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Cryobiological approaches are widely applied enabling the preservation of the viability
of reproductive cells and tissues in order to improve the success rates of infertility
treatment cycles using assisted reproductive technologies. Cryopreservation offers
patients the opportunity to store biological material for an extended period of time. This
is especially important for those with cancer or other conditions that may affect fertility.
At the same time, the search for cryoresistance markers has become an important
area of focus, as it allows for identifying which cells are best suited for low-temperature
storage. Research on gametes cryoresistance is helping to identify factors that influence
cellular resilience to freezing and thawing, including membrane structural features,
cellular lipid composition, and the presence of specific proteins and antioxidant systems.
This enables the optimization of storage conditions and the selection of the most
effective cryoprotectants for each cell type. The aim of the study was to investigate
the effect of the morphological and morphometric characteristics of the Zona pellucida
(ZP) on oocyte survival, fertilization, and development to the blastocyst stage. After
oocytes isolation and denudation, the morphological (transparency, integrity) and
morphometric (thickness) characteristics were assessed. The survival rate of oocytes
post-cryopreservation was evaluated regarding their morphological characteristics.
Fisher’s criterion was used to assess the significance of differences among study
groups, with data considered significant at p<0.05. The study found that normal ZP
morphological characteristics, specifically high transparency and structural integrity,
were most common in oocytes from the youngest patient group aged 29.81+3.53 years.
This group also exhibited the highest oocyte survival rates post-cryopreservation. There
was significantly higher chance to retrieve oocytes without ZP in group of women aged
38.50+3.65 years old had compared to the youngest group. The total dose of follicle-
stimulating hormone required for superovulation induction also increased with patient
age and was the highest in the group with ZP abnormalities. The highest survival
rate post-cryopreservation was observed in oocytes with a normal ZP structure (93
%), whereas oocytes with absent or abnormal ZP showed significantly lower survival
rates, indicating a negative impact of ZP defects on cryoresistance (42 % in the group
with completely absent ZP). ZP thickness was shown to influence cryoprotectant
saturation and oocyte survival after cryopreservation. Structurally intact ZP allowed
normal cryoprotectant saturation, while increasing ZP thickness prolonged the required
equilibration time. Oocytes with ZP thickness up to 10 um required 5 minutes, those
with 11-15 um needed 7.5 minutes, 16-20 um required 10 minutes, and ZP thicker than
20 um needed 12.5 minutes for optimal results. Prolonging exposure time adversely
affected oocytes with thinner ZP, indicating their increased sensitivity to cryoprotectants.
Thus, ZP thickness is a critical factor in oocyte survival post-cryopreservation, and
adjusting cryoprotectant exposure time accordingly to ZP morphometric characteristics
can improve fertility preservation outcomes.

Keywords: human oocytes, morphology, morphometry, cryopreservation, Zona
pellucida.
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Introduction

Oocyte cryopreservation is an important method for
preserving fertility in patients planning to undergo gonadotoxic
therapy, such as cancer treatment [7, 25]. At the same time,
the physical and chemical factors involved in this process
may cause cellular damage, negatively affecting the structural
and functional characteristics of oocytes [17, 23]. The
effectiveness of oocyte cryopreservation depends on their initial
morphological state, stage of development, and the patient’s
age [25]. The morphological and morphometric characteristics
of cellular structures, particularly the Zona pellucida (ZP), can
also significantly impact oocyte cryoresistance.

ZP is an extracellular matrix that forms around the oocyte
during primary follicle development, with a thickness ranging
from 5 to 20 ym [20]. It consists of four glycoproteins that
create a mesh-like structure [13]. The ZP ensures the stability
of contacts between cumulus cell projections and oocyte
microvilli, which pass through the ZP and form gap junctions,
known to be important for efficient oocyte maturation [10].
The ZP also plays a crucial role in fertilization; in particular,
the cortical reaction following sperm-oocyte fusion prevents
additional sperm penetration [31, 32].

It is known that the elasticity and stiffness of the
extracellular matrix affect fundamental cellular processes,
including growth, proliferation, migration, differentiation, and
organoid formation [5]. These properties also play a crucial
role in protecting cells from potential damage caused by
ice crystal formation during cryopreservation [6]. A key step
in the cryopreservation process is the equilibration of cells
with cryoprotectants. Oocytes are particularly sensitive to
increased osmolarity, a factor that is partially regulated by
the ZP [2]. The structural and functional characteristics of
the ZP play an important role in this process, influencing
cryoprotectant permeability and osmotic balance. It is known
that specific ZP features, such as elasticity, thickness,
and morphological characteristics, can significantly affect
oocyte competence [16] and subsequent embryological
development [19].

However, it remains an open question how the
morphological features of the ZP or even its complete
absence — affect cryopreservation efficiency. Understanding
these effects is crucial for optimizing cryopreservation
protocols, as current protocols are developed using a
generalized approach rather than being adapted to individual
oocyte characteristics [8].

The aim of this study was to investigate the influence of
the morphological and morphometric characteristics of the
ZP on oocyte survival, fertilization, and development to the
blastocyst stage.

Materials and methods

The study was conducted at the ART Clinic for
Reproductive Medicine in Kharkiv. Embryological protocols of
patients undergoing infertility treatment using ART methods
were retrospectively analyzed.

All experiments were carried out in compliance with the

principles of biomedical ethics. Written informed consent
was obtained from all patients for the use of their oocytes
and embryos in the study. All procedures adhered to the
Order of the Ministry of Health of Ukraine dated 09.09.2013
No. 787, “On Approval of the Procedure for the Use of
Assisted Reproductive Technologies in Ukraine,” and the
European Protocol for the Protection of Embryos [9]. The
study was conducted in accordance with the principles of
the Declaration of Helsinki on Human Rights, the Council of
Europe Convention on Human Rights and Biomedicine, and
the recommendations of ESHRE and ASRM [11, 18]. The
study was approved by the Bioethics Committee of the Institute
for Problems of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine (Protocol No. 1, 2019).

Superovulation induction and ART procedures were
performed according to standard protocols [11]. Follicles were
aspirated 36 hours after the administration of 10.000 IlU hCG
(Ovitrel, Switzerland) using a single-lumen aspiration needle
(Wallace, Smiths Medical International, UK) under reduced
pressure (150 mm Hg). The collected oocytes were evaluated
for nuclear maturity under a stereomicroscope (Olympus
Co., Japan). Oocyte maturity was assessed using a stripper
(Cook, USA) and 80 IU hyaluronidase (SuperSurgical, USA).
Oocytes with a clearly visible first polar body under a light
microscope were considered mature (metaphase II).

Denuded oocytes were placed in a drop of Global Total
fertilization culture medium (CooperSurgical, USA) in 30 mm
Petri dishes (Thermo Fisher Scientific, Denmark).

For detailed visualization of the ZP, an Olympus IX-71
inverted microscope (Olympus, Japan) with X400 magpnification
was used. Oocytes were photographed from different angles
using a universal 5.0-megapixel Olympus SC50 camera
(Olympus, Japan) to obtain a comprehensive view of the
morphological and morphometric characteristics of the ZP.

The images were processed using ImagedJ software (NIH,
USA) for morphometric analysis. The thickness of the ZP was
measured by determining the distance between its outer and
inner borders at five points on each image to ensure data
representativeness (Fig. 1).

Fig. 1. A mature human oocyte with a visible polar body,
perivitelline space, and cumulus cells on the ZP.
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At the first stage of the study, oocytes were divided into
three groups based on the morphological characteristics of
the ZP. The survival rate, fertilization, and development of
the resulting zygotes to the blastocyst stage in vitro were
analyzed in relation to ZP morphology. Group | (54 oocytes):
ZP intact, transparent, smooth homogeneous structure with
a perivitelline space; group Il (37 oocytes): these oocytes
had a heterogeneous ZP, showing variability in structure,
density, or appearance; less transparent with an asymmetric
perivitelline space; in group Il (12 oocytes) ZP completely
absent (Fig. 2).

Fig. 2. Human oocytes with different morphological characteristics
of the ZP. A — structurally intact, transparent, and smooth ZP
with a uniform perivitelline space; B — enlarged ZP with an
asymmetrical perivitelline space; C — absence of ZP.

In the second series of experiments, oocytes were divided
into four groups based on ZP thickness: Group 1: (16 oocytes
with a ZP thickness of up to 10 ym), Group 2 (65 oocytes
with a ZP thickness of 11-15 um), Group 3 (58 oocytes with
a ZP thickness of 16-20 ym), and Group 4 (30 oocytes with
a ZP thickness exceeding 20 ym).

Oocytes were cryopreserved using the CryoTech
method (Cryotech, Japan). They were initially equilibrated
in a solution containing 7.5 % ethylene glycol (EG) and
7.5 % dimethylsulfoxide (DMSO) in Global general medium
(CooperSurgical, USA) for varying durations (5, 7.5, 10, and
12.5 min) at room temperature. This was followed by 1 min
vitrification in 15 % EG, 15 % DMSO and 0.5 M sucrose.
Each oocyte was individually placed on a Cryotech carrier
(Cryotech, Japan) and immediately immersed in liquid
nitrogen for storage for at least one week.

Thawing was performed by immersing oocytesina 1.0 M
sucrose solution in Global general medium at 37 °C. After
1 minute, oocytes were sequentially transferred to 0.75 M,
0.5 M, and 0.25 M sucrose solutions, spending two minutes
in each. Post-thaw survival was assessed based on the
integrity of the ZP, plasma membrane, and volume recovery.
Surviving oocytes were cultured in Global Total medium
for fertilization under standard CO, incubator conditions.
After 2 hours, intracytoplasmic sperm injection (ICSI) was

performed. Fertilization was confirmed 16-18 hours after ICSI
by the presence of two pronuclei in the ooplasm.

Embryos were cultured in vitro in a CO, incubator (37 °C,
5 % CO,) for 5 days. The number of blastocysts formed,
as well as the morphological characteristics of the inner
cell mass and trophectoderm, were evaluated according to
Gardner’s criteria [27].

To assess statistical significance between groups,
Fisher’s exact test was used, with a significance threshold of
p<0.05. Statistical analysis was performed using GraphPad
Prism software (version 9.02, GraphPad Software Inc., USA).

Results

The age of patients whose oocytes were analyzed,
the cumulative FSH doses administered for ovulation
induction, and the average number of oocytes retrieved
per superovulation cycle showed no significant differences
between groups | and Il. However, patients in group Il
were significantly older and required a significantly higher
cumulative FSH dose compared to groups | and II. Overall,
patients whose oocytes lacked a ZP had a significantly lower
number of aspirated oocytes (Table 1).

Table 1. Clinical and embryological characteristics of the study
groups (M+m).

Group
Parameters
| (n=54) Il (n=37) Il (n=12)

Average age of
donors, years 29.81£3.53 |31.99+3.38 | 38.50+3.65*
(M £m)
Jotal FSH dose, | 16504275 | 22504225 | 3000+375*
Average number
of oocytes per 9.667+6.256 | 8.865+1.337 | 3.167+1.267*

cycle, (M +m)
Survival rate after

cryopreserva- 92.5 (50/54) | 72.9 (27/37) | 41.6 (5/12)
tion, %

Fertilization -
rate, % 94.0 (47/50) | 92.6 (25/27) | 60.0 (3/5)
Blastocyst deve-

lopment rate. % | 851 (40/47) | 76.0 (19/25) | 66.7 (213)*

Notes: * — significant difference compared to group |, p<0.05;
** — significant difference compared to all other groups, p<0.05.

Oocytes with normal ZP morphology were most frequently
observed in the youngest patients. The average age of women
whose oocytes lacked a ZP was significantly higher than that
of the other study groups. Additionally, the cumulative FSH
dose required for superovulation increased with patient age.
Group Il had a significantly lower mean number of retrieved
oocytes (only 3.167+1.267 oocytes per cycle), suggesting
a decline in ovarian reserve in older patients and a higher
incidence of oocytes without ZP (see Table 1).

The highest survival rate was observed in group I. In
contrast, group Il exhibited the lowest survival rate (42 %,

Vol. 31, Ne1, Page 5-11

7



Morphological and morphometric characteristics of human oocytes’ Zona pellucida: effect on embryological and ...

p<0.05). Structurally intact, transparent oocytes with a
uniform perivitelline space (group |) demonstrated superior
cryoresistance, while oocytes with abnormal ZP were
associated with a lower number of retrieved oocytes and
reduced post-cryopreservation survival. The absence of ZP
had a pronounced negative effect on oocyte cryoresistance,
significantly reducing survival rates compared to groups |
and |l (see Table 1).

Embryological analysis revealed that group | oocytes
had the highest fertilization rate. The embryo development
rate to the blastocyst stage in group | was 85.1 %. In
contrast, embryos with dysmorphic features and lacking ZP
demonstrated a diminished capacity to reach the blastocyst
stage (Fig. 3).

Fig. 3. Morphological characteristics of the oocyte and embryo
without ZP on the first (a), second (b), third (c) and fifth (d) days
of in vitro culture.

In the next series of experiments, the retrieved oocytes
were divided into four groups depending on the thickness of
the ZP: group 1 (16 oocytes with a thickness of up to 10 um),
group 2 (65 oocytes with a thickness of 11 to 15 ym), group
3 (58 oocytes with a thickness of 16 to 20 ym), and group 4
(30 oocytes with a ZP thickness of more than 20 ym) (Fig. 4).
Each group of oocytes was exposed to the cryoprotectant
solution for different periods of time: 5, 7.5, 10, and 12.5
minutes.

Fig. 4. Oocytes of the studied groups with different ZP thickness:
1-8 ym, 2-13 ym, 3-18 uym, 4-21 ym.

The study found that increasing the exposure time in
the cryoprotectant solution negatively affected the survival
rate of oocytes with thinner ZP. This suggests that oocytes
with a thin ZP required less time to achieve cryoprotectant
saturation and were more sensitive to prolonged exposure.

In group 2, survival rates also varied with exposure time
but were significantly higher compared to group 1 at the

same durations. These findings indicate that oocytes with a
ZP thickness of 10-15 ym required a longer exposure period
to ensure adequate cryoprotectant penetration and maintain
high survival rates.

In group 3, the highest survival rate was observed with
a 10-minute exposure to the cryoprotectant solution, while
significantly lower survival was recorded at only 5 minutes.
This suggests that oocytes with a ZP thickness of 16-20 ym
require extended exposure time for optimal cryoprotectant
equilibration.

For group 4 (ZP thickness >20 um), the longest exposure
time was necessary to achieve adequate cryoprotectant
saturation and maximize survival rates (Fig. 5).

120 BGroup | = Group 2 “Group 3 B Group 4

a
100

b b £
T a é c 5
a . = %
b d
C
d
c a8 h
|i I
0 I
8 12 16 20
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Ooevies survival rate, %
= o
= =

o
=

Fig. 5. Oocyte survival rate depending on the exposure time in
the equilibrium cryoprotectant solution. Different letters indicate
statistically significant differences between groups at a specific
equilibrium time.

The study of the influence of ZP thickness on the
frequency of oocyte survival after cryopreservation revealed
a significant effect of this factor on the efficiency of the
cryoprotectant exposure time and oocyte viability. The results
of the experiment indicate that oocytes with different ZP
thicknesses require an individual approach to determining
the exposure time with a cryoprotectant to achieve maximum
survival after thawing.

Discussion

Modern ART is continuously accompanied by the search
for predictors of successful infertility treatment cycles.
Scientific evidence suggests that the morphological and
morphometric characteristics of the ZP can serve as clinical
indicators of oocyte quality and embryonic developmental
potential [12]. Some studies associate ZP thickness with
embryo implantation rates [1]. Aretrospective study revealed
a potential link between cumulus cell apoptosis and ZP
thickness, with higher apoptosis rates observed in cumulus
cells exhibiting pronounced ZP dysmorphism [15].

Our study found that age may influence the frequency
of ZP morphological dysmorphism, with older patients more
frequently exhibiting its absence. The quality of the oocyte ZP
declines with age and increasing doses of ovarian stimulation
drugs, which aligns with findings from other researchers [3].

8
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Our results emphasize the significant role of ZP
morphology in oocyte cryoresistance. ZP dysmorphism,
observed in patients undergoing ART, may result from
external factors such as controlled ovarian stimulation
protocols or internal factors, including inherited molecular
defects and patient age [26]. Group |, in which oocytes
exhibited a well-defined, smooth, and uniform ZP structure,
had the highest survival rate after cryopreservation (93 %).
These findings are consistent with studies demonstrating
that an intact ZP can act as a physical barrier, protecting
the oocyte from external influences during cryopreservation.
A study by J. Choi highlighted the crucial biophysical role
of ZP in shielding oocytes during vitrification, partly due to
its stronger mechanical properties compared to the oocyte
plasma membrane [6]. Additionally, microencapsulation of
various mammalian cells lacking ZP in a ZP-like hydrogel
has been shown to be an effective strategy for enhancing
their survival after vitrification.

Oocytes without ZP are generally not used in ART cycles.
There are only a few reports of successful pregnancies
following the transfer of embryos derived from fertilized
oocytes lacking ZP [28, 29]. The primary etiopathogenesis
of such oocytes remains unclear, although genetic factors
are believed to play a significant role in this process [14].
Studies have shown that oocytes without ZP fertilize and
develop into the blastocyst stage as successfully as intact
ones [30]. However, our results indicate that structural defects
or the complete absence of ZP can negatively affect oocyte
cryoresistance, as uneven cryoprotectant penetration into
the oocyte cytoplasm may lead to intracellular damage. This
represents a promising area for further research, particularly
in developing specialized cryopreservation protocols for
such oocytes.

ZP plays a crucial role in fertilization and early embryonic
development. Even during ICSI, where the sperm is directly
injected into the oocyte cytoplasm, bypassing the need for
penetration, ZP still provides structural protection against
mechanical intervention [22]. Additionally, ZP ensures a
stable microenvironment that may be essential for proper cell
division. Its absence can disrupt cleavage, leading to irregular
division or developmental arrest, potentially reducing embryo
quality [21].
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MOP®OJIONYHI TA MOP®OMETPUYHI XAPAKTEPUCTUKU ZONA PELLUCIDA OOLUTIB NIOAUHN: BNNUB HA

EMBPIONOrIYHI TA KPIOBIOJIOTIYHI PE3YNBbTATU
Mempywko M. 1., IMinsies B. I., FOp4yk T. O.

KpiobionoeidHi nidxo0u wupoKo 3acmocosytombcsi O0nsi 36epexeHHs1 XXumme3damHocmi pernpodyKmueHUX KITIMUH i mKaHUH
3 Memor Mid8UWEHHS yCriwHOCMI YuKrie rikysaHHsi 6e3rniddsi 3a 00nomMo20t0 OOMOMIKHUX PernpodyKmuUHUX MexHomoeaiu.
KpiokoHcepsysaHHsi Hadae naujieHmam Moxinusicme 36epieamu 6iorno2iyHUl Mamepian npoms2omM mpusasnozo Yacy, wo ocobrueo
8aXKr1uBo 01151 OCIb, sIKi CMUKaromMbCs 3 OHKOIO02IYHUMU YU IHWUMU cmaHamu, W0 MOXYmb He2amueHO 8rniaueamu Ha oepmuribHiCmeb.
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Petrushko M. P., Piniaiev V. I., Yurchuk T. O.

BodHouac nowyk mapkepig Kpiope3ucmeHmHoCcmi cmae 8axusum HanpsmMom 00cnidxeHb, OCKiNbKU ye 00380/15€ su3Ha4amu, siKi
KnimuHU Haukpauwe rnioxo0sime 0151 36epicaHHs Npu HU3bKUX memnepamypax. [JocnidxeHHs1 KpiopeaucmeHmHocmi 0oroMazaroms
8u3Ha4YuMmu ¢ghakmopu, Wo 8riuearoms Ha cmitikicms KriimuH 00 3aMOopOXy8aHHS | eidmaesaHHs1, 30Kpema cmpykmypHi ocobnusocmi
membpaH, ninidHuUt cknad KimuH, HasigHicmb crieyugbidHuUX birkie ma aHmuokcudaHmHux cucmem. Lle 0o3eorisie onmumisysamu
ymMosu 3b6epieaHHs ma nidibpamu HalieghekmueHiwi Kpiornpomekmopu 0719 KOXXHO20 murly KiimuH. Memoto pobomu 6yr1o docnidumu
8r1u8 MopgornozidHUX i MopghoMempuyHUX xapakmepucmuk Zona pellucida (ZP) Ha euxueaHHSI, 3ariOHeHHs ma po38UMOK
ooyumie do cmadii bnacmouyucmu. licns idonsauii ma deHydauii ooyumis ouyiHeanu mMopgonoeidHi (npo3opicms, yinicHicms)
ma mMopghomempuYHi (MoswUHa) xapakmepucmuku. BuxueaHHsi ooyumie nicrisi KpioKoHcep8y8aHHS OUiHK8aU 3 ypaxy8aHHSIM
iXHiX MopghonoeidHux xapakmepucmuk. [ns ouyiHKu docmosipHOCMI pi3HUUbL MiX 2pyrnamu eukopucmosysanu kpumepil @iwepa,
cmamucmuy4HO 3Ha4uMuMu egaxarnu daHi npu p<0,05. [JocnidxeHHs rnokasarso, Wo HopMasbHi MOpghooaivyHi xapakmepucmuku ZP,
30Kpema sucoka npo3opicme i cmpykmypHa yinicHicms, Halldacmiwe criocmepizanucs 8 ooyumax HalMonoowol 2pynu nauieHmMoK
sikom 29,81+3,53 pokis. Lsi epyna makox 0eMoHcmpyeana Halsuuwi NoKa3HUKU 8UXUBaHHST 0OUUMI8 riCisl KPIOKOHCep8y8aHHS.
Y epyni xiHok eikom 38,50+3,65 pokie 6yno 3Ha4yHo binbwie oouyumie 6e3 ZP ropieHSHO 3 HaliMOIoOWOo 2pyrnor. 3azarnbHa
003a ¢horiKynocmuMysito4H020 20PMOHY, HeobxiOHo20 0151 IHOYKUii cyneposynsauil, makox 36inbwyeanacs 3 6iKOM rnauieHmoK i
byna Halisuwor y 2pyni 3 aHomanismu ZP. Halisuwul pigeHb 8UXXUBaHHS MiC/Isl KPIOKOHCeP8YB8aHHS criocmepizascsi 8 ooyumax
3 HopmaribHoto cmpykmypoto ZP (93 %), modi sk oouyumu 3 8idcymHboto abo aHomarnbHo ZP 0eMoHcmpysanu 3Ha4HO HUXYi
MOKa3HUKU 8UXUBAHHS, WO 8Ka3lye Ha HeeamusHUU ennus degpekmis ZP Ha KpiopeaucmeHmHicmb (42 % y epyni 3 nogHicmio
g8idcymHboto ZP). byno nokasaHo, wo moswjuHa ZP ennusae Ha HaCU4YeHHs KpiornpomeKkmopamu ma 8uxueaHHs ooyumig ricns
KpiokoHcepeysaHHSA. CmpykmypHO iHmakm+a ZP crnipusina Kpaw,oMy HacUu4yeHHI0 Kpiorpomekmopamu, rnpu Ubomy 36inbueHHs
moswuHu ZP nodoexysano HeobxiOHuli Yac Ons pigHosazu. Qoyumu 3 moswuHoto ZP 0o 10 mkm nmompebysanu 5 xs, 3
mosuwjuHor 11-15 mkm — 7,5 x8, 3 mosujuHor 16-20 mkm — 10 x8, a dnss ZP moswuHoto noHad 20 mkm 6yrno HeobxidHo 12,5 xe
01 onmumarnbHo20 pesynbmamy. [1p0d0o8XeHHsT eKCro3uyii HeeamueHO 8riu8asio Ha ooyumu 3 moHwWor ZP, wo ceidyums rnpo
iXHI0 midsuwieHy Yymmnusicmb 0o Kpiornpomekmopie. Omxe, moswuHa ZP € Kpumu4HUM (bakmopoM 8UXKUBaHHS ooyumig ricrs
KpIOKOHCep8ysaHHs, a adanmauisi 4acy ekcrio3uyii 0o Kpiornpomekmopie 8idrnogioHo A0 MopghoMempuYHUX xapakmepucmuk ZP
MOXe Mokpawumu peayrbmamu 36epexxeHHs1 hepmusibHOCM.

KntouoBi cnoBa: ooyumu noduHu, Mmopghonoeisi, Mopghomempisi, KpiokKoHcepaysaHHs1, Zona pellucida.
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Thrombophlebitis is recognized as one of the most common complications of chronic
venous insufficiency (CVI). Its course is characterized by inflammation of the venous
wall and the formation of blood clots in the lower extremities of varicose veins.
Thrombophlebitis is diagnosed according to various data in 5-60 % of patients with
CVI. The number of drugs with a phleboprotective effect and the ability to reduce the
processes of thrombus formation in veins on the pharmaceutical market of Ukraine
and the world is extremely limited. As a promising object, as a new phleboprotective
drug, medicinal plant raw materials can be considered, namely the extract of the
herb Saponaria officinalis, for which venotonic and antiexudative effects have been
established in previous studies. The aim of this work was to study the effect of
Saponaria officinalis herb extract on changes in the histological parameters of the
ear vein in rabbits under conditions of experimental thrombophlebitis. Experimental
thrombophlebitis was modeled on rabbits according to the standard method with
applying a ligature to the marginal vein of the animal’s ear and injecting Lugol’s
solution. Histological changes after phytocomposition administration (ETML) (20 mg/
kg intragastrically) were compared with the effectiveness of the reference drug Eskuvit
(7.2 mg/kg for escin intragastrically). It was established that the therapeutic and
prophylactic administration of ETML at a dose of 20 mg/kg significantly prevented
thrombus formation in the marginal ear vein of rabbits, contributing to the softening
of the thrombus material, thrombolysis, preventing the acquisition of an obliterating
character for thrombotic masses. in all rabbits of the group. probably reduces the
clinical indicators of transudative edema, which developed as a result of acute
venostasis. ETML prevented the destruction of the vascular wall, reduced or eliminated
degenerative changes and inflammatory reaction in the surrounding tissues. Significant
advantages of ETML over the comparison drug Eskuvit have been established. Under
the conditions of experimental thrombophlebitis, the therapeutic and prophylactic
administration of ETML at a dose of 20 mg/kg has a powerful phleboprotective effect,
reduces the processes of thrombus formation in the vein. The effect of ETML is
statistically significantly higher than the effectiveness of the comparison drug Eskuvit.
Keywords: Saponaria officinalis herb extract, experimental thrombophlebitis,
histological changes, Escuvit, phleboprotective effect, anti-inflammatory effect,
medicinal plants.

Introduction

The thrombotic and associated inflammatory process in
the veins, leading to the development of thrombophlebitis,
can affect both varicose-altered and non-varicose veins. In
clinical practice, this distinction has led to the classification
of thrombosis of varicose-altered superficial veins
(varicothrombophlebitis) and thrombosis of non-varicose

superficial veins [41, 42, 43].

The prognosis of the disease and the treatment strategy
for patients with varicothrombophlebitis and thrombosis of
non-varicose superficial veins exhibit certain differences.
However, therapeutic recommendations include both
pharmacological agents with phleboprotective properties

1 2 Copyright © 2025 Tsubanova N. A. et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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and those capable of reducing thrombus size [33, 37, 38].

The most common risk factor for thrombophlebitis is
the presence of varicose veins of the lower extremities.
Transformation of superficial veins in patients with
thrombophlebitis is detected in up to 80 % of cases.
Conversely, thrombophlebitis develops in 5-60 % of patients
with varicose vein disease of the lower extremities [21, 24].

The major etiological risk factors for thrombophlebitis
include age, obesity, tobacco use, a history of deep
vein thrombosis or thrombophlebitis, pregnancy and the
postpartum period, oral hormonal contraceptive use, hormone
replacement therapy, immobilization, recent surgeries and
trauma, and oncological diseases. For instance, within
the first month postpartum, the risk of developing de novo
thrombophlebitis significantly increases. A positive correlation
between thrombophlebitis and oncological diseases has
been established in 10-18 % of patients [10].

Genetic factors play a significant role in the
etiopathogenesis of thrombophlebitis. Hereditary
thrombophilia, particularly Leiden factor V mutation,
prothrombin gene mutation G20210A, and deficiencies of
antithrombin IIl (AT Ill), protein C, and protein S, significantly
increase the risk of thrombophlebitis [41].

In patients with thrombotic vein lesions, oxidative stress
and dyslipidemia play a crucial role, increasing the risk of
recurrent thrombophlebitis fivefold in cases of untimely or
inadequate treatment [31, 34].

The most dangerous complications of thrombophlebitis
include thrombus extension into the deep veins and the
development of pulmonary embolism. According to various
authors, the incidence of thrombus propagation into
deep veins reaches 18-20 % (95 % CI 13.9-23.3), while
the frequency of symptomatic pulmonary embolism in
thrombophlebitis cases is reported at 6.5-7.5 % (95 % CI
3.9-11.8). Itis crucial to consider the risk of thrombophlebitis
extending into the deep venous system, which ranges from
7 % to 32 % [36, 38, 39, 41].

The pharmacotherapy of thrombophlebitis includes
various drugs with different mechanisms of action, such as
anticoagulants, anti-inflammatory agents, venotonic drugs
(which stimulate venous blood flow), and phleboprotective
agents (which restore venous wall integrity) [30, 32].

Pathogenetically justified pharmacotherapy of
thrombophlebitis involves the use of drugs with membrane-
protective, venotonic, antioxidant, and anti-inflammatory
properties [23].

Given the chronic nature of venous insufficiency with
periodic episodes of thrombophlebitis, an important task
for pharmacology is the development of an effective
phleboprotective agent suitable for long-term and safe use.
Phytoniring-based drugs (agents derived from medicinal plant
raw materials) meet these requirements. These preparations
contain a complex of biologically active substances with
multifunctional properties, membrane-stabilizing effects
on affected veins, normalization of hemostatic processes
(anticoagulant action), reduced thrombus formation risk, a

broad therapeutic dose range, and low toxicity.

A promising medicinal plant raw material for the
development of a novel domestic phleboprotective agent
is the thick extract of Saponaria officinalis (soapwort) herb
(SOTE), developed by Doctor of Pharmaceutical Sciences,
Professor Marchyshyn S. M. (I. Horbachevsky Ternopil
National Medical University, Ukraine). Pharmacognostic
studies have demonstrated that the investigated Saponaria
officinalis extract contains a significant amount of triterpene
saponins and other biologically active compounds, whose
biological activity correlates with the pathogenesis of venous
system disorders [5, 12].

The aim of this study was to evaluate the effect of
Saponaria officinalis herb extract on changes in the
histological parameters of the ear vein in rabbits under
experimental thrombophlebitis conditions.

Materials and methods

To model experimental thrombophlebitis in rabbits, a
comprehensive thrombophlebitis methodology in rabbits was
selected [16]. The methodology includes ligation to induce
blood stasis, as well as the administration of a chemical agent
(Lugol’s solution) to damage the vascular intima, given the
proven greater effectiveness of using multiple thrombogenic
factors in experiments.

The experiment was conducted on 24 rabbits weighing
2-2.5kg. The animals were housed under standard vivarium
conditions at the National Pirogov Memorial Medical
University, Vinnytsia, with ad libitum access to food and water.
The study was conducted in accordance with the National
“General Ethical Principles of Animal Experimentation”
(Ukraine, 2001), which comply with the provisions of the
“European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1986) [26]. The Bioethics Committee
of the National Pirogov Memorial Medical University,
Vinnytsia, found no violations of ethical standards in the
conduct of the research (Protocol No. 11 dated November 18,
2024). The experiments were conducted with consideration
of circadian and seasonal rhythms, and all procedures
were performed under standard conditions from 9:00 to
10:00 a.m. A ligature was applied to the marginal ear vein
of the rabbits after preliminary depilation and disinfection.
Above the ligature, 0.1 mL of a 2 % Lugol’s solution was
introduced into the vein lumen. Following the administration
of Lugol’s solution, the ligatures were removed to restore
blood circulation in the vessel. The laboratory animals were
distributed as follows (six rabbits per group):

Group 1 — intact control;

Group 2 — pathological control (thrombophlebitis);

Group 3 — thrombophlebitis + therapeutic-prophylactic
administration of SOTE at a dose of 20 mg/kg;

Group 4 — thrombophlebitis + therapeutic-prophylactic
administration of Escuvit at a dose of 7.2 mg/kg based on
escin content.

The tested SOTE extract and the reference drug Escuvit
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were finely ground into powder, thoroughly mixed with distilled
water to form a suspension, and administered intragastrically
to the animals using a metal probe with an olive tip. The
administration was performed once daily, starting seven
days before pathology induction and continuing for ten days
during its progression.

Rabbits from all groups were euthanized on the 10th day
of the experiment via air embolism. The excised samples
(approximately 3 cm from the ligation site) were fixed in a
10 % formalin solution, dehydrated in ethanol of increasing
concentrations, and embedded in paraffin. The sections were
stained with hematoxylin and eosin. Microscopic examination
of the histological specimens was performed using a Granum
microscope. Microphotography was conducted with a
Granum DCM 310 digital video camera, and the images
were processed on a Pentium 2.4 GHz computer using the
Toup View software.

Results

The histological structure of the examined ear region in
animals from the intact control group is characterized by a
normally appearing epidermis lining both the outer and inner
surfaces. The dermis of the skin proper contains hair follicles
and sebaceous glands. Near the cartilage plate, transverse
profiles of the external marginal ear vein are visible. The
vessel lumen is narrow, and the venous wall is thin. The
vessel wall consists of the intima (elongated endothelial
cell nuclei), a very thin media (almost devoid of muscular
components, with very fine and sparse collagen fibers), and
an indistinct adventitia. The surrounding tissues of the vein
showed no signs of inflammation or edema (Fig. 1).

Fig. 1. External marginal ear vein of an intact rabbit. The
condition of the vessel and surrounding tissues (indicated by
arrows) corresponds to the norm. Hematoxylin-eosin. x100.

In animals of the control pathology group, on the 10th day
of experimental thrombophlebitis development, significant
necrosis of the epidermis, dermis, and even the cartilage
plate, as well as a diffuse inflammatory reaction, were
observed in the injured area (Fig. 2a).

In areas adjacent to the necrosis, the venous lumen
is markedly dilated and filled with a relatively dense red

thrombus. In certain regions, the venous wall is damaged,
with visible adhesion of the thrombus to the destructed
remnants of the vein. The surrounding dermis exhibits an
inflammatory reaction of varying intensity and degenerative
edema of collagen fibers (Fig. 2b).

Fig. 2. Control pathology group. External marginal ear vein of
the rabbit on the 10th day of thrombophlebitis development:
a — extensive necrosis of all tissues in the injured area (x100);
b — barrel-shaped dilation of the vascular lumen, occluded by
a red thrombus (outlined), vascular wall partially destroyed,
collagen fibers of the dermis in a state of degenerative edema,
inflammatory reaction in the dermis (x200). Hematoxylin-eosin.

Additionally, in animals from the control pathology group,
various stages of thrombus organization were observed
along almost the entire examined segment of the ear vein.
These stages ranged from the breakdown of erythrocytes
and leukocytes and the appearance of connective tissue cells
to partial or complete obliteration with lumen overgrowth by
connective tissue. Moreover, perivascular tissue fibrosis and
signs of inflammation in the dermis were detected (Fig. 3).
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Fig. 3. Control pathology group. External marginal ear vein of a rabbit on day 10 of thrombo-phlebitis development. Lysis of thrombotic
masses (outlined) (a), stages of thrombus organization (outlined) (b-c), complete obliteration of the vascular lumen (outlined) (d).
Inflammatory reaction of varying intensity and perivascular fibrosis. Hematoxylin-eosin. x250.

In rabbits that received SOTE at a dose of 20 mg/kg in
a therapeutic-prophylactic regimen, no necrosis of the vein
tissues was observed in the injury zone. The lumen of the
external marginal ear vein was widened, but the thrombus
did not occlude the vein and was parietal in nature. The
thrombotic masses appeared significantly softened, and in
some specimens, they were lysed.

The vein wall remained intact. The collagen stroma of
the dermis was slightly edematous, but the inflammatory
response was not pronounced (Fig. 4). Further along the vein,
in areas more distant from the site of injury, no thrombus was
observed in the vascular lumen. Various residual erythrocyte
masses of different volumes and densities were present but
did not obstruct blood flow. The condition of the vein wall
was close to that of an intact vessel, and no fibrosis of the
perivascular tissue was detected. Signs of inflammation in the
ear tissues were either absent or significantly reduced (Fig. 5).

