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Bondarenko et al.

Abstract. The profitability of dairy farming directly depends on the intensification of reproduction
indicators, which requires an increase in the percentage of calves per hundred cows and optimisation
of milk productivity. Given the need to improve reproductive efficiency, the aim of the study was
to identify the morphological and physiological changes in the ovaries and endometrium of cows
during the oestrous cycle for the further development of evidence-based methods for correcting
sexual cyclicity. Analysis of histological samples revealed a number of important changes.
During the oestrus phase, the endometrium shows maximum swelling and blood filling of the
arterioles, while the cells of the functional layer become decidual-like due to the active growth of
stromal cells. Numerous uterine glands have a convoluted shape and enlarged cavities filled with
secretions, while the epithelial cells of the glands become multinucleated with vacuolisation due
to the accumulation of glycogen. Primary follicles with cubic-shaped follicular cells are recorded
in the ovaries, indicating active replication and remodelling processes, as cubic cells divide faster
than flat ones. During proestrus, the covering epithelium of the endometrium becomes wavy, and
the uterine glands, although numerous, are located next to a small number of stromal cells, do not
contain secretions and have a folded shape. Vascular changes include hyperplasia of the intima
of arterioles with narrowing of the lumen and obliteration of thrombotic masses, which is the
beginning of the desolation of vascular territories and remodelling of the connective tissue matrix.
At this stage, the ovaries contain tertiary follicles without signs of atresia and corpus luteum in
the stage of resorption. The metestrus phase is characterised by the formation of large, almost
completely structured corpus luteum with large lutein cell nuclei, while the corpus luteum from
previous cycles show signs of degradation. During metestrus, the endometrium simultaneously
shows signs of hormone-dependent desquamation and active cell proliferation. The practical
value of the study lies in the creation of a reliable morphological basis that reveals in detail the
mechanism of hormone-dependent changes for the development of evidence-based diagnostic
protocols and methods for correcting hormonal status and sexual cyclicity

Keywords: histological changes in the endometrium; ovarian follicles; ovarian reserve; corpus
luteum; physiology of the sexual cycle

Introduction

The physiological basis of cows’ reproductive
capacity is critically important for ensuring
stable milk production and economic sustain-
ability of dairy farms. Despite improvements in
husbandry and feeding technologies, disorders
of the sexual cycle and reproductive function
remain one of the key problems in veterinary
medicine. A detailed understanding of the mor-
pho-functional dynamics of the ovaries and en-
dometrium throughout the oestrous cycle ena-
bles veterinary specialists to substantiate and
develop effective methods for the diagnosis,
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prevention and correction of reproductive dis-
orders, which is a prerequisite for maintaining
high herd fertility rates.

According to M. Lamanna et al. (2025) and
R. Maculan et al. (2025), the issue of cattle re-
production, especially highly productive cows,
which are characterised by singleton births, a
long diestrus period, lactation dominance, and
the prospect of infertility, will always remain
relevant in both theoretical and practical terms.
According to J.B. Santos et al. (2025), physiolog-
ical data on the reproductive capacity of cows,
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including physiological and morphological
changes in the ovaries and endometrium dur-
ing the oestrus cycle, also make it possible to
scientifically ensure planned livestock growth
rates, sufficient milk productivity, and reduced
production costs for raising replacement young
stock, as they reflect the effectiveness of the
technologies used on farms and highlight the
economic feasibility of the cattle breeding in-
dustry in general.

To address these issues, a scientifically
sound basis for the organisation of reproduc-
tion is needed, taking into account physiolog-
ical indicators and the requirements of mod-
ern technologies for the development of dairy
cattle breeding in Ukraine. The most common
technologies for housing cows in Europe are
tethered and untethered. According to S. Has-
san et al. (2024), housing systems that assign
service personnel to each specific cow (such as
tethered housing) can have a positive effect on
productivity. This simplifies individual feeding
and ensures timely diagnosis of oestrus, since
during the service period the animals are mon-
itored not only by artificial insemination tech-
nicians, but also by service personnel, which is
critical for restoring optimal ovarian function
after calving. At the same time, as indicated by
A. Pavlenko et al. (2023), loose housing better
meets technological requirements but requires
clear grouping based on the productivity and
physiological condition of cows and compli-
cates oestrus diagnosis due to limitations on
the time staff can spend observing the animals.

In addition to timely indication of oestrus,
the physiological state of the endometrium
during the period of preparation of the body
for implantation is extremely important, as it
ensures not only nidation but also the further
course of pregnancy. According to S.F. Sitko et
al. (2024), cows with higher genomic fertili-
ty potential demonstrate better uterine con-
dition and higher progesterone levels during

synchronisation protocols, indicating a close
relationship between genetics, hormonal status
and morphological readiness of the reproduc-
tive organs for implantation.

Thus, the uterus has a multi-level regula-
tory system based on a hierarchical principle
of interaction between the methods of con-
trolling metabolic processes and the morpho-
functional transformation of the functional
layer of the endometrium, synchronised with
the physiological work of the ovaries. which is
why the study of the above-mentioned com-
ponents in preparation for proestrus, oestrus,
and zygote implantation is a pressing issue,
the solution of which will contribute to the
development of new approaches to the correc-
tion of reproductive function in cows. There-
fore, given the need to improve reproductive
efficiency, the aim of the research was to eluci-
date the morpho-physiological changes in the
ovaries and endometrium of cows during the
oestrus cycle for the further development of
evidence-based methods for the correction of
sexual cyclicity. To this end, the physiological
and histological features of the morphological
restructuring of the ovaries and endometrium
of cows during oestrus, pro-oestrus and me-
toestrus were studied.

