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Abstract. The relevance of studying the oesophageal tonsil of ducks at the early stages of the
postnatal period of ontogenesis is linked to the need to analyse how the levels of structural
organisation of its lymphoid tissue are established. In this context, the aim of the research was to
determine the localisation and form of the lymphoid tissue of the oesophageal tonsil in Blagovarsky
cross broiler ducks from 1 to 240 days of age. Morphometric investigations were carried out and
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the topography of the oesophageal tonsil was determined in ducks of the studied age groups.
Biological material was fixed in a 10% solution of neutral formalin. For histological examination,
paraffin blocks were prepared on a sledge microtome and histological sections were obtained,
which were stained to reveal the structural features and area of the tissue components of the
oesophageal tonsil. It was established that in ducks, the oesophageal tonsil was macroscopically
visualised at the transition of the mucous membrane of the caudal part of the oesophagus into
the glandular part of the stomach. Changes in its length and width were asynchronous. Up to
5 days of age, the lymphoid tissue of the oesophageal tonsil was represented only by the diffuse
form. In ducks aged 10 days and older, primary and secondary nodules appeared. By 15 days of
age, the oesophageal tonsil had reached morphofunctional maturity and was characterised by
fully developed lymphoid tissue. In day-old ducklings, an infiltration of the glandular portions of
the oesophageal glands and the excretory ducts by lymphocytes was observed. With increasing
age, intensive colonisation of the epithelium of the oesophageal glands and the excretory ducts
by lymphoid cells was recorded. As a result, the lumina of the glands narrowed and transformed
into crypt-like openings that opened into the lumen of the oesophagus. The data obtained on the
development of the lymphoid tissue of the oesophageal tonsil in broiler ducks during the initial
age phases can be used to optimise rearing processes, improve productive performance and refine
vaccination strategies to prevent dangerous infectious diseases

Keywords: immune formations; lymphoid nodules; morphometric investigations; poultry;
mucous membrane of the oesophagus

Introduction

In phylogeny, the organs of haematopoiesis
and lymphopoiesis of birds occupy a special
place. In birds, lymphoid tissue is for the first
time separated from myeloid tissue, although
both branches remain closely connected, form-
ing a single haematopoietic system (Pendl &
Schmidt, 2024). The formation of lymphoid tis-
sue in ontogenesis takes place in direct contact
with blood vessels, which mirrors its phyloge-
netic development and its dependence on the
vascular bed (Hantusch, 2024). A characteristic
feature of birdsis the presence of another central
organ of haematopoiesis and lymphopoiesis —
the cloacal bursa (bursa of Fabricius), which is
not found in other cloacal animals. In the course
of phylogeny, birds also developed the Harderi-
an gland, typical of vertebrates except for pri-
mates and humans, which has been described
in detail in the works of LR. Tizard (2024)

and A. Jamil et al. (2024). An oesophageal tonsil
has likewise been identified, which is unique for
this class and is not found in other vertebrate
species (Capota et al., 2025).

Another important sign of the transition of
the immune system to a higher level of struc-
tural and functional organisation is the forma-
tion in waterfowl of structures similar to the
lymph nodes of mammals. These were stud-
ied by C. Ceccopieri & J.P. Madej (2024) and
H. Pendl & R.E. Schmidt (2024). As shown by
these authors, in birds, due to the absence of
classical lymph nodes, the diffuse lymphoid
tissue is extremely well-developed. It forms
in places of potential antigen penetration and
sites of antigenic stimulation. An example of
such tissue is the lymphoid tissue associat-
ed with mucous membranes (MALT — mucous
associated lymphoid tissue), which includes
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bronchus-associated lymphoid tissue (BALT —
bronchus associated lymphoid tissue), na-
sal-associated lymphoid tissue (NALT - nasal
associated lymphoid tissue) and gut-associated
lymphoid tissue (GALT - gut associated lym-
phoid tissue). Additional, though less described,
components of MALT include conjunctiva-as-
sociated lymphoid tissue (CALT - conjunctiva
associated lymphoid tissue), larynx-associated
lymphoid tissue (LALT - larynx associated lym-
phoid tissue) and lymphoid tissue associated
with the excretory ducts of the salivary glands
(DALT - salivary duct associated lymphoid tis-
sue). According to the conclusions of C. Ceccop-
ieri & J.P. Madej (2024), owing to the activity
of immunocompetent cells — dendritic cells,
T- and B-lymphocytes — MALT contributes to
the formation of long-term local immunity.

The bodies of waterfowl are exposed to
increased antigenic load, which is determined
by the habitat. Therefore, the immune system
of these birds includes both lymph nodes and
MALT. The oesophageal tonsil in birds belongs
to the peripheral organs of haematopoiesis
and lymphopoiesis and is part of the group of
lymphoid formations associated with mucous
membranes (MALT — mucous associated lym-
phoid tissue). According to H.M. Ali et al. (2023),
this organ plays a key role in shaping the local
immune response to pathogens entering the
body through the digestive tract.

For this reason, investigation of the mor-
phofunctional features of the oesophageal
tonsil in ducks is an important task for a deep-
er understanding of the immune mechanisms
in these birds. Analysis of age-related chang-
es in its structure makes it possible to identi-
fy stages in the development of the immune
system and to optimise housing conditions,
feeding, and vaccination to ensure high health
status and productivity. The aim of the study
was to determine the patterns of formation of
the lymphoid tissue of the oesophageal tonsil

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1

in ducks from hatching to the onset of sexu-
al maturity. To achieve this aim, the following
tasks were set: to determine the macroscopic
indices and features of the microstructure of
the lymphoid tissue, its interrelations with the
oesophageal glands and the surface epitheli-
um of the mucous membrane; to determine
the area of the lymphoid tissue, the levels of
its organisation and its interrelations with the
components of the mucosa.

Literature Review

Current scientific research points to the leading
role of the organs of haematopoiesis and lym-
phopoiesis in maintaining immune homeosta-
sis in animals. Peripheral lymphoid formations,
which are the first to come into contact with
environmental antigens, are particularly im-
portant in this respect. The organs of haemato-
poiesis and lymphopoiesis in animals are divid-
ed into central and peripheral. In the central
organs, blood cells develop; in the peripheral
organs, under the influence of antigens, lym-
phocytes differentiate into effector cells that
ensure immunity and the elimination of foreign
agents from the body (Akhand & Ahsan, 2023).

The central organs are situated in regions
of the body protected from the direct action
of antigens, whereas the peripheral organs are
located at the sites where antigens enter the
organism. As noted by J.I. Park et al. (2023)
and L.V. Kadirova (2024), most antigens en-
ter with feed and water through the digestive
tract, in the wall of which about 70% of the
lymphoid tissue of the body and 80% of its im-
munocompetent cells are concentrated. It is
lymphoid tissue that forms the functional ba-
sis of the peripheral organs of haematopoiesis
and lymphopoiesis.

One of the key components of the immune
system of birds is the oesophageal tonsil, which
belongs to the lymphoid formations associat-
ed with mucous membranes (MALT — mucous
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associated lymphoid tissue) and functions
as a peripheral organ of haematopoiesis and
lymphopoiesis. According to F. Davison (2022),
because representatives of this class lack the
pharyngeal lymphoid ring of Pirogov-Wald-
eyer, the oesophageal tonsil is the first organ
to respond to antigens entering with feed and
water. It is located in the mucous membrane
of the caudal part of the oesophagus, at the
boundary with the glandular part of the stom-
ach, and is represented by diffuse and nodular
forms of lymphoid tissue (Zeinali et al., 2024).
M. Rochman et al. (2025) confirmed that this
formation actively responds to antigenic stim-
uli entering via the oesophagus and plays an
important role in the local immune response
to pathogens that penetrate the organism
through the digestive tract.

The morphofunctional features of the oe-
sophageal tonsil in birds, particularly in ducks,
as indicated by J. Mehrzad et al. (2024), are of
considerable scientific interest, since the study
allows a deeper understanding of the mecha-
nisms of immune response to external stimuli.
Analysing age-related changes in the structure
and function of this organ helps to identify crit-
ical periods in the development of the immune
system, to optimise the conditions of housing
and feeding, and to improve vaccination strate-
gies aimed at increasing productivity and main-
taining health. The oesophageal tonsil in ducks,
as shown by N.I. El-Naseery et al. (2021), begins
to form as early as the fifth day after hatching,
which underlines its important role in the early
development of the immune response. During
the development of the organ, significant chang-
es occur in the total amount of lymphoid tissue
and in the levels of its structural organisation.
The total amount of lymphoid tissue reaches a
maximum at 30 days of age and then gradually
decreases. According to J. Mehrzad et al. (2024),
this may be related to adaptation to constant

antigenic stimuli and the establishment of a sta-
ble immune response. With age, a redistribution
of lymphoid tissue takes place, with a decrease in
its diffuse form and an increase in the proportion
of connective tissue, which points to changes in
the lymphopoietic processes of the organ.

A crucial indicator of the function of the
oesophageal tonsil is the presence of a sub-
stantial number of immunocompetent cells.
C. Ceccopieri & J.P. Madej (2024) noted that
the presence of T- and B-lymphocytes, plasma
cells, macrophages, and monocytes ensures the
development of cellular and humoral immuni-
ty. In older birds, the number decreases, which,
in the opinion of J. Mehrzad et al. (2024), may
be associated either with the achievement of a
stable immune response or with general chang-
es in the functioning of the immune system.

External factors, vaccination in particular,
also influence the morphogenesis of the oe-
sophageal tonsil. S. Guralska et al. (2023) re-
ported that in vaccinated birds, its morphofunc-
tional maturity occurs earlier, which confirms
the role of antigenic stimulation in the devel-
opment of the immune system. This also high-
lights the importance of the organ as an indica-
tor of the effectiveness of vaccination strategies
(Lestari et al., 2023). In turn, N. Yildirim (2024)
showed that age-related changes in the struc-
ture and function of the tonsil have practical
significance for adjusting vaccination methods,
treating infections and conducting immunolog-
ical monitoring, since the regenerative capacity
of the organ declines with age. Thus, studying
the morphofunctional changes in the oesoph-
ageal tonsil in ducks is necessary for a better
understanding of the mechanisms of immunity
formation in this species. Knowledge of age-re-
lated changes in the oesophageal tonsil will
help to optimise methods of housing, feeding
and vaccination, as well as to improve disease
prevention strategies in poultry farming.

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1




Usenko et al.

Materials and Methods

The research was carried out from September 2023
to March 2025 in the Teaching-Scientific-Pro-
duction Laboratory “Centre of Biomorphological
Technologies” of the Department of Verte-
brate Biomorphology named after Academician
V.H. Kasyanenko. The present work continues
investigations performed in 2012-2013, the re-
sults of which were partly published in scientif-
ic articles by V.T. Khomych & S.I. Usenko (2012;
2013). In the publication by V.T. Khomych &
S.I. Usenko (2012) information was presented
on the localisation of the lymphoid tissue of
the oesophageal tonsil in the lamina propria
and submucosa of the oesophageal mucosa in
ducks aged 1-20 days. The age of the ducks at
which different levels of structural organisa-
tion of lymphoid tissue (diffuse form, prenod-
ules, primary and secondary lymphoid nodules)
appear and its area in the mucous membrane
were determined. In the publication by V.T. Kh-
omych & S.I. Usenko (2013) the investigation of
the lymphoid tissue of the oesophageal tonsil
in ducks aged 25-120 days was continued and
morphometric indices of the oesophageal ton-
sil, the area of its lymphoid tissue and the lev-
els of its development were provided. For a full
understanding of the patterns of development
of the oesophageal tonsil in ducks from hatch-
ing to the onset of sexual maturity (180 days)
and its subsequent development, the present
study used the findings of the investigations
from 2012 to 2013 and extended the examina-
tion of this immune formation in ducks aged
150-240 days. In addition, the studies from
2012 to 2013 were supplemented. Specifically,
in ducks aged 1-25 days, macroscopic indices
of the oesophageal tonsil were determined; in
ducks aged 1-120 days, changes in the linear
measurements of the mucosal folds of the oe-
sophagus in the region of the oesophageal ton-
sil and in adjacent areas, and the relationships
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between the lymphoid tissue and the oesopha-
geal glands, were examined.

