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Chelpanova I.V."=" * | Paltov Ye.V."=", Smolkova O.V."=", Yashchenko A.M."=" Methodological approaches to
the study of cardiac spatial transformations during ontogenetic development.

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine.

ABSTRACT. Embryonic heart morphogenesis is a complex and dynamic process, and its mechanisms remain inct
understood. A wide range of methods are used to study spatial transformations of the heart and its chambers
histological methods, scanningeetron microscopy, optical scanning microscopy, microcomputed tomography, anc
binations thereof. Each method has its own advantages and disadvantages. Numerous computer models of the
been created, based on the analysis ofkvedlwn embryonicollections. These models have provided a thorough mor
metric study of embryonic organ transformations from Carnegie stages 11 to 23 (until the end of the 8th week of g
However, only a few similar studies exist in the early fetal périfvxdm the 9th to the 15th week. It should be noted t
this period of intrauterine development is extremely important for the final formation of the morphological profile o
cardiac defects. Furthermore, the early fetal heart is characterized by thet ¢mektesinformation regarding the quant
tative parameters of the numerous developing structures in various cardiac chambers. Thus, many details of ca
phogenesis are only now being elucidated, in part due to the complex geometric transformtitéoalsamber cavities an
wall structures. These details contribute to a better understanding of the architecture of the embryonic heart anc
the quantitative assessment of a wide range of chamber geometric parameters and heart wall stnegtaiee. difer a
new tool for studying normal cardiogenesis and the development of congenital heart defects. This makes it cruc
modern tools for 3D modeling of the developing heart based on visual information obtained using classical ligttranc
microscopy.

Key words: heart, ontogenesis, morphogenesis, spatial rearrangementgjithessional modeling.
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Embryonic heart morphogenesis is a complex transformation of the tubular heart into a loop, ven-

and dynamic process, and its mechanisms remain in- tricular septation, and the development of the atrio-
completely understood. The heart begins as a linear ventricular valvular apparatusjsduption of which
tube of myocardium lined with endocardial cells, un- leads to a large number of congenital heart defeets [1
dergoes looping, and developgd a fourchambered 3.

heart divided by valves and septa. This process en- A wide range of methods are used to study the
compasses a number of key events, including the shape of the heart and the relief of its chambers: his-
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tological, scanning electron microscopy, optical scan-
ning microscopy, and cdomations thereof. Each has
its own advantages and disadvantages [4]. Photo-
graphic images, even with a known scale, do not al-
low for the measurement of image depth, thereby lim-
iting their use for determining threkmensional spa-

tial characteristics. A futamentally new perspective
on cardiogenesis emerges through the combination of
threedimensional reconstruction of histological sec-
tions and methods for identifying proteins and other
compounds [5, 6]. This also allows for a precise un-
derstanding of the tmlization of various processes in
the developing heart. Although the careful processing
of histological sections and the use of a significant
number of sections for reconstruction are ticom-
suming, such work allows for the highly accurate
transformatiorof the obtained information into a spa-
tial computer model [7, 8].

Many aspects of heart development are topo-
graphically complex and require thrdamensional
reconstruction to understand the pertinent morphol-
ogy. A comprehensive guide to human cardiactiev
opment, based on segmentation of structures of inter-

only possible to study early stages and/or optically
transparent specimens. The heart, smooth on the out-
side with a significant radius of curvature, has an ex-
ceptionally complex geometry on the inside due to the
presence of trabeculae, septa, and valves. The internal
surface is also the site of application of hemodynamic
influences. To date, understandingtbé changing
geometry of the internal surface of the heart has been
obtained from a small number of studies. Thiee
mensional imaging methods have been used to iden-
tify features of normal and abnormal morphogenesis
[12], but none of these studies haveused on quan-
tifying the threedimensional organization of various
segments, chambers, and the heart as a whole, fol-
lowed by their comparison. Determining quantitative
changes in cardiac chamber volumes and geometric
relationships of cavities would providasight into
the changing function of the early heart, although per-
forming these measurements in microscopic tissues
may require different imaging techniques.

One technology used to measure complex geo-
metric shapes at low resolution is migromputed to-
mography (micreCT). Micro-CT uses higipower

est in histological sections, has been published based X-rays to image the object, converting its density gra-

on a fundamental series of studies [3]. The hearts of
12 human embryos were imaged between their first
appearance at 3.5 weeks and the end ofrtieyonic

period at 8 weeks. The models were presented as cal-

ibrated interactive 3D files in portable document for-

dient into a threalimensional image. The scanning
head rotates 360A around
ally continuous series of flat (twdimensional)
slices. MicreCT can easily produce threimen-
sional image elements smaller thanelf [13]. This

mat (PDF). This was used to describe the appearance is significantly larger than what is possible with ultra-

and subsequent remodeling of the single heart tube
that occurs at the end of the fourth Wwedter concep-
tion. Loop formation at 5 weeks, the formation of car-
diac compartments at 6 weeks, and finally the septa-
tion of these compartments into physically separated
left and right sides of the circulation at 7 and 8 weeks
were described [3, 9].

The phases are successive, albeit partially over-
lapping. Thus, the basic cardiac layout is established
between 26 and 32 days after fertilization and is de-
scribed as Carnegie stages (CSs) 9 through 14, with
development in the outlet component trailing that in
the inlet parts. Septation at the venous pole is com-
pleted at CS17, equivalent to almost 6 weeks of de-
velopment. During Carnegie stages 17 and 18, in the
seventh week, the outflow tract and arterial pole un-
dergo major remodeling, including incorporation of
the proximal portion of the outflow tract into the ven-
tricles and transfer of the spiraling course of the
subaortic and subpulmonary channels to the intraper-
icardial arterial trunks. Remodeling of the interven-
tricular foramen, with its eventual closurs, ¢om-
plete at CS20, which occurs at the end of the seventh
week. The authors provided quantitative correlations

sound (3&m) and magnetic resonance imaging (100
em). Micro-CT is primarily used to visualize and
quantfy bone architecture and development [14].
Studies using radiocontrast agents have enabled the
visualization of vascular structures associated with
bone fracture healing, as well as the vasa vasorum,
particularly the coronary arteries [15]. A potential ap-
plication of micreCT is the assessment of cardiac
chamber cavities during embryonic development.
Additional information will be obtained by compar-
ing these results with serial section reconstruction and
scanning electron microscopy. Unfortunately, micro
CT does not provide complete information on the vol-
umetric parameters and chamber relationships of the
developing heart.

Video light microscopy has been used to obtain
reattime images of the contracting embryonic heart.
This method is effective for asseggiwentricular
function in the early heart. However, its capabilities
are limited at later stages, when only the cardiac sur-
face can be assessed [16]. Mid/®| (with a resolu-
tion of approximately 12m), which is used for in
vivo imaging, is of great imptaince for analyzing the
structure of the early heart chambers and myocardial

between the age of human and mouse embryos and architecture [17]. This method not only allows us to

Carnegie developmental stages [3, 9].

Optical scanning techniques have been used to
demonstratehie spatial organization of cavities in the
early embryonic heart and their changes [10, 11]. Due
to the limited effective depth of such research, it is

determine the spatial characteristics of the developing
heart chambers but also to quantify the key structural
parameters witihh the myocardial muscle layers [18]
and evaluate the interaction between the trabecular
and compact myocardium of the embryonic heart [17

MORPHOLOGIA A BZA2uvt9d& 4
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20]. However, the significant duration of the study
creates certain difficulties in analyzing cardiac dy-
namics, as th outlines of the structures are distorted
due to artifacts caused by movement during the car-
diac cycle.

High-frequency ultrasound microscopy (400
MHz), which provides a resolution of 5m and a
penetration depth of-8 mm, was used to analyze
early nouse embryonic development [21]. A prereq-
uisite for using this technique is the presence of a con-
ductive medium or direct contact with the object be-
ing imaged.

The use of Mmode echocardiography is quite
problematic in experimental animals with high heart
rates, since the relaxation time of the ultrasound trans-
ducer limits the frequency at which data is recorded.
The use of thredimensional reconstruction of atrial
components [22, 23] and proliferation processes in
the developing heart tube [24] providédtial in-
sights into the information that can be extracted from
studying computer models of the heart.

The development of thredimensional ultra-
sound cardiography has provided impetus for the
study of the geometric shape of internal cardiac struc-
tures,such as fibrous rings. The spatial structure of
the bicuspid valve in healthy individuals and cardiac
patients has been studied in detail using tiliegen-
sional ultrasound cardiography. Before the advent of
threedimensional echocardiography, the shapd an
function of the mitral valve during the cardiac cycle
were studied using other thrdemensional imaging
methods. It was established that the geometry of the
fibrous rings changes during systole. The size of the
fibrous ring is known to increase in thecend half of
systole after presystolic narrowing of the ring, and
then continues to increase in early diastole and
reaches a maximum during late diastole. Obtaining
threedimensional images using this method has cer-
tain limitations, since for spatial regstruction of the
internal structure of the heart, it is necessary to deter-
mine the appropriate anatomical landmarks before
constructing the model. This approach allows for an
assessment of the thrdamensional structure of the
mitral and tricuspid valvesbut not their volumetric
relationship to the cavities during the cardiac cycle
[22, 23].

Recently developed techniques, such as laser mi-
crodissection combined with quantitative polymerase

methods with radicdive studies and autoradiog-
raphy allows calibration followed by quantitative as-
sessment of staining intensity [22, 25]. For moder-
ately "amorphous" organs consisting of isotropic tis-
sue (liver), a limited number of sections can provide
complete informatiomn gene expression and its gra-
dient. For complex objects such as the developing
heart, the spatial distribution of a specific gene ex-
pression product must be mapped throughout the en-
tire organ. In this case, studying a few random sec-
tions is insufficient.

Threedimensional reconstructions in the study
of embryonic development were initially based on the
schematic delineation of the organ of interest and sub-
sequent depiction of the reconstructed organs by med-
ical artists [26]. With the advent of digital canas,
spatial restoration methods have become widespread.
A review of previously existing reconstruction meth-
ods showed that they did not provide precise infor-
mation and, at the same time, were extremely kabor
intensive for researchers who implementedrthei
construction protocols using the hardware and soft-
ware available at the time. Results based on the col-
lection of episcopic images have recently been pub-
lished [27]. Episcopic methods based on fluorescence
allow for highresolution imaging immediatelyeb
fore sectioning.

A study of the reconstructions showed that
hearts at the same stage of embryonic development in
the same species are identical. Carefully performed
reconstructions for a single stage are apparently suf-
ficient to create a representativedel of a given de-
velopmental stage [28, 29]. The morphology of the
reconstructed models corresponds to the morphology
of whole-mount preparations of stained hearts. Volu-
metric quantitative characteristics of hearts at similar
stages differ by no more thA0%. These preliminary
results indicate that biological variation does not pose
a problem for population assessment. It should be
noted that the parameters were calculated according
to Cavalieri's principle and, thus, provide an objective
estimate of myoardial volumes [28].

Volumetric data on the structures of the devel-
oping heart can be used in mathematical and func-
tional models of cardiac development. Based on these
data, it was determined that a #ald increase in
mouse myocardial volume occurs over 6 days (be-
tween days8.5 and 14.5 of embryogenesis) [23]. As-

chain reaction or mass spectrometry, can be used to suming that all cells in the heart undergo division dur-

assess certaiparameters. However, their application
in embryological studies is challenging due to the
small size and complex morphology of the develop-
ing heart. Powerful methods such as serial gene ex-
pression analysis and microprobes provide data on
gene expressiout do not provide spatial infor-
mation. The use of mMRNA and protein identification
methods, in situ hybridization, and immunohisto-
chemistry allows localization of specific mRNA and
proteins in specific cells and tissues. Combining these

ing this period, this increase in volume would corre-
spond to 6.6 cell divisions, meaning each cell should
divide at least once every 24 hours. However, accord-
ing to literature data and data obtained through quan-
titative modeling [25], cardiomyocytes differ in cell
cycle duration both within the heart at a given stage
and throughout the organ at different stages of devel-
opment. The increase in volume can be expthime
only by mitosis; other mechanisms, including cell
growth, migration, and transformation, must also be
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taken into account. Thus, our understanding of the dy-
namics of cardiac development at all stages of embry-
onic development will be supplemented byortant
information obtained through quantitative and volu-
metric 3D computer reconstruction [30].

The principles of muscle mechanics previously
applied to the analysis of cardiac contraction focused
on the need to obtain detailed information regarding
themorphology of ventricular contraction. Currently,
there are numerous gaps in our knowledge regarding
changes in cardiac wall configuration, muscle fiber
orientation, and sarcomere size during the cardiac cy-
cle. This is necessary for constructing geometric
models that analyze the mechanics of ventricular con-
traction, as well as for developing an understanding
of the correlation between cardiac structure and func-
tion in health and disease. In situ and angiographic
studies of the external and internal pararebf the
left ventricle revealed changes in the shape and vol-
ume of the left ventricle during the cardiac cycle,
while examination of isolated papillary muscles and
the left ventricle established the relationship between
sarcomere size, muscle lengthddhe volume of the
relaxed heart [31]. However, studies of the external

are extremely important. Threkmensional visuali-
zation is a powerful tool for embryological research
and significantly contributes to understanding the dy-
namics of morphgenetic changes in the embryo [32,
33]. Attempts to thre€limensionally reconstruct em-
bryonic structures have been made since the emer-
gence of embryology as an independent field of study.
Typically, spatial reconstruction of embryonic struc-
tures was perfoned based on serial histological sec-
tions of embryos, often using the wax slab technique
[34]. However, such reconstruction and imaging
methods require significant time and specialized
skills. Recent advances in computing technology
have made computer rewgiruction of biological
structures more efficient. Various thrdamensional
structures have already been reconstructed using this
method, and the simulated images can be processed
at the researcher's discretion. In the field of studying
the developmentfahe heart and large vessels, com-
puter modeling and computer graphics are used to
visualize the developing heart and blood vessels of
mice [12], chickens, and humans [35, 36].

Attempts have been made to reconstruct the
heart and large vessels at stagesuman embryonic

and internal dimensions of other cardiac chambers, as development using computer programs. These at-

well as dynamic analysis of the cavities of the embry-
onic heart, were not conducted at that time.

Until now, no study has beemmrducted on the
relief morphology and internal structure of the con-
tracting left ventricle under known hemodynamic
conditions. Methods for rapid cardiac fixation in sys-
tole or diastole, described in a number of studies, have
made it possible to analyze theometry of the ven-
tricular cavity and walls under specific hemodynamic
conditions. Information obtained through direct

measurements and dynamic techniques can be ap-

plied to the development of appropriate geometric
models for analyzing the mechanical pedpes of
ventricular contraction and relaxation. Changes in the
shape, volume, and thickness of the ventricular walls
require the creation of a continuously changing model
which, when related to established valoépressure
and blood flow, would ultirately allow the accurate
calculation of the distribution of stresses and shorten-
ings of the fibers throughout the cardiac cycle.

Currently, the emphasis in such research is on
studying the architecture of the cardiac chamber walls
at various stages of emjomic development, taking
into account changes in the orientation and distribu-
tion of muscle fibers during systole and diastole. To
adequately analyze the geometry of these fibers dur-
ing the cardiac cycle, it is necessary to perform three
dimensional recastruction in combination with other
morphological methods and compare the obtained re-
sults at all stages of postnatal and prenatal develop-
ment, which has previously been quite difficult.