Literature Review

The reproductive efficiency of dairy herds is
inextricably linked to complex and cyclical
morphofunctional changes in the reproduc-
tive system. Understanding these dynamics
is critical for developing protocols to improve
fertility. According to T. Sugiura et al. (2018),
the uterus is a key organ that exhibits constant
morphofunctional changes characteristic of the
oestrus cycle. Under the influence of hormonal
background, not only the height of the endo-
metrium changes, but also the shape of its cells,
the location of the nuclear apparatus, blood
vessels and numerous uterine glands necessary
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for nourishing the embryo in the early stages of
development are transformed.

Research by I.M. Sheldon et al. (2006) in-
dicated that among the cells of the cylindrical
epithelium of the uterine glands there are cells
in a state of mitosis, wandering cells, large bub-
ble-like cells located near the basement mem-
brane and present in the endometrium during
all stages of the oestrus cycle, especially when
oestrogen levels rise, whereas in atrophic en-
dometrium, “bubble cells” are not found. Ac-
cording to A. Pavlenko et al. (2023), throughout
the entire oestrus cycle, the uterus is filled with
fluid content formed as a result of transudation
of various blood serum components, secretion
of proteins, carbohydrates and other metabolic
products, the synthesis of which is carried out
in the cells of the glandular epithelium. Secre-
tion from epithelial cells occurs asynchronous-
ly, in an apocrine manner. This structure of the
surface epithelium ensures the implantation of
the zygote during pregnancy. J.S. Stevenson &
S.L. Pulley (2016) pointed out that under the
covering epithelium there is a stroma, together
with the uterine glands, containing a functional
and deeper basal layer, whereas the former does
not completely detach during the inhibition
phase, and the basal layer, due to which the en-
dometrium is restored during the next oestrus
cycle, is preserved in its entirety.

According to P. Saini et al. (2019), the sur-
face of the endometrium includes three mor-
phologically and functionally distinct areas:
the caruncular, intercaruncular, and glandular
areas, in which the ducts of the uterine glands
open. The histological specificity of these ar-
eas is quite heterogeneous, so the process of
placentation in them is completely different.
].S. Stevenson & S.L. Pulley (2016) indicated
that the connective tissue of the caruncle con-
tains a large number of cells of the reticuloen-
dothelial system and a well-developed capillary
network, and with age and during pregnancy,
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their number and size increase. According to
T. Taktaz et al. (2015), the covering epithelium
of the caruncular zone undergoes lysis in places
of direct contact with the tissues of the embryo,
therefore, on the surface of the exposed endo-
metrium, there are isolated islands of epitheli-
um that have a wavy appearance.

M. Zargar et al. (2020) suggested consider-
ing the uterine gland, the stroma surrounding
it, and the adjacent blood vessels as a structur-
al unit of the endometrium. Such a structural
unit is a multicellular system, the vital activity
of which is ensured by intercellular interaction
under the influence of steroid hormones and
paracrine factors. The authors believed that
the endometrium has a unique blood supply
system: these are, first of all, the terminal ves-
sels of the functional layer — spiral arterioles,
which change depending on the phenomenon
and stage of the oestral cycle, as well as hormo-
nally independent arterioles of the basal lay-
er, which ensure its constant blood supply and
whose destruction leads to irreversible uterine
infertility. According to A.G. Zhou et al. (2018),
in addition to creating a nutritious and sup-
portive environment for early pregnancy, the
endometrium plays a role in suppressing the
mother’s immune response to the antigenical-
ly foreign foetus. The covering epithelium also
secretes substances (steroids, growth factors,
enzymes, cytokines, prostaglandins), the func-
tion and interaction of which have not been
sufficiently studied.

M. Wang et al. (2018) noted that the cycli-
cal transformations of the functional layer of
the endometrium proceed in accordance with
the ovarian cycle in several successive stages.
The cyclical activity of the ovaries depends
on the formation of two temporary endocrine
structures: the mature dominant follicle (Graa-
fian follicle) and the corpus luteum. T.B. Ault-
Seay et al. (2022) noted that the functional state
of the epithelial cells of the uterine glands and
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the cellular elements of the endometrial stro-
ma during the oestrus cycle are characterised
by heterogeneity. The biological value of the
genotypic and phenotypic heterogeneity of a
homogeneous cell population in the compo-
nents of the endometrium lies in ensuring tis-
sue homeostasis, since heterogeneity at all lev-
els of organisation, starting from the molecular
level, contributes to the adaptation of cells and
tissues to changing environmental conditions
by involving reserve structures in the process.

According to E. Tuckerman et al. (2010),
morphological changes in the components
of the endometrium during the oestrus cycle,
which occur under the influence of 17b oestra-
diol and progesterone, allow to distinguish be-
tween the early and late stages of proliferation
and secretion. Meanwhile, T.B. Ault-Seay et
al. (2022) indicated that endometrial regenera-
tion begins against a background of low (basal)
levels of steroid hormones, and, more impor-
tantly, endometrial regeneration is significant-
ly influenced by growth factors, which are pol-
ypeptides that interact with cell membrane
receptors, initiating gene expression, metabo-
lism, and cell division. According to these sci-
entists, the functional layer of the endometri-
um is characterised by the connection between
structure and function in various phenomena
of the cycle: during oestrus, the structural and
functional characteristics of the epithelial cells
of the uterine glands are typical of growing and
multiplying cells, while during ovulation and
the inhibition phase, they are typical of cells
that perform a secretory function.