Material for the study was taken from 68
Blagovarsky cross broiler ducks aged 1 day, 5,
10, 15, 20 and 25 days (six birds in each age
group) and 30, 60, 90, 120, 150, 180, 210 and
240 days (four birds in each age group). Pre-
ventive vaccinations were not carried out in
these birds. After ether anaesthesia, eutha-
nasia was performed by acute exsanguination
in accordance with the general ethical prin-
ciples of O.H. Reznikov (2003). The authors
state that the provisions of the Law of Ukraine
No. 3447-1V (2006) were compiled with and the
ARRIVE recommendations (n.d.) were taken into
account. As this research was post-mortem, the
standards of OIE/WOAH (n.d.) were followed.

After opening the carcasses of the ducks,
the caudal part of the oesophagus and the cra-
nial part of the glandular stomach were dis-
sected in the thoraco-abdominal cavity and
cut longitudinally with fine-pointed scissors.
In the caudal part of the oesophagus, the to-
pography, relief, and colour were recorded. The
length and greatest width of the oesophageal
tonsil were measured with callipers and a ruler
(DSTUENISO 13385-1:2018,2018). After sam-
pling material for histological examination, it
was labelled and fixed in a 10% aqueous solu-
tion of neutral formalin. The next stage was
the preparation of histological sections. For
this purpose, the fixed material was washed
in tap water, dehydrated in ethanol solutions
of increasing concentration and then embed-
ded in paraffin. Histological sections 5-10 pm
thick were cut on an MPS-2 sledge microtome
(Tochmedpribor, Ukraine). The obtained histo-
logical slides were stained with Carazzi hae-
matoxylin and eosin, according to Mallory, Van
Gieson and Weigert (Horalskyi et al., 2015).
The structural components of the lymphoid
tissue (reticular fibres) were demonstrated by
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impregnating the sections with a 1% aqueous
solution of silver nitrate. After staining and
impregnation, the histological preparations
were examined using Olympus (Japan) and
Levenhuk (China) light microscopes.

The results obtained were recorded in
protocols, and the numerical indices were
processed statistically on a personal comput-
er using Excel and Statist software. Statistical
processing of the data included calculation
of the mean value, the standard error of the
mean and the P-value for testing the statisti-
cal significance of the results, in accordance
with the requirements of morphological stud-
ies. A P-value of less than 0.05 was considered
statistically significant. These methods made
it possible to identify patterns in changes in
lymphoid tissue in the different age groups of

ducks and to assess the statistical significance
of the findings obtained.

Results and Discussion

In conformity with the results of the investi-
gations, the anatomically defined location of
the oesophageal tonsil in ducks is the mucous
membrane of the caudal part of the oesophagus
in the region where it passes into the glandular
part of the stomach. The mucous membrane of
the oesophagus forms folds, owing to which the
lumen of the oesophagus widens as the bolus of
feed passes through. The position of the lym-
phoid tissue of the oesophageal tonsil is closely
related to the longitudinal folds of the oesoph-
agus. In the age groups of ducks studied, the
mucous membrane forms 7-12 folds, in which
the tonsil is localised (Fig. 1).

Figure 1. Oesophageal tonsil of ducks of different ages
Note: A — at 5 days of age; B — at 120 days of age. Macroscopic specimen

Source: V.T. Khomych & S.I. Usenko (2012; 2013)

Macroscopically, the oesophageal tonsil was
identified in ducks at 5 days of age and appeared
as a pale band. The width of the band corre-
sponded to the perimeter of the oesophagus and
measured 1.97 #0.02 cm, while its length was
0.9£0.06 cm. By 10 days of age, the oesophageal
tonsil had the form of a yellowish ring-shaped,
nodular band. This appearance remained the
same in ducks of all older age groups, and only its
linear dimensions (length and width) changed.
V.R. Indu & K.M. Lucy (2021) reported that in

hens, the oesophageal tonsil appeared as isolat-
ed pale patches located at the base of the folds.
Changes in the linear dimensions (length
and width) of the oesophageal tonsil of ducks
with age were asynchronous and periodic. The
most intensive increase in the length of the oe-
sophageal tonsil was observed in ducks aged
5-10, 10-15 and 60-90 days, by 37.8% (P <0.01),
33.1% (P < 0.001) and 31.1% (P < 0.001) re-
spectively, while the width increased most
noticeably between 20 and 25 days, by 48.54%
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(P <0.001). The greatest values of length and
width of the oesophageal tonsil were recorded

70

in 120-day-old ducks, at 3.78 £ 0.25 cm and
0.84+0.11 cm respectively (Fig. 2).
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Figure 2. Morphometric indices of the oesophageal tonsil at the early stages
of the postnatal period of ontogenesis and the area of its lymphoid tissue
Note: different colours indicate the area, length, and width of the oesophageal tonsil

Source: developed by the authors

Subsequently, a tendency towards a de-
crease in the width of the oesophageal tonsil
was observed. The most marked reduction in
this index, by 2.4% (P < 0.001), was found in
ducks aged 120-150 days, when the width of the
tonsil decreased to 0.81 +#0.14 cm. In the age
groups of 180 and 210 days, the width of the oe-
sophageal tonsil remained almost unchanged
(0.81+0.8 cm and 8 +0.1 cm respectively). By
240 days of age it decreased by a further 1.25%
(P<0.001) and was 0.79%0.02 cm. In ducks aged
150-240 days, the length of the oesophageal
tonsil remained almost unchanged and ranged
from 3.79%0.21 cm to 3.78 £0.38 cm. L.O. Bu-
hai (2008), who examined this immune forma-
tion in Muscovy ducks from the first day of life
to sexual maturity, also reported periodic and
asynchronous growth and development of the
oesophageal tonsil.

Analysis of the relationship between the
development of the area of lymphoid tissue of
the oesophageal tonsil and its macroscopic in-
dices showed that the area of lymphoid tissue
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of the oesophageal tonsil in the mucous mem-
brane of the oesophagus reached its maximum
values in ducks at 20 days of age and remained
almost unchanged in 25-day-old ducks. In
contrast, the linear dimensions reached the
maximum values only in 120-day-old ducks.
In older age groups (150-240 days), as noted
above, the length and width of the oesophage-
al tonsil remained almost unchanged. The area
of lymphoid tissue (Fig. 2), however, tended
to decrease, except in the group of ducks aged
180 days, in which a slight increase in this index
was recorded (by 2.9%, P <0.001). Thus, quanti-
tative changes in the area of lymphoid tissue of
the oesophageal tonsil did not influence chang-
es in its macroscopic indices.

In the region where the oesophageal tonsil
is located, thickening of the wall of the oesoph-
ageal mucosa relative to adjacent areas was also
noted. According to the results obtained, this is
related to an increase in the height and max-
imum width of the folds of the mucous mem-
brane in the region of the oesophageal tonsil
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compared with those in neighbouring parts of
the oesophagus. In day-old ducks, the linear
measurements of the mucosal folds in the area

3.5

of the oesophageal tonsil already substantially
exceeded the corresponding indices for folds in
adjacent portions of the oesophagus (Fig. 3).

30 60 90 120 150 180 210 240

Ducks' age, days
—o— Height of the folds of the oesophageal tonsil —m— Width of the folds of the oesophageal tonsil

Height of the folds of the oesophagus

—a— Width of the folds of the oesophagus

Figure 3. Linear measurements of the folds of the mucous membrane
of the oesophagus and the oesophageal tonsil of ducks
Note: different colours indicate the height of the folds of the oesophageal tonsil and of the oesophagus

Source: developed by the authors

The height of the folds in the region of
the oesophageal tonsil was 28% greater and
the width 54.1% greater than in the adjacent
part of the oesophagus. Changes in these in-
dices with age were uneven and asynchronous.
During the first 5 days of life, the height, and
maximum width of the folds increased by 28%
(that is, doubled) (P <0.05) and 5.2% (P < 0.05)
respectively. In the same period, the area of
lymphoid tissue of the oesophageal tonsil in-
creased most markedly — by 82% (P < 0.001).
The maximum increase in the height of the
folds of the oesophageal tonsil compared with
adjacent parts of the oesophagus was recorded
in ducks aged 15-20 days (by 99%, P < 0.001)
and remained unchanged up to 25 days of age.
In other age groups, this index fluctuated be-
tween 18.8% (P < 0.001) and 56% (P < 0.001).
The width of the folds in the region of the oe-
sophageal tonsil compared with the folds in ad-
jacent areas of the oesophagus increased most
intensively at 10-15, 15-20 and 20-25 days of
age, by 116% (P <0.001), 106% (P <0.001) and

125% (P < 0.001) respectively. In the other age
groups, this index also fluctuated, between 46%
(P<0.001) and 82.7% (P <0.001).

Uneven and asynchronous changes in the
indices of height and width of the mucosal folds
of the oesophagus in the region where the oe-
sophageal tonsil is located were also observed
when analysed by age. In day-old ducks, the
height of the folds in the area of the oesoph-
ageal tonsil was 1.05%0.04 mm and the width
0.79 £0.01 mm. By 5 days of age, the height
of the folds had increased by 22% (P < 0.001),
while the width remained unchanged. The area
of lymphoid tissue in the mucosa increased by
82% (P<0.001). With age, these indices changed
unevenly. The most intensive increase in the
height of the folds, by 40.4%, occurred in birds
between 15 and 20 days of age. At this time,
the content of lymphoid tissue of the oesoph-
ageal tonsil increased by 3.1% (P < 0.001). The
width of the folds in the region of the oesoph-
ageal tonsil increased maximally in ducks aged
10-15 days and 60-90 days, by 57.1% (P<0.01)

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1




Usenko et al.

and 53.3% (P < 0.001) respectively. The area
of lymphoid tissue of the oesophageal ton-
sil in ducks aged 10-15 days decreased by 2%
(P <0.001), while in those aged 60-90 days it
increased by 0.8% (P<0.001). The greatest val-
ues of the height of the mucosal folds in the
region of the oesophageal tonsil were reached
in ducks at 180 days of age and amounted
to 3.23 +£0.06 mm, while the greatest width
was found in 150-day-old ducks and was
2.58 £0.05 mm. In ducks aged 150-180 days,
the area of lymphoid tissue increased by 2.9%
(one of the highest indices) (P < 0.001). In
older birds, these indices decreased slight-
ly (height by 1.2-1.9%, width by 0.4-2.7%),
and in 240-day-old ducks, the indices were
3.13+0.05 mm and 2.47 + 0.05 mm respective-
ly. At the same time, a decrease in the area of
lymphoid tissue was observed in ducks aged
210 and 240 days, by 7.9% (P<0.001) and 3.6%
(P<0.001) respectively.

Thus, the uneven increase in the line-
ar measurements of the folds of the mucous
membrane of the oesophagus in the region of
the oesophageal tonsil, both with age and in
comparison with adjacent parts of the oesoph-
agus, is related not only to the growth of the
body of the ducks but also to the development
of lymphoid tissue in the mucosa. Asynchro-
nous development of the lymphoid tissue of the
oesophageal tonsil was observed, influencing
increases in the height and width of oesoph-
ageal folds oriented in different planes. Such
changes in the linear indices of the folds in the
region of the oesophageal tonsil compared with
adjacent parts of the oesophagus indicate that
the development of its lymphoid tissue pro-
ceeded unevenly and was oriented in different
planes. Thickening of the oesophageal wall in
the region of the oesophageal tonsil has also
been reported in hens by 1. Olah et al. (2003)
and C. Casteleyn et al. (2010), and in ducks by
H.H. Donmez et al. (2012).
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Microscopic examination confirmed that
the general plan of the structure of the oe-
sophageal wall in the region of the oesopha-
geal tonsil is characteristic of ducks of all age
groups studied. The wall of the oesophagus
consists of mucosal, muscular and serous coats.
The mucous membrane forms longitudinal
folds involving all its components: epithelium,
lamina propria, muscularis mucosae and sub-
mucosa. The epithelium covering the mucosa
of the oesophagus is stratified squamous; im-
mediately adjacent to the glandular part of the
stomach it is replaced by the simple columnar
glandular epithelium characteristic of this part
of the stomach. In ducks of all age groups, the
muscularis mucosae is poorly developed and
represented by individual smooth muscle cells.
In the lamina propria and submucosa, which
consist of loose fibrous connective tissue, the
oesophageal glands are located. These glands
produce a mucous secretion that is discharged
onto the surface of the mucosa through the ex-
cretory ducts. Near the glandular part of the
stomach, lobules of the deep glands of this part
of the stomach were also found in the submu-
cosa of the oesophagus (Fig. 4).