Fig. 4. External marginal ear vein of a rabbit that received SOTE
at a dose of 20 mg/kg in a therapeutic-prophylactic regimen on
day 10 of thrombophlebitis development. 1 — parietal thrombus in
the widened vascular lumen, liquefaction of thrombotic masses;
in some areas, 2 — initial infiltration of thrombotic masses by
leukocytes. Hematoxylin-eosin. x200.
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Fig. 5. External marginal ear vein of a rabbit that received SOTE at a dose of 20 mg/kg in a therapeutic-prophylactic regimen on
day 10 of thrombophlebitis development. Vascular normalization: various volumes of liquefied erythrocyte masses (outlined) in the
vascular lumen (a-d), vessel wall condition approaching normal, and a marked reduction in signs of inflammation in surrounding

tissues. Hematoxylin-eosin. x200.

The administration of the comparative drug Eskuvit
in the same regimen prevented the formation of necrotic
zones in the venous injury area. The expanded lumen of the
marginal ear vein is filled with a thrombus of varying size.
The thrombotic masses are not uniformly dense, with areas
that are cracked and softened (which may allow blood flow in
these regions), and some areas are infiltrated by leukocytes.
The vessel wall is partially damaged, and the perivascular
tissue is swollen. The tissues of the ear itself are infiltrated
with inflammatory cells (Fig. 6).

Further along the vein, in some histological samples of
the examined segment of the ear, the thrombus was still
present. Processes of its organization were observed, and
in parallel with the organization, distinct signs of canalization
were found — the appearance of newly formed capillaries

in the connective tissue that replaced the thrombus, which
restored blood flow in this section of the vein. Closer to the
edge of the ear, the state of the marginal vein in these rabbits
was close to normal. In other cases, only erythrocyte masses
of varying volumes were visible in the lumen of the vein.
The condition of the collagen fibers in the dermis slightly
normalized (Fig. 7).

Discussion

Chronic venous insufficiency (CVI) is one of the most
prevalent diseases of modern times. The World Health
Organization has included varicose veins in its list of
“diseases of civilization”: according to its data, this pathology
affects 40 % of women and 32 % of men worldwide.

Varicose veins are the most common visible symptom of
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Fig. 6. The external marginal vein of the ear in the rabbit, which received Eskuvit at a dose of 7.2 mg/kg as escin in the therapeutic
and prophylactic regimen, on the 10th day of experimental thrombophlebitis. Thrombotic masses of varying size (outlined by a
line), which are not uniformly dense (a — b), fill the vessel lumen. The vessel wall is partially damaged. Hematoxylin-eosin. x200.

Fig. 7. External marginal vein of the rabbit’s ear, which received Escuvit at a dose of 7.2 mg/kg as escin in a therapeutic-preventive
regimen, on the 10th day of thrombo-phlebitis development. Organization of the thrombus (outlined with a line) and canalization of
the thrombus (arrow) (a); remnants of erythrocytic masses (outlined with a line) in the lumen of the vessel (b); lysis of erythrocytes
(c); vein with a small thrombus (outlined with a line) (d). Hematoxylin-eosin. x200.
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venous insufficiency, but they do not occur in every patient.
Deep vein insufficiency is less common and is often caused
by deep vein thrombosis. CVIimposes a significant economic
burden on society in the form of medication and surgical
treatment costs and, importantly, an immeasurable loss of
work productivity due to pain and disability [18].

CVlis a multifactorial disease associated with endothelial
dysfunction, inflammation, venous wall remodeling, valve
incompetence, venous hypertension, and reflux [6]. Other
causes include venous outflow obstruction and calf muscle
pump failure due to obesity or leg immobility.

Pharmacological treatment is an essential component
of conservative CVI management; therefore, the indications
and benefits of this therapeutic approach in patients with
venous system disorders are indisputable. The goals of
pharmacological treatment include [13]: increasing venous
emptying; affecting vascular walls and interstitial tissue;
restoring metabolic balance (eliminating oxidative stress);
reducing thrombotic predisposition in the lymphatic system;
and minimizing cellular damage.

An important aspect of CVI treatment is the use of modern
phlebotropic agents (venotonics, phleboprotectors) as first-
line therapy. This is a substantial group of pharmacological
agents, usually of natural origin, with the ability to enhance
venous outflow from the lower limbs.

A crucial contribution to CVI therapy effectiveness is the
use of modern venotonic agents (phleboprotectors). This is
a large group of pharmacological agents, typically of natural
origin, whose primary feature is their ability to enhance
venous outflow from the lower limbs. This effect results
from a synergistic influence on various components of the
microcirculatory system and/or a direct impact on venous
wall tone. Their mechanism of action is usually pleiotropic
and includes stimulation of lymphatic flow, anti-inflammatory
and antioxidant activity, improvement of hemorheology, and
endothelial protection.

The most commonly used venotonics belong to four
main groups of drugs, including flavonoids (hesperidin,
diosmin, rutin, esculin), saponins (escin, horse chestnut
extract, Ginkgo biloba), coumarins, synthetic venotonics,
or combination drugs (calcium dobesilate, tribenoside,
naftazone, benzarone).

However, the evidence base for the effectiveness of
phleboprotective agents has been confirmed only for certain
drugs from the extremely broad list of phleboprotectors.
Therefore, despite extensive experience, comparisons of
the clinical efficacy of pharmacotherapy for CVI symptoms
using various venotonic drugs from different pharmacological
groups do not allow for the definitive identification of the
most effective drug. This is due to the insufficient number of
randomized clinical trials and the significantly limited range
of drugs available for comparison, which justifies the need
for further research in this direction [14].

In our opinion, a promising addition to the arsenal
of modern natural phleboprotective agents could be the
use of an extract from the plant Saponaria officinalis L.

(Caryophyllaceae), commonly known as common soapwort,
which is widely distributed worldwide [19]. Phytopreparations
derived from various parts of Saponaria officinalis are used in
traditional medicine: the root as a blood-purifying, diaphoretic,
and diuretic agent; the sap for liver diseases and to enhance
bile outflow; and the leaves and roots for skin diseases
[27, 28]. Literature data indicate that Saponaria officinalis
contains a high level of saponins. The saponin fraction of
common soapwort has demonstrated anti-inflammatory
activity in vitro in a carrageenan-induced edema model in
rats and has been shown to inhibit prostaglandin synthetase
[17]. Purified saponins from the Saponaria officinalis fraction
have demonstrated a hypocholesterolemic effect in vitro,
which is believed to result from the saponins’ ability to form
an insoluble complex with cholesterol [4]. In addition to
saponins, common soapwort also contains tannins, quillaic
acid, flavonoids, sulfur-containing compounds, various
phenolic compounds, and essential oils [20]. Experimental
research data indicate that soapwort saponin extracts
possess antibacterial and antifungal activity [1, 7].

Our results demonstrated the high phleboprotective
efficacy of soapwort herb extract in an experimental model
of thrombophlebitis. Microscopic findings confirmed the
development of experimental thrombophlebitis, as evidenced
by pathological changes both in the vessel itself and in the
surrounding tissues, which occur due to temporary cessation
of blood flow in a limited area of the ear, along with the
simultaneous injection of Lugol’s solution into the marginal
vein cavity. By the 10th day of experimental thrombophlebitis
development in animals from the control pathology group,
thrombosis of the marginal vein was observed, characterized
by lumen obstruction, vascular wall destruction, degenerative
and inflammatory changes in the surrounding dermal tissues.
Signs of different stages of thrombus organization were
recorded — from erythrocyte and leukocyte breakdown,
and the appearance of connective tissue cells, to complete
occlusion of the lumen by connective tissue, cessation of
blood flow in this area, and the development of vascular wall
sclerosis of varying severity, as well as perivascular fibrosis.

The extract of Saponaria officinalis herb, when
administered in a prophylactic-therapeutic regimen,
significantly prevented thrombus formation in the marginal
vein, promoting the softening of thrombotic material,
thrombolysis, and preventing thrombotic masses from
becoming obliterative in all rabbits in the group. As a result,
the degradation products of the thrombus were “washed
away” by the blood flow, and unlike in the control pathology
group, hemocirculation was restored in the examined area of
the ear. SOTE prevented vascular wall destruction, reduced
or eliminated degenerative changes in the surrounding
tissues, and exhibited anti-inflammatory effects.

The prophylactic effect of the reference drug Escuvit in
this experimental model of thrombophlebitis varied among
animals. In some cases, thrombosis in the marginal ear vein
was prevented, while in others, active thrombus formation
followed by its canalization was observed, facilitating the
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restoration of blood flow in the thrombosed vessel. Under the
influence of Escuvit, inflammatory and sclerotic changes in
the ear tissues were reduced. Thus, in terms of the positive
impact on the morphological manifestations of experimental
thrombophlebitis, the reference drug Escuvit was significantly
inferior to the studied SOTE.

The established pharmacological activity of SOTE in
experimental thrombophlebitis, which significantly surpasses
the reference drug Escuvit in restoring the histological
parameters of the vein, is presumably realized through the
additive synergy of the biologically active compounds (BAC)
of Saponaria officinalis herb extract [5, 12]. These include
triterpene saponins (4 % in the extract), hydroxycinnamic
acids (7.36 % in the extract), and flavonoids (15.8 % in the
extract).

The corticosteroid-like action of the saponins present
in SOTE (saponaroside A, saponaroside D, saponrubin)
suppresses the synthesis of pro-inflammatory intermediates
(interleukins IL-1, IL-2, IL-6, IL-8, vascular endothelial growth
factors, tumor necrosis factor-a (TNF-a), and interferon-y),
which promote inflammatory and phlogogenic responses
[3, 11]. An important aspect of the phleboprotective action
of saponins, including escin, is their ability to stimulate the
synthesis of prostaglandin F,,_, which exerts a venotonic effect
and, according to Gallelli L. [8], prevents hypoxia-induced
disruptions in the normal expression and distribution of
endothelial cell platelet adhesion molecule-1 in the vein [3, 15].

The reduction of thrombus formation processes in the
vein under the prophylactic-therapeutic administration of
SOTE is likely also mediated by the normalizing effect of
saponins on hemostatic processes in the damaged area.
This includes inhibition of the coagulation component of
hemostasis, direct inhibition of thrombin, and a reduction in
thrombus formation in the vein [3].

The venotonic and antithrombotic effects of saponins are
most likely the key mechanisms underlying the phleboprotective
action of SOTE in experimental thrombophlebitis.

Hydroxycinnamic acids (chlorogenic acid, syringic
acid, caffeic acid, quinic acid) and flavonoids (quercetin,
isoquercetin, kaempferol), which are present in significant
amounts in the Saponaria officinalis extract, as reported by
Ullah R. et al. [29], Yang X. et al. [35], Shabbir U. et al. [25],
and Zhao L. et al. [40], exhibit substantial anti-exudative and
anti-inflammatory effects, contributing to the phleboprotective
activity of the studied extract.
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OOCHNIIXEHHSA BNNUBY EKCTPAKTY TPABU SAPONARIA OFFICINALIS HA TICTONOCYHI 3MIHU KPAMOBOI BEHU
BYXA 3A YMOB EKCNEPUMEHTANIbHOINO TPOMBO®JNEBITY

Ly6aHoea H. A., Bonowyk H. I., 3acmpusxxna M. J1.

Tpomb6oghne6im eusHaHO 0OHUM i3 HalibinbW PO3MO8CIONKEHUX YCKNaOHEHb XPOHIYHOT 8eHO3HOI HedocmamHocmi (XBH). Mozo nepebiz
Xapakmepu3ye 3ananeHHsi 8eHO3HOI CMIHKU 3 r1odanbwuM mpoM6OymeOPEHHSIM Y 8apUKO3HO PO3WUPEHUX 8EHaX HUXHIX KiHUIGOK.
Tpomboghriebim diaeHocmytoms 3a pisHUM OaHumu y 5-60 % nauieHmis i3 XBH. Kinbkicmb nikapcbkux 3acobig, siki 30amHi 3MeHwysamu
npouecu mpomboymeopeHHs y seHax (¢hrniebornpomekmopu), HedocmamHbo rpedcmasrieHa sik 8 YkpaiHi, mak i Ha chapmayesmuyHomy
PUHKY iHWUX KpaiH. Halubinbw nepcrnekmusHumu ¢rebornpomekmopamu egaxarompb 3acobu pOC/TUHHO20 MOXOOXEHHS, ceped sIKUX
saxruse micye 3aliMae ekcmpakm mpasu Saponaria officinalis, 0515 sikoeo y nonepedHix O0CiOXEHHSIX 8CMaHOB8IEHO 8EHOMOHI3ytody ma
aHmuekcydamusHy dito. Memotro daHoi pobomu byrno sug4umu 8rnue ekcmpakmy mpasu Saponaria officinalis Ha 3miHy eicmonoaidHux
r1oKa3HUKI8 8EHU 8yXa y Kporlig 3a yMo8 eKcriepuMeHmarnsHo20 mpombogpnebimy. ExcriepumernmansHulti mpomboghnebim modernrosanu
Ha Kposisix 3a cmaHOapmHOK MemoOUKOI0 3 HaknadaHHSM flizamypu Ha Kpaliosy 8eHy 8yxa meapuHu ma e8e0eHHsIM po3duHy JTrozonsi.
licmonoeiyri 3miHu Ha mni docnidxysaHoi ghimokomnoauuii (20 me/ke e/wn) nopieHrosanu 3 diesicmio peghepeHc-npenapamy Eckysimy
(7,2 me/ke 3a ecyuHom e/win). [Moka3aHo, wo ekcmpakm mpasu Saponaria officinalis 3a ymoe rikysanbHo-npoginakmuyHo2o 88e0eHHs 8
3HayHil Mipi nornepedxysas mpomboymeopeHHs y Kkpaliosili 8eHi 8yxa Kporig, CrpUsiFoYU PO3M SIKWEHHIO Mamepiay mpom6y, mpombonisucy,
3arnobiearoqdu Habymmio 0briimepyroHo20 xapakmepy 05151 mpoMbidHUX Mac y 8Cix Kposig OOCiOHOI epyrnu, 3MeHWYy8aes KiliHidHi MOKa3HUKU
mpaHccydamueHo20 HabpsiKy, sIKuli pO38UHY8CS1 8HaciOOK eocmpoeo eeHocmasy. Takum YUHOM, ekcmpakm mpasu Saponaria officinalis
nepewkodxas pylHysaHHIO CyOUHHOI CMIHKU, 8UKUKae derpecito abo rosHe HigeneaHHs 0e2eHepamueHUX ma 3anasbHUxX 3MiH 8
0mMoYylYUX MKaHUHax. 3a yMoe ekcriepumMeHmarnbHo20 mpomboghriebimy nikysanbHo-npoginakmu4yHe 88e0eHHsI ekcmpakm mpasu
Saponaria officinalis y 0o3i 20 ma/ke YuHUMBb nomyxHy ¢hreborpomeKkmopHy 0ito, 3MeHWye npouyecu mMpomboymeopeHHs y eeHi. [is
ekcmpakm mpasu Saponaria officinalis 3Hayywe nepesuuiye echekmusHicmp rpenapamy nopieHsIHHS Eckysimy.

KnrouoBi cnoBa: ekcmpakm mpasu Saponaria officinalis, ekcnepumeHmarnsHuli mpomboghriebim, zicmornoeiyHi 3miHu, Eckysim,
neboripomekmopHa 0isi, Mpomu3anasibHa akmueHicmb, likapChbKi POCUHU.
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Obstructive jaundice is a prevalent condition in surgical wards. Despite the possibility of
surgical removal of biliary obstruction, the high incidence of multiorgan damage during
the postoperative period and the associated mortality remain significant challenges
for clinical practice. The animal model of obstructive jaundice constitutes a significant
component of the study of alterations in human organs, including the diaphragm. The
aim of this study was to examine the impact of jaundice on the histological structure
of the diaphragm, with a particular focus on the lumbar part, which is the most
functionally important, and the costal and tendon components in the experimental rat
model. The study was conducted on 30 adult rats weighing 225.0+20.0 g and aged
6 months. All animals were divided into 2 groups: intact and main. The intact group
included animals that were not modeling with any pathological process. In the second
group of animals, obstructive jaundice was modeling by ligation of the common bile
duct, using laparotomic access under general anesthesia. The digital material was
subjected using the software “Excel” and “STATISTICA” 5.5 using parametric methods
for evaluating the obtained data. The results demonstrated significant destructive and
degenerative alterations. In the main group, particular attention was directed towards
circulatory disturbances in the microcirculatory system and medium-sized vessels.
Capillaries, venules, and arterioles exhibited full blood content, accompanied by all
indications of rheohemodynamic disorders, manifesting as blood stasis, erythrocyte
sludge, and their parietal adhesion. The arterioles appeared to be thickened as a result
of plasma saturation. The endothelium exhibited modifications, with the appearance
of rounded cells with vacuolated cytoplasm. Some of these cells were exfoliated.
Additionally, edema and smooth muscle dystrophy were observed in the vessel walls,
with these changes being more pronounced in the lumbar part of the diaphragm. In
the presence of jaundice, the tendon part of the diaphragm exhibited a distinct ratio of
structural components compared to the intact group. The tendon layer demonstrated
an increase in thickness, which was attributed to edematous loosening. The collagen
fibres exhibited a tortuous appearance, and the unevenness of colour became more
pronounced compared to the intact group. Additionally, increased cellular infiltration
was observed, both diffuse and with the formation of focal infiltrates. The presence of
macrophages was observed in the structure of infiltrates, alongside conventional cells.
A statistically significant increase was identified in the morphometric parameters of the
muscular part of the diaphragm, including the average diameter of the muscle fibre, the
nuclei area, the cross-sectional area of the muscle fibre, and the nuclear-cytoplasmic
ratio, in the primary group. Furthermore, under the conditions of experimental jaundice,
microcirculation disorders with impaired rheohemodynamics, endothelial dysfunction,
and dystrophic-destructive changes in the muscle and tendon components occur in parts
of the diaphragm, and these are more severe in the muscles of the crus of diaphragm.
Key words: jaundice, diaphragm, histology, rats, experiment.

Introduction

Obstructive jaundice is a type of clinically common
disease that is mainly associated with impaired bile flow

[11, 23, 25]. The bile ducts are either significantly narrowed
or completely blocked, resulting in the obstruction of bile

22 Copyright © 2025 Kritsak M. et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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from entering the digestive tract [3, 17]. This can lead to
pathophysiological disorders of the body, ultimately resulting
in an imbalance and dysfunction of the intestinal flora,
which is accompanied by severe septic shock and systemic
multiorgan failure [7, 29, 30]. The disease is frequently
characterised by an acute onset, rapid progression and high
mortality [16, 17].

The animal model of obstructive jaundice is a vital
component of the study of this disease. It provides a
foundation for investigating the pathogenesis of various
bodily changes, evaluating the therapeutic effect, and
developing new drugs [4, 6, 11]. The majority of existing
animal models of obstructive jaundice are established
through bile duct ligation, which not only poses challenges
during surgery but also results in a low survival rate [12, 22].

The high incidence of multiorgan damage during the
postoperative period and the associated mortality remains
a problem in clinical practice. Previous studies have shown
that changes in intestinal barrier function based on obstructive
jaundice led to the migration of bacteria and endotoxins
to various organ systems [9, 19, 21]. In animal models,
these toxins and molecules increase the amount of lipid
peroxidation products via oxidative stress. This, in turn, affects
extrahepatic tissues such as the kidneys, lungs and brain,
including the diaphragm [5]. A complete understanding of the
pathophysiological changes in obstructive jaundice remains a
challenge for planning current and future treatment[1, 8, 10].

The aim of this study is to investigate the effect of jaundice
on the histological structure of different parts of the diaphragm,
the lumbar part of the diaphragm as the most functional, the
costal and tendon parts in the experimental rat model.

Materials and methods

In order to achieve this objective, a random selection
of 30 sexually mature rats, aged 6 months and weighing
225.0+20.0 g, was made. The experimental animals were
kept in the vivarium of the I. Horbachevsky Ternopil National
Medical University of the Ministry of Health of Ukraine. During
the experimental study, the animals were divided into two
groups of 10 animals each. Group | was designated as the
intact group, for which no pathological process was modelled.
Group Il was designated as the main group, for which
obstructive jaundice was modelled for a period of seven
days [17]. The temporal frame selected for this study was not
arbitrary. According to extant literature, a duration of five to
seven days is deemed sufficient to elicit the desired severity
of jaundice in rats, thus facilitating the observation of changes
in organs and body systems. This timeframe is considered
optimal for the study of this pathology [14, 15]. The presence
of jaundice was assessed by the following signs: yellowing
of the sclerae, change in urine colour, presence of acholic
faeces. During the diaphragm sampling, a jaundiced tint of
the internal organs and dilation of the extrahepatic bile ducts
were noted.

All surgical procedures were carried out in a warm
room by the same experimenter, who employed the same

technique throughout. The rats were not fed 12 hours prior
to anaesthesia, but had free access to water; two hours
before anaesthesia, water was removed from the cage. The
rats were induced into drug-induced sleep by means of an
intramuscular injection of 10 mg/kg Xylazine plus 90 mg/kg
Ketamine Solutions. The animals were then fixed to a table
in a supine position, and the abdominal wall was shaved
and disinfected with a 10 % povidone-iodine solution before
being covered with sterile napkins. A midline laparotomy
was performed, and the common bile duct was identified by
gentle caudal stretching of the stomach and duodenum after
entering the abdominal cavity (Fig. 1).

Fig. 1. Modelling of obstructive jaundice: 1 — duodenum; 2 —
pyloric part of the stomach; 3 — common bile duct with ligature.

All animal manipulations were performed in the morning
indoors at a temperature of 20-22°C and relative humidity of
60-80 %. The induction of euthanasia was achieved through
the intraperitoneal injection of high doses of Thiopental
sodium, at a rate of 75 mg/kg body weight. Following the
conclusion of the experiment, the diaphragm of the rat was
taken in accordance with the copyright certificate for the
work No. 126059 of 29 April 2024. A macro section of the
diaphragm is shown in Figure 2.

The experimental animals were used in accordance
with the provisions of the Law of Ukraine ‘On the Protection
of Animals from Cruelty’, the European Convention for the
Protection of Vertebrate Animals Used for Experimental and
Other Scientific Purposes of 18.03.1986, and Council of
Europe Directive 2010/63/EU. The Bioethics Commission
of the |. Horbachevsky Ternopil National Medical University
(protocol No. 74 dated May 16, 2024) did not identify any
violations of moral and ethical norms during this study.
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Fig. 2. Removed macrosection of the diaphragm: 1 — lumbar
part; 2 — costal part; 3 — sternal part; 4 — tendon part; 5 — residual
part of the esophagus.

On the macro preparations of the diaphragm, the tendon,
costal and lumbar parts were separately isolated and placed
in a 10 % solution of neutral formalin (see Fig. 2). The thoracic
part was not isolated, as it was hypothesised that similar
changes would occur as in the costal part. The cruses of
diaphragm were isolated separately, as it was determined
that they represent the most functionally loaded part of
the respiratory muscle. Following fixation, the histological
material was dehydrated in ethyl alcohols of increasing
concentration and embedded in paraffin. Histological
sections (5-7 ym thick) were prepared from each paraffin
block using a microtome, following deparaffinisation and
staining with hematoxylin and eosin [2].

Two rats from the primary cohort perished on the fifth and
sixth days following the surgical intervention. Obstructive
jaundice is a grave disease that can lead to multiorgan failure
and high mortality. This experiment is consistent with this
pattern. The rats that died during the experimental procedure
were excluded from the analysis of the study, and no new rats
were added to replace them. All other rats were euthanised
at the conclusion of the experiment. Consequently, bile
duct dilation was detected in all rats at the conclusion of the
experiment.

The digital material was subjected to statistical processing
on a computer using the software “Excel” (Microsoft, USA)
and “STATISTICA” 5.5 (Statsoft, USA) with the use of
parametric methods of data evaluation.

Results

Histologically, the costal part of the diaphragm is
composed of transversely striated muscle fibres that form a
dense layer. In longitudinal sections, these fibres exhibit a
distinctive appearance, typical of this particular muscle type.
The thickness of the muscle fibres varies slightly, and the
sarcoplasm is light eosinophilic in colour. However, the tintorial

properties demonstrate heterogeneity, frequently resulting
in a grooved structure within the sarcoplasm. The elongated
oval-shaped nuclei were located beneath the sarcolemma
and were not always evenly spaced or oriented parallel to the
fibre. Transverse striation in the form of straight or arcuate
stripes is also distinguishable in longitudinal sections (Fig. 3).
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i=ig. 3. Histblogical étructure of the costal part of the diaphragm
of anintact rat: 1 — sarcoplasm; 2 — nuclei; 3 — capillaries located
in the endomysium. Hematoxylin and eosin staining. x200.

In the primary cohort, the focus was directed towards
the identification of circulatory disturbances within the
microcirculatory system and medium-sized vessels.
The capillaries, venules and arterioles exhibited signs of
rheohemodynamic dysfunction, manifesting as blood stasis,
erythrocyte sludge and their parietal adhesion. The arterioles
appeared thickened, indicative of plasma saturation. The
endothelium exhibited modifications, characterised by the
presence of rounded cells with vacuolated cytoplasm.
Some of these cells were exfoliated, and the vessel walls
demonstrated signs of edema and smooth muscle dystrophy.
Perivascular spaces were observed to be expanded due to
stromal edema. Additionally, small lymphocytic infiltrates
were detected in the endo- and perimysium. A greater
heterogeneity was observed in the muscle fibres compared
to the previous experimental group. On longitudinal sections,
transverse striation was often weakly expressed or not
visualised, and there were foci of sarcoplasmic disintegration
and fragmentation of the fibres themselves (Fig. 4).

The muscle tissue of the cruses of diaphragm in intact
rats exhibited an identical histological structure to the
costal part; however, the heterogeneity of muscle fibres,
myofibril disruption and the presence of adipose tissue in
the perimysium were more pronounced (Fig. 5).

The morphological picture in this area in cases of jaundice
was characterised by the presence of oedema, and foci
of dystrophic and degenerative changes in muscle fibres
were more frequently detected. The fibres themselves were
thickened due to intracellular oedema. Cellular infiltrates
were common, and their structure was dominated by
lymphocytes (Fig. 6).
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Fig. 4. Histological structure of the costal part of the diaphragm
of a rat from the main group: 1 —muscle fibres with sarcoplasmic
disintegration; 2 — full blood vessels; 3 — oedema, fatty tissue
and cellular infiltrates in the stroma. Hematoxylin and eosin
stamlng x100.

Fig. 5. HistoTogicaI structt-jre the crus of the diaphragrﬁ of an
intact rat: 1 — adipose tissue in the perimysium. Hematoxylin
and eosin staining. x200.
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Fig. 6. Histological structure the crus of the diaphragm of the
main group rat: 1 — disintegration of muscle fibre sarcoplasm;
2 — cellular infiltrates; 3 — severe stromal oedema. Hematoxylin
and eosin staining. x100.

The tendinous part of the diaphragm of intact rats is
constituted primarily by dense bundles of collagen fibres that
form the aponeurotic sheet, with slight variations in thickness
observed across different sections. Microscopically, the
tendinous tissue exhibits a friable consistency and contains
fatty tissue. On the side of the thoracic cavity, the connective
tissue is covered by the diaphragmatic fascia, and below it is
a thin sheet of parietal peritoneum. The collagen fibres are
homogeneously eosinophilic, with slight variations in intensity,
and often exhibit signs of disintegration without compromising
their structural integrity. The cellular component is minimal,
comprising fibroblasts, fibrocytes and histiocytes (Fig 7)
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Fig. 7. Hlstologlcal structure of the tendon part of the diaphragm
of an intact rat: 1 — dense bundles of collagen fibres; 2 — loose
fibre of the thoracic surface; 3 — parietal peritoneum. Hematoxylin
and eosin staining. x200.

In the presence of jaundice, the tendon part of the
diaphragm exhibited an identical composition, but differed in
the ratio of structural components. In general, the thickness
of the tendon layer increased, which was due to edematous
loosening. The collagen fibres had a tortuous appearance,
and the unevenness of the colour became more pronounced
compared to the intact group. Increased cellular infiltration
was observed, both diffuse and with the formation of focal
infiltrates. Macrophages were observed within the structure
of the infiltrates, in conjunction with traditional cells (Fig. 8).
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Fig. 8. Histological structure of the tendon part of the diaphragm

of the main group rat: 1 —tortuous and unevenly coloured collagen
fibres; 2 — cellular infiltrate. Hematoxylin and eosin staining. x200.
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As illustrated in Table 1, the morphometric data obtained
from the two experimental groups indicates that the average
diameter (d) of the muscle fibre in the intact group was
0.3 % larger in the cruses than in the costal part, though
this difference was not statistically significant (p>0.005). A
similar trend was observed in the main group. A statistically
significant increase in muscle fibre diameter was observed in
both the costal and lumbar regions of the two study groups,
with respective increases of 3.4 % and 3.5 % (p<0.01 and
p<0.001, respectively).

Table 1. Morphometric parameters of the diaphragm parts of
the experimental groups (Mtm).

Group of animals
Indicator Intact group Main group
Costal part | Lumbar part | Costal part | Lumbar part
41.94+0.19
40.46+0.11 | 41.81+0.22
d, ym | 40.37+0.08 (p,>0.05) (p,<0.01) ((pp1<>00.00051))
,<0.
1361116
129719 1360116
2
s, um? | 12967 (0005 | (p.<0.01) Egig_g?;
,<0.
62.79+0.11
62.36+0.05 | 62.73+0.11
2
s, Mm? | 62.36+0.04 (p,>0.05) (0,<0.01) Egigg?;
,<0.
0,046+0,001
0.048+0.0003|0,046+0,001| ™ !
s /s, |0.048+0.0003 (p,>0.05) (0,<0.01) Egigg?;
,<0.

Notes: p, —is the reliability of indicators within one study group;
p, — reliability of the values compared to the group of intact
animals; p,— reliability of the indicators compared to the group
of intact animals.

The cross-sectional area of the muscle fibre (Ss) of the
diaphragm and its cruses within the same group increased,
though this increase was not significant (p>0.005). However,
the values of these parameters between the experimental
groups increased in the direction of animals with jaundice.
Consequently, the cross-sectional area of the fibres of the
costal part of the diaphragm and animals with jaundice
exhibited a statistically significantincrease of 4.7 % (p<0.01),
while the lumbar part of the diaphragm demonstrated a
similar increase of 4.7 % (p<0.01).

A slight (p>0.005) increase in the area of muscle fibre
nuclei (Sn) of the cruses of diaphragm in relation to its costal
part by 0.1 % was found in animals with jaundice. In the group
of intact animals, this indicator remained almost unchanged;
however, a comparison between the groups revealed a
significant difference. The diameter of the fibre nuclei of the
costal part of the diaphragm increased by 0.6 % (p<0.01),
and of the muscle fibres of the cruses by 0.7 % (p<0.01) in
animals with jaundice.

A comparable tendency was identified in the course of
a comparison of the values of the nuclear-cytoplasmic ratio
(Sn/Ss). While the values remained constant (p>0.05), then
the comparison between the groups showed a significant

decrease in animals with jaundice of 4.0 % (p<0.01) in both
parts of the diaphragm.

Discussion

Therefore, when comparing the results between groups,
it was observed that there were destructive and dystrophic
changes present in all parts of the diaphragm in the presence
of jaundice. The present study investigated structural
changes in a rat model of acute cholestasis by ligation of the
bile ducts, which resulted in cholestatic liver dysfunction. In
other words, morphological signs of endothelial dysfunction
in the diaphragm were observed, caused by the direct toxic
effect of bilirubin and which led to the above pathological
manifestations.

A comprehensive review of the extant literature revealed
that this is the inaugural study to examine histopathological
changes in the respiratory muscle in animals with modelled
obstructive jaundice. The study all the animals of the
main group revealed the presence of blood circulation
disorders in the microcirculatory system and medium-sized
vessels, as well as oedema and foci of dystrophic and
degenerative changes in muscle fibres. These changes
were more pronounced in the lumbar part of the diaphragm.
Morphometric parameters (average diameter, nucleus area
and cross-sectional area of muscle fibre, nuclear-cytoplasmic
ratio) statistically significantly increased in the main group.

Obstructive jaundice is a prevalent condition within
the domain of hepatobiliary surgery [1, 28]. Despite the
surgical intervention for biliary obstruction being a well-
established procedure, the significant postoperative
incidence of multiorgan damage and the resultant mortality
rates continue to present significant challenges to clinical
practice [18, 20, 26]. It is especially important that 90 % of
operations are performed laparoscopically, which involves
the creation of another pathological condition in the human
body — pneumoperitoneum with carbon dioxide [8]. It is
therefore evident that further research is necessary to study
the morphological structure of the diaphragm in conditions
of jaundice and carboxyperitoneum.

Multiorgan lesions have been demonstrated to be closely
associated with intestinal mucosal barrier dysfunction,
enteroendocrine dysfunction, and bacterial translocation
[13, 24]. In studies where duct ligation was performed, total
serum bilirubin and direct bilirubin in rats peaked on day 5,
as expected [11, 27]. Despite the advent of new medical and
surgical treatments, this pathology continues to demonstrate
high morbidity and mortality rates [10]. This study unveils
significant alterations and illuminates hitherto unexplored
aspects of the pathogenesis of destructive diaphragmatic
changes. Numerous studies have underscored structural
changes in organs, predominantly the liver [22, 27]. Although
the mechanisms and details of these disorders are not
fully understood. Despite the absence of a comprehensive
understanding of the mechanisms and specifics of
these disorders, several studies have been published by
experienced scientists, revealing significant details about the
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progression of the disease. These findings have subsequently
inspired researchers to conduct new studies [3, 25].

In the study of the intestine in jaundice, the following
observations were made: thinning of the intestinal muscle
layer with thinning of the villi, atrophy, uneven height, fusion
of villi, partial detachment of the villi epithelium and significant
lymphocyte infiltration [13, 24]. Conversely, our observations
included a thickening of muscle fibres, primarily due to
oedema, as well as a pronounced cellular infiltration. This
finding suggests that the diaphragm may be subject to greater
functional stress compared to the intestinal musculature,
given its active involvement in the act of breathing.

A thorough examination of the structural changes in the
liver revealed that the sinusoidal structure was disrupted, and
focal inflammation, fragmentary necrosis, and congestive
necrosis were evident[20, 27]. Oedema, neutrophil infiltration,
and marked proliferation of the bile ducts can be observed
[7]. In obstructive jaundice, the lung tissue also undergoes
changes in the form of moderate to intense neutrophilic
infiliration of leukocytes, perivascular oedema, and partial
destruction of the lung structure in some places [28]. These
data correlate with our data, where destruction and oedema
are observed, but we did not observe complete destruction
of the diaphragm structure. Ya-Wei Yuan et al. [28] in their
study provided substantial evidence for the hypothesis that
obstructive jaundice can cause vascular hyporeactivity. The
objective of the study was to investigate the mechanisms of
the MaxiK and K., channels underlying cholestasis-induced
vascular dysfunction [28], a hypothesis that was confirmed
by the data, which showed impaired circulation. The study

References

[1]1Aoki, H. (2024). Changes over time in treatment for obstruc-
tive jaundice. World Journal of Gastrointestinal Surgery,
16(10), 3074-3077. doi: 10.4240/wjgs.v16.i110.3074

[2] Bahriy, M. M., Dibrova, V. A., Popadynets, O. H., & Hrysh-
chuk, M. 1. (2016). Memoduku mopghornnozidHUx OOCITIOKeHb:
Monoezpadgpisi [Methods of Morphological Research: Mono-
graph]. BiHHnua: Hoea kHura = Vinnytsya: A new book.

[3]Chen, H. L., Wu, S. H., Hsu, S. H., Liou, B. Y., Chen, H. L., &
Chang, M. H. (2018). Jaundice revisited: recent advances
in the diagnosis and treatment of inherited cholestatic
liver diseases. Journal of Biomedical Science, 25(1), 1-13.
doi: 10.1186/s12929-018-0475-8

[4] Chen, J., Dong, J. T., Li, X. J., Gu, Y., Cheng, Z. J., & Cai,
Y. K. (2015). Glucagon-like peptide-2 protects impaired in-
testinal mucosal barriers in obstructive jaundice rats. World
Journal of Gastroenterology, 21(2), 484-490. doi: 10.3748/
wjg.v21.i2.484

[5] Demircioglu, M. K., Demircioglu, Z. G., Cakir, O., Yanar, K.,
Ozguven, M. B. Y., Atukeren, P., ... & Yazici, P. (2024).
Antioxidant effect of Rosa pimpinellifolia L. fruit extract
on cholestatic liver injury: an experimental study. Revi-
sta da Associacao Medica Brasileira, 70(1), €20230720.
doi: 10.1590/1806-9282.20230720

[6] Dilektasli, E., Ozmen, M. M., Gundogdu, E., Dizen, H., Besler,
H. T., & Ozogul, C. (2016). The effects of obstructive jaun-
dice on the brain: An experimental study. Asian Journal of
Surgery, 39(3), 155-163. doi: 10.1016/j.asjsur.2015.03.014

revealed that chronic cholestasis instigates several structural
changes in the epididymis, which are characterised by a
decrease in tubular diameter, thickening of the basement
membrane of the tubules and regression of the main cells.
These changes were accompanied by a decrease in major
cellular organelles, cytoplasmic vacuolation, nuclear changes
and loss of stereovilli. The results of the study demonstrate
that chronic cholestasis instigates structural changes in the
epididymis due to androgen deficiency [12, 15].

