla normal
diapazonda olmusdur (2,01 + 0,58 mIU/L,
p>0,05). Naticelar cedvel 1-do tadgim
edilmigdir.

Cadval 1. Sakorli diabetli xastalorde QV funksiyasini saciyyalandiran hormonlarin

xususiyyatlari (M * SD)

Gostarici Kontrol qrup | SD tip 1 (n=22) SD tip 2 + XAAT (n=43)
(n=32)

TSH, mIU/L 1,92 £ 0,21 2,01+£0,58 3,62 +0,97*

T3, nmol/l 1,18 £ 0,12 1,79+0,75 1,12 £ 0,31

T4, nmol/Il 114,9 + 31 78,9 £ 16,0* 109,3 £4,6

* p<0,05 kontrol grupla muqgayisada

SD tip 2 olan xasteloerde XAAT zamani
TSH soviyyasi 3,62+0,97 mlU/L
soviyyesine c¢atmisdir, bu da TSH
glikasiyasi ve protein metabolizminin
pozulmasi ile alagali ola biler. Buna
baxmayaraq, SD tip 2 olan pasiyentlarde

T3 ve T4 konsentrasiyalari nazaret
grupunun dayarlerindan statistik
shamiyyatli deraceds farglanmamisdir

(p>0,05). $SD fonunda piylenmaden aziyyat
cokan xestalarde TSH seaviyyalari normal
badan ¢okisi olan xastelara nisbaten bir
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gader ylksaek idi (2,74 + 0,88 vs. 1,42 +
0,91 plU/ml, p = 0,09). Qeyd etmak
lazimdir ki, SD tip 2 va piylenma olan
xastolerin 22,8 + 4,9%-do asagr T3
soviyyasi askar edilmisdir, bu da
patogenetik mexanizmlarin alegali olmasi
ile izah oluna biler.

SD tip 1 diagnozlu xestalerde HbA1c
saviyyasi orta hesabla 7,3+0,2%, SD tip 2
olan xestslords iss 6,5+0,4% toskil
etmisdir. Bununla yanasi, SD tip 2 olan
pasiyentlorde QV patologiyasi olduqda,
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HbA1c saviyyesi daha yuksak olmusdur
(6,840,5% vs  6,310,4%, p<0,05).
Sulfanilamidlere qargi rezistentlik  QV
patologiyasi olmayan $D tip 2 olan
xostalerle (27,6 = 5,3%, p < 0,001)
muqayisede QV xastalikleri olan sexslerda
(71,7 £ 6,1%) daha c¢ox musahida
edilmisdir.

Qruplarda agirlasma nisbatlarinin (66.7 +
5.8% va 58.5 = 6.0%, p > 0.05) statistik
geyri-durust olmasina baxmayaraq, yanasi
gedan tiroid xastaliyinin  movcudlugu
mikroangiopatiyanin daha suraetli
progressivlegsmasi ile alagalendirilmisdir.
Bunun sababi aksar hallarda
hipotireoidizmle baghdir [9]. Bu vaziyyst
proteoqlikanlarin Vo glikoproteinlarin
sintezini aktivlesdirarak zulal mibadilasinin
pozulmalarini  derinlagdirir va naticeds
damar zadalenmalarinin suratle
progressivlesmasina gerait yaradir [10].
Yekun. Qalxanabanzer vazi patologiyalari
diabetogen mexanizmlarin ayrilmaz
komponenti kimi karbohidrat mubadilasinin
pozulmalarinda ve diabetik agirlagmalarin
formalagsmasinda muhim rol oynayir. Bu
baximdan, tiroid hormon disbalansinin
erkan askarlanmasi Vo vaxtinda
korreksiyasi sokarli diabetli pasiyentlarin

uzunmuddastli  prognozunu  ahamiyyatli
deracadas yaxsilasdirir.
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CLINICAL IMPACT OF THYROID DISORDERS ON DIABETOGENIC MECHANISMS IN
DIABETES MELLITUS

Qasimova A.Sh’., Aliyeva J.T'., Huseynova Sh.M'., Aliyeva A.J"., Agamaliyeva U.J.!
1. Azerbaijan Medical University, Department of Pathological Physiology, Baku, Azerbaijan

Abstract

Diabetes mellitus (DM) and thyroid pathologies (TP) are common endocrine diseases that frequently
coexist. This study evaluated the prevalence and clinical characteristics of TP in patients with type 1
and type 2 DM. A total of 180 diabetic patients were examined, including 22 with type 1 DM and 158
with type 2 DM. Thyroid enlargement was detected in 31.7% of patients and was significantly more
frequent in type 2 DM compared with type 1 DM (33.5% vs. 18.2%). Nodular thyroid changes
increased with age, reaching 29.6% in patients aged =70 years (p<0.01). Chronic autoimmune
thyroiditis and hypothyroidism were strongly associated with longer duration of type 2 DM (49.3%
after >5 years vs. 23.4% within 5 years, p<0.001). Patients with concomitant TP demonstrated higher
HbA1c levels and a markedly increased rate of resistance to treatment (71.7% vs. 27.6%, p<0.001).
These findings highlight the importance of early detection and management of TP in diabetic
patients.

Keywords: thyroid gland; diabetes mellitus; chronic autoimmune thyroiditi; thyroid hormones

BJINSIHUE MATOJIOMMHA LUNTOBUOHOMU XEJIE3bl HA QUABETOIMEHHbIE
MEXAHU3MbI TP CAXAPHOM OUABETE

Kacbimosa A.LL. ", Anuesa [x.T'., MNycetiHosa LL.M'., Anueea A.[]x'., Aecamanuesa Y.[Jx.
1. AsepbatidxaHckul MeduyuHckuli YHusepcumem, kaghedpa namosioaudeckol ¢husuosnoauu, baky,
A3zepbalidxaH

Pe3iome

CaxapHbin gnabet (CL) n 3aboneBaHus wmtoBnaHom xenesbl (LK) oTHOCATCA K uncny LUMPOKO
pacnpoOCTPaHEHHbIX AHAOKPWUHHBLIX NaTonorun. Llenbko HacTosiwero uccrnenoBaHusa ObiNo OUEHUTb
4acToTy BCTPEYaeMoCTN U KNUHN4eckne ocobeHHocTn natonoruun LK y naunentos ¢ CA 1-ro u 2-ro
TMnoB. B nccnepoearne obinn BkntodeHsl 180 naumeHtoB ¢ Cl, n3 Hux 22 — ¢ CL 1-ro tuna n 158
— ¢ C[] 2-ro Tvna. YBenuueHue WnToBNOHOM xenesbl BbisBNeHO Y 31,7% nauneHToB U 3HAaYNTENBHO
Yawe peructpuposanocb npu CI 2-ro tuna no cpasHeHnuto ¢ CO 1-ro tuna (33,5% un 18,2%
COOTBETCTBEHHO). YacToTa y3noBbiX U3MEHEHUI YBENMYMBANach C BO3pacToM u gocturana 29,6% y
nauneHToB B Bo3pacte 70 netr u crapwe (p<0,01). Cnyy4yam XPOHUYECKOrO ayTOMMMYHHOrO
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TupeomanTa u runotupeosa npu CL 2-ro Tvna ObiniM TECHO CBSA3aHbl C ANUTENbHOCTLI0 3aboreBaHus
(49,3% npun gnutenbHoctn 6Gonee 5 net u 23,4% npu gnutenbHoctn o 5 net, p<0,001). Y
NauMeHToOB C COMNyTCTBYKOLWEN TupeouaHom natoriormen ypoBeHb HbA1C Obin Bbiwe n 4awe
oTMeYanacb pe3uCTeHTHOCTb K Tepanun (71,7% wn 27,6% cooTtBeTcTBeHHO, p<0,001). MNMony4eHHbIe
pesynbTaTbl CBMAETENLCTBYIOT O HEOOXOOAUMMOCTW paHHEro BbidBAeHuss aucdyHkumm LUDK n eé
CBOEBpPEMEHHOM KoppeKkuuun y naumeHtos ¢ CM.

KnioyeBble cnoBa: WWTOBMAHAsA >ernesa; caxapHbld OuabeT, XPOHUYECKUA ayTOMMMYHHbIN
TUPEOUOUT; TUPEOUAHBIE FOPMOHbI.
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IN SILICO STUDY TAURINE DEHYDROGENASE INHIBITOR
ACTIVITY OF SOME ARYL-HYDRASONES OF a-KETOAETHERS

Konul F. Huseynguliyeva', Kamala K. Badalova', Abel M. Maharramov?, Namiq Q.
Shikhaliyev*, Ayten M. Qajar?, Khatira A. Garazadeh?, Sahira R.Mammadova®, Zunaira
Akram?®, Abdur Rauf®

Abstract
Computer-Aided Drug Design has changed the drug development process by improving the
pharmacodynamics, pharmacokinetics, and possible side effects. This study uses in silico
techniques to assess the biological, pharmacokinetic and toxicological, properties of eight a-
ketoether derivatives, including both Z- and E-isomers, synthesized through the solvolysis
reaction of dichlorodiazadienes in methanol. This study provides a thorough in silico
assessment of these derivatives using programs like SwissADME for physicochemical
parameters, ProTox Il for toxicity analysis, and PassOnline for biological activity predictions.
Among the compounds studied, derivatives 5 (Z-isomer) and 6 (E-isomer) showed significant
taurine dehydrogenase inhibitory activity, with a predicted activity value (Pa) of 0.694,
indicating strong potential for further development. Moreover, toxicity estimations indicate that
these compounds are most likely safe and unlikely to cause liver or cancer issues. According
to pharmacokinetics, these derivatives are well-absorbed and are likely to cross the blood-
brain barrier (BBB), which makes them strong candidates for neurological problems. In
conclusion, the computational findings suggest that derivatives 5 and 6 could be employed in
drug development by targeting taurine dehydrogenase because of their high effectiveness and
safety.

Key words: In silico, PassOnline, SwissADME, Swiss TargetPrediction, ProTox-ll,
arylhydrozones of a-ketoesters

INTRODUCTION costly, and often does not turn out as
Finding new therapeutic substances expected [[1], [2]]. Computational
takes a complex process that includes methods have allowed CADD to play
laboratory research, clinical studies, an important role in drug discovery, as
and their use in medical care. it speeds up the process of finding
Nonetheless, traditional drug drugs that might be effective. By
development can take a long time, is implementing new computational

© ATUJ and The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to theoriginal author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If
material is notincluded in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of thislicence, visit http://creativecommons.org/licenses/by/4.0/.
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approaches, Computer-Aided Drug
Design (CADD) has an important role
in modern drug discovery by making it
easier to choose promising
compounds [[3], [4]]. With help from
CADD  methods, including,virtual
screening, and predictive modelling,
researchers look into the biological
impact, toxicity, and drug effects of
compounds before starting any tests,
helping to reduce the costs and time
needed for drug development [[5], [6]].
Potentially a class of eight different
therapeutic compounds known as a-
ketoether derivatives (Table 1), have
been discovered after the solvolysis
reaction of dichlorodiazadienes in
methanol (Figure 1). These
compounds, including both Z- and E-
isomers, exhibit diverse biological
activities, making them

suitable candidates for in-depth
investigation in drug design [7].
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Each newly created chemical
compound must serve the well-being
of people by identifying its potential
area of application in the future. Often,
these applications involve using
chemicals for humans, as they are part
of chemical or pharmaceutical
industries, or for analyzing and
synthesizing things, including drugs.
The safety of new chemicals is always
the main concern in any discipline [[8],
[9]]. If the compounds do not possess
hazardous properties, their possible
toxicity to the human body must be
explored. Following the results, their
toxicity class must be determined by
using the Hodge and Sterner scale
[10]. Industrial production of
compounds with low toxicity is
permitted.

Historically, scientists checked the
possible harm of new chemicals by
analyzing their impact on laboratory
animals. Nevertheless, the
introduction of REACH (Registration,
Evaluation and Authorization of
Chemicals) has resulted in greater use
of methods conducted outside of living
organisms to address both morality
issues and high costs linked to animal
experiments [[11], [12]]. Testing of
large chemical quantities (=10 tons) is
prescribed by these new measures,
and in vitro studies are needed to
assess any dangers to human health
[13].

Substances with few toxins and strong
biological activities may be considered
useful for health treatment in humans.
The process, called drug design, is
used to develop biologically active
chemicals into usable medicines.
Using traditional ways to discover new
drugs often takes time and costs a lot
of money. As a consequence, virtual



K.F.Huseynguliyeva, K.K.Badalova, A.M.Maharramov ATU Jurnali (2026) 01:09

screening, which forms part of the in
silico approach, is now widely used
[14]. Thanks to these methods, it is
possible to recognise drug candidates
faster and more accurately while
saving time and costs [5]. One
important part of bioinformatics is
Computer-Aided Drug Design
(CADD), which combines biology,
computer skills, and statistics. With the
help of algorithms and modelling, it can
show how ligands attach to bigger
protein molecules, giving useful
information about their efficacy and
effectiveness in medicine.

The first discovery of taurine happened
in 1827 when it was found in a bull’'s
bile (the term Taurus was inspired by
the bull). Taurine is not found in the
group of amino acids contained in
protein. It is well known that taurine (2-
aminoethanesulfonic acid) is one of
the “semi-essential” amino acids, as it
consists of an amino plus sulphur
framework and is mainly produced in
the liver and kidneys from cysteine and
methionine. Taurine can be seen in the
retina, brain and spinal cord, heart,
and placenta and has numerous
functions in the body. Taurine protects
organs from damage inflicted by
inflammation and oxidative stress in
model experiments. Taurine regulates
processes like endoplasmic reticulum
stress, Ca?* levels, and activity of
neurons in the body at the molecular
level. Taurine influences different
functions in cells, such as metabolizing
energy, controlling gene activity,
adjusting fluid levels, managing
protein quality, and linking bile acids to
other molecules. Notably, research
has revealed that taurine may provide
positive effects in the treatment of
nervous system-related problems
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such as neurodegenerative disorders,
stroke, epilepsy, diabetic nerve
damage, and other neurological
problems [[15], [16]].

Among its functions, taurine, in the
brain, affects neurons’ activity,
moderates memory abilities, manages
aggression, and helps protect against
alcohol. According to Jang et al. in
2017, giving taurine orally at a dose of
1000 milligrams per kilogram of body
weight each day can help improve
memory and reverse brain changes
seen in severe cognitive dementia
caused by Alzheimer’s disease [17].
As revealed by Columbia University
Irving Medical Center investigators in
recent studies, a lack of taurine might
be a reason for aging. Studies done on
mice, monkeys, and humans have
shown that with age, the body’s taurine
levels decrease[18]. Taurine
dehydrogenase breaks down taurine

with  the formation of sulfa-
acetylaldehyde, ammonia, and
acceptors of electrons.

The purpose of this study is to

investigate eight derivatives in terms of
their  toxicology, biology, and
pharmacokinetics, by considering their
potential to function as taurine
dehydrogenase inhibitors. Taurine,
which is an amino acid with sulphur, is
needed for multiple body activities
[[19], [20], such as neurotransmission
modulation [21], maintaining cell
balance [22] and shielding the body
from stress caused by reactive oxygen
species [[15], [22]]. Having low taurine
can result in several neurological
issues, so taurine dehydrogenase and
other relevant enzymes could be
considered as possible treatments
[15].

Despite knowing much about taurine
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and a-ketoether derivatives, there is
very little insight found in chemical
literature on their use as taurine
dehydrogenase inhibitors. This study
aims to resolve this issue by checking
if these compounds can inhibit taurine
dehydrogenase, an important enzyme
needed for taurine metabolism. By

Ry= -CHs, -C(CHy),
R = -CH,, -OCH,
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analyzing the chemical, biological, and
pharmacokinetic features of these
derivatives, we intend to pick out good
candidates for medicines that address

neurological conditions related to
taurine.
R 0 R 0
X |
N| gCHq -~ "-OCH3
N - AN
R R
(Z-izomer) (E-izomer)

Figure 1: The Solvolysis Reaction of Dichlorodiazadienes in Methanol is Represented
by this Scheme That Forms Both the Z- and E-lsomers of a-Ketoether Derivatives.

Table 1: a-Ketoether Derivatives: Nomenclature and Structural Details of Z- and E-Isomers

No R/R1 NAME STRUCTURE
methyl (2)-2-(2-(4- \OﬁH "

I OCHB3/CH3 | methoxyphenyl)hydrazineylidene)-2-(p-tolyl) ©
acetate L
methyl (E)-2-(2-(4- WQH;N(M“““

| OCH3/CH3 | methoxyphenyl)hydrazineylidene)-2-(p-tolyl)
acetate <>

O\
0 o
Ol

" CH3/OCH3 methyl . . (Z)-2-(4-methoxyphenyl)-2-(2-(p

tolyl)hydrazineylidene) acetate
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v | cH3/ocHz | methy!