Figure 4. Oesophageal tonsil
of a duck aged 15 days

Note: 1 - lumen of the oesophagus; 2 — fold of the
mucous membrane; 3 — lobule of the deep glands of
the glandular part of the stomach; 4 — muscular coat
of the oesophagus; 5 — serous coat of the oesophagus.
Haematoxylin and eosin stain, x40

Source: authors’ own data




Patterns of formation of the lymphoid tissue...

The excretory ducts of the glands open on
the surface of the mucosa of the glandular part
of the stomach. The muscular coat of the oe-
sophagus is formed by smooth muscle tissue
arranged in three layers. The inner and middle
layers are well-developed. In the inner layer the
smooth muscle cells run longitudinally, and in
the middle layer, these cells run circularly. The
outer layer of the muscular coat is poorly de-
veloped and represented by small bundles of
longitudinally oriented smooth muscle cells.
In older ducks, the inner layer of the muscu-
lar coat locally projects into the folds of the

mucosa. The serous coat of the oesophagus in
the region of the oesophageal tonsil is formed
by loose fibrous connective tissue covered ex-
ternally by mesothelium.

The lymphoid tissue that provides the func-
tional features of the oesophageal tonsil is rep-
resented by diffuse and nodular forms. It is based
on reticular tissue, the arrangement of whose fi-
bres depends on the level of development of the
lymphoid tissue. In diffuse lymphoid tissue, the
reticular fibres lack a definite orientation, are
closely packed and form a network with small
meshes containing lymphoid cells (Fig. 5).

Figure 5. Architectonics of reticular fibres in the oesophageal tonsil of a duck
Note: A: 1 — excretory duct of an oesophageal gland; 2 - diffuse lymphoid tissue; 3 — lymphoid nodule; x100.
B - formation of a lymphoid nodule, x400. Impregnation with silver nitrate

Source: authors’ own data

The architectonics of the reticular fibres
in the lymphoid nodules has specific features.
In lymphoid nodules without germinal centres,
the reticular fibres are arranged more loosely
and form a meshwork with large spaces. In lym-
phoid nodules with pale germinal centres, the
reticular fibres are usually absent. The nodules
are bounded by a capsule composed of densely
arranged reticular fibres together with isolated
collagen and elastic fibres.

In ducks of all age groups, the lymphoid
tissue of the oesophageal tonsil is located in the
lamina propria and submucosa of the oesopha-
geal mucosa (Fig. 4). Lymphoid cells surround
blood vessels, the secretory portions of the

oesophageal glands and the ducts. These cells
locally infiltrate the epithelium of the glands
and the mucosa. Near the glandular part of the
stomach, lymphoid tissue is localised around
the lobules of its deep glands, some of which
are infiltrated by lymphoid cells. In older ducks,
small accumulations of lymphoid cells were
also found in the lumina of some glands. In the
regions where the oesophageal tonsil is located,
the structure of the components of the mucosa
changes. In the lamina propria and submucosa,
in addition to collagen and elastic fibres, local
accumulations of reticular meshwork typical of
diffuse lymphoid tissue and lymphoid nodules
were observed (Fig. 5).
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The development of the lymphoid tissue
of the oesophageal tonsil takes place gradu-
ally. In day-old and 5-day-old ducks, the lym-
phoid tissue is represented only by the diffuse
form (Fig. 6). In ducks aged 10 days, lymphoid
nodules without germinal centres appeared
in the oesophageal tonsil. Lymphoid nod-
ules with pale (germinal) centres were found
in ducks aged 15 days, which is a sign of an

immune response to antigenic stimulation
(Fig. 7). This is consistent with the conclu-
sions of V. Logvinova & A. Oliyar (2021) and
N. Mazur & N. Dyshliuk (2025), who deter-
mined that the formation of lymphoid tissue
associated with the mucosa of the digestive
organs takes place in four stages: diffuse lym-
phoid tissue, prenodules, primary and second-
ary lymphoid nodules.

Figure 6. Lymphoid tissue in the mucous membrane of the oesophagus in the region
of the oesophageal tonsil of a day-old duck
Note: 1 - fold of the mucous membrane of the oesophagus; 2 — oesophageal glands; 3 — lymphoid tissue in the lamina
propria and submucosa of the mucous membrane; 4 — lumen of an oesophageal gland; 5 — lobule of the deep glands
of the glandular part of the oesophagus; 6 — muscular coat of the oesophagus. Impregnation with silver nitrate, x100

Source: authors’ own data

Figure 7. Formation of lymphoid nodules with germinal centres
in the oesophageal tonsil of a 15-day-old duck
Note: 1 — lumen of the oesophagus; 2 — fold of the mucous membrane of the oesophagus; 3 — epithelium; 4 —
oesophageal glands and the ducts; 5 - lymphoid tissue in the lamina propria and submucosa of the mucous membrane;
6 — lymphoid nodule with a germinal centre; 7 — muscular coat of the oesophagus. Van Gieson staining, x 100

Source: authors’ own data
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Diffuse and nodular forms of lymphoid tis-
sue of the oesophageal tonsil in ducks occupy dif-
ferent areas. The area of diffuse lymphoid tissue
is the largest, whereas that of the nodular forms
is considerably smaller. The ratio of these indices
changes with increasing age of the ducks (Fig. 8).
In day-old and 5-day-old ducks, the lymphoid
tissue is 100% represented by the diffuse form.
As the ducks grow older, its content decreases

120

unevenly. By 180 days of age, the area of the dif-
fuse form of lymphoid tissue was 63.77+0.51%. In
older age groups, its area increased: in 210-day-
old ducks by 7.8%, and in 240-day-old ducks by
a further 1%, reaching 71.14£0.23% of the area
of the mucous membrane. These changes in the
content of diffuse lymphoid tissue of the oesoph-
ageal tonsil are partly related to the development
within it of lymphoid nodules.
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Figure 8. Content of structural components of lymphoid tissue
of the oesophageal tonsil in ducks at different ages
Note: different colours indicate the content of lymphoid nodules at different ages of ducks

Source: developed by the authors

Inducks at 10 days of age, lymphoid nodules
without germinal centres occupied 5.7 £ 0.24%
of the area of the lymphoid tissue of the oe-
sophageal tonsil. The amount increased mark-
edly up to 20 days of age. With increasing age of
the ducks, only slight changes in this index were
recorded. In older age groups (150-240 days),
the area of lymphoid nodules without germinal
centres reached its highest values at 180 days
of age, at 6.96+0.32%. Afterwards it decreased
evenly by 2.6% (P <0.01) and in 240-day-old
ducks was 6.52%0.41%.

Lymphoid nodules with germinal centres
in the oesophageal tonsil of ducks aged 15 days
occupied 5.00 £0.64% of the area of lymphoid
tissue. The area of these nodules in the lym-
phoid tissue of the oesophageal tonsil increased

unevenly up to 180 days of age and amounted
to 24.90+0.38%. The most active formation of
lymphoid nodules with germinal centres was
observed in ducks aged 20 and 150 days: the
area increased by 62% and 73.7% respectively.
The maximum value (24.90 £ 0.38% of the area
of lymphoid tissue of the oesophageal tonsil)
was reached in ducks aged 180 days. In the old-
er age groups (210 and 240 days), the area of
these nodules decreased slightly, by 4.5% and
1.2% respectively, and in 240-day-old ducks it
was 23.39+0.19%. From 20 days of age, the con-
tent of lymphoid nodules with germinal centres
clearly exceeded the content of nodules without
germinal centres. A similar pattern of develop-
ment of the lymphoid tissue of the oesophage-
al tonsil in hens at different ages was reported
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by N.V. Dyshliuk (2009). In day-old hens, the
author identified diffuse lymphoid tissue; at
10 days of age, primary lymphoid nodules ap-
peared, and by 20 days secondary lymphoid
nodules were present, while the content of dif-
fuse lymphoid tissue increased with age.

The lymphoid nodules of the oesophage-
al tonsil in ducks of all age groups studied are
mainly round or oval. Nodules with germinal
centres are larger than those without these
centres. In round nodules, the diameter of the
former reached its maximum in ducks aged
150 days, and of the latter in ducks aged 180
days, at 198.82 £ 1.67 um and 239.7 £ 1.84 ym
respectively. Oval nodules reached the great-
est size in ducks at 180 days of age. The length
and maximum width were 304.56 £ 2.59 pm
and 210.09 + 2.43 pym (without germinal cen-
tres) and 349.68+4.20 uym and 252.39+3.16 uym
(with germinal centres) respectively. T.A. Ma-
zurkevych & V. Khomych (2017) also observed
Iymphoid nodules of such shapes in the lym-
phoid formations of the intestine of ducks.

Oesophageal glands and the excretory ducts
deserve particular attention in the formation of
the oesophageal tonsil in ducks. With increasing
age, considerable changes were observed in the
shape, content, and localisation in the mucous
membrane of the oesophageal tonsil. In day-old
ducks, the oesophageal glands were small and
elongated-oval. These glands were located in
the lamina propria of the mucous membrane
at the base of the folds, on the lateral surfaces
and at the tips. By 5 days of age the size had in-
creased, and the glands had become round-oval,
sometimes with star-shaped depressions. From
the first day of life, lymphocytic infiltration
of the secretory portions of the oesophageal
glands and the excretory ducts was noted. This
process became more intense with age. As a re-
sult, the epithelium thickened (Fig. 9) and the
lumina of the glands narrowed, although the
lumina did not disappear completely. The lu-
mina were transformed into crypt-like openings
surrounded by lymphoepithelium, opening onto
the surface of the oesophagus.

Figure 9. Formation of lymphoepithelium in the excretory ducts
of the oesophageal glands in the oesophageal tonsil of ducks
Note: A: 1 - lumen of the excretory duct of an oesophageal gland; 2 — lymphoepithelium; 3 — lymphoid tissue, x100.
B - epithelium of an oesophageal gland infiltrated by lymphoid cells, x400. Mallory staining

Source: authors’ own data

The altered glands were found at the base
of the folds of the mucous membrane and
on the lateral surfaces. From 60 days of age,
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oesophageal glands in the region of the oe-
sophageal tonsil were noted only beneath the
epithelium, and from 180 days of age also at the
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tips of some folds. In day-old ducks, oesopha-
geal glands occupied 19.1+0.67% of the area of
the mucous membrane. With increasing age, up
to 120 days, the area of the secretory portions
of the oesophageal glands and the excretory
ducts steadily decreased. The most intensive
decrease occurred at 15, 60 and 90 days of age,

by 31.6% (P<0.001), 34.2% (P<0.01) and 52.7%
(P <0.001) respectively. This process was due
to an increase in the area of lymphoid tissue of
the oesophageal tonsil. In ducks aged 120 and
150 days, the oesophageal glands occupied the
smallest area, only 3.07 £0.06% of the mucous
membrane (Fig. 10).
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Figure 10. Area of lymphoid tissue and oesophageal glands of the mucous membrane
of the oesophagus in ducks aged from 1 to 240 days
Note: different colours indicate the areas of different tissues

Source: developed by the authors

From 150 days of age, an increase in the area
of the oesophageal glands was recorded. In ducks
aged 180, 210 and 240 days, this index increased
by 46.3% (P <0.001), 20.9% (P <0.001) and 4.4%
(P <0.001) respectively. In 240-day-old ducks,
the area of the oesophageal glands accounted
for 5.67*0.07% of the mucous membrane. Con-
versely, in ducks of this age, the area of lymphoid
tissue of the oesophageal tonsil decreased.