Conclusions

1. In experimental jaundice, microcirculatory disorders
manifest with impaired rheohemodynamics, endothelial
dysfunction and dystrophic-destructive changes in the
muscle fibres of the diaphragm, with more intense changes in
the muscles of the crus. In the tendon part of the diaphragm,
there are signs of disorganisation of collagen fibres and
reactive inflammatory infiltration to the damage.

2. In the context of jaundice-induced alterations in
muscle fibres of the diaphragm, significant increases in fibre
diameter (p<0.01) were observed, ranging from 3.4 % to
3.5 %, along with corresponding increases in nuclear area
(0.6 % to 0.7 %), predominantly in the costal and lumbar
regions. Additionally, a substantial expansion (4.7 %) in the
fibre’s cross-sectional area was documented, affecting both
regions. Consequently, the nuclear-cytoplasmic ratio in the
main group exhibited a decline of 4.0 %. These observations
can be attributed to the compensatory restructuring of the
damaged structural components of the diaphragm under
conditions of bilirubin intoxication.

[7]Kaya, O., Koca, Y. S., Barut, i., Baspinar, S., & Sabuncuoglu,
M. Z. (2015). L-carnitine reduces acute lung injury in ex-
perimental biliary obstruction. Saudi Medical Journal, 36(9),
1046-1052. doi: 10.15537/smj.2015.9.12206

[8] Kuzman, M., Bhatti, K. M., Omar, I., Khalil, H., Yang, W.,
Thambi, P, ... & Mahawar, K. (2022). Solve study: a study
to capture global variations in practices concerning laparo-
scopic cholecystectomy. Surgical Endoscopy, 36(12), 9032-
9045. doi: 10.1007/s00464-022-09367-8

[9] Liu, J. J., Sun, Y. M., Xu, Y., Mei, H. W., Guo, W., & Li, Z. L.
(2023). Pathophysiological consequences and treatment
strategy of obstructive jaundice. World Journal of Gastro-
intestinal Surgery, 15(7), 1262-1276. doi: 10.4240/wjgs.
v15.i7.1262

[10] Lu, H., Liang, B., Xia, X., & Zheng, C. (2024) Efficacy Analy-
sis of PTCD + TACE vs PTCD + Apatinib in the Treatment
of HCC with Obstructive Jaundice: A Retrospective Study.
Anticancer Agents Med. Chem., 24(17), 1241-1252. doi: 1
0.2174/0118715206313132240712101607

[11]Lv, Y, Yue, J., Gong, X., Han, X., Wu, H., Deng, J., & Li, Y.
(2018). Spontaneous remission of obstructive jaundice in
rats: Selection of experimental models. Experimental and
Therapeutic Medicine, 15(6), 5295-5301. doi: 10.3892/
etm.2018.6119

[12] Mahmoud, Y. |., & Abo-Zeid, F. S. (2018) Epididymal ultra-
structural changes associated with chronic cholestasis after
bile duct ligation in adult rats. Ultrastruct. Pathol., 42(4),

Vol. 31, Ne1, Page 22-29

27



Structural changes in the diaphragm under conditions of obstructive jaundice (an experimental study)

344-349. doi: 10.1080/01913123.2018.1488789

[13] Oguz, S., Salt, O., Ibis, A. C., Gurcan, S., Albayrak, D.,
Yalta, T., ... & Erenoglu, C. (2018). Combined effectiveness
of honey and immunonutrition on bacterial translocation
secondary to obstructive jaundice in rats: experimental
study. Medical Science Monitor: International Medical
Journal of Experimental and Clinical Research, 24, 3374.
doi: 10.12659/MSM.907977

[14] Onalan, A. K., Tuncal, S., Kilicoglu, S., Celepli, S., Durak,
E., Kilicoglu, B., & Kismet, K. (2016). Effect of silymarin on
oxidative stress and liver histopathology 1n experimental
obstructive jaundice model. Acta Cirurgica Brasileira, 31(12),
801-806. doi: 10.1590/S0102-865020160120000004

[15] Ozozan, O. V., Dinc, T., Vural, V., Ozogul, C., Ozmen, M. M.,
& Coskun, F. (2020). An electron microscopy study of liver
and kidney damage in an experimental model of obstructive
jaundice. Annali Italiani di Chirurgia, 91, 122-130.

[16] Pavlidis, E. T., & Pavlidis, T. E. (2018) Pathophysiological
consequences of obstructive jaundice and perioperative
management. Hepatobiliary Pancreat Dis. Int., 17(1), 17-21.
doi: 10.1016/j.hbpd.2018.01.008

[17] Reznikov, O. G. (2003). 3aranbHi eTU4YHI NpUHUMNK
eKkcnepuMMeHTiB Ha TBapuHax [The fundamental ethical
principles ofexperiments on animals]. EHOoKkpuHomnozis =
Endocrinology, 8(1), 142-145.

[18] Sahan, M. H., & Aksamoglu, M. (2025). Clinical Results
of Percutaneous Transhepatic Biliary Drainage With Dif-
ferent Hepatic Access and Methods in the Treatment of
Obstructive Jaundice. Surgical Laparoscopy Endoscopy
& Percutaneous Techniques, 35(1), e1335. doi: 10.1097/
SLE.0000000000001335

[19] Shen, X., Zhang, X., Li, K., Huang, G, Li, X., Hou, Y., & Ge,
X. (2024). Combined bacterial translocation and cholestasis
aggravates liver injury by activation pyroptosis in obstruc-
tive jaundice. Heliyon, 10(16), e35793. doi: 10.1016/j.
heliyon.2024.e35793

[20] Solmaz, A., Gilgigek, O. B., Ercgetin, C., Yigitbas, H.,
Yavuz, E., Arici, S, ... & Celebi, F. (2016). Nesfatin-1 al-
leviates extrahepatic cholestatic damage of liver in rats.
Bosnian Journal of Basic Medical Sciences, 16(4), 247-253.
doi: 10.17305/bjbms.2016.1465

[21] Tang, X., Ma, W., Zhan, W., Wang, X., Dong, H., Zhao, H.,
... & Wang, N. (2018). Internal biliary drainage superior to
external biliary drainage in improving gut mucosa barrier be-
cause of goblet cells and mucin-2 up-regulation. Bioscience
Reports, 38(3), BSR20171241. doi: 10.1042/BSR20171241

[22] Unal, Y., Tuncal, S., Kosmaz, K., Kucuk, B., Kismet, K.,

Cavusoglu, T., ... & Hucumenoglu, S. (2019). The effect
of calcium dobesilate on liver damage in experimental ob-
structive jaundice. Journal of Investigative Surgery, 32(3),
238-244. doi: 10.1080/08941939.2018.1451936

[23] Van Campenhout, S., Van Vlierberghe, H., & Devisscher, L.
(2019). Common Bile Duct Ligation as Model for Second-
ary Biliary Cirrhosis. Methods Mol. Biol., 1981, 237-247.
doi: 10.1007/978-1-4939-9420-5_15

[24] Wang, C., Fan, W., Feng, X., Zhang, Y., Liu, C., & Liu,
Z. (2021). The roles of the glucagon-like peptide-2 and
the serum TGF-B1 levels in the intestinal barrier and im-
mune functions in rats with obstructive jaundice. American
Journal of Translational Research, 13(9), 10449-10458.
PMID: 34650714

[25] Wu, Y. L., Li, Z. L., Zhang, X. B., & Liu, H. (2019). Yinchen-
hao decoction attenuates obstructive jaundice-induced liver
injury and hepatocyte apoptosis by suppressing protein
kinase RNA-like endoplasmic reticulum kinase-induced
pathway. World Journal of Gastroenterology, 25(41), 6205-
6221. doi: 10.3748/wjg.v25.i41.6205

[26] Yang, R., Zhu, S., Pischke, S. E., Haugaa, H., Zou, X., &
Tonnessen, T. I. (2018). Bile and circulating HMGB1 contrib-
utes to systemic inflammation in obstructive jaundice. The
Journal of Surgical Research, 228, 14-19. doi: 10.1016/j.
j$5.2018.02.049

[27] Yilmaz, E. E., Arikanoglu, Z., Turkoglu, A., Kili¢, E., Yiksel,
H., & Gumus, M. (2016). The protective effects of pome-
granate on liver and remote organs caused by experimental
obstructive jaundice model. European Review for Medical
& Pharmacological Sciences, 20(4) 767-772.

[28] Yuan, Y. W., Wang, L., Lu, Z.Y., Long, Y., Jiao, Y. F., Xia, Q.,
... & Yu, W. F. (2016). Overexcited MaxiK and KATP chan-
nels underlie obstructive jaundice-induced vasoconstrictor
hyporeactivity of arterial smooth muscle. Scientific Reports,
6(1), €39246. doi: 10.1038/srep39246

[29] Zhang, C. X., Shu, C. M., Zhang, X. Y., Lin, X. T., Guan,
Q. H., Zhang, F., & Zhi, X. T. (2021). Effect and mechanism
of omega-3 polyunsaturated fatty acids on intestinal injury
in rats with obstructive jaundice. European Review for
Medical & Pharmacological Sciences, 25(19), 6077-6092.
doi: 10.26355/eurrev_202110_26886

[30] Zhang, C., Yin, Z., Hu, F., Lin, X, Guan, Q., Zhang, F., &
Zhang, X. (2024). Omega-3 Polyunsaturated Fatty Acids
Alleviate Intestinal Barrier Dysfunction in Obstructive
Jaundice Rats. Molecular Biotechnology, 66(8), 1954-1960.
doi: 10.1007/s12033-023-00829-5

CTPYKTYPHI 3MIHU OIA®PATMU 3A YMOB MEXAHIYHOI X)XOBTAHUL|I (EKCMEPUMEHTANBHE OOCNIAXEHHS)
Kpiuak M. 1O., Jsaro6aHoeckkuli I. 51., Fonoeama T. K., Mapayna T. I., SiciHoeckkuli O. b., [Tanamap C. A.

MexaHidHa x08msHUUS € MOWUPEHUM 3aX80PHBAHHAIM Y XipypaidHux 8i00ineHHsIX. Xo4ya HerpoxiOHiCMb XX08408UBIOHUX WIISXi8
MOXHa YCyHymu XipypeidHUM WIIsIXOM, 8erluka Yyacmoma rosiopeaHHUX yUWKOOXeHb rid Yac rnicnsonepauyitiHo2o rnepiody ma
rnoe’s;3aHa 3 HUMU CMepMHICMb 3anuwiarmbsCsi CKnadHUMu Or1s KIiHIYHOI npakmuku. TeapuHHa MoOerTb MexaHiqYHOI X08MSHUU €
8aXK/TUBOK YacmuHOK O0CIOXKeHb 3MiH opa2aHie op2aHiamy nOuUHU 8 momMy yucri i diagppazmu. Mema OocnioxeHHs — augqumu
8I1/1UB XXO08MSHUYi Ha 2icmosoaidHy cmpykmypy pi3HUx YacmuH Oiaghpazmu, rorepekosy yacmuHy Oiagppazmu, sk Halbinbw
yHKUjoHarbHy, pebepHy ma CyxoxusibHy 4aCmuHU 8 eKcriepuMeHmarbHit moderi Ha wypax. Pobomy sukoHaHo Ha 30 dopocriux
wypax macoro 225,0+20,0 ep., sikom 6 micsiyie. Beix meapuH po3nodinunu Ha 2 epynu: iHmakmHy ma ocHo8Hy. [Jo iHmakmHoi 2pynu
ysiliwiiu meapuHU, KOmpuM He MOOesT8aru X0OH020 Mamorio2iyHo20 fpouecy. Y opyeil epyni meapuH rnposedeHo MoOer8aHHs1
MexaHIYHOI XX08MSAHUU WIISIXOM Nepes’sa3Ku 3az2asibHOI K084YHOI MPOMOKU slanapomoMHuM A0CmynoMm rid 3a2arnbHUM 3HEYYeHHSIM.
Lugpposuti mamepian 06pobneHuli 3a 0ornomMo20r0 npozpamHux 3abesnevyeHb «Excely i « STATISTICA» 5.5 3 sukopucmaHHAM
napamempuy4HuUx memodis ouiHKU ompumaHux daHux. B ompumaHux pesynsmamax criocmepizarnu supaxeHi decmpykmueHi ma
OezeHepamusgHi 3MiHU. Y OCHOBHIU 2pyri 36epmarnu ysazy po3nadu Kpogoobiey 8 cucmemi 2eMOMIKPOUUPKYISIMOPHO20 pycna i
cyOuH cepedHboe0 Kanibpy. Kaninspu, eeHynu ma apmepionu 6yru no8HOKPOBHUMU 3 yCiMa 03Hakamu po3nady peo2eMoOuHaMiKu
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y 8uensidi cmasy Kposi, criadxy epumpouyumie ma ix npucmiHkogsoi adzesii. Apmepionu guansdanu MomosweHUMU 3a paxyHoK
iX npocskaHHs nna3moro. BudosmiHiosascss eHOomenil — 3’A6MsUCs OKpyari KAimuHU 3 8aKyosli308aHOK LUMOMNIa3Moro.
YacmuHa 3 Hux 3nywysanacs. B cmiHkax cyOuH 3’aensecs Habpsik, ducmpogpis anadkux mioyumis. daHi 3miHu 6inbw supaxeHi
y nornepekosil YyacmuHi Oiagppacmu. 3a Hass8HOCMI XKOBMSAHUUI CYXOXUIIKO8a YacmuHa Oiaghpaamu pi3HUNack Crii@8iOHOWEHHSIM
CMPYKMYPHUX KOMIMOHEHMI8 MOPI8HAHO 3 iHMaKmMHOK 2pyrnor. ToswuHa Cyxoxunkogoeo nnacmy 36inbwysanacs, wo 6ymno
3YMOB/IeHO HabpsikosuM po3puxsiieHHsIM. KomazeHosi 80rokHa manu 3susucmull euarnsid, a HepieHOMIpHicmb 3abapeneHHsi
cmaeana binbw eupasHoo MOPIBHSIHO 3 iIHMaKMHOK 2pyrnor. 3eepmarna ysazy nocuneHa KrimuHHa iHeginsmpauis sk ougy3sHa,
mak i3 GpopmysaHHsIM ocepedkosux iHginbmpamis. B cmpykmypi iHgbinsmpamie nopsd i3 mpaduuitiHuMu KnimuHamu 3’ae1571ucs
makpoghaeu. MopghomempuyHi NoKkasHUKU M’s130801 YacmuHu Oiagppasmu maki SK: nepeciyHul diamemp M’s1308020 60/10KHa,
nnowa sdep, nnow,a rnornepeyHo20 rnepepisy M’ss308020 B80/I0KHA, 0ePHO-UUMONIasMamuyHe Crlie8iOHOWEHHST cmamucmuy4yHO
9oCcmosipHO 3pocmariu 8 OCHO8HIU epyri. B yMmosax ekcriepumeHmaribHOI XX08msHUYi 8 YacmuHax Oiaghpagmu 8UHUKaomb po3nadu
MIKPpOUUPKYRAUiT 3 mopyweHHsIM peo2emoouHamiku, eHoomenianbHoi QucghyHKYii i QucmpoghidyHo-0ecmpyKmueHi 3MiHU M’3308020
ma CyxXoXuribHO20 KOMIOHEHMY, MPUYOMY 8 M’3ax HiXXOK 80HU Oynu eupaxxeHi binbw iHMeHCU8HO.

Knto4yoBi cnoBa: xxoemsHuys, diachpazma, 2icmoroaisi, uypi, ekcriepumeHm.
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Brain morphometry is widely used to diagnose and predict mainly neurodegenerative
diseases, but cerebrovascular diseases have received much less attention, especially
for predicting long-term consequences of stroke. The aim of the research was to
investigate the associations between changes in brain morphometric parameters and
stroke outcome at 90 days. 294 consecutive patients with acute stroke were recruited.
All participants underwent brain magnetic resonance imaging and/or computed
tomography assessment as well as clinical-neurological evaluation. Statistical
analysis was performed in the program The Jamovi project (2022), Jamovi (Version
2.3) [Computer Software], Sydney, Australia using parametric and nonparametric
statistical methods. We found that enlarged ventricular and cortical morphometric
parameters are associated with unfavorable stroke outcome at 90 days. In the
univariable analysis, enlarged third ventricle index (the regression coefficient b=-
2.6, p=0.014), Shlatenbrandt-Nurenberger index (the regression coefficient b=0.6,
p=0.007), bicaudate index (the regression coefficient b=-1.5, p=0.006), higher width of
the longitudinal cerebral fissure in the anterior part of the frontal lobes (the regression
coefficient b=-3.5, p=0.005), higher width of the cerebral fissure in the area of the
skull vault (the regression coefficient b=-3.5, p=0.006) significantly associated with
lower Barthel index at 90 days. In the multivariable analysis, significant association
was found between enlarged third ventricle index and Barthel index at 90 days (the
regression coefficient b=-2.6, p=0.045). In the other model of multivariable analysis,
enlarged bicaudate index significantly associated with higher level of functional
dependence at 90 days (odds ratio=1.1, p=0.031). Our findings confirmed that
enlarged cerebral morphometric indices are associated with unfavorable short-term
stroke outcome at 90 days.

Key words: nervous system disorders, stroke, brain morphometry, bicaudate index,
ventricular index.

Introduction

Measurements of brain morphometry, like cortical
thickness and subcortical brain volumes are widely used
in clinical and scientific practice. Individual differences in
morphometric parameters have been linked to aging, brain
diseases and behavior [17, 35]. Moreover, morphometric
distinct “signature” patterns of brain anatomical changes
are useful for prognosis and long-term outcome surveillance
[8, 23], including cerebrovascular disease [40]. However,
most of the studies were devoted to neurodegenerative
disorders, like Alzheimer disease, fronto-temporal dementia,
etc. [7, 15, 33]. Still, the association between stroke outcome
and morphological brain changes has not been studied

exhaustively. Some research showed changes of brain
anatomical parameters in response to external manipulations
[3, 22]. Therefore, it can be highly informative to study
stroke outcome and structural plasticity based on basic
morphological brain “profile” for diagnostic and predictive
purposes.

Cerebrovascular diseases are major contributors to
death, long-term disability, cognitive decline and dementia
[1, 2, 19]. There are well-known stroke outcome predictors,
such as stroke severity at admission, admission systolic
and diastolic blood pressure, baseline comorbidities, etc.
[1, 41], but less attention was given to underlying structural
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non-stroke lesion changes and its associations with stroke
outcome. Brain morphological changes reflect global
underlying pathological changes and brain fragility for both
cerebrovascular and neurodegenerative disorders [13].
Hence, assessment of deep and cortical morphometrics
can be clinically valuable predictors for a long-term stroke
outcome.

We tested a hypothesis that altered brain morphometric
indices predict unfavorable stroke outcome at 90 days.

The aim of the research was to investigate associations
between brain morphometric changes and 90 days stroke
outcome.

Materials and methods

Subjects. 294 consecutive patients between December
2016 and December 2019 were enrolled (115 females
and 179 males). The study was based at specialized
stroke department (Stroke Unit) Ne 22 of the Vinnytsia
Regional Psychoneurological Hospital named after acad.
O. I. Yushchenko. The mean age of the patients was
61.94+10.11 years, mRS on admission — 4 (4-5) scores. The
study was approved by the local ethics committee (Protocol
Ne 9 of November 14, 2016). All patients signed informed
consent before the participation. It was a prospective single-
center cohort study. We thoroughly assessed neuroimaging
data as well as clinical-neurological status.

The criteria for the selection of the patients were
confirmed diagnosis of stroke, good quality of neuroimaging
scans and absence of neuroimaging artifacts, as well as
obtained informed consent to participate in the study.

Neuroimaging. Among 294 participants, 120 underwent
MRI, 174 — CT. Some of them were imaged with either MRI
or CT, some of them — with MRI and CT both. MRI was
performed on a Philips Achieva 1.5T. The brain scanning
protocol included the following whole brain scans: T1-
weighted, T2-weighted, FRAIR and DWI sequences, slice
thickness was 3.5-5 mm. CT was performed on a General
Electric CT/e (Italy) with a tomographic slices of 3-7 mm.

Measurements of the brain morphometry. We visually
measured deep ventricular indices, that are Evans index,
third ventricle index, fourth ventricle index, ventricular index,
Shlatenbrandt-Nurenberger index, bicaudate index, cella
media index (also known as Schiersmann’s index), and
Huckman number. We also assessed cortical morphometrics:
longitudinal cerebral fissure in the anterior part of the frontal
lobes (FI), the width of the right (ICR) and left insular cisterns
(ICL), and their sum (ICRL), width of the cerebral fissure in
the area of the skull vault (SW), and the maximum width of
the cerebellar fissure (CFW) [11] (Fig. 1). For the assessment
we used computer software “The Horos Project”.

Clinical assessment. We gathered demographics and
stoke risk factors: age, gender, comorbidities with Charlson
comorbidity index [21], smoking, alcohol overuse, body
mass index (BMI), history of previous stroke. We performed
comprehensive neurological examination for stroke patients
on patients admission and at discharge: NIHSS score [42],

Fig. 1. Brain morphometry measurements. A — the frontal horns
greatest width; B — intercaudate distance; C — the third ventricle
distance; D — the choroid plexuses distance; E — the lateral
ventricles greatest width at the level of cella media; | — the fourth
ventricle distance; ICL — the left insular cistern width; ICR — the
right insular cistern width; FI — the longitudinal cerebral fissure
width in anterior part; SW — the cerebral sulci greatest width at
the skull vault; CFW — the cerebellar fissures greatest width; G —
the temporal bones greatest internal distance; H — the temporal
bones greatest external distance; F — the frontal bone greatest
external distance.

modified Rankin scale (mRS) score [30], Barthel index score
(BI) [26], Glasgow coma scale (GCS) [10], MMSE score [20].
The stroke subtypes were determined based on the TOAST
criteria [12]. The 90-day functional outcome was assessed
with the mRS and BI by telephone interviews. Also, the
functional outcome was measured with the mRS at 90 days
as favorable (MRS=<2) or unfavorable (mRS>2) [5].

Statistical analysis. Statistical analysis was performed
by The Jamovi project (2022), Jamovi (Version 2.3)
[Computer Software]. Sydney, Australia. Linear variables
were presented as mean (M) + standard deviation (SD). A
two groups comparison was performed by nonparametric
Mann-Whitney U-test. To calculate the associations between
brain morphometric parameters and 90 days stroke outcome
we employed univariable and multivariable regression
analysis. The results are shown as odds ratio (OR) and 95 %
confidence intervals (CI) or as the regression coefficient b
(b) and 95 % Cl in case of linear regression.

Results

The baseline cerebral morphometric parameters in men
and women are shown in Table 1.

In Table 1 and Figure 2, Evans index, bicaudal index,
ventricular index, Shlatenbrandt index, third ventricle index,
Huckman number and FI are significantly different in favorable
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Table 1. Comparison of brain morphometric parameters between
patients with favorable (mRS 0-2) and unfavorable (mRS>2,
functional dependence) stroke outcome at 90 days, distributed

by gender.

95 % Cl -4.6 — 0.4, p=0.095).

In the next model, adjusted for age, sex, history of
smoking, comorbidity index, body mass index, history of
stroke, hyperlipidemia, presence of complications, index
stroke severity by NIHSS, significant association was found
between the third ventricle index and Bl at 90 days (b=-2.6;
95 % CIl -3.4 —-0.1, p=0.045). In this model, Shlatenbrandt-
Nurenberger index, the fourth ventricle index, bicaudate
index, Fl and SW showed near-marginal significance (p<0.1).

Further, multifactorial analysis was performed, adjusted
for age and sex along with all morphometric indices to
evaluate their associations with the unfavorable stroke
outcome. Both crude and adjusted odds ratio are shown in
Table 2.

Table 2. Brain morphometric indices and their associations
with the unfavorable stroke outcome (functional dependence,
mRS>2) at discharge.

Men, (M+SD) Women, (M+SD)
Mozﬁzic;rgsetric favorable | unfavorable | favorable |unfavorable
outcome, outcome, outcome, outcome,
(n=114) (n=55) (n=74) (n=34)
Evans index 27.26+3.26 |28.28+2.88* |[26.45+4.68 |26.85+4.98
3rd ventricle index [4.947+1.730(5.627+1.687* |4.710+1.790 [5.314+1.987
Shlatenbrandt- 23.2319.51 [19.45+6.10* |24.49+9.56 |21.42+8.30
Nurenberger index
4th ventricle index |12.42+1.62 |12.48+£1.97 12.51£1.90 [12.44+2.29
Bicaudate index 15.51+2.98 |16.99+£3.34* [14.294£3.75 [15.60+4.30
Ventricular index |16.45+2.07 |15.76+1.73* [16.89+3.32 |16.67+3.30
Schiersmann index |5.017+1.014|5.015+1.293  |5.449+1.238 [5.425+1.451
Huckman number |58.05+7.89 |61.14+7.93* [53.55+10.33 [54.87+11.79
Fl 5.505+1.497 [6.038+1.627* |5.143+1.355 |5.806+1.620t
ICR 7.167+2.600(7.191£2.579 [7.078+2.693 |7.179+2.605
ICL 7.74642.729(7.991+2.458 |7.481+2.685 |7.909+2.321
ICRL 14.91+4.835(15.182+4.559 |14.56+4.81 ([15.18+4.77
S 4.252+1.337 (4.596+1.421 |4.041+1.359 (4.732+1.960t
CFW 2.552+1.161(2.505+1.367 |2.586+1.016 |2.500+1.174
Note: * — significant differences between brain morphometric

parameters in favorable (mRS 0-2) and unfavorable (mRS 3-6)
90 days stroke outcome (p<0.05); t — trend towards significance
(p<0.1).

(mRS 0-2, functional independence) vs. unfavorable (MRS
3-6, functional dependence) stroke outcome in men. In
women, trends towards statistical significance were found
for FI (5.143+1.355 vs. 5.806+1.620, p=0.091) and SW
(4.041£1.359 vs. 4.732+1.960, p=0.071).

According to the univariable analysis, the third ventricle
index (b=-2.6; 95 % Cl -4.7 —-0.5, p=0.014), Shlatenbrandt-
Nurenberger index (b=0.6; 95 % CI 0.2 — 1.0, p=0.007),
bicaudate index (b=-1.5; 95 % CI -2.5 — -0.4, p=0.006), FI
(b=-3.5; 95 % CI -5.9 — -1.1, p=0.005), SW (b=-3.5; 95 %
Cl -6.1 —-1.0, p=0.006) significantly associated with poorer
Bl at 90 days.

After adjusting for age and sex, nearly significant
association was found between Fl and Bl at 90 days (b=-2.1;

18 - [
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5 2854
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= s |
! £ 2804
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g 16 > 2154
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Brain measurement Crude OR Adjusted OR

(95 % ClI, p) (95 % ClI, p)
Evans index 1.0 (1.0-1.11, p=0.143) | 1.0 (1.0-1.1, p=0.412)
The third ventricle index | 1.1 (1.00-1.3, p=0.096) | 1.1 (0.9-1.2, p=0.484)
Shlatenbrandt- 1.0 (0.9-1.0, p=0.096) |1.0(0.99-1.1, p=0.579)
Nurenberger index
The fourth ventricle 1.0 (0.9-1.1, p=0.901) | 1.0 (0.9-1.2, p=0.945)
index
Bicaudate index 1.1 (1.0-1.2, p=0.004) | 1.1 (1.0-1.2, p=0.031)
Ventricular index 0.9 (0.8-1.0, p=0.090) |0.9(0.8-1.0, p=0.192)
Cella media index 0.9 (0.8-1.1, p=0.382) |1.0(0.8-1.2, p=0.889)
(Schiersmann’s index)
Huckman number 1.0 (1.0-1.1, p=0.090) | 1.0 (0.9-1.0, p=0.306)
Fl 1.2(1.0-1.4, p=0.034) |1.0(1.1-1.3, p=0.161)
ICR 1.1 (1.0-1.2, p=0.311) |1.0(0.9-1.1, p=0.687)
ICL 1.0 (0.9-1.1, p=0.678) | 1.0 (0.9-1.0, p=0.994)
ICRL 1.0 (0.9-1.1, p=0.374) |1.0(0.9-1.1, p=0.994)
SW 1.2 (1.0-1.4, p=0.027) |1.1(0.9-1.3, p=0.171)
CFW 1.1 (0.9-1.3, p=0.475) | 1.0 (0.9-1.3, p=0.702)

As seen in Table 2, bicaudate index, FI and SW were
significantly associated with unfavorable stroke outcome
at 90 days. After adjusting for age and sex, only bicaudate

Fi
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Fig. 2. Significant differences in morphometric parameters depending on the stroke outcome in men. O — mean, 0 — median.
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index was significantly associated with unfavorable stroke
outcome at 90 days, as shown in Fig. 3.

Unfavourable Stroke Outcome at 90 Day: OR (95% CI, p-value)
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Fig. 3. Forest-plot adjusted for age and sex of bicaudate index
association with unfavorable stroke outcome at 90 days.

Discussion

Previously we found that altered cerebral morphometric
parameters significantly associated with short-term stroke
outcome at discharge. In the current paper we investigated
associations between brain morphometrics and 90 days
stroke outcome.

In the two-groups comparison analysis, in men almost
all ventricular indices and FI were significantly higher in the
group of unfavorable stroke outcome at day 90, while in
women, Fl and SW were close to significance. These results
can be explained by different sample sizes (169 men, 108
women), but vascular risk factors, which are more common
in men, may be of greater importance. Hence, more severe
baseline subcortical and cortical atrophic brain changes can
worsen 90 days stroke outcome.

Increased ventricular indices represent enlarged deep
cerebrospinal fluid spaces, and on the other hand — atrophy
of frontal, parietal lobes and shrinking of basal ganglia,
including caudate nuclei. Enlarged FI represents frontal
lobes cortical atrophy, SW — parietal lobes cortical atrophy.
Therefore, frontal and parietal lobes atrophy is one the
most important predictors for post-stroke rehabilitation and
restoration of lost brain functions. As it is known, there are
complicated neural circuits, which connect basal ganglia
(extrapyramidal system) and frontal cortex, which is crucial
for motor, cognitive and emotional functioning [27]. Altered
morphometric indices reflect reduced brain reserve for
neuroplasticity and neurogenesis and are direct predictors
of impaired abilities for post-stroke recovery.

In the univariable analysis our results showed that
enlarged subcortical indices - the third ventricle index,
Shlatenbrandt-Nurenberger index, bicaudate index, as well
as cortical parameters - FI, SW were significantly associated
with poorer Bl at 90 days.

In the multivariable analysis, adjusted for age and sex,

nearly significant association was found between Fl and Bl
at 90 days (b=-2.1, p=0.095).

In the next multivariable model, adjusted for age, sex,
history of smoking, comorbidity index, body mass index,
history of stroke, hyperlipidemia, presence of complications,
index stroke severity by NIHSS, significant association was
found between the third ventricle index and Bl at 90 days
(b=-2.6, p=0.045). In this model, Shlatenbrandt-Nurenberger
index, the fourth ventricle index, bicaudate index, Fl and SW
showed near-marginal significance (p<0.1).

We also found that bicaudate index — (OR=1.1, p=0.004),
Fl - (OR=1.2, p=0.034) and SW - (OR=1.2, p=0.027) were
significantly associated with unfavorable stroke outcome
(mRS 3-6) at 90 days. After adjusting for age and sex, only
enlargement of bicaudate index was significantly associated
with unfavorable stroke outcome at 90 days — (OR=1.1,
p=0.031).

Our results are consistent with the others findings, such
as J. Y. Zhou et al. [42], who demonstrated that brain atrophy
is an independent predictor of unfavorable stroke outcome
at 90 days. However, in the study by S. H. Lee et al. [25],
increased intercaudate distance was associated with a
protective effect on the outcomes of large cerebral infarct with
a trend of saving patients from a malignant clinical outcome.
A. K. Tam et al. [37] demonstrated that the severity of brain
atrophy was associated with worse outcome of subarachnoid
hemorrhage at 6 weeks. In the study by J. P. Appleton et al.
[2], brain atrophy as a component of the “brain frailty” was
associated with unfavorable outcomes of both territorial and
lacunar stroke at 90 days.

A series of studies have shown the associations of
cerebral atrophy and stroke outcome after reperfusion
therapy, which were quite heterogeneous: in the study by
F. Arba et al. [6], the presence of severe cerebral atrophy
more than doubled the odds of unfavorable functional
outcome at 90 days. In another study by F. Arba et al. [4],
no significant association with brain atrophy was found.
In the study by C. Delcourt et al. [14], the presence of
any degree of atrophy was significantly associated with a
decreased likelihood of a good functional outcome according
to mRS at 90 days. In the study by W. K. Diprose et al. [16],
increasing cerebrospinal fluid volume associated with a
reduced likelihood of good functional outcome (MRS 0-2)
at 90 days. In the work of I. Lauksio et al. [24] cerebral
atrophy was a significant predictor of mortality at 90 days.
S. Mdnch et al. [29] found no association between atrophic
changes of the brain and stroke outcomes and mortality at
90 days. M. |. Pedraza et al. [31] found cortical atrophy to be
significantly associated with unfavorable stroke outcome after
recanalization. O. Tschirret et al. [38] found no association
between brain atrophy and stroke outcomes at 3 months.

The mechanisms by which brain atrophy and enlarged
cerebral morphometrics may affect functional recovery after
stroke are still not well understood. It is possible that the
association may be mediated by a decrease of the brain’s
reserve capacity for functional recovery [32, 34]. Brain
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atrophy, manifested by dilation of the ventricles and cortical
sulci span, is often associated with leukoaraiosis, lacunes,
and enlarged perivascular spaces, which are hallmarks of
cerebral small vessel disease [39]. These features have been
shown to be associated with endothelial dysfunction, impaired
cerebral blood flow, and loss neuronal connectivity, which
may hinder functional recovery and lead to worse outcomes
after stroke. In addition, brain atrophy is also associated with
cognitive impairment and dementia, which are known to be
predictors of poor functional outcome after stroke [9].

As we previously speculated, altered cerebral
morphometric parameters could possibly lead to loss of
functional brain connectivity, which, in turn, deteriorates
post-stroke recovery [18].