Since morphogenetic changes in the heart are
spatial in nature, theedimensional visualization and
analysis of cardiac development using other methods

tempts have demonstrated that computer reconstruc-
tion is an important tool for detailed analysis of the
threedimensional phenotype of embryos. During em-
bryonic development, spatially and temgidy coor-
dinated morphogenetic changes occur. The cardio-
vascular system is one of the organ systems that un-
dergoes accelerated restructuring during ontogenesis.
In the earliest studies, spatial changes in the heart and
great vessels of human embryos wsedied using
histological sections and wayp reconstructions
[37]; these studies made significant contributions to
the study of human embryonic development. Studies
using computer reconstruction of the heart and great
vessels of normally developed embsylargely con-
firmed the results of these classical studies, although
some inconsistencies were noted.

In a series of studies by Yamada S. et al. [32, 33],
reconstruction of the structures of the cardiac cavity
and great vessels of the developing humanrgmb
using serial histological sections demonstrated their
consistent spatial changes. Embryonic structures
were analyzed using threémensional images. How-
ever, information on the cavity structures and their
volumetric and morphological changes during car-
diac development remained incomplete.

The successful development of methods for
early prenatal diagnosis of heart defects and the de-
velopment of cuttinggdge micreMRI and micre
computed tomography technologies now enable reli-
able threadimensional visuatiation of the develop-
ing human heart, beginning as early as the 14th week
of gestation [38]. These methods are inapplicable to
early fetal and embryonic hearts measuring less than
8 mm. In recent years, spatial modeling methods
based on a different prindg® computer processing
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of histological sections followed by threimen-
sional reconstruction of the structudebave become
dominant in embryonic heart reconstruction [3].
Numerous computer models of the heart have
been created, based on the analysis df-kewn
embryonic collections from Carnegie, Walmsley,
Boyd, Kyoto, and others [3, 35, 36, 39]. These models
have provided a thorough morphometric study of em-
bryonic organ transformations from Carnegie stages
11 to 23 (until the end of the 8th week of ig¢ion).
However, only a few similar studies exist in the early
fetal period from the 9th to the 13th week [33, 38,
39]. It should be noted that this period of intrauterine
development is extremely important in terms of the
final formation of the morpholagal profile of many
cardiac defects. Furthermore, the early fetal heart is
characterized by the greatest lack of information on
the quantitative parameters of the numerous develop-
ing structures of various cardiac chambers [3, 39, 40].

Conclusion

Many deails of cardiac morphogenesis are only
now being elucidated, in part due to the complex ge-
ometric transformations of the chamber cavities and
structures within their walls. These changes contrib-
ute to a better understanding of the architecture of the
embryonic heart and allow for a quantitative assess-
ment of a wide range of geometric parameters of the
chambers and structures within the heart wall. They
also offer a new tool for studying normal cardiogene-
sis and the development of congenital heart defects.
This makes it crucial to use modern tools for spatial
modeling of the developing heart based on visual in-
formation obtained using classical light and electron
microscopy.
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Adamovych O.0."=" * | Sopneva N.B:=, Adamovych O.P."=", Dudash A.P."", Poliiants A.V. Analysis of the
manifestation frequency of different types of breast structure based on histological study data.

Danylo Halytsky Lviv National Medical University, Lviv Medical Academy named after Andrey Krupynsky, Lviv;
International Medical Center LLC, K yiv, Ukraine.

ABSTRACT. Relevance Breast pathology currently ranks among the leading causes of morbidity in women. Eac
the incidence of oncologic processes steadily increases both in Ukraine and worldwide, due to the influence of er
and exgenous (unhealthy lifestyle, bad habits, medication use, etc.) factors. A key role in the prevention and tre:
both benign and malignant changes is played by regular preventive and screening examinations, as well as timely
at early stageS’he most universal, accessible, and informative diagnostic methetaig ddammography, during which
is important to consider the type of breast structure. For a definitive diagnosis, a histological study is conducted,
the breast structuralppg must also be taken into accouitn. To determine the frequency and characteristics of diffe
breast structural types in a randomized sample of women according to histological studethatds. The study analyzec
50 anonymized histological slide$ breast tissue obtained from women aget4P5years, taken from the archive of tl
Department of Pathological Anatomy, Danylo Halytsky Lviv National Medical University. The sample was randc
Results and DiscussioriThe histological analysis of bretatissue revealed the presence of glandular, connective, an
pose components. The glandular tissue was mainly represented tigrweltl ductalobular elements. The most frequent
visualized connective tissue components included multiple fibrobtastagen, and smooth muscle fibers. Adipose tis
was represented by clusters of adipocytes of varying numbers. The obtained data showed that within the analyz
three structural types could be distinguished, each with a different manifestatjoarfcy. The glandular type was the m
prevalenti In 24 cases (48%), fibrous replacement was observed in 15 cases (30%), while fatty involution occur
cases (22%). In 40% of specimens with predominant fibrous tissue, inflammatory sigstly chronid were observed
and in 20% of them, papillary apocrine ductal metaplasia was identf@ttlusion. In the randomized group of wome
aged 2540 years, the glandular structural type of the breast predominated (48%), followed by fibBoyarf@0datty (22%)
types. In histological specimens showing fibrous replacement, inflammatory changes were most often detected (
cases), as well as papillary apocrine metaplasia (in 20% of cases). The ratio of glandular, connective, andraggeo
nents defines the breast structure type and helps to determine the optimal imaging method for women of reprodu
Key words: breast, mammography, glandular type, fatty involution, fibrous replacement.
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Bondarenko D.V. =", Bezsmertnyi Y.O.", Shevchuk V.. *  Bezsmertna G.V."-', Burlaka R.V. Remod-
elling of bone stumps under the influence of various mechanical load regimes.

National Pirogov Memorial Medical University, Vinnytsya, Ukraine.

ABSTRACT. Relevance Despite the long history of limb amputation surgery, the timing and magnitude oameadt
loading of stumps have not yet been clarifiede aim of the study was to investigate the optimal timing and magnituc
mechanical loading of bone stumps after amputatdethods. Two series of experiments were conducted on 18 ral
with amputation of the thigh in the middle third and myoplasty. In the control series, after 4, 8, and 16 weeks, cy
chanical loading was applied to the end of the bone stump with an energy of 0.52mfinequency of 2 Hz, with 40
pulses per sessiolm the experimental series, at the same time intervals, the load was applied twice a day at 200 p
session. The observation periods were 6, 10, and 18 weeks. The research method was histological with vessel fil
10% gelatin mixtureResuts. In the control series, most experiments showed pathological remodelling of bone tiss!
the development of atrophy, bone shape distortion, bone curvature, and stress fractures. In the experimental seri
typic stumps were formed with normedtion of structure and microcirculation. The best results of bone tissue remoc
were obtained in the series with the onset of mechanical loads in both series at 10 weeks, 8 weeks after abgnite
clusion. Mechanical daily loading of the bone st with energy of 0.5 mJ/nminfrequency of 2 Hz, with 400 pulses p
session at 4, 8, and 16 weeks causes significant disturbances in bone remodelling with the formatieshapednanc
spindleshaped stumps, deviation of the end from the axis, anssdtactures. The same load (0.5 mJfrfnequency 2
Hz, 400 pulses) divided into two sessions per day of 200 pulses with an interval of 4 hours contributes to the fori
an organotypic cylindrical shape of the stump with a balance of resorptiveardtive processes. The start of mechan
loads 8 weeks after amputation does not cause significant disturbances in the remodelling of the bone tissue of
and is the most optimal.

Key words: amputation, bone tissue, remodelling, terms.
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Gordienko H.R. * | Sikora V.Z. Hematological changes during intermittent fasting in rats.
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ABSTRACT. Background. Intermittent fasting is gaining popularity as an effective strategy for correcting metaboli
orders. However, the effect of different intermittent fasting regimens on peripheral blood pesaematens insufficiently
studied, which limits understanding of the body's adaptive mechanisms to periodic dietary resbijéotive. To inves-
tigate the dynamics of hematol ogical parameters in
fastinge scheme f or MethodsfTlererimenenagpconsucteden 12 avhité noate sats dividec
one control series (CS1, n=18) and three experimental series: ES2 {rori8jveek of intermittent fasting, ES3 (n=18
two weeks, ES4 (n=18)one month. Control animals were fed in normal regime. Peripheral blood analysis was per
on an automaticiematology analyzer with determination of erythrocyte, leukocyte and platelet pararRetsufis.

Changes in hematological parameters were detected in experimental groups. Hemoglobin level in ES2 g
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changes in hematological parameters in rats. There is a tendency towards increased hemoglobin and hematocrit
prolonged regimen application. Pronounced activation of leukopoiesis is the most constant feature of blogdgyshse
to intermittent fasting, reflecting the immunomodulatory effect of this dietary regimen.
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Dvoretsky D.D. "=/, Kozlov S.V. "= *  Assessment of the estrous cycle in rats after experimental blastduced brain

injury.

Dnipro State Medical University, Dnipro, Ukraine.

ABSTRACT. Background. An analysis of scientific sources studying the relationship between brain injury in wc
particularly mild injury, and potential consequences for reproductive function, showed that there are curtaintigages
in knowledge regarding the potential mechanisms of menstrual cycle disorders and adverse pregnancy outcomes
after concussion, which occurred as a result of both contact trauma and exposure to an explosive stobjeataxe.to

evaluate the duration and structure of the estrous cycle in female white rats after exposure to an air shbbithade.
Forty white sexually mature female rats were used to achieve the research objective. To study the duration and s
the estrousycle in females, vaginal smears were taken every day between 9 and 11 a.m. for 14 days. All rats s¢
participate in the experiment were divided into four groups: intact (n=10), control (n=10), experimental group (n-
posed to a shock wave dugithe estrus phase, and experimental group (n=10) exposed to a shock wave during the
phase. The air shock wave was reproduced in a device designed to study the effects of shock waves from explos
body. To obtain vaginal smears, we udeel Yaginal lavage technique. Statistical and mathematical analysis of the ¢
tative indicators of the estrous cycle was performed using the STATISTICA 6.1 computer program for statistical
cessing.Results. Qualitative cytological analysis of vexg@l smears in the experimental group of rats showed that
cellular composition was represented by either isolated or moderate numbers of neutrophils, a large number of sm
cells, the absence of large nucleated cells;marieated keratined cells, and moderate or significant relative cell den:
According to the cytological analysis of vaginal smears in female rats exposed to an air shock wave, changes wer
the posttraumatic period in both the duration of the estrous cyclet@duration of individual stages of the estrous cy:
Conclusion Experimental explosieinduced brain injury in sexually mature female rats led to a prolongation of the e
cycle due to prolongation of the proestrus stage, regardless of the stagestfous cycle the female rat was in at the t
of the traumatic impact. The cellular composition of vaginal smears in rats in the experimental group showed a de
the number of large nuclear cells and murclear keratinized epithelial cellBhe changes found can be considered an €
marker of reproductive dysfunction after shock wave exposure.

Key words: blastinduced brain injury, estrous cycle, vaginal cytology, white rats, experiment.
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Ivankiv O.L. * | Regeda M.S.", Diachok I.L. Significance of immune systenparameter changes for the

pathogenesis of experimental allergic alveolitis and pneumonia.

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine.

ABSTRACT. Relevance.The problem of bronchopulmonary diseases remains relevant today. Accordipptts ethe
state of the immune system is considered one of the leading influences on the development and manifestations of
pathology.The aim of the study is to identify and compare the characteristics of changes in certain immune systen
tors and to determine their role in the pathogenesis of experimental allergic alveolitis and experimental allergic ¢
combined with experimental allergic alveolitdethods. The guinea pigs were divided into three groups: the first giro
intactanimalsi control (10); the second group (experimenitaednimals with experimental allergic alveolitis (EAA): on tl
7th, 14th, and 21st days of the experiment (27); the third group (experiniegtafjea pigs with combined pathology
EAA and experimetal pneumonia (EP), also on the 7th, 14th, and 21st days of the experiment (30). EP and E/
induced using the method of Reheda M.S. (2024). The animals were decapitated under chloroform anesthesia at
mentioned time points of the experimeResults.Our results suggest that under the conditions of development of e:
mental allergic alveolitis, combined with experimental pneumonia, there are quite significant changes in the immun
This was manifested by a decrease in serdymphocyte levels of guinea pigs both in the development of experime
allergic alveolitis and experimental allergic alveolitis, combined with experimental pneumonia. At the same time, tt
investigated pathologies are accompanied by the activation ofitherhl level of immunity, which was manifested by
increase in the concentration olBnphocytes and the interest of serum of guinea pigs in all terms of the studied patt
It is also established that the experimental allergic alveolitis is asbeidh experimental pneumonia and more signific
disorders of cellular and humoral immuni§onclusion. Experimental allergic alveolitis, especially when combined v
pneumonia, leads to a gradual suppression eheetliated immunity (decrease iflfimphocytes) and activation of humor
immunity (increase in Bymphocytes and circulating immune complexes (CIC)), with the combination of alveoliti
pneumonia causing more pronounced immune disorders, particularly in the early stages of the pathology.

Key words: experimental pneumonia, experimental allergic alveolitiymphocytes, Bymphocytescirculating immune
complexesimmune system
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of total lipids in the myocardium and liver under the influence of hydrogen sulfide donor.

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine.

ABSTRACT. Relevance Hydr ogen sul fide (H S) is currently re
oxide and carbon monoxide, performing important signaling and regulatory functions in the cardiovascular and hep
systems. Numerous experimentaksiue s have shown that exogenous H S d
have pronounced cardiand hepatoprotective effects, which are widely used in experimental models to study the m«
mechanisms and therapeutic potential of thisesysTheir mechanisms of action include reducing the intensity of oxid
stress, normalizing the antioxidant system, modulating mitochondrial function, inhibiting apoptosis, and influenc
signaling pathways of inflammation and fibrogenesis.In thiecardium, the administration of NaHS in models of ischer
reperfusion and cardiotoxicity contributes to a reduction in the area of necrosis, improvement in contractility, red
free radical damage, and restoration of energy metabolism. In tmeNigelS has been shown to reduce steatosis
fibrosis, inhibit inflammasome activation, attenuate endoplasmic stress, and restore the balance betmebant@pop-
totic factors. Its positive effect has been proven in models ofalemholic fatty lver disease and ischermeperfusion.
Domestic studies also confirm that the administration of NaHS changes the functional and metabolic state of the
liver and reduces the intensity of oxidative str&gective. To identify and compare changaghe fatty acid compositior
(FAC) of total lipids (TL) in the myocardium and liver of experimental animals (rats) under the influence of hy
sulfide donorMethods. The materials for the studies were heart muscle and liver. The animals were réropvéuke
experiment under general anesthesia by rapid decapitation. In this series of studies, the fatty acid composition @A
lipids (TL) in the myocardium and liver was determined in experimental animals. Methyl esters of fatty acids wexte
using a Chronrb gasliquid chromatograph (Laboratorni pristroje, Prague) with a flame ionization detector (FID). T
sults of the chromatographic analysis were recorded differenfRdisults Administration of hydrogen sulfide at a dose
7.4 mg/kgleads to modification of the fatty acid composition of total lipids in liver and myocardial tissues, which ci
in a decrease in the level of certain saturated fatty acids, an increase in the content <& BtdEda, and an increase
the omegeB/omegab ratio. This is a positive prognostic sign of changes in the fatty acid composition and charactel
optimization of metabolic processé3onclusion Our results indicate that the introduction of hydrogen sulfide (Na
donor contributed to posie changes in the fatty acid composition of total lipids in the myocardium and liver. Unde
ditions of NaHS administration, the degree of reduction in saturated fatty acid content and changes in certain type
rated fatty acids in the liver wasome pronounced compared to the myocardium. The observed increase in the propc
omega3 polyunsaturated fatty acids along with a decrease in eBégeels indicates a shift towards a more favorable li
profile.