The results obtained in this work are con-
sistent with the findings of other authors. The
anatomically defined location of the oesopha-
geal tonsil is the mucous membrane of the cau-
dal part of the oesophagus at the transition to
the glandular part of the stomach, as noted by
V.R. Indu & K.M. Lucy (2021) and N.V. Dyshli-
uk (2009). The position of the lymphoid tissue

of the oesophageal tonsil is closely related to
the longitudinal folds of the oesophagus, as also
reported by N. Nagy et al. (2005) and L.O. Bu-
hai (2008). Thickening of the oesophageal wall
in the region of the oesophageal tonsil was de-
scribed by C. Casteleyn et al. (2010). In the pres-
ent study, it was established that this occurs
owing to an increase in the width and height
of the mucosal folds during the development of
lymphoid tissue. Increases in the linear param-
eters of the tonsil occur with increasing age of
the ducks and are characterised by periodicity
and asynchronicity. L.O. Buhai (2008) observed
the same phenomenon in Muscovy ducks.
Functional maturity of the lymphoid tis-
sue of the oesophageal tonsil (the presence of
lymphoid nodules with germinal centres) was
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recorded at 15 days of age. This fully corresponds
to the data of A. Friedman et al. (2012), who re-
ported that, in hens after hatching, protection
against foreign antigens is provided by mater-
nal IgA, and that a specific adaptive immune re-
sponse matures during the first two weeks after
hatching. T.A. Mazurkevych & V.Khomych (2017)
established that in Blagovarsky cross broiler
ducks full morphofunctional maturity of Peyer’s
patches of the duodenum, jejunum and caecum
occurs at 15 days of age. With increasing age of
the ducks, an increase in the content of lymphoid
tissue of the oesophageal tonsil and its compo-
nents was recorded. The formation of lymphoe-
pithelial structures in the mucous membrane of
the oesophagus in the region of the oesophageal
tonsil is associated with the development of its
lymphoid tissue. Colonisation of the oesophageal
glands and the ducts by lymphoid cells led to the
appearance of crypt-like structures. The presence
of crypts in the oesophageal tonsil of hens was
observed by V.R. Indu et al. (2020).

Thus, the results of the study confirm that
in ducks the oesophageal tonsil is located in
the mucous membrane of the caudal part of the
oesophagus, where it is associated with longi-
tudinal folds that contribute to widening of the
oesophageal lumen during the passage of the
bolus of feed. With increasing age, asynchro-
nous and periodic changes are observed in the
linear parameters of the tonsil, in particular its
length, width, and the area of its lymphoid tis-
sue, indicating a complex developmental pro-
cess in this organ. In addition, changes in the
morphology of the oesophageal tonsil, includ-
ing the development of crypt-like structures,
reflect the gradual maturation of this organ,
which is important for effective immune pro-
tection in the early postnatal period in ducks.

Conclusions

The development and morphological changes
of the oesophageal tonsil in ducks during the
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postnatal period of ontogenesis are important
for understanding the functioning of the avian
immune system. This organ in ducks aged 1 to
240 days in the postnatal period of ontogenesis
is located in the caudal part of the oesophagus
at the border with the glandular part of the
stomach. Its site of localisation is the mucous
membrane of the oesophagus, namely the lam-
ina propria and the submucosa. Macroscopical-
ly, the tonsil was identified in 5-day-old ducks
as a pale band. From 10 days of age, it took the
form of a yellowish ring-shaped nodular band.
The linear dimensions of the oesophageal ton-
sil increased with age, which is related not only
to the physical growth of the ducks but also to
the development of the lymphoid tissue of the
oesophageal tonsil. In the region of the tonsil,
thickening of the longitudinal folds of the oe-
sophageal mucosa was observed in comparison
with those in adjacent areas. Lymphoid cells
were already found in the mucous membrane
of the oesophagus in the region of the tonsil in
day-old ducks, forming diffuse lymphoid tissue.
Nodular levels of development of the lymphoid
tissue appeared gradually. Lymphoid nodules
without germinal centres were present in the
lymphoid tissue of the tonsil in ducks at 10 days
of age, and nodules with germinal centres ap-
peared at 15 days of age, indicating maturity of
the lymphoid tissue of the tonsil. The content
of the components of lymphoid tissue changed
with age. Diffuse lymphoid tissue reached its
maximum in 30-day-old ducks and decreased
by 240 days of age. The area of lymphoid nod-
ules increased with age, especially that of nod-
ules with germinal centres, but decreased after
the onset of sexual maturity (180 days). This
may indicate the beginning of involution of
the oesophageal tonsil, which is typical of or-
gans of haematopoiesis and lymphopoiesis. In
the region of the oesophageal tonsil, structur-
al changes occurred in the oesophageal glands
and the excretory ducts. The epithelium was
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infiltrated by lymphoid cells, transforming into
lymphoepithelium. The secretory portions of
the oesophageal glands and the ducts formed
crypt-like structures opening onto the surface
of the oesophagus. The patterns established —
the development of the oesophageal tonsil and
the components of its lymphoid tissue, the
linear dimensions of the longitudinal folds of
the tonsil and adjacent parts of the oesopha-
gus, and the area of the oesophageal glands at
different ages (1-240 days) in the early stag-
es of the postnatal period of ontogenesis in

strategies in poultry farming. To determine the
age and characteristics of involution of the oe-
sophageal tonsil, further studies in older ducks
are needed. Such work is important for opti-
mising preventive measures aimed at avoiding
dangerous infectious diseases.
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AHoTanis. AKTYa/IbHICTb OOCTIIXEHHS CTPaBOXiIHOTO MUIAAAMKa KauyoOK Ha paHHIX eTarax
MOCTHATAJbHOTO TMepPioAy OHTOTeHe3y 3yMOBJIEHAa HeOOXigHICTI0O TIPOBENEeHHS aHasi3y
CTaHOBJIEHHS PiBHIiB CTPYKTYpHOI opraHisariii fioro mimdoinHoi TkaHuHN. Y 3B’I3KY 3 IIUM, METOIO
IOCTiIKeHHST 6Y/lI0 BUSABIEHHs JioKadisaiii Ta dopmu naiMdoimHol TKaHMHM CTPaBOXiJHOTO
MUTIaaMKa O6poiyiepHMX Kayok biaroBapcbkoro kpocy BikoM Bim 1 mo 240 gi6. IIpoBomuim
MoppOMEeTpUYHi MOCTIIKEHHS Ta BM3HAYalIM ToIorpadir CTPaBOXigHOTO MMUTHAIMKA Y
KauoK JOCTiIKyBaHUX BikoBux rpym. @ikcaiiio 6GiomorivuHoro marepiany mpoBoguau y 10 %
po3uMHi HeliTpanbHOTO GopMasiHy. IIpu MpoBemeHi riCTOMOTIUHUX MOCTiAKEeHb BUTOTOBJISIIN
napadiHoBi 6JIOKM HAa CAaHHOMY MiKpOTOMi Ta OTPMMYBaIM TiCTO3pi3u, sAKi 3adapboByBaIU
IS BUSIBJIEHHSI OCOGJIMBOCTEN CTPYKTYpM i TUIONII TKAHMHHMX KOMIIOHEHTIB CTPaBOXiJIHOTO
MUTAANMKa. BcTaHOBIEHO, IO CTPaBOXiAHMII MUTAAMMUK Y KAYOK MaKPOCKOIIUHO Bi3yasi3yBaBcCs
B IUITHIII TIEpeX0Ay CJIM30BO1 0O0JIOHKM KayJaJbHOI YaCTUMHYU CTPABOXOJY B 3aJI03UCTY YACTUHY
HUTYHKY. 3MiHM #OTO JOOBXMHM i LIMPUHM XapaKTepu3yBaJuChb acUMHXpOHHicTIO. JlimdboinHa
TKaHMHA CTPABOXiTHOTO MUTIAIMKA OO 5-M060BOr0 BiKy KauoOK IMpeaCcTaBieHa jauiie Audy3Ho
dopmoro. Y ntaxiB Bikom 10 i GisbIe fi6 3’aBisumics MepBUHHI i BTOpMHHI By3iuku. Ha 15 go6y
CTPABOXiAHMIT MUTHAIMK HabyBaB MOpGOGYHKI[IOHATLHOI 3pifiocTi Ta XapaKkTepusyBaBCs
MOBHiCTIO chOpMOBaHOM0 JMiMPOIAHOIO TKAHUHOI0. Y T060BMX KAUOK BCTAaHOBWIM iHQiIbTpalliio
aiMdbounTamMM 3a703UCTUX BiAAiMIB CcTpaBOXimHMX 3a/J03 Ta BUBIAHMX TPOTOK. 3 BiKOM
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Echocardiographic characteristics of the morphofunctional parameters...

Abstract. Rabbits are prone to developing cardiovascular system pathologies and require
modern methods of diagnosis and treatment. One of the most informative and safe tools for
assessing the condition of the heart is echocardiography. In this regard, the aim of the study was
to determine the reference values for echocardiographic measurements in one-dimensional and
two-dimensional modes in clinically healthy rabbits without the use of sedation. To diagnose the
condition of the cardiovascular system in rabbits, echocardiography was used — a method that
allowed for a comprehensive assessment of the morphology, size and contractile function of the
heart structures using parasternal access. The study was focused on obtaining quantitative and
qualitative parameters of the morphofunctional state of the main structures of the heart using
echocardiography, in particular the left and right ventricles, interventricular septum, left atrium
and valve apparatus. During the study, key parameters of left ventricular contractility in clinically
healthy rabbits were determined. Age dynamics of the studied parameters were revealed: at
4.5 months of age, the end-diastolic size was up to 14.71+1.51 mm, and the end-systolic size was
up to 8.88 %+ 1.64 mm. At the same time, the fractional shortening (39 +11%) and ejection fraction
(79£22%) remained relatively stable, indicating physiological adaptation of the heart to increasing
body weight. In particular, a correlation was established between an increase in the total body
weight of animals and an increase in the structural dimensions of the heart. Thus, it has been
proven that echocardiography is a highly informative, safe and valuable tool for assessing the
condition of the heart in rabbits. As a result, the scientific information presented in the article is
of practical value for veterinary cardiologists and general practitioners, providing a basis for the
timely diagnosis and effective treatment of heart disease in rabbits

Keywords: transthoracic echocardiography; ultrasound diagnostics; cardiology; laboratory
animals; contractility indices; haemodynamics; reference values

Introduction

The development of cardiological science and
clinical practice determines the need to devel-
op and standardise the values of morphofunc-
tional parameters of the heart for different
animal species, in particular rabbits, which
are widely used in experimental studies. Tran-
sthoracic echocardiography is one of the most
common and accessible methods for non-in-
vasive assessment of cardiac activity in both
humans and animals. A number of researchers,
including A.E.G.W. Marques et al. (2020), have
reported that rabbits can be used as a model in
cardiovascular research. The cardiac system of
rabbits is similar in structure and electrophys-
iological characteristics to that of other mam-
mals, making them a valuable model for stud-
ying the mechanisms of cardiac pathology and

developing new therapeutic approaches. In ad-
dition, rabbits are widely used as model subjects
in scientific research and experimental work, as
well as being kept as pets. This necessitates the
determination of the physiological parameters
of their cardiac indicators for the timely diag-
nosis of pathologies.

As noted by V. Jekl et al. (2022), echocardi-
ography is a non-invasive method for assess-
ing cardiovascular function, which is used in
both experimental research and clinical prac-
tice. With the increase in the lifespan of rab-
bits kept as companion animals, the incidence
of heart disease is increasing, positioning
echocardiography as an important diagnos-
tic tool alongside clinical assessment, chest
X-ray and electrocardiography. According to
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N. Ngosurachet et al. (2022), various imaging
modes are used during echocardiography to
analyse the morphometric parameters of the
myocardium and assess the contractile func-
tion of the left ventricle. Innovative technol-
ogies, in particular two-dimensional spectral
tracking (2D speckle tracking echocardiogra-
phy), according to A.Y. Kabakov et al. (2021),
open up new opportunities for detailed analy-
sis of myocardial characteristics.

C.J. Orcutt & R.L. Malakoff (2020) found
that the incidence of cardiovascular disease in
rabbits usually increases with age, especially
in animals older than four years, but the pa-
thology can also occur in younger individuals.
M.G. Dilek & H. Erden (2019) showed that the
age and body weight of rabbits significantly
affect the morphology of the heart, in particu-
lar the size of the chambers and the thickness
of the myocardial walls. They also found that
young rabbits may have an increased ejection
fraction with a stable fractional shortening, and
that the use of sedation in accordance with pro-
tocols leads to a decrease in systolic parameters
compared to the active state of the animal. As
noted by E.V. Praag (2015), additional factors
contributing to the development of cardiovas-
cular disease include nutritional deficiencies,
excess weight, and stress factors.