(E)-2-(4-methoxyphenyl)-2-(2-(p- .
tolyl)hydrazineylidene)acetate

_0O

£

OCH,

V | CH3/N(CH3)3| MethY!

(Z2)-2-(4-dimethylamino)phenyl)-2-(2-(p-

Sl

=

Vi CH3 / CH3

tolyl)hydrazineylide-ne)acetate g
I
4
ReuE
H . i OCH,
Vi CH3/N(CH3)3 methyl (!E)-2-.(4-d|methylam|no)phenyl)-2-(2-(p- "
tolyl)hydrazineylidene)acetate @
(o}
mocm
methyl (Z2)-2-(p-tolyl)-2-(2-(p|

tolyl)hydrazineylidene)acetate

2

o
T~ OCH,

methyl (E)-2-(p-tolyl)-2-(2-(p- NN
VIl | CH3 /CH3 tolyl)hydrazineylidene)acetate
METHODOLOGY likelihood of detecting activity in the

In Silico Predictions of Toxicity and
Biological Activity

The toxicity and biological activity for
the eight a-ketoether derivatives (KEA),
Z- and E-forms both, were studied using
the PassOnline program
(http://www.way2drug.com/passonline/
). Using PassOnline, scientists can
observe structure-activity relations and
find out the possible biological activities
of up to 45,000 chemicals. The
estimates for each class are given in
terms of the probabilty of an
observation being active (Pa) or
inactive (Pi), both of these ranging from
zero to one. A higher Pa value and
lower Pi value indicate a higher

76

experiment.

Canonical SMILES Generation

Using the PassOnline software, the
canonical SMILES (Simplified
Molecular-Input Line-Entry System) for
each of the a-ketoether derivatives
have been generated.
Physicochemical
Pharmacokinetic Properties
The physicochemical properties and
pharmacokinetic ADME (Absorption,
Distribution, Metabolism, and
Excretion) studies of the a-ketoether
derivatives were performed using the
SwissADME program
(http://www.swissadme.ch/) and Swiss
Target Prediction program

and
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(http://www.swisstargetprediction.ch/)

[23]. The SwissADME software
provided valuable information regarding
molecular properties such as solubility,
lipophilicity, and other essential
characteristics. The Swiss Target
Prediction tool was used to predict the
potential biological targets for each
compound.

Toxicity Prediction

To predict the toxicity of compounds 5
and 6, ProTox Il (https://tox-
new.charite.de) was used to find the
probability of these compounds having
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effects:
and

any of the following
hepatotoxicity, carcinogenicity,
organ-related toxicities [24].

It should be noted that earlier studies
were conducted with the creation of
pyrazine substitutes to predict the
activities of taurine inhibitors with the
Pass program [25].

RESULTS

Canonical SMILES

With PassOnline software, the standard
SMILES all the a-ketoether have been
determined and summarized in Table 2.

Table 2: Molecule formula and canonical SMILES

No Molecule Canonical SMILES
| C17H18N20 [COC(=0)C(=N/N(C)C1=CC=C(0OC)C=C1)\C1=CC=C(C)
3 C=C1
I C17H18N20 |COC(=0)C(=N\NC1=CC=C(OC)C=C1)\C1=CC=C(C)C
3 =C1
C17H18N20 [HIN(\N=C(/C(=0)OC)C1=CC=C(0OC)C=C1)C1=CC=C(
11
3 C)C=C1
W C17H18N20 |[COC(=0)C(=N\NC1=CC=C(C)C=C1)\C1=CC=C(0OC)C
3 =C1
v C18H21N30 [H]N(\N=C(/C(=0)OC)C1=CC=C(C=C1)N(C)C)C1=CC=
2 C(C)C=C1
C18H21N30 |COC(=0)C(=N\NC1=CC=C(C)C=C1)\C1=CC=C(C=C1)
VI
2 N(C)C
C17H18N20 [HIN(\N=C(/C(=0)OC)C1=CC=C(C)C=C1)C1=CC=C(
VII
2 C)C=C1
Vil C17H18N20 |COC(=0)C(=N\NC1=CC=C(C)C=C1)\C1=CC=C(C)C
2 =C1

Pharmacokinetic Predictions
(ADME)

Pharmacokinetic properties, including
ADME, are key determinants in
evaluating the drug-likeness of

chemical compounds. In this study, we
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used SwissADME software to estimate
the pharmacokinetic traits and
physicochemical properties of eight a-
ketoether derivatives. Such
predictions are crucial because they
help us know how compounds will
interact with the body and what risks
they may carry.
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Physicochemical Descriptors and
Pharmacokinetic Properties

The SwissADME tool provides vital
information, including the Molar
Refractivity (MR) for each compound,
as well as Total Polar Surface Area
(TPSA), Log P (lipophilicity), and
solubility predictions. These
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predictions are used to decide if a
compound is likely to be well
absorbed, distributed through the
body, and generally available. Table 3
estimates the Molar Refractivity, Total
Polar Surface Area, and Log P values
for all eight a-Ketoether derivatives.

Table 3: Predictions of Molar Refractivity, Total Polar Surface Area and Log P Values

for Various a-Ketoether Derivatives

Mo MW iLOG XLOGP WLO MLOG
I Formula MR g,mol TPSA P 3 GP p
C17H18N20 298,3 59,9
I 86,28 ’ 2 2,93 470 2,80 2,60
3 4
A2
C17H18N20 298,3 29.9
Il 175182 86,28 ’ 2 3,01 4,70 2,80 2,60
3 4
A2
C17H18N20 298,3 59,9
1l 7r18 86,28 ’ 2 2,88 4,70 2,80 2,60
3 4
A2
C17H18N20 298,3 59,9
IV 7r18 86,28 S 2 317 | 470 280 | 2,60
3 4
A2
C18H21N30 311,3 53,9
\/ 218 21N3 93,99 3 ’ 3 2,96 4,85 2,86 2,84
A2
C18H21N30O 311,3 53,9
VI 2 93,99 8 ’ 3 3,07 4 85 2,86 2,84
A2
50,6
v | C17H18N20 | g, oo ] 2823 g 291 | 509 310 | 3417
2 4
A2
50,6
VI C17H18N202| 84,75 | 282,34 | 9 3,03 5,09 3,10 3,17
A2
Solubility Predictions solubility in various environments, using
Solubility is a critical factor in ESOL and Ali Solubility methods. Table

determining whether a compound can
be absorbed by the body. The
SwissADME software also predicts

78

4 presents the predicted solubility for
each compound
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Table 4: Solubility Predictions for Various a-Ketoether Derivatives

Silic ESOL| ESOL |ESOL Ali Ali
os | Consen | Log S| Solubi Solub | Ali Solubility | Solubi
Molecule - sus lity ility Log | (mg/ml) lity
IT Log P mqg/ml (mol/l S (molll)
Log ) )
P
3,27 3,26 4,6 6,55e- [2,20e- - 6,14e-04 2,06e-
6 03 05 5,6 06
9
Il 3,27 3,28 4,6 6,55e- [2,20e- - 6,14e-04 2,06e-
6 03 05 5,6 06
9
[l 3,27 3,25 6,55e- [2,20e- - 6,14e-04 2,06e-
4,66 03 05 5,6 06
9
Y 3,27 3,31 4,6 6,55e- [2,20e- - 6,14e-04 2,06e-
6 03 05 5,6 06
9
\% 2,90 3,28 4,8 4,76e- [1,53e- - 5,98e04 |1,92e-
2 03 05 57 06
2
Vi 2,90 3,30 4,8 4,76e- [1,53e- - 5,98e04 |1,92e-
2 03 05 57 06
2
Vi 3,73 3,60 3,64e- [1,29e- - 3,567e-04 [1,27e-
4,89 03 05 59 06
0
Vil 3,73 3,62 4,8 3,64e- [1,29e- - 3,567e-04 [1,27e-
9 03 05 59 06
0

Gastrointestinal Absorption, Blood-

compound may penetrate the blood-

Brain Barrier Permeability, and brain barrier, and if metabolism could
Metabolism occur. All these compounds have high
Pharmacokinetics was investigated Gl absorption, which means they are

further by considering the absorption
through the GI tract, passage through
the BBB, and how each compound is
metabolized. These values explain how
absorption will progress, whether the
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likely to be absorbed well in the gut.
Additionally, all the tested derivatives
are expected to cross the BBB, so they
could help treat nervous system
diseases (Table 5).
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Table 5: Gastro Intestinal Absorption, Blood Brain Barrier Permeability and Metabolism

of Various a-Ketoether Derivatives

Gl BBB | Pgp CYP1A2/CYP2C1 CYP2C9 CYP2D6 CYP3A4
Molecule | Abso | per | sub (inhibitor9 Inhibitor inhibitor |inhibitor
rptio | mean | strat Inhibitor
n t e
I High [Yes No Yes Yes No No No
Il High [Yes No Yes Yes No No No
Il High [Yes No Yes Yes No No No
v High [Yes No Yes Yes No No No
\ High |Yes No Yes Yes Yes No No
VI High |Yes No Yes Yes Yes No No
VI High |Yes No Yes Yes No No No
VI High |Yes No Yes Yes No No No

Bioavailability, Lipinski Rule, Veber
Rule, and Ghose Rule Predictions
The bioavailability score, Lipinski's Rule
of Five, and Veber and Ghose's rules
were used to predict whether the
compounds possess desirable
characteristics for drug
administration.

Bioavailability Score: All derivatives are
thought to have a moderate likelihood of
getting into the bloodstream because
their bioavailability score is 0.55.
Having a high score usually reflects that
the drug can be absorbed more
effectively (Table 6).

Lipinski’'s Rule of Five: Lipinski’'s Rule
considers a few molecular attributes
(such as weight, the ability to take part
in hydrogen bonding, and Log P) when
evaluating the compounds. In all cases,
the XLOGP3 of these drugs is more
than 3.5, which suggests that their

oral

ability to travel through and be
absorbed by the body may be
restricted. Nevertheless, these

necessary features are still met by
these compounds since they do not
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have any violations in the number of
hydrogen bond donors and acceptors
(Table 6).

Veber and Ghose Rules: According to
the Veber Rule (which underlines
factors such as rotatable bonds and
polarity on the surface) and the Ghose
Rule (which pays attention to molecular
size and polarity), these derivatives fall
within the desired ranges for drugs that
can be taken by mouth. While a few of
the derivatives have a violation for
XLOGP3 exceeding 3.5, their overall
molecular characteristics indicate they
can still be orally absorbed well (Table
6).

Synthetic Accessibility: The fact that all
compounds are marked as having “Yes”
for synthetic accessibility allows us to
assume that they are suited for effective
drug development (Table 6).

PAINS Alerts: PAINS alerts are the
same for all compounds, as they often
have building blocks that tend to bind
with multiple partners and could make it
hard for the molecules to be used as
effective drugs (Table 6).
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Table 6: Bioavailability Score, Lipinski Rule, Veber Rule, Ghose Rule predictions for Various
a-Ketoether Derivatives

Bioa Lead Synth Gho | Veber
Mole- vaila | PAIN Bren liken eti ¢ Lipinsk s e | #violati
cule bi- S k ess Acces i #vio | ons
lity #alert| #aler #viol si #violatio |
Scor | s ts ation bility ns ation
e s s
| 055 |0 1 alert: | No; 11 2,73 Yes; O| Yes |Yes
alert |im violation: violation
ine_1 XLOGP3
>3,5
Il 0,55 |0 1 alert: | No; 1 2,73 Yes; O| Yes [Yes
alert |im violation: violation
ine_1 XLOGP3
>3,5
1l 0,55 |0 1 alert: | No; 1 2,73 Yes; 0| Yes [Yes
alert |im violation: violation
ine_1 XLOGP3
>3,5
v 0,55 |0 1 alert: | No; 1 2,73 Yes; O| Yes [Yes
alert |im violation: violation
ine_1 XLOGP3
>3,5
V 0,55 |0 1 alert: | No; 1 2,92 Yes; 0| Yes [Yes
alert |im violation: violation
ine_1 XLOGP3
>3,5
VI 0,55 |0 1 alert: | No; 1] 2,92 Yes; O| Yes [Yes
alert |im violation: violation
ine_1 XLOGP3
>3,5
VII 0,55 |0 1 alert: | No; 1 2,77 Yes; O| Yes [Yes
alert |im violation: violation
ine_1 XLOGP3
>3,5
VIl 055 |0 1 alert: | No; 1 2,77 Yes; O| Yes |Yes
alert |im violation: violation
ine_1 XLOGP3
>3,5
Biological Activity and Toxicity toxicity values for each compound
Predictions (LD50 and toxicity class), an important

Using the PassOnline program, the
researchers focused on evaluating the
a-ketoether derivatives as potential
inhibitors of Taurine Dehydrogenase
(TDH). The program also calculated
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factor used to determine their safety.

The results, summarized in Table 7,
indicate that while all compounds show
varying levels of TDH inhibition (Pa
values), the KEA 5 and 6 isomers
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exhibited the highest inhibitory activity,
with a Pa value of 0.694, which
corresponds to approximately 70%
inhibitory activity. This makes them the
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most promising candidates for further
drug development targeting taurine

dehydrogenase inhibition.

Table 7: Results of Taurine Dehydrogenase Inhibitor Activity (Pa — Pi) and Toxicity

Taurine Number |Predictte [Predicted |Average [Predictio
dehydroge |of rotable dLD50 Toxicity similarity |n
Molecule |nase bonds mg,kg class % accuracy
inhibitor (NRB) %
I 0,495 6 900 4 57,14 67,38
! 0,495 6 900 4 57,14 67,38
]} 0,495 6 1500 4 60,56 68,07
v 0,495 6 1500 4 60.56 68.07
Vv 0,694 6 3000 5 56,67 67,38
VI 0,694 6 3000 5 56,67 67,38
Vi 0,521 5 1800 4 56,68 67,38
VIl 0,521 5 1800 4 56,68 67,38

According to the obtained results, the toxicities of KEA 5 and 6 isomers, which exhibit superior
taurine dehydrogenase inhibitory activity, were investigatedusing the ProTox-Il program

(Table 8).

Table 8: Results of investigation of molecules V and VI by ProTox — Il (Prediction of

Toxicity)
Molecule Target Vv Vi
Prediction Probability |Prediction [Probabilit
y

Hepatotoxicity Active 0,52 Active 0,52
Carcinogenicity Active 0,54 Active 0,54
immunotoxicity inactive 0,97 inactive 0,97
Mutagenicity Active 0,74 Active 0,74
Citotoxicity inactive 0,68 inactive 0,68
Aryl hydrocarbon Active 0,76 Active 0,76
Receptor (AhR)
Androgen Receptor inactive 0,72 inactive 0,72
(AR)
Androgen  Receptor | inactive 0,91 inactive 0,91
Ligand Binding
Domain (AR-LBD)
Aromatase inactive 0,89 inactive 0,89
Estrogen Receptor | Inactive 0,50 inactive 0,50
Alpha (ER)
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Estrogen Receptor inactive
Ligand Binding Domain

(ER-LBD)

0,93 inactive 0,93

Peroxisome inactive
Proliferator Activated
Receptor Gamma

(PPAR-Gamma)

0,96 inactive 0,96

Nuclear Factor
(erythroid-derived  2)-
like2/antioxidant
responsive element
(nrf2/ARE)

inactive

0,63 inactive 0,63

factor inactive

element

Heat shock
response
(HSE)

0,63 inactive 0,63

Mitochondrial Active
Membrane

(MMP)

Potential

0,60 Active 0,60

Phosphoprotein inactive

(Tumor Supressor) p53

0,84 inactive 0,84

ATPase family AAA Active
domain-containing

protein 5 (ATADS5)

0,58 Active 0,58

DISCUSSION

Concerning their possible taurine
dehydrogenase enzyme inhibitors, this
research provides an extensive in silico
study on eight a-ketoether derivatives
analyzing their biological,
pharmacokinetic, and toxicological
profiles. To assess the efficacy of these
compounds as potential taurine
dehydrogenase drugs, predicted
toxicity of compounds, and performed
ADME profiling.

Using the SwissADME tool,
pharmacokinetic forecasts were
produced that showed all derivatives
had great ability to pass the blood-brain
barrier (BBB) and strong
gastrointestinal absorption (Gl). Given
that both qualities are essential for
chemicals meant to target the nervous
system [23], this makes them excellent
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candidates for the treatment of
neurological conditions. Furthermore
predicted to be metabolized by several
cytochrome P450 (CYP) enzymes, the
molecules' possible efficient body
processing is supported [6].