Keywords: hydr ogen ylodedsulfiiedorioHNaBl$), fatthacid composition, saturated and unsaturate
acids, omega, omegéb fatty acids, total lipids, liver, myocardium.

Kovalchuk IM, Savytska MYaComparative characteristics of changes in the fatty acid composttiotal
lipids in the myocardium and liver under the influence of hydrogen sulfide ddhamphologia. 2025;19):47-
54. Ukrainian

DOI: https://doi.org/10.26641/19979665.202%.47-54

Kovalchuk I.M. 0000-000292789891

Savytska M.Ya. 00080001-94044589
* tarakanchikova@gmail.com merymedl1l@gmail.com
E Dnipro State Medical University, ¢ Mor phol ogi aeé

47

MORPHOLOGIA A ZA2uvt9d& 4


mailto:tarakanchikova@gmail.com
mailto:merymed11@gmail.com

I sk y ko Oteddz, hts odCtstedmissods 5! H dw
] Hescjdz BdiftetsHisldy SidBbddkdddzttsoadns yY' dvré (ulstcOMmE
Hoth HJMmwisdd Is!e Goiedeodd2H G istisidigO dztz¢ 5 L Oc¢ Odzr dzd 7§ Is d wdzd 7
GJdedzd2 cOL BlsteOdz.frjd3‘ Isite, h@jeg tj SnQ fipls'ds] zizlsts joc zw s'e 'O te d dzC
fn;teufglm—!sq’dzdzﬂs , dzj cotsots’ Is@ Wds'tc QHoddats ' j Sifipffjlstgidagizi dils ‘de dzO s e Ot
dElsjL iz Is! qw W jted3j dzls Ols d o lezf tdzdpO ' dizvd2GEsddzd o3[ 1€ Rdec toj s dz L
jtcjH JSLBG] BAddZD2htsdetitg’ o DB ENs- |1 OC sdkz7 VEWVOC Idadts "L @A dfls
s+ mw dzOlste’ 8 6" HietsMizdz ®Wd ez o 'Nra HBt t fi) 1oV t€ St 51 otftfs o LS H By ¢ telzdA
oy 'Szt B' tSdztse ' yded 7 fipfffplasiE BQAROH dy s 2010/ 63/ EU ftots
jSIsd Htmd wyksls: Mw £ Ch@&kpsdmislt OCOHHbd ST ®EIS U MistcOIsd -
SO cjfObtsfteslsj Cy" ' [Pa [l jL¢ fiftdistOfiak] dzlO@ df'ndgdzr Is o Oted
jv Rt e L T Mjtyy B MY dy Z@EHSe 55 d3jlstsE [ 12, 1°
dh ' tosL i3 to ' deW OtcS s dets tz) SBEAE H O WG RBEltc Of stflsBisfdz HOR
H'tsd3 sydls' o,5 f dff B didcORD d2C Yyz' € fls! Iso Oteddz, wWC O B
dw' o' Hdzso dzj dedz® MS steshdzddzs H 6fOsaZstydz” @ j4L, Bd'.sOIsd .
P ' HL dZOy0O' Is* mw O dzls d S @)sf HO'dAB A B HjdV | SHSSfdz” H Y | dz
S wjtjL ' Hodhjddzw OCdsafvoLdztslend ‘' f ji fdaSteds § ipdeHOte d dz o d o St
B
J

Aol LSOy
gy -

ElsOLd O cdklkOls' sdf j Ecl Mg @O0 dbts Odgj fpsfpl * ¥ h dw
&hdodz Mls! ©CMdHOLdo dztf & s Ofglsys j2M M J[6']°. HEsMmdz Hy j d@ o

§J W' dzy' S yrtcsiptoad sHs ¢ o tes(lS) CdsosOted dz o L dzOUOdzd f 5C OL dzd
H

3

Is

"IzeIOrge-IToa S

e fed Thjdi ydesdzz @ g Sdztlpt POz dzf Oz e s@E ©dz' dzd = d

dqtetse " 2 rfotttse' . |ttty BO, f N\a'HBY'L.HOIsj dz * dae ' -
Osd ©OCIsde Oy s " deW ZzO B3O M udzdy JNAPR P23 |, H mufddzf yHidz' 2 ctelzf 9
d t' 9ajdg JjdzHBY &zOL BOsdugdktdtsr fistc] fEyp@jL OBOdzRe §° Mdz

ydlss¢ dz o9, 0O IOCtY cPddm Wke Olsdz tcad:y IS piEzES-167 h 4z ts
E [BX,08]10ds)l, s jCLtsGj dadzff@ dzH. S BsSH Ezdzs
MdedzOdz dz2 hdzvw 2" d SPHK1/ S1P 190 HAN(RK ,2 fHtds fifglf teiddy ‘2 ctelzf ™ vy
stedzOdz' L Oy' ° B sOBtsdz' Yydes Y® dAfls Qels j € J 1O Isitdswedzls "o’ fifd@v] .o 9 j H

v MEyomdedrs ez HOR ' H e jdf)Rs ‘clag v, oessH dOeRfg- 0, 9 % fo
MdzO H' W Nal® d@IOMtswisL ©d] yad B B OBEOL - &3dz/ 100 ¢ d&OMd Is' dzO
sjte: dedL* €' IO f t@@'o@dg'detsS ®mdRY Jj dlsftddBg "~ JfW' tod Y dtdedrm S dMmo
dzv Is 4 ftoeslsj Clststodegd?2 W JCls,00kgH' 'L YW C kit iyl DdaaiEte 5 OF tcts 3O
HsLd &y kls! Blklsd Ists¢ fid yde@¥dChrogse 1l@bpratorni msistrdds,y OfMr a h a) L
OCIsdodets HEsMdz' HY k¥ Is! Mw  dztsth 5 dzlz f’ etz Odgts R gz 'dgzwHEjUus J € s stets A
SO &' Issn Sofhtdes jOshis odfdsdzS , HE B d zd SOIs' 9 RtesBOEBEGHCP®E | ydzsc t
By 2ls!  BOd odhd?2 Isj Ol gayls @updzaded 2 {[tslis4], days [O.dz
[11]. [ JlsBHBdR ttBLteOrkzdC 2 cokcdzj
U d@igsids, Hedgl Mo ' H YOHs" 2 Mdzitso Mdzdd S' H j dalsgld3 &I O df' " S
lecfa dzd 3 ' dzfMmiste iz d3j tzbs 5 g i drvic  dytis 1O daiiz alz0 dadzvdz’ ydzs yd fn
y'
G

FLON § {22 0=0K0
m11H O VRN C wsIngﬁq—-I

Fgovgs

fstelkh jd k& Mmjctd§ finOsids ofdjny ‘tedsy ‘u.d di' tofs lsfzj Ishfdds o d -
st oadCtsted MlsOdadzy flggetsB ' Hdg' § sSHOd h'  Hts-
5O Cdz' dz ydzg Hisdz IHdy' sy ts C tdnif dedv R sp Ptaatzd Sz0S d ) dzts
B LOY' 8 HBL EZo OdflzY dzj -olf@dyd] dzui® L SHrQddfggXissts e s OW * ydese s O
© Misete] dader M dzj  lsaf®dkalf R Gn difipisig dgly dersts iy s @00 o € dzf Y O
Coi W' wawdzlE€dsy dets’ HBMdz' HY o Odzts
IJISBi*‘BfI‘]dZ HB|l ditslzvL 6 W izo Odzllptes B dzd d B teOo C s Cji W' y' ' dals
"Htetsejdz fMkd W' Hiz dzO L dybetsiddj depaftc dptsisdf Mdpts € deo g t6 L SC t6j 3O  ©
ZOHEZ (rsd) LOGCOd dzdrm dzlsftzmd 58 ( Y Jo)zzigtets @ @aAs H Hzle@ZO s O
j ' Jagehiglf j ted o34 dzls O HAad - o Js o IO@QtfEs)y 0 Hsfdz HYy ke Odzdr Y d tedzd n
' odgvdzdz? L A3 dz rsu 1] bk ydistre Odz@An 1L O {Hi 'Y 'J d3icisddteds@®sd ¢ OL
G' HtesG j deflzdzy W' HE. CeOW ' Yydesd 5L BRQisEds BRIk G] .
[Okjte' Odzd O d3jIstsHd ydzd?2 OdzOdz' L slsted BOdzd R toj L kdz
V Htsfdz' HY j dedz' BEdzd L OH 'fuwecds's jimlg Qids] odigiLidds HAB d3 M dz@ts ', Oy ' 2 dats

=3 q
— 0

w et Zlstcd diszo Odzd ! o EZdtseo ORtsted figlO@daiisdf tot] v &3 elzh j dzls©O 5O
[ Odzd d&zO | Odzd y! S sets SO o do wHOdzafigfy § j OBz ddsadslz ¢ sd3tf 6 & |
hdzwitsd@3 H] SOT His@G) Misj L' ' s Mi qrisdnedd fHty j BEelgvey] 1220 41 0 gj14022
ftesotsHddzd § ' Mdzv ©lsted d30 dadatzd Wets Lo Isx] o fiulgsts jtsH de' ddfpfdztOte o W d3j Is d Yy
oCk ¢ M L §dlOdy B 5§ ds@f @dzd {ftpldsGldsd: fiplea] dzsl 99 ‘teHs ¢ ' H dat
20.01.2015 t. ), LG  Hdzs fhndeOwy dedzaf dic@dafffio dw L Sz f 5¢
¢clotsy j2Mm! Cts Ctsdeo § day ' ftes LORdMmMIs ~RtejBjlsdedn

48

MORPHOLOGIA A BZA2uvt9d& 4



5L 2O O3 Blzdzs ftetso j HJ des 2Ot @5 odatf G <OOQ O » 1Sl q s o 5
W'y ‘delst e Ctstej dzv iy’ LO i3] ks@ts@®5) ', tofizs dz@ GO A 9 '( o< @1 D 5 (
tikdz sOd O ' 7 BCEto fcj ddd®H j C OdzS alz® 1(7wel § )0, 05)

Il MlsOdztso dzj dzt®, nfotd dzdp@z' 3 @ dF®dntz’ oedg®R 02 D% (te<0, 05) .
Hjdede" HBdesStO ' ttCotsHdzs to' 0 @) clpPHFBE dzdizd Wy o9 ' H B YJ dz
dzdr CdMmdsls E MSdOH' L OcOnzj ddt &&f gtz sdkzdg&zl B! Y ' dzC
hsHEs Ctdastetsdzse WS¢ E (@B dafjdzslssOCu 1290 gDt 0 % (<0, (
1, 2). (814i:d0Q 13 % (t<0 ,stifs)csimstshntse
V fjy' dzy' dz02B' dz' h s (st dX 5B . C s dzls to ts dz¥
LdB3jdzh 2z s v ' 9 jdz OCdn Cdmdzsls: COfteddzseats’ Cd-
fzslsd (u48:0) d&O 33% (<0, 05), COfteddtsots’ (wl10: 0)
v OB dzdyw 1
[BHdW COYy' v ydodsSdhaslsdsects MS dZOHE L OECOd ddr d §° H' 9
Hodtste O )" to§ Slants@)des ( %,
rdtedzs ¢dmi s s dzls tots( NaHS NaHS
30 ro9 24 GEfBH
sOfted dztso O 0,113N0 0,075N0 0, 0870KN(
sOf tod detso O 0,200N0 0,150K0 o0,172N0
| Okted dztso © 0,300N0 0,240K0 0, 252N0
[ " tedimilsddetse 0, 488N0 0, 420N0 0, 439K0
1 jdzsOHjCOCc 0,288N0 0,238N0 0,270KN0
1 0dz? &3 Isddzt 5, 600NO0 5, 190N0 5, 432N0
ulsjOtcddetsoa ¢ 8, 601N0 8, 090K0 8, 170N0
dtcOR " dztso O 0,200N0 0,150N0 0, 172N0
udg@OmMduyjd 15, 790N 14,553N 14, 994K
ltedds' sE@®Mistke ' todz Mis! L &3 dz .(te<0, 05) NsHE € Sdlstotsdzs
v OB dzdyw 2
[BHdW COYy' v ydedtsSdMmzslsdztse s MS d&ZzOHEZ L OcOdz degdm dz' ' H' o
Mizo Odzdz" HEsdatstc Of Fymic S s @M dz  ( %,
! stsdalstets NaHS NaHS
rdeas &g 30 oo 24 df5i
sOftcddzsoa ®© 0, 078NC 0, 073NC 0, 074N0
sOftcddetsoe ®© 0, 190NC 0, 171N0 0, 173NQ0
| Ozteddzsoa © 0, 300N0 0, 270N0 0, 270K0
[ " todMmisddesse 0, 460NC 0, 402N0 0, 409KN0
1 jdzZsOH jCOc 0, 290NC 0,276NCc 0, 276N0C
1 Odzr &3 sddet 9, 140NC 8, 96N0, 9, 049KN0
ulsjOtcddzsea ¢ 11, 98NC 11, 74RN0 11, 980N
btcOR " dzso © 0, 310N0 0, 282N0 0, 279NK0
sbdg@imdyjd 22, 760N 22, 174N 22, 51N1
ltedd3' sE®Miske ' todz Mis! L B dz . (<0, 05) hisHts € Sdzlstotsdzs
UV HBMd HY ko Oddr B' tSdtscl gadbyBDIs jztc' OO Rdzy ' 0- 8 &3 Mis €O
W' CMmtso Odets Isj dzgi j dzy' & HB L (34 82" Q Hedz'tdzOo df 6iphs 2 ( tf @@y 615) , € OF
B Isddeseats’ (wl16:0) ' Misj QEOflddde <04 0&5:)Q) g dAP@H |8 90 dzts o t
fdstsiO 9060 wedna dzOQB‘ & (®B<BjB ), ZOGPEHD dziEd B3 (E«Q00H)
todzdn SCdMmdztsls & M &ZOH' L Oc @gzo dzf & o @' ff dzeh' forgjtardoydzy dats L f s
I iz s OEMis Odzs 9 Iz dz;dzts h s | sotfiszdflas sNa HS k2
tcOdedz Isjtod3 dzd ' fdzw 265 ow jHity fifazvn Y pjGugdin 308 67 £)s OF L (
ftedLoatsHdls! HB L& dad € sdi3f 8Odziay o RSy @prkzicoifiefids Gz ilzs s, L ¢
mMduj dzdn Y dtededn S dMmdzsls L OF ®©OO iz Gels @' dzts st o (ot 2 @Gzd5) dzO 1
sdf' o heHts Ctdilstetsdzs . Y je(jte< 02,405 t5H OL s QO w®mGitsL Olsted * d
Hidegdz? NaHS to' o jdz b OQtcdz@ B dekD, @O Y dedl OtceB0sOOEH L &
Cdmaizsls Bko HBMIsse " ttdes dzdyyddzs hsHts € sdalstesdzs .