According to S. Ozawa et al. (2021), cardiac
pathologies are common in rabbits, including
degenerative valve changes, cardiomyopathy,
and myocarditis. The incidence of cardiovas-
cular disease in the population is estimated at
approximately 2.6% with associated symptoms
(murmurs, arrhythmias, shortness of breath).
Diagnosis is based on a comprehensive exami-
nation, but chest X-rays do not allow for assess-
ment of heart function, and their interpretation
is complicated by the small size of the chest.
Electrocardiography allows for the determina-
tion of electrical activity but does not reflect
structural characteristics. Thus, echocardiogra-
phy is considered the method of choice.
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M. Kaya & M.A. Cetinkaya (2025) analysed
the results of a comprehensive study of 58
healthy adult New Zealand white rabbits, which
aimed to determine reference intervals for radi-
ographic cardiac indices. The authors found that
vertebral heart size (VHS) measurements were
7.94%0.31 vertebrae (range 7.2-8.6 vertebrae) in
the right lateral projection and 8.67 £0.33 verte-
brae (7.8-9. 2 vertebrae). At the same time, the
size of the left atrium and its relationship with
other heart structures showed marked gender
independence, which opens up opportunities for
the development of universal reference values.
A study by M.G. Sousa et al. (2020) confirmed
that most echocardiographic parameters of rab-
bits are similar to those of other rodents, which
facilitates their use as experimental models.
Despite the available data, N. Ngosurachet et
al. (2022) noted significant variability in the ob-
tained indicators, which complicates their clini-
cal use. At the systemic level, the British Society
of Echocardiography proposed a comprehensive
approach that emphasised the importance of
clinical context and indexing to body size pa-
rameters (Harkness et al., 2020).

An analysis of current research shows that
there is a global lack of systematic and stand-
ardised reference values for morphological and
functional parameters of the heart in healthy
rabbits. This gap complicates the correct in-
terpretation of results and the differentiation
of physiological changes from pathological
ones. Given the relevance of the topic, the aim
of this study was to establish such parameters
for B-mode (two-dimensional imaging of heart
structures) and M-mode echocardiography (as-
sessment of wall and valve motion over time)
that can serve as a basis for improving the diag-
nosis, treatment, and prevention of cardiovas-
cular pathologies.

Materials and Methods

The research was conducted in June 2025 at
the Department of Veterinary Surgery named
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after Academician 1.0. Povazhenko of the Fac-
ulty of Veterinary Medicine of the National
University of Life and Environmental Sciences
of Ukraine. The object of the study was 13 clin-
ically healthy female rabbits of the Hiplus
breed from a single line. The age of the ani-
mals at the time of measurement was between
3 and 4.5 months; only non-pregnant and
non-lactating individuals were selected for
the group. Given the specifics of establishing
reference values, this study was pilot in nature
and aimed to establish indicative normative
indicators that require further verification on
expanded population samples. To ensure the
statistical power and scientific validity of the
results obtained with a given number of ani-
mals, the experiment was designed as a lon-
gitudinal study (repeated measures design).
This approach involved conducting a series of
sequential echocardiographic examinations
of each individual, which made it possible to
obtain a representative data set for analysis.
Particular attention was paid to the homoge-
neity of the sample: the animals were identi-
cal in breed, sex, and lineage and were kept in
uniform conditions. This minimised interin-
dividual variability caused by genetic or envi-
ronmental factors and significantly increased
the internal validity of the study.

All rabbits were kept at the Department of
Veterinary Surgery named after Academician
1.0. Povazhenko of the National University of
Life and Environmental Sciences of Ukraine and
were housed in individual mesh cages measur-
ing 30x50x45 cm in a separate room with an area
of 20 m?. The cages were equipped with bunker
feeders, a nipple watering system and plastic
ramps (24x40 cm) to prevent limb injuries. The
space ratio per animal, temperature and ven-
tilation parameters of the holding room com-
plied with the SOU 85.2-37-736:2011 (2011)
standard. The experimental study was con-
ducted in accordance with the ARRIVE (n.d.)

recommendations, Law of Ukraine No. 3447-
IV (2006) and Directive 2010/63/EU (2010).

Echocardiographic examination was per-
formed on the same individuals three times
at different ages (3 months, 3.5 months and
4 months), which allowed to track the dynamics
of the parameters under study. At the time of
the echocardiographic examination, a veteri-
narian performed a clinical examination of the
animals using physical examination methods,
which included an assessment of the rabbits’
physique, the condition of their coat and skin,
and selective measurement of body temper-
ature, pulse rate and respiratory movements.
At the beginning of the study, the rabbits were
weighed and transported in animal carriers to
the ultrasound diagnostics room. Assistants
secured the animals and shaved the fur on the
chest wall (corresponding to the topographical
boundaries of the heart) using an animal clip-
per, after which they applied ultrasound gel to
improve contact with the skin.

Echocardiographic examination of rab-
bits was performed using a modern veterinary
ultrasound scanner SIUI Apogee 2100V (Chi-
na). To obtain high-quality images, a C6LN
microconvex sensor with parameters R17.5, a
frequency range of 4.5-7.5 MHz and a central
frequency of 6 MHz was used, which allowed
for a detailed assessment of cardiac struc-
tures in rabbits. During the examination, the
rabbits were placed in a right lateral position,
which provided the most optimal access to the
chest and facilitated the high-quality acquisi-
tion of ultrasound data. The study itself was
conducted in long and short right parasternal
projections, which corresponded to the gen-
erally accepted standards of veterinary echo-
cardiography for small animals. It is important
to note that echocardiography in rabbits was
performed without sedation, which minimised
additional stress and the effect of drugs on
cardiac function.
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In two-dimensional echocardiography,
the diameter of the left atrium (LA) and aorta
(Ao) was measured at the level of the aorta and
aortic valves in the right parasternal short-ax-
is view. The ratio of the left atrium diameter to
the aortic diameter (LA/Ao) was automatically
calculated by the ultrasound system. M-mode
echocardiography was performed to measure
the size of the chamber and the thickness of its
wall in the right parasternal four-chamber pro-
jection along the short axis. The thickness of the
interventricular septum at end-diastole (IVSd)
and end-systole (IVSs) was measured, the inter-
nal diameter of the left ventricle at the end of
diastole (LVIDd) and systole (LVIDs), (LVIDs)),
as well as the thickness of the posterior wall of
the left ventricle at the end of diastole (LVPWd)
and systole (LVPWs). Fractional shortening (FS)
and ejection fraction (EF) were determined and
calculated using ultrasound system software ac-
cording to the Teichholz method.

Statistical data processing was performed
using descriptive statistics to determine the
mean values and standard deviation (M #* SD)
in different age groups. Additionally, Pearson’s
correlation analysis was performed to assess
the relationship between echocardiographic
parameters and rabbit body weight. This anal-
ysis was aimed at identifying the relationship

between the structural and functional parame-
ters of the heart (measured in B and M modes)
and the individual body weight of each ani-
mal within one age point (i.e., separately for
3 months, 3.5 months, and 4.5 months). No com-
parison of correlation relationships between dif-
ferent age groups was performed, nor was it the
purpose of this study. The analysis allowed to
assess the strength of the linear relationship be-
tween the parameters and body weight at a spe-
cific moment of ontogenesis. The significance
of the correlation coefficient was assessed using
the t-test with df=n-2. A two-tailed level of sta-
tistical significance was accepted at P <0.05. To
compare parameters between age points, Stu-
dent’s paired t-test was used.

Results and Discussion

In order to assess the age-related dynamics of
the morphofunctional parameters of the heart
in clinically healthy rabbits, an analysis of
echocardiographic parameters was performed
in three consecutive age periods. Given the lon-
gitudinal nature of the study design (repeated
measures design), this allowed to track indi-
vidual and group variability in cardiac struc-
tures as the animals grew. Descriptive statis-
tical characteristics of the studied parameters
(M£SD) are presented in Table 1.

Table 1. Echocardiographic parameters in rabbits of different ages, n=13, M*SD

Parameter

3 months
3,400.00 * 1,366.35
254.38 £ 29.26

Body weight (BW), g
Heart rate (HR), bpm

Age of animals
3.5 months
4,295.38 + 422.02
229.85 * 27.09

4.5 months
4,438.46 = 529.93
248.77 * 49.46

B-mode
Aortic diameter (Ao), mm 8.12+0.75 8.24 £ 0.53 8.57+0.96
Left atrium (LA), mm 9.85%0.73 10.15+0.88 11.02 + 1.27
Left atrium to aorta ratio (LA/Ao) 1.22 £0.12 1.24 £ 0.14 1.27 £ 0.24
Pulmonary artery (PA), mm 7.38 £ 0.62 7.45 %+ 0.43 7.62 = 0.92
Pulmonary vein (PV), mm 2.45 %+ 0.50 2.80 % 0.56 2.69 £ 0.72
Right pulmonary artery (RPA), mm 2.88+0.58 3.12 £ 0.67 3.19+0.89
Balbsaamiy e 0 i Pl ey 0.86 % 0.10 0.91%0.11 0.86 % 0.12

artery ratio (PV/RPA)
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Table 1. Continued

Age of animals

P
arameter 3 months 3.5 months 4.5 months
B-mode
Mitral valve E-point to septal 2.48+0.52 2.75+0.79 3.24% 1.66
separation (EPSS), mm
M-mode
Left ventricular posterior wall
thickness at end-diastole (LVPWd), 4.10+0.64 4.13+0.71 4.25+0.99
mm
Interventricular septum . . "
at end-diastole (IVSd), mm 3.86 £ 0.62 3.92+£0.29 4.05 +0.66
Left ventricular internal diameter at N . .
end-diastole (LVIDd), mm 14.14 £ 1.31 14.21 £ 1.46 14.71 £ 1.51
Left ventricular posterior wall
thickness at end-systole (LVPWs), 5.73+0.94 5.42 +0.95 5.85% 1.63
mm
Interventricular septum " . .
at end-systole (IVSs), mm 5.15+0.73 5.65+0.61 6.14 +1.52
Left ventricular internal diameter . . n
TG it (D), i 9.06 = 0.54 8.97 £ 1.47 8.88 % 1.64
Fractional shortening (FS), % 35.0+8.0 37.0£ 7.0 39.0+11.0
Ejection fraction (EF), % 71.0*16.0 74.0 £ 14.0 79.0% 22.0

Note: there were no statistically significant results for the studied parameters compared to their values in 3-month-

old rabbits
Source: authors’ own work

The results show that there was only a ten-
dency for the body weight of rabbits to increase
with age. Thus, the body weight of 3.5-month-
old rabbits differed by 26.33% (P < 0.05) com-
pared to 3-month-old rabbits. The observed
tendency towards an increase in body weight
in rabbits from 3 to 4.5 months of age indicat-
ed a regular gain in body mass during growth.
Age-related changes in cardiac dimensions
in rabbits are consistent with the findings of
M.G. Dilek & H. Erden (2019) who reported a
gradual increase in cardiac chamber dimen-
sions during rabbit growth. The results confirm
that the most intensive growth of the studied
parameters was observed during puberty, which
correlated with an overall increase in the body
weight of the animals. In addition, the thicken-
ing of the left ventricular myocardium indicates
the adaptation of the cardiovascular system to
the growing haemodynamic needs of the body.

The diameter of the aorta tended to in-
crease with the age of the rabbits, reflecting
natural morphological changes in cardiovas-
cular structures during postnatal develop-
ment. From 3 to 4.5 months of age, the size of
the left atrium increased by 11.88% (P <0.01),
which may indicate adaptive changes in atrial
volume to ensure cardiac output. The ratio of
the left atrium to the aorta remained relatively
stable, indicating that the proportions between
the atrium and the aorta were maintained as
the rabbits grew. The results obtained are con-
sistent with similar studies by M.G. Dilek &
H. Erden (2019) on New Zealand white rabbits,
where the authors observed an increase in the
systolic and diastolic diameters of the left ven-
tricle, as well as the size of the aortic root, which
correlated with an increase in body weight.

The diameter of the pulmonary artery
tended to increase over the entire period, while
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the sizes of the PV and RPA increased unevenly,
reflecting individual growth rates and adaptive
changes in the heart muscle. The PV/RPA ratio
remained stable (0.86-0.91), indicating that
optimal heart chamber proportions were main-
tained. The EPSS distance with the age of rab-
bits showed a tendency to increase by 30.65%
compared to that in 3-month-old animals,
which may indicate an adaptive change in left
ventricular systolic function.

LVPWd and IVSd values tended to increase,
reflecting morphological maturation of the
heart muscle. The left ventricular diameter in
diastole gradually increased throughout the
study period, while the left ventricular diameter
in systole remained relatively stable, indicating
preserved normal contractility. The thickness
of LVPWs and IVSs increased moderately with-
out reaching statistical significance, reflecting

the adaptation of the heart muscle to increased
load against the background of a tendency to
change body weight. The tendency to increase
these parameters may reflect the optimisation
of the pumping efficiency of the heart, which
is important for differentiating physiological
growth from pathological hypertrophy.