Besides, increased deep morphometric indices, which
represent white matter shrinking, can diminish processing
speed and cause executive dysfunction, and cortical indices
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XAPAKTEPUCTUKA LULEPEBPANIbHUX MOP®OMETPUYHUX MAPAMETPIB Y NALUIEHTIB 3 TOCTPUM MO3KOBUM
IHCYNbTOM TA IX 3B’A3KU 13 HACNIOKOM IHCYNbTY HA 90-TY JOBY

Bapmiok P. C., Cmonko . I., CMompuuyska T. B., MapyHkeeu4 5. 0., CmapuHeyb H. I"., ®ikc [. O., Mockoeko C. I1.
Mopgomempito 20108H020 MO3KYy WUPOKO 8uUKopucmogyroms 055 diagcHOCMUKU ma npo2HO3y8aHHS MepesaxHo
HelipodezeHepamueHUX 3ax8optogaHb. Y moli xe Hac, uepebposacKynsipHUM 3ax80pto8aHHSM Npudinsanocb 3Ha4HO MeHuwe ysazu,
0cobnueo 0r1s1 IPo2HoO3y8aHHs 0og2ompusanux Hacniokie iHcyrbmy. Memoto Hawoz2o docridxeHHs 6yno docnioumu 3anexHocmi
MiX 3MiHaMu MOPGhOMEemMPUYHUX MOKa3HUKI8 20/108H020 MO3KYy ma HacriokoMm iHcyrnbmy Ha 90-my 006y. [Jo docnidxeHHs 6ynu
rnocnidoeHo HabpaHi 294 nauyieHma 3 20cmpuM iHCYyrIbMoM. Ycim xeopum byna nposedeHa KOMM'tomepHa momozpachis ma/abo
MazHImHO-pe30HaHCcHa momoepachisi 20/108HO20 MO3KY, @ MaKOX KIliHIKO-HeaporiozidyHa ouiHka cmaHy xeopux. CmamucmuyHul
aHanis nposodunu y npozpami The Jamovi project (2022), Jamovi (Version 2.3) [Computer Software], Sydney, Australia 3
8UKOpUCMaHHSAM rapamMempuyHUX | HernapamempuyHux Memodie OuiHKU ompumMaHux pesynsmamie. Hamu ecmaHoeneHo, wo
36inbWeHi wWiyHOYKo8i ma KipKosi MopghoMempuyHi napamempu acouirorombscs i3 Hebna2ornpueMHUM HaciOKOM iHCyrnbmy
Ha 90-my 0oby. B oOHogbakmopHOMy aHani3i midsuweHi iHOeKc mpemb0o20 wWilyHodka (koegpiyieHm peepecii b=-2,6, p=0,014),
LLinameH6paHOM-HiopeHbepaepa (koedpiyienm peepecii b=0,6, p=0,007), bikaydanbHul iHOeKc (koegbiuieHm pezpecii b=-1,5,
p=0,006), 36inbweHi wupuHa Mno3008xHLOI uepebparibHOI WinuHu y nepedHit YyacmuHi T06HUX Yacmok (KoegiuieHm pezpecil
b=-3,5, p=0,005), wupuHa MO3KO80I WinuHu 8 diNsHYi cKneniHHs Jyepena (koegiyieHm pezpecii b=-3,5, p=0,006) docmosgipHO
acouitosarnucs 3 HUx4um iHoekcom bapmen Ha 90-my doby. Y 6azamoghakmopHomy aHarnisi docmosipHi acouiauii 6ynu 3HaloeHi
MiX 36inbUweHUM IHOeKCOM mpempb0o20 WilyHouyka ma iHoekcom bapmen Ha 90-my doby (koegpiuieHm pezpecii b=-2,6, p=0,045). B
iHWit 6GaezamocbakmopHili modeni, 36inbuweHuli bikaydanbHuUl iHOekc 00CMOBIPHO acouitoeascs i3 sULLUM cmyrneHeM (byHKUIOHaIbHOI
3anexHocmi Ha 90-my 006y (8idHoweHHs1 waHcie=1,1, p=0,031). Omxe, Hawi 0aHi nidmeepounu, wo 36inbweHi yepebparbHi
MOopghoMemMpPUYHI IHOEKCU acouyirorombCsi 3 HECTIPUSIMIIUBUM HacliOkoM iHcyibmy Ha 90-my 0ob6y.

Knro4oBi cnoBa: 3axgoprogaHHs1 Hep808oI cucmemu, iHCyribm, uepebpansHa mopgomempis, bikaydanbHull iHOeKc, WilyHouYKkosul
iHOekc.
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Tumor-associated macrophages play an essential role in carcinogenesis and
metastasis. Our study aimed to evaluate the distribution of M1 and M2 macrophages
in tumor islets and stroma and establish the impact on recurrence-free survival and
overall survival in patients with surgically resected non-small cell lung cancer (NSCLC).
42 surgically treated NSCLC patients were recruited from the Sumy Regional
Clinical Oncology Center. The inclusion criteria were age over 18, stages IA—IIIB of
NSCLC, and absence of severe cardiovascular, pulmonary, or autoimmune diseases.
Antibodies against CD68+ and CD163+ were used to determine the macrophage
phenotype and their distribution in tumor islets and stroma. For each sample, six
fields of view with a diameter of 1 mm were analyzed, focusing on the “hot spots”
in the tumor stroma and islets. The average values method determined the cut-off
value for macrophages M1 and M2. The cut-off values for total macrophages M1 was
28 cells/mm?, macrophages M1 in tumor islets — 18 cells/mm? macrophages M1 in
the stroma — 11 cells/mm?, total macrophages M2 — 38 cells/mm?, macrophages M2
in tumor islets — 13 cells/mm?, macrophages M2 in the stroma — 24 cells/mm?. All
data about the clinicopathological characteristics of patients were collected from the
medical records. The long-term follow-up period continued for at least 60 months.
The difference between the studied groups was assessed using the Student’s t-test
and the Mann-Witney test. The Cox proportional hazards model was used to assess
the impact of several clinicopathological characteristics on patient survival. Most
M1 and M2 macrophages accumulated in the stroma (p<0.001). The total number
of M1 macrophages was higher in men than women (p=0.0082). Pro-inflammatory
macrophages were more prevalent in men than women in both the tumor islets
(p=0.0192) and stroma (p=0.0226). Patients with the T1a—2a category had more total
M1 macrophages than those with the T2b-4 category (p=0.0486). The tumor stroma
also observed this trend (p=0.0205). Current and former smokers had a significantly
higher number of M1 macrophages in tumor islets (p=0.0485). In squamous cell
carcinomas, the total number of M2 macrophages was higher than in adenocarcinomas
(p=0.0343), especially in the tumor stroma (p=0.0006). In conclusion, high M1
macrophage infiltration of tumor islets is associated with better recurrence-free
survival. A low total number of M2 macrophages and their low expression in the
stroma are associated with better overall survival in surgically treated NSCLC patients.
Keywords: M1 macrophages, M2 macrophages, lung cancer, islets, stroma, survival.

Introduction

According to the International Agency for Research on
Cancer, in 2022, lung cancer ranked first among men and
second among women in both incidence and mortality rates.
Statistics indicate that one in five deaths from malignant

neoplasms worldwide is associated with lung cancer [3].
Despite significant progress in drug therapy, not all patients
benefit from treatment [4, 14].

Modern understanding suggests that molecular properties
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of cancer cells and the tumor microenvironment play a
crucial role in carcinogenesis and metastasis. The tumor
microenvironment includes tumor-associated macrophages
(TAMs), fibroblasts, stromal cells, B cells, T cells, and NK
cells. However, TAMs are key players in disease progression
[18]. They constitute the majority of immune cells infiltrating
solid tumors, sometimes accounting for up to 50 % of the
tumor mass. These macrophages actively produce cytokines
and enhance the metastatic potential of malignant tumors
[23].

One of the most important characteristics of macrophages
is their functional and phenotypic heterogeneity. Depending
on the pathological context, they can polarize into two
types: pro-inflammatory (M1) and anti-inflammatory
(M2). M1 macrophages produce cytokines that eliminate
microorganisms and exert an anti-tumor effect. In contrast,
M2 macrophages promote connective tissue remodeling,
suppress inflammatory responses, and stimulate tumor
growth, invasion, and metastasis to lymph nodes and distant
organs [24]. The polarization of M1 macrophages is driven
by type 1 T-helper (Th1) cytokines, such as tumor necrosis
factor (TNF) and interferon-gamma (IFN-y). Meanwhile, type
2 T-helper (Th2) cytokines, including interleukin-13 (IL-13),
interleukin-10 (IL-10), and interleukin-4 (IL-4), induce M2
macrophage polarization [20].

The role of macrophages in cancer development is
ambiguous due to the dual effects of the cytokines they
produce. For instance, IFN-y has a positive effect by
inhibiting neoangiogenesis and tumor cell metastasis.
At the same time, its negative impact may manifest in
impairing NK cell-mediated recognition and destruction of
tumor cells, as well as facilitating the transmission of anti-
apoptotic and proliferative signals [11]. TNF, which drives M1
macrophage polarization, stimulates anti-tumor immunity by
activating CD8+ T cells and NK cells. However, under certain
conditions, it can sustain chronic inflammation and contribute
to carcinogenesis [5].

The role of macrophages in the development of non-
small cell lung cancer (NSCLC) remains unclear. Given
that various cytokines exert dual effects, macrophages may
either suppress or promote lung cancer progression and
metastasis.

The aim of our study was to assess the degree of M1 and
M2 macrophage infiltration in tumor clusters and stroma and
to establish their relationship with recurrence-free survival
(RFS) and overall survival (OS) in patients with radically
treated NSCLC.

Material and methods

The study was approved by the Local Ethics Committee of
the Sumy Regional Clinical Oncology Center (Protocol No. 20
dated December 21, 2023). All requirements of the 59th
Declaration of Helsinki of the General Assembly of the World
Medical Association (6th edition, revised in 2008, Seoul) and
the Universal Declaration on Bioethics and Human Rights
(2006) were met. All living patients at the start of the study

signed an informed consent form.

Study design. The study included 42 patients with
non-small cell lung cancer (NSCLC) who were treated at
the Sumy Regional Clinical Oncology Center from 2015 to
2018. Inclusion criteria were age over 18 years, stage |A-11IB
NSCLC, absence of severe cardiovascular or pulmonary
pathology, absence of autoimmune diseases, and the
availability of postoperative tumor tissue in the form of a
paraffin block. Exclusion criteria included stage IV disease,
severe comorbidities, prior neoadjuvant chemotherapy
or chemoradiotherapy, and infectious postoperative
complications. The lung cancer stage was determined
according to the 8th edition of the TNM Classification of
Malignant Tumors [15], while tumor differentiation grade
and histological type were classified based on WHO
recommendations for lung tumor classification [16].

Patients with stage IB-1lIB disease received platinum-
based adjuvant chemotherapy. In addition to platinum agents,
pemetrexed or vinorelbine was used for adenocarcinoma
treatment, while docetaxel, paclitaxel, or gemcitabine was
used for squamous cell carcinoma, in accordance with drug-
specific guidelines. Each patient received between 2 and 4
cycles of chemotherapy. Patients in the N2 category were
also prescribed external beam gamma therapy with a total
focal dose of 30 Gray.

Clinical and pathological data, including age, sex, disease
stage, T category, N category, ECOG (Eastern Cooperative
Oncology Group) performance status, extent of surgical
intervention, adjuvant chemotherapy and radiotherapy, tumor
histological type, and differentiation grade, were extracted
from medical records.

Follow-up period. Long-term follow-up lasted at least 60
months. During the first two years after radical treatment, CT
scans of the chest and abdominal organs were performed
every three months, and in the subsequent three years, every
six months, according to local practice standards. After the
five-year follow-up period, patients underwent annual chest
X-rays. In cases of suspected disease recurrence, unplanned
CT scans were performed. If there were symptoms of central
nervous system metastasis, an MRI was conducted. RFS
was defined as the time interval between the date of surgery
and the date of documented disease progression. OS was
calculated as the difference between the date of death due
to disease progression or any other cause and the date of
surgery. The database was closed on July 1, 2024.

Histology and immunohistochemistry. Lung cancer tissue
samples were fixed in a 10 % neutral formalin solution for
24 hours before being embedded in paraffin blocks using
standard techniques. For immunohistochemical (IHC)
analysis of NSCLC tissues, serial 4-um-thick sections
were prepared using a rotary microtome and mounted on
SuperFrost adhesive slides (Thermo Scientific, Waltham,
MA, USA). The deparaffinized sections underwent antigen
retrieval via heat treatment in 0.1 M citrate buffer (pH 6.0)
at 95-98 °C for 30 minutes. The In Vitro visualization system
(Master Diagnostica, Granada, Spain) was used for IHC
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visualization. To determine macrophage phenotypes, the
study employed anti-CD68 mouse monoclonal antibodies
(Clone KP-1, Master-Diagnostica, Spain, ready-to-use)
and anti-CD163 rabbit monoclonal antibodies (Clone
EP324, Master-Diagnostica, Spain, ready-to-use). Antibody
incubation was performed at room temperature for 10
minutes, followed by three washes in distilled water.

For quality control of the IHC analysis, both active
control (using tissues with previously established positive
and negative reactions) and passive control of obtained
results were conducted. For each sample, six 1-mm-
diameter fields of view, representing “hot spots” within
tumor stroma and tumor nests, were analyzed. Threshold
values for M1 and M2 macrophages were determined using
mean values: total M1 macrophages=28 cells/mm?, M1
macrophages in tumor nests=18 cells/mm?, M1 macrophages
in stroma=11 cells/mm?, total M2 macrophages=38 cells/
mm?, M2 macrophages in tumor nests=13 cells/mm?, M2
macrophages in stroma=24 cells/mm?2.

Statistical analysis. Statistical analysis was performed
using Stata V.18.0 (StataCorp, Texas, USA, https://www.
stata.com, 2024). The normality of data distribution was
assessed using the Shapiro-Wilk test. Differences between
two study groups were evaluated using the Student’s t-test
(for parametric variables) and the Mann-Whitney test (for
nonparametric variables). A Cox proportional hazards
model was used to assess the impact of multiple clinical and
pathological characteristics on patient survival. Results were
considered statistically significant at p<0.05.

Results

Characteristics of the study group. The study included
42 patients with radically treated NSCLC. The clinical
characteristics of the patients and pathological characteristics
of the tumors are presented in Table 1.

Immunohistochemical analysis of NSCLC tissue using
CD68+ antibodies revealed an intense positive cytoplasmic
reaction in macrophages of the tumor microenvironment.
Macrophages were predominantly located in the stroma
surrounding the tumor tissue, with some infiltrating between
solid layers of squamous tumor epithelium (Fig. 1, first
column, top row). In adenocarcinoma tissue, CD68-positive
cells were localized among atypical tumor glands in the
fibrous stroma. Some individual macrophages and clusters
were identified within the tumor parenchyma, specifically
within clusters of atypical glandular cells (Fig. 1, second
column, top row).

To confirm the presence of M2 phenotype macrophages
in NSCLC tissue, an immunohistochemical study with
CD163+ antibodies was conducted. A high number of CD163-
positive cells were found in the tumor microenvironment of
squamous cell carcinoma (see Fig. 1, first column, bottom
row). CD163-positive cells with intensely stained cytoplasm
and partially stained membranes were also located among
glandular complexes of adenocarcinoma (see Fig. 1, second
column, bottom row).

Table 1. Baseline clinical and pathological characteristics of
patients and tumors.

Baseline cllnlcopatlhologlcal Total number of patients (n, %)
characteristics

Age:
<60 22 (52.4)
260 20 (47.6)
Sex:
Female 8 (19.0)
Male 34 (81.0)
Stage:
IA-1IA 15 (35.7)
11B-111B 17 (64.3)
Category T:
T1a-2a 19 (45.2)
T2b-4 23 (54.8)
Category N:
NO 24 (57.1)
N1-2 18 (42.9)
Histology:
Adenocarcinoma 20 (47.6)
Squamous cell carcinoma 22 (52.4)
Differentiation:
Well or moderate 26 (61.9)
Poor 16 (38.1)
Smoking history:
Never smokers 8 (19.0)
Current or former smokers 34 (81.0)
Performance status:
0 3(7.1)
1 39 (92.9)
Surgery type:
Lobectomy 25 (59.5)
Pneumonectomy 17 (40.5)
Adjuvant chemotherapy:
Yes 36 (85.7)
No 6 (14.3)
Adjuvant radiation therapy:
Yes 5(11.9)
No 37 (88.1)
Total macrophages M1:
>28 cells/mm? (high) 15 (35.7)
<28 cells/mm? (low) 27 (64.3)
Macrophages M1 in tumor islets:
218 cells/mm? (high) 16 (38.1)
<18 cells/mm? (low) 26 (61.9)
Macrophages M1 in the stroma:
211 cells/mm? (high) 18 (42.9)
<11 cells/mm? (low) 24 (57.1)
Total macrophages M2:
238 cells/mm? (high) 21 (50.0)
<38 cells/mm? (low) 21 (50.0)
Macrophages M2 in tumor islets:
213 cells/mm? (high) 15 (35.7)
<13 cells/mm? (low) 27 (64.3)
Macrophages M2 in the stroma:
224 cells/mm? (high) 21 (50.0)
<24 cells/mm? (low) 21 (50.0)

Association between M1 and M2 macrophages and
clinicopathological characteristics in radically treated NSCLC
patients. M1 and M2 macrophages were found in both the
stroma and tumor nests, but they predominantly accumulated
in the stroma (p<0.001). The ratio of pro-inflammatory and
anti-inflammatory macrophages in tumor nests and stroma
differed significantly. M2 macrophages were more prevalent
in the stroma (p<0.001), while M1 macrophages dominated
in tumor nests (p<0.001).
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Fig. 1. Immunohistochemical Analyis of NSCLC Tissue (Squ

| -

amous Cell Carcinoma and Adeocarcinoma) with CD68+ and

Adenocarcinoma

L ’

o, oL

CD163+ Antibodies. Red arrows indicate stained macrophages. Nuclear counterstaining was performed using Mayer’s hematoxylin.
The magnification is specified in the bottom right corner of each image, with scale markers corresponding to 200 pm in the main

microphotographs and 50 ym in the insets.

In male patients, the total number of M1 macrophages
was higher than in female patients (p=0.0082; Table 2).
Interestingly, the infiltration of pro-inflammatory macrophages
in men was significantly higher in both tumor nests
(p=0.0192) and stroma (p=0.0226; Table 3). Additionally,
patients with T1a—2a tumors had a higher total number of
M1 macrophages compared to patients with T2b—4 tumors
(p=0.0486; see Table 2). A similar trend was observed in the
tumor stroma (p=0.0205; see Table 3).

There was no significant difference in the total number
of M1 macrophages between smokers and non-smokers
(p=0.0586; see Table 2). However, current and former smokers
had a significantly higher number of M1 macrophages in
tumor nests (p=0.0485; see Table 3).

In squamous cell carcinoma, the total number of
M2 macrophages was significantly higher compared to
adenocarcinoma (p=0.0343; see Table 2). Moreover, M2
macrophages predominantly accumulated in the tumor
stroma (p=0.0006; Table 4). No significant association
was found between total M1 and M2 macrophage counts,
their distribution in tumor nests and stroma, and other
clinicopathological characteristics such as age, disease
stage, N category, tumor differentiation grade, and ECOG
performance status.

Association between M1 and M2 macrophage infiltration
and survival in radically treated NSCLC patients. The mean
follow-up duration was 57.9+4.2 months. At the time of data
analysis, disease recurrence was recorded in 19 patients. A

Table 2. Association between total M1, M2 macrophage counts
and clinicopathological characteristics.

40

Baseline Macrophages | p Macrophages | p
clinicopathological M1, cells/ M2, cells/
characteristics mm? mm?

Age:

<60 25 (4-73) 0.2032 | 40 (16-63) 0.4064
260 32 (7-76) 36 (18-57)

Sex:

Female 16 (4-47) 0.0082 | 38 (23-48) 0.9397
Male 31 (9-76) 38 (16-63)

Stage:

1A-11A 24 (7-54) 0.3182 | 37 (16-63) 0.5791
11B-11IB 31 (4-76) 39 (18-57)

Category T:

T1a-2a 35 (10-73) 0.0486 |42 (16-63) 0.0761
T2b-4 23 (4-76) 35 (18-56)

Category N:

NO 29 (4-76) 0.2035 |40 (16-63) 0.1073
N1-2 28 (5-58) 34 (19-53)

Histology:

Adenocarcinoma 27 (4-58) 0.6231 | 34 (16-56) 0.0343
Squamous cell|30(9-76) 42 (23-63)

carcinoma

Differentiation:

Well or moderate 29 (4-76) 0.6879 |40 (16-63) 0.1487
Poor 28 (5-58) 34 (19-53)

Smoking history:

Never smokers 20 (5-47) 0.0586 |39 (23-56) 0.8040
Current or former|30 (4-76) 38 (16-63)

smokers

Performance status:

0 17 (13-25) 0.2823 |48 (36-63) 0.1672
1 29 (4-76) 37 (16-57)
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Table 3. Association between clinicopathological characteristics
and M1 macrophages in tumor nests and stroma.

Table 5. Multivariate Cox proportional hazards model for
assessing the impact of clinicopathological characteristics on

Table 4. Association between clinicopathological characteristics
and M2 macrophages in tumor nests and stroma.

Baseline clinicopathological Macrophages M1 recurrence-free survival.
characteristics Tumor islets | p-value Stroma | p-value Baseline clinicopathological characteristics HR |95 % ClI p-value
Age: Age (<60 versus 260) 0.90 | 0.70-5.16 | 0.2030
<60 17.(3-49) 04342 [10(2-28) [0.1035 Sex (female versus male) 0.92 [ 0.07-11.72 | 0.9550
>60 19 (4-50) 14 (3-29)
Sox. Stage (IA-IIA versus IIB—IIIB) 0.49 | 2.46-356.1 | 0.3300
Female 10 (3-22) 0.0192 |7 (2-25) 0.0226 Category T (T1a—2a npotu T2b—4) 6.79 | 1.49-30.98 | 0.0130
Male 20 (6-50) 12 (2-29) Category N (NO npotnt N1-2) 6.14 | 1.90-19.84 | 0.0020
Stage: - " -
IA-TIA 15 (4-39) 0.1306 1127 |0.5364 SH;t;):sgxs(aciﬁnc(;?iirﬁ:)nn(zga versus 2.78 | 0.70-10.99 | 0.1430
1IB-11IB 20 (3-50) 12 (2-29)
Category T- Differentiation (well or moderate versus poor) | 3.87 | 1.33-11.24 | 0.0130
Tla-2a 22 (6-49) 0.0973 15(3-29) |0.0205 Smoking history (never smokers versus 2.98 | 0.32-27.34 | 0.3330
T2b-4 15 (3-50) 9 (2-26) current or former smokers)
Category N: Performance status (0 versus 1) 0.83]0.06-11.62 | 0.9840
E?_z ;? g:ig; 0-1060 }g 8%; 0.0977 Surgery type (lobectomy versus 1.41(0.47-4.21 |0.5320
prE— pneumonectomy)

1stology: "
Adenocarcinoma 17 (3-39) 0.6681 11229) |0.6048 Adjuvant chemotherapy (yes versus no) 2.85|0.37-26.35 | 0.1680
Squamous cell carcinoma 19 (6-50) 12 (2-28) Adjuvant radiation therapy (yes versus no) 1.7210.25-16.11 | 0.4300
Differentiation: Total macrophages M1 (high versus low) 0.330.04-2.65 |0.3020
Well or moderate 19 (4-50) 0.9071 12 (2-28) 10.9173 - - -
Poor 17 (3-34) 11 (2-29) ll\g:grophages M1 in tumor islets (high versus | 1.01 | 0.24-4.24 | 0.0020
Smoking history: - -
Never smokers 12 (3-26) 0.0485 |8 (2-25) 0.0774 Macrophages M1 in stroma (high versus low) | 1.91 | 0.22-16.07 | 0.5500
Current or former smokers 20 (6-50) 12 (2-29) Total macrophages M2 (low versus high) 5.14 1 1.17-22.61 1 0.0300
Performance status: Macrophages M2 in tumor islets (low versus | 0.70 | 0.20-2.41 | 0.5790
0 11 (8-15) 02307 |7@11) [0.2815 high)
1 19 (3-50) 12 (2-29) Macrophages M2 in stroma (low versus high) | 0.28 | 0.07-1.14 | 0.0770

Table 6. Multivariate Cox proportional hazards model for
assessing the impact of clinicopathological characteristics on

total of 19 patients had died, with 18 deaths attributed to lung
cancer progression, while 1 patient died due to other causes.

The Cox proportional hazards model was used to
evaluate the combined effect of clinical and pathological
characteristics on patient survival in NSCLC. Multivariate

IBI_aseIine +ological Macrophages M2 overall survival.

clinicopathologica : - i

characteristics Tumorislets | p-value Stroma | p-value Baseline clinicopathological characteristics HR |95 % ClI p-value

Age: Age (<60 versus 260) 2.22 10.81-6.06 |0.1160

<60 13 (6-26) 0.5186 |25 (9-50) [0.5578 Sex (female versus male) 0.86 |0.04-17.40 | 0.9260

> - -

860 12 (6-31) 23 (10-39) Stage (IA-IIA versus IIB-IIIB) 0.68 [0.18-2.58 |0.5770
ex:

Female 13 (8-26) 0.5196 23 (12_33) 0.6705 Category T (T1 a-2a npoTtm T2b-4) 8.85 1 0.01-0.62 0.0060

Male 13 (6-31) 24 (9-50) Category N (NO npoTu N1-2) 3.63 | 1.09-12.13 0.0360

Stage: Histology (adenocarcinoma versus 2.75 1 0.66-11.36 | 0.1600

IA-IIA 12 (6-23) 0,8328 |24 (9-50) |0.8319 squamous cell carcinoma)

'C';B"”B - 13 (6-31) 24 (10-39) Differentiation (well or moderate versus poor) | 3.39 | 1.10-10.39 | 0.0320
ategory T: - -

T1a-2a 15 (7-31) 0.0639 |26 (9-50) |0.2652 Smoking history (never smokers versus 7.51 10.47-188.4 | 0.1520

T2b-4 11 (6-26) 22 (10-37) current or former smokers)

Category N: Performance status (0 versus 1) 0.41 10.03-5.39 |0.5020

NO 12 (6-26) 0.4588 |23 (9-50) |0.4274 Surgery type (lobectomy versus 1.47 |0.51-4.21 |0.4720

N1-2 14 (6-31) 25 (11-39) pneumonectomy)

Histology: Adjuvant chemotherapy (yes versus no) 1.12 | 0.58-4.13 |0.5620

’S"gﬁg‘r’ncjl:g'rc‘gl’r‘sarcinoma 12 Eg:gl; 0.1924 gg E?fgg) 0.0060 Adjuvant radiation therapy (yes versus no) | 0.65 | 0.22-3.89 | 0.3860

Differentiation: Total macrophages M1 (high versus low) 0.27 | 0.04-1.74 |0.1700

Well or moderate 13 (7-26) 0.2115 |26 (9-50) |0.1386 Macrophages M1 in tumor islets (high 0.87 10.20-3.66 | 0.8570

Poor 12 (6-31) 21 (11-37) versus low)

Smoking history: Macrophages M1 in stroma (high versus low) | 2.09 | 0.29-15.06 | 0.4630

Never smokers 13 (8-26) 0.5732 |25 (12-33)0.7700 Total macrophages M2 (low versus high) 5.56 |1.08-28,57 | 0.0400

Current or former smokers | 13 (6-31) 24 (9:50) Macrophages M2 in tumor islets (low versus | 0.83 |0.22-3.11 |0.7840

gerformance statue: 16 (11-19) 0.2388 |34 (25-50) | 0.0510 high)

1 12 (6-31) 23 (9-39) Macrophages M2 in stroma (low versus high) | 0.22 | 0.05-0.86 | 0.0300

analysis showed that T category, N category, tumor
differentiation, and M1 macrophage infiltration in tumor nests
significantly influenced RFS.

Patients with T1a—2a tumors, absence of regional
lymph node metastases, well- or moderately differentiated
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tumors, and high M1 macrophage infiltration in tumor nests
had significantly better RFS compared to those with T2b—4
tumors, poorly differentiated tumors, and low M1 macrophage
infiltration in tumor nests (Table 5).

OS was affected by T category, N category, tumor
differentiation grade, total M2 macrophage levels, and
M2 macrophage infiltration in the stroma. Patients with
T1a—2a tumors, no regional lymph node metastases, well- or
moderately differentiated tumors, low total M2 macrophage
levels, and low M2 macrophage infiltration in the stroma had
significantly better OS compared to patients with stages 11B—
I1IB, T2b—4 tumors, regional lymph node metastases, poorly
differentiated tumors, high total M2 macrophage levels, and
high M2 macrophage infiltration in the stroma (Table 6).

Discussion

The immunosuppressive microenvironment has a
negative impact on lung cancer progression. Pro-tumorigenic
M2 macrophages hinder immune cell infiltration and suppress
the anti-tumor immune response. As a result, lung cancer
therapies become less effective, leading to resistance to
treatment and poor survival outcomes [26]. In this study, we
assessed the infiltration levels of M1 and M2 macrophages
in tumor nests and stroma and investigated their prognostic
significance in PFS and OS in radically treated NSCLC
patients.

Numerous studies have examined the overall expression
of M1 and M2 macrophages and their correlation with
survival. E. M. Garrido-Martin et al. [7] demonstrated that high
M1 macrophage expression in tumor tissue is associated with
intense inflammatory infiltration, leading to better treatment
outcomes. Meanwhile, R. Sumitomo et al. [22] evaluated
the prognostic role of M2 macrophages in relation to their
localization and concluded that high expression levels in both
the stroma and tumor nests are linked to poor PFS and OS
in NSCLC patients.

We believe that it is more appropriate to evaluate not
only the overall levels of M1 and M2 macrophage infiltration
but also their specific distribution in the stroma and tumor
nests. We observed that tumor-associated macrophages
were predominantly concentrated in the stroma. Similar
findings have been reported by other researchers studying
the tumor microenvironment in NSCLC patients. Additionally,
M2 macrophages were more abundant in the stroma, where
they tend to accumulate in hypoxic, poorly vascularized
regions [19, 29].

We found that men had significantly higher M1
macrophage infiltration in both tumor nests and stroma
compared to women. This is likely due to the higher
prevalence of smoking among men than women. In our study,
94 % of men and 35 % of women were smokers.

Cigarette smoke contributes to chronic inflammation by
promoting infiltration of neutrophils, CD8+, CD4+, and B
cells, macrophages, and natural killer (NK) cells. Smoking
also induces M1-to-M2 macrophage polarization, ultimately
increasing the number of M2 macrophages and fostering an

immunosuppressive environment [1].

Macrophages play a crucial role in innate immunity and
affect survival in NSCLC patients. Our findings indicate that
the level of M1 macrophage infiltration in tumor nests is an
independent predictor of RFS — the higher the infiltration, the
better the survival outcomes.

F. Dai et al. [6] reached similar conclusions. This effect is
primarily attributed to the cytotoxic activity of M1 macrophages
in tumor nests, which enhances cellular immune responses
[17]. Furthermore, these cells increase lung cancer cell
sensitivity to cisplatin, inhibit neoangiogenesis, and reduce
metastatic potential [27].

Conversely, our study found that the total number
of M2 macrophages and their levels in the stroma are
independent predictors of poor overall survival (OS).
Higher M2 macrophage levels in the tumor stroma are
associated with worse survival outcomes in NSCLC
patients. This negative impact is linked to the creation
of an immunosuppressive environment, stimulation of
angiogenesis, lymphangiogenesis, and metastasis to
regional lymph nodes [9].

X. Liu et al. [13] demonstrated that SHP2 receptor
expression, which plays a key role in macrophage
reprogramming, was higher in M2 macrophages than in
M1 macrophages, further supporting their negative effect
on OS in NSCLC patients. Additionally, J. Jackute et al.
[10] confirmed our findings, showing that low overall M2
macrophage levels and high M1 macrophage infiltration in
tumor nests correlate with improved NSCLC survival.

Our study found that squamous cell carcinomas exhibited
higher total levels of M2 macrophages, particularly in the
tumor stroma. Similar findings were reported by S. Hirayama
etal. [8]and S. K. Bisheshar et al. [2]. However, other studies
have more frequently associated M2 macrophage infiltration
with poor survival in adenocarcinoma patients.

It is believed that high M2 macrophage levels in the
tumor stroma indicate adenocarcinoma aggressiveness and
are a predictor of disease recurrence [12, 28]. Therefore,
regardless of the histological subtype of lung cancer, a high
number of M2 macrophages in the tumor stroma appears
to be an unfavorable prognostic factor. Beyond their role as
prognostic markers, macrophages can also serve as potential
therapeutic targets for developing biomarker-based targeted
therapies [25].

Current NSCLC treatment options, including chemo-
therapy, cause systemic toxicity, leading to vomiting,
diarrhea, nausea, anemia, and other severe side effects.
Moreover, prolonged chemotherapy use often results in
resistance and disease progression. Targeted therapies
against macrophages may represent a novel approach,
with M2 macrophages being a particularly promising target.

Specifically, reprogramming M2 macrophages and
shifting their polarization from M2 to M1 is one potential
strategy to activate the anti-tumor immune response and
improve survival outcomes in NSCLC patients [21].
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Conclusions

1. Men have higher M1 macrophage infiltration in tumor
nests and stroma than women. Smoking is associated with
increased M1 macrophage levels in tumor nests.

2. Squamous cell carcinoma has higher total M2
macrophage levels, especially in the tumor stroma, compared
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PO3MOAIN MAKPO®ATIB M1 TA M2 TA iX BNJIUB HA BUXKUBAHICTb Y XBOPUX HA HEAPIBHOKNITUHHUNM PAK
NEFEHb

BuHHu4eHko O. I., Mockanerko FO. B., [1iddy6Huli A. M., MockaneHko P. A.

AcouitiosaHi 3 NMyx/uHoO Makpoghazu gidieparomb 8axrugy porb y KaHuepo2eHe3i ma mMemacmasysaHHi. Hawe 0ocnioxeHHs
mario Ha memi oyiHumu po3nodin makpoghazie M1 i M2 e ocmpisysix i cmpomi nyxmmuHU ma ecmaHosumu ernue Ha 6e3peyudusHy
8uUXuUBaHiCMb i 3a2anbHy 8UXUBaHicCmMb y rnauieHmig 3 XipypeidyHo sudaneHum HeOpibHOKMTIMUHHUM pakom nezeHi (HOAKP/I). I3
CyMcbK020 061aCHO20 KITiHIYHO20 OHKO/I02i4H020 UeHmpy 05 ydacmi y 0ocnioxeHHi 6yo 3any4eHo 42 xipypaidHo nposikoeaHux
nauieHmis, xeopux Ha HOKPJI. Kpumepiamu ekmrodeHHs1 6ynu eik cmapwe 18 pokie, cmadii IA-IIIB HOKP/T ma eidcymHicmb
MSKKUX cepueso-cyOUHHUX, rleeeHesux abo aymoiMmyHHUX 3axeoprogaHb. AHmumina npomu CD68+ i CD 163+ seukopucmosysarnu
0 8U3Ha4YeHHs1 gheHomuny mMakpoghbazis i ix po3nodiny 8 ocmpisusx i cmpomi nyxauHu. [ns KOXXHO20 3paska aHanidysasnu o
6 nonis 3opy Giamempom 1 MM, SKi Manu euasisi0 «2aps4uX MOYOK» 8 MyXJIUHHIU cmpomi ma nyxnuHHUX ocmpisusx. Memodom
cepedHix 3Ha4YeHb 8U3HA4YeHO opo208e 3HayeHHs 0 Makpogazie M1 i M2. [paHu4yHi 3Ha4eHHs1 3az2asibHOi KinbKocmi
makpoghaeie M1 cmaHosunu 28 knimuH/mm?, makpoghazie M1 e ocmpisusix nyxnuHu — 18 krimur/mm?, Makpodgpaeie M1 e crmpomi —
11 KnimuH/mMM?, 3aeanbHOI Kinbkocmi Makpoghaeie M2 — 38 knimur/mm?, makpoghbazie M2 e nyxnuHHUXx ocmpigusix — 13 KraimuH/mMm?,
makpocghaeie M2 y cmpomi — 24 knimuHu/mMm?. Yci OaHi po KniHiKo-namosoziyHi xapakmepucmuku nayieHmie 36upanu 3 MeduyHor
OokymeHmauii. [Joseocmpokosull nepiod criocmepexeHHs mpusas woHalimeHwe 60 micsuig. PisHUUt0 Mix 0ocrioxysaHUMU
epynamu oujHrosarnu 3a 0ornomozor t-kpumepito CmbsrodeHma ma kpumepito MaHHa-BimHi. Modernb nponopuiliHux pu3ukie Kokca
byna sukopucmara 0718 OUYiHKU 8M1U8Y KiflbKOX KITIHIKO-Mamosio2idHUX XxapakmepucmukK Ha 8UXXUBaHHS nayieHmis. BcmaroerneHo,
wo Haubinbwe maxkpoghazie M1 i M2 Hakonu4vysanocs 8 cmpomi (p<0,001). 3azanbHa Kinbkicmb Makpoghazie M1 6yna suwjoro
y yornosikig, Hix y xiHok (p=0,0082). [po3ananbHi Makpoghazau byru binbw NMoOWUpPeHi y YOmosikie, HiX y XIHOK, sIK 8 0cmpieusix
nyxnuHu (p=0,0192), mak i 8 cmpomi (p=0,0226). lNauieHmu 3 kamezopieto T1a—2a manu binbwe 3azanbHUx makpogaeie M1, Hix
nauieHmu 3 kamezaopieto T2b—4 (p=0,0486). Y cmpomi nyxnuHu makox crnocmepieanacsi 0aHa meHoeHuist (p=0,0205). HuHiwHi ma
KONUWIHI Kypui Manu 3HaqHo binbuly Kinbkicme Makpoghaeie M1 e ocmpisusix nyxnuHu (p=0,0485). Y nnockoknimuHHUX kapyuHomax
3aearbHa KinbKicmb Makpoghazie M2 6yna suworo, Hix 8 adeHokapuyuHomax (p=0,0343), ocobnuso 8 cmpowmi nyxnuHu (p=0,0006).
Omxxe, sucoka iHghinbmpauis nyxnuHHUX ocmpisyie makpoghazamu M1 noe’asaHa 3 kpauw,or 6e3peyuduBHOK 8UXKUBAHICMIO.
Husbka 3aecarnbHa Kinbkicmb Makpoghazie M2 ma ix Hu3bKa eKCripecis 8 Cmpomi 1oe’si3aHi 3 Kpaum 3a2anbHUM 8UXUBAHHSIM Y
XipypeiyHo nponikosaHux naujieHmie i3 HAKP/I.

