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Morphological and morphometric characteristics of human 
oocytes’ Zona pellucida: effect on embryological and cryobiological 
outcomes
Petrushko M. Р.1, Piniaiev V. I.1, Yurchuk T. O.1,2

1Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences of Ukraine, Kharkiv, Ukraine
2Institute of Аnimal Reproduction and Food Research of the Polish Academy of Sciences in Olsztyn, 10-748 Olsztyn, Poland

Сryobiological 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 µm required 5 minutes, those 
with 11-15 µm needed 7.5 minutes, 16-20 µm required 10 minutes, and ZP thicker than 
20 µm 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 μm [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 IU 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 ×400 magnification 
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 ImageJ 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 I (54 oocytes): 
ZP intact, transparent, smooth homogeneous structure with 
a perivitelline space; group II (37 oocytes): these oocytes 
had a heterogeneous ZP, showing variability in structure, 
density, or appearance; less transparent with an asymmetric 
perivitelline space; in group III (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 μm), Group 2 (65 oocytes 
with a ZP thickness of 11-15 μm), Group 3 (58 oocytes with 
a ZP thickness of 16-20 μm), and Group 4 (30 oocytes with 
a ZP thickness exceeding 20 μm).

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 oocytes in a 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 CO₂ 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 CO₂ incubator (37 °C, 
5 % CO₂) 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 I and II. However, patients in group III 
were significantly older and required a significantly higher 
cumulative FSH dose compared to groups I 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).

Parameters
Group

І (n=54) ІІ (n=37) ІІІ (n=12)

Average age of  
donors, years  
(M ± m)

29.81±3.53 31.99±3.38 38.50±3.65*

Total FSH dose, 
IU 1650±275 2250±225 3000±375*

Average number 
of oocytes per 
cycle, (M ± m)

9.667±6.256 8.865±1.337 3.167±1.267*

Survival rate after 
cryopreserva-
tion,  %

92.5 (50/54) 72.9 (27/37) 41.6 (5/12)

Fertilization 
rate,  % 94.0 (47/50) 92.6 (25/27) 60.0 (3/5)**

Blastocyst deve-
lopment rate,  % 85.1 (40/47) 76.0 (19/25) 66.7 (2/3)**

Notes: * ‒ significant difference compared to group I, 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 III 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 III exhibited the lowest survival rate (42 %, 
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p<0.05). Structurally intact, transparent oocytes with a 
uniform perivitelline space (group I) 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 I 
and II (see Table 1).

Embryological analysis revealed that group I oocytes 
had the highest fertilization rate. The embryo development 
rate to the blastocyst stage in group I 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 μm), 
group 2 (65 oocytes with a thickness of 11 to 15 μm), group 
3 (58 oocytes with a thickness of 16 to 20 μm), and group 4 
(30 oocytes with a ZP thickness of more than 20 μm) (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 μm, 2-13 μm, 3-18 μm, 4-21 μm.

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 μm 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 μm 
require extended exposure time for optimal cryoprotectant 
equilibration.

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

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]. A retrospective 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].
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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 I, 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].

In this study, we evaluated the impact of ZP morphometric 
characteristics on oocyte cryoresistance. Previous studies 
have indicated that oocyte morphometric parameters do not 
affect survival rates after vitrification, whereas increased 
oocyte size, structural changes in the polar body, and 
compromised ZP integrity negatively impact fertilization rates 
[4]. It has been suggested that morphometric assessment 
does not play a significant role in predicting oocyte maturation 
and fertilization outcomes [24]. Our study demonstrated that 
ZP thickness influences oocyte cryoresistance. Oocytes with 
a thin ZP require a shorter exposure time to cryoprotectant 
solutions for effective cryopreservation. However, prolonged 
exposure can lead to osmotic and toxic stress, reducing their 
survival rates. Conversely, oocytes with a thick ZP require a 
longer cryoprotectant exposure time. Based on our findings, 
incorporating ZP morphological characteristics, particularly 
thickness, may allow for the development of more tailored 
oocyte vitrification protocols.

Future research should focus on identifying new 
biomarkers of oocyte cryoresistance and developing 
individualized cryopreservation protocols.

Conclusions
1. The morphological and morphometric characteristics 

of ZP are critical for human oocyte cryoresistance. The 
highest survival rates were observed in the group with 
normal ZP characteristics, whereas abnormal structure or the 
absence of ZP was associated with a significant decrease 
in post-vitrification survival. Thus, ZP morphological and 
morphometric parameters may serve as predictors of oocyte 
cryoresistance.

2. The absence or dysmorphism of ZP negatively affects 
embryological parameters such as fertilization and in vitro 
embryo development. A normal ZP structure is associated 
with higher fertilization success and improved embryo 
progression to the blastocyst stage.

3. The time required for cryoprotectant saturation of 
oocytes is significantly influenced by the thickness of the 
ZP. To improve oocyte survival after cryopreservation, 
it is essential to consider ZP thickness when optimizing 
cryoprotectant exposure times.
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МОРФОЛОГІЧНІ ТА МОРФОМЕТРИЧНІ ХАРАКТЕРИСТИКИ ZONA PELLUCIDA ООЦИТІВ ЛЮДИНИ: ВПЛИВ НА 
ЕМБРІОЛОГІЧНІ ТА КРІОБІОЛОГІЧНІ РЕЗУЛЬТАТИ
Петрушко М. П., Піняєв В. І., Юрчук Т. О.
Кріобіологічні підходи широко застосовуються для збереження життєздатності репродуктивних клітин і тканин 
з метою підвищення успішності циклів лікування безпліддя за допомогою допоміжних репродуктивних технологій. 
Кріоконсервування надає пацієнтам можливість зберігати біологічний матеріал протягом тривалого часу, що особливо 
важливо для осіб, які стикаються з онкологічними чи іншими станами, що можуть негативно впливати на фертильність. 



Водночас пошук маркерів кріорезистентності стає важливим напрямом досліджень, оскільки це дозволяє визначати, які 
клітини найкраще підходять для зберігання при низьких температурах. Дослідження кріорезистентності допомагають 
визначити фактори, що впливають на стійкість клітин до заморожування і відтавання, зокрема структурні особливості 
мембран, ліпідний склад клітин, наявність специфічних білків та антиоксидантних систем. Це дозволяє оптимізувати 
умови зберігання та підібрати найефективніші кріопротектори для кожного типу клітин. Метою роботи було дослідити 
вплив морфологічних і морфометричних характеристик Zona pellucida (ZP) на виживання, запліднення та розвиток 
ооцитів до стадії бластоцисти. Після ізоляції та денудації ооцитів оцінювали морфологічні (прозорість, цілісність) 
та морфометричні (товщина) характеристики. Виживання ооцитів після кріоконсервування оцінювали з урахуванням 
їхніх морфологічних характеристик. Для оцінки достовірності різниць між групами використовували критерій Фішера, 
статистично значимими вважали дані при p<0,05. Дослідження показало, що нормальні морфологічні характеристики ZP, 
зокрема висока прозорість і структурна цілісність, найчастіше спостерігалися в ооцитах наймолодшої групи пацієнток 
віком 29,81±3,53 років. Ця група також демонструвала найвищі показники виживання ооцитів після кріоконсервування. 
У групі жінок віком 38,50±3,65 років було значно більше ооцитів без ZP порівняно з наймолодшою групою. Загальна 
доза фолікулостимулюючого гормону, необхідного для індукції суперовуляції, також збільшувалася з віком пацієнток і 
була найвищою у групі з аномаліями ZP. Найвищий рівень виживання після кріоконсервування спостерігався в ооцитах 
з нормальною структурою ZP (93 %), тоді як ооцити з відсутньою або аномальною ZP демонстрували значно нижчі 
показники виживання, що вказує на негативний вплив дефектів ZP на кріорезистентність (42 % у групі з повністю 
відсутньою ZP). Було показано, що товщина ZP впливає на насичення кріопротекторами та виживання ооцитів після 
кріоконсервування. Структурно інтактна ZP сприяла кращому насиченню кріопротекторами, при цьому збільшення 
товщини ZP подовжувало необхідний час для рівноваги. Ооцити з товщиною ZP до 10 мкм потребували 5 хв, з 
товщиною 11-15 мкм – 7,5 хв, з товщиною 16-20 мкм – 10 хв, а для ZP товщиною понад 20 мкм було необхідно 12,5 хв 
для оптимального результату. Продовження експозиції негативно впливало на ооцити з тоншою ZP, що свідчить про 
їхню підвищену чутливість до кріопротекторів. Отже, товщина ZP є критичним фактором виживання ооцитів після 
кріоконсервування, а адаптація часу експозиції до кріопротекторів відповідно до морфометричних характеристик ZP 
може покращити результати збереження фертильності.
Ключові слова: ооцити людини, морфологія, морфометрія, кріоконсервування, Zona pellucida.
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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 
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Study of the effect of Saponaria officinalis herb extract on 
histological changes in the marginal vein of the ear under 
conditions of experimental thrombophlebitis
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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.
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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 signif icant role in the 
etiopathogenesis of thrombophlebit is. Hereditary 
thrombophilia, particularly Leiden factor V mutation, 
prothrombin gene mutation G20210A, and deficiencies of 
antithrombin III (AT III), 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). It is 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 justif ied 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 
2-2.5 kg. 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. ×100.