According to T. Taktaz et al. (2015), it is
during the proliferation stage in the glandular
crypts that processes occur that demonstrate
the growth and reproduction of cellular ele-
ments, as evidenced by an increase in nucleo-
protein metabolism of epithelial cells of the
glands and the accumulation of glycogen. Aer-
obic glycolysis processes predominate in the

endometrial tissue. .M. Sheldon et al. (2006)
founded that at the time of ovulation, the max-
imum amount of proteolytic enzymes accumu-
lates in the endometrium, and decidual trans-
formations begin in the stroma (the cells of the
compact layer increase in size, acquire a round-
ed or polygonal shape, glycogen accumulates in
their cytoplasm), significant vascularisation of
the stroma is observed, the endometrium tran-
sitions from the proliferation phase to the se-
cretion phase, and the secretory activity of the
uterine glands is stimulated.

According to M. Wang et al. (2018), the
physiological reorganisation of the maternal
part of the placenta before implantation is the
most important prerequisite for physiological
pregnancy, and the endometrium must be in a
hormone-dependent state of receptivity dur-
ing the self-regulating period, during which
the blastocyst adheres to the functional layer.
In the case of fertilisation of the egg, the ep-
ithelial layer of the endometrium undergoes
degenerative changes: focal proliferation of the
connective tissue stroma is observed, resulting
in the growth of caruncles with the subsequent
formation of septa and crypts on their surface,
and hypertrophy of the uterine glands. These
changes progress and become a factor deter-
mining the nature of placentation (Stevenson
& Pulley, 2016). During the equilibrium stage,
changes in the endometrium associated with
the flourishing and regression of the corpus lu-
teum consist in the disappearance of mitoses,
changes in the tortuosity of the spiral arteries,
and their location not only in the basal but also
in the superficial sections of the functional lay-
er of the endometrium.

P. Saini et al. (2019) believed that the divi-
sion of the oestral cycle into stages and phe-
nomena is rather arbitrary, since a high lev-
el of proliferation is maintained throughout
the oestral cycle, only the maximum amount
of progesterone after ovulation suppresses
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proliferative processes in the endometrium and
ovaries. It is believed that progesterone produc-
tion begins after puberty, mainly by the corpus
luteum of the ovaries and, to a lesser extent, by
the adrenal glands, as well as by the placenta
during pregnancy (Nagy et al., 2021). According
to E. Labarta et al. (2021), the cellular compo-
sition of the parenchymal zone of the ovaries
has also not been definitively determined. To
determine the stage of the oestrus cycle dur-
ing histological examination of the ovaries, it
is important to determine the condition of the
tertiary follicles and the preovulatory Graafian
follicle against the background of the condi-
tion and functioning of the corpus luteum. In
addition to the size of the follicles, informative
signs of oestrus may include an increase in the
number and ratio of atretic and primordial fol-
licles. Also, the presence of a mature, resorbed,
or residual corpus luteum is a marker of me-
toestrus and, in most cases, an indicator of sta-
ble, full-fledged oestrus cycles.

According to T. Pedersen & H. Peters (1968)
and J.L. Ireland et al. (2008), there are small,
medium and large follicles, which are in turn
divided into groups according to the number of
layers of follicular cells of the largest cross-sec-
tion. Small primordial follicles contain inactive
oocytes that are not surrounded by a layer of
follicular cells. Medium primordial follicles are
oocytes surrounded by a single layer of flat fol-
licular cells. Large primordial follicles can be
classified as medium-sized follicles, as they have
between 2 and 80 layers of follicular cells, but
no visually formed cavity. Large follicles have a
fully formed oocyte surrounded by a large num-
ber of layers of follicular cells (from 201 to 400),
but the follicle cavity is not completely filled
with follicular fluid. Preovulatory or antral fol-
licles have a cavity (antrum), and the follicular
cells (from 401 to 600) are separated by several
layers of follicular fluid. As the follicles grow
and develop from primordial to preovulatory,
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quantitative and qualitative changes occur:
the diameter of the oocyte increases, the shape
and number of follicular cells change, the theca
membrane appears, and its own vascularisation
develops (Labarta et al., 2021).

The extracellular matrix plays an equally
important role, influencing the morphology,
proliferation and connection between follicle
cells, forming paracrine and endocrine recep-
tors. The basement membrane, which separates
the follicular cell layer from the theca cells and
externally separates the follicle from the brain
matter, also changes. The transition from the
primordial stage to the primary follicle stage
is an irreversible process. A distinction is made
between initial and cyclical follicular metamor-
phosis. Initial maturation occurs continuously
throughout life, starting from birth, and is reg-
ulated by local growth factors. Cyclic matura-
tion begins with the onset of sexual maturity,
depends on the level of follicle-stimulating
hormone (FSH) and the expression of its recep-
tors, and is accompanied by follicular atresia,
which is not characteristic of initial maturation
(Kuru et al., 2022). T.B. Ault-Seay et al. (2022)
indicated that the increase in the diameter of a
mature follicle occurs mainly due to the thick-
ening of the layer of theca cells, on which re-
ceptors for luteinising hormone are formed.
The growth of follicles until the appearance of
a cavity in them is regulated by the interaction
between follicular cells and theca cells, as well as
follicle-stimulating and luteinising hormones.