KntouoBi cnoBa: M1 makpoghazu, M2 makpoghaau, pak rnezeHi, ocmpiguyi, cmpoma, 8UXUBaHHSI.
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According to the World Health Organization, congenital defects of female genital
organs are more common in families and countries with limited resources. About
94 % of severe developmental disorders occur in low- and middle-income countries,
where women often face malnutrition and limited access to quality health care. The
aim of the study was to determine the morphometric parameters of the thickness of
an artificial vagina created from the colon. Patients who were hospitalized and treated
in gynecology for malformations of the genital organs in the period from 2019 to 2023
were considered. For a retrospective analysis, 202 patients (including 36 controls)
who were treated for vaginal anomalies and malformations of the genital organs were
analyzed; 146 of them underwent histological examination, and 56 — cytological (aged
18 to 40 years). Statistical analysis of the results was performed using the Microsoft
Office Excel-2010 software package. When studying morphometric parameters, an
increase in the area, volume and surface of goblet cells was established within 1-3
years, which indicates that their activity is at a high level. However, after 4-10 years,
the cell parameters sharply decreased, which indicates a weakening of the adaptation
process and tissue degradation. In addition, we studied the condition and density of the
glands in 1 mm? of the mucous membrane in different periods of observation. Thus,
over 1-3 years of observation, an increase in the density by 0.91 times, the height
by 0.89 times and the diameter of the glands by 0.92 times was noted compared to
the control, which indicates the activity of the adaptation process. After 1-3 years of
observation, an increase in the density and diameter of the glands by 0.70 times, and
the height by 0.68 times compared to the control was noted. These indicators indicate
hypertrophy and hyperplasia of the glands. After 4-10 years a significant decrease
in all indicators with subsequent degradation and functional disorders was detected.
The density of the glands decreased by 1.14 times, the height by 1.49 times and
the diameter of the glands by 1.31 times compared to the control, which is a sign
of long-term chronic changes and a decrease in the adaptation process leading to
atrophic changes in the mucous membrane of the neovagina.

Keywords: neovagina, mucous membrane, epithelium, histology.

Introduction

Congenital malformations of female reproductive organs
account for 4 % to 14 % of all birth defects. Among them,
the most socially significant anomaly is aplasia of the vagina
and uterus, occurring in approximately 1 in every 4,500-
5,000 newborn girls [8, 15, 16]. Congenital vaginal atresia
is a very rare congenital anomaly of the reproductive tract.
The main symptoms are abdominal pain, amenorrhea, and
breast lumps. MRI examinations reveal an enlarged uterine
cavity. After surgery, vaginal restenosis and inflammation
occurin 15.9 % (with obstruction) and 40 % (with other types
of aplasia) [9]. According to recent studies, patients with

Mayer-Rokitansky-Kister-Hauser syndrome (MRKHS) may
develop leiomyoma, adenomyosis, or ovarian edema from
the remnants of the uterus and ovaries, which may cause
difficulties in differential diagnosis [10]. Uterine leiomyoma
is common in medical practice, but is rarely found within
syndromes. One case is described in which a 50-year-old
woman with MRKHS syndrome was operated on for the
presence of leiomyoma [17].

In very rare cases, leiomyoma or adenomyosis may
develop in residual Mullerian tissue or rudimentary uterus.
MRI reveals leiomyomas arising from residual Mdillerian
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tissue and chronic ovarian dysfunction [8, 12, 13]. A unique
case is described in which one patient simultaneously
developed two rare pathologies: bilateral ovarian cysts with
Sertoli cells and MRKHS [21]. These methods require long
periods of dilation and stenting to prevent closure of the
canal. Studies have shown that the use of isolated bowel
segments gives excellent results, eliminates unnecessary
and frequent dilation and provides aesthetic lubrication [2].

Modern surgical techniques for creating an artificial
vagina, such as the Vecchetti, Abbe-Mclndow, and Davydov
methods, are among the most widely used and recognized
worldwide. Vaginal vaginoplasty is a well-established
procedure that utilizes a thick or thin segment of the vagina.
This technique is often used in vaginal agenesis, male-to-
female sex reassignment surgery, phallic skin loss, and for
revision after unsuccessful primary reconstruction. The use
of a pedicled colon segment for vaginal reconstruction after
serious complications of the first operation is described [7].

The creation of an artificial vagina is an important
achievement in the field of plastic gynecology, providing
women with optimal conditions for the natural outflow of
menstrual blood after surgery to create a neovagina. The
sigmoid colon is usually used as the main material for
creating a neovagina, but sometimes other parts of the colon
can be used [9].

Earlier studies show that reactive-compensatory
processes in the mucous membranes of the urinary tract,
especially in the epithelium, develop in accordance with
the known classical stages [17]. The traditional process of
reactive adaptation is divided into three key stages. The
first stage, known as “emergency mobilization,” involves the
activation of morphofunctional reserves and a response to
abrupt changes in external conditions. This is followed by
a “plateau” phase, during which the system stabilizes at a
new functional level. Long-term exposure to extreme factors
can lead to decompensation, followed by an “exacerbation”
phase, characterized by disturbances in structural and
functional [3]. Such adaptive processes affect all levels of
structural organization, monitoring and histology, including
subcellular, cellular, tissue and structural-functional units [19].

Despite the creation of neovagina using many types of
surgical methods, the morphological changes in it have not
been fully studied. For further improvement in this direction,
it is necessary to obtain more accurate morphological
data by evaluating serial biopsies in the same patients at
different times of the postoperative period. It is necessary
to regularly monitor the condition of the neovagina after
surgery by cytological and histological examination, which
allows preventing the prolapse of the neovagina that is
often observed in them. Also, to study the condition of the
neovagina created from the sigmoid colon by assessing the
structural changes during its transformation from a single-layer
epithelium to a multilayer epithelium, which makes it possible
to predict successful adaptation of the neovagina in patients.

Based on the analysis of the literature, it can be
noted that although the structure of the artificial vagina

created from the intestine has been studied clinically, the
morphological changes that occur after a certain time and
their characteristics have not been deeply studied, which
makes this problem of primary importance.

Purpose of the study — to determine the morphometric
parameters of the thickness of the artificial vagina created
from the colon.

Materials and methods

The study material consisted of 202 patients with
complications of an artificial vagina, prepared for a dynamic
morphometric study of the sigmoid colon tissue used for
the plastic surgery of an artificial vagina.The Bioethics
Committee of the Ministry of Health of the Republic of
Uzbekistan (protocol No. 5/23-1904, 21.06.2024) established
that the research does not contradict the basic bioethical
standards of the Helsinki Declaration, the Council of Europe
Convention on Human Rights and Biomedicine (1977),
relevant WHO regulations and the laws of the Republic of
Uzbekistan.

A sample of vaginal mucosa was taken to study
cytomorphological changes. A comparative analysis of the
cytological examination results was conducted. The study
was conducted using the classical cytological method in
patients 1-10 years after surgery. Using a special tool (brush),
a smear was taken from the neovaginal mucosa and applied
to adry bottle, dried in the air, fixed and stained. Staining was
done manually using a fixative and Leukodif-200 paint. The
smears were processed and stained using the Romanovsky-
Giemsa and Pappenheim methods.

For histological examination in order to identify
the process of mucus formation, more precisely, the
formation of mucopolysaccharides in the goblet cells of
the mucous membrane and glands of the submucosal
layer, a histochemical study was conducted using
mucopolysaccharide staining according to the Schiff
reaction. To identify glycolic or aminohydroxyl groups that
form dialdehyde in vaginal tissue, a reaction was carried
out — PAS (staining with Schiff reagent). For this, paraffin
histological sections were washed with water and left in a
prepared mixed solution of 0.1 % alcohol and 3 % acetic
acid for 5-10 minutes. Then the sections were washed with
distilled water and diluted with 0.5 % iodic acid solution
for oxidation for 2-5 minutes. Then they were treated with
Schiff reagent for 10-15 minutes. After that, they were
washed in running water and stained with hematoxylin.
Afterwards they were washed again in water, dehydrated
in alcohol and xylene and sealed with balsam. As a result,
mucoproteins, acidic mucopolysaccharides were stained
from blue to light blue, neutral mucopolysaccharides from
pink to red, and nuclei were stained blue. The results were
assessed semi-quantitatively (in points). Histological and
histomorphometric analyses were carried out when studying
the micropreparations.

Cytomorphometric and histomorphometric analyses were
performed using a scanner on a NanoZoomer microscope (REF
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C13140-21.S/N000198/hamamatsu Photonics/431-3196
Japan) using the NDP.VIEV2.0.,QuPath.0.4.0.url program.

Statistical analysis of the results was performed using the
Microsoft Office Excel-2010 software package on a personal
computer, the statistical analysis package, and Student’s
t-testing methods (t) were used.

Results

According to morphometric changes, over a period of
1 to 3 years, in the mucous membranevagina, plasticized
tissue taken from the sigmoid colon, as a result of changing
its topical location, morphological adaptation occurs:
development of atrophy, hypertrophy, hyperplasia, an
increase in the size of secretory cells, which are active cells
of the mucous membrane. In the subsequent period (from 3
to 10 years), it was found that a chronic hyperfunctional state
causes a change in size and shape due to cell metaplasia. It
was found that secretory vacuoles of goblet cells, subjected
to the greatest morphofunctional stress, in the period from 1
to 3 years appear as large dark basophils, and in the period
from 3 to 10 years these indicators decrease, the size of
secretory vacuoles and cellular inclusions decrease, and the
number of cells detected in morphometric studies increases.
As aresult of the hyperfunctionality of the mucous membrane
during the first year, it is characterized by an increase in the
height of the epithelium of the parenchymatous glands and
the mesenchymal cells that make up the nipples.

When analyzing the morphometric parameters of the
layers of the artificial vagina wall, it was found that the
thickness of the mucous membrane over a period of up to 1
year of observation reached 416.2+21.1 ym (p<0.01), which
is 0.87 times more than in the control group (366.3+43.2 ym),
in the period up to 3 years —467.2+11.2 ym (0.78 times more)
and 10 years of observation itwas 301.2+13.1 ym and it was
noted that during this period it decreased unreliably (1.25
times less) compared to the control group (Table 1, Fig. 1, 2).

Table 1.Morphometric indices of the thickness of the artificial
vagina (M+m, ym).

Groups
control Upto1year| Upto3 10 years
years

Mucous membrane |366.3+43.2 |416.2+21.1* |467.2+11.2* |301.2+13.1*
Submucosa 38.41+1.16 |44.69+1.89* |163.57+2.21 |41.57+1.73*
Muscular 18694259 |1751+154** [2201+201** |1917+£104**
membrane, mm
Serosa/adventitia  [122.2429.1 |134.1£11.1* |153.0421.1* |141.1+24.2*

Note: * — compared with the control group p<0.05 and p<0.01;
** — duration of the postoperative period p<0.1.

The thickness of the submucosa of the neovagina in the
control group averaged 38.41+1.16 uym and significantly
increased to 44.69+1.89 ym (p<0.01) by 0.85 times over
the 1-year observation period. Over the period of up to 3
years in the observation group, these indicators reached
63.57+2.21 ym (an increase of 0.60 times), and over the 10-
year or more observation period —41.57+1.73 uym, which is an
insignificant decrease of 0.92 times compared to the control
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Fig. 1. Morphogram of the thickness of the mucous membrane
of the artificial vagina. 1st year of observation. Red lines indicate
areas of mucosal thickness measurement for morphometric
study. PAS stain. x40.
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Fig. 2. Morphogram of glandular epithelium of artificial vaginal
mucosa. 1st year of observation. The areas selected for
measuring the planar parameters of goblet cells are highlighted
in black. PAS stain. x400.

group and 1.52 times compared to the 3-year observation
group (see Table 1).

When analyzing the morphometric parameters of the
area, volume and surface of goblet cells, it was found that the
cell area after 1 year in the observation group was 21.81 ym?
and increased by 0.86 times compared to the control group
(18.92 ym?). In the period from 1 to 3 years (Fig. 3, 4), this
indicator increased to 23.90 ym? (0.79 times more), and in
the period from 4 to 10 years it was 13.33 ym? and reliably
showed a decrease of 1.42 times.

The volume of goblet cells in the control group was
6751 ym3. It was noted that over 1 year of the observation
group existence, this indicator increased to 10360 ym?
(p=0.1), (0.65 times), and over 1-3 years — to 13652 ym?
(p=0.1) (0.49 times). Over 4-10 years of observation in the
groups, the volume of goblet cells showed a reliable decrease
compared to the control group, similar to their area, and
decreased by 2.01 times, amounting to 2353 pm? (p=0.1).

Morphometric indices of the goblet cell surface were
357.2 um?in the control group, showing a significant increase
to 475.2 ym? (p<0.05) (0.75 times more) after 1 year in the
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Fig. 3. Morphogram o eovaginal mucosa with measured
nuclei.3rd year of observation. Blue lines highlight areas selected
for measuring planar parameters of goblet cells. PAS stain. x400.

Fig. 4. The confocal view is formed using the examples shown
in this image to create a three-dimensional spatial pattern in the
artificial vaginal mucosa tissue.
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Fig. 5. Artificial vaginal mucosa. 1-3 year of observation. Three-

dimensional confocal morphometric morphogram showing the

size of glands in neovaginal tissue. NanoZoomer (JAPAN) is

equipped with a scanner.

Fig. 6. Artificial vaginal mucosa. 4-10 year of observation. Three-
dimensional confocal morphometric morphogram showing the
size of glands in neovaginal tissue. Nano Zoomer (JAPAN) is
equipped with a scanner.

observation group and to 571.2 ym? (p<0.05) (0.62 times
more) after 1-3 years of observation. However, during the
4-10 years of observation, these indices were significantly
reduced to 176.9 um? (less than 2.01 times). This is due to the
destruction of goblet cells, emptying of the cytoplasm, atrophy
and functional insufficiency as a result of hyperfunction and
hypersecretion in the early stages of our observation.

In addition, we measured the neovaginal mucosa and
the density of glands in 1 mm? of epithelium, as well as
morphometric indices of their height and diameter. According
to the morphometric indices, the density of glands relative
to 1 mm? of the mucous membrane in the control group
averaged 5.511£1.545 %. It was found that in the group after
1 year of observation, this index averaged 6.018+1.544 %
compared to the control group, which was 0.91 times higher,
and significantly increased by 0.70 times in the 1-3 year group
(7.816+1.614 %). In the observation group for the period of
4-10 years, the density sharply decreased (by 1.14 times)
and averaged 4.815+1.232 % (Fig. 5, 6).

The height of the glands in the mucous membrane of the
neovagina after 1 year of observation was 204.7+19.7 ym
(p=0.05), having increased by 0.89 times, and after 1-3
years the highest value was 266.1+25.6 um (p<0.05), having
increased by 0.68 times. After 4-10 years, a significant
decrease to 122.8+19.7 ym (p<0.01) is observed, which is
1.49 times less than the control value.

The diameter of the glands in the mucous membrane of
the neovagina slightly increased in diameter after 1 year of
observation (77.98+1.13 ym, p<0.05) compared to the control
group (71.85+£1.17 ym), which is 0.92 times more. After 1-3
years of our observation, the maximum value of the diameter
of this indicator was recorded — 101.4+1.4 ym (p<0.05),
compared to the control group (increased by 0.70 times).
After 4-10 years the glands in the mucous membranes of the
neovagina decreased in diameter, averaging 54.58+0.77 ym
(p<0.01), and significantly decreased by 1.31 times.

Discussion

Thus, the conducted studies revealed significant
structural and functional changes affecting the structural and
functional units, the level of cellular differentiation and their
synthetic activity. However, these changes occur unevenly
at different levels. Regardless of the severity of the reactive
changes, they all follow a three-phase process that ultimately
leads to accommodation of the intestinal epithelial tissues.

The condition and density of the Lieberkiihn glands
in 1 mm? of the mucous membrane in different periods of
observation. Up to the 1st year of observation, there was
an increase in the density by 0.91 times, the height by
0.89 times and the diameter of the glands by 0.92 times
compared to the control. This indicates the activity of the
adaptation process. After 1-3 years of observation, there
was an increase in the density and diameter of the glands
by 0.70 times, and the height by 0.68 times compared to
the control. These indicators indicated hypertrophy and
hyperplasia of the glands. After 4-10 years a significant
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decrease in all indicators with subsequent degradation and
functional disorders was detected. The density of the glands
decreased by 1.14 times, the height by 1.49 times and the
diameter of the glands by 1.31 times compared to the control.
This is a sign of long-term chronic changes and a decrease
in the adaptation process leading to atrophic changes in the
mucous membrane of the neovagina.

Vaginal agenesis is a congenital pathological condition
in which there is complete underdevelopment of the vagina.
It is most often observed in the context of MRKHS. This
condition is associated with a developmental defect of the
Mullerian duct, which occurs in approximately every 1/4,000
to 10,000 births [11, 27]. Such patients are often encountered
in adolescence with complaints of amenorrhea. About 15 %
of patients admitted to a gynecological clinic with complaints
of amenorrhea have SMPH [14, 20].

To date, many operative and non-operative methods of
vaginal construction have been described. A non-operative
method (Frank technique) used for rudimentary vagina is
serial vaginal dilation. These methods require prolonged
dilation and stenting to prevent closure of the canal. The
use of isolated bowel segments has been shown to provide
excellent results, bypassing the need for regular dilation and
providing natural lubrication [11, 21].

Two studies describing the epithelium of neovagina
created using the Vecchietti technique evaluated only
cytological data. The first study was performed during the
first and second months after surgery and showed the
presence of inflammatory and parakeratotic cells. The other
study, performed 2-12 years after surgery, demonstrated
that the mucosa of neovagina obtained using the Vecchietti
technique was comparable to the mucosa of a normal vagina
[8, 11, 23]. Anumber of researchers have analyzed biopsies
examined using light, scanning, and transmission electron
microscopy and have shown slight ultrastructural changes
in comparison with normal vaginal mucosal materials from
patients operated on using the Vecchietti method [11, 22]. In
scanning electron microscopy studies, neovaginal epithelium
from three patients with MRKHS who underwent skin grafting
using gluteal skin autografts after creation of a vesicorectal
pouch showed that the transplanted skin retained keratinized
cell maturation and exhibited structures typically found in
normal skin despite the different environment and pH [6, 18].

In 1904, Baldwin performed vaginoplasty using a
segment of the iliac bone. Baldwin’s work was forgotten for
along time due to the high rate of complications, butin 1955,
Zangl and in 1961, Pratt demonstrated the use of a pedicled
sigmoid colon [17, 24].
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8a daHumu BcecgimHbOi opzaHizayii oxopoHuU 300p08’si ypodxeHi 0echekmu XIHOYUX cmameesux opa2aHie Hal4vacmiwe
3ycmpidarombcs y ciM’six ma KpaiHax 3 obmexeHumMu pecypcamu. brnusbko 94 % msikkux mopyweHb po3gumKy 3ycmpidaromscs y
KpaiHax 3 HU3bKUM ma cepedHim pisHem 0oxody, e XiHKU Yacmo Marmb HedocmamHe xapyysaHHs ma obmexeHul docmyrn 00
sIKicHoI Mmeduy4Hoi donomoau. Mema AoCniOKeHHs — 8U3HaYUMuU MOPEOMempPUYHI MOKa3HUKU MOBULUHU WMYYHOI rixeu, CmeopeHol
i3 moscmoi kuwku. [o docnidxeHHs 8idibpaHi naujieHmu, siki 6ynu 2ocnimariizoeaHi ma npoxoousiu fliKky8aHHs y 2iHeKono2idyHoMy
8i00ineHHi 3 npueody 8ad po3sUMKY cmamesgux opaaHig y rnepiod 3 2019 no 2023 pik. ns pempocrnekmugHo2o aHanizy 6yrno
npoaHanizoeaHo 202 nauieHmKuU (36 XiHOK cmaHo8uUIU KOHMPOIIbHY 2pyrly), Kompi poxodusnu JlikygaHHs1 Wodo aHomaril rixeu
ma ead po3gumky cmamesux opaaHie; 146 eunadkie nidnszanu aicmosnoziyHoMmy docrnidxeHHIo, a 56 — yumornoaidHomMy (KiHKu
sikom 8i0 18 0o 40 pokig). Cmamucmuy4Hul aHari3 pe3yrbmamis nposoousiu 3 suKopucmaHHsM nakema rpoepam Microsoft Office
Excel-2010. lNpu sug4eHHi MOpghoMempuYHUX MOKa3HUKI8 8CMaHOBeHO 3b6inbuweHHs rnnowi, obcsey ma nosepxHi 6okanonodibHux
KnimuH npomsizom 1-3 pokig, w0 ceid4umsb fNpo me, WO iXHS aKmueHICMb 3HaxodumbCsl Ha 8UCOKOMY pigHi. Ane yepe3 4-10 pokie
napamempu KnimuH pi3ko 3HU3UUCS, Wo ceid4ums rpo nocnabneHHs npoyecy adanmauii ma degpadauii mkaHuH. Kpim mozo, mu
8UBYUIIU CMaH ma WinbHicms po3mauwlysaHHs1 3a5103 8 1 MM? criu30801 060/I0HKU y Pi3Hi nepiodu criocmepexxeHHsl. Tak, mpomsi2om
1-3 pokie cnocmepexeHHs gid3Haqyanocs 36insweHHs winbHocmi e 0,91 pasu, sucomu 8 0,89 pa3u ma diamempa 3an03 y 0,92
pasu ropieHsIHO 3 KOHMPOIIEM, U0 C8I04YUMb MPO akmueHicmb fpouyecy adanmauii. [licris 1-3 pokie criocmepexxeHHs1 8i03Hayanocs
36inbweHHs winsHocmi ma diamempa 3ano3 y 0,70 pa3u, a sucomu y 0,68 pa3u nopigHsHO 3 KOHMpPoreM. JaHi mokasHUKU ceid4amb
npo einepmpocpito ma zinepnnasiro 3an03. Yepes 4-10 pokie criocmepieanocsi 3Ha4He 3HUXEHHS 8CiX MOKa3HUKI8 i3 nodasnbuwioro
Oeepadauieto ma hyHKUjOHanbHUMU NopyweHHsaMU. LLinbHicmb posmauwysaHHs 3ar103 3veHwunacs 8 1,14 pasu, eucoma e 1,49
pasu, Oiamemp 3ano3 6 1,31 pa3u NMOpIiBHSIHO 3 KOHMPOIIEM, WO € 03HAKOK MPUBANUX XPOHIYHUX 3MiH ma 3HUXEHHS npouecy
adanmauji, wo npuseodums 00 ampoghiHHUX 3MiH CrIU3080i 060MOHKU HEOo8a2iHU.

Knro4yoBi cnoBa: HeosaziHa, criuzosa 0b60/10HKa, enimenit, 2icmoriogis.
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The nucleus, exchanging information with the cytoplasm of the hepatocyte, controls
and coordinates all cell activity: division, growth, intermediate metabolism, protein
synthesis and its differentiation. During the cell life cycle the nucleus remains in
interphase. The large variation in the size of hepatocyte nuclei is explained by the fact
that during postnatal growth, some hepatocytes undergo cytogenetic transformations
characterized by gradual polyploidy. Polyploidy, or amplification of the entire genome,
refers to cells/organisms containing more than 2 main chromosome sets. The aim of
this study is to determine the morphogenesis and dynamics of variability of subtypes
of rat hepatocytes, binucleate and with two nucleoli, under conditions of central
blockade of luteinizing hormone synthesis with long-term action of triptorelin, with
the addition of quercetin to the animal diet. The experiment was conducted on 60
sexually mature white male rats weighing 140-160 g. The animals were divided into
3 groups: group 1 — control, saline solution was administered (10 animals); group 2
was subcutaneously administered triptorelin embonate solution at a dose of 0.3 mg
of active ingredient per kg of body weight for 12 months (25 animals); group 3 was
administered triptorelin solution at a rate of 0.3 mg of active ingredient per kg of body
weight with the addition of quercetin in terms of animal body weight three times a
week (25 animals). The animals were removed from the experiment after 1, 3, 6,
9 and 12 months by an overdose of ether anesthesia. A comprehensive study of
histological preparations of the liver and quantitative counting of hepatocytes with
two nucleoli and binucleate were performed using a light microscope with a digital
microfilter and software adapted for these studies. Statistical processing of the study
results was performed using Microsoft Office Excel software and the Real Statistics
2019 extension. Pathological processes that occur in liver tissue during experimental
oxidative-nitrosative stress caused by the administration of triptorelin lead to both
quantitative and qualitative changes. Thus, the number of hepatocytes with two
nucleoli significantly increased in group 2 and at the 12th month of observation was
5.291+1.156 cells per field of view at p<0.05. The number of binucleated hepatocytes
also tended to change with maxima at the 12th month of observation. Thus, in group
2 at the 9th month, the number of binucleated hepatocytes was 7.012+0.527 cells
per field of view at p<0.05, and with the addition of quercetin only 5.311+1.561 cells
per field of view at p<0.05. An increased number of mitoses was detected in group
2 at the 6th month of observation, in group 3 it was determined only at the 9th. The
study showed that the administration of triptorelin causes oxidative-nitrosative stress,
which leads to pathological changes in hepatocytes in the form of quantitative changes
in cells with two nucleoli and binucleate cells. Additional administration of quercetin
reduces the negative effect on liver hepatocytes, which is confirmed by the indicators
in the experimental groups of animals.

Keywords: liver, hepatocyte, binucleated hepatocytes, mitosis, testosterone,
luteinising hormone, quercetin, tryptorelin.
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Introduction

According to WHO, the incidence of prostate cancer has
been increasing worldwide in recent years. Prostate cancer is
the most common cancer in men aged 55 years and older. In
Western and Eastern Europe, this disease ranks third among
oncological pathologies, and in the Americas it already ranks
first [16, 28]. In terms of incidence, prostate cancer is in
fourth place in Ukraine. Approximately 6.5 thousand new
cases are registered each year. Insufficient testosterone
can aggravate liver damage, cause obesity, or even lead to
hepatosis [20, 22, 24].

Chronic liver diseases are also quite common in clinical
practice. As of 2019, approximately 1.69 billion people
worldwide suffered from liver diseases. The liver is crucial for
the metabolism of many substances, including sex hormones
and lipids [26]. Disturbances in sex hormone, glucose, and
lipid metabolism are common complications of chronic liver
disease and are high-risk factors for endocrine insufficiency.
To date, attention to risk factors for endocrine insufficiency
has focused on diabetes mellitus, cardiovascular disease,
neurological disease, and psychological factors. Several
studies have assessed the prevalence and risk factors for
endocrine insufficiency in patients with liver disease [1, 19,
29]. The information collected from different literature sources
varies to some extent and is often not comparable, due to
the different etiology of liver disease, sample size, survey
methodologies, and assessment tools used in each study.

Testosterone is known to be a key hormone in the
pathology of metabolic diseases such as obesity. Low
testosterone levels are associated with increased fat mass
(especially central obesity) and decreased lean mass in men.
These morphological features are associated with metabolic
dysfunction, as testosterone deficiency leads to energy
imbalance, impaired glucose control, decreased insulin
sensitivity, and dyslipidemia [6, 21]. Androgenic effects on
enzymatic pathways of fatty acid metabolism are evident and
often tissue-specific, with distinct effects observed in regional
adipose tissue, muscle, and liver [11, 15]. Testosterone
replacement therapy has been shown to have beneficial
effects on obesity indices, partly due to direct metabolic
effects on adipose tissue and muscle, and potentially by
increasing motivation, vigor, and energy, allowing obese
individuals to lead more active lifestyles. The extent of these
beneficial changes may depend on the treatment modality,
with long-term use often providing greater efficacy.

Quercetin is a common naturally occurring flavonoid, a
pigment found in many fruits, vegetables, and seeds. It helps
to avoid the development of cardiovascular diseases [8, 33],
reduces the risk of oncological pathology and degenerative
processes in the brain. This substance has antioxidant
properties, protecting the body from free radicals, binding
and neutralizing unstable molecules [18, 32, 34]. Triptorelin,
a synthetic analogue of the neurohormone gonadotropin-
releasing hormone, which suppresses the expression of
the receptor in the pituitary gland, but does not change the
functioning of the pituitary-testicular complex as a whole.

Central deprivation of luteinizing hormone synthesis leads
to the development of oxidative stress [34] in the connective
tissue of the testicles of rats, quercetin was used as a
pharmacological agent to correct the pathological effect on
the interstitial endocrinocytes of the testicles. The question of
the effect on liver tissue of long-term inhibition of testosterone
synthesis by triptorelin is insufficiently studied.

Therefore, the study of morphological changes in
hepatocytes under conditions of central blockade of
luteinizing hormone synthesis with the addition of quercetin
can help increase the effectiveness of treatment of chronic
liver diseases and improve the prognosis for patients.

The aim of this study is to determine the distribution,
morphogenesis and dynamics of variability of hepatocyte
subtypes, namely binucleolus and binuclear under conditions
of central blockade of luteinizing hormone synthesis with
long-term action of triptorelin with the addition of quercetin
to the animal diet.

Materials and methods

The experiment was conducted on 60 sexually mature
white male rats weighing 140-160 g. The material for the study
was liver tissue. The animals were divided into 3 groups.
Group 1 was the control group, which was administered saline
(10 animals). Group 2 was subcutaneously administered
diphereline (triptorelin embonate) [4] at a dose of 0.3 mg
of the active substance per kg of body weight with drug
activity for 365 days (25 animals). Group 3 was administered
a triptorelin solution at the rate of 0.3 mg of the active
substance per kg of body weight with the addition of quercetin
to the diet using a gastric tube, calculated on the body weight
of the animals three times a week (25 animals). The animals
were withdrawn from the experiment after 1, 3, 6, 9 and 12
months by overdose of ether anesthesia. The animals were
kept in standard conditions of the vivarium of the Poltava
State Medical University. The study is a fragment of the
scientific project “Experimental and morphological study
of the influence of diphereline, cryopreserved placenta
transplants on the morphofunctional state of a number of
internal organs”, state registration No. 0124U003358.

The Bioethics Committee of Poltava State Medical
University (protocol No. 234 dated 01.23.2025) established
that all research and euthanasia of experimental animals
were carried out in accordance with the provisions of the
“European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1986), as well as with the “General
Ethical Principles of Animal Experiments” adopted by the
First National Congress on Bioethics (Kyiv, 2001).

Small fragments of the liver were fixed according to the
generally accepted method and placed in paraffin blocks,
from which 4 pm thick sections were made and stained with
hematoxylin and eosin [3]. In the complex study of histological
preparations, a light microscope BIOREX-3#5605 was used.
By visual assessment, using digital microfilters and software
adapted for this study, hepatocytes were counted in the
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field of view. Photography was performed using a digital
microphotographic attachment DCM 900 with appropriate
software.

As a result of the morphometric study, the actual
diameters of hepatocyte nuclei were established. The area
of cells and their nuclei (S) was calculated by the formula:
S=(D,/2xD,x/2)xn where 7 is a constant value equal to 3.14;
D, is the larger diameter of the cell/nucleus; D, is the smaller
diameter of the cell/nucleus.

Statistical processing of the study results was carried out
using Microsoft Office Excel software and the Real Statistics
2019 extension to it. To determine the statistical significance
of differences between groups, the non-parametric Mann-
Whitney test was used. The difference was considered
statistically significant at p<0.05.

Results

When we studied the structural organization of the liver
of the control and experimental groups of animals using
histological preparations stained with hematoxylin-eosin,
the following was established. The liver is an organ with
a predominance of the parenchymal component over the
stromal one, which are clearly separated from each other
with the formation of structural components, namely hepatic
lobules. The parenchyma consisted of hepatocytes and non-

hepatocyte cells (endotheliocytes, Ito cells, Kupffer cells,
lymphocytes, neutrophils and other cells (Fig. 1). Our study
of hepatocytes themselves established that in the intact
liver of white rats they are the dominant cells, significantly
outnumbering other cellular elements in quantitative terms
(see Fig. 1). All cells had clear contours, a polygonal
shape, and their average dimensions were: transverse
18.22+0.91 um, longitudinal 22.06+2.33 ym. The average
area of hepatocytes was 407.5+23.9 pm?2.

The variability of cells was clearly traced from the
central vein to the periphery of the hepatic lobule. When we
studied the cytoplasm of hepatocytes, we found a change
in the reaction with different dyes, in some cases moderate
granularity, which, in our opinion, is associated with the
functional state of each individual group of cells (Fig. 2).
The perinuclear space contained aggregations of basophilic
material, which correspond to the localization of the granular
endoplasmic reticulum and stand out well against the
background of the relatively palely stained cytoplasm. The
nuclei had a regular rounded, somewhat less often elliptical
shape, were located in the center of the cells and contained
from one to two nucleoli.

Most hepatocytes had one nucleus, the relative number of
such cells was 77.33 %. Accordingly, 22.67 % of hepatocytes
contained two nuclei. We did not detect a greater number of
nuclei in hepatocytes in either the control or experimental

D

Fig. 1. Morphogenesis of hepatocytes with two nucleoli in the group of animals with the administration of triptorelin (T) and the group
of animals that were administered quercetin (T+Q) against the background of triptorelin administration at different times of the study.
A, C — group with the administration of triptorelin (3rd and 9th months). B, D — group with the administration of quercetin against the
background of triptorelin (3rd and 9th months). 1 — mononuclear hepatocytes, 2 — binuclear hepatocytes, 3 — liver macrophages,
4 — Ito cell. Hematoxylin-eosin staining. Lensx40. Eyepiecex15.
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D

Fig. 2. Morphogenesis of binuclear hepatocytes in the group of animals with the administration of triptorelin (T) and the group of

animals that were administered quercetin (T+Q) against the background of triptorelin administration at different study periods. A,
C — group with the administration of triptorelin (6th and 12th months). B, D — group with the administration of quercetin against the
background of triptorelin (6th and 12th months). 1 — mononuclear hepatocytes, 2 — binuclear hepatocytes, 3 — liver macrophages,
4 — lto cell. Hematoxylin-eosin staining. Lensx40. Eyepiecex15.

groups of animals.

With experimental oxidative-nitrosative stress caused by
the administration of triptorelin, quantitative and qualitative
changes occur in hepatocytes. The first statistically significant
signs are detected from the 3rd month of observation in
both experimental groups. Thus, the number of hepatocytes
with two nucleoli significantly increased in the group using
triptorelin and at the 3rd month was 4.782+1.042, and
in the group with the addition of quercetin 3.661+0.798,
respectively, at p<0.05 in the field of view. The tendency to
increase the number of cells with an increased number of
nucleoli (two) persists and at the 12th month of observation
was 5.701+£1.243 at p<0.05 in the field of view, which is
3.35 times more than in the control group. And in the group
with the addition of quercetin, this indicator was statistically
significantly higher compared to the control at p<0.05, but
less than in the group without quercetin and amounted to
5.291+0.156 cells in the field of view.

In the morphological study of the number of binucleated
hepatocytes, we also observed a tendency to changes in
the number of such cells with maxima at the 12th month of
observation in both experimental groups, but the indicators
were significantly different in both experimental groups at
the 9th month of observation (Fig. 3). Thus, in the group
without the addition of quercetin at the 9th month, the number
of binuclear hepatocytes was 7.012+0.527 at p<0.05 in
the fields of view, and with the addition of quercetin, only

5.3111£0.156 cells in the fields of view at p<0.05, with a
difference of 32.00%.

Hepatocytes with 2 nuclei

im 3m em 9m 12m

M triptorelintquercetin

O B N W AR U O N B0

control

M triptorelin

Fig. 3. The number of binuclear hepatocytes in the field of view
in the group of animals administered triptorelin (T) and the group
of animals administered quercetin (T+Q) against the background
of triptorelin administration at different study periods.

Discussion

In this article, we examined the morphofunctional changes
in hepatocyte nuclei during long-term (12 months) blocking of
the synthesis of releasing hormone caused by the use of the
substance triptorelin. The “hypothalamus-pituitary-testis-liver”
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system was studied, namely testosterone — hepatocytes of
male rats. Testosterone deficiency and its consequences are
increasingly being determined in men in clinical conditions, and
this is of increased interest in research worldwide [5, 14, 16].