Toxicity predictions, employing ProTox
Il, showed Derivatives V and VI to be
very promising, with low levels of
toxicity and low risks for hepatotoxicity
and carcinogenicity. This is a significant
discovery in the drug development
process, as it implies that these
compounds will have fewer possibilities
of inducing serious adverse effects, a
key consideration when deciding on a
compound for therapeutic purposes.
The immunotoxicity and cytotoxicity
predictions were also  positive,
suggesting that such derivatives would
be safer than conventional drugs, which
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are usually associated with high toxicity
levels [11]. Nonetheless, more in vivo
experiments should be conducted to
confirm  these  predictions and
determine the safety of the compounds
in actual biological systems [13].
PassOnline was utilized to explore the
activity of the compounds, confirming
that V and VI gave the greatest taurine
dehydrogenase inhibition with a Pa
value of 0.694. Because these
substances block inhibitory activity
strongly, they are especially valuable
for treating neurological disorders since
taurine protects the brain and supports
its function. Some neurological issues,
particularly Alzheimer's disease, are
connected to a lack of taurine, which
makes taurine dehydrogenase
inhibitors an interesting option for
treatment [[15], [18]].

This study increases medical experts’
knowledge about using taurine-focused
drugs, encouraging them to create new
drugs that control taurine levels. As
scientists previously found, taurine is
important for the brain and taurine
dehydrogenase inhibitors have
potential medicinal effects. Besides, the
practice ADME predictions shows new
ways used in drug discovery nowadays.
Thanks to these tools, scientists can
predict the success, risks, and how
drugs will move in the body even before
they are fully developed, which hastens
the process and reduces expenses [[1,
[31].

To conclude, the research found that
certain a-ketoether derivatives have
strong activity  against  taurine
dehydrogenase, a good
pharmacokinetic profile, and a low risk
of toxicity. Specifically, V and VI
derivatives appear to have the potential
to be used as drugs that target taurine
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dehydrogenase for neurological
therapy. These findings indicate that
using in silico methods is important in
drug discovery since they help identify
the most promising drugs without
spending too much time or money.

CONCLUSIONS

Based on in silico or CADD
predictions, toxicological properties,
biological activities, physicochemical
properties and pharmacokinetic ADME
parameters of 8 derivatives, including
Z- and E-isomers of a-ketoethers aryl
hydrozos (KEA) from the solvolysis
reaction of dichlorodiazadienes in
methanol, were virtually investigated.
In silico predictions of compounds
used the PassOnline program,
physicochemical properties  and
pharmacokinetic ADME predictions
were studied using SwissADME and
Swiss TargetPrediction, and toxicity
indicators were studiedusing ProTox Il
programs. It was determined that KEA
5 — methyl (2)-2-(4-
dimethylamino)phenyl)-2-(2-(p-
tolyl)hydrazineyldene) acetate and 6 —
methyl (E)- 2-(4-
dimethylamino)phenyl)-2-(2-(p-tolyl)
hydrazineylidene acetate chemical
compounds demonstrate more TDH
inhibitory activity (Pa — 0.694).
According to Lipinski's "rule of five"
(Ro5), the obtained indicators for the
investigated chemical compounds
yield positive results. Thus, n-
octanol/water partition coefficient: logP
< 5, the molecular weight: MW < 500
g/mol, the numberof hydrogen bond
acceptors: HBA < 10, the number of
hydrogen bond donors: HBD < 5, a
number of rotatable bonds: NRB < 10.
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Xulasa

Komputer oasash derman dizayni CADD programlari (Computer-Aided Drug Design)
farmakodinamik, farmakokinetik xtsusiyyatlarin yaxsilagdiriimasi ve mumkun slave tasirlarin
azaldilmasi yolu ile yeni derman molekullarinin yaradilmasi prosesini shamiyyatli deracada
dayisdirmisdir. Bu tedgiqatda, dixlordiazadienlerin metanolda solvoliz reaksiyasi vasitasilo
sintez edilon ham Z-, ham da E-izomerlari daxil olmagqla, sakkiz a-ketoefir tdremasinin bioloji,
farmakokinetik ve toksikoloji xususiyystleri in silico metodlardan istifade etmakla
giymatlendirilmisdir. Téremalarin harterafli in silico giymatlandiriimasi fiziki-kimyavi parametrlor
ucln SwissADME, toksiklik analizi Gg¢in ProTox Il va bioloji aktivliyin prognozlasdiriimasi Ggin
PASS Online programlari vasitesile apariimisdir. Tadqiq olunan birlegsmalar arasinda 5-ci
térema (Z-izomer) va 6-c1 térama (E-izomer) taurin dehidrogenazaya qargi shamiyyatli inhibitor
aktivlik géstermis, prognozlasdirilan aktivlik gdstaricisi (Pa) 0,694 olmusdur ki, bu da onlarin
gelacak inkigaf Ugun ylksak potensiala malik oldugunu gdésterir. Bundan slave, toksiklik
giymatlendirmalari bu birlegmalerin boyuk ehtimalla tehlikasiz oldugunu ve garaciyar toksikliyi
ve ya kanserogen tesir yaratma ehtimalinin asagi oldugunu goésterir. Farmakokinetik
gostericilare asasen, bu téremaler yaxsi sorulur va gan-beyin baryerini (BBB) kec¢a bilirlor ki,
bu da onlari nevroloji xestaliklorin muaalicasi Gglun perspektivli namizadler edir. Natica olaraq,
hesablama Usullari ile alda olunan naticeler gosterir ki, 5 ve 6-ciI téreamaler ylksek effektivlik
ve tahllkasizlik xususiyyastlerine gbra taurin dehidrogenazani hadaflayan darmanlarin
hazirlanmasinda istifade oluna biler.

Acar sozlar: In silico, PassOnline, SwissADME, Swiss TargetPrediction, ProTox-Il, a-

ketoefirlarin arilhidrozonlari
IN SiLico UCCJIIEQOBAHUWE UHT | MEMPWOLLIEVI AKTUBHOCTU
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Pe3stome

KomMnbloTepHoe NpoekTupoBaHue nekapctaseHHblx npenapatos CADD (Computer-Aided Drug
Design) wn3meHuMno npouecc pas3paboTkM nekapcTs, ynyywmB dapMakoanHaMuKYy,
apMaKOKUHETUKY N CHMU3MB BEPOSTHOCTbL MOOOYHbIX adhdekToB. B gaHHOM nccrnemoBaHum
ncnonb3yTcsa MeToabl in silico ana oueHkn 6Guonormyeckux, apmMakOKMHETUYECKUX W
TOKCUKOSOMMYECKMX CBOMCTB BOCbMU NPOM3BOAHbLIX O-KETO3(UPOB, BKoYada Kak Z-, Tak u E-
N30Mepbl, CUHTE3NPOBAHHbLIX B pe3ynbTaTe peakuun cOoribBONv3a AuXropavas’agueHoB B
MeTaHone. B uvccnegoBaHuu npeacTaBrieHa TwaTernbHash OUeHKa 3TUX MPOM3BOAHBLIX C
MCMOSb30BaHNEM TaKMX nporpamm, kak SwissADME ans ousnko-XxmMmyeckux napameTpos,
ProTox Il ana aHanusa TtokcuyHocTn n PassOnline ona nporHo3npoBaHus GMONorn4yeckomn
akTmBHoCcTU. Cpeanm U3ydeHHbIX COeAMHEHUN npou3BogHble 5 (Z-usomep) u 6 (E-usomep)
nokasanu 3HaYnTenbHY UHIMBUPYIOLLYIO aKTUBHOCTb B OTHOLLEHUW TaypuHAErnaporeHasbl ¢
NPOrHoO3npyembIM 3HadeHeM akTnBHocTu (Pa) 0,694, 4yTo ykasblBaeT Ha BbICOKWIA NOTeHuman
Ons ganbHenwen paspaboTkn. boree Toro, OUEHKM TOKCUMYHOCTU MOKa3biBalOT, YTO 3TU
coeIHeHUs, ckopee Bcero, 6esonacHbl 1 BpA4, N BbI3OBYT NPobrieMbl C NeYeHbIo NN pakoM.
CornacHo bapMaKOKUHETUYECKMM OaHHbIM, 3TW NPOM3BOAHbIE XOPOLIO abcopbupytoTca wu,
BEPOATHO, MpeogonesBalT rematoaHuedanudeckmn 6Gapbep (MOB), ytO pgenaer wux
NMepcnekTMBHbIMA  KaHgugatamMm ANna  fied4eHus  HeBporiormdyeckux 3abonesaHuin. B
3aKntoyeHue, pesynbTaTbl BblYUCUTENBHbLIX UCCIEA0BaHNA NOKa3biBalOT, YTO MPON3BOAHLIE
5 n 6 moryt OblITb MUCNonNb3oBaHbl B pa3paboTke IeKapCTBEHHbIX npenapaToB nyTem
BO3OAENCTBUA Ha TaypuHaermgporeHasy 6narogapssi WX BbICOKOW 3MEKTUBHOCTU W
6esonacHocCTw.

KnroueBble cnoBa: In silico, PassOnline, SwissADME, Swiss TargetPrediction, ProTox-Il,
apunrmapo3oHbl 0-keTo3npoB
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OMNTUMAIbHBIE METOAbI NMPENAPUPOBAHUA 3YBOB AOA
NOAAEPXXAHUA OONTOBEYHOCTU OKKIMFO3UWOHHbIX BUHUPOB

Cadbapanves ®©.P.', Mycaes 3.P.", Fagpxues Ix.I".

Pe3stome

WcecnepoBannce meToabl NpenapvpoBaHUs OKKITHO3MOHHBIX BUHVMPOB ANS OONITOBEYHOCTU MX MCMOMb30BaHWMS,
M3rOTOBMEHHBIX C  MOMOLLbID  KOMMbIOTEPHbIX  TexHonorun (CAD/CAM)  pas3nuuHbiMi  MeTodamu
npenapvpoBaHusi. [Ins 3TOro NpoBOAMITOCb MEXaHWYeCKoe BO3AEeWCTBME Ha 3yObl B YCNOBUSAX LMKIIMYECKON
Harpy3ku 1 YUCNEHHbI aHanM3 pesyrnbTaToB UCCNEAOBaHNS METOAOM KOHEYHbIX 3IEMEHTOB.

WcecneposaHme nposognnock Ha base y4ebHo-knnHMYeckon kadeapbl opToneauyeckor CToMaTonormm

AMY.

Beinn nogrotoeneHsl 40 monspos: 20 M3 HUMX NpenapyvpoBanucb OObIYHbIM (LadepHbiM) cnocobom nof
BUHUPLI, Apyrne 20 3y6oB — MOYTM HE MpenapupoBanucb — TO €CTb MWHUMArbHO A0 OBHaXeHus AeHTUHa
3yba.

Kaxxgon rpynne 3yboB wusrotaBnmBanucb BuHMpbl CAD/CAM cnocoboM, HO C MpUMEHEHUEM
CTOMATOSOrMYECKUX MaTepuarnoB pPas3HOro XMMUYECKOro cocTaBa: 1) C HU3KMM YPOBHEM YMNpPYyroctu
(kOoMNO3UTHBLIN MaTepuan); 2) C BbICOKMM YPOBHEM YMNpyroctu (kepamuyeckuii Mmatepwan). ®ukcauyus
npoussogunack agre3aviBHbIMM MaTepuanamu.

O6pasubl nogesepranu cune 50 H B TeveHnn 1000.000 UMKNOB C NMOMOLLBIO XXEBATENbHOIMO CTUMYNATOPA,
nocne 4ero nofny4vyeHHole 06pa3subl BUHMPOB MPOBEPSSIN HA HaNM4yue MOBPEXOEHUN (CKOMbl, TPELLMHBI).
Hanuuve BMAMMbIX M3MEHEHWI onpefensanack Kak nonoMka pectaBpauum.

Mpn aHanu3e gaHHbIX ncnonb3osBarnca metoq KannaHa-Marvepa ang oueHku nNpovYHOCTU pecTasBpauui n ero
OONrOBEYHOCTN.

YncneHHbI aHanmM3 MeToaoM KOHeYHblX anemeHToB (FEA) BbIMONMHAMNCH C MCNOMb30BaHWEM MNPOrpamMmmHOro
obecneyeHuns C OTKPbITbIM UCXOAHbLIM KOAOM.

CpaBHuBanacb MpOYHOCTb 06pasLoB C npenapupoBaHMeM 3yOOB MoA4 BUHWPbI M ©Ge3 Hero, TO ecTb A0
OBHaXeHuss OeHTMHa. BeposTHOCTb NPOYHOCTU OKKMIO3MOHHBIX KepamMu4ecknx BWHMPOB cocTasuna: 6es
npenapupoBaHust — 60%; ¢ npenapupoBaHneM — 40% 6e3 cTaTUCTUYECKMX 3HAYNUMBIX OTKIIOHEHWIA.
KomnosutHble BWHWPBLI npogemMoHcTpupoBann 95% MpoYHOCTM BHE 3aBUCMMOCTM OT MeToAa
npenapupoBaHunsi.

B 3akntovyeHun OTMETUM, 4YTO MeTodbl MpenapupoBaHus 3yOOB MO OKKMO3MOHHbIE BWMHUPLI OCTaETCH
CMOPHbLIM M B Hawen paboTe He okasan CyLeCTBEHHOIO BIUAHUS Ha MEXaHUYECKYHD CTOMKOCTb
OKKITHO3MOHHbIX BUHMPOB. OAHaKO Mbl HE CHMUXXAEM 3Ha4YeHWe MeTOO0B NpenapupoBaHms 3y0oB Nof OOblYHbIe
Knaccuyeckne BUHUPBLI. [10STOMY MpWM W3rOTOBIIEHWMM OKKIMO3MOHHBLIX BWHMPOB PEKOMEHOYeTCH TO4YHOoe
MUHMMarnbHOe npenapupoBaHne. OgHako BbIOOp MaTepuarnoB pecTaBpauvm SBNAETCS KIoYeBbIM hakTopom
Ons eé OoNroBeYyHOCTU.

KnioueBble cnosa: npenapupoBaHue; BUHMPbI; HAarpy3ka, kKepamMuka; KOMNno3uTbl; AEHTUH.
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BBepeHue
Annagemumonornyeckme ncenenoBaHus
nokasbiBaloT yBenuyeHune cnyyaes

HEKapuO3HbIX MNOpaXeHnn B TBepAblX
TKaHAX 3y6oB. MI3BECTHO, YTO KONNYECTBO
nedeKkToB, BbI3BaHHbIX abpaswven,
9pOo3Men, KIMHOBUOHbIX AedEKTOB U T.4.
yBenunumBaetca  (1). 3mM  gedekThbl
TBepabIX TKaHewn 3yboB yacTto
3aTparnBaroT AEHTUH, KOTOPbIA NPpUBOOUT
K CTupaHuio 3y60B U  HapyLUeHuto
OKKNto3mn (npukyca) (2). 3t aBneHus
MoryT npuBecTun K N3MEHEHUAM
MeX3yOHbIX KOHTaKTOB nepeaHux 3y06os,
CKONMaM 3ManuM Ha pexywmx Kpasx,
LiepBUKanbHbIM aedekram n3-3a
KOMMPECCUMOHHbIX TPELWMH OT Harpysok,
neperpyske nepuoaoHTa C U3MEHEeHMEM
NONOXEHNA NN NOABMXHOCTM 3y60B (3).
Peabunutauma naumeHToB C AaHHbIMU
aedekramum Tpebyet yBenmyeHus
BepTMKanNbHOM  OfWHbI  OKKM3MKM B
obnacTtu xeBaTtenbHbIX 3yb6oB. PaHee aTo
6bino BO3MOXHO TOMbBKO nyTem
opTONneau4ecKkoro NpoTe3MpoBaHUS BCEX
XeBaTenbHbIX 3y0OB KOpOHKamMu. JTOT
MeTo He TOoNnbko TpebyeT B HEKOTOpPbIX
cny4dasx genynbnauum 3y60B, BpEMEHU U
oYeHb OOones3HeHHbIn, HO W obxoamuTcs
AO0BOMbHO fopoxe. B nocnegHwe roabl
LUMpOKOe NpUMeHeHNe BMHMPOB
paccmaTpMBaeTcsl Kak  anbTepHaTuBa.
OcobeHHO 9TO KacaeTcd  MONoZoro
NnokoneHusi, 3ybbl KOTOPbIX HE 3aTPOHYTbI
KapnecoMm B 3HaYMTENbHOW CTENEHU, TO
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€CTb Ha Ha4arbHbIX CTaausx kapueca (5).
[MpenapupoBaHve AN OKKIMHO3NOHHBIX
BMHMPOB OCHOBaHO Ha aHanorum c

KepamMmmn4ecKknmmn KOPOHKaMu 7
npegnonaraet MWUHUMAlIbHYHO TOJILLNHY,
Kpyrosoe nnn KOHTaKTHOe

npenapupoBaHue (6). MwuHMManNbHas
TonwmHa coctasnsgetr 1,0 mm  (ans
cvunukata nutmns) u 1,5 MM (ansa gpyrux
mMaTtepuanos). Takne napameTpbl
TpeboBanuch npu Ncnonb3oBaHMm
Kepamuyecknx pectaBpauum Ha 3ybax

(7).