The selection of the dominant follicle
occurs at the beginning of metestrus and is
caused by a decrease in FSH levels in the blood
in response to increased oestradiol synthe-
sis. After ovulation, the basement membrane
between the granulosa and theca cells breaks
down, the capillary vessels of the theca cell lay-
er grow through the granulosa layer, creating a
dense vascular network, and the granulosa cells
transform into luteocytes. However, the process
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of follicular cell luteinisation can begin without
follicle rupture, while ovulation and egg release
do not guarantee the physiological develop-
ment and functioning of the corpus luteum.
Structural regression of the corpus luteum be-
gins with the apoptosis of capillary endothelial
cells, which leads to the destruction of the cap-
illary barrier (Kuru et al., 2022).

Immune cells play an important role in
such important processes as follicular matura-
tion, ovulation, luteogenesis, and luteolysis. Ac-
cording to B.S. Muasa (2010), under physiologi-
cal conditions, the ovary contains immune cells
such as macrophages, neutrophils, eosinophils,
cytotoxic T cells, and NK cells. The populations
of these cells vary depending on the cycle, in-
creasing sharply before ovulation. According to
a study by B. Nagy et al. (2021), macrophages
do not affect the early stages of follicle growth
(primordial and primary), but they promote
their growth and development by regulating pa-
renchymal cell proliferation, producing growth
factors and cytokines, and at the same time
suppressing follicular cell apoptosis. Thus, the
cyclical histological remodelling of the ovaries
and endometrium must be taken into account
when fully assessing the reproductive system
of a cow, as well as when choosing a method
of stimulation and correction of reproductive
function. This is why it is necessary to study in
detail the morpho-histological transformation
of the endometrium during the oestrus cycle.

Materials and Methods

Methodology for determining structural
and morphological changes in the ovaries
and endometrium based on the manifesta-
tion of the stages of the sexual cycle

The material for the research was samples of
ovaries: selected from the middle part (the
plane from the curvature to the gate); and
endometrium - from the upper third of the
uterine horns. Ovarian and endometrial tissue

samples were taken from cows culled due to loss
of productive qualities, without pathological
changes in the reproductive system, aged 3-10
years: during oestrus (n=>5), metoestrus (n=>5),
and prooestrus (n=5). After collection, the tis-
sue material was fixed in a 10% neutral forma-
lin solution. Next, the endometrial fragments
were washed in water, dehydrated, cleared in
an alcohol-xylene solution, poured into par-
affin blocks, and histological sections 4-10 ym
thick were prepared on a Shandon Finnesse
325 (Thermo Scientific) rotary microtome. The
samples were examined using a binocular light
microscope with different magnifications, and
digital images of the preparations were ob-
tained using the “ZEN” digital imaging system
for “Carl Zeiss” microscopes (Germany) at the
Ukrainian-Swedish research centre SUMEYA
(Medical Institute of Sumy State University).
For review microscopy, histological prepara-
tions were stained with haematoxylin-eosin,
and for the study of connective tissue struc-
ture, with a picrofuchsin mixture according to
Van Gieson, using the methods described by
L.P. Horalskyi et al. (2015).

Method for determining the stages of the
sexual cycle in cows

Oestrus was diagnosed in cows that clearly
exhibited the immobility reflex at the peak of
luteinising hormone secretion. Metestrus (the
peak of corpus luteum activity) was diagnosed
on the 7*-8™ day of the oestrous cycle, since
by the 7" day the corpus luteum is formed and
hormonally active. The progesterone secreted
by the corpus luteum is sufficient for pre-preg-
nancy preparation of the uterus for embryo
implantation. Proestrus was diagnosed on the
17%-18™ day of the oestrous cycle in the pres-
ence of clinically pronounced hypertrophy and
hyperemia of the external and internal genital
organs (the beginning of proliferation under
the influence of liberins, which enhance FSH
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production and indirectly activate the growth
of primordial ovarian follicles).

Object and conditions of the study
Theresearchwas carried out in the laboratories of
Sumy State University (contract No. 87.01.03.11
on the provision of scientific and diagnostic ser-
vices dated 30 March 2011) and in the laboratory
of LLC “Health Diagnostics” in Sumy. Despite
the age of the material collected, the methods of
histological processing and analysis used remain
relevant. The morphological samples obtained
are of scientific value as unique primary mate-
rial that has retained methodological reliability
and reproducibility of results. The results have
not been published before. The current publica-
tion includes updated statistical processing and
modern interpretation of data in the context of
current scientific knowledge of the 2020s, which
provides a new level of understanding of the
structural and morphological features of the re-
productive system.