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 
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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 (×100); 
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 (×200). 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).

a

b
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c d

ba

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. 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. ×250.

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. ×200.

1

2
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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 

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. ×200.

a b

c d

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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a b

c d

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. ×200.

a b

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. ×200.
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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. CVI imposes 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].

CVI is 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-α (TNF-α), and interferon-γ), 
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 F2α, 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.

The marked reduction in thrombus size under the 
prophylactic-therapeutic administration of SOTE in 
experimental thrombophlebitis can also be explained by the 
normalizing effect of SOTE flavonoids on the coagulation 
system. The anticoagulant mechanism of flavonoids 
involves their ability to inhibit platelet aggregation and 
prolong blood clotting time through the blockade of IIb/
IIIa platelet receptors and inhibition of the thromboxane A2 
synthesis cascade. Additionally, the anticoagulant effect of 
flavonoids is associated with the inhibition of serine proteases 
[9, 22]. Quercetin, the primary flavonoid in Saponaria 
officinalis extract, has been shown by Bekendam R. H. and 
Flaumenhaft R. [2] to inhibit protein disulfide isomerase 
activity and block thrombus formation.

Thus, further in-depth preclinical and clinical studies 
of SOTE appear promising, as they may establish this 
phytopharmaceutical as an effective venotonic and 
phlebotropic drug with a pleiotropic mechanism of action.

Conclusions
1. Experimental thrombophlebitis in rabbits is characterized 

by the development of pathological changes both in the vein 
and in the surrounding tissues. Histologically, a picture of 
thrombophlebitis of the marginal vein was established, with 
occlusion of the vein lumen by a thrombus, destruction of the 
vascular wall, degenerative and inflammatory changes in the 
tissues surrounding the vessel, and the presence of varying 
degrees of vascular wall sclerosis and perivascular fibrosis.

2. The administration of SOTE in a therapeutic-preventive 
regimen at a dose of 20  mg/kg significantly prevented 
thrombus formation in the marginal vein, promoted softening 
of thrombotic material, activated thrombolysis, and prevented 
the formation of obliterating thrombi in all rabbits of the 
group. The extract of Saponaria officinalis herb prevented 
the destruction of the vascular wall, reduced or eliminated 
degenerative changes and inflammatory reactions in the 
surrounding tissues. The potent phleboprotective effect of 
the studied extract of Saponaria officinalis herb, according 
to histological examination, exceeded the effectiveness of 
Escuvit (at a dose of 7.2 mg/kg as escin).

3. The phleboprotective effect of SOTE is likely realized 
due to the additive synergy of its main groups of biologically 
active substances (triterpenoid saponins, hydroxycinnamic 
acids, flavonoids).
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ДОСЛІДЖЕННЯ ВПЛИВУ ЕКСТРАКТУ ТРАВИ SAPONARIA OFFICINALIS НА ГІСТОЛОГІЧНІ ЗМІНИ КРАЙОВОЇ ВЕНИ 
ВУХА ЗА УМОВ ЕКСПЕРИМЕНТАЛЬНОГО ТРОМБОФЛЕБІТУ
Цубанова Н. А., Волощук Н. І., Застрижна М. Л.
Тромбофлебіт визнано одним із найбільш розповсюджених ускладнень хронічної венозної недостатності (ХВН). Його перебіг 
характеризує запалення венозної стінки з подальшим тромбоутворенням у варикозно розширених венах нижніх кінцівок. 
Тромбофлебіт діагностують за різним даними у 5-60 % пацієнтів із ХВН. Кількість лікарських засобів, які здатні зменшувати 
процеси тромбоутворення у венах (флебопротектори), недостатньо представлена як в Україні, так і на фармацевтичному 
ринку інших країн. Найбільш перспективними флебопротекторами вважають засоби рослинного походження, серед яких 
важливе місце займає екстракт трави Saponaria officinalis, для якого у попередніх дослідженнях встановлено венотонізуючу та 
антиексудативну дію. Метою даної роботи було вивчити вплив екстракту трави Saponaria officinalis на зміну гістологічних 
показників вени вуха у кролів за умов експериментального тромбофлебіту. Експериментальний тромбофлебіт моделювали 
на кролях за стандартною методикою з накладанням лігатури на крайову вену вуха тварини та введенням розчину Люголя. 
Гістологічні зміни на тлі досліджуваної фітокомпозиції (20 мг/кг в/шл) порівнювали з дієвістю референс-препарату Ескувіту 
(7,2 мг/кг за есцином в/шл). Показано, що екстракт трави Saponaria officinalis за умов лікувально-профілактичного введення в 
значній мірі попереджував тромбоутворення у крайовій вені вуха кролів, сприяючи розм’якшенню матеріалу тромбу, тромболізису, 
запобігаючи набуттю облітеруючого характеру для тромбічних мас у всіх кролів дослідної групи, зменшував клінічні показники 
транссудативного набряку, який розвинувся внаслідок гострого веностазу. Таким чином, екстракт трави Saponaria officinalis 
перешкоджав руйнуванню судинної стінки, викликав депресію або повне нівелювання дегенеративних та запальних змін в 
оточуючих тканинах. За умов експериментального тромбофлебіту лікувально-профілактичне введення екстракт трави 
Saponaria officinalis у дозі 20 мг/кг чинить потужну флебопротекторну дію, зменшує процеси тромбоутворення у вені. Дія 
екстракт трави Saponaria officinalis значуще перевищує ефективність препарату порівняння Ескувіту.
Ключові слова: екстракт трави Saponaria officinalis, експериментальний тромбофлебіт, гістологічні зміни, Ескувіт, 
флебопротекторна дія, протизапальна активність, лікарські рослини.
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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.
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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 
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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 I was designated as the 
intact group, for which no pathological process was modelled. 
Group II 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 I. 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 µm 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).

Fig. 3. Histological structure of the costal part of the diaphragm 
of an intact rat: 1 – sarcoplasm; 2 – nuclei; 3 – capillaries located 
in the endomysium. Hematoxylin and eosin staining. ×200.

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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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).

Fig. 7. Histological 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. ×200.

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).

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. ×200.

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 
staining. ×100.

Fig. 5. Histological structure the crus of the diaphragm of an 
intact rat: 1 – adipose tissue in the perimysium. Hematoxylin 
and eosin staining. ×200.

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. ×100.



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 (M±m).

Іndicator
Group of animals

Intact group Main group
Costal part Lumbar part Costal part Lumbar part

d, µm 40.37±0.08 40.46±0.11
(p1>0.05)

41.81±0.22
(p2<0.01)

41.94±0.19
(p1>0.05)
(p3<0.001)

ss, µm2 1296±7 1297±9
(p1>0,05)

1360±16
(p2<0.01)

1361±16
(p1>0.05)
(p3<0.01)

sn, µm2 62.36±0.04 62.36±0.05
(p1>0.05)

62.73±0.11
(p2<0.01)

62.79±0.11
(p1>0.05)
(p3<0.01)

sn/ss 0.048±0.0003 0.048±0.0003
(p1>0.05)

0,046±0,001
(p2<0.01)

0,046±0,001
(p1>0.05)
(p3<0.01)

Notes: p1 – is the reliability of indicators within one study group; 
p2 – reliability of the values compared to the group of intact 
animals; p3 – 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 significant increase 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 
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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 
infiltration 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 KATP channels underlying cholestasis-induced 
vascular dysfunction [28], a hypothesis that was confirmed 
by the data, which showed impaired circulation. The study 