KnuHunyeckne nccnepnoBaHuUs
noaoTBepXaaT [0NrOCPOYHbIE
6naronpusTHble pesynbTaThbl Aans

OKKIMO3NOHHBIX BUHUPOB M3 OMCUNUKaTa
nntna. Takke MMelTCa KpaTKOCPOYHble
nccnenoBaHus ans n3yyeHns
YNbTPATOHKUX TMOPUOHBIX KepaMuniecKnx
OKKITHO3MOHHBbIX BUHMPpOB (8). OpgHako 3a
nocrnegHue LecATUNeTUss MexaHuyeckue
CBOMCTBa pecTaBpaLMOHHbIX MaTepuanos,
a Takke MaTepuwansl Ona  agresuvn
opToneau4ecKknx pectaBspaumm N Ka4ecTBo
MCNOMNb3yeMbIX KOMMO3UTOB 3HAYUTENbHO

YIYYLWMIUC. MoaTomy NOMMUMO
kepaMMyeckMx  matepuanoB,  Tenepb
AOCTYMNHbI KOMMO3UTHbIE MaTepuanbl Ans
HenpsiMoro BOCCTaAHOBNEHUS
OKKITHO3MOHHbIX NOBEPXHOCTEMN

XeBaTtenbHbIX 3y60B (9).

[Mo3HaBaTenbHOE Hay4yHOe MccriefoBaHue
aBToOpOB (10) nokasaro, 47O
OKKIMIO3NOHHbIE BUHWUPbLI M3  OUCUNnKaTa
nuTna TonwmHom Bcero 0,5 MM cnocoOHbI

BblAEPXMBaTb MUIMOH LMKNoB
XeBaTernbHON Harpy3kn 6e3 noBpexaeHun,
4yTO MOXeT obecneunBaTtb nx

[AONrOBEYHOCTb NPU NCNOMb30BaHNN.
MoaToMy  M3yyMB  nuTepatypy, Mbl

NpeanonoXunu, yTO KNMUHUYECKM
BO3MOXHO  MPUMEHUTb  WHBA3WBHbIE
MeTOANKM npenapvpoBaHus c
MCMNOMb30BaHNEM COBPEMEHHbIX
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maTtepuanos.

HekoTopble uccnegoBatenu npeanaratoT
MUHUManNbHYO TOMLWNHY Aans
OKKITHO3MOHHbBIX BMHMPOB W3 AUCUNUKaTa
nntnsa B 0,7 mMm. PaHee npepanaranocb

npenapuposaHue KOHTaKTHOMN,
XeBaTenbHON nnu dpoHTaneHoOM
NOBEPXHOCTHN 3yba. 3HauuTensHoe
obTaunmBaHMe TBepAblX TKaHen 3yba
(3Mann 1M geHTWHa) npuBOAMT K
CHWXXEHUIO MPOYHOCTU pecTaBpupyemMoro
3yba (7). MpenapupoBaHmne nog
Knaccuyeckyto KOPOHKY npegnonaraet
cTayuBaHve 6GonbLION YacTu amanu,

obHaxasn npu 3ToM AeHTUH 3yba. OgHako
BbICOKasi NPOYHOCTb 3Manu, CBA3aHHas C
ee  BbICOKMM  MoOAyfnem  ynpyroctw,
cnocobcTByeT ctabunmsaumm
N3roTOBMEHHOM N (PUKCMPOBAHHOM Ha HEWN
pectaBpaumm. C  ogHOW  CTOPOHDI
M3MEHEeHNa pecTaBpauMmM Ha amanu
MEHbLLE, YEeM Ha [JEHTMHe, OOHaKo C
OPYron CTOPOHbI aaresvs Mexay amarnbto
N pectaBpauuen 6Gonee npoyHas Wu
AONroBeYyHas, 4Yem Mexagy LAEHTUHOM U
pectaBpaumen (11). Hac wuHTepecosan
BOMPOC, KaK BbICOKas MexaHuyeckas
NMPOYHOCTb COBPEMEHHbLIX MaTepuanos B
COYEeTaHUN C MUHMMANbHO WUHBA3VBHbIMU
MeTogaMu npenapupoBaHus BRvsSieT Ha
JONroBe4YHOCTb pecTtaBpauni. B
BGonblWMHCTBE Cny4YaeB CyllecTBylowas
yXKe 9po3vBHas notepsa 3yOHOM TKaHM

co3gaeT  OoCTaTOMHO  MUMHUMalbHYHO
TOMLLUNHY ans pecTaBpauuu, a
ocTaBLlasicA amarnb crnocobeTByeT
OTNIMYHOM agaresm wn MexXaHU4YecKoun

ctabunbHoCTU. JTO NO3BONSET AenaTtb
pecTtaBpaumio TOHblUE 6Ge3 CHMXEHUA WX
dyHKUMoHanbLHocTu (12).

Ons N3roToBMNEHUS OKKJTHO3MOHHbIX
BMHMPOB [OOCTYMHblI KaK Kepamudeckue,
Tak M KOMMO3UTHble MaTepuanbl (13).
[Mockonbky OHM 06nagalT COBEpPLUEHHO
pasHbIMM MEXaHUYEeCKMMU CBOMNCTBaMM,
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BEPOATHOCTb AOOoJITroBe4YHOCTHU

OKKJTHO3MOHHBLIX BWUHMPOB MOZ Harpyskomn
AOMmKkHa OblTb U3ydYeHa anst o6oux TUMNoB
mMaTepuanos.

Metoa  koHeuyHbix 3arnemeHtoB (FEM)
ncnonb3yetcsa B ctomatonorum ¢ 1970-x
rogoB (14). MWcnonb3oBaHMe KOHEYHO-
3NeMeHTHOromMoAenMpoBaHusa  no3sonset
NPOBOAUTL  TOYHblIE  pacdeTbl  Npwu
pasnuyHblX  Harpyskax.  [lony4yeHHble
pesynbTaTbl C MOMOLLbID OTOBpaxeHUs
COOTHOWeEHUn B Tabnuuax obnervyaet
WHTEepnpeTauuio  MNOMyYeHHbIX  AaHHbIX.
MoaTomMy B  gaHHOM  umccrnegoBaHUK
MeXxaHu4yeckne WCMbITaHNA OOMONHATCA

aHanmaom meToaa KOHEYHbIX
pes3ynbTaToB.

Llenbto AaHHOro nccnenoBaHus
ABnseTcs onpeneneHne Kakmeus
ABYXMeTodoB oOTaumBaHust 3y6oB W
NPUMEHEHNE  ABYX  Pasfu4yHbIX MO
XMMWUYECKOMY COCTaBy W MeXaHW4YeCKUM
CBOWCTBaM CTOMAaTONOrM4YeCKMX
maTepuarnos npu N3roTOBNEHMU
OKKITIO3MOHHBLIX ~ BMHUPOB  BINUSIOT  Ha

CTOMKOCTb K MEXaHU4eCKUM Harpy3kam u
Ha OO0JTTOBEYHOCTb AaHHbIX peCTaBpaLI,I/IIZ.
Kpome TOro, Hac HWHTepecoBasl BOIPOC,

HaCKOIbKO CUIbHO pasnuyatTcs
maTtepuanbl  C  pasHbiM mMoaynem
yrnpyroctM, Takume Kak Kepamuka U
KOMMNO3MTbI npu N3roTOBIEHNM
OKKITH03MOHHbIX BUHUPOB.

MaTepuansi u metTogbl

Ons  cpaBHeHUs1  pe3ynbTaToB  Mbl

N3y4nnn NOXOXMA METOA UccrnegoBaHus
aBTopoB (10). OKKMO3MOHHbIE BUHMUPDI
N3roTaBnMBanum MeToaoM KOMMbIOTEPHOIo
NPOEKTUPOBaHMS n npom3BoACTBa
(CAL/CAM) Ha base y4yebHo-
KNUHUYeckon Kadpeapbl opToneanyeckon

ctomartonorum  AMY. Tectupyemble
mMaTepuansl npegHasHayeHsbl ans
ncnonb3oBaHua 6e3  AOMNONHUTENBHON
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TepmoobpaboTku. [Ans
ObInn BbIOpaHbI:
—-**Celtra Duo*™ (Dentsply Sirona Inc.,
Oenasep, CLWA) - cogepxawas
LUMPKOHUI ANCUITMKaATHAA KepaMuKa;
-**Cera Smart™ (GC Corporation, Tokwuo,
AnoHus) - KOMMO3UTHbIN Onok,
obpabaTbiBaembii meTtogom CAL/CAM.
Ml ncnonb3oBanu yAaneHHble
yenoseyeckme 3ybbl, NpeaocTaBneHHbIe
CTOMaTONOrn4ecKon KIMUHUKON
AszepbangxaHckoro MepguumHckoro
YHuBepcuteta. Bce pectaBpaumn Obinm
N3roTOBIIEHDI c ncnonb3oBaHNeM
cuctembl Cerec (Sirona Dental GmbH,
Banbc, AscTpus) TonwmHom 0,5 wMm.
TonwmHa mateprana BUHUPOB BPY4YHYHO
perynupoBanachb B NpOorpaMmMHOM
obecneyeHun Cerec. [nybokme duccypbl
3y60oB npu 3TOM He NPOEKTUPOBarUCb
ans obecneyeHns paBHOMEPHOCTU
TOMLWMHbI MaTepuana pectaBpauui.
KoHTponb TOMNLWMHBI mMaTepuarnos
npoBoguncs c MOMOLLIbHO
MUKPOKOMMbOTEPHON ToMorpadum (Micro-
CT) pona obecneyeHnss paBHOMEPHOCTU
maTepuana U nokasan  AwuanasoH
oTknoHeHnn 0,1 (15). Bbino M3roToBneHo
20 o6pasuoB Celtra Duo n 20 obpasuos
CeraSmart. B kaxgon rpynne 10 3y6os
npenapvpoBanun Kraccu4eckum MeTOAOM
(wamdepHoe npenapupoBaHue), a apyrue
10 ObINMM NOArOTOBMEHbI NO MUHMMANbHO
WHBa3MBHOMY MeTody WM noytn 6es
npenapvpoBaHus. Y BCEX 3yboB
OKKIMIO3NOHHbBIA OEHTUH Obll NOMHOCTBIO
OOHaXXeH C COXpaHEHMEM TOHKOro Cros
amManuM no KpasMm, 4YTO MMUTMPOBAIIO
Hanuyue p[edekToB 3po3vn 3 CcTerneHu
(noteps amanu 50%) (16).

[Mocne wn3rotoBneHns (N0 TEXHOMNOrnu)
CA/CAM Bce OKKMO3MOHHbIE BUHUPHLI
ObiNn  TWaTenbHO OTMOMMPOBaHbI A0
bnecka. lNonupoBka npousBoaunacb Ha
Hu3kom  ckopoctn (8000  06/muH)

nccnenoBaHnA
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anMasHbIMW NOSIMPOBOYHBLIMW FOSIOBKaMMU.
OKKIMO3MOHHbIE BMHMPbLI M3 MaTtepuana
Celtra Duo 6bIM noOAroToBneHbl K
agresmBHOM domKcaumm B COOTBETCTBUM C
pekomMeHaaunamm npona3soguTens.
PectaBpauun  ounctunu,  BbICYLUUIN
CMPTOM, 3aTeM Ha WX BHYTPEHHIO
NOBEPXHOCTb HaHOCKN 5%-Hyt0
nnasukoByto kucroty (Vita Ceramic Etch,
5%  dTopucteim  Bogopoa, Ivoclar
Vivadent GmbH, OnneBareH, "'epmaHus)
B TeyeHue 30 ¢ n cmbiBanun Boaon. lNocne
CYLLKMN BHYTpPEHHME NMOBEPXHOCTHN
cmasbiBanm ¢ nomowbo 3M ESPE Sil
(Cepmanus). PactBopuTtenn umcnapsinvch
B TEeYEeHMM 5 MUHYT nNpUM KOMHATHOW
TemnepaTtype.

OKKITIO3MOHHbIE BUHUPbLI K3 MaTepuana
CeraSmart Takke rotoBunu Kk aare3avBHomn

dukcaymm cornacHo NHCTPYKLMAM
npoussoauTend. BuHupbl nogsepranu
NeCKOCTPYNHOM obpaboTke  okcuagom

anomuHnsa (Ne230, Acnuur, epmanus) ¢
pasmepom 3epHa 50 MKM npu AaBneHUw
1,5 Gapa. 3aTtem pecTtaBpauumm ounLLanm un
BbiCylUMBanuM  cTpyen Bo3gyxa  6es
cogepxaHma macen wn cnupta. [Ansa
obecnevyeHns aare3aMoHHOM CBA3M  Ha
NOBEPXHOCTb  pecTaBpaumm  HaHOCUIU
Ceramic Primer Il (GC Corporation, Tokwuo,
AnonHns). PactBoputenu cunaHa
ncnapsnnucb B TedeHun 5 MUHYT npu
KOMHaTHOM TemnepaType.

3y6bl KoHanumoHnposann  37%-HbiM
pactBopoMm doccopHon kucnoTtbl (Total
Etch, Ivoclar Vivadent, LWaaH,
JInxteHwTenH). OSmanb  TpaBunn B
TeyeHne 30 c, a geHtMH — 15 c. lNocne
MPOMBIBKM W CYLIKM HaHOCWUAN CUCTEMY
Syntac Classic (lvoclar Vivadent, LWaaH,
JInxTeHwTenH) CoOrmacHo  WMHCTPYKUUK
(Syntac Primer B TeyeHne 15 c, a 3atem
Syntac Adhesive BTupann 10 c, nocne
yero HaHocunu Heliobond, pacnpegensnu
BO3YyLLUHOM cTpyeu, HO He
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nonumepusosanm). O6pasupl
doukcupoBanu K NOAroTOBIIEHHbIM 3ybam ¢
MOMOLLIbIO OBOMHOrO 3Tana OTBEpPXAEHUN
ncrnonbsdyemoro komnosuta Variolink I
(lvoclar Vivadent, LaaH, JIMXTeHWTENH).
JTIOTMHrOBBIN  KOMMNO3UT MONMMEPU30BaNu
ranoreHoson namnon PolyLUX Il (Kavo
Dental GmbH, bubepax/Puc, 'epmanus) c
OKKITHO3MOHHOW, Me3uanbHon n
auctanbHon CTOpoH no 20 ¢ kaxayto.
Mocne aToro o6pasubl NPOWM  LMKN
TepmocTonkoctn n3 2000 umkros (Bpems
Bolaepxkn: 30 ¢ npu 550C mn 30 ¢ npu
50C).

Bce o6pasubl 6bIIM NpoTecTMpoBaHbl B
XeBaTeNnbHOM  CUMYNsiTOpe,  KOTOpbIf
UMUTUPYET LMKIT KeBaTeNbHOM Harpysku
(Fatigue Simulator KS-VH10, Syndicad
Ingenieurblro, MtoHxeH). OcobeHHOCTLIO
cumynatopa KS-VH10 saBnsetca o4eHb
XecTkass pamMa W TOYHasd HacTpowka
CKOpOCTM onyckaHus aHTtaroHucta (10
MM/C), 4TOObI MWHUMU3NPOBATL CUrHan
npy  nNepBOHA4YanbHOW  OKKITHO3MOHHOW
Harpyske. Bo Bpems co3gaHus
BEPTMKANbHOrO Harpyskum M pasrpysku Ha
obpasuax, aHTaroHuCT cMellancs
ropuadoHTaneHo (Ha 0,5 Mmm). OT0 BaXHbIN
dakT, TaKk Kak Kepamuka  Oonee
YyBCTBUTENbHA K pacTarmBaloLwmm
Harpyskam, 4em K cxumarowmm. Kamepbl
TeCTUpOBaHUA Obiny 3anofHeHbl ABaXabl
OVUCTUNNUPOBAHHOM BOAOW, a obpas3subl
noasepranncb OAHOMY MWSSIMOHY LMKITOB
Harpyskm cunon S0H. B  kavectBe
AHTaAroHNCTOB MCMNONb3oBanu cdepbl K3
okcupga  amomuHua  (AI203)  (Frialit
Degussit, MaHrenm, [epmaHus). 3Tn
BbICOKOMIIOTHblE  cdhepbl U3 okcmaa
anoMnHNA guameTpoMm 5 MM OTnMyanucb
BbICOKOM TBepOoCTbio, Onarogaps 4emy

KOHTaKTHas MOBEPXHOCTb aHTaroHWcTa
NPaKkTUYeCKn He MeHsanacb B Xoje
skcnepumMeHTa (17).