As is known, the bulk of DNAis concentrated in the nucleus
— the carrier of hereditary information and the regulator of
metabolic function. The most important matrix processes
— DNA replication, transcription (RNA synthesis) and RNA
processing (maturation) take place in it. The nucleus transfers
genetic information to the cytoplasm to the site of protein
synthesis - ribosomes - using MRNA or messenger RNA. The
nucleus, exchanging information with the cytoplasm of the
hepatocyte, controls and coordinates all cell activity: division,
growth, intermediate metabolism, protein synthesis and its
differentiation [20]. During the life cycle, the cell nucleus is in
interphase. The large variation in the size of hepatocyte nuclei
is explained by the fact that during postnatal development,
some cells undergo cytogenetic transformation, characterized
by gradual polyploidy. Polyploidy, or amplification of the entire
genome, is inherent in cells/organisms containing more than 2
main chromosome sets [10, 31]. The proportion of hepatocyte
diferon is 60-70 % of cells and 78 % of the volume. Among
them, about 25 % of hepatocytes have two nuclei, 70 %
of single-nucleated hepatocytes are tetraploid (4n), about
2 % are octaploids (8n) with 4 or 8-fold chromosome sets.
Polyploid hepatocytes appear at an early age, their number
increases with age. Adults have about 30-40 % of polyploid
hepatocytes with a 4-fold set of chromosomes. The increase
in nuclear polyploidy is accompanied by an increase in the
size of hepatocytes. The volume of hepatocyte nuclei doubles
when the DNA content doubles. No significant difference in
the volume of polyploid hepatocytes containing one or two
nuclei with the same sets of chromosomes has been found
[9]. There are several hypotheses to explain polyploidy.
Some authors suggest that liver polyploidy is necessary to
improve hepatocyte function [13, 30]. A polyploid cell may
allow for a two- or four-fold increase in the expression of
some genes and thereby enhance certain metabolic functions.
However, comparison of gene expression profiles of isolated
diploids, tetraploids and octaploids using microarray analysis
revealed that only 50 candidate genes from a wide range of
different biological processes were differentially expressed
[9, 10, 13]. Polyploidy-activated genes are present in all
major liver-specific functions, including nitrogen metabolism,
protein synthesis, maintenance of the redox state, xenobiotic
metabolism and immunity. It has been established that
polyploid hepatocytes have a tendency to increase anaerobic
energy production by producing ATP from carbohydrates
rather than fatty acids, suggesting that polyploidy is
associated with the transition of liver-specific functions
into an economy mode [7]. According to other hypotheses,
polyploidy provides protection of hepatocytes from oxidative
stress and genotoxic damage. Polyploid chromosome sets
may serve as a buffer against mutations that inactivate genes
by DNA-damaging agents. For example, early tumor lesions
in the liver are characterized by an increase in the number
of diploid cells, which are less protected from mutations than

polyploid ones. Notably, a comparison of diploid and polyploid
hepatocytes on a genome-wide scale shows that polyploids
induce genes directed against pathogens, DNA damage, and
oxidative stress, and repress genes that promote apoptosis.
In addition, progressive polyploidization allows the liver to
adapt to cell loss during the aging process or may be a
protective response to the accumulation of damaged DNA. In
pathological conditions accompanied by loss of function, the
liver is able to compensate for the loss of volume by increasing
the number of genomes [19]. Liver polyploidization mainly
indicates the severity of the lesion: the higher the observed
rate of polyploidization, the greater the injury. However,
an increase in diploid cells is a characteristic feature of
hepatocellular carcinoma due to their increased proliferative
capacity and susceptibility to further mutations [23, 25].

Both basic and clinical studies have shown that
testosterone acts on the liver parenchyma both in health
and pathology. It is known that testosterone contributes to a
global improvement in energy metabolism, the introduction
of its excessive amount can cause an excess of reactive
oxygen species along with oxidative damage, which indicates
electron leakage from the mitochondrial respiratory chain
and metabolic uncoupling.

Itis assumed that the vasoprotective effects of quercetin
are realized due to its ability to reduce the activity of the
inflammatory process in the vascular endothelium, enhance
the activity of endothelial NO synthase (eNOS), which, in
turn, increases the level of nitric oxide in endothelial cells
and leads to improved endothelial function [27].

In our work, we observed a tendency to a gradual increase
in the number of nucleoli and hepatocyte nuclei at all times of
the experiment in both experimental groups. In our opinion,
this may indicate a compensatory effect caused by the addition
of quercetin to the diet of experimental animals, which, due
to its vasoprotective and antioxidant properties, reduces the
inflammatory process in the endothelium and in hepatocytes,
contributing to an increase in the level of nitric oxide [34].

Our results are consistent with the data of some other
experimental and clinical studies, which draw attention to
the fact that the use of quercetin leads to antioxidant, anti-
inflammatory, hypolipidemic, antisteatotic and antifibrotic
effects. The above indicates the potential benefit of this
flavonoid in the treatment of various liver diseases, in particular
non-alcoholic fatty liver disease, chronic hepatitis of various
etiologies and drug-associated liver diseases [9, 10, 13, 35].

Thus, we can assume that changes in the number
of nuclei and nucleoli of hepatocytes in the processes of
dishormonal disorder protect against oxidative stress and
hepatotoxic damage to the cell and increase transcriptional
moments in the process of division, growth, intermediate
metabolism, protein synthesis and its differentiation. The
results obtained by us are a theoretical justification for the
development of methods for correcting disorders in the liver
during the pathological impact on the body of a dishormonal
state of central genesis: “hypothalamus—pituitary—testis—
liver”. Data on the functional morphology of hepatocyte nuclei
at the stages of adaptation to changes in the endocrine
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system expand the existing ideas about the causes that
cause liver homeostasis disorders.

Conclusion
1. Central blocking of the synthesis of releasing hormone
and subsequent activation of pituitary gonadotropocytes leads
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3MIHU B TENATOLUTAX LLYPIB 3A YMOB LEHTPAIIbHOI BITIOKAQW CUHTE3Y NIOTEIHI3YOYOIrO FOPMOHY 3
OOOABAHHAM KBEPLUETUHY

lonue’sHa O. A., Cmeuyk €. B., LLlenimbko B. I., Binbxoea O. B., Bopyma H. B., Pyob M. B., lenunenxko J1. b., JlucayeHko O. .,
BosnowuHa O. B., [jeopHuk I. J1., Mopoxoeseus I'. FO.

£10po, 06MiHIOHHUCH iHGbOpMaUiErD 3 LUMOIasMoro 2eramouyuma, KOHMPOITIOE | KOOPOUHYE 8CHO aKmu8HICMb KiimuHu: nodin, picm,
POMiXXHUU 0O6MIH pe4yo8uH, cuHme3 birika i io2o dughepeHuirosaHHs. [IpoOMA20M XUmme8o20 YUKy KimuHU 10po 36epieacmbcs
8 iHmepaghasi. Benuka eapiayisi po3mipie s0ep 2ernamouyumie MosICHIEMbCS MUM, WO Mpu NocmHamanbHOMy 3poCmaHHi OesiKi
eenamouyumu rniddarmbcs YUmMo2eHemuYHUM repemaeopPeHHSIM, WO Xapakmepu3yrombCs Mocmyrnosoro nosinnoidieto. [Noninnoiois,
abo r1ocusneHHs Uinoao 2eHoMy, cmocyemsCs KiimuH/opaaHiamie, w,o micmsme 6inbwe 2 0CHOBHUX XPOMOCOMHUX Habopis. Mema
0aHo20 00CIiOKEeHHS — 8u3Hadumu mMopghoeeHe3 ma OuHaMmiKy MiHmueocmi nidmunie 2enamouyumie wypie, 080s10epHUX ma 3
0soma s10epysmu, 3a yMos UeHmparbHOi 6riokadu cuHme3y fiomeiHiayro4o20 20pMOHy rpu dogzompusarnit Oii mpunmopertiHy, 3
0odasaHHSIM 8 pauyioH xap4yeaHHs1 meapuH keepuemuHy. EkcnepumeHm rposedeHo Ha 60 cmameego3pinux binux wypax camuysix
macor 140-160 e. TeapuH po3sdinunu Ha 3 epynu: 1 epyni — KOHMPOsbHiIl, 8800uBCs hidionoeiyHul po3quH (10 meapuH); 2 epyni
nidWKipHO 8800uIU PO34UH MpunmoperiHy emboHam y 003i 0,3 M2 dito4ol pedoBUHU Ha K2 Macu mina npomseom 12 micsauis (25
meapuH); 3 epyri 8800uUIU PO34UH MpunmoperiHy i3 po3paxyHky 0,3 me Qito4oi pedo8UHU Ha Ke Macu mina 3 000agaHHSIM K8epUemuHy
8 nepepaxyHKy Ha Macy mina meapuH mpuyi Ha muxoeHb (25 meapuH). TeapuH eugoduriu 3 ekcriepumeHmy yepes 1, 3, 6, 9ma 12
micsiyie wiisixom nepedosysaHHsi eghipHo20 Hapkody. KomrinekcHe 00CnioKeHHs 2icmosio2iyHuUX rpenapamie neviHku ma KirnbKicHut
nidpaxyHoK eernamouyumie 3 0soma s10epysmu ma 080510epHUX rPo8oousIU 3a O0MOMO20K C8IMI08020 MIKpOCKomNa 3 yughposum
Mikpoghinempom ma adarnmosaHo20 0151 yux 00c/idxeHb npospamHo20 3abesnedeHHs. CmamucmuyHy 06pobKy pe3yrbmamig
0ocridxeHHs1 BUKOHy8aslu 3 8UKOpUCMaHHSIM rpoepamHo20 3abesnedeHHs Microsoft Office Excel ma poswupeHHsi Real Statistics
2019. Mamonoei4Hi npoyecu, Wo 8UHUKaOMb y MKaHUHI NeYiHKU npu eKcriepumMeHmarsbHOMY OKCUOamugHO-HImpo3amugHOMY
Ccmpeci, BUKITUKAHOMY 88€0€HHSIM MPUMoperiHy, npu3eodsims sk 00 KiflbKICHUX, Mak i SIKICHUX 3MiH. TakK KinbKicmb 2ernamoyumie
3 dgoma si0epusmu docmosipHo 36inbwysanack 6 2 2pyni i Ha 12-0 micsayb criocmepexeHHs1 cmaHosunia 5,291+1,156 knimuH e
rioni 3opy npu p<0,05. Kinbkicmb 080510epHUX 2eramoyumie makox mana meHoeHyito 0o 3MiH 3 makcumymamu Ha 12-0 micsaub
criocmepexxeHHsi. Tak y 2 epyni Ha 9-U micsuyp Kinbkicmb 0g8osi0epHUX 2ernamouyumis cknana 7,012+0,527 knimuH e nosi 3opy npu
p<0,05, a npu dodasaHHI keepuemuHy nuwe 5,311+1,561 knimuH e rorni 30py npu p<0,05. 36inbweHa KinbKicmb Mimo3ie ausiensnach
y 2 epyni Ha 6-U micsiub criocmepexxeHHs, y 3 epyni susHadanacs nuwe Ha 9-U. lposedeHe 00CiOXKeHHS MoKa3aro, Wo rpu 86€0eHHI
mpunmoperiHy BUHUKae OKkcudamueHO-Himpo3amugHUU cmpec, KUl npu3eo0ums A0 namosoaiyHUX 3MiH eenamouyumig y euansioi
KinbKiCHUX 3MiH KnimuH 3 d8oma s10epusimu ma 0e8osidepHux. [JoOamkose 88e0eHHS KEBEPUEMUHY 3MEHWY€E HeeamueHUU 8r1u8 Ha
eenamouyumu feviHku, wo nidmeepxyemscs MokasHUKamu 8 eKcriepuMeHmarbHUX epyrnax meapuH.

KnroyoBi cnoBa: neuviHka, eenamouyum, 080510epHi 2ernamoyumu, Mimo3, MecmoCcmepOH, IOMeiHi3yo4ull 20pMOH, KEEPUEMUH,
mpunmopertiH.
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Endometriosis is one of the most common gynecological pathologies, which can
significantly affect the reproductive health of women, including young women.
Research into factors that may contribute to its development is important for early
identification of risk groups and development of preventive measures. Among the
possible predictors, anthropometric characteristics that may reflect the endocrine
and metabolic characteristics of the body attract attention. The study of these
parameters allows us to assess the potential relationship between somatotype and
the likelihood of developing the disease, which may contribute to a personalized
approach to prevention. The aim of the study is to construct and analyze discriminant
models of the possibility of genital endometriosis in Ukrainian young women without
and with somatotype, depending on the features of the structure and body size.
Clinical, laboratory and anthropo-somatotypological examination were performed
on 89 Ukrainian young women (aged 16 to 18 years) with genital endometriosis.
Primary anthropo-somatotypological indicators of 78 practically healthy Ukrainian
young women of the same age group were taken from the data bank of the National
Pirogov Memorial Medical University, Vinnytsya, Ukraine. Discriminant models of
the possibility of the occurrence and features of the course of genital endometriosis,
depending on the features of the structure and body size, were constructed in the
“Statistica 6.0” license package. It was established that when dividing Ukrainian
young women into practically healthy and patients with genital endometriosis both
without taking into account the somatotype and in representatives of mesomorphic,
ectomorphic and ecto-mesomorphic somatotypes, reliable (p<0.001 in all cases)
highly informative (correctness of entry into the models of anthropo-somatotypological
indicators is from 98.6 % to 100 % of cases; Wilks’ Lambda statistics is from 0.084
to 0.039) discriminant models of the possibility of the occurrence of this disease
depending on the features of the body structure and body dimensions. The most
common components of the constructed models include: in the group without taking
into account the somatotype - girth dimensions of the body and trunk diameters of
33.33 % each; in mesomorphs - girth dimensions of the body 42.86 % and trunk
diameters 28.57 %;, in ectomorphs — girth dimensions of the body 50.00 %, trunk
diameters and width of the distal epiphyses of the long tubular bones of the limbs
25.00 % each; in ecto-mesomorphs — girth dimensions of the body in 100 % of cases.
Key words: obstetrics and gynecology, genital endometriosis, anthropometry,
somatotype, Ukrainian young women, discriminant analysis.

Introduction

Endometriosis is a chronic hormone-dependent disease
characterized by the presence of endometriotic tissue
outside the uterine cavity. It is one of the leading causes

of chronic pelvic pain and female infertility. Although the
disease has been studied for over a century, its etiology
and pathogenesis are still the subject of scientific debate.
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The main hypotheses for the occurrence of endometriosis
are retrograde menstruation, metaplastic theory, genetic
predisposition and impaired immune regulation [9, 13, 23].

According to epidemiological studies, the prevalence
of endometriosis in women of reproductive age varies
from 6 % to 10 %, although among patients with infertility
or chronic pelvic pain this figure can reach 50 % [7, 21].
A study conducted in France found that the incidence of
hospitalizations for endometriosis is 1.3 cases per 1000
women annually [27]. In Spain, the prevalence of this disease
among women aged 15-49 years reached 1.5 % in the
general population [3]. Similar data were obtained in studies
in Brazil, where the incidence of endometriosis among
patients with gynecological complaints was 9.8 % [7]. In the
USA, the incidence of diagnosed endometriosis reaches
11.2 %, but the real incidence may be much higher due to
the difficulty of diagnosis [23]. Alarge study conducted on the
basis of health insurance companies in Israel showed that the
overall prevalence of endometriosis in the country is about
10.8 % among women of reproductive age [11]. In addition,
analysis of data from systematic reviews suggests that
different forms of endometriosis (subtle, typical, deep) have
distinct pathogenetic features and a frequency of detection
that varies from 20 % to 40 % in different populations [17].

In addition to reproductive complications, endometriosis
has a significant impact on women’s quality of life. It is
accompanied by chronic pain, dyspareunia, dysuria and other
symptoms that can significantly worsen the psycho-emotional
state. Studies have shown that women with endometriosis
are 2-3 times more likely to suffer from depressive and
anxiety disorders, and are also at increased risk of developing
eating disorders [16]. An assessment of the economic burden
of this disease indicates significant costs for medical care and
reduced work productivity. In European countries, direct costs
for the treatment of endometriosis exceed 10 billion euros
each year, and indirect losses associated with temporary
disability are even higher [10].

Given the widespread and multifactorial nature of
endometriosis, research into possible predictors of its
development is an important area of modern science.
Structural features of the body, such as body mass index,
anthropometric indicators and features of fat metabolism,
can have a significant impact on the likelihood of developing
this pathology. Identifying discriminative models that allow
predicting the risk of endometriosis can contribute to the
development of effective preventive measures and timely
diagnosis of this pathology.

The purpose of the study — construction and analysis of
discriminant models of the possibility of genital endometriosis
in Ukrainian young women depending on the characteristics
of the structure and size of the body.

Materials and methods

At the Department of Obstetrics and Gynecology
of the National Pirogov Memorial Medical University,
Vinnytsya, Ukraine, a clinical, laboratory and anthropological

examination of 89 Ukrainian young women (YW) (aged 16
to 18 years) with genital endometriosis was conducted.
Committee on Bioethics of National Pirogov Memorial
Medical University, Vinnytsya (protocol Ne 11 from 3.12.2020)
found that the studies do not contradict the basic bioethical
standards of the Declaration of Helsinki, the Council of
Europe Convention on Human Rights and Biomedicine
(1977), the relevant WHO regulations and laws of Ukraine.

The diagnosis of genital endometriosis was made
according to the updated guidelines of the European Society
of Human Reproduction and Embryology (ESHRE) on the
management of women with endometriosis [6].

The anthropological examination was performed
according to the schemes of Bunak V. V. modified by
Shaparenko P. P. [24], somatotypological — according to
the Heath-Carter method [8], determination of indicators of
the component composition of body mass — according to
the formulas of Matiegka J. [18] and the muscle component
of body mass according to the formulas of the American
Institute of Nutrition [25]. The following distribution of YW
patients by somatotype was established: endomorphs — 1;
mesomorphs —45; ectomorphs — 23; ecto-mesomorphs — 12;
endo-mesomorphs — 2; average intermediate somatotype
— 6. Therefore, further modeling of the possibility of genital
endometriosis depending on the features of the structure and
size of the body was carried out in groups without taking into
account the somatotype, in mesomorphs, in ectomorphs and
ecto-mesomorphs.

As a control group, the primary anthropo-somatotypological
indicators of 78 practically healthy Ukrainian YW of a similar
age group were taken from the data bank of the National
Pirogov Memorial Medical University, Vinnytsya, Ukraine.

Discriminant models of the possibility of occurrence and
features of the course of genital endometriosis depending
on the features of the structure and size of the body were
built in the licensed package “Statistica 6.0”.

Results

When taking into account anthropometric and
somatotypological indicators in practically healthy and genital
endometriosis Ukrainian YW patients without taking into
account somatotype, the discriminant function covers 100 %
of practically healthy and 98.9 % of genital endometriosis
patients. In general, the model that takes into account
indicators of body structure and size in practically healthy
and genital endometriosis patients of YW without taking
into account somatotype is correct in 99.4 % of cases. The
following discriminant variables were established between
practically healthy and patients with genital endometriosis
Ukrainian YW without taking into account somatotype (Table
1): anteroposterior mid-thoracic diameter (SGK), shoulder
girth in a tense state (OBP), shoulder girth in a relaxed state
(OBPL), transverse mid-thoracic diameter (PSG), body mass
index (IMT), hip girth (OBB), width of the distal epiphysis
of the forearm (EPPR), transverse lower thoracic diameter
(PNG) and endomorphic component of the somatotype (FX).

60

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Nyzova O. A., Chaika H. V., Berenshtein E. L., Kryvonis T. G., Kyrychenko V. I, Sorokoumov V. P., Gunas I. V.

The greatest contribution to discrimination (respectively,
the smallest values of Partial Lambda) is made by shoulder
girths in tense and relaxed states (see Table 1). The set of
all anthropometric and somatotypological variables has a
very pronounced (Wilks’ Lambda statistic=0.076; p<0.001)
discrimination between practically healthy and patients with
genital endometriosis Ukrainian YW without taking into
account somatotype (see Table 1).

Table 1. Report of a step-by-step discriminant analysis of
practically healthy and patients with genital endometriosis
YW without taking into account somatotype depending on the
characteristics of body structure and size.

Discriminant Function Analysis Summary (boyko.sta)
Step 9, N of vars in model: 9; Grouping: GRUP (2 grps)
Wilks’ Lambda: 0.076 approx. F(9.16)=212.6 p<0.0000
Wilks’ Partial | F-remove - 1-Toler.
Lambda | Lambda | 1.16 | Pevel | Toler | sary
SGK 0.090 0.843 29.30 0.0000 | 0.471 0.529
OBP 0.164 0.461 183.4 0.0000 | 0.091 0.909
OBPL 0.128 0.594 107.3 0.0000 | 0.090 | 0.910
PSG 0.094 0.807 37.45 0.0000 | 0.183 | 0.817
IMT 0.093 0.814 35.80 0.0000 | 0.333 | 0.667
OBB 0.090 0.847 28.33 0.0000 | 0.408 | 0.592
EPPR 0.081 0.938 10.32 0.0016 | 0.799 | 0.201
PNG 0.078 0.970 4.811 0.0297 | 0.172 | 0.828
FX 0.078 0.974 4.188 0.0424 | 0.751 | 0.249

Notes: in this and subsequent similar tables, Wilks’ Lambda
— Wilks’ Lambda statistic; Partial Lambda — Wilks’ Lambda
statistic of the single contribution of the variable to the
discrimination between populations; F-remove — standard
F-criterion associated with the corresponding Partial Lambda;
p-level — p-level associated with the corresponding F-remove;
Toler. — tolerance (measure of redundancy of the feature);
1-Toler. (R-Sqr.) — coefficient of multiple correlation of the feature
with all other features (the indicator is necessary for calculating
tolerance).

To determine the classification indicators (Df), which
allow to attribute the obtained anthropometric and
somatotypological indicators to “typical” for practically healthy
or patients with genital endometriosis Ukrainian YW without
taking into account the somatotype, the coefficients of the
classification discriminant functions for each feature were
established. Below are the equations, where the assignment
to practically healthy Ukrainian YW without taking into
account the somatotype is possible at a Df value close to
159.4; and to patients with genital endometriosis of Ukrainian
YW without taking into account the somatotype — at a Df
value close to 150.1:

Df (for practically healthy YW without taking into account
somatotype) = SGKx1.168 + OBPx7.970 - OBPLx7.197 +
PSGx2.996 - IMTx2.609 + OBBx3.893 + EPPRx12.62 -
PNGx0.291 - FXx3.115 - 159.4;

Df (for patients with genital endometriosis YW without
taking into account somatotype) = SGKx3.763 + OBPx0.777
- OBPLx0.856 + PSGx0.329 - IMTx0.729 + OBBx2.700 +
EPPRx17.06 + PNGx0.947 - FXx4.789 - 150.1;

where (here and hereinafter), trunk diameters — in cm;
body circumferences — in cm; somatotype components
— in points; body mass index — in kg/m? width of distal
epiphyses of long tubular bones of limbs — in cm; somatotype
components — in points.

Calculated criterion x2 (=414.0) confirms the statistical
significance of the obtained discriminant functions in girls
without taking into account somatotype.

When taking into account anthropometric and
somatotypological indicators in practically healthy and
patients with genital endometriosis Ukrainian YW with a
mesomorphic somatotype, the discriminant function covers
100% of practically healthy and 97.8 % of patients with genital
endometriosis YW. In general, the model that takes into
account indicators of body structure and size in practically
healthy and patients with genital endometriosis YW with a
mesomorphic somatotype is correct in 98.6 % of cases. The
following discriminant variables were established between
practically healthy and patients with genital endometriosis
in Ukrainian YW with a mesomorphic somatotype (Table 2):
anteroposterior mid-thoracic diameter (SGK), shoulder girth
in a tense state (OBP), shoulder girth in a non-stressed state
(OBPL), body mass index (IMT), transverse mid-thoracic
diameter (PSG), hip girth (OBB) and width of the distal
epiphysis of the forearm (EPPR). The greatest contribution
to discrimination (respectively, the smallest values of Partial
Lambda) has shoulder girth in a tense state (see Table 2). The
set of all anthropometric and somatotypological variables has
a very pronounced (Wilks’ Lambda statistic=0.084; p<0.001)
discrimination between practically healthy and patients with
genital endometriosis in Ukrainian YW with a mesomorphic
somatotype (see Table 2).

Table 2. Report of a step-by-step discriminant analysis of
practically healthy and patients with genital endometriosis YW of
the mesomorphic somatotype depending on the characteristics
of the body structure and dimensions.

Discriminant Function Analysis Summary (boyko.sta)
Step 7, N of vars in model: 7; Grouping: GRUP (2 grps)
Wilks’ Lambda: 0.084 approx. F(7.65)=101.7 p<0.0000
Wilks’ Partial | F-remove 1-Toler.
Lambda | Lambda | -1.65 | Plevel | Toler | p sar)
SGK 0.098 0.855 11.02 0.0015 | 0.556 0.444
OBP 0.213 0.393 100.3 0.0000 | 0.152 0.848
OBPL | 0.153 0.548 53.58 0.0000 | 0.152 0.848
IMT 0.113 0.742 22.63 0.0000 | 0.583 0.417
PSG 0.103 0.812 15.05 0.0002 | 0.501 0.499
OBB 0.103 0.816 14.63 0.0003 | 0.609 0.391
EPPR | 0.093 0.896 7.507 0.0079 | 0.782 0.218

Below, in the form of equations, the definition of the Df
indicator is given, where the classification of Ukrainian YW
with a mesomorphic somatotype as practically healthy is
possible with a Df value close to 211.2; and Ukrainian YW
with a mesomorphic somatotype as patients with genital
endometriosis is possible with a Df value close to 194.4:

Df (for practically healthy YW with a mesomorphic
somatotype) = SGKx1.559 + OBPx9.881 - OBPLx6.869
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- IMTx0.215 + PSGx2.190 + OBBx4.063 + EPPRx7.453 -
211.2;

Df (for patients with genital endometriosis YW with a
mesomorphic somatotype) = SGKx3.699 + OBPx2.487 -
OBPLx1.027 + IMTx1.918 + PSGx0.777 + OBBx2.814 +
EPPRx13.40 - 194.4;

Calculated criterion 32 (=167.4) confirms the statistical
significance of the obtained discriminant functions in YW
with a mesomorphic somatotype.

Taking into account anthropometric and somatotypological
indicators in practically healthy and genital endometriosis
patients Ukrainian YW with ectomorphic somatotype, the
discriminant function covers 100 % of practically healthy
and 100% of genital endometriosis patients of YW. The
following discriminant variables were established between
practically healthy and genital endometriosis patients of
Ukrainian girls with ectomorphic somatotype (Table 3):
anteroposterior mid-thoracic diameter (SGK), shoulder girth
in a tense state (OBP), shoulder girth in a non-stressed
state (OBPL), transverse mid-thoracic diameter (PSG),
hip girth (OBB), upper forearm girth (OBPR), width of the
distal epiphysis of the forearm (EPPR), width of the distal
epiphysis of the shoulder (EPPL). The greatest contribution
to discrimination (respectively, the smallest values of
Partial Lambda) is made by the anterior-posterior mid-
thoracic diameter and the transverse mid-thoracic diameter
(see Table 3). The combination of all anthropometric and
somatotypological variables has a very pronounced (Wilks’
Lambda statistic=0.060; p<0.001) discrimination between
practically healthy and patients with genital endometriosis
Ukrainian YW with an ectomorphic somatotype (see Table 3).

Table 3. Report of a step-by-step discriminant analysis of
practically healthy and patients with genital endometriosis YW
of the ectomorphic somatotype depending on the characteristics
of the body structure and dimensions.

somatotype) = SGKx7.845 - OBPx2.901 - OBPLx2.515 -
PSGx0.050 + OBBx1.076 + OBPRx17.24 + EPPRx21.48
+ EPPLx3.647 - 269.8;

Df (for patients with genital endometriosis YW with
ectomorphic somatotype) = SGKx16.66 - OBPx10.80 +
OBPLx3.980 - PSGx4.236 - OBBx0.754 + OBPRx21.90 +
EPPRx35.45 - EPPLx7.366 - 313.6;

Calculated criterion %2 (=104.0) confirms the statistical
significance of the obtained discriminant functions in YW
with an ectomorphic somatotype.

Taking into account anthropometric and somatotypological
indicators in practically healthy and patients with genital
endometriosis Ukrainian YW with ecto-mesomorphic
somatotype, the discriminant function covers 100% of
practically healthy and 100 % of patients with genital
endometriosis YW. The following discriminant variables
between practically healthy and patients with genital
endometriosis Ukrainian YW with ecto-mesomorphic
somatotype were established (Table 4): hip circumference
(OBB), shoulder circumference in a tense state (OBP),
shoulder circumference in a relaxed state (OBPL), chest
circumference on exhalation (OBGKH), chest circumference
on inhalation (OBGKV). The greatest contribution to
discrimination (respectively, the smallest values of Partial
Lambda) is made by shoulder circumferences in tense and
relaxed states (see Table 4). The set of all anthropometric and
somatotypological variables has a very pronounced (Wilks’
Lambda statistic=0.039; p<0.001) discrimination between
practically healthy and patients with genital endometriosis
Ukrainian YW with ecto-mesomorphic somatotype (see
Table 4).

Table 4. Report of a step-by-step discriminant analysis of
practically healthy and patients with genital endometriosis
YW of the ecto-mesomorphic somatotype depending on the
characteristics of the body structure and dimensions.

Discriminant Function Analysis Summary (boyko.sta) biscriminant Function Analvsis S bovko.st
Step 10, N of vars in model: 8; Grouping: GRUP (2 grps) iscriminant Function Analysis Summary (boyko.sta)
Wilks’ Lambda: 0.060 approx. F(8.34)=66.33 p<0.0000 Step 7, N of vars in model: 5; Grouping: GRUP (2 grps)
Wilks’ Partial | F-remove 1-Toler. . . _
Lambda | Lambda 1,34 p-level Toler. (R-Sar.) Wilks’ Lambda: 0.039 approx. F(5.20)=97.32 p<0.0000
K 12 4 .02 . 2 77
SG 0.129 0.466 390 0.0000 0.230 0.770 Wilks’ Partial | F-remove 1-Toler.
OBP 0.089 0.679 16.11 0.0003 0.148 0.852 Lambda | Lambda 1.20 p-level Toler. (R-Sqr.)
OBPL 0.087 0.695 14.91 0.0005 0.212 0.788
PSG 0.115 0.525 30.72 0.0000 0.308 0.692 OBB 0.058 0.681 9.375 0.0062 0.690 0.310
OBB 0.080 0.751 11.30 0.0019 0.444 0.556
OBPR | 0.071 0.849 6.025 0.0194 0.286 0.714 OBP 0.189 0.208 75.96 0.0000 0.127 0873
EPPR 0.077 0.777 9.739 0.0037 0.399 0.601 OBPL 0.180 0.219 71.44 0.0000 0.095 0.905
EPPL 0.070 0.856 5.730 0.0223 0.403 0.597 OBGKH | 0.059 0.668 9.946 0.0050 0.058 0.942
Below, in the form of equations, the definition of the Df OBGKV | 0050 0.783 5530 00291 | 0064 | 0936

indicator is given, where the classification of Ukrainian YW
with an ectomorphic somatotype as practically healthy is
possible with a Df value close to 269.8; and Ukrainian YW
with an ectomorphic somatotype as patients with genital
endometriosis is possible with a Df value close to 313.6:

Df (for practically healthy YW with an ectomorphic

Below, in the form of equations, the definition of the Df
indicator is given, where the classification of Ukrainian YW
with an ecto-mesomorphic somatotype as practically healthy
is possible with a Df value close to 365.5; and Ukrainian YW
with an ecto-mesomorphic somatotype as patients with genital
endometriosis is possible with a Df value close to 282.7:

62

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Nyzova O. A., Chaika H. V., Berenshtein E. L., Kryvonis T. G., Kyrychenko V. I, Sorokoumov V. P., Gunas I. V.

Df (for practically healthy YW with ecto-mesomorphic
somatotype) = OBBx10.84 + OBPx6.068 - OBPLx7.861 +
OBGKHx4.800 - OBGKVx2.115 - 365.5;

Df (for patients with genital endometriosis YW with ecto-
mesomorphic somatotype) = OBBx7.809 - OBPx6.354 +
OBPLx10.61 + OBGKHx0.652 + OBGKVx0.525 - 282.7;

Calculated criterion y2 (=69.49) confirms the statistical
significance of the obtained discriminant functions in YW with
an ecto-mesomorphic somatotype.

Discussion

Thus, when dividing Ukrainian YW into practically healthy
and patients with genital endometriosis without taking into
account the somatotype, a reliable (p<0.001) pronounced
discrimination (Wilks’ Lambda=0.076) of the obtained
classification indicators was established (the correctness of
entering the models of anthropo-somatotypological indicators
is 99.4 % of cases). The models include trunk diameters
(33.33 %), body circumference dimensions (33.33 %), body
mass index (11.11 %), the width of the distal epiphyses of the
long tubular bones of the limbs (11.11 %) and somatotype
components (11.11 %). The greatest contribution to the
discrimination between practically healthy and patients
with genital endometriosis YW without taking into account
the somatotype is shoulder circumferences in tense and
unstressed states.

When dividing Ukrainian YW into practically healthy
and patients with genital endometriosis of the mesomorphic
somatotype, a significant (p<0.001) pronounced discrimination
(Wilks’ Lambda=0.084) of the obtained classification indicators
was established (the correctness of the entry into the models
of anthropo-somatotypological indicators is 98.6 % of
cases). The models include trunk diameters (28.57 %), body
circumference (42.86 %), body mass index (14.29 %) and
the width of the distal epiphyses of the long tubular bones
of the limbs (14.29 %). The greatest contribution to the
discrimination between practically healthy and patients with
genital endometriosis of YW of the mesomorphic somatotype
has a shoulder girth in a tense state.

When dividing Ukrainian YW into practically healthy
and patients with genital endometriosis of the ectomorphic
somatotype, a significant (p<0.001) pronounced discrimination
(Wilks’ Lambda=0.060) of the obtained classification indicators
was established (the correctness of the entry into the
models of anthropo-somatotypological indicators is 100 % of
cases). The models include trunk diameters (25.00 %), girth
dimensions of the body (50.00 %) and the width of the distal
epiphyses of the long tubular bones of the limbs (25.00 %). The
greatest contribution to the discrimination between practically
healthy and patients with genital endometriosis of YW of the
ectomorphic somatotype is made by the anterior-posterior mid-
thoracic diameter and the transverse mid-thoracic diameter.

When dividing Ukrainian YW into practically healthy and
patients with genital endometriosis of the ecto-mesomorphic
somatotype, a significant (p<0.001) pronounced discrimination

(Wilks’ Lambda=0.039) of the obtained classification indicators
was established (the correctness of entering the models of
anthropo-somatotypological indicators is 100 % of cases). In
all cases, the models include body circumferences (100 %).
The greatest contribution to the discrimination between
practically healthy and patients with genital endometriosis
of YW of the ecto-mesomorphic somatotype is shoulder
circumferences in tense and non-tense states.

The results obtained confirm the existence of a
relationship between anthropometric characteristics and the
risk of developing genital endometriosis in girls. According
to the conducted studies, body mass index (BMI), fat tissue
distribution and overall body structure may play a key
role in shaping the predisposition to this disease. Several
large-scale epidemiological studies have demonstrated
that an increased BMI is associated with a lower risk of
developing endometriosis, which may be due to the hormonal
characteristics of fat tissue and its effect on estrogen levels
[4,5, 14].

However, the data on the relationship between body
weight and the risk of endometriosis are contradictory.
A meta-analysis conducted by Yong L. & Weiyuan Z.
[28] showed that underweight women (BMI<18.5) have
a higher risk of developing endometriosis, while obese
women demonstrate a lower level of this disease. Similar
results were obtained in the study by Aarestrup J. et al.
[1], which demonstrated that low body weight in childhood
and short stature are associated with an increased risk of
endometriosis in the future. This suggests that factors related
to early development may influence susceptibility to this
disease in adulthood.

Studies by Omiyale W. et al. [19] and Sponholtz T. R. et
al. [26] demonstrated that fat distribution is more important
than overall BMI in determining the risk of endometriosis
and endometrial cancer. In particular, central obesity was
associated with an increased risk of endometrial cancer,
while peripheral fat distribution had a protective effect. This
may explain the different endocrine mechanisms associated
with the localization of fat tissue and its effect on circulating
estrogen levels.

Another important aspect is the role of metabolic factors
in the development of endometriosis. Studies by Backonja U.
et al. [5] confirmed that total adipose tissue, independent of
BMI, can be a predictor of risk for this disease. In addition,
a review by Pantelis A. et al. [20] indicates a complex
interaction between obesity, hormonal balance and the
development of endometriosis.