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. 
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СТРУКТУРНІ ЗМІНИ ДІАФРАГМИ ЗА УМОВ МЕХАНІЧНОЇ ЖОВТЯНИЦІ (ЕКСПЕРИМЕНТАЛЬНЕ ДОСЛІДЖЕННЯ)
Кріцак М. Ю., Дзюбановський І. Я., Головата Т. К., Гаргула Т. І., Ясіновський О. Б., Паламар С. А.
Механічна жовтяниця є поширеним захворюванням у хірургічних відділеннях. Хоча непрохідність жовчовивідних шляхів 
можна усунути хірургічним шляхом, велика частота поліорганних ушкоджень під час післяопераційного періоду та 
пов’язана з ними смертність залишаються складними для клінічної практики. Тваринна модель механічної жовтяниці є 
важливою частиною досліджень змін органів організму людини в тому числі і діафрагми. Мета дослідження – вивчити 
вплив жовтяниці на гістологічну структуру різних частин діафрагми, поперекову частину діафрагми, як найбільш 
функціональну, реберну та сухожильну частини в експериментальній моделі на щурах. Роботу виконано на 30 дорослих 
щурах масою 225,0±20,0 гр., віком 6 місяців. Всіх тварин розподілили на 2 групи: інтактну та основну. До інтактної групи 
увійшли тварини, котрим не моделювали жодного патологічного процесу. У другій групі тварин проведено моделювання 
механічної жовтяниці шляхом перев’язки загальної жовчної протоки лапаротомним доступом під загальним знечуленням. 
Цифровий матеріал оброблений за допомогою програмних забезпечень «Excel» і «STATISTICA» 5.5 з використанням 
параметричних методів оцінки отриманих даних. В отриманих результатах спостерігали виражені деструктивні та 
дегенеративні зміни. У основній групі звертали увагу розлади кровообігу в системі гемомікроциркуляторного русла і 
судин середнього калібру. Капіляри, венули та артеріоли були повнокровними з усіма ознаками розладу реогемодинаміки 
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у вигляді стазу крові, сладжу еритроцитів та їх пристінкової адгезії. Артеріоли виглядали потовщеними за рахунок 
їх просякання плазмою. Видозмінювався ендотелій – з’являлися округлі клітини з вакуолізованою цитоплазмою. 
Частина з них злущувалася. В стінках судин з’являвся набряк, дистрофія гладких міоцитів. Дані зміни більш виражені 
у поперековій частині діафрагми. За наявності жовтяниці сухожилкова частина діафрагми різнилась співвідношенням 
структурних компонентів порівняно з інтактною групою. Товщина сухожилкового пласту збільшувалася, що було 
зумовлено набряковим розрихленням. Колагенові волокна мали звивистий вигляд, а нерівномірність забарвлення 
ставала більш виразною порівняно з інтактною групою. Звертала увагу посилена клітинна інфільтрація як дифузна, 
так із формуванням осередкових інфільтратів. В структурі інфільтратів поряд із традиційними клітинами з’являлися 
макрофаги. Морфометричні показники м’язової частини діафрагми такі як: пересічний діаметр м’язового волокна, 
площа ядер, площа поперечного перерізу м’язового волокна, ядерно-цитоплазматичне співвідношення статистично 
достовірно зростали в основній групі. В умовах експериментальної жовтяниці в частинах діафрагми виникають розлади 
мікроциркуляції з порушенням реогемодинаміки, ендотеліальної дисфункції і дистрофічно-деструктивні зміни м’язового 
та сухожильного компоненту, причому в м’язах ніжок вони були виражені більш інтенсивно.
Ключові слова: жовтяниця, діафрагма, гістологія, щурі, експеримент.
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Characteristics of cerebral morphometric parameters in acute 
stroke patients and its associations with 90 days stroke outcome
Bartiuk R. S., Smolko D. G., Smotrytska T. V., Marunkevych Ya. Yu., Starynets N. H., Fiks D. O.,  
Moskovko S. P.
National Pirogov Memorial Medical University, Vinnytsia, Ukraine

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.
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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) №  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 
№ 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], 

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 % CI 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 

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; I – 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.
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(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 % CI -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 % 
CI -6.1 – -1.0, p=0.006) significantly associated with poorer 
BI at 90 days.

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

Morphometric 
indices

Men, (M±SD) Women, (M±SD)

favorable 
outcome, 
(n= 114)

unfavorable 
outcome, 

(n=55)

favorable 
outcome, 

(n=74)

unfavorable 
outcome, 

(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- 
Nurenberger index

23.23±9.51 19.45±6.10* 24.49±9.56 21.42±8.30

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* 14.29±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
FI 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 7.746±2.729 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
SW 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

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.

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).

95 % CI -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 BI at 90 days (b=-2.6; 
95 % CI -3.4 – -0.1, p=0.045). In this model, Shlatenbrandt-
Nurenberger index, the fourth ventricle index, bicaudate 
index, FI 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.
Brain measurement Crude OR

(95 % CI, p)
Adjusted OR
(95 % CI, 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- 
Nurenberger index

1.0 (0.9-1.0, p=0.096) 1.0 (0.99-1.1, p=0.579) 

The fourth ventricle 
index

1.0 (0.9-1.1, p=0.901) 1.0 (0.9-1.2, p=0.945) 

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 
(Schiersmann’s index)

0.9 (0.8-1.1, p=0.382) 1.0 (0.8-1.2, p=0.889) 

Huckman number 1.0 (1.0-1.1, p=0.090) 1.0 (0.9-1.0, p=0.306) 
FI 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 

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

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, FI 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 BI at 90 days.

In the multivariable analysis, adjusted for age and sex, 

nearly significant association was found between FI and BI 
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 BI at 90 days 
(b=-2.6, p=0.045). In this model, Shlatenbrandt-Nurenberger 
index, the fourth ventricle index, bicaudate index, FI and SW 
showed near-marginal significance (p<0.1).

We also found that bicaudate index – (OR=1.1, p=0.004), 
FI – (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. Mönch et al. [29] found no association between atrophic 
changes of the brain and stroke outcomes and mortality at 
90 days. M. I. 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 



34 ISSN 1818-1295  eISSN 2616-6194         Reports of Morphology

Characteristics of cerebral morphometric parameters in acute stroke patients and its associations with 90 days...

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 

deterioration can lead to loss of higher brain functions, as 
consequence – impaired motor and cognitive post-stroke 
recovery [28, 36].

For future research, it can be of interest to investigate 
the associations between brain morphometrics and ultra 
long-term stroke outcome – beyond 90 days, for instance, 
in a year or more.

Conclusions
1. Enlarged cerebral morphometric indices significantly 

associated with unfavorable 90 days stroke outcome. 
2. The most important brain morphometric predictors of 

unfavorable stroke outcome at 90 days are Bicaudate index, 
Ventricular index, frontal and parietal lobes fissure width. 

3. Measurement of cerebral morphometrics can be of 
interest to predict stroke outcome and select patients for 
treatment and preventive strategies.
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ХАРАКТЕРИСТИКА ЦЕРЕБРАЛЬНИХ МОРФОМЕТРИЧНИХ ПАРАМЕТРІВ У ПАЦІЄНТІВ З ГОСТРИМ МОЗКОВИМ 
ІНСУЛЬТОМ ТА ЇХ ЗВ’ЯЗКИ ІЗ НАСЛІДКОМ ІНСУЛЬТУ НА 90-ТУ ДОБУ
Бартюк Р. С., Смолко Д. Г., Смотрицька Т. В., Марункевич Я. Ю., Старинець Н. Г., Фікс Д. О., Московко С. П.
Морфометрію головного мозку широко використовують для діагностики та прогнозування переважно 
нейродегенеративних захворювань. У той же час, цереброваскулярним захворюванням приділялось значно менше уваги, 
особливо для прогнозування довготривалих наслідків інсульту. Метою нашого дослідження було дослідити залежності 
між змінами морфометричних показників головного мозку та наслідком інсульту на 90-ту добу. До дослідження були 
послідовно набрані 294 пацієнта з гострим інсультом. Усім хворим була проведена комп’ютерна томографія та/або 
магнітно-резонансна томографія головного мозку, а також клініко-неврологічна оцінка стану хворих. Статистичний 
аналіз проводили у програмі The Jamovi project (2022), Jamovi (Version 2.3) [Computer Software], Sydney, Australia з 
використанням параметричних і непараметричних методів оцінки отриманих результатів. Нами встановлено, що 
збільшені шлуночкові та кіркові морфометричні параметри асоціюються із неблагоприємним наслідком інсульту 
на 90-ту добу. В однофакторному аналізі підвищені індекс третього шлуночка (коефіцієнт регресії b=-2,6, p=0,014), 
Шлатенбрандт-Нюренбергера (коефіцієнт регресії b=0,6, p=0,007), бікаудальний індекс (коефіцієнт регресії b=-1,5, 
p=0,006), збільшені ширина поздовжньої церебральної щілини у передній частині лобних часток (коефіцієнт регресії 
b=-3,5, p=0,005), ширина мозкової щілини в ділянці склепіння черепа (коефіцієнт регресії b=-3,5, p=0,006) достовірно 
асоціювалися з нижчим індексом Бартел на 90-ту добу. У багатофакторному аналізі достовірні асоціації були знайдені 
між збільшеним індексом третього шлуночка та індексом Бартел на 90-ту добу (коефіцієнт регресії b=-2,6, p=0,045). В 
іншій багатофакторній моделі, збільшений бікаудальний індекс достовірно асоціювався із вищим ступенем функціональної 
залежності на 90-ту добу (відношення шансів=1,1, p=0,031). Отже, наші дані підтвердили, що збільшені церебральні 
морфометричні індекси асоціюються з несприятливим наслідком інсульту на 90-ту добу.
Ключові слова: захворювання нервової системи, інсульт, церебральна морфометрія, бікаудальний індекс, шлуночковий 
індекс.
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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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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/mm2, macrophages М1 in tumor islets – 18 cells/mm2, macrophages М1 in 
the stroma – 11 cells/mm2, total macrophages М2 – 38 cells/mm2, macrophages М2 
in tumor islets – 13 cells/mm2, macrophages М2 in the stroma – 24 cells/mm2. 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.
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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 



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-γ). 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-γ 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 IA-IIIB 
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-IIIB 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-µm-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/mm², M1 
macrophages in tumor nests=18 cells/mm², M1 macrophages 
in stroma=11  cells/mm², total M2 macrophages=38  cells/
mm², M2 macrophages in tumor nests=13 cells/mm², M2 
macrophages in stroma=24 cells/mm².

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).

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).