B  kavectBe  KkpuTepus  HeErogHocCTu
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pecTaBpaumn obpawanu BHUMaHuME Ha
nosiBfieHne TpeLnH Ha €€ NOBEPXHOCTH.

Mocne 3apgaHHOro 4mcna uukrnos (1071,
1072, 1073, 1074, 1075, 2x1075, 3x10”5,
4x1075, 5x1075, 6x1075, 7x1075, 8x10”5,
9x107"5 1 1075) obpasubl nNpoBepsinv Ha
Hanu4ve TPeLuH C MOMOLLIbIO
ceetognoaHon namnel (LED-Lenser V12 ¢
BOJTOKOHHO-OMNTUYECKOMN Hacagkomn,
Syndicad Ingenieurbiro, MtOHXEH).
AHanus NPOYHOCTU OKKIMIO3NOHHbIX
BMHMPOB M3 ABYX MatepuanosB (Komnosuta
n Kepamukm) npoBoANNN c
NCNONb30BaHMEM meTona Kannana-
Menepa (18). OueHKy cTaTUCTUYECKM
3HaA4YMMBbIX pasnuMyuun Mexagy rpynnamu (c
MOMOLLBI  AOMYCTUMbIX  WHTEpBaroB)
OCYLLeCTBNANN c MCnosib3oBaHMeM
KpuTepusa nor-paHra (Log-rank test) (19).

Ona  Bu3yanusaumm  pacnpegeneHus
HanNpsPKEHW NOA Harpy3KoW Npu HanmMyuum
n OTCYTCTBUMU Knaccm4eckoro
npenapvpoBaHns  And  ABYX  BWOOB
mMaTepuanos ncnonb3oBanu meTopn
KOHeYHbIX anemeHToB (FEA). TpexmepHbie
AaHHble 00pasLoB nonyyanu ¢ NOMOLLbIO
MUKpOKOMMblOTEPHOro Tomorpadga (MCT
40, Scanco, Bassersdorf, LBenyapus;

HaCTPOWKM: 70 KB, 114 MKA,
NPOCTPaHCTBEHHOE paspeLleHue:
40x40x40 mkm). [Ins YncneHHoro aHanusa
MeToa0M KOHEYHbIX 3N1IEMEHTOB
TpeboBanocb Kak MOXHO bonee
aBTOMaTU3NPOBAHO M TOYHO pa3genuTb
pasnuyHble Matepuanbl. CermeHtaumto
npoBoaunu Ha OoCHoBe
peHTreHorpadnyeckom NNOTHOCTU
MaTepuarnos. [laHHble
MUKPOKOMMbIOTEPHOM ToMorpadguu

npeobpasoBanu ¢ nomMoLlublo BecnnatHomn
nporpammbl Fiji (20). HaHeceHHble cnowu

mMaTepuanos, COOTBETCTBYHOLLMNE
OKKIMH03MOHbIM BUHMpPaM, UKCUpyoLwemy
KOMMNO3UTY, amanu n AEHTUHY,

cermeHTupoBann B nporpamme itk-snap
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(21). Ha ocHoBe 3TUX CErMeHTUPOBaHHbIX
AaHHbIX € nomowbio  BecnnaTtHbIX
nporpamm Iso2mesh u Octave (22),
co3faBanu TeTpasgpuyeckyto ceTky. [Ons
aHanusa MeTOOOM KOHEYHbIX 31IEMEHTOB
ncnonb3oBanu  gpyryto  6ecnnaTtHyto
nporpammy — z88 (Prof. Dr. — Ing. Frank
Rieg. https://z88.de/) (23).

UYTtobbl CMOpenupoBaTb Harpysky, Ha
LEeHTp OKKITHO3MOHHOI0O BMHUPA
npuknagbisanu cuny B 100H. Harpysky
mMoaenupoBanu BMPTYarbHbIM
aHTaroHNCTOM LIapOBUAHOM dopmbl.
Wcnonb3yembiM Hamu maTepmanam 6binu

JaHbl cnegywoumne MeXaHn4yeckune
ceonctBa: mMoaynb HOwra 95 [na ans
kepammkn CAD/CAM, 84,1 [ma pgnsa

amanu, 18,6 Na ana geHtuda, 10 Mma ansa
komnosnta CAD/CAM wu 5,0 ma ans
duKkcupytoero KOMMNo3uTa.
KoadhpumumeHT lNyaccoHa 661 ycTaHOBREH
paBHbiM 0,33. lNMocnegywowas obpaboTtka
pesynbTaTtoB YNCIEHHOr0 MOAENMPOBaHNSA
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BbIMOJIHANACb C TMNMOMOLWbIO becnnaTtHoun

nporpamMmmbil Paraview (Sandia
Corporation, Kitware Inc.) (24).
MakcumanbHOe  rnaBHOe  HanpsbkeHue

onpenenanu onsa BblABNEHNA BO3MOXHbIX
MUKOB HaMNpPsKEHUSI U KPUTUYECKUX 30H.
MakcnmanbHble 3HaAYeHUs Hanps>KeHUW
OCHOBaHbl Ha 0,999- KBaHTUNE
pacrnpegeneHns  HanpsbkeHun,  4tobbl
NONy4nTb douranyecku AOCTOBEpPHbIE
pesynbtatbl. OueHka  MakCcUMarnbHOro
FMaBHOrO  HanpsbkeHuss W nNpegena
MPOYHOCTU MPU pacTsHKeHMM no3BonsieT
NPOrHo3npoBaThb BEPOSITHOCTb
paspyLUEHMs.

PesynbTathl uccneaoBaHum
PesynbtaTtbl NnpeacTtasneHbl B Tabnuue 1.
Hun pasHuuya mexagy rpynnamu Celtra
Duo (p=0,0816), HWM pasHuua mexay
rpynnamn CeraSmart (p=0,1) He Gbina
CTaTUCTUYECKM 3HAYMMOWN.

Tabnuua 1. OueHku KannaHa-Menepa nocne ogHOro MUSIMOHA LLUKNOB

Cnocobbl NoaroToBKU OueHka HwxHAa rpaHuua BepxHsis
3yba KannaHa 95% On rpaHuua 95%
(npenapwupoBaHue) Menepa an
Celtra Duo, bes3 60% 0,42 0,86
npenapupoBaHunst

Celtra Duo, 40% 0,23 0,68
npenapupoBaHHbIv

CeraSmart, oes 95% 0,86 1,00
npenapupoBaHunst

CeraSmart, 95% 0,86 1,00
npenapupoBaHHbIv

3a MCKNIYEeHNneM OHOro MoBpeXaeHus
Ha 100-m uumkne, ocTanbHble Ccry4dau

NOJTIOMKM

TOJbKO nocne

pecTaspaunmn
100.000

npoucxoannmu
LIMKMOB.

Mockonbky mccnegosaHue astopa (10)

OCHOBaHO Ha TOM Xe MeToae,

Mbl
94

CpaBHUINN pe3ynbTaThbl. PasHnua nydyule

BCero UNNCTpupyeTcHd TEKCTOBbLIM
onncaHunem. Pe3yanaT OLEHKHN
BEPOATHOCTU Oonroee4yHoCcTun

pectaspaumn  no  KannaHy-Menepy
nocrne 1 MUANMOHa UMKMNOB BbIrMSAUT
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Tak:
40% Celtra Duo (c npenapvpoBaHuem)
<50% IPS Empress CAD <60% Celtra
Duo (6e3 npenapupoBaHusa) <95%
CeraSmart (c npenapupoBaHuem) =
95% CeraSmart (6e3 npenapupoBaHus)
= 95% Lava Ultimate CAD/CAM <100%
IPS e.max CAD.

Takum  obpasom, 3T  pesynbTaThl

HarNggHO MOKa3blBalT BIUSIHWME BMAA

mMaTepuana Ha NMPOYHOCTb OKKITHO3MOHHbIX

BUHUpoB. B TO Xe Bpemsa gusanH

npenapvpoBaHns B npoBeaeHHOM

9KCNepUMeHTe He aBnsieTcs

NPVHUMNMANbHO BANSIOWMM (PakTOpOM Ha

NPOYHOCTb pecTtaBpaumn. Hawe

NpeanonoXeHne MOXHO cYMTaTb CNOPHbLIM

n TpebyeT panbHenWmnx uccnegoBaHuin B

nonocTu pTa.

PesynbTathbl CpaBHeHUA AaHHbIX
MEeTOAOM KOHEeYHbIX 35IEMEHTOB.

MeTon KOHeudHbIx anemeHToB (MKO)
NPUMeHSNcs ans ynpoLleHus
obcyxgaemMblx pes3ynbTaTtoB
3KCnepuMeHTa npwm cosgaHuu
LUMKNMyeckon Harpysku. Pesynbtatel MKO
NOATBEPXOAlOT BbIBOAbI 3KCNEpUMEHTA:
OKKIMO3NOHHbIE cvnbl BbI3bIBAOT
noKarnbHble HanpspKeHus
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HEeNnoCpeacTBEHHO MO4 pecTaBpauuen.
Bce paHHble npuBeaeHbl B Tabnuue 2.
MakcumanbHble HanNpPsKeHUs He
cocpeagoTavmBaroTcs no Kpasim
pecTtaBpaumi (cm. Tabnuuy 2,
MaKcuMarnbHoOe 3Ha4vyeHue B amanu — 12,7
Mna). OCHOBHblE MUKW  HaNpPsSXXEHUN
pecTaBpaumin pacnonoxeHbl B 06nacTu
OKKJTIO3MOHHOIO KOHTakTa. HanpshkeHus
He OOCTUratoT rpaHuubl NpenapupoBaHms
n3-3a 3HaYUTENbHOro PacCTOSAHUSA.
lMockonbKy MeToabl NpenapupoBaHNSa He
CBAi3aHa HamnpsiMyld C BO3HMKaKOLMMM
OKKJTHO3MIOHHbIMMU HaNpPs>KeHUAMN,
MeTOAbl NpenapuvpoBaHMsi B  HaLUeM
3KCNepMMEHTE He oKasasn CyLeCTBEHHOrO
BNUAHUA Ha CTabunbHOCTb pecTaBpauuu.
OpHako Mbl He oTpuuaemM HeobxoanMbIn

dakT TOYHOro KpaeBoro npureraHns
pecTaBpauuii npu N3roTOBMNEHUM
HEeNnocpeacTBEHHO B MOMoCTM  pTa

NauneHToB, yunTbiBas ee BUonornyeckyro
cpeay. [aHHbIN 9KCNepUMEHT nokasan u

BNUAHNE KayecTBa mMaTepuana
(komnoauToB, KepamuKm) Ha
pacnpepneneHue HanpsKeHWH, 4yTO

BMOJSIHE MOXHO OOBACHUTb ynyyweHuem
OrMocoBMEeCTUMOCTH COBpPEMEHHbIX
MaTepumasioB K TKaHAM 3y63.

Ta6bnuua 2. KonuyectBeHHasa OLEHKa CpaBHEeHUA pe3ynbTaToOB aHanu3a npenapupoBaHus U
MaTepuanoB METOAOM KOHEYHbIX 3NIeMEeHTOB (MaKCMMaribHble HanpsikeHUs)

LWamdepHoe MuHuManbHoe Bes
npenapupoBaHue npenapvpoBaHue npenapupoBaHuns
Kepamuka Kepamuka Kepamuka
-OEHTUH -0EHTUH -O0€HTUH
Komnoaut- KomnoauT- Komnoaut-
amarnb AEHTUH AEHTUH
Omanb 3,8341 1,1610 1,0413
Max (MIMa)
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[eHTnH 1,0110

Max (MlMa)

1,2719 1,0611

dukcnpyrowmn 5,1729
KOMMNO3nT

Max (MMa).

1,0117 0,8816

MaTtepunan 17,7877
pecTaBpaumu

Max (MMa)

8,5479 5,2345

B cny4yae pectaBpauun 13 matepuana c
BbICOKMM MOAYNEM ynpyroctu (Kkepamuka)
HanpshxeHve B OCHOBHOM
pacnpegenseTcs BHYTpM camomn
pecTtaBpaumn (CM. «kepamuka - OEHTUH»
B Tabnuue 2). Ecnu moaynb ynpyroctu

mMatepmana Hwke (KOMMo3uT), 4acTo
HanpspkeHus  nepepacnpegenseTcsa  Ha
domKeupyroLwmin KOMMO3NT "

npunerawowme TeBepable TkaHu 3yba (cm.
«KOMMO3UT-OEHTUH» B Tabnuue 2, rge
OoTMeYeHbl 0Oonee BbICOKME 3HAYEeHUsN
HanpsPKeHus B dukcupytoem
komnosute). Ecnn nopg pectaBpauunen
HaxoguTCsl amanb, U3-3a €€ BbICOKOro
mMoayns ynpyrocTu, HanpshxeHve
KOHLUEHTpMpyeTca B CaMOW  3manw.
OpHako, ecnu noa  pecraBpauunen
pacnonaraeTcsa OEHTUH, HanpsXXeHus
pacnpocTpaHsalTCca rnybxe B CTPYKTypy
3yba.

OyeBnaHo,
y4acTKOB

4yto B obnactm KpaeBbIX
pecTtaBpaumMm  HanpspKeHus
BO3HUKaIOT MWUHUManbHO. OpHako,
SKCMEepUMEHT BHE MNOMNOCTU pTa He
yKasblBaeT BaXXHOCTb 3HAYE€HUSA rpaHuy u
KpaeBblX y4aCTKOB pecTaBpaLui, TaK Kak B
BGuonornyeckon cpege nonocTn pra OHU
HaxodsaTcss Mog  KOMMIIEKCOM  MHOrmX
BO3OENCTBMA  (Harpy3ka,  Mex3yOHble
COOTHOLUEHNHA, MUKPONOABMXHOCTbL U T.4.).
B Hawem akcnepumeHTe BCHA Harpyska
cocpedoTodeHa HenocpeacTBEHHO MoA
aHTaroHncTom (ocobeHHo npu BGonbLunx
Aedekrax unv HenpasBUIbHOM MPUKYCe).
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Ecnu nog pecrtaBpauunen coxpaHsieTcs
aMarnb, TO pasnuyns Hanps>KeHWn B caMmom
AeHTuHe Hesenvkn (10,1 Mna gnsa obowux
cnyyaeB). OgHako, ecrnv OCcTaeTcs TOSbKO
AEHTUH, TO NPU CPpaBHEHUN KEPaMUYECKON
M  KOMMO3WUTHOM pecTaBpaumn 3amMeTHO
pasnuuve B XapakTepe pacnpegerneHus
HanpsbkeHun. B crnyyae KOMMO3UTHOW
pecTaBpauumu HanpspkeHns
pacnpegensiTcs Mexay (UKCUPYOLWNM
KOMMO3UTOM U1 NoAanexawmm AeHTUHOM
(tabn. 2). [llpu 3TOM B Kepamuke
HaNpPsXKeHUs SIOKann3yrTCca B OCHOBHOM B
camon  pectaBpauun. Kpome  TOro,
MaKCUMarbHble 3Ha4YeHUs1 Hanps>KeHUn B
KepaMmnyeckmx pecTaBpaunax
HabnogalTcs B rpynne «kepamuka -
AeHTUHe». [1oCKOMbKy B 3KCNEpUMEHTE
MCNONb30BannCb pasnnyHble obpasupl, NX
abcontoTHble  MokasaTenu  okasanucb
COMOCTaBUMbl C pesynbTatamu Opyrux
rpynn, HO NpM 39TOM C nognexawum
AEHTUHOM Habnwganucb CpaBHUTENbHO
YyTb BbICOKME 3HAYEHUS.

Ecnrm B kayectBe  onopbl nog
pecTaBpauuen ocTaeTcs amarnb,
MaKkCUMarnbHble HanpshKeHUs1 B OEHTUHe
CHWXatTCcA. [BYXCTOPOHHASA dukcaums
KOMNo3uTa MaTepuanamm C BbICOKAM
Moayrnem  yrnpyroctu (amanbto n
Kepamukon) npuBoauUT K 2-5-kpaTHOMY
YBENUYEHUIO CKUMAKOLWUNX HaNPS>KEHUN B
camom komnosute (51,7 n 29,8 Mlla).
PuKCHMpyOWMA  KOMNO3UT B AAHHOM
cny4vae KOMMeHcupyeT NUKOBbIE
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Hanps>keHMss U1 3a  cyeT
BA3KOYMpPYrmx CBOWCTB
paccMaTpmBaTbCs B

aemMndupyroLero afnieMeHTa.