In the study of Aune D. et al. [2], it was demonstrated that
tall stature is associated with an increased risk of endometrial
cancer, which may indicate similar mechanisms of hormonal
influence in endometriosis. At the same time, the study of
Farland L. V. et al. [12] did not find significant associations
between stature and endometriosis, which indicates the need
for further research in this direction.

Thus, the results obtained indicate the multifactorial
nature of genital endometriosis, in the development of which
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both genetic and metabolic factors play a role. Established
anthropometric predictors may be useful for developing
individualized approaches to early diagnosis and prevention
of this disease.

Conclusions

1. Based on the characteristics of body structure and
size, reliable (p<0.001 in all cases) discriminant models were
developed, which allow with a high probability to predict the
possibility of genital endometriosis in Ukrainian YWs without
taking into account the somatotype (the classification matrix
covers 99.4 % of cases, Wilks’ Lambda statistics=0.076),
representatives of the mesomorphic somatotype (the

References

[1] Aarestrup, J., Jensen, B. W., Ulrich, L. G., Hartwell, D.,
Trabert, B., & Baker, J. L. (2020). Birth weight, childhood
body mass index and height and risks of endometriosis and
adenomyosis. Annals of human biology, 47(2), 173-180.
doi: 10.1080/03014460.2020.1727011

[2] Aune, D., Rosenblatt, D. N., Chan, D. S. M., Vingeliene, S.,
Abar, L., Vieira, A.R., ... & Norat, T. (2015). Anthropometric
factors and endometrial cancer risk: a systematic review
and dose-response meta-analysis of prospective stud-
ies. Annals of Oncology, 26(8), 1635-1648. doi: 10.1093/
annonc/mdv142

[3] Avalos Marfil, A., Barranco Castillo, E., Martos Garcia, R.,
Mendoza Ladron de Guevara, N., & Mazheika, M. (2021).
Epidemiology of endometriosis in Spain and its autono-
mous communities: a large, nationwide study. International
Journal of Environmental Research and Public Health,
18(15), 7861. doi: 10.3390/ijerph18157861

[4] Backonja, U., Hediger, M. L., Chen, Z., Lauver, D. R., Sun,
L., Peterson, C. M., & Buck Louis, G. M. (2017). Beyond
body mass index: using anthropometric measures and body
composition indicators to assess odds of an endometriosis
diagnosis. Journal of Women’s Health, 26(9), 941-950.
doi: 10.1089/jwh.2016.6128

[5] Backonja, U., Louis, G. M. B., & Lauver, D. R. (2016). Overall
adiposity, adipose tissue distribution, and endometriosis:
a systematic review. Nursing research, 65(2), 151-166.
doi: 10.1097/NNR.0000000000000146

[6] Becker, C. M., Bokor, A., Heikinheimo, O., Horne, A., Jansen,
F., Kiesel, L., ... & Vermeulen, N. (2022). ESHRE guide-
line: endometriosis. Human reproduction open, 2022(2),
hoac009. doi: 10.1093/hropen/hoac009

[7] Cardoso, J. V., Machado, D. E., Silva, M. C. D., Berardo,
P. T., Ferrari, R., Abrdo, M. S., & Perini, J. A. (2020).
Epidemiological profile of women with endometriosis: a
retrospective descriptive study. Revista Brasileira de Saude
Materno Infantil, 20(4), 1057-1067. doi: 10.1590/1806-
93042020000400008

[8] Carter, J. L., & Heath, B. H. (1990). Somatotyping — develop-
ment and applications. Cambridge University Press.

[9] Chapron, C., Marcellin, L., Borghese, B., & Santulli, P. (2019).
Rethinking mechanisms, diagnosis and management of
endometriosis. Nature Reviews Endocrinology, 15(11),
666-682. doi: 10.1038/s41574-019-0245-z

[10] Darba, J., & Marsa, A. (2022). Economic implications of
endometriosis: a review. Pharmacoeconomics, 40(12),
1143-1158. doi: 10.1007/s40273-022-01211-0

classification matrix covers 98.6 % of cases, Wilks’ Lambda
statistics=0.084), ectomorphic somatotype (the classification
matrix covers 100 % of cases, Wilks’ Lambda statistics=0.060)
and ecto-mesomorphic somatotype (the classification matrix
covers 100 % of cases, Wilks’ Lambda statistics=0.039).

2. The most common components of the constructed
models are trunk diameters (33.33 % in the group without
taking into account somatotype; 28.57 % in mesomorphs;
25.00 % in ectomorphs), body circumferences (33.33 % in
the group without taking into account somatotype; 42.86 %
in mesomorphs; 50.00 % in ectomorphs; 100 % in ecto-
mesomorphs) and the width of the distal epiphyses of the
long tubular bones of the limbs (25.00 % in ectomorphs).

[11] Eisenberg, V. H., Weil, C., Chodick, G., & Shalev, V. (2018).
Epidemiology of endometriosis: a large population-based
database study from a healthcare provider with 2 million
members. BJOG: An International Journal of Obstetrics &
Gynaecology, 125(1), 55-62. doi: 10.1111/1471-0528.14711

[12] Farland, L. V., Missmer, S. A., Bijon, A., Gusto, G., Gelot, A.,
Clavel-Chapelon, F., ... & Kvaskoff, M. (2017). Associations
among body size across the life course, adult height and
endometriosis. Human Reproduction, 32(8), 1732-1742.
doi: 10.1093/humrep/dex207

[13] Greene, A. D., Lang, S. A., Kendziorski, J. A., Sroga-Rios,
J. M., Herzog, T. J., & Burns, K. A. (2016). Endometriosis:
where are we and where are we going?. Reproduction
(Cambridge, England), 152(3), R63-R78. doi: 10.1530/
REP-16-0052

[14] Holdsworth-Carson, S. J., Dior, U. P., Colgrave, E. M.,
Healey, M., Montgomery, G. W., Rogers, P. A., & Girling,
J. E. (2018). The association of body mass index with endo-
metriosis and disease severity in women with pain. Journal
of Endometriosis and Pelvic Pain Disorders, 10(2), 79-87.
doi: 10.1177/2284026518773939

[15] Kliemann, N., Ould Ammar, R., Biessy, C., Gicquiau, A.,
Katzke, V., Kaaks, R., ... & Gunter, M. J. (2022). Metaboli-
cally defined body size phenotypes and risk of endometrial
cancer in the European prospective investigation into cancer
and nutrition (EPIC). Cancer Epidemiology, Biomarkers &
Prevention, 31(7), 1359-1367. doi: 10.1158/1055-9965.
EPI-22-0160

[16] Koller, D., Pathak, G. A., Wendt, F. R., Tylee, D. S., Levey,
D. F, Overstreet, C., ... & Polimanti, R. (2023). Epidemiologic
and genetic associations of endometriosis with depression,
anxiety, and eating disorders. JAMA network open, 6(1),
e€2251214. doi: 10.1001/jamanetworkopen.2022.51214

[17] Koninckx, P. R., Ussia, A., Keckstein, J., Wattiez, A., &
Adamyan, L. (2016). Epidemiology of subtle, typical, cystic,
and deep endometriosis: a systematic review. Gynecologi-
cal Surgery, 13, 457-467. doi: 10.1007/s10397-016-0970-4

[18] Matiegka, J. (1921). The testing of physical efficiency. Am. J.
Phys. Antropol, 2(3), 25-38. doi: 10.1002/ajpa.1330040302

[19] Omiyale, W., Allen, N. E., & Sweetland, S. (2020). Body
size, body composition and endometrial cancer risk among
postmenopausal women in UK Biobank. International journal
of cancer, 147(9), 2405-2415. doi: 10.1002/ijc.33023

[20] Pantelis, A., Machairiotis, N., & Lapatsanis, D. P. (2021). The
formidable yet unresolved interplay between endometriosis
and obesity. The Scientific World Journal, 2021(1), 6653677.

64

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Nyzova O. A., Chaika H. V., Berenshtein E. L., Kryvonis T. G., Kyrychenko V. I, Sorokoumov V. P., Gunas I. V.

doi: 10.1155/2021/6653677

[21] Parazzini, F., Esposito, G., Tozzi, L., Noli, S., & Bianchi,
S. (2017). Epidemiology of endometriosis and its co-
morbidities. European Journal of Obstetrics & Gynecol-
ogy and Reproductive Biology, 209, 3-7. doi: 10.1016/j.
ejogrb.2016.04.021

[22] Rossi, H. R., Nedelec, R., Jarvelin, M. R., Sebert, S., Uimari,
0., &Piltonen, T. T. (2021). Body size during adulthood, but
not in childhood, associates with endometriosis, specifically
in the peritoneal subtype—population-based life-course data
from birth to late fertile age. Acta Obstetricia et Gyneco-
logica Scandinavica, 100(7), 1248-1257. doi: 10.1111/
a0gs.14090

[23] Shafrir, A. L., Farland, L. V., Shah, D. K., Harris, H. R.,
Kvaskoff, M., Zondervan, K., & Missmer, S. A. (2018). Risk
for and consequences of endometriosis: a critical epidemio-
logic review. Best practice & research Clinical obstetrics &
gynaecology, 51, 1-15. doi: 10.1016/j.bpobgyn.2018.06.001

[24] Shaparenko, P. P. (2000). AHTponomeTpisi [Anthropometry).

BiHHnusa: BOMY im. M. I. MNuporosa=Vinnytsia: VDMU
im. M. |. Pyrogova.

[25] Shephard, R. J. (2005). Body composition in biological
anthropology. Cambridge University Press, Cambridge,
UK; New York.

[26] Sponholtz, T. R., Palmer, J. R., Rosenberg, L., Hatch, E. E.,
Adams-Campbell, L. L., & Wise, L. A. (2016). Body size,
metabolic factors, and risk of endometrial cancer in black
women. American Journal of Epidemiology, 183(4), 259-
268. doi: 10.1093/aje/kwv186

[27] von Theobald, P., Cottenet, J., lacobelli, S., & Quantin,
C. (2016). Epidemiology of endometriosis in France: a
large, nation-wide study based on hospital discharge
data. BioMed Research International, 2016(1), 3260952.
doi: 10.1155/2016/3260952

[28] Yong, L., & Weiyuan, Z. (2017). Association between
body mass index and endometriosis risk: a meta-analysis.
Oncotarget, 8(29), 46928-46936. doi: 10.18632/oncotar-
get.14916.

OUCKPUMIHAHTHI MOAENI MOXNUBOCTI BAHUKHEHHSA FEHITANIbBHOIO EHOOMETPIO3Y B YKPATHCbKUX AIBYAT Y

3ANEXHOCTI BIJ OCOB/IMBOCTEW BYJOBU TA PO3MIPIB TINA

Hu3oea O. A., Yatika I'. B., bepeHwmelH E. J1., Kpueonic T. I'., Kupu4eHko B. I., Copokoymos B. 1., l'yHac I. B.

EHOomempio3 € 00Hieto 3 HalMmowupeHiuux 2iHeKono2iYHuUx namorsoeit, wo Moxe 3HayHO ernsjueamu Ha pernpodyKkmusHe
300p08’s1 XKIHOK, y momy ducrii U Morodoeo 8iky. [JocrnidxeHHs1 ghakmopis, siki MOXYmb cripusimu tio2o po38UMKY, € 8axusum Ons
paHHbO20 8USIBNIEHHS 2Py PU3UKY ma po3pobKu rpoghinakmuyHux 3axodig. Ceped MoXXnusux npedukmopie yeazy npusepmarome
aHMpPOoNoMempuUYHi xapakmepucmuku, siKi MOXymb 8i0obpaxkamu eHOOKPUHHI ma MemaboriyHi ocobriueocmi opaaHiamy. BusyeHHst
uux napamempie 00380s19€ OYiHUMU MOMeHUiUHUU 38’130K MiXX coMamomurom ma UMOSIPHICMI0 pO38UMKY 3aX80PtO8aHHS, WO
MOXe cripusimu rnepcoHarnizoeaHomy nioxody 0o npogpinakmuku. Mema docrnioxeHHs1 — nobydosea ma aHaria OUCKPUMIHaHMHUX
moderneli MOXIU80CMIi BUHUKHEHHST 2eHimasibHo20 eHOoMempio3y 8 yKpaiHCbKux disdyam 6e3 ma 3 ypaxyeaHHsIM coMamomury
y 3anexHocmi 8i0 ocobriugocmeli 6ydosu ma poamipie mina. ¥ 89 ykpaiHcbkux diedam (sikom eid 16 0o 18 pokis), xeopux Ha
2eHimarnbHul eHOomMempios, nposedeHo KiiHiko-nabopamopHe ma aHmMpPOono-coMmamomuronoaidyHe obcmexeHHs. [1ep8uHHiI
aHmMpOoIno-comMamomuronoegiyHi MOKa3HUKU 78 rnpakmu4yHo 300po8ux yKpaiHCcbKux dig4am aHaroeiqHoi 8ikogol epyru ompumaHi
3 baHKy daHux Haykogeo-00C/iOHO20 ueHmpy BiHHUUbKO20 HauioHaribHO20 Meduy4yHo20 yHigepcumemy im. M. |. Nupoeosa.
JuckpumiHaHmHi Modersi MoXnueocmi 8UHUKHEHHSI ma ocobrniusocmedl nepebiey eeHimanbHo20 eHOOMempio3y 8 3anexHocmi 8id
ocobnusocmel 6ydosu ma po3mipie mina nobydoeaHi 8 niyeH3itiHomy nakemi « Statistica 6.0». Npu po3nodini ykpaiHcbKux dig4am
Ha npakmu4yHoO 300p0O8UX Ma X80puUX Ha eeHimarnbHuUli eHooMempio3 sk 6e3 ypaxysaHHs comamomuny, mak i y npedcmasHuub
Me30MOpPhHO20, EKMOMOPGHHO20 ma eKmo-Me30MophHO20 comamomuriie nobydosaHi docmoeipHi (p<0,001 8 ycix sunadkax)
8UCOKOIHGhopMamueHi (KopekmHicmb 8xodxxeHHs1 00 Moderieli aHmpOono-coMamomurionogidHUX rnokasHukie ckrnadae 6id 98,6 %
0o 100 % sunadkie; cmamucmuka Wilks’ Lambda dopisHtoe 8id 0,084 do 0,039) duckpumiHaHmMHi MOOesi MOXu80Cmi BUHUKHEHHS
0aHo20 3axe80pro8aHHs1 8 3arnexxHocmi 8id ocobnusocmel rokasHukie 6ydosu ma posmipie mina. Hadbinsw Yyacmo 0o cknady
rnobydosaHux modesneli 8xodsimb: 8 2pyri b6e3 ypaxysaHHsI comamomury — obxeamHi po3mipu mina ma diamempu mynyba (rno
33,33 %); y me3omopgpie — 0bxeamHi po3mipu mina (42,86 %) ma diamempu mynyba (28,57 %); y ekmomopgpie — o6xeamHi po3mipu
mina (50,00 %), diamempu myrnyba ma wupuHa ducmarnbHux enighisie dosaux mpybyacmux Kicmok KiHuigok ro (25,00 %), y ekmo-
me3omoppie — obxeamHi posmipu mina (8 100 % eunadkis).

KnrouoBi cnoBa: akywepcmaso ma 2iHeKkornogzisi, 2eHimarnbHuUl eHOoMempio3, aHmpornomMempisi, comamomurl, ykpaiHcbKu dig4ama,
OucKpuMiHaHmMHuUU aHarnis.
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Osteoarthritis is a degenerative disease of articular cartilage. Numerous studies
have expanded our understanding of the pathophysiology of the disease, yet there
remain controversial questions regarding the relationship between mechanical loads
on the joint, inflammation, and biochemical changes in cartilage tissue that lead to its
degradation. The question of the primary cause of cartilage tissue damage remains
unresolved, as synovitis and contracture may result from cartilage injury, while
cartilage degeneration can concurrently arise in the presence of synovitis. Animal
models play a key role in studying these changes, as they allow for the identification
of the structural basis and characteristics of joint tissue disorders. Our hypothesis
is that non-mechanical damage to cartilage tissues, through the introduction of
collagenase into the synovial cavity, provokes a slow, progressive development of
changes in the capsule and articular cartilage. The aim of the work was to investigate
changes in cartilage and capsule of the shoulder joint under the conditions of modeling
collagenase-induced joint damage. Collagenase was injected into the shoulder
joint and saline was injected into the contralateral joint. After 4 months, the articular
cartilage of the humerus head and scapula, the joint capsule, was examined. The
morphometric method measured the thickness of the capsule, the condition of the
cartilage by scale method and correlated between changes in the studied structures
of the joint to establish the relationship between the degeneration of cartilage tissue
and fibrous changes in the synovial membrane. The statistical analysis of the results
was performed using non-parametric methods. The introduced enzyme induced
degenerative changes in the shoulder joint cartilage after 3 months, accompanied by
an inflammatory reaction in the synovial membrane and signs of connective tissue
remodeling in the capsule. The results suggest that inflammation of the synovial
membrane correlates with cartilage degradation (for the humeral head, r=0.74, p=0.02,
and for the glenoid cavity, r=0.71, p=0.03), which likely represents an early event in
the initiation and progression of articular cartilage damage. Damage to the synovial
membrane and capsule thickness showed a direct correlation (r=0.87, p=0.001).
Although mechanical damage remains the primary risk factor for osteoarthritis, the
slow, “sluggish” progression of cartilage-degrading changes provided new insights
into the relationship between changes in the cartilage, synovial membrane, and
shoulder joint capsule. The model of osteoarthritis described in this study serves as
a valid model for investigating the pathogenesis and treatment of the inflammatory
and degenerative changes of the shoulder joint.

Keywords: shoulder joint, arthritis, collagenase, inflammation.

Introduction

Osteoarthritis is the degenerative joint disease,
characterized by the gradual degeneration of articular

cartilage, changes in the subchondral bone, and the
development of chronic inflammation [6, 28]. Although
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osteoarthritis is traditionally considered a disease of the
elderly, its prevalence among younger populations is
increasing due to risk factors such as injury, excess weight,
and genetic predisposition [17, 21, 25]. There are numerous
theories regarding the disease development, focusing on the
idea that cartilage damage is a combination of interactions
between mechanical stress on the joint, inflammation, and
biochemical changes in the tissues, leading to a disruption
of cartilage tissue homeostasis [7, 8]. Fibrotic changes in the
capsule, synovitis, and contractures can result from cartilage
impairment, but alternatively, cartilage degeneration can arise
in the context of synovitis [16], or adhesive capsulitis [26].

Animal models allow for the faster and easier acquisition of
factual material during the dynamic progression of pathology
and in its various forms, because the reproduction of cartilage
and joint capsule in animals is relatively simple from a
technical standpoint, enabling the rapid collection of sufficient
observations for biostatistical analysis, unlike in clinical
settings, where finding similar cases can be a challenging
task [23, 24]. However, the outcomes of open mechanical
joint injuries in experiments are well-documented, develop
quickly, and are predictable and well-understood [4, 15]. Our
hypothesis is that non-mechanical damage to cartilage tissue
may provoke a slow, prolonged development of changes
in the capsule. Reproducing a model, where cartilage is
primarily affected, has proven to be quite a challenging task.
We hypothesized that such changes could be iatrogenic. It
is known that saline or Hartmann’s solution, which are used
in arthroscopy, cause chondrocyte swelling and cartilage
damage due to their slightly different osmolarity compared to
the extracellular matrix of the cartilage [5, 14, 19]. Inducing
non-isolated cartilage damage with matrix breakdown can
be achieved by injecting a sufficient amount of enzyme into
the joint to disrupt the homeostasis of the cartilage and
synovial membrane, triggering disturbances characteristic
of the inflammatory process [8, 27]. The inflammatory cell
infiltration also secretes enzymes, including collagenase,
so one or two injections of the enzyme into the joint should
cause degenerative changes in the cartilage, as shown in the
model of osteoarthritis of the knee joint [1, 11, 29]. Identifying
the relationship between changes in cartilage tissue and
capsule tissue should help confirm our hypothesis regarding
the role of primary cartilage damage in fibrotic changes of
the shoulder joint.

The aim of the study is to investigate changes in the
cartilage and capsule of the shoulder joint under conditions
of collagenase-induced joint injury modeling.

Materials and methods

The study was conducted as part of scientific cooperation
on the experimental development of models for various types
of traumatic injuries to the musculoskeletal system. This is a
component of the fundamental research project titled “The
study of tissue reactions in different parts of the nervous
system and internal organs to injuries of various origins and
their modulation. Pedagogical aspects of histology teaching,”

project number 0123U101051. The implementation period
is 2023-2025.

The experiments were conducted on 9 rabbits, aged
2-2.5 years and weighing 4.2-4.5 kg. The experimental model
involved inducing shoulder joint damage in the animals with
minimal traumatic impact. Considering the literature [2],
which reports age-related changes in the joint cartilage of
rabbits older than 1 year, older animals were selected for
reproducing the joint injury model. For this, a solution of
microbial collagenase enzyme (Clostridium histolyticum,
C5138, Sigma-Aldrich Chemie GmbH) was injected into
the shoulder joint in a volume of 200 pl, which contained
1500 collagenase units. The enzyme was injected once,
with a second injection administered after 1 month; 20 pl
of saline was administered into the contralateral joint.
Three months after the second injection, the animals were
euthanized (lethal dose of sodium thiopental) in accordance
with the provisions of the EU Directive 2010/63/EU “On the
protection of animals used for scientific purposes” and the
Law of Ukraine of February 21, 2006, No. 3447-1V “On the
protection of animals from cruelty”. The study was approved
by the Ethics Committee of Bogomolets National Medical
University (Protocol No. 192 dated 24.02.2025).

The shoulder joint was removed from the animals. The
joint capsule, humeral head, and articular surface of the
scapula were fixed in a 10 % formalin solution (pH 7.4).
After fixation, a strip 2-3 mm thick was cut from the joint
surfaces and placed in a decalcifying solution, OsteoFast
1 (BioGnost, Croatia). The samples were then rinsed from
the solution, dehydrated in isopropanol (4 changes, 1 hour
each), and embedded in paraffin (Leica-Paraplast Regular,
Leica Biosystems Inc., USA). The capsule was embedded
in paraffin following a similar protocol, but without the
decalcifying solution. Microsections were prepared using a
Thermo Microm HM 360 microtome and stained with Sirius
Red, Alcian Blue (pH=2.5) (BioGnost, Croatia). The stained
micro-preparations were examined under an Olympus BX51
microscope, and images were captured using an Olympus
C3040Z0O0M digital camera with Olympus DP-Soft 3.2
software (Olympus, Tokyo, Japan). The morphology of
the capsule was assessed using a developed scale that
includes histological changes and their degree of severity.
The scale consists of three parameters: changes in capsule
thickness, the condition of the synovial membrane, and signs
of inflammation. To determine the capsule thickness, the
method of linear morphometry was applied, and 25 points
at 200 ym intervals from each sample were measured using
Carl Zeiss software (AxioVision SE64 Rel.4.9.1).

For the scale and correlation analysis, linear changes
in thickness were converted into scores: 0 — no significant
difference, 1 — an increase of 25-50 %, 2 — 75-100 %, 3 —
more than 100 %. The following classifier was introduced
for changes in the synovial membrane: 0 — no changes,
1 — altered but epithelial layer continuity is preserved,
2 — epithelium is disrupted with mild signs of fibrosis, 3 —
moderate signs of fibrosis, 4 — significant signs of fibrosis.
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The inflammation factor was classified as follows: 0 — absent,
1 — focal cell-inflammatory infiltration, 2 — moderate, 3 —
severe. Each sample received a total scale score by summing
the points for each morphological parameter.

The condition of the articular cartilage was assessed
using a modified Mankin histological score [20]. The scoring
system included four morphological features and their
degrees of severity: cartilage (matrix) condition from 0 to 6,
cartilage cellularity from 0 to 3, staining intensity (Alcian blue
dye) from 0 to 4, and the tidemark between cartilage and
bone. Each score was calculated as the sum of the points
for each morphological parameter.

Statistical analysis was conducted using analysis of
variance (ANOVA), followed by a Bonferroni post-hoc test
and Mann-Whitney test. Data processing was performed
using StatPlus software, version 7.3.0 (AnalystSoft Inc.,
USA). The correlation between joint parameters in each
sample was assessed using Spearman’s rank correlation
(Spearman’s rho). A p-value of 0.05 or less was considered
statistically significant.

Results

Histological changes in the shoulder joint capsule

According to the results of the enzyme-induced shoulder
joint injury model, the capsule was visually enlarged, and
its wall was found to be thickened upon cross-section. An
increase in capsule thickness was observed due to increased
cellularity in the connective tissue, particularly fibroblasts,
leading to enhanced collagenogenesis. The density of newly
formed collagen beneath the synovial membrane significantly
increased, with foci of newly formed thin fibers spreading
almost throughout the length of the capsule. The remodeling
of the fibrous structure of the capsule showed quite a
varied picture, while the intact capsule was characterized
by the presence of thick bundles of collagen fibers in the
connective tissue. Meanwhile, the synovial membrane of
the capsule suffered significant damage, predominantly
due to inflammatory infiltration (monocytes/macrophages,
lymphocytes) (Fig. 1). The morphological damage to the villi
of the synovial membrane involved a reduction in their length
and cellularity, while the thickness of the villi was markedly
increased (visibly protruding into the joint cavity), with blood-
filled, congested vessels. Vascular stasis was often observed
but did not have a clear correlation with focal or extensive
inflammation in the capsule. However, areas of reduced
cellular density in the synovial membrane were also noted.

Morphometric analysis showed a significant increase
in capsule thickness (intact cartilage 1.588+0.489 mm vs
model 2.571£0.209 mm, p<0.05 according to ANOVA,
Bonferroni test). An attempt was made to differentiate the
nature of changes in the joint capsule, categorizing cases
into those with signs of newly formed tissues in the synovial
membrane and cavity (these changes were evaluated
as possible morphological evidence of connective tissue
formation on the inner side of the capsule, akin to synovitis)
and those without such signs (4 vs 5). It was found that a

Fig. 1. Structural changes in the shoulder joint capsule under
conditions of a collagenase-induced model of shoulder joint
injury. A — pronounced cellular-inflammatory infiltration at the
level of the synovial membrane, x100; B — cellular-inflammatory
infiltration in the synovial membrane, x200. 1 — cellular infiltration,
2 — subintimal connective tissue. Picrosirius red staining with
Weigert’'s hematoxylin.

greater degree of damage was associated with an increase
in capsule thickness (model 2.400£0.289 mm vs model +
inflammation 3.020+£0.128 mm, p<0.05 according to the
Mann-Whitney test).

We introduced a classifier (Table 1) for assessing
morphological changes in the joint capsule to detail the
changes in its layers considering inflammatory cell infiltration.
In almost all cases, disturbances in the morphology of the
synovial membrane were observed (loss of villi, inflammatory
infiltration, and less frequently, cellular reduction), while in
3 samples (33.3 %), significant development of connective
tissue was noted, which was assessed as a manifestation
of fibrous changes. Inflammatory cell infiltration comprising
macrophages and lymphocytes was equally classified as
moderate or pronounced. These changes were primarily
concentrated in the synovial membrane. Consequently, a
higher score was observed in samples with histologically
confirmed inflammation and damage to the synovial
membrane (intact cartilage 1.588+0.489 mm vs model
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2.601+£0.509 mm vs model + inflammation 6.502+0.921 mm,
p<0.05 according to the Mann-Whitney test).

Table 1. Scale for assessing morphological changes in the joint
capsule.

Scale indicator Animal number
1 2|3+[4*|5 6 [7*]8*]o
thickening of the |none =0 0
capsule 25-50% =1 11 1
75-100% =2 2 2
<100% =3 3 3113
condition of normal =0 0
the synovial changed but preserved =1 1 11 1)1
membrane —_— -
mild signs of fibrosis =2 2
moderate signs of fibrosis =3 3|3
severe signs of fibrosis =4
signs of none =0 0 0|0
inflammation mild and focal =1 11 1
moderate =2 2 2
severe =3 3
Total 2|3 |18 [8]1]3 |7 |3]4

Note:* signs of synovitis

Degenerative changes in the shoulder joint cartilage

The study of the morphology of articular cartilage
and its quantitative assessment using the Mankin scale
convincingly demonstrated significant damage to the
cartilage tissue (Fig. 2). The main changes observed in the
cartilage included a reduction in histochemical detection of
glycosaminoglycans, damage to the surface layers of the
cartilage, and in some cases even to the middle layers of the
cartilage, degeneration of chondrocytes, and the appearance
of acellular regions. In samples with inflammatory cell
infiltration, where the formation of fibrous connective tissue
was observed, the emergence of connective tissue on the
surface of the damaged cartilage was noted. We suggest
that these changes reflect, to some extent, the stages of
cartilage damage, ranging from superficial erosion and
histochemical changes in the cartilage matrix to deeper
erosion with fibrous changes near the surface of the articular
cartilage. We observed a numerical, but statistically non-
significant, increase in the degree of damage to the cartilage
of the humeral head (intact cartilage: 6.555+0.668 points
vs. model: 5.601+0.678 points vs. model + inflammation:
7.74£0.92 points, p>0.05 according to the Mann-Whitney
test) and the cartilage of the glenoid surface (intact cartilage:
8.333+0.745 points vs. model: 7.400+£0.678 points vs. model
+ inflammation: 9.500+1.322 points, p<0.05 according to the
Mann-Whitney test) in cases of greater capsule damage.

The data on the morphology of articular cartilage did
not have a significant correlation with the results of the joint
capsule morphology scale (humeral head: r=0.41, p=0.28;
glenoid cavity: r=0.57, p=0.11), but it showed a significantly
strong positive correlation with the level of damage to the
synovial membrane (r=0.74, p=0.02 and r=0.71, p=0.03), as
well as a tendency or significant dependence regarding the
factor of inflammatory cell infiltration detection in the capsule
(r=0.63, p=0.07 and r=0.79, p=0.01) (Table 2). Despite the

Fig. 2. Damage to the articular cartilage of the humeral head.
A —nearly unchanged cartilage thickness, with edema and cell
death present; B — erosion of the glenoid cartilage. 1 — cartilage;
2 —bone tissue; 3 — lacunae with bone marrow; arrow — cartilage
thickness. Picrosirius red staining with Weigert's hematoxylin,
x100.

direct relationship between synovial membrane damage
and capsule thickness (r=0.87, p=0.001), the thickness
measurement introduced some dispersion in the statistical
analysis. Therefore, the analysis of the relationship between
joint damage and the synovial membrane turned out to be
the most sensitive for studying the patterns of pathological
changes in the shoulder joint. Based on these studies,
the conclusion is made that the assessment of capsule
morphology using the developed scale is more sensitive
and significant compared to the linear morphometry of the
capsule wall.

Discussion

Our experimental study showed that shoulder joint
synovitis and degenerative processes in the articular
cartilage are a common pathogenetic pattern of osteoarthritis.
We were unable to reliably determine limb function with
changes in the shoulder joint tissues, but histologically, we
proved damage to the joint surface and synovial membrane
with the development of inflammation. Structural changes
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in the capsule are mainly localized within the synovial
membrane. We have demonstrated damage to the cells of the
synovial membrane and cellular-inflammatory infiltration with
remodeling of the subintimal connective tissue layer of the
synovial membrane. A positive correlation was established
between these changes, as well as between changes in the
synovial membrane and capsule thickness. That is, changes
in homeostasis in the synovial membrane are a significant
factor in the remodeling of the connective tissue of the
capsule and the potential development of fibrosis. At the
same time, these changes under collagenase action on joint
tissues have a prolonged development and a non-bacterial
nature of inflammation. Clearly, the local appearance of
collagenase in the synovial fluid did not cause significant
tissue damage in the joint and only initiated changes, as
no functional disorders of the joint were observed within 30
days. The repeated injection of collagenase also became
a factor in the prolonged development of disorders, which
after 3 months reached a state that was visually observed
in the form of articular cartilage erosion and tissue density
changes in the shoulder joint capsule.

Similarly, in the model of cold injury to the joint, it was
found that the longer the time after injury, the more severe
the fibrosis of the capsule and muscles [13]. If we simplify the
molecular basis for the onset of the inflammatory response
and fibrosis, the products from degraded hyaline cartilage
likely initiate damage to the synovial membrane and synovial
inflammation [9]. Cells of the synovial intima respond to these
changes by secreting various cytokines and growth factors
that attract immune cells, which in turn release enzymes to
remodel the extracellular matrix.

This was clearly observed in the intima and subintimal
layer of the capsule, where altered connective tissue density,
newly formed fine collagen networks, and increased vascular
density were detected. It is important to understand that
there are mutual inductive forces between the synovial
membrane cells and immune cells, which involve both
types of cells secreting enzymes capable of degrading all
components of the extracellular matrix of the cartilage and
capsule, not just collagen degradation. Moreover, activated
chondrocytes in the cartilage, which also produce enzymes
such as MMP-13 that degrade proteoglycans, contribute to
this pathophysiological cycle. Thus, a dual cellular effect
occurs in the destruction of the articular cartilage matrix [3,
10]. Hypothetically, this may occur in the foci of chondrocyte
clustering, which are found in the hyaline cartilage near
areas of degradation and erosion. Histological studies have
shown that in these areas there may be a significant increase
in the number of chondrocytes, likely through proliferation,
forming large lacunae, larger than the lacunae of isogenic
groups in intact cartilage. Further damage to chondrocytes
in these cellular clusters leads to the formation of large
acellular lacunae and, eventually, to rapid progression of
matrix erosion. Proteoglycans and collagens are the main
high-molecular components of the cartilage matrix, and
their degradation inevitably leads to the loss of cartilage

tissue. Evidence of these processes has been found in
clinical studies, where the expression of degrading enzymes
MMP-1 and MMP-9 was increased in the synovial fluid in
arthritis compared to healthy individuals [12, 30]. Therefore,
inflammation plays a critical role in the erosion of articular
cartilage and the damage to the synovial membrane.
Changes in the synovial membrane and fluid lead to a
decrease in the concentration of cartilage protective factors,
tissue inhibitors of metalloproteinases, and an increase in
the production of factors that promote matrix degradation,
ultimately leading to a vicious cycle of capsule inflammation
and osteoarthritis development [18, 22].

The pathogenic mechanism of this cycle remains
unclear, although a vast amount of data regarding the tissue
damage mechanisms has already been discovered. Any
updated information about new factors and their correlation
with already known phenomena will also be beneficial for
further study and treatment of osteoarthritis. A promising
area of research on joint damage is the role of stem cells.
Our study was not focused on detecting stem cells or their
immunophenotypic characterization, but we predict their
appearance based on already known studies [31]. Systematic
literature analyses only report changes in the clinical
presentation of patients, whereas morphological evidence of
the involvement of endogenous mesenchymal stem cells is
extremely scarce. It is assumed that influencing the activity
of stem cell appearance in the damaged joint will stop the
progression of degenerative changes and potentially promote
regenerative processes. It is evident that stem cells will enter
the damaged synovial membrane without significant barriers
and differentiate into connective tissue cells. However, their
potential ability to differentiate into cartilage cells has not
yet been sufficiently confirmed by research. There is a need
to study this aspect of osteoarthritis development using
animal models with immunophenotypic characterization of
endogenous mesenchymal stem cells.

Conclusions

1. Histological signs of connective tissue remodeling in
the capsule and an increase in its thickness suggest the
potential development of shoulder joint contracture in the
presence of inflammatory cellular infiltration of the synovial
membrane.

2. A strong positive correlation has been established
between the degradation of articular cartilage, changes in
the morphology of the synovial membrane, and the adjacent
connective tissue of the joint capsule. It should be noted
that changes in the cartilage did not always depend on the
thickness of the capsule but were determined by the damage
to its inner membrane.

3 The collagenase-induced osteoarthritis model is an
effective model for studying the pathogenesis of the disease,
as the slow progression of cartilage-degrading changes
provides new insights into the interaction of tissues between
cartilage, the synovial membrane, and the shoulder joint
capsule.
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KOPENALISA MK OEFPALALIEO XPALLA TA 3AMNANEHHAM CUHOBIATIbHOT OBONTIOHKU B IHOYKOBAHIN
KONATEHA30K MOLENI OCTEOAPTPUTY NMJIIEYOBOIO CYINnoBY Y KPOJIUKIB

CmpadgbyH C. C., bozdaH C. B., Caeocskko C. I., IOpitiuyk J1. M.