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

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

Age:
<60
≥60

22 (52.4)
20 (47.6)

Sex:
Female
Male

8 (19.0)
34 (81.0)

Stage:
IA-IIA
IIB-IIIB

15 (35.7)
17 (64.3)

Category Т:
Т1a-2а
Т2b-4

19 (45.2)
23 (54.8)

Category N:
N0
N1-2

24 (57.1)
18 (42.9)

Histology:
Adenocarcinoma 
Squamous cell carcinoma

20 (47.6)
22 (52.4)

Differentiation:
Well or moderate
Poor

26 (61.9)
16 (38.1)

Smoking history:
Never smokers
Current or former smokers

8 (19.0)
34 (81.0)

Performance status:
0
1

3 (7.1)
39 (92.9)

Surgery type:
Lobectomy 
Pneumonectomy

25 (59.5)
17 (40.5)

Adjuvant chemotherapy:
Yes
No

36 (85.7)
6 (14.3)

Adjuvant radiation therapy:
Yes
No

5 (11.9)
37 (88.1)

Total macrophages М1:
≥28 cells/mm2 (high)
<28 cells/mm2 (low)

15 (35.7)
27 (64.3)

Macrophages М1 in tumor islets:
≥18 cells/mm2 (high)
<18 cells/mm2 (low)

16 (38.1)
26 (61.9)

Macrophages М1 in the stroma:
≥11 cells/mm2 (high)
<11 cells/mm2 (low)

18 (42.9)
24 (57.1)

Total macrophages М2:
≥38 cells/mm2 (high)
<38 cells/mm2 (low)

21 (50.0)
21 (50.0)

Macrophages М2 in tumor islets:
≥13 cells/mm2 (high)
<13 cells/mm2 (low)

15 (35.7)
27 (64.3)

Macrophages М2 in the stroma:
≥24 cells/mm2 (high)
<24 cells/mm2 (low)

21 (50.0)
21 (50.0)



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 

Fig. 1. Immunohistochemical Analysis of NSCLC Tissue (Squamous Cell Carcinoma and Adenocarcinoma) with CD68+ and 
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 µm in the main 
microphotographs and 50 µm in the insets.

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

Macrophages 
М1, cells/

mm2

p Macrophages 
М2, cells/

mm2

p

Age:
<60
≥60

25 (4-73)
32 (7-76)

0.2032 40 (16-63)
36 (18-57)

0.4064

Sex: 
Female
Male

16 (4-47)
31 (9-76)

0.0082 38 (23-48)
38 (16-63)

0.9397

Stage:
IA-IIA
IIB-IIIB

24 (7-54)
31 (4-76)

0.3182 37 (16-63)
39 (18-57)

0.5791

Category Т:
Т1a-2а
Т2b-4

35 (10-73)
23 (4-76)

0.0486 42 (16-63)
35 (18-56)

0.0761

Category N:
N0
N1-2

29 (4-76)
28 (5-58)

0.2035 40 (16-63)
34 (19-53)

0.1073

Histology:
Adenocarcinoma 
S q u a m o u s  c e l l 
carcinoma

27 (4-58)
30 (9-76)

0.6231 34 (16-56)
42 (23-63)

0.0343

Differentiation:
Well or moderate
Poor

29 (4-76)
28 (5-58)

0.6879 40 (16-63)
34 (19-53)

0.1487

Smoking history:
Never smokers
C u r r e n t  o r  f o r m e r 
smokers

20 (5-47)
30 (4-76)

0.0586 39 (23-56)
38 (16-63)

0.8040

Performance status:
0
1

17 (13-25)
29 (4-76)

0.2823 48 (36-63)
37 (16-57)

0.1672
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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 

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

Macrophages М2
Tumor islets p-value Stroma p-value

Age:
<60
≥60

13 (6-26)
12 (6-31)

0.5186 25 (9-50)
23 (10-39)

0.5578

Sex: 
Female
Male

13 (8-26)
13 (6-31)

0.5196 23 (12-33)
24 (9-50)

0.6705

Stage:
IA-IIA
IIB-IIIB

12 (6-23)
13 (6-31)

0,8328 24 (9-50)
24 (10-39)

0.8319

Category Т:
Т1a-2а
Т2b-4

15 (7-31)
11 (6-26)

0.0639 26 (9-50)
22 (10-37)

0.2652

Category N:
N0
N1-2

12 (6-26)
14 (6-31)

0.4588 23 (9-50)
25 (11-39)

0.4274

Histology:
Adenocarcinoma 
Squamous cell carcinoma

12 (6-31)
14 (6-24)

0.1924 20 (9-36)
28 (11-50)

0.0060

Differentiation:
Well or moderate
Poor

13 (7-26)
12 (6-31)

0.2115 26 (9-50)
21 (11-37)

0.1386

Smoking history:
Never smokers
Current or former smokers

13 (8-26)
13 (6-31)

0.5732 25 (12-33)
24 (9-50)

0.7700

Performance status:
0
1

16 (11-19)
12 (6-31)

0.2388 34 (25-50)
23 (9-39)

0.0510

Table 5. Multivariate Cox proportional hazards model for 
assessing the impact of clinicopathological characteristics on 
recurrence-free survival.
Baseline clinicopathological characteristics HR 95 % CI p-value
Age (<60 versus ≥60) 0.90 0.70-5.16 0.2030
Sex (female versus male) 0.92 0.07-11.72 0.9550
Stage (IA–IIA versus IIB–IIIB) 0.49 2.46-356.1 0.3300
Category Т (Т1a–2а проти Т2b–4) 6.79 1.49-30.98 0.0130
Category N (N0 проти N1–2) 6.14 1.90-19.84 0.0020
Histology (adenocarcinoma versus 
squamous cell carcinoma)

2.78 0.70-10.99 0.1430

Differentiation (well or moderate versus poor) 3.87 1.33-11.24 0.0130
Smoking history (never smokers versus 
current or former smokers)

2.98 0.32-27.34 0.3330

Performance status (0 versus 1) 0.83 0.06-11.62 0.9840

Surgery type (lobectomy versus 
pneumonectomy)

1.41 0.47-4.21 0.5320

Adjuvant chemotherapy (yes versus no) 2.85 0.37-26.35 0.1680
Adjuvant radiation therapy (yes versus no) 1.72 0.25-16.11 0.4300
Total macrophages М1 (high versus low) 0.33 0.04-2.65 0.3020
Macrophages М1 in tumor islets (high versus 
low)

1.01 0.24-4.24 0.0020

Macrophages М1 in stroma (high versus low) 1.91 0.22-16.07 0.5500
Total macrophages М2 (low versus high) 5.14 1.17-22.61 0.0300
Macrophages М2 in tumor islets (low versus 
high)

0.70 0.20-2.41 0.5790

Macrophages М2 in stroma (low versus high) 0.28 0.07-1.14 0.0770

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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Table 3. Association between clinicopathological characteristics 
and M1 macrophages in tumor nests and stroma.
Baseline clinicopathological 
characteristics

Macrophages М1
Tumor islets p-value Stroma p-value

Age:
<60
≥60

17 (3-49)
19 (4-50)

0.4342 10 (2-28)
14 (3-29)

0.1035

Sex: 
Female
Male

10 (3-22)
20 (6-50)

0.0192 7 (2-25)
12 (2-29)

0.0226

Stage:
IA-IIA
IIB-IIIB

15 (4-39)
20 (3-50)

0.1306 11 (2-27)
12 (2-29)

0.5364

Category Т:
Т1a-2а
Т2b-4

22 (6-49)
15 (3-50)

0.0973 15 (3-29)
9 (2-26)

0.0205

Category N:
N0
N1-2

16 (3-50)
21 (6-49)

0.1060 10 (2-27)
13 (3-29)

0.0977

Histology:
Adenocarcinoma 
Squamous cell carcinoma

17 (3-39)
19 (6-50)

0.6681 11 (2-29)
12 (2-28)

0.6048

Differentiation:
Well or moderate
Poor

19 (4-50)
17 (3-34)

0.9071 12 (2-28)
11 (2-29)

0.9173

Smoking history:
Never smokers
Current or former smokers

12 (3-26)
20 (6-50)

0.0485 8 (2-25)
12 (2-29)

0.0774

Performance status:
0
1

11 (8-15)
19 (3-50)

0.2307 7 (4-11)
12 (2-29)

0.2815

Table 6. Multivariate Cox proportional hazards model for 
assessing the impact of clinicopathological characteristics on 
overall survival.
Baseline clinicopathological characteristics HR 95 % CI p-value
Age (<60 versus ≥60) 2.22 0.81-6.06 0.1160
Sex (female versus male) 0.86 0.04-17.40 0.9260
Stage (IA–IIA versus IIB–IIIB) 0.68 0.18-2.58 0.5770
Category Т (Т1а-2а проти Т2b-4) 8.85 0.01-0.62 0.0060
Category N (N0 проти N1-2) 3.63 1.09-12.13 0.0360
Histology (adenocarcinoma versus 
squamous cell carcinoma)

2.75 0.66-11.36 0.1600

Differentiation (well or moderate versus poor) 3.39 1.10-10.39 0.0320
Smoking history (never smokers versus 
current or former smokers)

7.51 0.47-188.4 0.1520

Performance status (0 versus 1) 0.41 0.03-5.39 0.5020
Surgery type (lobectomy versus 
pneumonectomy)