For the clinical and experimental studies,
meat and dairy breeds (Schwyz and Simmen-
tal) and dairy breeds (Holstein and Ukrainian
Black-and-White) of cows were selected, aged 3
to 10 years, with a body weight of 400-600 kg.
They were kept on dairy farms of various own-
ership forms in the Sumy region: JSC Breeding
Farm “Mykhailivka” of Lebedynskyi District; PE
“Vitaliya” of Burynskyi District; LLC AF “Vla-
dana” of Sumy District; LLC AF “Lan” of Sumy
District. The experimental farms used tethered
and untethered systems for housing cows in
typical cowsheds. With tethered housing, cows
rested and ate in stalls on tether. Each animal
had an individual feeder and drinker. Milking
was carried out in stalls on tethers or in milking
parlours. With tethered housing, cows moved
freely inside the cowsheds and in the exercise
yards. Feeders and drinkers were located at the
end of the cowsheds. Cows were milked in a
separate, specially equipped room.
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Experimental studies, animal husband-
ry, and all manipulations with animals were
carried out in accordance with modern meth-
odological approaches, in accordance with
the European Convention for the Protec-
tion of Vertebrate Animals Used for Research
and Other Scientific Purposes (1986), Law of
Ukraine No. 3447-1V (2006), and Order of the
Ministry of Education and Science, Youth and
Sports of Ukraine No. 249 (2012). The digital
material obtained in the studies was processed
using variational-statistical methods with
the use of statistical techniques (STATISTICA
10.0 for Windows) to determine the arithmetic
mean (M), the statistical error of the arithme-
tic mean (m), and the probability of difference
(P) between two variation series according
to Student’s criterion with values P < 0.05;
P<0.01; P<0.001.

Results and Discussion

Results of the study of histological, his-
tochemical and structural-morphological
changes in the endometrium

During the study of structural and morpho-
logical changes in the functional layer of the
endometrium during the sexual cycle, it was
found that at all stages of the oestrus cycle, the
endometrium is conditionally divided into ba-
sal and functional layers covered with epithe-
lial cells. The stroma contains uterine glands.
The surface of the endometrium contains mor-
phologically and functionally different areas:
glandular, intercaruncular and caruncular. The
glandular area is covered with resistant, inten-
sively secreting epithelium. It is on its surface
that the ducts of the uterine glands open.

The caruncular zone contains a complex of
decidual tissue capable of lysing microorgan-
isms, inactivating their toxins, and synthesising
carbohydrates, lipids, proteins, prolactin, and
prostaglandins. These functional features com-
plement the data of M.E. Diessler et al. (2023)




Morpho-physiological features of endometrial...

and M.]. Ruiz-Magana et al. (2022). In the in-
tercervical zone, the epithelium undergoes
temporary degeneration, while the endometrial
stroma does not change significantly.
Histological studies of the endometrium
of cows conducted by the authors of this work
complement and detail the findings of other

researchers, in particular in the works of

Y.A Amin & H.A. Hussein (2022) and Y.A. Amin et
al. (2025), since it has been found that during
oestrus: a clear division of the functional layer
into spongy and compact remains, while the ar-
terioles form maximally dilated and blood-filled
clusters with swollen walls (Fig. 1a).

Figure 1. Caruncular zone, functional layer of the endometrium
Note: a - oestrus; b — proestrus; c — metestrus; 1 - compact (superficial) layer; 2 - uterine glands. Coloured according

to Van Gieson, x 400
Source: developed by the authors

Mitotic activity of the epithelial cells of
the uterine glands has also been detected. Pro-
nounced oedema due to the growth of stromal
cells reveals decidual-like elements of the en-
dometrium (cells of the maternal part of the
placenta appear). Increased secretory activity of
endometrial cells leads to the formation of nu-
merous uterine glands in the form of clusters,
due to their elongated and sinuous shape. The
latter acquire enlarged cavities and are filled
with secretions rich in protein-carbohydrate
compounds. The epithelial cells of the uterine
glands are of uneven cubic shape, mainly multi-
nucleated with uneven vacuolisation due to the
accumulation of glycogen.

Histological examination of the endometri-
um during proestrus (17-18 days of the sexual

cycle) supplemented and detailed the data ob-
tained by Y.A. Amin & H.A. Hussein (2022),
M.E. Diessler et al. (2023), as it established the
presence of a clear division of the functional
layer into compact and spongy. The covering ep-
ithelium was smooth, gathered in folds, or wavy
(Fig. 1b). Numerous formed uterine glands were
located in the functional layer of the endome-
trium next to a small number of stromal cells.
The surface layer, on the contrary, contained
isolated unformed glands. Located close to
each other, the uterine glands did not contain
secretions and had a folded shape. There were
areas of separation between the stromal cells
and the epithelial cells of the glands (Fig. 1b).
The endometrial arterioles were dilated and
excessively tortuous. There were changes in
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the vascular territories due to narrowing of the
lumen of the vessels as a result of significant
hyperplasia of the intima. There were signs of
intravascular stasis, perivascular oedema with
loosening around the vascular fibrillar con-
nective tissue elements. Thrombotic masses
appeared in the vessels and their obliteration
was recorded, with the simultaneous formation
of paravasal fuchsinophilic connective tissue
fibres, indicating the onset of vascular territory
desolation and the development of remodelling
of the connective tissue matrix of the endo-
metrium due to replacement by newly formed
fibrillar elements.

Histological examination of the endome-
trium during metestrus (7-8 days of the sexual
cycle) showed no clear division of the function-
al layer into compact and spongy. The cover-
ing epithelium was smooth or wavy, partially
desquamated in the caruncle areas. The deep
layer of the endometrium contained a small
number of unformed uterine glands scattered
in the stroma; there were almost none in the
surface layer (Fig. 1c). There were dystroph-
ic-degenerative changes in the functional layer
of the endometrium, in the form of destruction
of the compact and spongy layers with signif-
icant thinning and disappearance of the clear
zoning of the latter. This is associated with hor-
mone-dependent cellular desquamation of the
compact and spongy layers of the endometri-
um. During metestrus, massive apoptotic death
was observed in the cells of the functional lay-
er, accompanied by karyopyknosis, karyorhexis,
and hyperchromatosis of the cytoplasm. This
is due to the development of hypoxic changes
in the surface areas of the functional layer as
a result of involution and desolation of vascu-
lar territories. Along with apoptosis of stromal
cells, spindle-shaped cells with mitotic division
were found, indicating simultaneous processes
of cell proliferation with apoptosis. This may be
related to the following fact: during the stage of
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corpus luteum development, against the back-
ground of dystrophic-degenerative changes, re-
generative processes occur simultaneously.