To assess the effect of body weight on car-
diovascular parameters in 3-month-old rabbits,
a Pearson correlation analysis was performed.
The correlation coefficient (r) between the an-
imal’s body weight and the main echocardi-
ographic parameters in B- and M-modes was
determined. The use of this statistical approach
made it possible to establish the degree of de-
pendence between the overall somatic growth
of the organism and the proportional increase
in the linear dimensions of the chambers and
the thickness of the heart walls (Table 2).

Table 2. Correlation analysis between body weight and echocardiographic parameters
in 3-month-old rabbits, n=13

Parameter
Body weight, g

B-mode

Aortic diameter (Ao), mm
Left atrium (LA), mm
Left atrium to aorta ratio (LA/Ao)
Pulmonary vein (PV), mm
Pulmonary vein (PV), mm

Right pulmonary artery (RPA), mm
Pulmonary vein to right pulmonary artery ratio (PV/RPA)
Mitral valve E-point to septal separation (EPSS), mm

M-mode

Left ventricular posterior wall thickness at end-diastole (LVPWd), mm
Interventricular septum at end-diastole (IVSd), mm
Left ventricular internal diameter at end-diastole (LVIDd), mm
Left ventricular posterior wall thickness at end-systole (LVPWs), mm
Interventricular septum at end-systole (IVSs), mm
Left ventricular internal diameter at end-systole (LVIDs), mm

Fractional shortening (FS), %
Ejection fraction (EF), %

M £SD r
3,400.00 £ 1,366.35

8.12%0.75 0.50%**
9.85%0.73 0.21*
1.22#0.12 -0.30%**
7.38+0.62 0.17
2.45%0.50 0.27
2.88%0.58 0.33**
0.86%0.10 -0.10
2.48 £0.52 0.02
4.10 £ 0.64 -0.31**
3.86%0.62 -0.45%**
14.14 %+ 1.31 0.14
5.73+0.94 -0.20*
5.15+0.73 0.02
9.06 + 0.54 -0.13

35%8 0.15

7116 0.15

Note: *— P<0.05; ** - P<0.01; ***- P<0.001, statistically significant indicators, correlated with body weight in

3-month-old rabbits
Source: authors’ own work
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In B-mode, there was a moderate positive
correlation between rabbit body weight and
aortic diameter (P < 0.001), indicating an in-
crease in Ao in rabbits with greater body weight.
A weak positive correlation was found between
the left atrial index and the body weight of rab-
bits (P <0.05), while the LA/Ao ratio was mod-
erately negatively correlated (P < 0.01), which
may reflect proportional changes in the struc-
ture of the atrium relative to the aorta. A weak
positive correlation was found between the
diameter of the PA and PV indices of rabbits
and body weight, which was not statistically
significant. The right pulmonary artery index
in rabbits had a weak but significant positive
correlation (P < 0.01), indicating an increase
in this parameter in rabbits with higher body
weight. The PV/RPA and EPSS ratios did not
show a significant relationship with the body
weight of rabbits. In M-mode, a moderate neg-
ative correlation with body weight (P < 0.01)
was determined for IVSd and LVPWd thickness,
indicating adaptive morphological changes in

the heart in rabbits of different weights. Weak
or insignificant correlations were observed for
other M-mode parameters.

Correlation analysis of rabbit body
weight with echocardiographic parameters at
3.5 months of age is presented in Table 3. Thus,
in rabbits aged 3.5 months, during echocardi-
ographic examination in B-mode, a moderate
positive correlation was observed between body
weight and aortic diameter (P < 0.001), indicat-
ing an increase in Ao in rabbits with greater
body weight. A positive correlation was found
between left atrial indices and body weight in
rabbits (P < 0.05). No significant relationship
was found between LA/Ao indices and pulmo-
nary artery diameter and body weight in rab-
bits. A weak positive correlation was found be-
tween the pulmonary vein index and the body
weight of rabbits (P < 0.05), while the RPA and
EPSS indices did not show a statistically signif-
icant dependence. A moderate positive correla-
tion was found between the PV/RPA ratio and
the body weight of rabbits (P <0.01).

Table 3. Correlation analysis between body weight and echocardiographic parameters
in 3.5-month-old rabbits, n=13

Parameter
Body weight, g

B-mode

Aortic diameter (Ao), mm
Left atrium (LA), mm
Left atrium to aorta ratio (LA/Ao)
Pulmonary vein (PV), mm
Pulmonary vein (PV), mm

Right pulmonary artery (RPA), mm
Pulmonary vein to right pulmonary artery ratio (PV/RPA)
Mitral valve E-point to septal separation (EPSS), mm

M-mode

Left ventricular posterior wall thickness at end-diastole (LVPWd), mm
Interventricular septum at end-diastole (IVSd), mm
Left ventricular internal diameter at end-diastole (LVIDd), mm
Left ventricular posterior wall thickness at end-systole (LVPWs), mm

Interventricular septum at end-systole (IVSs), mm

Mean * SD r
4,295.38 £ 422.02

8.24+0.53 0.42%**
10.15 £ 0.88 0.23*
1.24£0.14 -0.08
7.45+0.43 0.01
2.80+0.56 0.19*
3.12 £0.67 0.05
0.91+0.11 0.25**
2.75+0.79 0.05
4.13£(0.71 0.05
3.92£0.29 0.11
14.21 £ 1.46 0.02
5.42%0.95 -0.02
5.65£0.61 -0.27%*

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1




Paramonova et al.

Table 3. Continued

Parameter Mean * SD r
M-mode
Left ventricular internal diameter at end-systole (LVIDs), mm 8.97 + 1.47 0.08
Fractional shortening (FS), % 377 -0.10
Ejection fraction (EF), % 74 % 14 -0.10
Note: * - P<0.05; ** - P<0.01; ***- P<0.001, statistically significant indicators, correlated with body weight in

rabbits at 3.5 months of age
Source: authors’ own work

In M-mode, the most pronounced nega-
tive correlation was between the left ventricu-
lar interventricular septal thickness in systole
and the body weight of rabbits (P < 0.01). No
statistically significant correlations were found
for other M-mode parameters, such as LVPWd,
IVSd, LVIDd, LVPWs, and LVIDs. The shortening
and ejection fractions remained independent
of the body weight of rabbits. The results ob-
tained are consistent with the data of studies by
M.S. Young et al. (1990) and M. Kaya & M.A. Ce-
tinkaya (2025), who noted the stability of func-
tional parameters in healthy rabbits, which, as a
rule, did not depend on body weight.

The correlation analysis of rabbit body
weight with echocardiographic parameters at

4.5 months of age is presented in Table 4. As
a result of assessing the effect of body weight
on the cardiovascular parameters of rabbits and
body weight in B-mode, it was found that the
LA/Ao ratio was moderately negatively corre-
lated with the body weight of rabbits (P<0.001).
The results obtained indicate a change in the
proportions of the atrium relative to the aorta
in rabbits with a higher body weight. A weak
negative correlation was found between PV pa-
rameters and the PV/RPA ratio with the body
weight of rabbits (P <0.01), while no statistical-
ly significant relationship was found for Ao, LA,
PA and RPA indicators. EPSS tended to have a
negative relationship, but did not reach the lev-
el of significance.

Table 4. Correlation analysis between body weight and echocardiographic parameters
in 4.5-month-old rabbits,n=13

Parameter
Body weight, g

B-mode

Aortic diameter (Ao), mm
Left atrium (LA), mm
Left atrium to aorta ratio (LA/Ao)
Pulmonary vein (PV), mm
Pulmonary vein (PV), mm

Right pulmonary artery (RPA), mm
Pulmonary vein to right pulmonary artery ratio (PV/RPA)
Mitral valve E-point to septal separation (EPSS), mm

M-mode

Left ventricular posterior wall thickness at end-diastole (LVPWd), mm
Interventricular septum at end-diastole (IVSd), mm
Left ventricular internal diameter at end-diastole (LVIDd), mm
Left ventricular posterior wall thickness at end-systole (LVPWs), mm
Interventricular septum at end-systole (IVSs), mm
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Mean = SD r
4,438.46 £ 529.93

8.57 £0.96 -0.08
11.02 £ 1.27 -0.11
1.27 £ 0.24 -0.51%**
7.62 £ 0.92 -0.18
2.69 £0.72 -0.27**
3.19%£0.89 -0.11
0.86%0.12 -0.27%*
3.24 £ 1.66 -0.29
4.25%0.99 0.02
4.05 £ 0.66 -0.18
14.71 £ 1.51 -0.45%%*
5.85%1.63 -0.48%**
6.14 + 1.52 -0.36%%*
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Table 4. Continued

Parameter Mean * SD r
M-mode
Left ventricular internal diameter at end-systole (LVIDs), mm 8.88 = 1.64 0.14
Fractional shortening (FS), % 39£11 -0.42%%*
Ejection fraction (EF), % 79 %22 -0.42%**
Note: *—- P<0.05; ** - P<0.01; ***- P<0.001, statistically significant indicators, correlated with body weight in

rabbits at 4.5 months of age
Source: authors’ own work

In M-mode, moderate and pronounced
negative correlations were observed for most
structural and functional parameters: LVIDd
(P<0.001), LVPWs (P <0.001), IVSs (P <0.001),
FS (P<0.001) and EF (P<0.001). No statistically
significant correlations with rabbit body weight
were found for other M-mode parameters, such
as LVPWd, IVSd and LVPWs. The data obtained
may indicate that myocardial wall thickness in
diastole and end-systolic ventricular diameter
are more stable parameters that are less de-
pendent on body weight fluctuations during
this age period compared to active contractility
indicators. To assess the effect of body weight
on cardiovascular parameters in 4.5-month-old
rabbits in B-mode, it was found that the LA/Ao
ratio was moderately negatively correlated with
body weight (P <0.001), indicating a change in
the proportions of the atrium relative to the
aorta in rabbits with greater body weight. A
weak negative correlation was found between
pulmonary vein indices and the PV/RPA ra-
tio with the body weight of rabbits (P < 0.01),
while no statistically significant relationship
was found for Ao, LA, PA, and RPA. The EPSS
indicator showed a tendency towards a negative
correlation with the body weight of rabbits.

Comparing the results obtained at different
ages of rabbits, it can be noted that in the early
stage of the postnatal period of ontogenesis, an
increase in the body weight of rabbits was asso-
ciated with a proportional increase in Ao, which
corresponded to the normal development of the
cardiovascular system. By 4.5 months of age,

the proportional relationship weakened, prob-
ably due to individual growth rates or adaptive
changes in cardiac output. Based on the LA to
Ao ratio, a change in the proportions of the
atrium relative to the aorta can be observed. At
the beginning of the study, the growth of the
atrium in rabbits was proportional to the aor-
ta. However, by 4.5 months of age, rabbits with
a higher body weight had a relatively lower in-
tensity of growth of LA parameters compared
to Ao, which explains the strong negative
correlation. This may be an adaptive mecha-
nism to maintain optimal cardiac output. In
3-month-old rabbits, changes in body weight
stimulated the growth of the heart ventricles.
However, in older animals, there was a regu-
latory decrease in the thickness and volume
of the heart chambers in relative proportions,
possibly due to the adaptation of the heart to
physiological load. The adaptive thickening
of the interventricular septum of the heart,
which stabilised over time, reflected the phys-
iological maturation of the heart.