1.47 0.51-4.21 0.4720

Adjuvant chemotherapy (yes versus no) 1.12 0.58-4.13 0.5620
Adjuvant radiation therapy (yes versus no) 0.65 0.22-3.89 0.3860
Total macrophages М1 (high versus low) 0.27 0.04-1.74 0.1700
Macrophages М1 in tumor islets (high 
versus low)

0.87 0.20-3.66 0.8570

Macrophages М1 in stroma (high versus low) 2.09 0.29-15.06 0.4630
Total macrophages М2 (low versus high) 5.56 1.08-28,57 0.0400
Macrophages М2 in tumor islets (low versus 
high)

0.83 0.22-3.11 0.7840

Macrophages М2 in stroma (low versus high) 0.22 0.05-0.86 0.0300



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 IIB–
IIIB, 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 
et al. [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 

to adenocarcinoma. High M1 macrophage infiltration in tumor 
nests is associated with better recurrence-free survival. Low 
overall M2 macrophage levels and low M2 macrophage 
expression in the stroma correlate with improved overall 
survival in radically treated NSCLC patients.
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РОЗПОДІЛ МАКРОФАГІВ М1 ТА М2 ТА ЇХ ВПЛИВ НА ВИЖИВАНІСТЬ У ХВОРИХ НА НЕДРІБНОКЛІТИННИЙ РАК 
ЛЕГЕНЬ
Винниченко О. І., Москаленко Ю. В., Піддубний А. М., Москаленко Р. А.
Асоційовані з пухлиною макрофаги відіграють важливу роль у канцерогенезі та метастазуванні. Наше дослідження 
мало на меті оцінити розподіл макрофагів M1 і M2 в острівцях і стромі пухлини та встановити вплив на безрецидивну 
виживаність і загальну виживаність у пацієнтів з хірургічно видаленим недрібноклітинним раком легені (НДКРЛ). Із 
Сумського обласного клінічного онкологічного центру для участі у дослідженні було залучено 42 хірургічно пролікованих 
пацієнтів, хворих на НДКРЛ. Критеріями включення були вік старше 18 років, стадії IA–IIIB НДКРЛ та відсутність 
тяжких серцево-судинних, легеневих або аутоімунних захворювань. Антитіла проти CD68+ і CD163+ використовували 
для визначення фенотипу макрофагів і їх розподілу в острівцях і стромі пухлини. Для кожного зразка аналізували по 
6 полів зору діаметром 1 мм, які мали вигляд «гарячих точок» в пухлинній стромі та пухлинних острівцях. Методом 
середніх значень визначено порогове значення для макрофагів М1 і М2. Граничні значення загальної кількості 
макрофагів М1 становили 28 клітин/мм2, макрофагів М1 в острівцях пухлини – 18 клітин/мм2, макрофагів М1 в стромі –  
11 клітин/мм2, загальної кількості макрофагів М2 – 38 клітин/мм2, макрофагів М2 в пухлинних острівцях – 13 клітин/мм2, 
макрофагів М2 у стромі – 24 клітини/мм2. Усі дані про клініко-патологічні характеристики пацієнтів збирали з медичної 
документації. Довгостроковий період спостереження тривав щонайменше 60 місяців. Різницю між досліджуваними 
групами оцінювали за допомогою t-критерію Стьюдента та критерію Манна-Вітні. Модель пропорційних ризиків Кокса 
була використана для оцінки впливу кількох клініко-патологічних характеристик на виживання пацієнтів. Встановлено, 
що найбільше макрофагів М1 і М2 накопичувалося в стромі (p<0,001). Загальна кількість макрофагів М1 була вищою 
у чоловіків, ніж у жінок (р=0,0082). Прозапальні макрофаги були більш поширені у чоловіків, ніж у жінок, як в острівцях 
пухлини (p=0,0192), так і в стромі (p=0,0226). Пацієнти з категорією T1a–2a мали більше загальних макрофагів M1, ніж 
пацієнти з категорією T2b–4 (p=0,0486). У стромі пухлини також спостерігалася дана тенденція (p=0,0205). Нинішні та 
колишні курці мали значно більшу кількість макрофагів М1 в острівцях пухлини (p=0,0485). У плоскоклітинних карциномах 
загальна кількість макрофагів М2 була вищою, ніж в аденокарциномах (р=0,0343), особливо в стромі пухлини (р=0,0006). 
Отже, висока інфільтрація пухлинних острівців макрофагами М1 пов’язана з кращою безрецидивною виживаністю. 
Низька загальна кількість макрофагів М2 та їх низька експресія в стромі пов’язані з кращим загальним виживанням у 
хірургічно пролікованих пацієнтів із НДКРЛ.
Ключові слова: М1 макрофаги, М2 макрофаги, рак легені, острівці, строма, виживання.
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Morphometric indices of thickness of artificial vagina created from 
colon
Yakubov M. Z.
Samarkand State Medical University, Samarkand, Uzbekistan

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 mm2 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.
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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 
occur in 15.9 % (with obstruction) and 40 % (with other types 
of aplasia) [9]. According to recent studies, patients with 

Mayer-Rokitansky-Küster-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 Müllerian tissue or rudimentary uterus. 
MRI reveals leiomyomas arising from residual Müllerian 



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-McIndow, 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 [5].

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 a dry 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 a result 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 µm (p≤0.01), which 
is 0.87 times more than in the control group (366.3±43.2 µm), 
in the period up to 3 years – 467.2±11.2 µm (0.78 times more) 
and 10 years of observation it was 301.2±13.1 µm 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, µm).

Groups
control Up to 1 year Up to 3 

years
10 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* 63.57±2.21 41.57±1.73*
Muscular 
membrane, mm

1869±259 1751±154** 2201±201** 1917±104**

Serosa/adventitia 122.2±29.1 134.1±11.1* 153.0±21.1* 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  μm and significantly 
increased to 44.69±1.89 μm (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 μm (an increase of 0.60 times), and over the 10-
year or more observation period – 41.57±1.73 μm, which is an 
insignificant decrease of 0.92 times compared to the control 

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. ×40.

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. ×400.

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 μm2 
and increased by 0.86 times compared to the control group 
(18.92 μm2). In the period from 1 to 3 years (Fig. 3, 4), this 
indicator increased to 23.90 μm2 (0.79 times more), and in 
the period from 4 to 10 years it was 13.33 μm2 and reliably 
showed a decrease of 1.42 times.

The volume of goblet cells in the control group was 
6751 μm³. It was noted that over 1 year of the observation 
group existence, this indicator increased to 10360 μm³ 
(p≤0.1), (0.65 times), and over 1-3 years – to 13652 μm³ 
(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 μm³ (p≥0.1).

Morphometric indices of the goblet cell surface were 
357.2 μm² in the control group, showing a significant increase 
to 475.2 μm² (p≤0.05) (0.75 times more) after 1 year in the 

47Vol. 31, №1, Page 45-51

Yakubov M. Z.



observation group and to 571.2 μm² (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 μm² (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  mm2 of epithelium, as well as 
morphometric indices of their height and diameter. According 
to the morphometric indices, the density of glands relative 
to 1  mm2 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 µm 
(p≤0.05), having increased by 0.89 times, and after 1-3 
years the highest value was 266.1±25.6 µm (p≤0.05), having 
increased by 0.68 times. After 4-10 years, a significant 
decrease to 122.8±19.7 µm (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 μm, p≤0.05) compared to the control 
group (71.85±1.17 μm), 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 μm (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 μm 
(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 Lieberkühn glands 
in 1 mm2 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 

Fig. 3. Morphogram of the neovaginal mucosa with measured 
nuclei.3rd year of observation. Blue lines highlight areas selected 
for measuring planar parameters of goblet cells. PAS stain. ×400.

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.

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.
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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 
Müllerian 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]. A number 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 
a long time due to the high rate of complications, but in 1955, 
Zangl and in 1961, Pratt demonstrated the use of a pedicled 
sigmoid colon [17, 24].

There are no official statistics on this problem in 
Uzbekistan, but there is an increase in the number of citizens’ 
requests for help with this pathology [1].

Distraction of colonic tissue may result in diversion 
colitis, a sometimes clinically challenging entity. In sigmoid 
vaginoplasty, a segment of bowel is diverted from the 
fecal stream but is not completely defunctionalized, as 
the operated subjects are able to engage in neovaginal 
penetrative intercourse. Mild diversion colitis of the sigmoid 
neovagina has been reported [4, 21, 27].

Possible explanatory factors can be identified in the 
differences in tissue architecture, vascularization, and 
innervation of the neovagina compared to the normal vagina. 
The natal vaginal walls are composed of the SPE and 
underlying lamina propria of connective tissue, a smooth 
muscle layer, and the adventitia, which is dense connective 
tissue that fuses with the surrounding fascia. The lamina 
propria and underlying connective tissue layers contain a 
rich blood vessel supply [11, 25, 26].

Similarly, neovagina, created from intestinal segments, is 
a mucus-secreting epithelium that retains its characteristics 
for many years [18, 28, 29]. In a series of 15 patients with 
stratified squamous epithelium who underwent peritoneal 
neovagina creation, Mhatre performed biopsy in 4 cases 
and LM analysis. He described, similar to our results, 
complete re-epithelialization after 6 months of glycogen-
secreting stratified squamous epithelium. However, given 
the histochemical approach adopted to identify progenitor 
cells, the authors concluded that re-epithelialization was the 
result of indeterminate metaplasia of the sigmoid mucosa 
rather than colonization by the vaginal introitus epithelium [5].