Results of the study of histological, his-
tochemical and structural-morphological
changes in the ovaries

The study of structural and morphological
changes in the ovaries is a widespread prac-
tice in scientific research, but the specifics of
remodulation changes during the sexual cycle
require well-founded additions, since the com-
bined study of the ovaries and endometrium is
diagnostically important in defining the stage
of the oestrus cycle, because the histology of
other organs of the reproductive system of cows
is less informative. Histological examination of
the ovaries of cows during oestrus revealed that
the cortical substance is broad and contains
mainly densely packed spindle-shaped connec-
tive tissue cells that form elastic fibres. A small
number of stromal cells are subject to luteinisa-
tion. The medulla of the ovary consists of loose
connective tissue that forms a well-developed
connective tissue matrix and contains elastic
smooth muscle fibres. Along the course of the
nerve fibres, groups of polyhedral cells with
oxyphilic cytoplasm were visible. A large num-
ber of elastic fibres of the medulla surround-
ed a dense network of ovarian vessels, nerve
endings, and specialised cells similar to the
interstitial cells of the testes, known as Leydig
cells. The protein membrane, consisting of cells
of dense connective tissue with admixtures
of smooth muscle and elastic fibres, is clearly
visible. The protein membrane lies under the
covering epithelium (formed by cells of a low
single-layer cylindrical epithelium) and the un-
derlying cortical substance (Figs. 2a, 2b). The
primordial follicles were ellipsoidal in shape
and had no membrane. At the poles of the pri-
mordial follicles were flattened follicular cells
surrounding a small oocyte.
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Figure 2. Surface epithelium of the ovary
Note: a — oestrus (x 100); b — prooestrus (x 100); ¢ — metoestrus (x 400); 1 — covering epithelium; 2 — protein
membrane; 3 — spindle-shaped fibres; 4 — primordial follicle. Staining according to Van Gieson

Source: developed by the authors

Large tertiary follicles reached 5-8 mm in
diameter and appeared under the microscope
as large cavities filled with fluid (Fig. 3). The
spherical inner layer of the tertiary follicle con-
sisted of 5-6 layers of follicular cells. Some of
the tertiary follicles located near the dominant
follicle were atretic. The corpus luteum of the
previous cycle appeared as wide strips of lutein

cells in the stage of degeneration, as evidenced
by foamy cytoplasm with large vacuoles. Fi-
brosis of the corpus luteum cells was observed.
There were also corpus albicans without any
clear remnants of corpus luteum cells. The lat-
ter contained loose connective tissue, intercel-
lular substance with lutein cells located in it,
and collagen fibres.

Figure 3. Corpus luteum, secondary and atretic follicles
Note: a — metestrus; b — proestrus; ¢ — oestrus; 1 — corpus luteum; 2 — secondary follicle; 3 — atretic follicle; 4 —

ovarian vessels. Van Gieson staining, x 400
Source: developed by the authors
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The primary follicles contained a large
oocyte surrounded by a membrane and a layer
of cubic-shaped follicular cells. The cubic shape
of the follicular cells is formed due to the onset
of replication, as the latter acquire a cube-like
shape in prophase and metaphase. This indi-
cates active metabolic and remodelling chang-
es in the ovary, as cuboid follicular cells divide
faster than flat ones, as confirmed by the re-
search of M. Kuru et al. (2022). After ovulation,
the ovary contains a spherical layer of follicular
cells with blood elements, which is a conse-
quence of the ovulated Graafian follicle.

As a result of studying the ovaries during
metestrus, data was obtained that clarifies the
research of I. Nanas et al. (2021), as it was found
that the main feature of this phase is the pres-
ence of one or more large corpus luteum in the
cortical zone. The latter are almost completely
structured, but sometimes there are cavities with
blood cells in the centre (Fig. 3). The lutein cells
had large nuclei with noticeable nucleoli and eo-
sinophilic cytoplasm. Corpus luteum from pre-

vious cycles were also present in the ovary, but
contained loose connective tissue, intercellular
substance, collagen fibres, and sometimes rem-
nants of lutein cells in the stage of degradation.
In the ovaries of cows during proestrus (Fig. 3b),
small tertiary follicles are observed, smaller in
diameter than Graafian follicles. Most of these
follicles show no signs of atresia, unlike in the
metestrus stage. The corpus luteum is in the
stage of resorption, but does not have wide bands
of lutein cells, similar to the oestrus stage.
Follicular atresia (Fig. 4) was recorded
in the ovaries during proestrus, oestrus and
metestrus due to the fact that the follicular
cells lost contact with the follicle wall, after
which the follicle cavity was filled with fibro-
blasts. Due to the degeneration of follicular
cells and theca cells, so-called hyaline eosin-
ophilic masses are formed, since follicular cell
atresia causes the death of the entire follicle,
including the oocyte. In addition, atresia is
accompanied by follicle resorption, which in-
cludes macrophage infiltration, phagocytosis,

Figure 4. Ovarian follicular atresia
Note: a — proestrus, atresia of primary follicles (x 100); b — metestrus, atresia of tertiary follicles (x 400); c — oestrus
after ovulation, atresia of secondary follicles (x 1000); I — fibroblasts in the follicle cavity; 2 - atresia of the secondary
follicle; 3 — hyaline eosinophilic masses; 4 — primary follicle at the stage of atresia; 5 — macrophage; 6 — lymphocyte;
7 — fibrocyte; 8 - fibroblast. a and b — Van Gieson staining; ¢ — haematoxylin and eosin staining

Source: developed by the authors
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migration of fibroblasts from the theca, and
collagen accumulation. The above processes are
similar to those observed during wound healing
(Schultz & Wysocki, 2009).