The publication by A.P. Fontes-Sousa et
al. (2006) describes M-modal and Doppler ref-
erence values for healthy male New Zealand
white rabbits. In this study, the average heart
rate during echocardiography was 155.0 + 29
beats per minute. At the same time, the authors
also studied morphometric indicators: the
thickness of the interventricular septum, which
was 2.03+0.37 mm in diastole and 3.05 * 0.45
mm in systole; the internal dimension of the
left ventricle — 14.37 + 1.49 mm in diastole and
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10.25+1.22 mm in systole, and the thickness
of the free wall - 2.16 £0.25 mm in diastole
and 3.48 £0.55 mm in systole. The results of
the functional parameters studied showed a
fractional shortening of 30.13 +2.98% and an
ejection fraction of 61.29 + 4.66%, indicating
good systolic heart function in these animals.
Changes in functional parameters (FS, EF) in-
dicate adaptive regulation of systolic function
as a result of an increase in the body weight of
rabbits and a decrease in the correlation be-
tween heart function and body weight in the
early stages of development of these animals.
The results obtained coincide with the results
of studies conducted by Z. Popovi et al. (2005),
D. Casamian-Sorrosal et al. (2014b) and N. Ngo-
surachet et al. (2022), who proved that func-
tional parameters are scaled allometrically ac-
cording to the size of the heart ventricles and
the duration of their filling, which leads to their
relative stability during the growth and devel-
opment of the organism. As noted by M.G. Dilek
& H.Erden (2019), establishing reference values
for echocardiographic parameters for healthy
rabbits, taking into account their age and body
weight, is extremely important for the correct
interpretation of data. The results obtained
in the current study can serve as a basis for
comparing similar parameters in experimental
models of certain pathological conditions. For
example, understanding the physiological de-
velopment of the heart in rabbits is the basis for
studying various pathologies, since rabbits are
used to model conditions that lead to cardiac
remodelling, such as hypertrophy. In particular,
in rabbits with obesity and hypertension, echo-
cardiography was used to diagnose the devel-
opment of concentric and eccentric hypertro-
phy, as well as diastolic filling disorders, which,
according to S. Minegishi et al. (2011), must be
differentiated from physiological growth.

The shortening fraction and ejection
fraction are key indicators for assessing left
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ventricular systolic function. FS is a one-di-
mensional parameter, while EF is a volumetric
parameter (Levy & Deutschman, 2004). The
sensitivity of FS to symmetrical LV contraction
makes EF a more accurate parameter in cases
of asymmetrical remodelling, but both indica-
tors correlate closely in animals with normal
LV geometry (Szmitko et al., 2003). Since the
present study demonstrated preservation of
normal geometry and contractility of the left
ventricle (LVIDs remained stable), both FS and
EF are informative. As reported by X. Chen et
al. (2022), echocardiographic measurements
in rabbits also demonstrated high reproduci-
bility, making them a reliable tool for longitu-
dinal studies. Understanding the development
of the cardiovascular system in the postnatal
period of ontogenesis is critical for assess-
ing normal heart morphology and function,
as well as for establishing baseline indicators
during experimental studies. Rabbits are an
important model for cardiovascular research
because they are relatively accessible, yet, as
noted by D. Casamian-Sorrosal et al. (2014a)
and M.G. Dilek & H. Erden (2019), large enough
to perform detailed anatomical and physiolog-
ical experiments. Echocardiography allows for
non-invasive assessment of the structural and
functional parameters of the heart, and their
correlation with body weight, according to
T. Hornyik et al. (2021), can serve as a marker
of physiological growth and adaptation of the
cardiovascular system.

The data obtained in the current study
emphasised the importance of understanding
the dynamics of changes in cardiac structures
in response to the growth and development
of the organism under controlled conditions.
The study revealed regular age-related chang-
es in the structure and function of the heart
in rabbits, which closely correlated with body
weight gain. The structural parameters of the
heart predominantly correlated positively
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with body weight in the early postnatal peri-
od of ontogenesis, while functional indicators
(shortening and ejection fractions) remained
stable or changed less significantly, indicating
physiological maturation of the heart and its
adaptation to increased load during the period
of active growth of the animal.

Conclusions

As a result of the conducted study, reference
morphofunctional cardiac parameters of clin-
ically healthy rabbits were established and
systematised across three consecutive age
periods using B-mode and M-mode echocar-
diography. Age-related changes in the struc-
ture and function of the rabbit heart were
identified, which correlated with the increase
in body weight. In particular, the growth dy-
namics of the animals were accompanied by
a regular increase in Left ventricular internal
diameter at end-diastole (LVIDd), mm and
Left ventricular internal diameter at end-sys-
tole (LVIDs), mm, as well as the thickness of
the ventricular walls (Interventricular sep-
tum (IVS) and Left ventricular posterior wall
(LVPW)) during different phases of the cardiac
cycle. Structural cardiac parameters increased
proportionally with the growth of the animals,
whereas functional cardiac indices indicated
maintenance or improvement of contractile
efficiency. These results provide a basis for
further comparison of normal and patholog-
ical cardiac morphology during the postnatal
period of rabbit ontogenesis.

Analysis of the obtained results demon-
strated that in 3-month-old rabbits the most
pronounced changes in the heart depending on
body weight dynamics were observed for Aor-
tic diameter, Pulmonary vein, Interventricu-
lar septum at end-diastole and Left ventricular
posterior wall thickness at end-diastole, which
emphasised the influence of body weight on
structural cardiac parameters, whereas functional

parameters (Fractional shortening, ejection
fraction and mitral valve E-point to septal
separation) remained practically unchanged.
In rabbits aged 3.5 months the most signif-
icant dependence of cardiac parameters on
body weight was observed for aortic diameter,
left atrium, pulmonary vein, pulmonary vein
to right pulmonary artery ratio and interven-
tricular septum at end-systole, whereas most
other structural and functional cardiac pa-
rameters remained practically independent
of body weight. This indicates that structural
cardiac parameters continued to correlate with
body weight, while functional cardiac indices
remained stable and were not influenced by
minor changes in body weight at this age peri-
od. In rabbits aged 4.5 months a clear tenden-
cy towards negative correlation between body
weight and structural as well as functional car-
diac parameters was observed, particularly with
regard to ventricular wall thickness, ventricular
dimensions and fractional shortening and ejec-
tion fraction. This indicates that during this age
period body weight became an important factor
influencing both cardiac morphology and car-
diac function in rabbits. Changes in correlation
parameters with age may be explained by phys-
iological maturation of the heart, body growth
of rabbits and adaptation of the myocardium
to increasing load, which is typical for growth
and development during the postnatal period
of ontogenesis. Prospects for further research
include the study of echocardiographic param-
eters in rabbits and comparative analysis of ref-
erence values in other breeds and age groups.
This will provide a basis for the development
of unified cardiological standards necessary for
timely diagnosis and monitoring of treatment
effectiveness of cardiovascular diseases in vet-
erinary practice.
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Abstract. The relevance of the study is due to the high frequency of drug-induced liver injury
in mammals and insufficient study of the issue of amino acid metabolism disorders in acute
forms of hepatopathy of the corresponding genesis. In this regard, the study was aimed at
identifying specific changes in the profile of free amino acids in the bile and liver of rats with
tetracycline-induced fatty hepatosis, as well as determining the corrective effect of the
phospholipid fraction of milk. The leading approach in studying this problem was an
experiment on laboratory animals with modelling of fatty hepatosis due to the cytotoxic
effect of tetracycline, followed by the selection of bile and liver samples, followed by studying
the spectrum of free amino acids using thin-layer chromatography with ninhydrin staining.
It was found that the general pattern of changes in the hepatobiliary system of diseased rats
indicated a violation of bile acid conjugation processes and mitochondrial dysfunction, as
well as a pronounced blockage of the use of free amino acids in metabolic processes. At the
same time, the use of phospholipid-containing therapy in rats with tetracycline-induced fatty
hepatosis activated the use of the intrahepatic reserve of amino acids involved in bile acid
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Amino acids of the biliary system in rats...

conjugation and antioxidant protection, in particular sulphur-containing representatives and
the total fraction of glycine/serine/glutamine. It was determined that the bile of these rats also
had a reduced content of glycine and taurine-containing amino acid fractions in the bile of
these rats, with a simultaneous increase in the level of the total alanine/tyrosine/threonine
and arginine/ornithine/lysine fractions, confirming the activation of detoxification processes
in the liver involving free amino acids. It was found that the use of the phospholipid fraction of
milk reduced the manifestations of disturbances in the intermediate metabolism of amino acids
and contributed to the restoration of the content of leucine- and valine-containing fractions
in the bile and liver of sick rats. The established patterns are of practical value for laboratory
diagnosis and preclinical evaluation of hepatoprotective agents, since the amino acid profile of
the hepatobiliary system can be used as a sensitive indicator of the severity of liver injury and
as a criterion for determining the effectiveness of therapy

Keywords: chromatography; amino acid fractions; liver; bile; corrective therapy; tetracycline

hydrochloride; laboratory diagnostics

Introduction

Drug-induced liver injury (DILI) is considered
one of the most challenging problems in mod-
ern hepatology, as it is a common cause of acute
liver failure, masquerades as other lesions, and
requires clear diagnostic and monitoring algo-
rithms. In practical guidelines, R.]. Fontana et
al. (2023) noted that the management of pa-
tients with DILI should be based on a stand-
ardised approach that combines clinical as-
sessment, biochemical markers, and analysis of
potentially hepatotoxic drugs (including herbal
and dietary supplements). Summarising cur-
rent understanding of the pathogenesis of this
hepatopathology, J. Skat-Rgrdam et al. (2025)
emphasised that the key mechanisms of DILI
remain mitochondrial dysfunction, oxidative
stress and immune-mediated injury to hepato-
cytes, and therefore risk assessment should be
based on the evaluation of these links. At the
same time, S. Thakur et al. (2024) emphasised
that biomarker panels (rather than individual
indicators) capable of reflecting various com-
ponents of pathogenesis, from oxidative stress
to cholestasis and inflammation, are becom-
ing increasingly important for hepatotoxicity.

Against this background, amino acid homeosta-
sis is gaining increasing attention as the “cen-
tral axis” of liver metabolism and its disorders.

In the context of metabolic hepatopathies,
C. Fotakis et al. (2023) showed, based on met-
abolic profiling, that non-alcoholic fatty liver
disease (NAFLD) is associated with reproduc-
ible metabolic patterns, including amino acid
patterns, that reflect changes in energy and ni-
trogen metabolism. This is consistent with what
M. Holecek (2024) described in detail, pointing
to the role of alanine and glutamine as key car-
bon and nitrogen carriers for gluconeogenesis
and the functional interaction of the liver with
other organs. This finding makes amino acid
shifts not only “markers” but also functionally
significant components in pathology. Of par-
ticular interest are integral amino acid indices
as tools for assessing metabolic imbalance and
predicting the severity of liver injury. In par-
ticular, H. Enomoto et al. (2023) emphasised
that the ratio of branched-chain amino acids to
tyrosine is not only an indicator of amino acid
imbalance but also a reflection of systemic met-
abolic shifts in chronic hepatopathies. A study
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by J. Bugajska et al. (2023) demonstrated that
the amino acid composition of bile can reflect
the characteristics of pathological processes in
the biliary tract. This reinforces the relevance
of analysing the biliary spectrum of amino
acids in elucidating metabolic changes in the
hepatobiliary system. At the same time, A. Egu-
chi et al. (2025) showed that the profile of ami-
no acid-conjugated bile acids in blood serum
reflects the severity of chronic liver disease and
has prognostic significance for the viability of
the organism. In other words, changes in con-
jugation are not only a biochemical feature, but
also a clinically and experimentally significant
characteristic of the lesion.

The key link between amino acid metab-
olism and the detoxification function of the
liver is the conjugation of bile acids with gly-
cine and taurine, which is provided by the en-
zyme bile acid-CoA:amino acid N-acyltrans-
ferase (BAAT). Importantly, S.A.]. Trammell et
al. (2023) identified BAAT not only as a bile
acid conjugation enzyme, but also as a hepat-
ic N-acyltaurine synthase for polyunsaturated
fatty acids, i.e., BAAT forms a broader spectrum
of bioactive lipid derivatives potentially rele-
vant to models of drug-induced steatosis and
cholestatic components of injury. The regula-
tory mechanisms of this axis complement the
data of T. Miyazaki et al. (2023), who used an
experimental model to demonstrate enhanced
taurine biosynthesis and conjugation of bile ac-
ids with taurine through farnesoid X receptor
(FXR)-dependent mechanisms, emphasising
that the balance of taurine/glycine conjugates
is a controllable and therefore potentially de-
cisive link in the pathogenesis of hepatop-
athy. Against the backdrop of the search for
non-fragmentary approaches to the correction
of drug-induced hepatopathies, there is grow-
ing interest in nutritional strategies, primarily
in milk phospholipids. Experimentally, Z. Wu et
al. (2022) showed that the addition of milk fat
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globule membranes (MFGM) alleviates colitis
and secondary liver injury by improving the
mucosal barrier and modulating the microbi-
ota, which is important for the gut-liver axis.
Additionally, Q. Zhang et al. (2021) showed that
adding MFGM to the diet can reduce the man-
ifestations of hepatic steatosis under experi-
mental conditions of metabolic stress, which
forms a rational basis for testing the hepatopro-
tective potential of milk phospholipids and in a
model of tetracycline-induced hepatosis. That
is why a comprehensive study of amino acids
in the biliary system of rats under conditions
of tetracycline-induced liver injury and against
the background of milk phospholipid adminis-
tration represents a relevant research direction
that combines mechanistic analysis (mitochon-
drial dysfunction/oxidative stress/bile acid con-
jugation) with potential nutritional correction.