Conclusions
1. During the period from 1 to 3 years of observation, an 

increase in the density, height and diameter of the Lieberkühn 
glands was noted. This indicates the activity of the adaptation 
process. After 4-10 years a significant decrease in all 
indicators was detected with subsequent degradation and 
functional disorders, which is a sign of long-term chronic 
changes and a decrease in the adaptation process.

2. During the first 3 years, the morphometric parameters 
of the area, volume and surface of the goblet cells of the 
artificially created vagina from the sigmoid colon increase, 
indicating that their activity is at a high level. But after 4-10 
years, the cell parameters dropped sharply, indicating 
a weakening of the process of adaptation and tissue 
degradation.
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МОРФОМЕТРИЧНІ ПОКАЗНИКИ ТОВЩИНИ ШТУЧНОЇ ПІХВИ, УТВОРЕНОЇ З ТОВСТОЇ КИШКИ
Якубов М. З.
За даними Всесвітньої організації охорони здоров’я уроджені дефекти жіночих статевих органів найчастіше 
зустрічаються у сім’ях та країнах з обмеженими ресурсами. Близько 94 % тяжких порушень розвитку зустрічаються у 
країнах з низьким та середнім рівнем доходу, де жінки часто мають недостатнє харчування та обмежений доступ до 
якісної медичної допомоги. Мета дослідження – визначити морфометричні показники товщини штучної піхви, створеної 
із товстої кишки. До дослідження відібрані пацієнти, які були госпіталізовані та проходили лікування у гінекологічному 
відділенні з приводу вад розвитку статевих органів у період з 2019 по 2023 рік. Для ретроспективного аналізу було 
проаналізовано 202 пацієнтки (36 жінок становили контрольну групу), котрі проходили лікування щодо аномалій піхви 
та вад розвитку статевих органів; 146 випадків підлягали гістологічному дослідженню, а 56 – цитологічному (жінки 
віком від 18 до 40 років). Статистичний аналіз результатів проводили з використанням пакета програм Microsoft Office 
Excel-2010. При вивченні морфометричних показників встановлено збільшення площі, обсягу та поверхні бокалоподібних 
клітин протягом 1-3 років, що свідчить про те, що їхня активність знаходиться на високому рівні. Але через 4-10 років 
параметри клітин різко знизилися, що свідчить про послаблення процесу адаптації та деградації тканин. Крім того, ми 
вивчили стан та щільність розташування залоз в 1 мм2 слизової оболонки у різні періоди спостереження. Так, протягом 
1-3 років спостереження відзначалося збільшення щільності в 0,91 рази, висоти в 0,89 рази та діаметра залоз у 0,92 
рази порівняно з контролем, що свідчить про активність процесу адаптації. Після 1-3 років спостереження відзначалося 
збільшення щільності та діаметра залоз у 0,70 рази, а висоти у 0,68 рази порівняно з контролем. Дані показники свідчать 
про гіпертрофію та гіперплазію залоз. Через 4-10 років спостерігалося значне зниження всіх показників із подальшою 
деградацією та функціональними порушеннями. Щільність розташування залоз зменшилася в 1,14 рази, висота в 1,49 
рази, діаметр залоз в 1,31 рази порівняно з контролем, що є ознакою тривалих хронічних змін та зниження процесу 
адаптації, що призводить до атрофічних змін слизової оболонки неовагіни.
Ключові слова: неовагіна, слизова оболонка, епітелій, гістологія.
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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.

ARTICLE  INFO
Received: 12 March 2024
Accepted: 19 December 2024

UDC: 611.36-018.1-06:[615.357:577. 
         175.6+615.322/.356]-092.9

CORRESPONDING  AUTHOR
e-mail: stetsuk78@gmail.com   
            Stetsuk Ye. V.

CONFLICT OF INTEREST
The authors have no conflicts of interest 
to declare.

FUNDING
Not applicable.

DATA SHARING
Data are available upon reasonable 
request to corresponding author.

DOI: 10.31393/morphology-journal-2025-31(1)-07                             Reports of Morphology, Vol. 31, №1, Pages 52-58                                  



53Vol. 31, №1, Page 52-58

Polyviana O. A., Stetsuk E. V., Shepitko V. I., Vilkhova O. V., Boruta N. V., Rud M. V., Pelypenko L. B., Lysachenko O. D. et al.

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 μm 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 



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=(D1/2×D2×/2)×π where π is a constant value equal to 3.14; 
D1 is the larger diameter of the cell/nucleus; D2 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-

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. Lens×40. Eyepiece×15.

A				       		          B

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 μm, longitudinal 22.06±2.33 μm. The average 
area of hepatocytes was 407.5±23.9 μm2.

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 
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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 

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 – Ito cell. Hematoxylin-eosin staining. Lens×40. Eyepiece×15.

5.311±0.156 cells in the fields of view at p<0.05, with a 
difference of 32.00%.

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 DNA is 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.

It is 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 

to oxidative-nitrosative stress, which causes pathological 
processes in hepatocytes, primarily in the form of quantitative 
changes in binucleolus and binuclear cells in the population.

2. Additional administration of quercetin reduces the 
negative effect on hepatocytes, which is confirmed by 
changes in parameters in experimental groups of animals.
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ЗМІНИ В ГЕПАТОЦИТАХ ЩУРІВ ЗА УМОВ ЦЕНТРАЛЬНОЇ БЛОКАДИ СИНТЕЗУ ЛЮТЕЇНІЗУЮЧОГО ГОРМОНУ З 
ДОДАВАННЯМ КВЕРЦЕТИНУ
Полив’яна О. А., Стецук Є. В., Шепітько В. І., Вільхова О. В., Борута Н. В., Рудь М. В., Пелипенко Л. Б., Лисаченко О. Д., 
Волошина О. В., Дворник І. Л., Мороховець Г. Ю.
Ядро, обмінюючись інформацією з цитоплазмою гепатоцита, контролює і координує всю активність клітини: поділ, ріст, 
проміжний обмін речовин, синтез білка і його диференціювання. Протягом життєвого циклу клітини ядро зберігається 
в інтерфазі. Велика варіація розмірів ядер гепатоцитів пояснюється тим, що при постнатальному зростанні деякі 
гепатоцити піддаються цитогенетичним перетворенням, що характеризуються поступовою поліплоїдією. Поліплоїдія, 
або посилення цілого геному, стосується клітин/організмів, що містять більше 2 основних хромосомних наборів. Мета 
даного дослідження – визначити морфогенез та динаміку мінливості підтипів гепатоцитів щурів, двоядерних та з 
двома ядерцями, за умов центральної блокади синтезу лютеїнізуючого гормону при довготривалій дії триптореліну, з 
додаванням в раціон харчування тварин кверцетину. Експеримент проведено на 60 статевозрілих білих щурах самцях 
масою 140-160 г. Тварин розділили на 3 групи: 1 групі – контрольній, вводився фізіологічний розчин (10 тварин); 2 групі 
підшкірно вводили розчин триптореліну ембонат у дозі 0,3 мг діючої речовини на кг маси тіла протягом 12 місяців (25 
тварин); 3 групі вводили розчин триптореліну із розрахунку 0,3 мг діючої речовини на кг маси тіла з додаванням кверцетину 
в перерахунку на масу тіла тварин тричі на тиждень (25 тварин). Тварин виводили з експерименту через 1, 3, 6, 9 та 12 
місяців шляхом передозування ефірного наркозу. Комплексне дослідження гістологічних препаратів печінки та кількісний 
підрахунок гепатоцитів з двома ядерцями та двоядерних проводили за допомогою світлового мікроскопа з цифровим 
мікрофільтром та адаптованого для цих досліджень програмного забезпечення. Статистичну обробку результатів 
дослідження виконували з використанням програмного забезпечення Microsoft Office Excel та розширення Real Statistics 
2019. Патологічні процеси, що виникають у тканині печінки при експериментальному оксидативно-нітрозативному 
стресі, викликаному введенням триптореліну, призводять як до кількісних, так і якісних змін. Так кількість гепатоцитів 
з двома ядерцями достовірно збільшувалась в 2 групі і на 12-й місяць спостереження становила 5,291±1,156 клітин в 
полі зору при p<0,05. Кількість двоядерних гепатоцитів також мала тенденцію до змін з максимумами на 12-й місяць 
спостереження. Так у 2 групі на 9-й місяць кількість двоядерних гепатоцитів склала 7,012±0,527 клітин в полі зору при 
p<0,05, а при додаванні кверцетину лише 5,311±1,561 клітин в полі зору при p<0,05. Збільшена кількість мітозів виявлялась 
у 2 групі на 6-й місяць спостереження, у 3 групі визначалася лише на 9-й. Проведене дослідження показало, що при введенні 
триптореліну виникає оксидативно-нітрозативний стрес, який призводить до патологічних змін гепатоцитів у вигляді 
кількісних змін клітин з двома ядерцями та двоядерних. Додаткове введення кверцетину зменшує негативний вплив на 
гепатоцити печінки, що підтвержується показниками в експериментальних групах тварин.
Ключові слова: печінка, гепатоцит, двоядерні гепатоцити, мітоз, тестостерон, лютеїнізуючий гормон, кверцетин, 
трипторелін.
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Discriminant models of the possibility of genital endometriosis in 
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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.
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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. 