CBOUX
MOXeT
KayecTtBe

B Ttabnuue 2
pasnuyus. ans
domkempytoero
pecTaBpaLNOHHbIX
OTAENBHOCTU

nokasaHbl BO3HUKLLME
amanu, OEHTUHa,
Komnosuta W OBYyX
Matepuanos no
onpenenanucb
MakCUMarnbHble [MaBHble  HarnpsiKeHUs.
lMokaszaTtenu nNOMyYeHHbIX AaHHbIX C
MUWHMManNbHO npenapMpoBaHHbIM  (NOYTH
6e3) HenpaBwuNibHO CpaBHMBaATbL ApPYyr C
OPYrom, TaK KakK OHW NOfiyvyeHbl Ans
pasHbIX obpasuos C pa3fiMYHbIM
reomeTpmyeckum  3HadeHmem. OpgHako
pe3ynbTaThbl, npuBeOEHHbIE ans
Kraccmu4eckoro npenapupoBaHus,
OTHOCATCA K OOHOM W TOW Xe MOoAenwu,
No3aToOMy Mexay cobon OHM CONOCTaBMMbI.

Ouckyccus

OcHoBHOM Lenbo JAaHHOro
nccnegoBaHnsa Obifno BbISSCHUTb, BNUSAKOT
nn BUAblI NpenapMpoBaHns Ha NPOYHOCTb
YNbTPATOHKUX OKKITHO3MOHHbIX BUHWUPOB,
narotosneHHblx metogom CAD/CAM. [nsa
aToro Obinu  BbIOpaHbl ABa  4acTo
NCMnonb3yeMblX mMatepuana ans
CAD/CAM, «koTopble npeumMyLlecTBEHHO
pasnuyarTca No  MOAYM  YNpyrocTu:
KOMMO3UTHbIN CAD/CAM—-matepuan
(CeraSmart) wn  gucunukat  nuTus,
YCUNEHHbIN ANOKCMOOM LVPKOHMS.
OKCNepUMEHT in vitro npoBoannu No Tomn
Xe meTtoguke, Yto U B pabote Heck, yto
NO3BONUIIO npoBEecCTU CpaBHeHMe
pesynebtatoB (10). B xoge pAaHHoro
nccnenoBaHmns npuMeHsinacb
MexaHu4yeckass Harpyska B TedeHue
OAHoro MUMNMoHa LINKIOB npwm
MaKcumMarbHOW cune.

JKeBaTenbHbIn  CUMYNATOP MMUTUMpOBAr
XeBaTenbHble [OBWXEHUA: Ha obpasel
npuknagbiBanach BepTUKanbHas
Harpyska, nog KOTOPOW OH CMeLluancs

(2026) 01:10

97

Azarbaycan Tibb Universitetinin Jurnal
2026

ropusoHtanbHo Ha 0,5 mMMm. XoTa Takad
MOAENb He MNOJSIHOCTbIO BOCMPOU3BOAUT
CIOXHble U3NOSIONNMYECKUE  OBUXKEHUS

npu XEeBaHUN, Mbl nocrtapanuncb
BOCCO34aTb onunskue ycrnoBusi B
AKCMEPUMEHTE.

MNopo6HbIN noaxon nossonseTr

AOCTOBEPHO MpPOrHO3mMpoBaTb MoBeaeHue
pectaBpauuit in vivo (25). OguH MUNNMOH
LUMKNOB COOTBETCTBYET NPUBMIM3NUTENbHO
4-5 rogam akcnnyataumn. JKCNepuMeHT
Anunca B TedeHMe  OAHOro  roga.
lMockornbKy cuna eBaTenbHOro gaBreHns
BapbupyeT Yy pasHbiX Jnwogen, 6bina
BblbpaHa ycpegHeHHass BenunumHa 50H,
KOTOpas Takke Wucnonb3yeTcsa B ApYrux
nccnepgoBaHusax (25,26). B peanbHocTu
XeBaTernbHasa Harpy3ka MoXeT COCTaBnsATb
ot 10 pgo 120H. lpu natonorn4yeckmx
COCTOSIHUAX, Hanpumep, npu BGpykcusme,
HanpskeHne MoxeT pgocturate 800H u
bonee (26).

O6pasubl ukcMpoBanucb B AepkaTene
XEeCTKO C noMoLbio KomnosuTa, 6e3
MCNONb30BaHUA aemndupyroLero
maTtepuana. Taknm obpasowm,
dusnonornyeckoe nepemelleHne 3ybos
3a cyer nepuoaoHTa He
Bocnpoussogunoce  (27).  OTtcyTtcTBMe
SNacTUYHOro MpPOKaZioMHOro MaTtepuarna
noa4  BUHMPbI  MOXET  yBenuMuuBaTtb
MOrpelwHoCTb, OOHaKoO B  KIMHUYECKUX
ycrnoBusax aktuyeckaa Harpyska Oyper
HECKOITbKO Msrye.

C Toukm 3peHuMss MaTtepuanoBeneHus,
npenapupoBaHue nog BUHUP HanoMuHaeT
«llap-Ha KonbLO», TO eCcTb pecTaBpauud
onupaeTcs MO KPYry Ha »KeCTKyl amarb, a
LeHTpanbHas YacTb pectaBpaumnm
onupaeTcs Ha OEHTUH C Gonee HU3KUM
mMoaynem ynpyroctu. KnuHuyecku 9To

XyOLwnia BapuaHT ans XPYNKMX
maTepuanoB. Hwukakue TpaBmaTuyeckme
N3MeHeHus NCKYCCTBEHHO He

co3gaBanucb, 4YToObl M3bexaTb 3apaHee
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3aflaHHbIX TOYEeK MWHUUMaLMKM  TPELLMH.
CpegHsas TonwmMHa OKKIMHO3MOHHbIX
BUHUPOB cocTaensana 0,5 MMm; no gaHHbIM
MUKpPOKOMMbOTEPHOW ToMorpadum (Micro-
CT), BO3MOXHO€E OTKITOHEHWE COCTaBMssno
0,1 Mmm.

AKKypaTHas nonupoBka nveet
peliatoLlee 3HayeHue Aans
npenoTBpaLleHms pacnpocTpaHeHust

TPELUMH B pecTaBpalUMOHHOM MaTtepuane.
B paHHoOM paboTe Bce BUHMPBLI ObinNK
TWaTenbHO OTNONMPOBaHbI.
3aBepliatowaa obpaboTka M nonuposka
3aBUCAT OT HaBblKOB MaUUEHTOB W
noasep>xeHbl OwwmMbkam, OgHAKO MMEHHO
Takon Nnofib30BaTESIbCKUI dakTop
XapakTepeH AN KMMHUYECKOW MpaKTUKW,
a 3HauuT, nogobHasi BapuMaTUBHOCTL
OoTpaxkaeT pearbHble YCIOBUS U SABNSETCA
npenmyLLEeCTBOM ans in vitro-
nccnegoBaHusa (28).

O6pasubl  NOCTOAHHO
Kamepax, 3amnonHeHHbIX
AOVUCTUNNIMPOBAHHOM BOIOW, YTOOLI
npeaoTBpaTUTb  BbICbiXxaHWe 3y6oB w
NpubnnM3nTb YCNoOBUS 3KCNEPUMEHTA K
GMonornyeckn cmayumBaemMon  CIIHOHOWM
poTtoBoM nosioctu. Boga npu  aTOM
OKasblBaeT KOPPO3MOHHOE BO34ENCTBUE
Ha MaTepuan pecTaBpaununm Wn aaresuio,
4YTO B UTOre CHMXaeT ee N3HOCOCTOMKOCTb.

Haxoauincb B

M'maponui — 3TO npouecc, KOTopbIn C
TeYeHnem BpEMEHU yxyawaeT
MexaHn4Yeckne CBOWCTBA KepaMuKU. ITOT
npouecc  HayuMHaeT  NosIBNATbLCA  C
NOBEPXHOCTU MaTepuana M BO MHOMOM
CBA3aH C UMKIMYECKUMM Harpyskamu.
O6pasoBaHue MUWKPOBbLIEMOK n
BO34ENCTBME BOAbl HAa MUKPOTPELLMHbI
MOBLILWAKT OaBNeHWe B 30HE TPELUMH W
ycunusatoT nx pacnpocTpaHeHue,
cnocobceTByA KOPPO3NOHHOMY
paspyLueHuto (29).

B peanbHbIX ycrnoBmax nosioctu pTa
pecTaBpaumn noasepralTca nepenagam
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TemnepaTtyp B Auana3oHe oT okorio 0 Ao
800C. Takue TemnepaTypHble U3MEHEHUS
BMUSIIOT HA NPOYHOCTb aAre3noHHOW CBA3N
(39). B nutepatype HeT eaAMHOro MHeHUs O
mMacwTabax [aHHOro BMUSHWUSA, OOHAKO
MOCKOMbKY Yy pecTaBpauuii Ha OCHOBe
AVoKcMaa UMPKOHWUS nHorga HabnopaeTcs

BHe3anHas noTeps  aareaum  nocre
TEPMOLIMKIINPOBAHUS, BKIOYEHME TaKMX
TemnepaTypHbIX LUMKMIOB B  NPOTOKON

NCKYCCTBEHHOM M3HOLUIEHHOCTN cyuTaeTcs
onpasgaHHbiM (30).

Mpn  KoHTakTe  XecTkoro Tena C
KPUBOSMHENHOMN NOBEPXHOCTbLIO "
NIMHEHO-YNPYIrMm mMaTtepuanom
nocrnegHun  gedopmupyetcd, obpasys
MNOCKYHD  KOHTAKTHYHO  30HY  Mexay
XKECTKMM aHTarOHUCTOM U  3MacTUYHOM
pecTaBpaunen. Mopn KOHTaKTHOMN
NMOBEPXHOCTbIO ABYX obbekToB
dopmMmupyeTca  annMnTUYEecKas  KpuBas
HanNpsKeHWn -  TaK Ha3blBaemble
HanpsxkeHns  [epua. Wx  BenuyuHa
3aBUCUT: OT nMpuKNagbiBaemMon Cunbl,
paguyca KpuBU3HbI B3auMOOEMNCTBYHOLLMX
Ten, koadpduumneHta lNyaccoHa n moaynsa
ynpyroctun martepuanos. [ns HarnggHoro
OOBACHEHNA N MOHMMAHUSA MNOSTYYEHHbIX
pes3ynbTatoB B [JaHHOM uccnegoBaHun
NPUMEHSNN METOL KOHEYHbIX 3NIEMEHTOB.
Onpegenutb  KpUTepuin  NONOMKM  Ons
pectaBpaumnm MOXHO Nno-pasHomy.
TpewuHa npegcrasnseT cobon
paccrnoeHve wmatepvana no JfuvHUK, a
«bulk  fracture» 3TO  YacCTU4Hoe
paspylleHve mMaTtepuana pecTaspauuu.
MosiBneHne TPeLLMHbI He nmeet
Cepbe3HbIX KIMMHUYECKUX NOCNencTBUN,
MO3TOMYy B  [JaHHOM  uccrnegoBaHuu
BM3yanbHO OOHapyxvMBaemas TpelmHa
Oblna npuHATaA 3a CTPOrMM  Kputepumn
oTkasa. B peanbHon npaktuke Hebonblume
€aNHNYHbIE nnm MHOXECTBEHHbIE
MUKPOTPELUMHbl B pecTaBpaumm MoryT
CUNTaTbCA KIWUHUYECKU NpUEMMEMbIMU U
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dYHKUMOHamNbHbIMKU.  TeM He MeHee,
HanuMune TPEewWMH BIUAET Ha Xapaktep
paspylweHnss 1 MOXeT MpuMBECTM K
nonHoMmy  paspyweHuto.  Heobxoanmo
npoBoaUTbL HabMwOeHus 3a COo3O0aHHOM
pectaBpaumen [0 Tex nMop, noka He
npousowsio paspyweHne matepuana. C
OpYron  CTOpPOHbl, OOBEMHbIE  CKOSbI
aenawot 3aMeHy pectaspaumm
HensbexHon. B paHHOM wuccnepgoBaHuuU
Mbl MPMHMManNM BO BHWMaHMe [axe
HebonbLUyldD  BUOUMYIO  TpPEewuHy B
KayecTBe KpuTepus NOJSIOMKM
pecTaspauun, 4YTOObI yunTbIBaTb
AanbHenwmne  BO3MOXHbIE  PUCKM U
NpeanoXuTb KNMHUYECKME pekoMeHaauum
ans AanbHeunwero ANUTENBHOro
NoNb30BaHNA pecTaBpaunmn NauMeHTOM.

Hawwn pesynbTtatbl MNoOKasbiBalT, YTO
Mexay npenapupoBaHueM (LamgepHbIM)
M OTCYTCTBMEM MpenapupoBaHuUsi He
HabnoganoCb  HUKAKOW  pasHuubl B
NPOYHOCTK pecTaBpaumn. Mbl cornacHbl ¢
aBTOpamMu, KoTopble nccnegosanu
BNUSHNE MaTepuana pecTaBpauum Mu
ansanHa npenapnpoBaHns Ha
aonroBeyHocTb BMHMPOB (30).

B Halem nccnegoBaHum BbIOOP
mMatepvana Takke CTan pellarolmnm
(haKTopOM, BNUSAIOLLMM Ha OONTOBEYHOCTb
BUHNPOB. B TO Bpemsi kak KOMMO3UTHbIE
pectaBpaumm wu3 CeraSmart nokasanu

OoTNu4YHble  pesynbTatbl  (95%) noAa
UUKITMYECKOW  Harpyskon, BepOSITHOCTb
NPOYHOCTU Celtra Duo 6e3
TepmoobpaboTkn nocne dpesepoBaHus
okasanacb HW3KOM Ons  KIMHUYECKUX

cny4daeB — 40% v 60% npu akcnepumMmeHTe
C OAHUM MUNTIMOHOM LIMKIIOB.

ABTOpbI Mokasanu, 4To TepmoobpaboTka
cnocobHa yBenmunTb NPOYHOCTb HA U3NOM

y Celta Duo B 2,5 pasa (31). Ohnu
npeanonoXxunn, 4Yto TepmoobpaboTka
«CrnaxuBaeT» BEPLUMNHbI TPELUMH,

BO3HUKaAKOLWNX B MNpoLecce M3rotoBJiEHUA
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pectaspaumn (31). Ecnu ata runotesa
BEpPHA, TO BaXHbl aprymeHT B MNOSb3y
Celtra Duo T0, 4TO OTNAagaeT HaQOOHOCTL
B OOMNOMHUTENbHOWM  TepmoobpaboTke
mMaTtepuana n nomoraeT cokpallaTb BpeMs
ans 6eictporo narotoenexHmss B8 CAD/CAM-

npovecce.
Xopowmre  pesynbTaTbl  KOMMO3WUTHbIX
pecTaBpaum  MOXHO  OBOBACHUTbL  UX
BA3KOYMPYrMmu CBOMCTBaMM. Mo
CPaBHEHNIO C KepaMWKOW, KOMMO3UTHbIE
mMaTtepuansl MoryT naacTn4ecku
aedopmMmmpoBaTtbCa  No4  BO3OENCTBUEM
CKUMALWNX U pacTArMBaroLnX Harpysok,
«nornowasa» 3Heprmo  gedopmaumn,

koTopasi B kepamuke npueena 6bl K pocTy

TpewuH. HecmoTpa Ha 6Gonee HU3kne
TBEPOOCTb WM MOAYNb  YNpYyroctun, Yy
CeraSmart oTMe4aeTcs BblCOKas

MPOYHOCTb Ha U3NOM.
Heck u coaBT. npotectupoBann Tpu
pasnUyYHbIX Matepuana, CHmKasi TONLWNHY
pectaBpaumn po 0,3-0,5 mm (10). B
nccnegoBaHnn 1“cnonb3oBannchb IPS
Empress CAD, IPS e.max CAD u Lava
Ultimate; npn 9TOM NPUMEHANCA TOMbKO
BapnaHT 6e3 npenapupoBaHusa. [log
Harpyskom 50 H wn nocne opgHoro
MUMNMOHA LMKMOB MPOYHOCTb COCTaBuna
50% pna IPS Empress CAD, 95% pgnsa
Lava Ultimate n 100% pna IPS e.max

CAD. Tllokasatenu npoyHoctn Yy IPS
Empress CAD wun Lava Ultimate
COOTBETCTBYKOT HaWWM AaHHbIM  Anis

Celtra Duo u CeraSmart. Kpome TOrO,
Heck u coaBT. npotectnpoBanun odpasubl
IPS e.max CAD Bo BTOpOM cepuu

SKCMepuMeHTa: OAWH MWMNNMOH  LIUKIOB
Harpy3sku rnpu 100 H (10).
OTM  pesynbTaTbl  MOKasblBaKT, YTO

TonwmHa 0,3-0,5 MM pgoctaToyHas ans
OYeHb BbICOKOM BEPOATHOCTM
BbIXKMBAEMOCTW Npu NpaBuibHOM Bblbope
matepuana. Xots IPS Empress ¢ 1990-x
rogoB  ycnewHo wucnonb3yeTcs  Ons
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nHneeB 6e3 Cepbe3HOro pucka KpymHbIX
ckonoB, oOHa, kak u Celta Duo, He
NnoaxXoAUT ANsl  W3roTOBMNEHUS TOHKUX
OKKIMHO3UMOHHBIX BUHWNPOB. CornacHo
pesynbTatam nabopaTopHbIX
nccnegosaHun, Tonbko IPS e.max CAD u
BCE nccrnenoBaHHble KOMMO3UTHbIE
mMaTtepuanbl NOAXOAAT ANt N3roTOBNEHUS
YNbTPATOHKNX OKKITHO3MOHHbBIX BUHUPOB.
Busyanusaums cxvmarowmx HanpsbKeHun
B Moaenu KOHEYHbIX  3NeMEeHTOB
CoedMHsIeT Kak BuAUMble, TakKk WU
YMCMEHHblE  BbIBOAbI  MEXaHU4YeCKoro
3KCnepuMeHTa. HanpsikeHnus
cocpeaoTavmMBaloTCsa Nnog 30HOWM KOHTaKTa
N He OOCTUrarT Kpasi npenapupoBaHUs.
Takass cuTyaumsa coxpaHsieTca OO0 Tex
nop, MOKa OKKMK3MOHHbIE, TO €CTb
KOHTAKTHbIE TOYKM HaxoOaTcs yOareHHo
OT Kpas pecTaBpauun. 3IT0 pakT
COOTBETCTBYET TpaanLMOHHOM
pekoMeHgauuu pacnonaratb WX  Ha
paccTosiHum 6onee 1 MM OT rpaHuubl
pectaBpauun.