49

MORPHOLOGIA A ZA2uvt9d& 4



fso' Hdzs (lkOBd 3, 4). st dg" §Bc3IsdygoOdid Ry Sz dzw 6 svetdzsts - |
dzj dzts Hishistse " tedzj ' Hodh j dawis CO@ME Hijls.lz oz’ datsdzj dztso t5°
(#18:3) (t<0,05), O IOCEtsY IsjdHjdy' ¥ HE L teshlsOdzdzw

v Ogdpw 3
[sHdW' COYy' v ydodsS dhaslsdsests MSdOHE L OcOd ddn d ' H' 9
Hjdede" HEsdetsteO fNm&Eo sHdzs (%,

I
wn

rdtdz € dfdzt

1 0dz' &3 ststsdzj
Jdzj  deseo © 18:
(2C5L O deso O
[ ' detsdzj 8O 18:
(2C 5L OHd" dzise
[ SC5LOHd"' delso
[ ' detsdzj deseo O 1
[2Ct5L Olsted ' dzts
I
¢
I
(
I
I

stsdzlstets NaHS
3

N =
Ol D
@
2
ol

o
IEE!
Z{o

o

D -
e

(o2 i
= -

D .
-

OR~NODOMADNN W

SCtL Olsted ‘ dats
tcOn' Hsdzso O
5C L Ol jlstcO
2C L O j dzls O
sCtL Of j dz2ls O
¢ L OC  CMO
4 zd30 dzj dzOMd y
4k BO B datsdzj o
tzdiz0 f tsdz' dzgj oz
wdzH § € dzOfmd y
¥ -3

¥ -6

¥-3/ 6%

PP @w®WoONT
PO TR RN

PNW-. - - - e e e ..
NN OT. -
NN B .

=
= - -
=

0 O -
~N N

- -
~N N -

Zz'_\ o ZILO w N ZzZzZzZzZzZzZzZzZzZzo Zzo 2
o= -

oNNgUWOgsgukrNNORNOROFPO®
AONOoW PO oomwmummtnorooocoWoe ®
oCPWoPdPINgoocoooNvUTRPROOIT WO o
O2DZ2 2D 2200000000000 2o 2o
ONNOUW® ymPRP P NROROW
WOWNROR | (OgpgohFP pn0®Uulo®o®
COWOOUTOD woPoo~NpoOOO®OO
Zzw\lzl\‘\"b21212121212121Z‘Z‘Z‘mzlo
O ZiZ21 0O 2222229 O AAO0OO Z0 =2
ONNQUW®O® RPN FR Oy, OR o ®
NRRPEOUUILA . NOAND gy ®O W
ONUI R O®O NI On~NpnonON g ©q
Zl\‘wZlmNmZllellellelZlleleI'b
O 2121 2122 2200CPO0 P o022

~

ltedds' kE®Miste ' todz Mis! L& dz . (<0, 05) hisHE ¢ tsdzstetsdzs

1 Obsd3 Mis! o' HAE yYjdets IsjdzH Jteyj¥ Bbtod dgPrs) dztlgj L Zdz! sOIsd
o' o dgv -6t dgjdete@zd & S dMdztsls L Oez®@a! dpdzE  df ftftc WHdStoe, O dz' iy ls L3 dz
MijtejH wCdn HBMiste ' tedts L BfpdaPaifgy LoQRE Ol GRT sZOGHH ' o &3 t
Tdsets’ (420:2) & 17 % (l<dzdOe, Offis)dzElts OfsjH s dz e ls ® sez@o  H t
11% E & SCOteH' (<0, 05) .tc'lotdaf wOBdsinj dgd ~ o d wdaks € d fdzts s
h j dedzv  ff sdz' dzj dzO MY dufh dizs 16 - 13 dfiidai@ifls O dzdzy o' o dzv  dzj dzOfd yJd dzd -
3/ 5dpj CLOEsMdzs N sHES Cdzstetsd ' @ otsp ez 4 tztz@RZBW, CO & HEMHd -
O 12% (te<0, 05) . YjtejL RBYk«&ded sMmlls CodadHdd@ jLd@drd ' O dzts iy w
5 Bj-F/OBd) CIOOdEd O Is! W  Hisfyldstcas'dsdztalj sdh JegtsBEZ ' Mdzv 99 j HJ C
hsHts Ctdastetsdzs & §jy' dzy' |50l My ts@® ste-bay) ‘d@div Slejndesisd o d
Hjdzy' W Hts 266t LB d h j dzdew skt g S @t tesls j Clsstedzdn Wk dzC y'

[y, ' n Soffictaffo oy H d3j ezbizgf Gz fteslsdL Of Odz dzda  d3j H' O
o3 Misk dOMdyjdds Ydtedd- Mz Glstteddy e s ietgjtapdsy Eyofmls!
odH" & dOmMdyjddr Ydddr CQEsYfilL DY Ogzybedey)” yges< ' dz' o
B'd2h odwOy,jdd? st odv dsOC sys 8 0OEGE Gaklts ) sfkdigb Q' lds d dgz0
fle ' Hudls' L dzdy j dedz" Mlstsioe diag NC gy dz. daHg 'Cdgkh daRdzy 7 dzf
g uj desfyls’ dz® 11% (t<0, 05 zsiBl{ j ety &3 cE ©kH O SRl j fj dad ¥
W2 §sCOLd]S §wOClsdyuds EBEc jdkkaio Y § siOsd? B9 Olsd flsOs"

Idwedzj dzgd? ROBOSK e L B i sjofucdzsidfifdldasogten’ & @ 6 teoh
MG ZOHE LOCOd ddn & §' H' o d5IstOBdEz @ dis & Qg 2’ ds yiostdo . v
fsH' Bdgk MYtew Bse Odz' Mls! , WIE Ddzdez z® i3IBS b 4f 15 g B O Rtseh)-dztsls 5B C
dj 20 kE L dzOF 3 dtedzsC d fdzts tzas dzdsh @S axPH L Bl s dzff L Of Odzt

f H' e yYdn HeMiHBaEb OB bEwipfued v’ L dedyj dedgr * dzls j dzid o d
&Y zd W kL d3j dzh § dzdz o &5 Mls b Od@fta) dziatzd & O d ez § OGSy 6]
Mazsls O LtshsOdd od Mk oty OBRNi @JF 18dtedd i ¢ d-

fasls.

50

MORPHOLOGIA A BZA2uvt9d& 4



v OB dzd yw 4
[sHdW' SOy v dtcdsE @danisda? sdzf @Hde ( daj ZOMduj dz rs) o
Hjdedew HEsdetsteO NS tse 6 Hzs (%,
rdteds Cdfmdz stsdastets NaHS NaHS

30 r~o 24 Gt

1 0dz &3 Iststsdzj 0, 980N( 0, 983 NC 0, 980NC
[dzj detse® 18 43, 200N 43, 250N 43, 200K
[2C¢SL O deso®© 0, 180NC 0, 184NC 0, 182NC

[ detsdzj e ® 18 7,990N0C 7,390NC 7, 750NC
[(2S¢tSLOHd  dzs 0, 290N0C 0, 258N0 0, 261N0
 5CtSLOHd  dgs 0, 790N0 0, 714N0 0, 730NC

[ ' desdzj detse O 4,350N0 4,611KNC 4, 440N¢C
{2¢tsLOlsted’ &z 3, 330N0 3, 200NCc 3, 200KC¢C

[ sCtsL Olsted' &z 0, 960N0 1, 066N0 1, 040K
dtcOR Hsdeso O 4, 340N0 4, 166NC 4, 210NC

[ sCtsLOjlste® 2, 060N0 1, 936NKCc 1, 957NC¢C
(2¢tsLOf jdes® 1, 170N0 1,322N0 1, 290N0

[ sCtsLOf jdzs® 3, 290NK0 3,650NCc 3, 389NC¢C

[ sCBLOEjSCMO 4, 230N0 4, 124NC 4, 234N¢C
ubkzBO dzj dzOMd 77, 240N 76, 854N 76, 853N
ulzdggs dets dzj dzOf 44, 400N 44, 417N 44, 362K
kRO ftsdz dzgj 32, 800N 32,437N 32, 491K
wdzH j ) dzOMd 0, 290N0C 0, 290NC 0, 290NC

¥-3 14,000N 14,773N 14, 383N

¥-6 18, 000N 16, 950N 17, 378N

¥-3 /-6 0, 780N0c o,870N0 0, 830KNC¢C

ltedds' sE@®Mistke ' todz Mis! L &3 dz .(te<0, 05) NsHE € Sdlstotsdzs
v 4y day’ "Hodh j dadzy MEZvaHO'lsifdgteh jpdedztsHisddg ¢ @ € dzs ytse dn

3/tsd§;cd@®‘ 90y dzdoj L dzOy  dedivH "Bl ¢ f f O 6 tEBOzlZ? s stcdese 5 f tsls
&' wdEggushisoL k2. uoch3 U J assalgizs ‘ts lsdoxf jd3Oalz’ H tegg'- Odzals dsC MdH Oc
Lzdz 5Ol sy dz0 L y' dzs o ObdyudgSC Igsfi ddz ' L d3j ~ Odz' L -

B 9 cjfObtsfteslsj Cstcdetsets off dzd a1zl S .

1 f jtoh j,3cmle® SCdhdasksd ‘1 ofjstfjjdadg'tH -H sdestc O M ¢ tso tsSH dzs
ZdSCOBd foslsdL Of Odz! dzdm | 2 s dzts d3y dzd | ‘dzdas j3L wdze dztz’ ezOfd yj d
StsH' w-6, SBHEOddots Ot@S ' H it OO WaffdEs q," H ., wCj dz02B " «
Mz MistcOls Hdzv MddasjL iz ¢ totsufQfud dizydzed As Of tehlg il © oA N dj-dzj bk &
dz's ¢ d&zj2Cslste’ ' dz 93 @ ' ledlz] v dalizy ' UM IS Yy dzs L &8t fls O dadzw
L o3 dzh j-@edzt dzgf y 2 OCIsdodz Misl | B s g0y de css | dz@izd 3 j dzdzy L O¢ Odz
f Odzj dzdzv , © s o Oy dzd o d 5 HocEww HBERGNCIOZOS s C e 9 BH dzs, k& o fr
tesLlz 4y d2¢d O toj B2 dzt § O&dz'd dg'OEASO tdzj Gzs[ HisMistse * todzj L

l Htckzej ,-3 sxsdWdEhdzsls d  fyls Odets hdg dzdzw3 SERIGE OOy jtojL 24 & GH
Elsi 3 3Bt Odzd € OteH ' tsd3' sydls'j alzdef o SteABELO0 bl Hiddsdzt] Siaddv e @& B3 ¢ (
y' ok "dedzd f S OdzOdz' 9, Ld3j @& kbt s 1mAdid @2 plsthy s Mistse ' to dzts
Otedlsdz" 2 ' L dlsdo dets o ff dzd slztats! Iz frp' Ghts * HOBMj detz! HAR' EAPIO dzd A
Mjteyjossets tdlsdikz. | tsded ISOCtsy APl 'Ry Isi'ts s Isidjgg'dad® » o fyls O dat
Yy'' i3 btsAtdHt' Od datse s H R QY H s G O H® itk dsjidz Mz dz W' oH
s 2¢" Ms'HsMJ By &3 Ydesets EZhHSsH f jsdzdpbs d p 8z ° BsHdW " SOy >
26]. MC ZOHE LOcOd dzgdm 2 f  H' & B ¢

lestej s, E §Ju' ddy’ Myt dive g WBPuiasz § ‘vyH o d " j dedzn3 BYdE" dgds d20 5 3J G
L dgj dgh j dzdzs flsj OltsL &z, datstc ZOdi ) @dn *  dids dzf m e d fgdztsls - ( j 2 C 5L
B &z O yklsddetsmis' Hts * &B)EkOd S 6O 6t dts Y)Y dids @, L (e -j dzdzw
Wodzjdg L3 dad By dzO IstcOC Isk'o Oisdpts 9vt€’ flic@ W'e® cifjf A IsHsdzd A ) . U
fioslsj ¢ lststedzts’ " N&3HBS OBZO b {p tzea®e/ -6 dzinlf * & dzis @ tgts M | dzdzv RO 9
‘L d34B80).[ 2 7 dZse ' ydzi 1O Cdz' dz ydzi L dzOyJ dzdzv .

vV Mzl dtsmils' , L MBI-GME" 290 [isokE" j et d BOdz' dOBRd toj L zdz' Is
B'C ' Hofgh|edztdseo H' ' Nasdl&Sj uigjsdede” teistdzgstc @ Na HS Mf tod VW dzts

ZOB L

51

NdtedtsS dMdskds Bz NS &zoH

MORPHOLOGIA A ZA2uvt9d& 4



a3 IsQOteH(_D ls(_D f4du d&d. 10 mapqmmygmmdzwmmﬁ@ﬁqmwmamq
' de Lgjde" jdzdz” o Miskz dzOfigd daldz@ Wzd R d sdedc O § of iydftslsizd 2 dzO Y o
oL dz St di3d R piefded b HaDidfigSIsdR s dzt y dzd - ' COtH" " 59 OME 2z dzv
2 4y’ dzy' Bze B' dzh o dtcOyOdkdd fustdcazzy dgO®h L GOEE O-ZL ¢ 5H )
1 dwe dzj dzd ' Hod3 j dadatzd d3d Ofgls Hfs GZtsMmilgtc@d c § E O E Pl ¢
fsteWH L' L ded$] fipdeV egytslisatoddad 2ts df jtsds@ dz G’ O dzH is 4 tes Wz 8 ISH ° -
hjdedgr E B € B ' dz' M offtfilpdftf ¢ B s c sl f tdesec s ' dz I
W'dz. uvOS¢' HOdE dBsykls: BRI f
Qj’lﬂsq’-lsﬁcﬂzlhqn Hisfpdz' HoB Bzt HEBMdz' HY § d2 off dzdeo & H sdatst
azs j ldz@dglq’lsOlsq’ Mo HYOIlsz, dAOB L 836 flzd Y dtodesC d Mdzsls dets G t
dstc® ¢ HiotsG j dz Mizdz Widawtrtc dg®ha'HYS ) f tdydf teCtecdiitslz C Is ' dzle

&

=t e
g8~ T
Y&

Ld3 zodz ¢ ts daW
" H' o

o Rt
QTIgrg-TeE @

T
"2 110

f stewH

o8

et sy ods . )
1 e dWe dzj dzq 2

Y

| dz

Mdzslsdd?2 MCd&zOH &BsY |
dz

mnﬁ_ﬁ_s-gqnqz

I O %

[ 5] ©0kEktd

3 q t dzts € § fipdets Isiigts Blrizd ¢ dabeHts
dz' B sCOLHO 8O N 6] 1L 4285 to D Qais(f op figtg itz
dzv QO fiflasllr] dag dgOdN@ ug a2 SO0y 'd’-  dzj

L' -6 L dzd 3 J dpdeveql dz® ' ¥ tztzO defdd & @dzdz”
Cr smdz By jydatzy v i dzes edgOrE-dzs o
 tc OR & ) Griizeztzt diplauyj) CBEfRGC R o3 jz% @ dz'
BO dizp i Y jeSideizishj & detOus@f o Hizd -
GO Y 2 a6 M b 15 Gaege’ dadeP U b etztzD ezt § ' 5O
SE® BIECHEOES j & dast BOd LEASUS j&C s (IsdBts dsygren -dzts tc j

Liglzh j dzdzv & B

v Oezq R

fndzlz * s O dzj

0121U10016%

HY J e dzO

References

1. Li Z, Xia H, Sharp TE 3rd, et al. Hydrogen
Sulfide Modulates Endotheliélesenchymal Transi-
tion in Heart Failure. Circ Res. 2023;132(2): 1651
doi: 10.1161/circresaha.122.321326

2. Munteanu C. Hydrogen Sulfide and Oxygen
Homeostasis in Atherosclerosis: A Systematic Re-
view from Molecular Biology to Therapeutic Per-
spectives. International Journal of Molecular Sci-
ences. 2023;24(9):83%i: 10.3390/ijms24098376

3. Zhang R, Shi W, Wu X, Yu Q, Xiao Y. Ap-
plication of hydrogen sulfide donor conjugates in dif-
ferent diseases. Nitric Oxide. 2025;154:43R doi:
10.1016/j.niox.2024.1108.