Cell atresia is a physiological component of
tissue homeostasis. There are several types of
atresia. In the case of destruction of all layers of
follicular cells, “antral (apical) atresia” and basal
atresia (Rodgers & Irving-Rodgers, 2010) are di-
agnosed, characterised by the destruction of the
follicular membrane of the follicles closest to the
dominant follicle. Apical atresia was recorded
during proestrus, oestrus and metestrus (Fig. 4),
which are more extensive studies compared to
the previously presented data from scientists.
Numerous pyknotic nuclei are visible in the cells
of the apical layer of follicular cells of primary,
secondary and tertiary follicles (Fig. 3c). In the

case of destruction of the basal layer of follicu-
lar cells, while maintaining the integrity of the
inner layer, “basal atresia” is diagnosed, as de-
scribed by W.M. Noseir (2003), which was record-
ed during proestrus and oestrus (Figs. 4a, 4c).

These studies necessitated the calculation
of the ovarian follicular reserve of cows in teth-
ered and untethered housing systems in a com-
parative aspect, since this indicator correlates
with the data of ].B. Santos et al. (2025) with
veterinary and sanitary housing conditions and
can be used in assessing reproductive capacity.
The results of the comparison are shown in Ta-
ble 1. Tethered cows demonstrated a tendency
towards a larger ovarian reserve than unteth-
ered cows. The number of follicles in the right
ovary was slightly higher than in the left ovary
in cows in both housing systems

Table 1. Influence of housing conditions on the average number
of follicles in cows’ ovaries in comparative terms

Number of follicles in the ovaries

Conditions for housing cows

Right ovary Left ovary Both ovaries
Tethered housing 9.21 +0.27 8.87+0.44 18.08 £0.31
Untethered housing 9.09+0.18 8.71 £0.36 17.8 +0.24

Source: developed by the authors

There was a lack of scientific data on the
difference in physiological activity between
the left and right ovaries of cows in the avail-
able literature, but M.N. Purpera et al. (2009)
claimed that the number of follicles in the right
ovary exceeded that in the left ovary, which
was confirmed by the current study. The data
obtained also confirmed the results of N. Yim-
er et al. (2010), who claimed that the activity
of the right ovary is due to better blood supply.
A reasonable analysis of the ovarian reserve of
tethered and untethered cows allows to con-
clude that the tethered method has obvious ad-
vantages, as it causes a stable tendency towards
a greater number of follicles in the ovaries. It
can be assumed that the tethered method of

housing, which requires the assignment of per-
sonnel to care for each cow, has a positive ef-
fect on physiological reproduction indicators,
since the formation of the main herd involves
the participation of service personnel who are
personally interested in obtaining the largest
amount of high-quality products.

Conclusions

The aim of the study was to investigate mor-
phological and physiological changes in the
ovaries and endometrium of cows during the
oestrus cycle for the further development of
evidence-based methods for correcting sexual
cyclicity. Based on the histological and mor-
phological analysis, it was confirmed that the
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reproductive organs of cattle are character-
ised by high plasticity and regenerative quali-
ties. Their functional state is completely hor-
mone-dependent, has autonomous regulation
of its own enzyme apparatus, local immune
system and is capable of steroidogenesis, which
is the result of a regenerative-adaptive tissue
response to constant hormonal changes.

In the course of the work, the physiological
and histological features of the morphological
restructuring of the ovaries and endometrium
in the key phases of the cycle were studied in
detail. During proestrus, the endometrium
showed a folded form of the uterine glands
without secretion, and the vessels were re-
placed by newly formed fibrillar elements. At
this time, the ovaries were dominated by ter-
tiary follicles without signs of atresia, while
the corpus luteum from previous cycles was
in the stage of resorption. The oestrus phase
was characterised by maximally dilated and
blood-filled arterioles of the endometrium,
and the epithelial cells of the uterine glands
were multinucleated with pronounced vacu-
olisation, indicating glycogen accumulation.
At the same time, active metabolic and remod-
elling changes associated with preparation for
ovulation were taking place in the ovaries. At
the metestrus stage, fully structured corpus
luteum were found in the cortical zone of the
ovaries, while signs of hormone-dependent

desquamation and intense cell proliferation were
simultaneously observed in the endometrium.