Mpu aHanuse JaHHbIX
MUKPOKOMMbIOTEPHOWN ToMorpadgum
obpasuos, npegHa3HayYeHHbIX ans
pacyéToB MEeTOAOM KOHEYHbIX
9NIEMEHTOB, BbIsBUMNacb eweé ogHa
npuvymnHa BO3MOXHOI0O paspyLUeHus

pecTaBpaunn. HecmoTpsa Ha TwaTernbHoe
HaHeceHVe (PUKCUPYIOLLLEro KOMMNo3uTa u
noeanbHble YCNOBUSA, NOA4 pecTaBpaunen
obpasoBanucb ny3bipbkn BO3gyxa. ITU
ny3bIpbKM  NpU  agre3amBHON  ukcauum
NpuBOOAT K  yBENUYEeHWo  un3rnba
pecTaspauuu, 4yTO yckopsieT
pacrnpocTpaHeHve  TpewwuH.  AHanus
MeTo40oM KOHEYHbIX 3IEMEHTOB
noaTeepxaaet aTy npobnemy.
BosgyLwHbIn ny3bIpék co3gaeT 30HY, rae
HeT aaresvu Ha BHYTPEeHHeN NOBEPXHOCTU
KepaMuku, 4yTO Bbl3blBaeT
HebnaronpusTHble pacTarnsatome
Harpysku 1 poCT TPELLMH.
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Mogenb KOHeYHbIX anemMeHToB Oblina
co3gaHa Ha  OCHOBe  pearbHOro
TPEXMEPHOro ckaHa obpasua, noaTomy
BO34ylWHbIE Ny3blpbkM UM Bapuaumm
TONLWMHbI YYUTbIBAnNUCb U B PacHETHOM
mogenu. [ns npoBedeHus aHanusa
MCNONb30BanUCb TeTpalagpbl MeHbLUEro
pasmepa, 4YTOObI bonee TOYHO
oTOoGpasnTb pacnpegerneHuve
Hanps>KeHU B 30He AedeKToB, 4YTO B
otnnumne ot uaeanbHbix CAD-mogenen
nossonseT npubnuanTbCs K peanbHOn
KMMHUYECKON CUTYaLnN.

3aknioyeHue

Mockonbky oba mMeToaa
npenapvpoBaHns (wamdepHoe "
OTCyTCTBME npenapupoBaHuns) He

pasnuMyarTca B 9KCNEPUMEHTE MO
BEPOSATHOCTM MPOYHOCTU HWU B Crlyvae
KepamMMyeckoro maTtepuana C BbICOKUM
MoAynem ynpyrocTtu, HK npwm
NCNonb30BaHMM KoMno3uTa C
OTHOCUTENbHO HU3KNM mMogynem
YNPYrocTh, MOXHO 3aKIYnTb, YTO BUAA
npenapupoBaHus npueMnnmbl B
ouonornyeckon cpege noniocTn  pra.
OpHako B 3KCnepuMeHTarnbHbIX
yCroBUSX nyJdwee Ka4yecTBO
N3roTOBMEHUS OKKITHO3MOHHbBIX BUHUPOB
nokasan MUHMMarnbHoe
npenapupoBaHne C  MakCuMarnbHbIM
coxpaHeHnem amanu 3yboB. MpoyHOCTb
pectaBpaumn 6onbwe 3aBUCUT  OT
BblOpaHHOro Martepmana. B pgaHHoMm
cnyyae 93TO MNPUMEHEHME KOMIMO3WUTOB
nocriegHero NMOKOIEHUSL. MHbIMK
CfnoBamu, pelleHMe O KIacCU4YecKoMm
npenapupoBaHnUn AOJMKHO NPUHMMATbLCA
NCKNIOYNTENBHO Ha OCHOBaHUK
KNMUHUYECKMX MOKa3aHMW, a He u3-3a
TpeboBaHnn Kk npoyHocTu. [lpu 3TOM
AN KepaMUYecKMX  OKKMHO3MOHHbIX
BUHNUPOB BEPOATHOCTb BbIXMBAEMOCTHU
npy NpenapupoBaHUN oKasanacb gaxe
HWke, YyeM 6e3 Hero. XoTs abcontoTHas



Cadapanuves ®.P., Mycaes 3.P., lagumes Ix.I.

ATU Jurnali

pasHMua CNUWKOM Mana, 4tobbl ObiTb
CTaTUCTUYECKM 3HAYMMOM Ha YpPOBHE
5%, npaHHoe HabngeHne - MOXHO
paccMaTtpmBaTtb Kak [OOMOMHUTESbHbIN
aprymMeHT B MOMb3y MUHMManuaauum
npenapvpoBaHnsa (rae 3TO BO3MOXHO)
ans MaKcUMarbHOro COXpaHeHus
CTPYKTYpbl 3y6a. B HacTosiuiee Bpems
HeobxoauMbl AONOJTHUTENbHbIE
KNUHWUYECKME  UCCMeaoBaHus, YToObI
noaoTBepanTb HaAEXHOCTb Takoro
MUHUMaIbHO MHBA3UBHOIO Noaxoaa.
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FEATURES OF OCCLUSAL VENEERS PREPARATION TO iINCREASE DURABILITY

Safaraliev F.R.", Musaev E.R.", Gadjiev J.G.’
1. Azerbaijan Medical University, Department of orthopedic dentistry
E-mail: fsefereliyev@amu.edu.az

Abstract

The strength of ultra-thin occlusal veneers, manufactured by the CAD/CAM method with

different preparation methods was investigated.

For this purpose, mechanical action under cyclic loading conditions and numerical analysis using the
finite element method were carried out (FEA).

The study was conducted at the Clinical Dentistry Department of Orthopedic Dentistry at AMU.

40 teeth were prepared: 20 — classical preparation for veneers, the other 20 teeth were barely
prepared until the dentin was exposed.

Each group had veneers made using the CAD/CAM method, but with different materials: 1) low-
elasticity (composite material); 2) high-elasticity (ceramic material). Fixation was performed using
adhesive method. The samples were subjected to a force of 50 N for several 1.000.000 cycles using
a chewing stimulator. They were then examined for damage. The presence of a visible crack was
defined as a failure of the restoration.

The Kaplan-Meier method was used to estimate the strength of the data in the analysis. The finitem
element numerical analysis was performed using open-source software. The strength of samples
with and without preparation was compared. The probability of

strength of occlusal veneers without preparation is 60%; with preparation — 40%, without statistically
significant values.

Composite veneers demonstrated 95% strength regardless of the preparation method. In conclusion,
we note that the preparation method did not affect the mechanical stability of the veneers. Therefore,
minimal preparation is recommended. However, the restoration material is an important factor for its
durability.

Keywords: preparation; veneer; loading; ceramics; composites; dentin.

OKKLUZIAL VINIRLBRIN DAYANIQLILIGINI QORUMAQ UGCUN OPTIMAL DiS YONMA
METODLARI

Sefaraliyev F.R.", Musayev E.R.", Haciyev C.G."
1. Azerbaycan Tibb Universiteti, ortopedik stomatologiya kafedrasi, Baki
E-mail: fsefereliyev@amu.edu.az

Xulasa

Muxtelif yonulma Usullari ile komputer dastekli dizayn ve komputer dastakli istehsal (CAD/CAM) ilo
istehsal olunan ultra nazik okklGzial vinirlarin méhkemliyi tadqgiq edilmisdir. Bu magsadls, tsiklik
yuklema seraitinde dis modelleri Uzerinde mexaniki tesir, eleace de sonlu element metodundan
istifade edaroek adadi analiz apariimisdir.

Tadqgigat ATU-nun Ortopedik Stomatologiyanin tadris-klinik bazasinda apariimisdir. 40 molyar dis
hazirlanmisdir: onlardan 20-si vinirlar tgln adi (safer) Usulla yonulmus, digar 20 dis ise demak olar
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ki, yonulmamisg, yani dentin acilmasina gadar minimal yonma apariimisdir. Har bir dis qrupu Gg¢ln

vinirler CAD/CAM texnologiyasindan istifade olunmagla, lakin muxtelif kimyavi terkibe malik dig
materiallarindan hazirlanmigdir: 1) asagi elastiklikli (kompozit); 2) yuksak elastiklikli (keramika)
materiallardan. Vinirloerin fiksasiyasi yapisgan Usulla apariimisdir. NUmunslaer ¢eynama
stimulyatorundan istifade olunmaqgla 1 000 000 doévr (sikl) erzinde 50 N qlvvaya maruz galmisdir.
Daha sonra alda edilon kaplama nimunaleri zedslanmaler (qiriglar, ¢atlar) baximindan muayina
edilmisdir. Gérinan dayisikliklar barpanin ugursuzlugu kimi giymatlendirilmisdir.

Restorasiyalarin mdhkamliyini ve dayanighligini giymatlandirmak Uglin melumatlarin tahlilinda
Kaplan-Meier metodundan istifads edilmisdir.

Sonlu element analizi (FEA) agiqg manbali program teminatindan istifade etmakl apariimisdir.

Vinirler Ggln yonulmus va yonulmamig diglarin, yeni dentinin agilmasindan avvalki veziyyatds olan
nimunalerin  moéhkemliyi migayise edilmisdir. Okklyuzion keramik vinirlerin mohkamliyi belo
olmusdur: yonulmayan dislerde — 60%; yonulmus diglerde — 40%; statistik baximdan shamiyyatli
forgler agkar edilmamisdir.Kompozit vinirlear yonma metodundan asili olmayaraq 95% mdhkamlik ve
dayanighliqg nimayis etdirmisdir.

Netice olarag geyd edak ki, okklyuzion vinirlar Ggun diglarin yonulma metodlari mubahisali masala
olaraq qalir ve apardigimiz isde okklyuzion vinirlarin mexaniki dayaniglligina shamiyyatli tesir
gostarmamisdir. Lakin, standart vinirler iglin minimal dis yonulmasinin shemiyyastini azaltmiriq. Buna
gore da okklyuzion vinirlerin hazirlanmasinda minimal yonulma tévsiya olunur. Eyni zamanda, barpa
materialinin segimi onun uzunémurli olmasinda asas amildir.

Acar sozlar: preparasiya; vinirlar; yuklonma; keramika; komp ozitler; dentin

104



Orujov Z.V. ATU Jurnali (2026) 01:01 Azarbaycan Tibb Universitetinin Jurnal

2026

KLINIK HAL ACIQ GIRIS (OPEN ACCESS)

DOI: https://doi.org/10.28942/atuj.v6i1y20026.133

RAPID REGRESSION OF LIVER ELASTOGRAPHY PARAMETERS DURING
INTRAVENOUS MSC-EXOSOME THERAPY IN A PATIENT WITH CHRONIC
HEPATITIS C AND NON-CELIAC GLUTEN INTOLERANCE: A CASE
REPORT

Orujov Z.V.1

Abstract

Acute deterioration in the course of chronic liver diseases may be associated with systemic
inflammation, decompensation, and a high risk of adverse outcomes, requiring a comprehensive
diagnostic and therapeutic approach [8,9]. Liver fibrosis remains a key predictor of complications and
mortality, while the literature emphasizes the absence of FDA-approved pharmacologic agents that
directly reverse liver fibrosis, except for liver transplantation in end-stage disease [1]. In this context,
mesenchymal-derived exosomes/extracellular vesicles (EVs) are considered a potential antifibrotic
and anti-inflammatory approach in experimental models, and early data on the tolerability of
EV/exosome interventions are accumulating in preclinical and early clinical studies [2-7]. We present
a case of a female patient born in 1973 with chronic hepatitis C, non-celiac gluten intolerance, and
longstanding iron deficiency anemia, who at first presentation had ascites on ultrasound,
hypoalbuminemia, and biochemical signs of active hepatic inflammation with extrahepatic causes of
ascites excluded. During standard antiviral therapy with sofosbuvir/velpatasvir (12 weeks) [10] and a
parallel course of intravenous MSC-exosome infusions (outpatient setting, 5 billion/ml, diluted in 200
ml 0.9% NaCl, intravenous drip), liver stiffness by elastography first increased and then showed
sustained decline to values interpreted clinically as regression to FO, together with clinical recovery,
absence of complaints by 23.01.2026, and resolution of psychiatric symptoms (baseline HADS 14/5,
later no psychiatric symptoms reported). This observation is hypothesis-generating and does not prove
treatment efficacy; however, the magnitude and speed of changes warrant attention and support the
need for broader controlled clinical trials of EV/exosome-based approaches [2-7].

Keywords: Exosomes; extracellular vesicles; liver fibrosis; liver elastography; chronic hepatitis C;
sofosbuvir/velpatasvir; case report.

INTRODUCTION

Liver fibrosis represents a common final
pathway of chronic hepatic injury and is a
major determinant of decompensation risk
and mortality. The literature emphasizes
that there are no FDA-approved drugs that
directly “treat liver fibrosis,” with liver

AZORBAYCAN TIiBB
UNIVERSITETININ JURNALI

transplantation being the only established
option for end-stage disease [1]. Current
strategies therefore rely primarily on
removal of the underlying cause, such as
eradication of HCV, and reduction of
inflammatory activity. In parallel, cell-based
and cell-free regenerative approaches are

© ATUJ and The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to theoriginal author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of thislicence, visit http://creativecommons.org/licenses/by/4.0/.
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actively investigated, including
mesenchymal stromal cell-derived
exosomes/EVs, because experimental

models demonstrate their impact on key
mechanisms of  inflammation and
fibrogenesis, while an initial body of
tolerability data for EV/exosome
interventions is emerging [2-7]. The present
case report describes a patient with chronic
hepatitis C and clinical signs of
decompensation at presentation, in whom a
pronounced improvement in elastography
parameters and clinical status was
observed during standard antiviral therapy
combined with a series of MSC-exosome
infusions.

Clinical Rationale (Literature Context)
Preclinical studies indicate that
mesenchymal-derived exosomes/EVs may
exert antifibrotic effects through several
complementary mechanisms. In liver
fibrosis models, exosomes derived from
human umbilical cord mesenchymal stem
cells were associated with reduced
expression of TGF-1, Smad2, and
epithelial-mesenchymal transition markers,
targeting central fibrogenic signaling
pathways [2]. In a rat NASH/fibrosis model,
extracellular vesicles from amnion-derived
mesenchymal stem cells were associated
with reduced biochemical markers of liver
injury (ALT/AST), decreased
proinflammatory cytokines (IL-13, IL-6),
reduced expression of fibrogenic genes,
decreased collagen deposition, and lower
a-SMA  expression, consistent  with
simultaneous modulation of inflammation
and hepatic stellate cell activity [7]. In
addition, a 2023 study reported that
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exosomes from adipose mesenchymal
stem cells ameliorated hepatic fibrosis by
inhibiting the PI3K/Akt/mTOR pathway and
remodeling choline metabolism, suggesting
effects on proliferative, metabolic, and
signaling nodes involved in fibrogenesis [3].
Together, these data provide biological
plausibility for the hypothesis that
exosomes/EVs may influence fibrosis
dynamics and hepatic inflammatory activity.