4. Zhang W, Zhang Y, Xia Y, Feng G, Wang
Y, Wei C, Tang A, Song K, Qiu R, Wu Y, Jin S. Cho-
line Induced Cardiac Dysfunction by Inhibiting the
Production of Endogenous Hydrogen Sulfide in
Spontaneously Hypertensive Rats. Physiol Res.
2023;72:71980. doi: 10.33549/physiolres.935075

5. Karwi QG, Whiteman M, Wood ME, Tor-
regrossa R, Baxter GF. Pharmacological and thera-
peutic potential of hydrogen sulfide donors in myo-
cardial ischemiaeperfusion injury. Parmacol Ther.
2016;165:10619.

6. Heusch G, et al. Hydrogen sulfide, myocar-
dial function and cardioprotection: a review of current
preclinical data. Redox Biol. 2023;67:102894.
doi:10.1016/j.redox.2023.

7. Wallace JL, Wang R. Hydrogen sulfide
based therapeutiosxploiting a unique but ubiquitous
gasotransmitter. Nat Rev  Drug  Discov.
2015;14(5):3295.doi: 10.1038/nrd4433

8. PuY, Zhang L, Li X, et al. The therapeutic

52

potential of hydrogen sulfide and its donors &seu-
lar diseases. Vasc Pharmacol. 2025;123185
doi:10.1016/j.vph.2024.09.001.

9. Sun HJ, Wu ZY, Nie XW, Bian JS. Role of
hydrogen sulfide and polysulfides in liver diseases:
mechanisms and therapeutic implications. Redox
Biol. 2021;41:101918.

10.Xu S, Zhangy, Li H, et al. Hydrogen sul-
fide: Recent development of its dual donors and hy-
brid drugs. Med Chem Rev. 2023;45(3):22D.
doi:10.1016/j.medchemrev.2023.

11.Szabo C, Papapetropoulos A. International
Union of Basic and Clinical Pharmacology. CII:
Phar macol ogi cal modul at.i
nors and H S biosynthesi
2017;69(4):497564.

12. European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Stientific Purposes. Strasburg: Council Birope.
1986;123:52. Available from: https://rm.coe.int/
168007a67b.

13. Directive 2010/63/EU of the European Par-
liament and of the Council of 22 September 2010 on
the Protection of Animals Used for Scientific Pur-
poses. Off J Eur Union. 2010;53(L276){33.

14. Skovgaard N, Gouliaev A, Aalling M, Si-
monsen U. The role of endogenous H2S in cardiovas-
cular physiology. Curr Pharm Biotechnol. 2011;
12(9):138593. doi: 10.2174/138920111798280956

15.Tang G, Zhang LYang G, Wu L, Wang R.
Hydrogen sulfideinduced inhibition of ktype Ca2+
channels and insulin secretion in mouse pancreatic
beta cells. Diabetologia. 2013;56(3):588. doi:
10.1007/s0012912-28068.

Ld3 o
mMdMmlsj 5 Stcc Odz

MmMstcOy"

MORPHOLOGIA A

BA2u B8 4

O d3ts
fdtwdr

e ©

t
L«
B (


https://doi.org/10.1161/circresaha.122.321326
https://doi.org/10.3390/ijms24098376
https://doi.org/10.1016/j.niox.2024.11.008
https://doi.org/10.1016/j.niox.2024.11.008
https://doi.org/10.33549/physiolres.935075
https://doi.org/10.1038/nrd4433
https://doi.org/10.2174/138920111798280956
https://doi.org/10.1007/s00125-012-2806-8
https://doi.org/10.1007/s00125-012-2806-8

16.Rivis YF, Shelevach AV, Fedak VV, Go-
panenko OO, Saranchuk Il. [Quantitative chromato-
graphic methods for determining individual lipids and
fatty acids in biological material]. Lviv: Spolgm
2017. 160 pUkrainian.

17. Rodgers JL, Nicewander WA. Thirteen \gay
to look at the correlation coefficient. Am statist.
1988;42(1):59%6.

18. Marcus MD, Link MS. Omeg8 Fatty Acids
and Arrhythmias. Circulation. 2024;150(6):4883.
doi: 10.1161/circulationaha.123.065769

19.Myhre PL, Berge T, Kalstad AA, et al.
Omega3 fatty acid supplements and risk of atrial fi-
brillation and 'micreatrial fibrillation': A secondary
analysis from the OMEMI trial. Clin Nutr. 2023;
42(9):165760. doi: 10.1016/j.clnu.2023.07.002

20. Gencer B, Djousse L, ARamady OT, Cook
NR, Manson JE, Albert CM. Effect of LoAberm
Ma r i 43 EattyoAcids Supplementation on the Risk
of Atrial Fibrillation in Randomized Gurolled Trials
of Cardiovascular Outcomes: A Systematic Review
and MetaAnalysis. Circulation. 2021;144(25):1981
90.doi: 10.1161/circulationaha.121.055654

21.Lee CH, Fu Y, Yang SJ, Chi CCffects of
Omega3 Polyunsaturated Fatty Acid Supplementa-
tion on NonAlcoholic Fatty Liver: A Systematic Re-
view and MetaAnalysis. Nutrients. 2020;12(9):2769.
doi: 10.3390/nu12092769

22.Puri P, Wiest MM, Cheung O, et al. The
plasma lipidomic signature of nonalcoholic steato-
hepatitis. Hepatology. 2009;50(6):1838. doi:
10.1002/hep.23229

23. Calder PC. Marine omega fatty acids and
inflammabry processes: Effects, mechanisms and
clinical relevance. Biochim Biophys Acta. 2015;
1851(4):46984.doi: 10.1016/j.bbalip.2014.08.010

24. Szeiffova Bacova B, Viczenczova C, Ande-
lova K, et al. Antarrhythmic Effects of Melatonin
and Omegs Are Linked with Protection of Myocar-
dial Cx43 Topology and Suppression of Fibrosis in

stso Odz' yke¢ w. [ . ) wt@ogd™ &'Odzp . £ O OC I jtedMisdC O L a3 dz 3 d tedz
GOdzt dedrm 2" f " H' &8 3 BCOLBHO SO fjy dz2¢d L O kdtse H' HBdSE
trAartds. ¢Sl Oaztctze e Bz dzelz® * i EaOWaiE? Istcj s’ B3 ¢ OL BIstcOd
tewH L SE(MdHtd OLtslkkz SO d@odtstMdHtd oskcdzj ys , s o9d¢tsd

L85G J dzdz’ 9,5 datii@talgdIs to '
IWicClsd, L OL dzOyd dz' d Wi
9 Yd dedzw Btsdzj € &2 dzv tedzd =
Bls,l LdZCfXJdZdZW

Wkzdz¢ y' B IssatsdzH e 2,
esejdziLkz. v B SECOLH'
Lisded dej CtesL Iz,
dzts o dzj dzdz
c'km Okd OCIsdoea Oy' ¥
ds' -t
cso ts
NaHS

ftc@dzsd Of 54 Istsls d ydzd &g
L &3 degt !

Gjf OB’ dz Oteds' 2

¢ HietsMmizd W' H

sd MisOdzdz' 56 5

3 ~Odz" L 3" 9

"odzls § dzfypd o detsfyls
Cdge

SO | dadz
jdjejlsqudses &jlsOBtd L Bz, v
CdzW dzO 5O s a3
W OC st Odd .
nostessd 4j 4 @YEL 0. 1 itk de'a tsyH &ff) dB o] H Y 25 51,
i-dz (146 @8 tsaZOdalzdfiAs Ml Odz Mj syw

Catecholamine Stressed Normotensive and Hyperten-
sive Rats. Antioxidants (Basel). 2020;9(6):546:i:
10.3390/antiox9060546

25.Hemmati R, Bahrami Zanjanbar D,
Shishesaz MI, Soleimani A, Yari T. The impact of
Omega3 supplementation on arrhythmia reduction in
acute coronary syndrome patients: a randomized clin-
ical trial. J Complenent Integr Med. 2025;22(1):173
80.doi: 10.1515/jcim20240427.

26. Baumgartner P, Reiner MF, Wiencierz A, et
al. Omega3 Fatty Acids and Heart Rhythm, Rate, and
Variability in Atrial Fibrillation. J Am Heart Assoc.
2023;12(11):e027646. doi: 10.1161/
jaha.122.027646

27.Le Jan D, Siliman Misha M, Destrumelle S,
et al. Omege Fatty Acid and Vitamin D Supplemen-
tations Partially Reversed Metabolic Disorders and
Restored Gut Microbiota in Obese Wistar Rats. Biol-
ogy (Basel). 2024;13(12):10700i: 10.3390/biology
13121070

28.Son W, Brown K, Persinger A, et al. Effect
of Omega3 Rich HighFat Diet on Markers of Tissue
Lipid Metabolism in Glucocorticoidreated Mice.

Int J Mol Sci. 2023;24(14):11492doi: 10.3390/
jms241411492

29. Ahmadi AR, Shirani F, Abiri B, Siavash M,
Haghighi S, Akbari M. Impact of omeghafatty acids
supplementation on the gene expression of peroxi-
some proliferator activated redepso U and
blast growth facte1 serum levels: a systematic re-
view and doskresponse metanalysis of clinical tri-
als. Front Nutr. 2023;10:120268&loi: 10.3389/
fnut.2023.1202688

30. Joerg RJtariu BK, Amor M, et al. The effect
of long-chain n3 PUFA on liver transcriptome in hu-
man obesity. Prostaglandins Leukot Essent Fatty Ac-
ids. 2025;204:102663.doi: 10.1016/j.plefa.2024.
102663

fmMdMmisj d©zO~ . v
h Jtets € ts

sCfMdHOLdo dese s flstej Mz,
Blzo Odzdzy Of sfflstsL Iz,

e steslsddots’ L HOBMGSMS

4w day’
[ BojHJjdets 256t

fdu dtd,

53

O Is0¢ 5y
"o gj julEj jfdpdeW ENa HS Isi® dgmHigiHdzvsas 5 € iy d y dzs M
L dzd ¥ |
NaHS
f smdzOB dz¥ 9 Olsd ftetsWweod J dgzH

MORPHOLOGIA A ZA2uvt9d& 4

fibr

uqd fmdzj deded

(Ne@SEj Qe sisls p s
pdCted st
bjtOf jokyyueseso § ik ji6

dzts te
ot

9 d
fsLd

L dzd ¥ |


https://doi.org/10.1161/circulationaha.123.065769
https://doi.org/10.1016/j.clnu.2023.07.002
https://doi.org/10.1161/circulationaha.121.055654
https://doi.org/10.3390/nu12092769
https://doi.org/10.1002/hep.23229
https://doi.org/10.1002/hep.23229
https://doi.org/10.1016/j.bbalip.2014.08.010
https://doi.org/10.3390/antiox9060546
https://doi.org/10.3390/antiox9060546
https://doi.org/10.1515/jcim-2024-0427
https://doi.org/10.1161/jaha.122.027646
https://doi.org/10.1161/jaha.122.027646
https://doi.org/10.3390/biology13121070
https://doi.org/10.3390/biology13121070
https://doi.org/10.3390/ijms241411492
https://doi.org/10.3390/ijms241411492
https://doi.org/10.3389/fnut.2023.1202688
https://doi.org/10.3389/fnut.2023.1202688
https://doi.org/10.1016/j.plefa.2024.102663
https://doi.org/10.1016/j.plefa.2024.102663

[ikDdweadlsd sO st adeWIlsd L d3 dzd 3 tedetsS d mdzisls datsg s il -zOH k&
tod d3j dzls O dz' didhniz tds 900t qudd EkZBse o f dzd o 2f HIisEHASRIO | 6" @ dztsds | wiziz') [z wizis
HY J dz Blzdzq’ Mdwyiod?2 dowL O fjy d¢O. veoOteddz adotsHddzd
hodHCB' HJSOf ' OY" " . v y'2 Mmjt' " HEsifd {HEjOdz dede dj O fiftheidatsd
IZslsdtsets MCdZOHEZ L OEOd ddan d § " H'e kE B SCOtH', 4y’ dy'
ted s Odedz? &3 ¢ OL tste' H d CiissiBes LghgrasodpOoasdsajétls O WRr ach a ) - & dz' fLtizfZ df' -w o
dzd B HjlsjClststetsds df! AsIODs) .o 17 At IstasjEHatEdW | tu| flatz g {59 RirtaBdbRonjzd .
Hj dedg? Htsdetste® ¢ Hiesg jdz Mkzdz W'  HE HBLts 7,4 &/ Cc¢ ftodL ot
dz' dedr dz' f " H' o IsCOdddz 4y de¢d O B sCOwHPdbizgni 68dghHdBls,
LicsMisOdzdz’ BT Mlslp, sdzé @z " j dedz’ B Sofy.c DAgs " 'j dafias L slsizf ssdats s
Isd ydets®s L d2OC s L B dz Qtso31]’tSLq”q oy dedsSddslsdsets M &ZzOH k&
] HmEzfsed 30dz dzORBd tji BdzobBPBg dzfigy ' HE@EkiO ¢ HEEBSGEj dz MEzdz
fsLdsdodzedds L dzOd3 £ N dudsSdhdaslsdsdz M &zOH' L O0c O0d' dzd A
NaHS Mz ' dz@ L dgj dgh j dzdz? o 3 Mk dzOMdujdzdm Y dtededn S dMmdzsls
LOc@afrn o § " H'e bk §jy dzy' BEZ® B ' dh odtOyjdd?2 ftstc' o dzw
sdBj-3Of sdz' dzgj dZOfduj dzdr Y dtedzdmn  C d fdzesls Mpts ey Ise * 1 sdsd 3 jisdzde" ¢
B'dzh Mftdwisdzdotsets oz f HdzsEts ftotsl * dzs .

sdzt ytse ' cfdatcos@:j dz Mkzdz W' H, Hbdstt ¢ HtesGjdz Mkzd % HiEz,
d2Omdud d' N dteds-3,¢ dfgiktplefe.dz’ s Hdn@ztslsd, L OcOdz dz' dz' §° Hd, ]

54

MORPHOLOGIA A BZA2uvt9d& 4



4. Y zetso ¥ §d2 DO hitps:/doiorg/10.26641/1999665.20254.55-63

g: ;:q:%gzj;J %ﬁ"g(g??!ur S: 616. 3008.64+6156 + GLB0B)092

1. s.dzq o) S s fLltalf{1wy1r ¢ mot ¢s
H.J;.OdzqhzjaO VRSO v [Awy s¢ | wd
1. §BMY B0 1RM 1 fwl Yryw srR 2
rv cuansdses jaguf {1 ol 11w Avst ]
Eu;dgmqu,zBls‘si(?tGB:‘%*’ng [vuv 2 URIUL Uvuod B[]
H a0 161 vswo d&d N[ ot fwf rovdr {) ¢ w

sd’ 9, VSO dzO

1 @ 'h &@5.09.2025
] 62 ds O :3.12025

Luhovskyi S.P. “=" * | Kvitnitskaya -RyzhovaT.Y. "=, Mykhalskiy S.A. “=, Klymenko P.P."*", Malysheva S.P.

, Kosiakova G.V. Morphological characteristics and assessment of histological changes in the rats' liver und
modeling type 2 diabetes and its correction bil-stearoylethanolamine.

DF Chebotarev Institute of Gerontology of the National Academy of Medical Sciences of Ukrain®alladin Institute
of Biochemistry, National Academy of Sciences of Ukraine, Kyiv, Ukraine.