The results obtained conceptualise the
consistency and synchrony of morphological
transformations of the endometrium and ova-
ries, emphasising the critical importance of
timely detection and correction of dysfunctions
at the tissue level. This holds practical signif-
icance for improving artificial insemination
protocols and developing differentiated pro-
grammes for hormonal support. In view of this,
a promising direction for further research in-
volves a detailed analysis of the cyclical dynam-
ics of hormone receptors in different layers of
the endometrium, which will allow the creation
of precise methods for correcting sexual cyclici-
ty, taking into account the individual sensitivity
of animals. Further research will focus on stud-
ying the dynamics of biochemical indicators of
ovarian tissue during the oestrus cycle, which
will allow for the rational correction of the re-
productive capacity of cows.
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AHorTanig. PeHTabenbHiCTb MOJIOYHOTO CKOTApCTBAa HAMpPSIMy 3aJeXUTb Bif iHTeHcubikarii
MMOKa3HMKiB BiZTBOPEHHS, II0 BUMarae 36iJbIlIeHHS BilCOTKY OTPMMAaHHS TeJISAT Ha CTO KOPiB Ta
ONTMMi3allii MOJIOUHOI MPOAYKTUBHOCTI. 3 OIJISITY HAa HEOOXiAHICTh MigBUIEeHHS ePeKTUBHOCTI
BiITBOpEHHSI, METOI0 JOCIiIKeHb Oyl0 3’scyBaHHS MOpdO-(di3ionoriunux 3MiH SIEYHUKIB Ta
€HJIOMETPisl KOpiB IPOTSITOM €CTPaJbHOTO IMKIY AJIS MOAAJbIIOI PO3POO6KM OBI'PYHTOBAHUX
MEeTO/IiB KOPEeKIIii cTaTeBOi IIMK/IIYHOCTi. AHai3 ricTONOriYHMX 3pa3KiB BUSIBUB HMU3KY BaXKIMBUX
3MiH. Y a3y ecTpycy eHIOMeTpiii JeMOHCTPYE MaKCUMaabHy HAGPSIKIiCTh i KPOBOHATIOBHEHHSI
aprepion, Tomi SIK KAiTMHU (GYHKIITHOTO Iapy Ha6yBalOTh MelyAYaJIoNoAi6HOCTI 3a paxyHOK
aKTMBHOTO POCTY KIiTMH cTpomu. UMciaeHHI MaTKOBi 3a703M MaloTh 3BUBUCTY (opmy Ta
po3lIMpeHi TOPOXKHMHM, HATIOBHEHi CeKpeToM, IIPU 1[bOMY elliTesia/ibHi KIiTUHU 327103 CTal0Th
GaraTosiIepHMMM 3 BaKyoJli3alli€elo yepe3 HaKOIIMYEHHS IJIiIKOTeHY. B sieuHMKax peecTpyroThCst
repBUHHI GOJTiKY/IM 3 Ky6iuHO0 (opMOI0 GOMiKYISIPHUX KITiTIUH, 0 BKa3ye Ha aKTUBHI IpoIiecu
perutikamii Ta pemomynsiii, OCKiJIbKM KyOOBMIOHI KIITMHM MOiIATHCS IIBUAIIE, HiXK TUIOCKI.
[IpoTarom mpoecTpycy MOKPUBHMUIA ermiTeniii eHgoMeTpis cTa€ XBUJISICTMM, a MAaTKOBi 3a/1031,
X0ua Ji UMCIeHHi, MiCTSATbCS IIOPYY i3 He3HAYHOIO KiJIbKICTIO KIIiTUH CTPOMM, HEe MICTSITh CEKpeTy
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Morpho-physiological features of endometrial...

Ta MawTb ckiamuacty Gopmy. CyauMHHI 3MiHM BKIIOYAIOTh rinmepruiasito iHTMMM apTepion
3i 3BY)KEHHSIM IIPOCBiTYy Ta 06JiTepalli€elo TPOMOOTMUHMX Mac, IO € TMOYAaTKOM 3aIyCTiHHS
CYOVHHMX TE€PUTOPIiil i peMOIy/IsILil CIIOMyYHOTKAaHMHHOIO MaTpukey. Ha 1iit dasi B sieuHuKax
HasiBHI TpeTMHHi Qomikyau 6e3 o3HaK aTpesii Ta XOBTI Tina Ha cTafii po3cMokTyBaHHs. Pa3a
METeCTpPyCy XapaKTepU3YETbCSI YTBOPEHHSM BeIMKUX, Malike IIOBHICTIO CTPYKTYpPOBaHUX
SKOBTUX TiNl i3 BeJIMKMMU SIApaMM JIIOT€IHOBUX KJIITUH, TOZI SIK SKOBTi Tijia MmormepeaHiX IUKIIIiB
JIeMOHCTPYIOTh O3HAKM Jerpazaliii. B enmomerpii rmig yac MeTecTpycy 0JHOYACHO HasIBHI O3HAKU
TOPMOHO3aJIeKHOI JecKkBamarlii ¥ aKTMBHOI KIITMHHOI mposideparnii. [TpakTuyHa IiHHICTD
IOCJTiIKeHHSI TIOJISITA€ Y CTBOPEHHI HafiitHOi MOP(hOIOriYHOi OCHOBH, SIKA JeTAIbHO PO3KPUBAE
MexaHi3M TOPMOHO3a/IeXKHUX 3MiH, AJs1 PO3pO6KM OGIPYHTOBAHUX IIPOTOKOJIB IiaTHOCTUKM Ta
MeTO/iB KOpeKIlii TOpMOHa/IbHOTO CTATyCy i cTaTeBOi IIMKIiUHOCTI

KiiouoBi citoBa: rictosoriuHi sMiHy eHgomMeTpist; QomiKyIu s€uHMKa ; SEUHUKOBMIA Pe3ePB; SKOBTI
Tina; disionoris craTreBOro LUKy
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