Safety and tolerability are also critical
considerations. A  preclinical safety
evaluation of exosomes derived from
human umbilical cord mesenchymal
stromal cells reported no significant
adverse effects on liver or renal function in
studied models and concluded that
intravenous exosome administration was
tolerable under the tested conditions [6].
Early clinical studies in other fields reported
tolerability of EV/exosome-based
interventions, including a phase 1
randomized placebo-controlled trial of
engineered extracellular vesicles (ILB-202)
showing no serious or dose-limiting
toxicities and stable laboratory and vital
parameters [1], and a first-in-human phase
| study of intrathecal human umbilical cord
MSC-derived exosomes reporting safety
and tolerability without early or late adverse
events [4]. In addition, although involving
cells rather than exosomes, the first-in-
human PASSIoN study of intranasal MSC
administration  after perinatal stroke
reported no serious adverse events and
explicitly emphasized the need for further
placebo-controlled efficacy trials, which is
conceptually aligned with the
developmental stage of EV/exosome
therapies [5]. These data do not prove
efficacy in liver fibrosis but support
biological and clinical plausibility and justify
further structured investigation.
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CASE DESCRIPTION

A female patient born in 1973 first
presented on 21.06.2024. At baseline
evaluation, ascites was detected on
ultrasound, together with hypoalbuminemia
and a biochemical pattern of active hepatic
inflammation; extrahepatic causes of
ascites were excluded. The patient was
found to have gluten intolerance without
celiac disease, as specific celiac markers
were negative, and had a lifelong history of
iron deficiency anemia under hematologic
follow-up. Baseline HADS score was 14/5;
later, the patient reported complete
resolution of psychiatric symptoms. Liver
elastography values (kPa) over time were:
25.06.2024 — 9.34; 03.10.2024 — 10.04;
16.11.2024 — 10.3; 23.05.2025 — 8.4;
19.07.2025 — 7.9; 17.01.2026 — 6.8. At
the last visit on 23.01.2026, the patient
reported no complaints, and the diagnosis
of liver fibrosis was considered resolved in
the clinical assessment.

Interventions

Etiotropic antiviral therapy for HCV
consisted of sofosbuvir/velpatasvir
400/100, started on 05.07.2024 and
completed on 27.09.2024. This regimen
and 12-week duration are consistent with
published clinical practice guidelines for
HCV management, which report high rates
of sustained virologic response with a 12-
week sofosbuvir/velpatasvir course [10].
HCV PCR was negative at 3 months after
treatment completion (11.01.2025) and
again at 6 months (13.03.2025), consistent
with sustained virologic response.

Table 1
Date Event/Parameter

21.06.2024 First presentation

25.06.2024 Elastography

Azarbaycan Tibb Universitetinin Jurnal
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MSC-exosomes were administered
intravenously in an outpatient setting, by
drip infusion, at a concentration of 5 billion
exosomes per ml, diluted in 200 ml of 0.9%
NacCl. Dates of MSC-exosome

administration were: 05.07.2024;
02.08.2024; 31.08.2024; 05.10.2024;
19.10.2024; 02.11.2024; 16.11.2024;
31.05.2025; 14.06.2025; 28.06.2025;

15.07.2025; 16.08.2025; 18.09.2025. It was
specifically noted in the clinical
interpretation that fibrosis indicators initially
progressed rapidly and that the MSC-
exosome effect appeared delayed, followed
by a marked decline in liver stiffness values.

Outcomes and Dynamics

The course was characterized by an initial
increase in liver stiffness followed by a
sustained decrease. Elastography values
rose from 9.34 kPa (25.06.2024) to 10.3
kPa (16.11.2024), then decreased to 8.4
kPa (23.05.2025), 7.9 kPa (19.07.2025),
and 6.8 kPa (17.01.2026). Clinically,
symptoms regressed, and by 23.01.2026
the patient reported no complaints; the
diagnosis of liver fibrosis was considered
removed in the clinical summary. Virologic
response to antiviral therapy was
sustained, with negative PCR results at
both follow-up time points, confirming HCV
eradication as a major etiologic factor likely
influencing inflammation and fibrosis
dynamics. Baseline anxiety/depressive
burden by HADS (14/5) resolved according
to patient report.

Value/Comment

Ascites on ultrasound; hypoalbuminemia; active
hepatic inflammation; extrahepatic causes excluded

9.34 kPa
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Date Event/Parameter
05.07.2024

antiviral therapy
02.08.2024 MSC-exosomes
31.08.2024 MSC-exosomes
27.09.2024 End antiviral therapy

03.10.2024 Elastography 10.04 kPa
05.10.2024 MSC-exosomes Infusion
19.10.2024 MSC-exosomes Infusion
02.11.2024 MSC-exosomes Infusion

Infusion
Infusion

16.11.2024 E)';ztgifsphy + MSC-
11.01.2025 HCV PCR

13.03.2025 HCV PCR

23.05.2025 Elastography 8.4 kPa
31.05.2025 MSC-exosomes Infusion
14.06.2025 MSC-exosomes Infusion
28.06.2025 MSC-exosomes Infusion
19.07.2025 Elastography 7.9 kPa
15.07.2025 MSC-exosomes Infusion
16.08.2025 MSC-exosomes Infusion
18.09.2025 MSC-exosomes Infusion
17.01.2026 Elastography 6.8 kPa

23.01.2026 Final visit

DISCUSSION

In this case, against a background of
standard HCV antiviral therapy and
repeated MSC-exosome infusions, an
unusually pronounced and relatively rapid
improvement in liver stiffness by
elastography was observed after an initial
phase of worsening. This pattern can
formally be explained by multiple
overlapping influences, including
eradication of the etiologic factor (HCV with
confirmed SVR), reduction of hepatic
inflammatory activity, and a possible
additional anti-inflammatory and antifibrotic
contribution from EV/exosome therapy.
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Value/Comment

MSC-exosomes + start MSC-exosomes IV drip, 5 billion/ml in 200 ml 0.9%
NaCl; start sofosbuvir/velpatasvir

End of 12-week course

10.3 kPa; infusion

Negative (3 months post-therapy)
Negative (6 months post-therapy), SVR

No complaints; fibrosis diagnosis removed

Biological plausibility for the latter is
supported by experimental data showing
that mesenchymal-derived exosomes
reduce key mediators of fibrogenesis,
including TGF-B/Smad signaling and EMT
markers [2], reduce inflammatory cytokines
and fibrosis markers with decreased
collagen and a-SMA [7], and may act via
PI3K/Akt/mTOR and choline metabolism
pathways as mechanistic nodes relevant to
fibrosis modulation [3]. With respect to
tolerability, provided sources include
preclinical safety data for intravenous MSC-
exosomes [6] and early clinical
EV/exosome studies in other indications
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showing acceptable safety profiles without
serious or dose-limiting toxicity [1,4],
supporting the conceptual feasibility of
further clinical development, although not
establishing indication-specific safety or
efficacy for liver fibrosis.

The limitations of this report are substantial
and must be stated explicitly. By design, a
case report cannot establish causality
because it lacks randomization, controls,
blinding, and standardized independent
outcome verification. In this specific case,
numerical laboratory data and their
dynamics are not available, preventing
quantitative linkage between elastography
changes and biochemical liver function or
inflammatory activity; technical
elastography parameters are not provided;
no histologic verification is available; and no
standardized liver severity scores are
reported. Concomitant etiologic antiviral
therapy is a major confounder, since
elimination of chronic viral inflammation
itself can lead to improvement in liver
parameters and fibrosis dynamics, and the
relative contribution of standard therapy
versus experimental MSC-exosome
therapy cannot be separated in a single
observation [10]. Nevertheless, the
magnitude and tempo of stiffness changes,
together with the described delayed-then-
marked response pattern, draw attention
and, without proving anything, justify further
methodologically rigorous, larger-scale
clinical trials of EV/exosome-based
approaches in liver disease, especially
given the mechanistic and tolerability
signals reported in the cited sources [1-
7,10].

CONCLUSION

This anonymized case report describes a
female patient born in 1973 with chronic
hepatitis C, non-celiac gluten intolerance,
and signs of decompensation at
presentation, in whom sustained
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liver  elastography
parameters and clinical status was
observed during sofosbuvir/velpatasvir
therapy with confirmed SVR and a parallel
course of intravenous MSC-exosome
infusions. The observation does not prove
efficacy of MSC-exosome therapy;
however, in the context of experimental
antifibrotic mechanisms, including
PI3K/Akt/mTOR and TGF-B/Smad-related
pathways, and early tolerability data for
EV/exosome interventions, it supports the
rationale for further controlled clinical
studies [1-7,10].

improvement  in

REFERENCES

1. Hyun S, ChoiH, Sub Y, et al. Safety and
Anti-Inflammatory Effects of Engineered
Extracellular Vesicles (ILB-202) for NF-

kKB Inhibition: A Double-Blind,
Randomized, Placebo-Controlled
Phase 1 Trial. J Extracell Vesicles.

2025;14(9):e70141.
doi:10.1002/jev2.70141.

2. Li T, Yan Y, Wang B, et al. Exosomes
derived from human umbilical cord
mesenchymal stem cells alleviate liver
fibrosis. Stem Cells Dev.
2013;22(6):845-854.
doi:10.1089/scd.2012.0395.

3. Zhang Z, Shang J, Yang Q, et al
Exosomes derived from human adipose
mesenchymal stem cells ameliorate
hepatic fibrosis by inhibiting
PI3K/Akt/mTOR pathway and
remodeling choline metabolism. J
Nanobiotechnology. 2023;21:29.
doi:10.1186/s12951-023-01788-4.

M, Tavanaei R,

Hosseinpoor M, et al. Safety and

potential effects of intrathecal injection

of allogeneic human umbilical cord
mesenchymal stem cell-derived
exosomes in complete subacute spinal



Orujov Z.V. ATU Jurnal (2026) 01:01

cord injury: a first-in-human, single-arm,
open-label, phase | clinical trial. Stem
Cell Res Ther. 2024;15:264.
doi:10.1186/s13287-024-03868-0.

. Baak LM, Wagenaar N, van der Aa NE,
et al. Feasibilty and safety of
intranasally administered mesenchymal
stromal cells after perinatal arterial
ischaemic stroke in the Netherlands
(PASSIoN): a first-in-human, open-label
intervention study. Lancet Neurol.
2022;21(6):528-536.
doi:10.1016/S1474-4422(22)00117-X.

. Sun L, Xu R, Sun X, et al. Safety
evaluation of exosomes derived from
human umbilical cord mesenchymal
stromal cell. Cytotherapy.
2016;18(3):413-422.
doi:10.1016/j.jcyt.2015.11.018.

Azarbaycan Tibb Universitetinin Jurnal
2026

ameliorate hepatic inflammation and
fibrosis in rats. Stem Cells Int.
2018;2018:3212643.
doi:10.1155/2018/3212643.

. Bernal W, Jalan R, Quaglia A, Simpson

K, Wendon J, Burroughs A. Acute-on-
chronic liver failure. Lancet.
2015;386(10003):1576-1587.
doi:10.1016/S0140-6736(15)00309-8.

. Moreau R, Jalan R, Gines P, et al.

Acute-on-chronic liver failure is a distinct
syndrome that develops in patients with
acute decompensation of cirrhosis.
Gastroenterology. 2013;144(7):1426-
1437.€9.
doi:10.1053/j.gastro.2013.02.042.

10.Jang ES, Heo NY, Jeong JY, et al. 2025

KASL clinical practice guidelines for
management of hepatitis C. Clinical and

7. Ohara M, Ohnishi S, Hosono H, et al. Molecular Hepatology.
Extracellular vesicles from amnion- doi:10.3350/cmh.2025.0777.
derived mesenchymal stem cells

BbICTPbIA PEPECC IMOKA3ATEJIENA 3JIACTOMPA®UN MNEYEHN HA ®OHE
BHYTPUBEHHOWU TEPAIUN 3K30COMAMU ME3EHXUMAJIbHbIX CTBOJIOBbIX
KJIETOK (MCK) Y NALUMEHTA C XPOHUYECKUM rENMATUTOM C U
HEINEPEHOCHUMOCTbBHIO INOTEHA BE3 LUEJTINAKUN: OTTUCAHUE KITMHWYECKOIO
CJ/IYYAS

Opyodxes 3.B."
1. MeduuyuHckut ueHmp Biosis, baky, AsepbatiOxaH
E-mail: dr.zaur.orujov@gmail.com

Pe3ome

OcTpoe yxyaleHne TevyeHUst XPOoHUYEeCKnx 3aboneBaHuii neyYeHn MoXxeT COMpPOBOXAATbCS
CUCTEMHbBIM BOCMarieHNEM U BbICOKMM PUCKOM HebraronpusaTHbIX ncxogos. Prubpo3 neyeHu
OCTaeTCsl Kn4YeBbiM (PaKTOPOM pUCKA, OOHAKO HA CErogHsIWHUMN OeHb OTCYTCTBYHOT
opobpeHHble FDA npenapatbl, Hanpsimyto obecneudmBarowme ero perpecc. B gaHHOM
KOHTEKCTE 9K30COMbI/BHEKIETOYHbIE Be3uKyrnbl (BB) Me3eHXMManbHOro npoucxXoXaeHus
paccMaTpuMBalOTCA  Kak  MNEepcrnekTUBHbIN  aHTudubpoTudecknun  metod. B cratbe
npeacTaBneH KNMHUYECKMIA cnyvarh nauueHtkn 1973 roga poXaeHust C  XPOHUYECKUM
renaTtuTom C, HeuennaknmHoOm HeENEPeHOCMMOCTbID  FNI0TEHA n xenesogeuunTHom
aHemuen. Npun nepBnUYHOM OCMOTPE Obin BbISBNEH aCUUT U NPU3HaKMU akTUBHOIO BOCNaneHns
nevyeHn. Ha doHe cTanHgapTHOM NPOTUBOBMPYCHOW Tepanuu (codocbyBup/BennaTacesup) u
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napannenbHOro Kypca BHYTPUMBEHHbIX MHQY3un 3k3ocom MCK (5 munnuapgos/mn)
Habnoganacb YyHWKanbHas [UMHaMUKa: Nocrne KpaTKOBPEMEHHOrO pocTa nokasaTernen
XXECTKOCTM neveHun nocrnenosano nx ycrtondmsoe cHmxeHue o yposHs FO. K aHBapio 2026
roga naumMeHTka He npeabsiBnana xanob, a guarHo3 ¢ubposa Obin  cHAT. [aHHoe
HabnogeHue ABNSAETCHA rmnoTe3oo0bpasyowmm u nogyepkusaet
HeobXxo4MMOCTb AanbHEeNLNX KOHTPONMpPYEMBbIX KNUHNYECKMX nccnenoBaHumn
3PPEKTUBHOCTM 3K30OCOM.

XRONIKIi HEPATIT C V@ QLUTEN® QEYRI-SELYAKIYA DOZUMSUZLUYU OLAN
PASIENTD® VENADAXILI MSK-EKZOSOM TERAPIYASI ZAMANI QARACIYSR
ELASTOQRAFIYASI PARAMETRLORININ SURSTLI REQRESSIYASI: KLINIK HAL

Orucov Z. V.1
1. Medical center, Biosis, Baku, Azerbaijan
E-mail: dr.zaur.orujov@gmail.com

Xiilasa

Xroniki garaciyer xastaliklerinin kaskin pislesmasi sistemli iltihab ve manfi naticalaerin ylksak
riski ile mUsgayiet oluna biler. Qaraciyar fibrozu asas risk faktoru olaraq galir, lakin hazirda FDA
terafinden birbasa fibrozu geri gaytaran tesdiqleanmis preparatlar yoxdur. Bu kontekstde
mezenxim mansali ekzosomlar/hlceyroxarici vezikullar (HV) perspektivli antifibrotik yanasma
kimi nezardan kecirilir. Maqaleda 1973-cl il tevellidll, xroniki hepatit C, qlitena qeyri-
selyakiya dozumsuzlUyu ve demir ¢catismazligi anemiyasi olan gadin pasientin kliniki hali
toqdim edilir. ilk miiayinede assit ve aktiv garaciyer iltihabi elamaetleri askar edilmisdir.
Standart virusaleyhina terapiya (sofosbuvir/velpatasvir) ve paralel olaraq kegirilon venadaxili
MSK-ekzosom infuziyalari (5 milyard/ml) fonunda unikal dinamika muisahide olunmusdur:
garaciyaer sartliyi gostaricilerinin qisamuddatli artimindan sonra onlarin FO saviyyasina gader
davamli azalmasi bas vermigdir. 2026-ci ilin yanvar ayina olan melumata gora, pasientin heg
bir sikayati olmamig ve fibroz diagnozu lagv edilmigdir. Bu migahide foerziyya xarakteri dasiyir
va ekzosomlarin effektivliyinin gelacekda genismiqyasli klinik sinaglarda yoxlaniimasinin
zaruriliyini asaslandirir.
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