ABSTRACT. Background. The problem of diabetes mellitus, in particular type 2 diabetes mellif3\]), is becoming
global worldwide, which determines the relevance of prevention, diagnosis and treatment of one of its most comr
plications- metabolic dysfunctiomassociated steatotic liver disease (MASLD). The ability of the liver to reverseashian
DM2uy determines the need to search, develop and i m
of MASLD. Objective. Morphological characterization and development of an objective approach for comparative
ment and unificon of histological changes in the liver of rats in modeling T2DM and its correction wsteddoylethan-
olamine (NSE)Methods. A model of T2DM was reproduced in SpragDawley rats (n=41) maintained on a hifgt diet
(HFD) for a long time (6 months).a2Bed on the results of liver histological examination, the effects of therapeutic ac
NSE (per os, at a dose of 50 mg/kg, for 2 weeks after confirmation of the development of T2DM; scheme 1) and it
tive action (per os, at a dose of 50 mg/kgdhys each month; scheme 2) were studiedults.Morphological studies of
the liver of rats in the simulation of T2DM revealed changes characteristic of MASLD, which were determined
histological patterns as: disruption of the histostructuréhefdrgan; impaired blood circulation in the liver; dystrop
changes in hepatocytes, primamsigatosis; necrosis/apoptosis of hepatocytes and inflammatory changes in the live
sis, as well as compensatory and adaptive changes in hepatocytesoBaisedesults obtained, a standardized uni
protocol for histological examination of the liver of rats with T2DM and criteria for assessing the detected changeg ¢
to 3 assessment categories usi ng aCosclosomTheigplemgntatior ahthe
developed system for assessing histological changes in the liver during the modeling of T2DM and its correction \
allowed for a comparative assessment of the effects of NSE in the experiment with diffeeemsat its application ir
rats. It was found that the use of NSE according to scheme 2 compared to scheme 1 significantly (p<0.05) re
manifestations of such histological changes as violations of the histostructure of the organ and its blatdr;idys-
trophic changes in hepatocytes, primarily steatosis, necrosis/apoptosis and inflammatory changes, as well as fibrc
same time, the effect of NSE significantly (p<0.05) increases the manifestations of compeasaptiye restructuringf
hepatocytes in the form of their hypertrophy.

Key words: type 2 diabetes mellitus; experimental model; rats; histological changes in the lstearylethanolamine
pharmacological correction.
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ABSTRACT. Background. Accurate sex determination in poultry is essential for successful breeding programs, e
flock management, and economic optimization within the poultry industry. Traditional métsade as vent sexing
feathersexing, and DNA testir@jy often present significant drawbacks. These techniques can be invasive, stressful
birds, labofintensive, or inconsistent in their accuracy, particularly in native or indigenous breeds where clear se
morphism is lackig during early developmental stages. Kadaknath chickens, an indigenous and genetically distir
from India, are known for their unique black pigmentation. However, the subtle external differences between m
females at a young age make convamdi sexing methods challenging. As a result, there is significant interest in ident
alternative, nosinvasive, and accurate morphological markers for early sex differentiation in this Bigedtives. To
investigate whether eye shape can serva ediable, norinvasive morphological marker for sex determination in |
daknath chickens using geometric morphometric technidWethods. High-resolution lateral photographs of the right €
were captured from 16 clinically healthy adult Kadaknath cinsk® males and 7 females), ensuring consistent ima
conditions. A total of 45 anatomically homologous landmarks were placed on each image to capture the overall ¢
curvature of the eye. Geometric morphometric techniques were applied, beginthireweralized Procrustes Analys
(GPA) to normalize the data by removing variations due to position, orientation, and scale. Principal Component
(PCA) was conducted to identify the major axes of shape variation across individuals. CanoiatalAfelysis (CVA)
and Discriminant Function Analysis (DFA) were used to assess the degree of sexual dimorphism and the clas
accuracy of individuals based on eye sh&esults.PCA revealed that the first two principal components (PC1 and |
accounted for 81.35% of the total shape variation. The greatest morphological differences between sexes were ¢
the ventrolateral and dorsolateral regions of the eye, suggesting localized shape changes linked to sex. CVA del
statisticallysignificant sexual dimorphism between males and females, with a Mahalanobis distance of 3.7794 ar
crustes distance of 0.038B € 0.0001), indicating clear separation in morphospace. DFA achieved perfect classif
(100%) when applied to the gmal dataset and retained a reasonably high classification accuracy of 68.75% unde
oneout crossvalidation, suggesting a strong sensitive mo@elnclusions.The study provides compelling evidence tt
eye shape exhibits distinct and measurabtealedimorphism in Kadaknath chickens. These results highlight the pott
of geometric morphometric analysis of eye morphology as ama@sive, lowcost, and visually based method for s
identification in this breed. Future research should focus ane extensive datasets and exploring titieeensional (3D)
imaging techniques to enhance shape characterization. Additionally, integrating machine learning algorithms with
metric data may further improve the automation and accuracy eihwesive pultry sexing trait in Kadaknath chicken
revealing marked morphological differences between sexes. These findings support the development of alterne
invasive sex determination methods for poultry with subtle sexual dimorphism.
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Background

Accurate sex determination in dald chicks is
a critical yet challenging task in the global poultry in-
dustry, particularly among indigenous breeds such as
Kadaknath, where secondary sexual characteristics
are notyet developed. Early and precise chick sexing
underpins effective flock management, optimized nu-
tritional planning, and genetic selection strategies, es-
pecially in commercial operations where males and
females differ significantly in growth rate, meat vigl
and market value. In broiler production systems, for
instance, male chicks are often preferred due to their
superior feed conversion ratio (FCR) and uniform
carcass traits, making sex identification at hatch eco-
nomically vital.

Traditional sexing techgues including vent
sexing, feather sexing, and coloased sexing alt-
hough widely practiced, are labmtensive, invasive,

poultry science is rapidly expanding-§$. Through
Procrustes superimposition, principal compnt
analysis (PCA), and canonical variate analysis
(CVA), GMM enables the highesolution quantifica-
tion of shape differences [10, 11], making it an ideal
tool for detecting early sexual shape dimorphism
(SShD) [12, 13].

In parallel, the integration of mohine learning
(ML) and deep learning (DL) algorithms into preci-
sion livestock farming (PLF) systems has revolution-
ized automated phenotyping Fl#]. Recent studies
employing convolutional neural networks (CNNSs)
and support vector machines (SVMs) have dem
strated encouraging results in sex classification [19],
health monitoring, and behavioral analysis using fa-
cial and ocular image data. These technological ad-
vancements have positioned facial recognitiased
sexing systems as a viable alternative tditi@nal

and prone to human error. These methods demand approaches [20], with the potential to reduce chick

considerable expertise and are often brgeetific,
limiting their utility across trerse poultry popula-
tions [1]. Moreover, the ethical implications associ-
ated with chick handling stress and physical manipu-
lation have prompted the search for fiowasive,
rapid, and automatable solutions that are more con-
sistent and animal welfaifeiendly.

One promising frontier in this context lies in the
exploration of sexual dimorphism, defined as the
morphological differences between males and fe-
males of a species. While welbcumented in adult
birdsd manifested in plumage coloration, comb de-
velopment, body size, and vocalization patterns [2],
such traits are rarely present or discernible in newly

stress, eliminate the need for skilled sexers, and en-
hance both accuracy and efficiency in poultry opera-
tions.

The present study aims to contribute to this
evolving field by investigating whetherye shape, as
captured through landmabased geometric morpho-
metrics, can serve as a reliable morphological marker
for sex differentiation in th&adaknathchickeni an
indigenous Indian breed noted for its distinctive mel-
anism, disease resistance, addmability to local cli-
mates [21, 22]. By identifying consistent patterns of
eye shape variation between male and female
chicken, this research seeks to develop a biologically
relevant, nofinvasive, and practically implementable

hatched chicks. Recent advances in phenomics and method for early sex iddification.

computational biology have directed attention toward
less obvious but potentially informative featurestsuc
as craniofacial morphology, ocular metrics, and facial
asymmetry.

The eye, in particular, presents a unique oppor-
tunity for early sex identification. As a complex sen-
sory organ with speciespecific functional and ana-
tomical variations, the eye may harlsubtle dimor-

This approach aligns with broader efforts in sus-
tainable poultry production, welfax@ntric manage-
ment, and the integration of Alriven image analyt-
ics in agriculture. If successful, this work could pave
the way for scalable, breéddependat, and auto-
mated chick sexing systems tailored to the needs of
indigenous poultry, addressing both economic and
ethical challenges inherent in conventional sexing

phic features, such as differences in shape, size, pupil practices.

alignment, intefeye distance, and ocular contouring
[3, 4]. These characteristics, collectively referred to
as eye dimorphism, remain understudied in avian spe-
cies but are gaining tréion in automated biometric
identification systems.
eye undergoes relatively minimal developmental

changes from the neonatal stage to adulthood, espe-

cially when compared to the more pronounced
changes seen in some other verteds §5].

To analyze such firecale morphological varia-
tion, the field of geometric morphometrics (GMM)
offers a robust, landmaitkased methodology capable
of capturing and statistically analyzing twamen-
sional and threelimensional shape variation. GMM
has been successfully employed in various vertebrate
studies for species identification, developmental biol-
ogy, and evolutionary analysis, and its application in

Materials and Methods
Sample Collection
A total of 16 adult Kadaknath chickensr(@les,
7 females), all aged 2 years and in good health and

Hotlye condition, pweke | selected. dlie bads lwere d 6 s

sourced from the Rashtriya Krishi Vikas Yojana
(RKVY) Poultry Farm, Faculty of Veterinary and An-
imal Sciences, Banaras Hindu University, Barkachha,
Mirzapur, Uttar Pradesh, India. All animal handling
and research procedures adhered to institutional ethi-
cal guidelines

Image Acquisition and Landmark Selection

High-resolution lateral photographs of the right
eye of each bird were taken using a digital came
mounted on a tripod, positioned at a fixed distance of
30 cm. Uniform lighting conditions were maintained
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throughout the imaging process. A total of 45 anatom-
ically homologous landmarks were identified and
consistently selected based on visible (FigUrere-

peatable features of the eye. These landmarks were

categorized as follows:

1 Medial angle of the eye: Landmarks$iand
Landmarks 4@15

1 Lateral angle of the eye: Landmarks2®

1 Dorsal part of the eye: Landmarksl8

1 Ventral part of the eye: Landmark8-39

1 1-12: Dorsomedial part of eye, 1A:
Dorsolateral part of eye, 223: Ventrolateral part of
the eye and 345: Ventromedial part of the eye.

Landmark Digitization, Data Preparation and
Analysis

Each image was digitizeth TPSDig232, and
landmark coordinates were exported in TPS format
using TPSULiI32. Landmark data were then imported
into MorphoJ (v1.08.01.msi)for further analysis.

Geometric Morphometric Analysis and Statisti-
cal Analysis

Generalized Procrustes Analy§izPA) was em-
ployed to eliminate noshape variation, including
differences in position, scale, and orientation, thereby
isolating pure shape information. Principal Compo-
nent Analysis (PCA) was subsequently conducted to
explore the primary axes of shapeiation across the

dataset. To assess shape differences between sexes,

Canonical Variate Analysis (CVA) was performed,
enabling the evaluation of intergroup morphological
divergence. Discriminant Function Analysis (DFA)
was utilized to assess the classifion accuracy of
individuals by sex based on shape variables.

Graphical representations of shape variation in-
cluded wireframe diagrams and scatter plots derived
from PCA and CVA. All statistical analyses were
conducted and results were visualized usingrabi-
nation of plots, wireframe overlays, and summary ta-
bles to comprehensively illustrate patterns of shape
variation and group differentiation.

Results

Principal Component Analysis (PCA)

Principal Component Analysis (PCA) was con-
ducted on Procrustedigned coordinates derived
from 45 anatomical landmarks representing the eye
shape of Kadaknath chickens. This analysis reduced
the dimensionality of the higimensional landmark
data while preserving the major axes of morphologi-
cal variation (Fig1l).

The frst two principal components (PC1 and
PC2) collectively accounted for 81.35% of the total
shape variation, with PC1 contributing 58.46% and
PC2 accounting for 22.89% (Table 1). A scree plot
revealed a prominent elbow at PC2, indicating that
most biologicly meaningful variation was captured
within these two dimensions (Fig. 2).
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Fig. 1. Anatomical landmarks (1i 45) positioned on the
surface of the eye to delineate the eye outline. These land-
marks were systematically placed to capture the overall con-
tour and shape variation of the eye region for morphometric
analysis.

Table 1

Principd Component Analysis Summary
Principal Eigenvalue % Cumula-

Compo- Vari- tive %

nent ance

PC1 0.00220529 58.46%  58.46%
PC2 0.00086360 22.89%  81.35%
PC3 0.00023577 6.25% 87.60%
PC4 0.00018071 4.79% 92.39%
PC5 0.00009478 2.51% 94.91%

The shape variation along PC1 represented the
dominant axis of morphological differentiation.
Warped outline diagrams and landmark displacement
vectors revealed that PC1 captured expansion along
the dorsomedialentromedial axis and elongation in
the lateal regions (Fig. 3). Male eye shapes were as-
sociated with greater expansion and elongation, while
females displayed more compact and rounded out-
lines. Landmarks in the dorsomedial region and lat-
eral angle contributed significantly to these shape dif-
ferencs. PC2, explaining 22.89% of variance, de-
scribed secondary variations in eye shape, including
asymmetry, curvature shifts, and localized bulging in
either the dorsal or ventral regions. These differences
appeared to reflect both inteand intrasexual vaia-
tion, as indicated by broader dispersion of male sam-
ples and clustering patterns. PC3 (~10%) involved
asymmetrical lateral displacement, particularly in the
dorsolateral and ventrolateral regions, and appeared
to represent individual variation rather theexbased
differences. PC4 (~5%) and PC5 (<5%) accounted for
subtle curvature and local shape fluctuations, respec-
tively, and contributed minimally to overall shape di-
morphism
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Fig. 2. Presents a scree plot depicting the relationship between principal components and the percentage of explained
variance. A pronounced elbow at PC2 indicates that the majority of meaningful shape variation is captured by the first two principal
components (PC1 and PC2).

Warped Outline Diagrams for Each PC (Pooled by Sex)

PC1 PC2 PC3 PCa PC5

Fig. 3. Warped Outline Diagrams (PC1-PC5) present the visualization of shape variation in eye morphology along the first
five principal components. PC1 (58.46%) captures the primary sexual dimorphism, with males showing lateral elongation and
females a rounded shape. PC2 (22.89%) reflects vertical elongation with limited sex differences. PCs 315 (~10%, ~5%, <5%)
represent individual variation and minor curvature or local shape changes.

Convex hull analysis of PCA scores revealed broader spead along both PC1 and PC2, indicating
distinct sexbased clustering. Female specimens oc- greater shape variability. This pattern was further
cupied a compact morphospace cluster, reflecting supported by the PC1 vs. PC2 scatterplot, which
lower intragroup shape variation and higher morpho- demonstrated clear separation between sexes, sug-
logical consistency. In contrast, males exhibited a gesting potential sexual dimorphism (Fig. 4).

Female
0107 Male

Principal component 2

-0.05 T T T T T T g
-015 -012 -0.09 -0.06 -0.03 0.00 0.03 0.06

Principal component 1

Fig. 4. The convex hull of Principal Component 1 (PC1) and Principal Component 2 (PC2) illustrates sex-based differences
in eye shape variability. Female eye shapes (red) form a more compact cluster in morphospace, indicating greater morphological
consistency. In contrast, male eye shapes (blue) exhibit a broader distribution along both PC1 and PC2, reflecting increased
variability in eye shape.
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Visual analysis of deformation grids provided angles showed asymmetric elongation, particularly in

additional insight into localized shapeaciges be- lateral regions, contributing to an eliigal shape with
tween sexes. In males, the dorsal region appeared a tilted major axis (Figs). These distortions further
compressed or inwasshifted, while the ventral re- suggest shape dimorphism and potential differences

gion exhibited outward expansion. Medial and lateral in eye orientation or aspect ratio between sexes.