Ocmeoapmpo3 € 0eceHepamueHUM 3ax80pH8aHHAM Cy2r10608020 xpsuw,a. bazamo docnidxeHb po3wupunu Hawe po3yMiHHS
namocgbizionoeil 3axeoptosaHHs, ane 0oci € QUCKYCIliHI NumMaHHs w000 38’S3Ky MiX MeXaHiYHUM HasaHMaxXeHHsIM Ha cyarob,
3ananeHHsamM ma 6ioXiMiYHUMU 3MiHaMu y mKaHuHax xpsauwa, siki npu3eodsimb 00 Uo20 pylHysaHHs. [TumaHHs nepuwonpuyuHu
OWKOOXKEHHS XPAU,080i MKaHUHU 3anuuiaemsCsi He8UPIWeHUM, OCKIfIbKU CUHO8IM ma KoHmpakmypa Moxyms 6ymu Hacniokom
OWKOOXEHHS xpsauia, i, 0OHoYacHo, OezeHepauist Xpswja 8UHUKae Ha mrii cuHosimy. TeapuHHi Moderti idigparomb Kio408y posib
Y 8UBYEHHI UuX 3MiH, moMy wWo daromb MOXIIUGICMb 8USBUMU CMPYKMYyPHi OCHOBU ma Xapakmepucmuky po38UmKy MopyweHb
MmKaHUH cyenoby. Hawa einomesa nonsizae y momy, Wo HemexaHidHe MOWKOOXEHHST MKaHUH XpsAlua WiisixoM 86e0eHHs KonazeHasu
00 cuHosiarnbHOI MOPOXHUHU MPOBOKYE MO8iNbHUU, mpusanuti po38UMOK 3MiH y Kkarcysni ma cyanobosomy xpswi. Memoro pobomu
6yr1o docnidumu 3MiHU Xpsiwa ma Karicysiu rnie4oe020 cyanoby 3a yMog MoOero8aHHs KorlaeeHa30-iHOyYKo8aHO20 MOWKOOXEHHS
cyenoby. Kponsim y nnedyosuli cy2nob eeodusnu KonazeHasy, a y KoHmpanamepasnbHul cyenob cpizionoeidHull posquH. Yepes 4
micsyi docnidxysanu cyanobosull Xpsily, 20/108KU M1€4080I KicmKu | monamku, Karicyry cyanoby. MopgomempuyHum memodom
8UMIpIO8aNIU MOBWUHY Karcynu, cmaH Xpsla HarieKifbKiCHO 3a WKasok i npoeodusnu KopensyitiHul aHania M 3MiHamu y
odocriidxysaHUX cmpykmypax cyarnoby 0risi 6CmaHO8MEeHHsT 3areXXHoCmi Mixx OezeHepaujero Xpsw080i mKkaHUHU i ¢hibpo3HUMU
3MiHamu y cuHosiarnbHit 06onoHyi. CmamucmuyHa 0bpobka pe3yribmamig 8UKOHaHa 3 8UKOPUCMAaHHSIM HernapamempuyHux
memodis. BeedeHuli pepmeHm suknukas 0ezceHepamusHi 3MiHU Xpsawie nie4o8o20 cyanoba Yyepes 3 micaui i yue noedHysanocs
i3 3ananbHOK peakuyieto y cuHosianbHili MembpaHi, 03Hakamu pPemodesnto8aHHs CroMy4YHOI MKaHUHU Karcynu. Pesynsmamu
npogedeHo20 OOCIOXEeHHS roKasanu, Wo 3ananeHHsi cCuUHosiaribHOI 060/I0HKU Koperne 3 Oeepadauieto xpsawa (015 20/108KU
nnevosol kicmku r=0,74, p=0,02 ma 3aenubuHu nonamku r=0,71, p=0,03), wo ckopiwe € paHHbor nodieto nid 4Yac iHiyiauii ma
rpoapecysaHHsI MOWKOOXeHHs1 cyarobosux xpsuwis. lNapamempu nowkKoOXeHHs1 CUHogianbHOI MembpaHu ma moswuHa Karcynu
marnu npsmy kopensuito (r=0,87, p=0,001). He3saxatouu Ha me, WO MexaHiYHe MOWKOOXEHHSI € OCHOBHUM (haKmopoM Pu3uKy
ocmeoapmpo3a, came roeifibHUl, «MJIss8ull» po3suUMoK 0ezspadyroHux 3MiH xpsAuwja 0as binbwe Hosux daHuX Mpo 38’A30K 3MiH
Y Xpswi, cuHosianbHili 060/10HUi ma Karicyri rnne4o8020 cyanoby. Takum YuHOM, orucaHa y uit pobomi Moderb cmpyKmypHUX
3MiH cyernoby Cripu4yUHeHUX Kora2eHasol, € egheKmueHo Modensto Ofisl BUBYEHHS namoaeHe3y ma JliKyeaHHs 3arnanbHux i
OeceHepamusHUX NPOUECie rnine4o8o2o cyanoby.

KntoyoBi cnoBa: rnsievosul cyenob, apmpos, KorageHasa, 3anasneHHs.
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Information about the sensitivity of different neurons and neuroglia cells to injury and
their ability to recover depending on the location of the damage and the nature of
microcirculation changes in the post-traumatic period require significant clarification.
The study aims to study the tissue and cellular posttraumatic changes in the structure
of the cingulate gyrus of the brain frontal lobe of rats with various neurocognitive
disorders at different times after severe traumatic brain injury. A “shock acceleration
model” was used to reproduce severe traumatic brain injury in rats. According to the
results of neurological tests, the rats were divided into three groups: the first — animals
after trauma with neurocognitive disorders and memory disorders; the second —
animals after trauma with neurocognitive disorders without memory disorders; the
third comparison group — animals after trauma without neurocognitive disorders. A
histological, morphometric and immunohistochemical study of the cingulate gyrus
of the frontal lobe was carried out using the markers B-tubulin, Synaptophysin,
GAP43, NCAM1, N-cadherin, GFAP. Statistical processing of the obtained results
was carried out in the licensed software package “Statistica v6.1” using parametric
and nonparametric methods. In animals with neurocognitive disorders, a moderate
decrease in the total content of neurons of different types in the cingulate cortex is
observed, while in animals without cognitive deficits, the density of neurocytes does
not differ from the normal level. The suppressed expression of Synaptophysin in the
cingulate cortex in rats with neurocognitive disorders does not change significantly 20
and 40 days after injury and remains at a low level. In animals of the comparison group,
the density of p38-positive synapses is restored during the post-traumatic period. 10
days after injury, in animals of all groups, a moderate accumulation of CD56- and
N-cadherin-positive protoplasmic astrocytes in the pericapillary spaces is observed,
which is often associated with foci of edema and increased mitotic activity of gliocytes.
In animals with neurocognitive disorders, in some cases, astroglia form cell layers
on the surface of microvessels in the form of dense couplings, which indicates the
blockage of transendothelial transport. 40 days after injury, the number of damaged
microvessels with layers of astrocytes on the outer surface is significantly reduced.
Thus, 10 days after injury, moderately pronounced neurodegenerative and destructive
changes occur in the cingulate cortex and adjacent infralimbic cortex due to the post-
traumatic cytotoxic cascade. 20 and 40 days after injury, signs of neuroinflammation
are reduced regardless of the degree of cognitive deficit.

Keywords: traumatic brain injury, rats, neurocognitive disorders, cingulate gyrus,
morphology.

Introduction

Disorders of higher mental functions are of particular
importance among the reasons that determine the degree
of disability after traumatic brain injury (TBI). It has been
proven that the pathognomonicity of psychopathological
consequences depends little on the severity of the injury,
the depth of neurological disorders, the features of

macrostructural brain damage and can be formed both in
the acute and in the remote period of TBI. A wide range of
neurocognitive disorders is formed in the majority of patients
with TBI, and in 3-10 % of victims who have a history of
severe TBI, dementia develops [10, 13].

The study of pathomorphological mechanisms that
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determine the nature of the formation and dynamics of
neurocognitive disorders at different times after the injury is
of particular interest in solving numerous issues related to the
treatment and rehabilitation of patients with TBI. It has been
shown that after TBI, the inflammatory response, toxicity of
glutamate and other mediators, the formation of free radicals,
ionic imbalance and activation of apoptotic processes cause
massive secondary neuronal death, meanwhile leading
to brain edema, axonal damage and anoxia, destruction
of the blood-brain barrier (BBB), increased inflammation,
oxidative stress and neurodegeneration, which causes
aggravation of cognitive impairment [3, 26, 28]. The main
cause of neurocognitive impairment is damage to nerve
cells, but astrocytes, oligodendrocytes and microglia are
also activated. Astrocyte activation causes hyperplasia of
the glial scar after TBI and a number of other macroglial
rearrangements [4]. Damaged oligodendrocytes can affect
myelin, thus causing dysfunction of nerve conduction [14]. In
addition, activated microglial cells participate in phagocytosis
and functional recovery, and then initiate further changes
in vascular permeability, which causes a cellular anoxia
response [1, 26]. It has also been shown that activation
of the immune system after TBI leads to the migration of
macrophages and monocytes into the damaged area of the
brain, with the subsequent release of inflammatory mediators
(IL-1B and IL-6) and additional damage to nerve cells [22].

Excitotoxic damage leads to impaired cognitive functions
(arousal, speed of information processing, attention, memory,
etc.), which are implemented with the participation of the
affected brain areas [15, 27]. As the acute neurotransmitter
imbalance gradually reduces or transforms, a long-term
deficit develops in the cerebral cholinergic systems
and, possibly, also in the catecholaminergic structures,
which prolongs or deepens the cognitive impairment. It is
also reported that there is a close relationship between
neurodestructive processes, cognitive impairment and
synaptic transmission [8, 9, 12, 23]. Thus, until now, the ideas
about the relationship between the sequence of pathogenetic
mechanisms of traumatic injury and the nature of cognitive
impairment after TBI remain fragmentary. Currently, the
data on the dynamics of remote post-traumatic changes in
intercellular interactions in different parts of the brain are
controversial. The information on the sensitivity of various
neurons and neuroglial cells to injury and their ability to
recover depending on the localization of damage and the
nature of hemomicrocirculation rearrangements in the post-
traumatic period requires significant clarification.

The study aims to determine tissue and cellular post-
traumatic changes in the structure of the cingulate gyrus in
rats with various neurocognitive disorders at different times
after severe traumatic brain injury.

Materials and methods

To TBI modeling in adult nonlinear male rats (aged 4 to 6
months) weighing 300-400 g, the “shock acceleration model”
was used [7, 17]. Before the injury, a 2 cm sagittal scalp

incision was made along the midline under general anesthesia,
exposing the bregma and lambda, and a 1 cm diameter steel
coin was fixed using cyanoacrylate glue. Standardized TBI
was inflicted by freely falling a 450 g weight from a height
of 170 cm. Before TBI modeling, as well as 10, 20, and 40
days after it, rats underwent a comprehensive general and
neurological examination, which included: 1) assessment of
neurological deficit using the mNSS (Modified Neurological
Severity Scores) scale with tests of balance on the tube,
asymmetry of paw extension, and placement; 2) open field
test; 3) conditioned passive avoidance response test [2].

According to the results of neurological tests, the rats
were divided into three groups: the first — animals after TBI
with neurocognitive disorders and memory impairments; the
second — animals after TBI with neurocognitive disorders
without memory impairments; the third comparison group
— animals after TBI without neurocognitive disorders. The
control group consisted of intact rats aged 4.8+0.6 months
and weighing 34728 g. All studies with laboratory animals
were conducted in compliance with the provisions of the
“European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1986), the Vancouver Declaration
on Animal Experiments, the Resolution of the First National
Congress on Bioethics (Kyiv, 2001), the Regulation on
Bioethics of the Ministry of Health of Ukraine dated November
1, 2000. No. 281, Law of Ukraine “On the Protection of
Animals from Cruelty” No. 3446-IV of February 21, 2003 in
accordance with the EU Council Directive 2010/63/EU on the
enforcement of regulations, laws, administrative provisions
of the EU Member States on the protection of animals used
for scientific purposes [5, 6].

For pathomorphological examination, the rat brain
was removed from the cranial cavity after euthanasia, the
condition of the soft tissues, relief, presence of hemorrhages
and localization of the slaughter foci were macroscopically
assessed. The cerebrum was fixed for 24 hours in a 10 %
buffered formalin solution. After fixation, the brain was cut in
the frontal plane into slices at the level of the limbic lobe with
subsequent manufacture of paraplast blocks. Histological
sections 5-7 pm thick with Nissl staining (thionin with the
addition of cresyl violet) or silver impregnation [18, 24] were
studied using an AxioSkope A1 light-optical microscope (“Carl
Zeiss”, Germany).

Immunohistochemical study using primary antibodies
(B-tubulin, Synaptophysin, GAP43, NCAM1, N-cadherin, GFAP
—“Thermo Scientific’, USA) was performed in accordance with
the protocol, which included the following steps. Histological
sections fixed on slides were unmasked for 20 minutes in
a microwave oven at +100 °C in citrate buffer (pH 6.0). To
assess the specificity ofimmunohistochemical staining, control
reactions were performed. At the next stage, using the Lab
Visison Quanto visualization system (“Thermo Scientific”,
USA), slides and brain preparations were treated with each
reagent for 10 minutes with intermediate washing in Tris-
buffered solution. 3,3’-Diaminobenzidine (“DakoCytomation”,
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Denmark) was used as a chromogen. To differentiate cortical
structures, the sections were additionally stained with Mayer’s
hematoxylin according to standards [16, 19].

The studied areas of the cingulate gyrus of the limbic lobe
of the cerebrum were photographed using a digital camera
Axiocam ERc 5s (“Carl Zeiss”, Germany). The obtained
micrographs were processed using the AxioVs40 V 4.6.3.0
software (“Carl Zeiss Imaging Solutions GmbH”, Germany).
The numerical density of neurocytes, the average diameter
of the perikaryon of pyramidal neurons, the numerical density
of macrogliocytes, microgliocytes and hemocapillaries of
the cortex were calculated using the Imaged 1.47v software
package [21].

The statistical processing of the obtained results was
carried out taking into account the Student’s t criterion.
In the event that the empirical distribution obtained in the
study did not correspond to the normal law, the assessment
of differences between samples was assessed using the
nonparametric Wilcoxon test for related samples and Mann-
Whitney for unrelated samples or using the Van der Waerden
rank test according to standard procedures [11]. When
conducting statistical processing of the obtained quantified
results, all necessary calculations were performed in the
Excel spreadsheet using the appropriate formulas and using
the licensed software package “Statistica v6.1” (Statsoft Inc.,
USA) (serial number AGAR909E415822FA).

Results

10 days after the injury in the cingulate cortex and adjacent
infralimbic cortex in animals of all groups, cytoarchitectonics
was preserved, the ratio between the layers of neurocytes
did not differ from the group of intact animals. Moderately
expressed neurodegenerative and destructive changes
in small areas of gray matter were observed due to the
post-traumatic cytotoxic cascade. In some areas of the
cortex, signs of moderate intercellular and perivascular
edema were observed (Fig. 1). Necrotically or apoptotically
altered neurocytes were not detected. Damage to the
microcirculatory bed was observed around a small number
of hemocapillaries in the form of thickening and compaction
of the endothelial basement membrane. 20 and 40 days
after TBI, single “shadows” of neurocytes were observed
in the cingulate cortex against the background of optically
unchanged neuropil without signs of neuroinflammation.

When morphometrically determining the numerical
density of B-tubulin-positive cells 10 days after injury,
a moderate decrease in the total content of neurons of
different types was observed in the cingulate cortex in rats
of the first and second groups — by 33.8 % (p<0.05) and
41.1 % (p<0.05), respectively, while in the comparison
group the parameter did not differ statistically from the
level of intact animals (Table 1). 20 days after TBI in the
first and second groups of animals, the numerical density
of neurons moderately increased relative to the previous
period due to the reduction of pericellular and perivascular
edema and other tissue signs of neurodestruction, although

days after TBI. Perivascular edema (1), intercellular edema (2),
damaged microvessels (3). Silver impregnation. x100.

it was significantly lesser to the normal level — by 24.7 %
(p<0.05) and 26.6 % (p<0.05), respectively. After 40 days of
the experiment, the numerical density of neurocytes in the
cingulate cortex of the first and second experimental groups
did not change significantly compared to the previous period,
yielding to the indicator of intact animals by 28.9 % (p<0.05)
and 23.2 % (p<0.05), respectively.

Table 1. Numerical density of neurocytes in the cingulate cortex,
x10%2 mm2 (Mtm).

Time after injury Study groups
First Second Comparison
10 days 20.96+1.55* ** | 18.63+1.34* ** 27.58+2.21
20 days 23.82+1.34* 23.27+2.02* 28.33+2.66
40 days 22.49+1.96* 24.26+2.17* 29.85+2.12

Notes: * — p<0.05 when compared with the value in the intact
group (31.63+2.14 x102 mm-2); ** — p<0.05 when compared with
the value corresponding to the term in the comparison group.

Morphological features of small multipolar neurocytes
and excitatory stellate neurons of the granular layer of the
cingulate cortex in all studied experimental groups did not
differ significantly from the characteristics of the intact group
of animals at all stages of the experiment. Some pyramidal
neurons 10 days after injury had signs of partial chromatolysis
and reduced dendrites. In some cases, figures of apoptosis or
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“shadows” of neurons, hyperchromic pyramids with winding
neurites or signs of chromatolysis were found. The most
majority of neurocytes after TBI retained a characteristic
conical shape. 20 and 40 days after the injury, damaged
neurocytes in the pyramidal layer were not detected in any
of the experimental groups.

Morphometric analysis showed that the size of the
neurons of the pyramidal layer did not differ significantly
between the three experimental groups, but were significantly
lesser to the normal value of the average diameter of the
perikaryon of intact rats 10 days after the application of TBI
(Table 2). The most pronounced decrease in the size of
the perikaryons was observed in the first group of animals
— by 28.6 % (p<0.05). In animals of the second group, the
parameter was lesser to the normal level by 28.1 % (p<0.05),
in animals of the comparison group — by 26.4 % (p<0.05).
20 and 40 days after injury, the size of the neurons of the
pyramidal layer in animals of all study groups did not differ
statistically from the indicator of intact animals.

Table 2. Average diameter of the perikaryon of pyramidal
neurons of the cingulate cortex, um (M+m).

Time after injury Study groups
First Second Comparison
10 days 4.063+0.386* 4.082+0.318* 4.184+0.341*
20 days 5.452+0.314 5.356+0.401 5.498+0.415
40 days 5.587+0.353 5.515+0.415 5.458+0.433

Note: * — p<0.05 when compared with the value in the intact
roup (5.681+£0.417 pum).

When analyzing the effect of TBI on the synaptic
apparatus of the cingulate gyrus and adjacent infralimbic
cortex using monoclonal antibodies to Synaptophysin (p38),
animals of all experimental groups showed a moderate
decrease in the expression of this marker 10 days after
injury compared to intact animals. The diffuse distribution
of the immunohistochemical label of the p38 marker did not
differ between the studied groups of animals (Fig. 2). 20
and 40 days after TBI, the expression of Synaptophysin in
the rat cingulate cortex in the first and second experimental
groups did not change significantly, remaining at a low level.
On the contrary, in animals of the comparison group, the
density of p38-positive synapses was restored during the
post-traumatic period (Fig. 3).

The study of the synaptic marker GAP43, which reflects
the remodeling of axon terminals, showed the absence of
GAP43-positive structures in the cingulate cortex both in
intact rats and in all three experimental groups of animals
during the studied post-traumatic period.

In animals of the three experimental groups after TBI
using the markers NCAM1 and N-cadherin, it was found
that the intensity of the immunohistochemical label on the
surface of the perikaryons of most neurons of the cingulate
cortex did not differ from the expression of these markers
on the membranes of intact neurons, although the overall
intensity ofimmunohistochemical staining of the sections was
noticeably lower after TBI compared to intact animals due

Fig. 2. The rat cingulate cortex in the 1st experimental group
10 days after TBI. Diffuse expression of synaptophysin of low
intensity around pyramidal neurons (1), lack of expression in the
superficial layers of the cortex (2), damaged microvessels (3).
Immunohistochemistry with antibodies against p38. Additional
staining with Mayer’s hematoxylin. x200.

[ SOIENAEH LS O et g S S e
Fig. 3. The rat cingulate cortex in the comparison group 20
days after TBI. Diffuse expression of synaptophysin of moderate
intensity around pyramidal neurons (1), low expression in the
superficial layers of the cortex (2). Immunohistochemistry
with antibodies against p38. Additional staining with Mayer’s
hematoxylin. x200.

to the death of a portion of neurons. The distribution pattern
of CD56-positive and N-cadherin-positive neurocytes in rats
of the experimental groups did not change during the entire
post-traumatic period.

When studying the cingulate cortex TBI, characteristic
signs of apoptotic death of a small number of pyramidal
neurons were observed in animals of the studied groups
at all times of the experiment, which indicated a limited
neurodegenerative process in this brain localization.
Necrotically altered neurons in the cingulate gyrus and
adjacent infralimbic cortex were not detected in any group of
animals at all times after injury. Manifestations of autophagy
of large pyramidal neurocytes were rare, their frequency did
not depend on the time after injury.
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The study of the glial component of the cortex of the
cingulate gyrus and adjacent infralimbic cortex revealed
significant morphogenetic rearrangements of macrogliocytes
both in terms of the pattern of their spatial redistribution
and proliferative properties. In particular, 10 days after TBI,
animals of all experimental groups showed a moderate
increase in the number of protoplasmic astrocytes, but
macrogliocytes of other types did not change compared to
intact animals. The accumulation of astrocytes was observed
mainly in the pericapillary spaces, which was often associated
with foci of edema and increased mitotic activity of gliocytes
10 days after injury. The density of fibrous astrocytes in the
neuropil did not differ from the typical architectonics of intact
rats. Astrocytes with branched processes contacted each
other. 20 and 40 days after TBI, animals of all experimental
groups did not show significant pathomorphological changes
or rearrangements of the structural organization of macroglia
in the studied localization.

Immunohistochemical determination of markers CD56
(NCAM1) and N-cadherin, which are responsible for
intercellular cooperation not only of neurocytes, but also
of the glial component of nervous tissue, showed certain
features of the label distribution in the rat cingulate cortex
in all studied groups. 10 days after the application of
TBI, protoplasmic astrocytes around a small number of
hemocapillaries intensively accumulated the label of both
specified markers. The neuropil between microvessels
contained a significantly lower density of CD56- and
N-cadherin-positive cells. During the studied post-traumatic
period, the distribution pattern of immunohistochemical label
did not change and did not become equal between the three
experimental groups.

Morphometric analysis of macrogliocytes using
monoclonal antibodies against GFAP showed that 10 days
after the start of the experiment, the average numerical
density of cells in the rat cingulate cortex was lesser to the
normal value in the first group by 26.4 % (p<0.05), in the
second — by 22.6 % (p<0.05), in the comparison group —
by 18.3 % (p<0.05). 20 days after the injury in animals of
the first and second experimental groups, the degree of
astrocytic deficiency did not significantly change compared
to the previous period; in rats of the comparison group — it
disappeared when compared with the norm (Table 3). 40
days after TBI in animals of the first and second groups, the
parameter returned to normal values, not differing from the
indicator of the comparison group.

Table 3. Numerical density of macrogliocytes in the cingulate
cortex, X102 mm2 (Mxm).

Time after injury Study groups
First Second Comparison
10 days 168.9£176.4* 177.5£12.1* 187.6+16.4*
20 days 174.5£13.4* ** | 167.8£13.5* ** 205.1+15.7
40 days 217.7+22.3 211.0+18.3 218.7+26.6

Notes: * — p<0.05 when compared with the value in the intact
group (229.5+£18.1 x102 mm-2); ** — p<0.05 when compared with
the value corresponding to the term in the comparison group.

The morphology of microgliocytes was not the same in
different layers of the rat cingulate cortex in the studied groups.
The most majority of cells had a flattened shape and complexly
branched processes that were immersed between neurons or
in the depth of the neuropil. Also, near the hemocapillaries,
spherical microgliocytes with single long wavy processes
were found, which contacted the BBB elements. In some
observations, typical circulating macrophages and single
lymphocytes were located perivascularly in the pyramidal
layers, which indicated residual manifestations of the
inflammatory process without signs of edema.

When morphometry of the numerical density of
microgliocytes of the cingulate gyrus in all studied animals 10
days after TBI, a significantly increased level of cell density
with macrophage activity by 91-106 % was noted compared
to intact animals (Table 4). After 20 and 40 days after TBI,
a gradual decrease in the density of microgliocytes was
observed, but even at the end of the studied post-traumatic
period, their number exceeded the indicator of intact animals:
in the first group — by 44.4 % (p<0.05), in the second group
—by 29.9 % (p<0.05), in the comparison group — by 25.7 %
(p<0.05). Statistically significant differences of the parameter
in the first and second groups from the indicators of the
comparison group were not observed throughout the entire
post-traumatic period.

Table 4. Numerical density of microgliocytes of the cingulate
cortex, x102 mm2 (M£m).

Time after injury Study groups
First Second Comparison
10 days 2.704+0.452* 2.508+0.339* 2.635+0.366*
20 days 2.187+0.324* 2.112+0.403* 1.942+0.299*
40 days 1.891+0.357* 1.704+0.346* 1.655+0.313*

Note: * — p<0.05 when compared with the value in the intact
group (1.312+0.166 x102 mm2).

When studying the microcirculation of the cingulate
cortex 10 days after TBI in animals of all experimental groups
the majority of hemocapillaries had an intact wall structure
and formed a typical BBB structure. Some microvessels
with signs of intravascular microthrombosis were detected
surrounded by small foci of secondary hemorrhages,
with plasmatic infiltration of the hemocapillary wall and
perivascular space. In animals with neurocognitive disorders,
pathologically altered microvessels with astrocyte layers on
the outer surface were detected (Fig. 4, 5), while in animals
of the comparison group, astrocytes did not form any cell
conglomerates near microvessels (Fig. 6). Hemocapillaries
with necrosis, destruction or fragmentation of the endothelial
wall were not detected. 20 and 40 days after the injury, the
number of pathologically altered microvessels and foci of
diapedetic hemorrhages in the cortical tissue significantly
decreased in all animals.

When morphometrically determining the numerical
density of hemocapillary vessels in the cingulate cortex 10
days after TBI, a significantly increased level of the parameter
was observed compared to the intact one: in animals of the
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F|g 4. The rat cmgulate cortex |n the 1st experlmental group 10
days after TBI. Fibrous astrocyte (1), astrocytic conglomerate
around the hemocapillaries (2). Immunohistochemistry with
antibodies against GFAP. Additional staining with Mayer’s
hematoxylin. x400.

Flg 5 The rat cmgulate cortex in the 2nd experlmental group
10 days after TBI. Fibrous astrocyte (1), astrocytic conglomerate
around the hemocapillaries (2). Immunohistochemistry with
antibodies against GFAP. Additional staining with Mayer’s
hematoxylin. x400.

Fig. 6. The rat cmgulate cortex in the comparlson group
10 days after TBI. Fibrous astrocyte (1), hemocapillary (2).
Immunohistochemistry with antibodies against GFAP. Additional
staining with Mayer’s hematoxylin. x200.

first group — by 34.9 % (p<0.05); in the second group — by
39.0 % (p<0.05); in the comparison group — by 40.4 %
(p<0.05). 20 and 40 days after the experimental injury, the
density of microvessels in the cingulate cortex returned to
normal levels in all experimental groups of animals (Table 5).

Table 5. Numerical density of hemocapillaries in the cingulate
cortex, mm=2 (Mtm).

Time after injury Study groups
First Second Comparison
10 days 63.16+7.41* 65.03+8.17* 65.71+7.56*
20 days 53.22+5.55 50.8616.65 53.7516.28
40 days 51.1616.84 48.6315.31 50.94+7.22
Note: * — p<0.05 when compared with the value in the intact

group (46.8315.38 mm?2).

Discussion

TBI causes a complex set of primary and secondary
reactions that damage brain areas that serve certain
cognitive functions. Focal injuries cause persistent cognitive
impairments, the types of which are relatively easy to
understand on the basis of modern neuroanatomical
concepts [20]. In addition, axonal damage in combination with
cytotoxic processes is the most common pathomorphological
cause of post-traumatic cognitive impairments and has the
greatest impact on the speed and efficiency of information
processing [8, 15]. In this regard, the specific topological
features of the structural reorganizations of different parts
of the brain that occur during the remote post-traumatic
period and are associated with the nature of neurocognitive
disorders are of interest.

Our study analyzed reversible and stable morphological
changes in the rat cingulate gyrus and adjacent infralimbic
cortex for 40 days after the application of standardized
symmetric severe TBI in the shock acceleration model.
It was shown that 10 days after the injury, moderately
pronounced neurodegenerative and destructive changes
in gray matter occur in the cingulate cortex. In animals with
neurocognitive disorders, a moderate decrease in the total
content of neurons of different types is observed, while in
animals without cognitive deficits, the density of neurocytes
does not differ from the normal level. 20 and 40 days after
TBI, signs of neuroinflammation in the cingulate cortex are
reduced regardless of cognitive deficit degree.

According to the results of the immunohistochemical
study, it was found that the suppressed expression
of Synaptophysin in the cingulate cortex in rats with
neurocognitive disorders 20 and 40 days after TBI does not
change significantly and remains at a low level. In animals of
the comparison group, the density of p38-positive synapses
is restored during the post-traumatic period. 10 days after
TBI, a moderate accumulation of CD56- and N-cadherin-
positive astrocytes in the pericapillary spaces is observed in
the cingulate cortex in animals of all groups, which is often
associated with foci of edema and increased mitotic activity of
gliocytes. At the same time, significant areas of neuropil with
a low density of fibrous astrocytes are formed. After 20 and
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40 days of post-traumatic period, foci of astrocytic deficiency
persist in animals with neurocognitive disorders, while they
are very rare in rats of the comparison group.

Our data quantitatively characterize and explain
numerous information in the scientific literature that the
destruction and tension of axons causes a sharp increase
in the level of most cerebral neurotransmitters, and the
traumatically induced excess of glutamate and acetylcholine
is the most neurotoxic [23]. The destructive consequences
of such an excess of neurotransmitters are greatest in those
areas where these neurotransmitters are localized together —
in the structures of the hippocampal complex, the basal
forebrain, the frontal cortex and the cortex of the limbic lobe.

It is noteworthy that after TBI, the inflammatory reaction,
glutamate toxicity, and activation of apoptotic processes
cause massive secondary neuronal death, while leading
to neurodegeneration, which causes cognitive impairment
[3, 26, 28]. Our study shows that in the cingulate cortex
distant from the injury zone in animals with neurocognitive
disorders, a significant increase in the number of newly formed
hemocapillaries with a typical endothelial wall structure is
observed, but on the surface of some damaged capillaries,
a large number of densely packed protoplasmic astrocytes
are found. In these cases, astroglia form cellular layers on
the surface of microvessels in the form of dense couplings,
which indicates the blockage of transendothelial transport.
In our opinion, the presence of such pathologically altered
hemocapillaries in the cingulate gyrus may be one of the
morphological components of persistent neurocognitive deficit.

Conclusions

1. 10 days after injury, moderately pronounced
neurodegenerative and destructive changes in gray matter
occur in the cingulate cortex and adjacent infralimbic cortex
due to the post-traumatic cytotoxic cascade. In animals with
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MOP®ONONYHI 3MIHA MOACHOI 3BUBUHW Y LWWYPIB 3 PI3HUMU HEAPOKOIMHITUBHUMU PO3NAOAMU NiCNA

YEPEMHO-MO3KOBOI TPABMU
Mizsikina K. B., O35k J1. A., Teepdoxi6 I. B.

Mompebyromb cymmesux ymoyHeHb 8i00MOCMI PO Yymiusicme Pi3HUX HeUPOHI8 | KnimuH Helipoanii 0o mpasemu ma ix 30amHicmb
00 8i0HOBIEHHST 8 3a1eXXHOCMI 8i0 floKani3auii yuwKoOxeHb ma xapakmepy rnepeby0os 2eMOMIKPOUUPKYISUil 8 mocmmpasmamu4yHOMy
rnepiodi. Memoto docnidxeHHs Oyno 8U3Ha4YeHHS MKaHUHHUX | KITIMUHHUX nocmmpasMamuyHux 3MiH CMpPyKmypu nosiCHoOI
38UBUHU JTiIMBIYHOI YacmKu 20/108HO20 MO3KY Wypie 3 PisHUMU HelpOKO2HIMUSHUMU po3nadamu y Pi3Hi mepMiHU MiCrsi msKKoi
4yeperHo-Mo3Ko8oi mpasmu. s 8i0meopeHHs MsXKOI YyeperiHo-MO3K080i mpasmu y wypie 3acmocosysasnu «Mooesib y0apHo20
MPUCKOPEHHSI». 3a pe3ynbmamamu Hes8porio2idyHuUX mecmie wypu 6ynu po3nodineHi Ha mpu epynu: nepwa — meapuHu nicsisi
mpasmu 3 HelipOKO2HIMUBHUMU po3riadamMu i MOpyWeHHAMU rnam’ami; Opyaa — meapuHu ficiss mpasmu 3 HeUpOKO2HIMUBHUMU
posnadamu 6e3 nopyweHb nam’ssmi; mpemsi epyrna ropieHsIHHS — meapuHu nicrsi mpasmu 6e3 HelpoKozHIMuUBHUX possadie.
lMposodunu eicmonoeiyHe, MopghoMempuyHe ma iMyHo2iCmoximidHe OOCTIOXEeHHS MOsSICHOI 38UBUHU 3 BUKOPUCMAaHHSIM MapKepie
B-tubulin, Synaptophysin, GAP43, NCAM1, N-cadherin, GFAP. Cmamucmu4Hy 06pobKy ompumaHux pe3ysibmamig rnposoousu e
niyeH3itiHomMy rpoepamHoMy nakemi « Statistica v6.1» 3 sukopucmaHHsIM napamempuyHUX i HernapamempuyHUx memoadie. Y meapuH
3 HelipoKoeHIimusHUMU posriadamu criocmepieaembCsi MOMIPHE 3MEHWEHHST CyMapHO20 8MiCmy HEUPOHI8 pi3HUX murlig rnosicHoI
Kopu, 8 moUi Yac siK y meapuH 6e3 KoeHimueHo20 degbiyumy winbHicmb Helipoyumig He 8i0pi3HAEMbCS 8i0 HOPMaIbHO20 PIGHSI.
lMpueHidyeHa ekcrpecis cuHanmogi3uHy y Kopi MosiCHOI 38UBUHU Wypie 3 HelipokoeHimusHUMU posnadamu Yyepes 20 i 40 0i6 nicns
mpasmu Cymmeeo He 3MIHIOEMbCS ma 3anuwacmeCs Ha HU3SbKOMY PigHi. Y meapuH epynu ropigHsiHHS 8i0bysaembcsi 8i0HO8MEHHS
wjinbHocmi p38-no3umugHuUX cuHaricie nPomsi2oM rnocmmpasmamu4Ho2o rnepiody. HYepea 10 0ib nicrisi mpasmu y meapuH 8cix 2pyr
criocmepieaemabcsi MoOMipHe Hakonu4eHHs CD56- i N-kal2epuH-rno3umusHUX npomonaasMmamuyHuX acmpoyumig y nepukaninsgpHux
npocmopax, Wo Yacmo acouitiogaHo 3 ocepedkamu HabpsiKy i Mid8UWEHHSIM MIMOMUYHOI akmueHocmi anioyumis. Y meapuH 3
HelpOoKo2HIMuUB8HUMU po3rnadamu 8 OKpeMux sunadkax acmpoeariisi ymeoptoe KIiMUHHI HawapysaHHs1 Ha Mo8epXHi MIKpOCYOUH y
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8uens0i WinbHUX My¢hm, w0 ekasye Ha br1oKysaHHs mpaHceHOomerianbHo20 mpaHcriopmy. Yepes 40 0ib nicnsi mpaemu cymmeso
3MEHWYeMbCS KifbKiCmb YUIKOOXEHUX MIKPOCYOUH 3 HawapysaHHSIMU acmpoyumie Ha 308HIWHIU MO8EPXHI. TakumM YUHOM, Yepes
10 0i6 nicnsi HaHeceHHs mpasmu y ckradi Kopu MOsICHOI 38UBUHU ma rpuneasoi iHghpanimbiyHoi kKopu 8idbysarombCs MOMIPHO
supaxkeHi HellpoOe2eHepamueHi ma 0ecmpyKkmuegHi 3MiHU 8HacidoK nocmmpasmamu4Ho20 UUmOMmOKCU4YHO20 Kackady. Yepe3s
20 i 40 0i6 nicnsi mpasmu 03HaKu Helipo3arnaneHHs1 pedyKyombCs HE3aIeXHO 8i0 cmyrneHs1 KoeHImueHo20 degiyumy.

KnrouyoBi cnoBa: yepernHo-mo3koea mpasma, wypu, HelipOKO2HImueHi po3nadu, rnosicHa 38usuHa, Mopghoroais.
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