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]. A large 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 № 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). 
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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’ 
Lambda

Partial 
Lambda

F-remove - 
1.16 p-level Toler. 1-Toler. 

(R-Sqr.)
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) = SGK×1.168 + OBP×7.970 - OBPL×7.197 + 
PSG×2.996 - IMT×2.609 + OBB×3.893 + EPPR×12.62 - 
PNG×0.291 - FX×3.115 - 159.4;

Df (for patients with genital endometriosis YW without 
taking into account somatotype) = SGK×3.763 + OBP×0.777 
- OBPL×0.856 + PSG×0.329 - IMT×0.729 + OBB×2.700 + 
EPPR×17.06 + PNG×0.947 - FX×4.789 - 150.1;

where (here and hereinafter), trunk diameters – in cm; 
body circumferences – in cm; somatotype components 
– in points; body mass index – in kg/m2; width of distal 
epiphyses of long tubular bones of limbs – in cm; somatotype 
components – in points.

Calculated criterion χ2 (=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’ 

Lambda
Partial 

Lambda
F-remove  

-1.65 p-level Toler. 1-Toler. 
(R-Sqr.)

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) = SGK×1.559 + OBP×9.881 - OBPL×6.869 
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- IMT×0.215 + PSG×2.190 + OBB×4.063 + EPPR×7.453 - 
211.2;

Df (for patients with genital endometriosis YW with a 
mesomorphic somatotype) = SGK×3.699 + OBP×2.487 - 
OBPL×1.027 + IMT×1.918 + PSG×0.777  + OBB×2.814 + 
EPPR×13.40 - 194.4;

Calculated criterion χ2 (=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.

Discriminant Function Analysis Summary (boyko.sta)
Step 10, N of vars in model: 8; Grouping: GRUP (2 grps)
Wilks’ Lambda: 0.060 approx. F(8.34)=66.33 p<0.0000
Wilks’ 

Lambda
Partial 

Lambda
F-remove  

-1,34 p-level Toler. 1-Toler. 
(R-Sqr.)

SGK 0.129 0.466 39.02 0.0000 0.230 0.770
OBP 0.089 0.679 16.11 0.0003 0.148 0.852
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 0.080 0.751 11.30 0.0019 0.444 0.556
OBPR 0.071 0.849 6.025 0.0194 0.286 0.714
EPPR 0.077 0.777 9.739 0.0037 0.399 0.601
EPPL 0.070 0.856 5.730 0.0223 0.403 0.597

Below, in the form of equations, the definition of the Df 
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 

somatotype) = SGK×7.845 - OBP×2.901 - OBPL×2.515 - 
PSG×0.050 + OBB×1.076 + OBPR×17.24 + EPPR×21.48  
+ EPPL×3.647 - 269.8;

Df (for patients with genital endometriosis YW with 
ectomorphic somatotype) = SGK×16.66 - OBP×10.80 + 
OBPL×3.980 - PSG×4.236 - OBB×0.754 + OBPR×21.90 + 
EPPR×35.45 - EPPL×7.366 - 313.6;

Calculated criterion χ2 (=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)

Step 7, N of vars in model: 5; Grouping: GRUP (2 grps)

Wilks’ Lambda: 0.039 approx. F(5.20)=97.32 p<0.0000

Wilks’ 
Lambda

Partial 
Lambda

F-remove 
1.20 p-level Toler. 1-Toler. 

(R-Sqr.)

OBB 0.058 0.681 9.375 0.0062 0.690 0.310

OBP 0.189 0.208 75.96 0.0000 0.127 0.873

OBPL 0.180 0.219 71.44 0.0000 0.095 0.905

OBGKH 0.059 0.668 9.946 0.0050 0.058 0.942

OBGKV 0.050 0.783 5.530 0.0291 0.064 0.936

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:
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Df (for practically healthy YW with ecto-mesomorphic 
somatotype) = OBB×10.84 + OBP×6.068 - OBPL×7.861 + 
OBGKH×4.800 - OBGKV×2.115 - 365.5;

Df (for patients with genital endometriosis YW with ecto-
mesomorphic somatotype) = OBB×7.809 - OBP×6.354 + 
OBPL×10.61 + OBGKH×0.652 + OBGKV×0.525 - 282.7;

Calculated criterion χ2 (=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 

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).
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ДИСКРИМІНАНТНІ МОДЕЛІ МОЖЛИВОСТІ ВИНИКНЕННЯ ГЕНІТАЛЬНОГО ЕНДОМЕТРІОЗУ В УКРАЇНСЬКИХ ДІВЧАТ У 
ЗАЛЕЖНОСТІ ВІД ОСОБЛИВОСТЕЙ БУДОВИ ТА РОЗМІРІВ ТІЛА
Низова О. А., Чайка Г. В., Беренштейн Е. Л., Кривоніс Т. Г., Кириченко В. І., Сорокоумов В. П., Гунас І. В.
Ендометріоз є однією з найпоширеніших гінекологічних патологій, що може значно впливати на репродуктивне 
здоров’я жінок, у тому числі й молодого віку. Дослідження факторів, які можуть сприяти його розвитку, є важливим для 
раннього виявлення груп ризику та розробки профілактичних заходів. Серед можливих предикторів увагу привертають 
антропометричні характеристики, які можуть відображати ендокринні та метаболічні особливості організму. Вивчення 
цих параметрів дозволяє оцінити потенційний зв’язок між соматотипом та ймовірністю розвитку захворювання, що 
може сприяти персоналізованому підходу до профілактики. Мета дослідження – побудова та аналіз дискримінантних 
моделей можливості виникнення генітального ендометріозу в українських дівчат без та з урахуванням соматотипу 
у залежності від особливостей будови та розмірів тіла. У 89 українських дівчат (віком від 16 до 18 років), хворих на 
генітальний ендометріоз, проведено клініко-лабораторне та антропо-соматотипологічне обстеження. Первинні 
антропо-соматотипологічні показники 78 практично здорових українських дівчат аналогічної вікової групи отримані 
з банку даних науково-дослідного центру Вінницького національного медичного університету ім. М. І. Пирогова. 
Дискримінантні моделі можливості виникнення та особливостей перебігу генітального ендометріозу в залежності від 
особливостей будови та розмірів тіла побудовані в ліцензійному пакеті «Statistica 6.0». При розподілі українських дівчат 
на практично здорових та хворих на генітальний ендометріоз як без урахування соматотипу, так і у представниць 
мезоморфного, ектоморфного та екто-мезоморфного соматотипів побудовані достовірні (р<0,001 в усіх випадках) 
високоінформативні (коректність входження до моделей антропо-соматотипологічних показників складає від 98,6 % 
до 100 % випадків; статистика Wilks’ Lambda дорівнює від 0,084 до 0,039) дискримінантні моделі можливості виникнення 
даного захворювання в залежності від особливостей показників будови та розмірів тіла. Найбільш часто до складу 
побудованих моделей входять: в групі без урахування соматотипу – обхватні розміри тіла та діаметри тулуба (по 
33,33 %); у мезоморфів – обхватні розміри тіла (42,86 %) та діаметри тулуба (28,57 %); у ектоморфів – обхватні розміри 
тіла (50,00 %), діаметри тулуба та ширина дистальних епіфізів довгих трубчастих кісток кінцівок по (25,00 %); у екто-
мезоморфів – обхватні розміри тіла (в 100 % випадків).
Ключові слова: акушерство та гінекологія, генітальний ендометріоз, антропометрія, соматотип, українськи дівчата, 
дискримінантний аналіз.
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cartilage, changes in the subchondral bone, and the 
development of chronic inflammation [6, 28]. Although 
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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.
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Introduction
Osteoarthritis is the degenerative joint disease, 

characterized by the gradual degeneration of articular 
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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 µl, which contained 
1500 collagenase units. The enzyme was injected once, 
with a second injection administered after 1 month; 20 µl 
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-IV “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 
C3040ZOOM 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 µm 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. 