Male
3.0 7 ] Female

Frequency

0.0

(S}
= 4

-6 -4 -2 0
Canonical variate 1

Fig. 5. This histogram shows the distribution of Canonical Variate 1 (CV1) scores for males and females from the Canonical
Variate Analysis (CVA).

Canonical Variate Analysis (CVA indicating thaall shape differentiation between sexes
Canonical variate analysis (CVA) was per- is captured along this axis (Table 2). A large eigen-
formed to assess shape differences between male andvalue (4.0174) associated with CV1 reflects strong
female chickens based on eye shape. The analysis discriminatory power between male and female eye
yielded a single canonical variate (CV1), which ex- shapes.
plained 100% of the betwegroup shape variation,

Table 2
Canonicalariate Analysis (CVA) Summary Table

Parameter Value
Canonical Variates Extracted 1
Eigenvalue (CV1) 4.0174
% Variance Explained (CV1) 100.00%
Goodall 68s F (Per mu 1.5748
Pval ue (Goodall 6s < 0.0001
Pill aiés Trace 1.0000
Pvalue (Pillaibés T < 0.0001
Mahalanobis Distance (MdlEemale) 3.7794
Procrustes Distance (Médleemale) 0.0388
Significant Shape Differences Yes (p < 0.0001)

Permutation tests (10,000 iterations) were con- within this indigenous chicken breed.
ductedto evaluate the statistical significance of shape Further confirmation was provided by pairwise
differences between sexes. The results were highly distance measures, including both Mahalanobis dis-
significant f-besbothdGBDbD Hahce bnd Brockustes digance, which consistently re-
(p < 0.0001), clearly rejecting the null hypothesis of vealed signitant separation between male and fe-

no shape difference. These outcomes styosigpport male eye shapes.
the presence of sexual dimorphism in eye shape Examination of canonical coefficients for CV1
68
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reveal ed the relative cowotwvei labdalcimndoastfse de acclha s sainfdintaa tkidos

x and y coordinates to the observed group separation.pr oxi mat el y 69%, notably exce
Landmarks with higher absolute coefficient values of 580%s Tesult suggests that

were considered key contributors to sexual dimor- suf fi ci ent discriminatory f eec
phism. Notably: Landmark 16 (x =47.16,y=59.98) t ween sexes i#8)this breed (Te

had a very strong positive loading on both axes, high-

lighting the dorsal part of the eye as highly sexually Table 3
dimorphic. Landmarks 13 and 14 showed large nega- Discriminant Function Analysis Summary: Female
tive coefficients in the yaxis (49.61 and 45.56 re- vs Male Eye Shape

spectively), possibly indicating ventral displacement

or boundary shifts in one sex. Landmarks 31, 32, and Parameter Value

33 (dorsolateral eye region) exhibited high positive y : ; ,
coef fici 76)tfurthet gmphiasing dorso- Procrustes .Dlst-ance (mediff.) 0.0388423:
lateral region differences. Landmark 45 (Ventrome- ~ Mahalanobis Distance 3.7794
dial part of the eye) showed a strong negatiaxis T-square Statistic 56.2441

coefficient {40.79), suggesting its significant role in Parametric Fralue (TFsquare) 0.9170

distinguishing eye shape by sex. .
The CV1 scores demonstrated a clear separation - ermutation Rialue (Procrustes)  0.1550

betwea sexes, with males exhibiting positive CV1 Permutation Rralue (Tsquare) 0.0040
values and females showing negative scores. These
shape differences align with the observed landmark The crossvalidation histogram of the Discrimi-

displacements: males displayed a more expanded dor- nant FunctionAnalysis (DFA) demonstrates clear
somediail ventromedial region and lateral elongation, group separation between female and male samples.
whereas females showed a more compact and Female scores (represented by red bars) are predomi-
rounded eye shape, as visually illustrated in Figure 5. nantly clustered around negative values, primarily
ranging from-15 to 0, indicating that most female in-
Discriminant Function Analysis (DFA) dividuals are pdsioned on the negative side of the
Discriminant Functi on Aiscanhinag iads. Cdaverely, madevseaes gblue
significant shape diff er lgarscaeesargeyelistvpetel betwash D end @0, dith f e -
mal e Kadaknat h utha tcikoenn st.e thEt hgforigse®eaded on the positive side of the axis.
on Hotsellt ahgsti-calyuel de dOraetk@Bssiftation threshold is centred near a score of
indicating statisticall y 0,swhaeminina oermap is sbservedetwabn theo r p hi s
in eye shape. I n contr as two gbups THsrdstingt sepdration suljgestd ghce pe
mutati on t evsatl uree toufr nOe. dl 5a5 dBssifisatfioh acburasya with most individuals cor-
not st atiigontiifdalalnt , s ugge gty asggndd hoatieir fedpective ser dudnl ross
magnitude of shape diff ewledion¢grigflay be affected by
sample size | imitations. The DFA model achieved an

Male
30 r— Female

Frequency

20 0 20
Female -- Male

Fig. 6. This histogram shows the distribution of DFA scores between female (red) and male (blue) for cross-validation in the
discriminant function analysis.

Discriminant Function Analysis (DFA) of eye  fromi 15 to O, with all scores tightly clustered on the
shapemeasurements revealed a clear separation be- negative side of the distribution. Notably, no female
tween male and female individuals based on their dis- scores extended into the positive range. This pattern
criminant scores. Histogram analysis of the DFA indicates strong withigroup consistency and dis-
scores showed distinct, naverlapping distributions tinct morphological traits characteristic of the female
for the two sexes (Fiy). Female individuals (repre-  eye shape, particularly more compact and rounded or-
sentedby red bars) exhibited DFA scores ranging
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bital features. In contrast, male individuals (repre- range, confirming that male eye shapeharacter-
sented by blue bars) displayed DFA scores ranging ized by expanded dorsomedia¢éntromedial and lat-
from +2 to +12, with all values clustered o hosi- eral elongatiod were consistently distinguishable
tive side. No male scores encroached into the negative from those of females.

Male

Frequency

-20 -10 o 10 20
Female -- Male

Fig. 7. This histogram represents the DFA discriminant scores separating females (red) and males (blue) based on eye
shape.

Discussion gation. The strong discriminatory power of CV1, sup-

The results from Principal Componehalysis ported by significant permutation test results and dis-
(PCA) highlight that the majority of shape varia- tinct pairwise distances, confirms that geometric mor-
tiond captured predominantly by P8ls strongly phometrics can reliably detect sbased shape varia-

associated with selyased differences. Male Ka-  tion in the eye. The landmarks contributing most to
daknath chickens exhibited expanded dorsomiedial the separation primarily involve the dorsal, dorsolat-
ventromedial regions and more elongated lateral eye eral, and posterior regions of the eye. These regions
shapeswhile females displayed more compact and may be subject to sdinked developmental or func-
rounded ocular outlines. These distinctions were con- tional adaptations. For example, the more elongated
sistently supported by Scree plot, warped outline dia- and expanded eye shape in males could relate to vis-

grams, PCA scatterplots analyses. ual performance or sexual display [28, 29], whereas
The distinct clustering of males and females in the more compact configuration in females may re-
morphospace, combined withe significantly differ- flect energy conservation or protective anatomical

ent PC1 score distributions, supports the central hy- traits. These findings suggest that eye shape cae ser
pothesis posed in this s tauadgténtsal norpholbgical mdtkerdor sexdiffpren; par t

ularly when analyzed through highsolution land- tiation in chickens, particularly when using land-
markbased geometric morphometric techniques, of- markbased geometric morphometric approaches.
fers sufficient discriminatry power to reflect sex- This may have implications for nenvasive sex

ually dimorphic patterns in craniofacial morphology identification in poultry management and conserva-
[23-25]. While PC2 and highesrder components ac- tion progams.

counted for more subtle and sometimes hsaual The results of Discriminant Function Analysis
shape variation (e.g., tilting, bulging, or asymmetry), (DFA) support the hypothesis that eye shape is a sex-
it was PCL1 that carriethe strongest sexual signal.  ually dimorphic trait in the Kadaknath chicken. The

This suggests that the eye shape dimorphism ob- si gni fi cant Hotellingbs T t
served is not only statistically meaningful but also in shape configurations between males andafes
morphologically consistent across individuals. confirming that sesbased morphological variation

Moreover, the reduced intgroup shape varia- exists in this craniofacial region. Although the Pro-
bility in female$ as evidenced by éir compact con- crustes distance test did not yield a significant result,
vex hull and tight clusterirfy may point toward evo- this may reflect a limitation in statistical power due to

lutionary pressures for visual or reproductive uni- the small sample size rather than absence of shape
formity. In contrast, greater variation in males could divergence. The high crosmslidated classification
reflect differential selection pressures or greater phe- accuracy (69%) underscores the practical utility of
notypic plasticity [26, 27]. Tése patterns offer fertile geometric morphometrics in discriminating between
ground for further investigation into the genetic, func- sexes based solely on eye shape. The lack of score
tional, or ecological drivers of eye shape in indige- overlap in the DFA histografarther emphasizes that
nous chicken breeds. the shapd30] differences are not only statistically
The Canonical variate analysis (CVA) demon- significant but also consistently expressed within
strates that eye shape exhibits clear sexual dimor- each sex. Female eye shapes were characterized by
phism inthe indigenous chicken breed under investi- more compact, rounded orbital contours, while males
displayed expanded dorsedial ventromedial and

7C
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lateral elongation, consistent with patterns of cranio-
facial sexual dimorphism observed in other verte-
brates [25, 362].

Importantly, the broader morphological variabil-
ity in males suggests greater phenotypic plasticity,
potentially influenced by behavioral or ecological
factors such as territorial displays or mate attraction
[33-35]. The more uniform eye shape distribution in
females may reflect stabilizing selection, possibly re-
lated to reproductive or nesting behaviors or ecologi-

This study highlights the potential of eye shape
as a reliabl@henotypic marker of sexual dimorphism
in chickens, particularly in traditional or indigenous
breeds such as Kadaknath. The use of eye shape as a
nonrinvasive morphological indicator offers promis-
ing applications for costffective and earkgtage sex
detemination in poultry breeding and conservation
programs. These findings also pave the way for fur-
ther research into craniofacial traits as indicators of
sex, breed characteristics, or environmental adapta-

cal factors or others that demand visual consistency tion. Future studies should extend this approach to

[36-38].

The distinct patterns observed in mor-
phospacé& namely, the vertical elongation of the fe-
male shape polygon and the horizontal expansion in
male$ highlight the potential utility of eye shape as
areliable marker for sex differentiation in this breed.

various breeds and developmental stages to assess the
consistency of these morphological differences and to
explore their underlying biological significance.
Funding Statement
This research did not receive any specific grant
from funding agencies in the plic, commercial, or

These patterns support the idea that eye shape partic-not-for-profit sectors.

ularly when analyzed using geometric morphomet-
rics, offers a notinvasive and morphologically in-
formative means of identifying sex in poultry [39].

Together, these results provide strong evidence
for sexual dimorphism in the eye shape of Kadaknath
chickens, highlighting both static component of mor-
phological differentiation.
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ABSTRACT. Introductio n. Hoffmann's disease or abscessing perifolliculitis of the scalp is a chronic, tesigipnt
and recurrent purulemflammatory disease of the hair follicles, which causes the formation of deep abscesses, ci
alopecia and significant changesthe scalp. The disease occurs mainly in young men ageid 3@ars. According to thi
statistics of the medical center of the private enterprise "Dzerkalo”, Dnipro, Ukraine, over the past ten years infgk
number of cases of abscessing perifalites has begun to increase among men, especially military personnel, due
wearing of specific protective equipment and additional factors of occlusion and inflammation of hair fallielegn of

the workis to investigate stromal vascularizatiqguoliferation and expression of androgen receptors in the epitheli.
the scalp using the Fiji platform in subversive abscessing perifolliculitis of theMetthds. Biopsy material from patient:
diagnosed with abscessing perifolliculitis of the h@ddffmann's disease) who underwent examination and treatme
the medical center of the private enterprise "Dzerkalo", Dnipro, Ukraine was studied. All patients were men, their a¢
from 20 to 51 years, the av egsperpenedaagcerding foghe BebmoScitritific (T
protocols with primary antibodies to vascular endothelial cells CD34 (spl, RTA8Y, t§p6, 1:250), AR (spl, RTU). Th
Lab Vision Quanto imaging system (TS, USA) was used with the reaction determinatigrbds88 Quanto Chromoger
(TS, USA).Results.The average number of CBX-positive vessels showed a significant difference in the samples of
ducting abscessing perifolliculitis of the scalp, compared with the control group in all studied localizatiepsdermal
location, deep layers of the dermis, areas around hair follicles, areas around sebaceous glands (all p<0.05), with
number of 24.33KN3.78 in areas ar o-Bfpdsitiveadssels shoved aisigaiie
difference in the samples of subducting abscessing perifolliculitis of the scalp, compared with the control group in

|l ayers of the der mis, areas around hair follicles
areas around hair follicles. The4&i7 proliferation index in reactive stratified squamous epithelium at in subversive ab
ing perifolliculitis of the head was 23.46N4. 24%,
(p<0.05),v\nose proliferation rate remained at the | evel
the study and control groups did not show any diff

refutes the theory of mmonal dependence of chronic inflammation in this pathology.
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Introduction cicatricial alopecia and significant changes the

Hoffmann's disease or abscessing perifolliculitis  scalp. The disease occurs mainly in young men aged
of the scalp is a chronic, treatmesasistant and re- 20i 40 years [13]. According to statistics from the
current purulentnflammatory disease of the hair fol-  medical center of the private enterprise "Dzerkalo",

licles, which causes the formation of deep abscesses, Dnipro, Ukraine, over the past ten years in Ukraine,
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cases of abscessing perifolliculitis heh@gun to in-
crease among men, especially military personnel, due
to the wearing of specific protective equipment and
additional factors of occlusion and inflammation of
the hair follicles. Medical workers also pay attention
to the seasonality of cases, r@ym the number of
cases in the wintespring period exceeds the number
of cases in the summer.

Despite the fact that the number of patients with
abscessing perifolliculitis of the head is not high com-
pared to the total number of patients with pustular
skin lesions, due to frequent relapses and ineffective-
ness of standard antibacterial therapy, cases of ab-
scessing perifolliculitis of the head remain incorrectly
diagnosed or unmonitored. In addition, Hoffmann's
disease is combined with other dermatoses, sisch
acne conglobata or hidradenitis, which are included
in the group of follicular occlusive diseases/§

Due to the rarity of the pathology and the insuf-
ficient number of epidemiological studies, specific
percentage prevalence rates in different countries
have not been established. Unfortunately, there are
also no statistical data on the prevalence of dermato-
sis in Ukraine. Further studies are needed to accu-
rately determine the prevalence of abscessing peri-
folliculitis in different regions of the world.

Vascularization activity, proliferation and hor-
monal sensitivity are considered by many researchers
as factos of reactivity in chronic inflammatory dis-

Materials and methods
Biopsy material from patients diagnosed with
abscessing perifolliculitis of the head (Hoffmann's

disease) who underwent examination and treatment at

the medical cente of the private enterprise
"Dzerkalo", Dnipro, Ukraine was studied. All patients
were male military personnel, whose age ranged from
20 to 51 years, the
The diagnosis was made on the basis of clinical, an-
amnestic, laboraty (clinical and biochemical blood
tests), instrumental (trichoscopy and dermatoscopy),
microbiological and pathomorphological studies
(puncture punch biopsy with histological examina-
tion in hematoxylireosin staining). The control
group included 5 sampeof clean resection margins
(conditional norm) of benign nevi of the scalp of men
aged 34 to 48 year s,
years (no statistically significant difference was
found compared to the study group, p>0.05).

The studies were performéa compliance with
the main provisions of t
ples for Conducting Scientific Medical Research with
Human Participationo,
of Helsinki [10], orders of the Ministry of Health of
Ukraine No. 690 dated 09/28J09, No. 944 dated
12/14/2009, No. 616 dated 08/03/2012. The design of
the work with information on the safety of the studies
is part of the comprehensive scientific research work
of the Department of Skin and Venereal Diseases of

t he

average

a

ave

he

n

approv.

eases. One of the practical ways to study vasculariza- the Dnipro State Medicdlni ver si ty ADiaghno
tion is to assess the number and size of vessels by thePersonalized Therapy of Patients with Chronic Der-
expression of endothelial markers CD34 or CD31 by matoses of Various Origins and Sexually Transmitted
immunohistochemical method. In turn, the prolifera- Infections, Taking into Account Comorbid Condi-

tion index and the level of androgen hormones are t i ons o ( St ate Registration N

calculated by the nuclear expression of markers Ki
67 and AR, respectively, also by immunohistochemi-
cal staining. An objective method for assessing the
processes of vascularization and proliferation can be
the analysis of digital microphotographs of skin bi-
opsy sections. Fiji is an opesource platform for an-
alyzing images of biological objects, which was de-
veloped specifically for scientists and has a very ac-
cessible interface (the development was initiated by

mentation period 2022 2026). Approved by the
Commission on Biomedical Ethics of the Dnipro
State Medical University (Protocol No. 3 dated
11/16/2022).

Morphological research methodor histologi-
cal examination, 17 blocks of formalfixed and par-
affin-embedded puncture punch biopsiesrevused:
12 from the study group and 5 from the control group,
which were obtained from the archive of the

the author Wayne Rasband at the Research ServicesPnipropetrovsk Regional Clinical Hospital named af-

Branch, National Institute of Mental Health, Be-
thesda, Maryland, USA). The Colour Deconvolution
and Immuno Ratio plugins built into Fiji allow for the
analysis of preparations with the quantitative assess-
ment of marker expression.

Considering the recurrent chronic course of ab-
scessing perifolliculitis of the head, the uncertainty of
its treatment protocols and the significant deteriora-
tion in the quality of life of patients and a significant
impact on theipsycheemotional state, the study of
this disease remains a relevant problem in dermatol-
ogy [89].

The aim of the work is to investigate stromal
vascularization, proliferation and expression of an-
drogen receptors in the epithelium of the scalp using
the Hji platform in subversive abscessing perifollicu-
litis of the head.

ter 1. I. Mechnikov in the period from April 2023 to
February 2024. According to the histologicaituc-
ture, all observations were represented by the skin of
the scalp, which corresponded to the structure of thin
skin with long hair and necessarily contained epithe-
lial and stromal 2 or more pilosebaceous units (hair
follicles with adjacent sebaceousagtls). In all cases,
diagnostic and morphological signs were evaluated
and confirmed by repeated examination by two inde-
pendent pathologists. Paraffin sections e 4 & m
were obtained on a Microm H@40 microtome and
stained with hematoxylin and eosin aatiag to the
standard method. Two pathologists independently
checked the slides for diagnostic accuracy and the
presence of artifacts. Microscopy was performed us-
ing a ZEISS "Primo Star" light microscope (objec-

tives 110, 120, 140)
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Immunohistochemicahethod of the studfar-
affin sections were applied to adhesive SuperFrost
Plus slides. After deparaffinization, rehydration, tem-
perature unmasking of antigens and inhibition of en-
dogenous peroxidase activity, sections were incu-
bated with primary antibods in humid chambers at
a temperature of 22 5AC f or 30 min
monoclonal antibodies to K7 (sp6, 1:250), AR
(spl, RTU), CD34 (spl, RTU) and the UltraVision
Quanto, LabVision imaging system were used in hu-
mid chambers for about 30 minutes aimotempera-
ture. To identify the reaction, a solution of the chro-
mogen 3diaminobenzidine tetrachloride (DAB)
(Quanto, LabVision) was applied under microscope
control for 20 seconds to 3 minutes, with the appear-
ance of a brown color, then additionally sednwith
Mayer's hematoxylin for-B minutes. Subsequent de-
hydration and inclusion in the balm were carried out
according to common methods [12].

For digital morphometry, a Zeiss Primo Star
Axiocam ERC 5s microscope camera with licensed
ZEN 2 blue editionsoftware was used. The photo-
graphed fields of view were saved in .jpg format and
processed in the Fiji platform with determination of

in the tabl
deviation) [16].

Results

In order to visualize the dermal vessels when
stained with IHC usinghe CD34 marker in the Fiji
platform, we first used the Colour Deconvolution pro-
cetluees whichP geparates the vascular endothelium
stained with DAB chromogen in brown col@dlour
Deconvolutionprocedure for separating structures
stained with DAB chromogen the Fiji platform:Im-
age>Color>Colour Deconvoluton>Vectors>
H&DAB). The final segmentation for further calcula-
tion of the vascular parameters in the skin stroma is
carried out by adjusting the brightness threshold val-
ues (Threshold window), this makéeetobjects con-
trasting and clear for calculation (segmentation in the
Fiji platform: Image>Adjust> Threshold with ad-
justment of the brightness threshold values to obtain
clear vessel boundaries). Further calculation of the di-
ameter and roundness coeféiot of vessels in the
skin stroma in Hoffman's disease begins with calibra-
tion using a photograph of a grid with a known cell
size (90 -comerfing pielsitp microme-
ters (the calibration process in the Fiji platform using

es ar e

the number and parameters of the perimeter and areaa grid with a known celkize Analyze>Set Scale>

of CD34positive vessels in order to assess vascular-
ization, and calglation of the percentage of 6i7-
positive and ARpositive intranuclear reactions using
the ImmunoRatio plugin [1:35].

Statistical analysis of data was performed in the
R software environment version 3.4.1 (2606¢30) -

- "Single Candle" Copyright (C) 20; The R Foun-
dation for Statistical Computing Platform: x86-64
w64-mingw32/x64 (64bit), which is freely distrib-
uted under the GNU General Public License.

To compare the vessel perimeter, thesKipro-
liferation index, and hormonal (AR) activity calcu-
lated by the ImmunoRatio plugin in the Fiji platform,
the ShapireWilk test was first used to check the nor-
mality of the distribution of the indicator in each
group. In the case of a difference in distribution from
normality, the nonparametric MasWhitney U est
was used to check the difference in mean values. Dif-
ferences were considered significant at p<0.05. Data

Known
for measuring the length of irregularly shaped ob-
jects, we manually circle the internal diameter of the
vessel section to calcul
and diameter in em (the
parameters with saving ndts in the Fiji platform:

ROI Manager>t>Measure>Results>Summarize).

To save measurements, we use the ROl Manager
(after each stroke, press the letter t, and the corre-
sponding record will be saved in the ROl Manager
window). Pressing the Measure buttonegithe Re-
sults window with the values of all areas and perime-
ters of vessels, which can be used to calculate the av-

erage or total area, average perimeter of vessels, etc.

To obtain the most reliable vascularization data from
each case, three fields of viewe r € anal yz e
magnification. The mean values of the number and
perimeter of vessels in the study group and in the con-
trol group are listed in Tables 1 and 2, respectively.

Table 1
Indicators of morphometric study tife number of vessels in the dermis of the skin in subversive abscessing
perifolliculitis of the head,
Skin area Average number of CD34
study group(n;=12) control group{n,=5) tc
Subepidermal location 15. 64N3. 5. 00NO0. E p<0.05
Dermal location 16. 85N2. 6. 38N0O. & p<0.05
Areas around hair follicles (external ro < <
epithelial sheath and hair dermal papill; 24.33 I§|3 ' L lzll - 0 p<005
Around sebaceous glands 18. 24N4. 6. 36 NO. &€ p<0.05

Note:ni number of
Whitney Utest.
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Table 2
Indicators of morphometric study of the average perimeter of blood vessels in the dermis of the skin in subver-

sive abscessinger i fol |l iculitis of the head, MNSE
Skin area Average perimeter of CD3gositive vesselé6 MN S D
study group, (n:~12) control group(nz=5) o

Subepidermal location 52.07N10 38. 44 NE p>0.05
Dermal location 79. 47N11 35. 02 N7 p<0.05
Areasaround hair follicles (external roc - o
epithelial sheath and hair dermal papilli 85.83 ':ll 26.48 ':l ¢ p<0.05
Around sebaceous glands 68. 64 N1 29. 68 NE p<0.05

Note:MNSDmean val ue N s ti grougsaverd coshpaned by Makhimey Ugest.

Fig. 1. A. Sample from the study group: abscessing perifollicu
arrows indicate dermal inflammatory infiltrates), H&E isitdaicmitreg (1 4
l arge vessels of the dermis), expression of the CD34 marlkenr in thi
(1r400) . C. Sample from the control group (yellow arrow indicates
control group (red arrows indicate small vessels, yellow arrow in
mehtod with Mayer's hematoxylin (1400).

To understand t he degr subducting abscessing perifolliculitis of the head,i v e
proliferation of str at i fcomparedwith the contrgroup in all studied localu m and
the number of andr ogen r zations (subepidermal location, deep layers of ghe o u p ,
the | evel ofc ompiac leddi bf e&dermis, areas around hair follicles, areas around seba-
group, the expbr7e sasnido nAR enceous glands (all p<0.05), with the highest number of
was automatically calcul 24.33N3.78 in areas aratwuind ha
plugin (Fig. 2). 2. The average perimetef CD-34-positive ves-

The distribution of t h selsshowed a significant difference in the samples efr a -
tion and expression of aisubducting abscessing perifolliculitis of the hdade st r a
i fiedosguapithelium of tcomparedwiththe control group inthe deep layers of
groups is listed in Tabl thedermis, areas around hair follicles and sebaceous

Conclusions glands (p<0.05), wit the highest value of 85.83

1. The average number of €X-positive ves- N10.52 in areas around hair f

sels showed a significant difference in the samples of

77

MORPHOLOGIA A BA2uv88d& 4



Fig. 2. Sample from the study group: abscessing persiufboelplii-cul it

der mal localization, multiple mitotic figures in the bKi§&l parts
mar ker in the basal and parabasal parts of the epider mi4dsOO0at. a | ev
C. Active areas-6df exmpoaoleisfse mat iugpn t (0Ki20 %) , |l HC met hod with Mayer's
cytoplasmic expression of AR in most cells of the stratihfied squa
Mayer's hematoxylin (1400).
Tabl e 3
I ndicators of morphometric study of proliferative act
of the skin in subversive abscessing perifoll
Immunohistochemical index Research groups
study group, ('F12) control group{n,=5) te
Proliferative activity by Ki6 7 ( %) , ( M?! 23. 46 N4, 5.22 N1. p<0.05

Androgen receptor expr 94.32N15 82.40 N1 p>0.05

Note:MNSDmean N st an ¢-agrodps wee\compared osing the Mahitney Utest.

3. Ki-67 proliferation index in reactive multi- i nformati on o n-catehireancekbaghr es si on
layer squamous epithelium in subversive abscessing herin in the structures of the pilosebaceous unit in this
perifolliculitis of the pathology. whi ch
was statistically significantly different from the con- Conflict of interest information
trol group (p<0.05), whose proliferation rate re- There are no potential or apparent conflicts of

mainel at the | evel of 5. 2 midrést rBl@e¥ to this manusaript aititha e of pub-h e
expression of androgen receptors in the study and lication and are not anticipated.

control groups did not show any difference Sources of funding

(94.32N15.08 and 8 2. 4 0 N1 The &ulies is partefshp scientific resedroh work

p>0.05), which refutes the theory of hormonal de- i Di agnosi s and Pedatientswithl i zed T

pendence of chronic irfmmation in this pathology. Chronic Dermatoses of Various Origins and Sexually
Prospects for further research Transmitted Infections, Taking into Account Comor-
Continued study of Hoffmann's disease requires b i d Conditionsbo (State R e
0122U000725).
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myocyte secretory apparatus in different parts of developing rat heart.
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ABSTRACT. Relevance Despite the abundance of information about the heterogeneity of secretory atrial granule:
their uneven distribution in individual contractile cells and tissue areas of the myocardium triatheal, today the
morphological features of the development of the cardiomyocyte secretory apparatus depending on their localiza
organ require clarificationThe purposeof the study is to determine the ultrastructural and histochemicardésabf the
development of the cardiomyocyte secretory apparatus in different localizations of the rétbads. Using histochem-
ical reaction to acid phosphatase and transmission electron microscopy, the state of the cardiomyocyte secretor)
of in the myocardium in the right and left atria and ventricles, in the right and left auricles of the heart, as whk
interatrial septum of the rat heart at the stages of prenatal and postnatal ontogenesis waRssuttie@énd summary.
The hghest secretory activity of the mature myocardium is detected in the right auricle of the heart, which is dt
predominance of highly specialized secretory myocytes (more than 75% of the number of myocyte population). T
tory activity of the mture myocardium sections decreases in the sequence: left Avgtieatriumi left atriumi interatrial

septumi interventricular septurh right ventriclei left ventricle. The development of the secretory apparatus at the ¢
of cardiogenesis isdsed on the transformations of the quantitative ratio between highly and lowly specialized se
cardiomyocytes. The highest rates of formation of the secretory apparatus heterogeneity are characteristic of the m
of the right auricle of the lzet; the lowest for the interatrial septum. The ventricular myocardium has moderate sec
activity in the early postembryonic rat development; mature ventricular cardiomyocytes lose secretory activity. Th
tive level of development of the setory apparatus heterogeneity of the myocardium is reached by the end of the 1s!
of postnatal rat ontogenesis.
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Khmara T.V. * | Biryuk I.G. , Zamorskii I.1. , Kukovska |I.L. , SavkaV.G. , Marceniak I.V.
Topographic-anatomical relationships of the median and ulnar nerves in the region of the palm.

Bukovinian State Medical University, Yuriy Fedkovych Chernivtsi National University, Chernivtsi, Ukraine.
ABSTRACT. Relevance Research on the topograplaicatomical relationships of nerves in the palm region is impol
due to the high level of traumatic injuries arainpressiofischemic syndromes in this aré€zbjective. The study aimed tc
supplement and clarify the literature data regarding the topography and anatomical features of the relationship be
median and ulnar nerves in the palm regMaterials and Methods. The features of the fetal topography of the ulnar
median nerves in the right and left palms were studied using 36 preparations from 18 human fetusd$ agedttds
through macromicroscopic dissection, vascular injection, sequential drafviigsection stages, and morphometry. 1
study employed an original method of sequential anatomical dissection of the vessels and nerves in the palm ¢
human handResults This study supplements and clarifies the data on the topograpaicmeal relationships betwee
the ulnar and median nerves. It was found that, in addition to stable innervation zones, there are individual varie
cluding the involvement of both nerves in the innervation of certain muscles, the presence of inténtei-aadral con-
necting branches, and variability in the branching of the median nerve in the carpal @omuilision The anatomical
variability between the median and ulnar nerves and their individual branches indicates a significant degreeuafl i
variability in the topography and innervation of muscles in the palm region. The characteristics of the relationships
the studied structures are of considerable importance for clinical practice, as they reduce the risk of damage dt
sumgeries and improve the effectiveness of diagnostic procedures and surgical interventions.

Key words: palm, ulnar nerve, median nerve, variant anatomy, human.
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