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 

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 

A

B
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, ×100; B – cellular-inflammatory 
infiltration in the synovial membrane, ×200. 1 – cellular infiltration, 
2 – subintimal connective tissue. Picrosirius red staining with 
Weigert’s hematoxylin.
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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
1

Animal number
2 3* 4* 5 6 7* 8* 9

thickening of the 
capsule

none =0 0
25-50% =1 1 1 1
75-100% =2 2 2
<100% =3 3 3 3

condition of 
the synovial 
membrane

normal =0 0
changed but preserved =1 1 1 1 1 1
mild signs of fibrosis =2 2
moderate signs of fibrosis =3 3 3
severe signs of fibrosis =4

signs of 
inflammation

none =0 0 0 0
mild and focal =1 1 1 1
moderate =2 2 2
severe =3 3

Total 2 3 8 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 

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 

A

B
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, 
×100.
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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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КОРЕЛЯЦІЯ МІЖ ДЕГРАДАЦІЄЮ ХРЯЩА ТА ЗАПАЛЕННЯМ СИНОВІАЛЬНОЇ ОБОЛОНКИ В ІНДУКОВАНІЙ 
КОЛАГЕНАЗОЮ МОДЕЛІ ОСТЕОАРТРИТУ ПЛЕЧОВОГО СУГЛОБУ У КРОЛИКІВ
Страфун С. С., Богдан С. В., Савосько С. І., Юрійчук Л. М.
Остеоартроз є дегенеративним захворюванням суглобового хряща. Багато досліджень розширили наше розуміння 
патофізіології захворювання, але досі є дискусійні питання щодо зв’язку між механічним навантаженням на суглоб, 
запаленням та біохімічними змінами у тканинах хряща, які призводять до його руйнування. Питання першопричини 
пошкодження хрящової тканини залишається невирішеним, оскільки синовіт та контрактура можуть бути наслідком 
пошкодження хряща, і, одночасно, дегенерація хряща виникає на тлі синовіту. Тваринні моделі відіграють ключову роль 
у вивченні цих змін, тому що дають можливість виявити структурні основи та характеристику розвитку порушень 
тканин суглобу. Наша гіпотеза полягає у тому, що немеханічне пошкодження тканин хряща шляхом введення колагенази 
до синовіальної порожнини провокує повільний, тривалий розвиток змін у капсулі та суглобовому хрящі. Метою роботи 
було дослідити зміни хряща та капсули плечового суглобу за умов моделювання колагеназо-індукованого пошкодження 
суглобу. Кролям у плечовий суглоб вводили колагеназу, а у контралатеральний суглоб фізіологічний розчин. Через 4 
місяці досліджували суглобовий хрящ головки плечової кістки і лопатки, капсулу суглобу. Морфометричним методом 
вимірювали товщину капсули, стан хряща напівкількісно за шкалою і проводили кореляційний аналіз між змінами у 
досліджуваних структурах суглобу для встановлення залежності між дегенерацією хрящової тканини і фіброзними 
змінами у синовіальній оболонці. Статистична обробка результатів виконана з використанням непараметричних 
методів. Введений фермент викликав дегенеративні зміни хрящів плечового суглоба через 3 місяці і це поєднувалося 
із запальною реакцією у синовіальній мембрані, ознаками ремоделювання сполучної тканини капсули. Результати 
проведеного дослідження показали, що запалення синовіальної оболонки корелює з деградацією хряща (для головки 
плечової кістки r=0,74, p=0,02 та заглибини лопатки r=0,71, p=0,03), що скоріше є ранньою подією під час ініціації та 
прогресування пошкодження суглобових хрящів. Параметри пошкодження синовіальної мембрани та товщина капсули 
мали пряму кореляцію (r=0,87, p=0,001). Незважаючи на те, що механічне пошкодження є основним фактором ризику 
остеоартроза, саме повільний, «млявий» розвиток деградуючих змін хряща дав більше нових даних про зв’язок змін 
у хрящі, синовіальній оболонці та капсулі плечового суглобу. Таким чином, описана у цій роботі модель структурних 
змін суглобу спричинених колагеназою, є ефективною моделлю для вивчення патогенезу та лікування запальних і 
дегенеративних процесів плечового суглобу.
Ключові слова: плечовий суглоб, артроз, колагеназа, запалення.
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Morphological changes in the cingulate gyrus in rats with various 
neurocognitive disorders after traumatic brain injury
Mizyakina K. V., Dzyak L. A., Tverdokhlib I. V.
Dnipro State Medical University, Dnipro, Ukraine

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 β-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.
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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 



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-1β 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 347±28 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 μm 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 
(β-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 ºС in citrate buffer (pH 6.0). To 
assess the specificity of immunohistochemical 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”, 

74 ISSN 1818-1295  eISSN 2616-6194         Reports of Morphology

Morphological changes in the cingulate gyrus in rats with various neurocognitive disorders after traumatic brain injury



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 ImageJ 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 β-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 

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, 
×102 mm-2 (M±m).

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 ×102 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 

Fig. 1. The rat cingulate cortex in the 2nd experimental group 10 
days after TBI. Perivascular edema (1), intercellular edema (2), 
damaged microvessels (3). Silver impregnation. ×100.
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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, μm (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 μm). 

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 of immunohistochemical 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. ×200. 

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. ×200.

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, ×102 mm-2 (M±m).

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 ×102 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, ×102 mm-2  (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 ×102 mm-2). 

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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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 (M±m).

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 50.86±6.65 53.75±6.28
40 days 51.16±6.84 48.63±5.31 50.94±7.22

Note: * – p<0.05 when compared with the value in the intact 
group (46.83±5.38 мм-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 

Fig. 4. The rat cingulate cortex in the 1st experimental 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. ×400.

Fig. 5. The rat cingulate cortex in the 2nd experimental 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. ×400.

Fig. 6. The rat cingulate cortex in the comparison group 
10 days after TBI. Fibrous astrocyte (1), hemocapillary (2). 
Immunohistochemistry with antibodies against GFAP. Additional 
staining with Mayer’s hematoxylin. ×200.
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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 

neurocognitive disorders, a moderate decrease in the total 
content of cortical neurons is observed (in the first group – by 
33.8 %, in the second group – by 41.1 %), 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. 

2. Suppressed expression of Synaptophysin in the 
cingulate cortex in rats with neurocognitive disorders does 
not change significantly 20 and 40 days after TBI 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. 

3. 10 days after TBI, in the cingulate cortex 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. At the same time, 
significant areas of neuropil with a low density of fibrous 
astrocytes are formed. After 20 and 40 days of the post-
traumatic period, foci of astrocytic deficiency are preserved 
in animals with neurocognitive disorders, while in rats of the 
comparison group they are very rare. 

4. 10 days after TBI, animals with neurocognitive 
disorders show a significant increase in the number of 
newly formed hemocapillaries with a typical endothelial wall 
structure and normal blood filling, accompanied by astrocytic 
glia and with a formed BBB. A large number of densely 
packed protoplasmic astrocytes are found on the surface of 
single damaged capillaries. 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.
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МОРФОЛОГІЧНІ ЗМІНИ ПОЯСНОЇ ЗВИВИНИ У ЩУРІВ З РІЗНИМИ НЕЙРОКОГНІТИВНИМИ РОЗЛАДАМИ ПІСЛЯ 
ЧЕРЕПНО-МОЗКОВОЇ ТРАВМИ
Мізякіна К. В., Дзяк Л. А., Твердохліб І. В.
Потребують суттєвих уточнень відомості про чутливість різних нейронів і клітин нейроглії до травми та їх здатність 
до відновлення в залежності від локалізації ушкоджень та характеру перебудов гемомікроциркуляції в посттравматичному 
періоді. Метою дослідження було визначення тканинних і клітинних посттравматичних змін структури поясної 
звивини лімбічної частки головного мозку щурів з різними нейрокогнітивними розладами у різні терміни після тяжкої 
черепно-мозкової травми. Для відтворення тяжкої черепно-мозкової травми у щурів застосовували «модель ударного 
прискорення». За результатами неврологічних тестів щури були розподілені на три групи: перша – тварини після 
травми з нейрокогнітивними розладами і порушеннями пам’яті; друга – тварини після травми з нейрокогнітивними 
розладами без порушень пам’яті; третя група порівняння – тварини після травми без нейрокогнітивних розладів. 
Проводили гістологічне, морфометричне та імуногістохімічне дослідження поясної звивини з використанням маркерів 
β-tubulin, Synaptophysin, GAP43, NCAM1, N-cadherin, GFAP. Cтатистичну обробку отриманих результатів проводили в 
ліцензійному програмному пакеті «Statistica v6.1» з використанням параметричних і непараметричних методів. У тварин 
з нейрокогнітивними розладами спостерігається помірне зменшення сумарного вмісту нейронів різних типів поясної 
кори, в той час як у тварин без когнітивного дефіциту щільність нейроцитів не відрізняється від нормального рівня. 
Пригнічена експресія синаптофізину у корі поясної звивини щурів з нейрокогнітивними розладами через 20 і 40 діб після 
травми суттєво не змінюється та залишається на низькому рівні. У тварин групи порівняння відбувається відновлення 
щільності р38-позитивних синапсів протягом посттравматичного періоду. Через 10 діб після травми у тварин всіх груп 
спостерігається помірне накопичення CD56- і N-кадгерин-позитивних протоплазматичних астроцитів у перикапілярних 
просторах, що часто асоційовано з осередками набряку і підвищенням мітотичної активності гліоцитів. У тварин з 
нейрокогнітивними розладами в окремих випадках астроглія утворює клітинні нашарування на поверхні мікросудин у 
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вигляді щільних муфт, що вказує на блокування трансендотеліального транспорту. Через 40 діб після травми суттєво 
зменшується кількість ушкоджених мікросудин з нашаруваннями астроцитів на зовнішній поверхні. Таким чином, через 
10 діб після нанесення травми у складі кори поясної звивини та прилеглої інфралімбічної кори відбуваються помірно 
виражені нейродегенеративні та деструктивні зміни внаслідок посттравматичного цитотоксичного каскаду. Через 
20 і 40 діб після травми ознаки нейрозапалення редукуються незалежно від ступеня когнітивного дефіциту.
Ключові слова: черепно-мозкова травма, щури, нейрокогнітивні розлади, поясна звивина, морфологія.
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