Thus, current data highlight two key un-
resolved issues. First, simultaneous changes in
the profile of free amino acids in the liver and
bile in a model of acute drug-induced steato-
sis, in particular tetracycline-induced steatosis,
have not yet been sufficiently characterised.
Second, there is limited information on wheth-
er the phospholipid fraction of milk is capable
of modifying these amino acid shifts through
its effect on bile acid conjugation, antioxidant
pathways, and complexes associated with glu-
tathione metabolism.

The aim of the study was to reveal specific
changes in the profile of free amino acids in the
bile and liver of rats with tetracycline-induced
fatty hepatosis and to determine the corrective
effectiveness of the phospholipid fraction of
milk in restoring the amino acid balance at the
level of the hepatobiliary system. The objectives
were, first, to quantitatively characterise chang-
es in the profile of free amino acids in the bile
and liver of rats relative to the control group;
secondly, to determine whether the phospho-
lipid fraction of milk modifies the deviations of
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glycine-taurine and sulphur-containing amino
acid groups associated with bile acid conjuga-
tion and antioxidant protection; and, thirdly, to
evaluate the informativeness of the amino acid
spectrum as a potential indicator of the effec-
tiveness of correction, comparing the “Self-re-
habilitation” groups without therapy and in the
case of oral administration of milk phospholip-
ids “Tetracycline + biologically active supple-
ment FLP-MD” to laboratory rats.

Literature Review

In both veterinary and human medicine, the
toxic effect of drugs on the liver is one of the
leading problems in hepatopathology. Several
interrelated pathogenetic mechanisms are dis-
tinguished in the development of DILI, includ-
ing mitochondrial dysfunction, oxidative stress,
and bile acid homeostasis imbalance, which
significantly complicates the treatment of sick
animals. ]. Skat-Rgrdam et al. (2025) added the
activation of cell death signalling pathways to
the list of drug-induced liver injury disorders.
The experts emphasised the need to use exper-
imental models in combination with compre-
hensive approaches and genetic tools for in-
depth study of the pathogenesis of DILI and the
search for reliable biomarkers. This pathogen-
esis of drug-induced liver injury is consistent
with the phenotype of tetracycline-induced mi-
crovesicular steatosis, where the suppression of
mitochondrial B -oxidation of fatty acids, which
leads to the accumulation of small fat droplets
in hepatocytes. The key links in this phenotype
are dysregulation of lipid metabolism, mem-
brane disorders and oxidative stress, so it seems
reasonable to consider milk polar lipids as po-
tential corrective factors.

Previous studies have noted the high effica-
cy of milk phospholipids (polar lipids) in mod-
els of liver injury. Thus, Z. Wu et al. (2022) in a
model of acute colitis (induced by DSS) with sec-
ondary liver injury showed that inflammatory

aggression was accompanied by an increase
in the activity of aspartate aminotransferase
and alanine aminotransferase in blood plasma
and liver, while prophylactic administration of
MFGM reduced these indicators and mitigated
the manifestations of hepatic oxidative stress.
This indicated the pronounced hepatopro-
tective potential of milk polar lipids. Further
studies detailed the effect of milk polar lipids
on fat metabolism in hepatic steatosis. In par-
ticular, Q. Zhang et al. (2021) demonstrated that
the offspring of mice whose mothers received
a high-fat diet developed pronounced hepat-
ic steatosis: small fat vacuoles accumulated in
hepatocytes, the content of triacylglycerols in
blood serum and liver increased, and aspartate
aminotransferase activity increased. In contrast,
the addition of MFGM in the early postnatal pe-
riod contributed to the restoration of triacylg-
lycerol levels and aspartate aminotransferase
activity and improved antioxidant defence pa-
rameters (decrease in malondialdehyde content,
increase in superoxide dismutase activity). This
was consistent with the suppression of de novo
lipogenesis and restoration of mitochondrial
function in the liver of these animals. A.L. Zhou
& R.E. Ward (2024) also showed that a diet en-
riched with milk polar lipids caused a decrease
in absolute and relative liver weight and a de-
crease in the expression of liver genes associat-
ed with lipid metabolism, including cholesterol.
This confirms the beneficial effect of milk phos-
pholipids on hepatic lipid metabolism under
stress conditions. In a review of clinical stud-
ies, A.P. Kanon et al. (2024) showed that adding
MFGM to the diet of adults was associated with
a decrease in total cholesterol and low-density
lipoproteins in the blood. This hypolipidemic
effect was consistent with the hypothesis of the
cardiometabolic benefits of milk phospholip-
ids. Taken together, these results significantly
complement experimental data on the effective
correction of the lipid profile of blood plasma,

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1




Bryzhenko & Gryshchenko

bile and liver in rats using the components of
the dietary supplement “FLP-MD” in a model of
tetracycline-induced hepatosis.

In modern research, increasing attention
is being paid to the amino acid profile as a
marker of liver injury. For example, J. Zhao et
al. (2023) used Mendelian randomisation to
prove a causal link between genetically deter-
mined levels of certain amino acids and the risk
of metabolically associated fatty liver disease
(MAFLD). In particular, it was shown that ge-
netically determined increases in alanine lev-
els and decreases in glutamine content cause
a higher risk of developing MAFLD. These data
emphasised that changes in amino acid com-
position are not only a consequence but also
a possible trigger for the progression of stea-
tosis. In turn, N.Y.T. Tan et al. (2024) proposed
an integrated glutamate-serine-glycine index
as a non-invasive indicator of MAFLD activi-
ty stage and response to therapy. Overall, the
results obtained indicate that the amino acid
profile is a promising platform for assessing the
severity and prognosis of hepatopathy. At the
same time, most studies focus on the analysis
of blood plasma and practically do not consider
synchronous changes in the amino acid spec-
trum in the liver and bile.

A separate area of research is the assess-
ment of the phospholipid fraction of MFGM as
a source of bioactive lipids. Literature data have
shown that MFGM components such as phos-
phatidylcholine, sphingomyelin and phosphati-
dylethanolamine are capable of regulating lipid
and cholesterol metabolism, improving the
barrier function of the intestine and exhibiting
anti-inflammatory properties. The reduction
in cholesterol and low-density lipoprotein lev-
els in adults when consuming MFGM, demon-
strated in clinical studies, is consistent with
the hypolipidemic and general health-promot-
ing effects of milk polar lipids. These facts are
comparable to the above experimental data on
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the correction of lipid metabolism in the liver
under the influence of milk phospholipids. In
addition, it is worth noting the role of individ-
ual amino acids in the course and treatment
of animals with hepatopathology. A decrease
in branched-chain amino acids (BCAA) during
the progression of chronic liver disease is asso-
ciated with a worsening prognosis, while their
additional administration is recommended in
patients with cirrhosis (especially in the pres-
ence of hepatic encephalopathy) to improve
nutritional status and clinical outcomes. More-
over, M.C. Trillos-Almanza et al. (2024) showed
that BCAAs and their metabolites contributed
to a decrease in the intensity of activation of
hepatic stellate cells (the main effectors of fi-
brogenesis) in in vitro experiments. Thus, the
available literature data have shown that tet-
racycline-induced hepatosis is an experimen-
tally validated model for studying DILI. Milk
phospholipids and other components of milk
fat globule membranes have a clinically proven
ability to correct structural and metabolic dis-
orders in the liver. At the same time, the amino
acid profile is considered a sensitive marker of
liver injury. However, simultaneous changes in
the amino acid composition of the liver and bile
in conditions of drug-induced hepatosis and
its correction with milk phospholipids remain
insufficiently characterised, which explains the
need for this study.

Materials and Methods

An acute experiment on laboratory rats, fol-
lowed by the collection of biological material
samples and their preparation for amino acid
composition analysis, was conducted in Janu-
ary 2024 at the vivarium of the Educational and
Scientific Centre (ESC) “Institute of High Tech-
nologies” of the Taras Shevchenko National
University (Kyiv), which is equipped with cen-
tralised water supply, sewage, ventilation and
air conditioning. The research was conducted in
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accordance with Directive 2010/63/EU (2010),
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 amino
acid composition of the prepared bile and liver
samples was studied in the scientific laboratory
of the same research centre during 2024. The
research project was reviewed and approved by
the Bioethics Committee of the National Uni-
versity of Life and Environmental Sciences of
Ukraine, as confirmed by the decision of the
Bioethics Committee of the National University
of Life and Environmental Sciences (NULES) of
Ukraine dated 10 October 2023, protocol No. 10.

Each group of animals was kept in separate
cages on a standard vivarium diet. They had
free access to food and drinking water. Before
the start of the experiment, the rats were kept
in quarantine with clinical examination for two
weeks. Monitoring of changes in body weight
and feed consumption by the test animals was
carried out for 9 days.

Using the author’s method by V. Grysh-
chenko et al. (2019), fatty hepatosis was mod-
elled in laboratory rats. For this purpose, using
a soft silicone probe, a 4% solution of tetra-
cycline hydrochloride was administered in-
tragastrically to the animals daily at a rate of
250 mg/kg of body weight for 7 days. As a result
of intragastric administration of high doses of
tetracycline hydrochloride, rats developed fat-
ty hepatosis. Animals that received intragastric
administration of tetracycline hydrochloride
without further therapy were assigned to the
“Self-rehabilitation” group (n = 6). Rats in the
“Tetracycline + “FLP-MD” dietary supplement”
group (n=6) were administered an intragas-
tric dose of a 1% solution of the FLP-MD die-
tary supplement (experimental series, NULES
Ukraine), which contains milk phospholipids
as the main active ingredient. The drug was
administered intragastrically for 9 days — one
hour before the administration of the antibiotic,

as well as for two days after the completion of
the course of antibiotics. The daily therapeu-
tic dose of “FLP-MD” dietary supplement was
13.5 mg/kg of body weight (Patent of Ukraine
No. 8651, 2009). Rats that were administered
distilled water in a volume equivalent to the
volume of the antibiotic and dietary supple-
ment were included in the “Control” group
(n=6). The next group of animals, the “Prepa-
ration” group, consisted of clinically healthy
animals that additionally received milk phos-
pholipids as part of the dietary supplement
“FLP-MD” (n = 6). During the experiment, the
body weight of the rats was monitored daily us-
ing ORION OS-0K22 electronic scales (ORION
ELECTRONICS LTD, Europe), adjusting the dos-
age of the drugs according to the established
changes. On day 10, bile and liver samples were
taken from rats in all groups for further analysis
of their amino acid composition.

The spectrum of free amino acids was de-
termined by the method of paper chromatog-
raphy with ninhydrin staining, modified on the
basis of the classical methods of R. Consden et
al. (1944), S.M. Partridge (1948) and taking
into account the approaches of S. Moore & W.
H. Stein (1948) and R.]. Block et al. (1958), which
allowed for a quantitative assessment of the
amino acid composition of biological material.
This method facilitated the separation of amino
acids on chromatographic paper due to differ-
ences in the distribution coefficients between
the mobile and stationary phases and is suitable
for quantitative analysis in biomaterials, with
the exception of proline and hydroxyproline,
which give an atypical reaction with ninhydrin.

Bile sampling. Rats were fasted for 18 hours
prior to surgery. Anaesthesia was achieved by
intraperitoneal administration of thiopental
sodium at a dose of 60 mg/kg. Approximately
5 minutes after administration of the anaes-
thetic, the animal was immobilised on its back.
A median laparotomy was performed along the
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midline of the abdomen, starting approximate-
ly 0.5 cm caudal to the xiphoid process; the
length of the incision was 2.0-2.5 cm. The com-
mon bile duct and portal vein were identified at
the hepatic hilum. At a distance of about 0.5 cm
distal to the bifurcation of the duct, two liga-
tures were applied: one to hold the duct during
manipulation, the other to fix the cannula. Af-
ter delicate incision of the duct wall, a cannula
was inserted and connected to a 200 pL micro-
pipette. Bile collection began 30 minutes after
cannulation and was performed every 30 min-
utes for 3 hours (a total of six samples: at 30, 60,
90, 120, 150, and 180 minutes), as described by
D.0. Melnychuk et al. (2015).

Liver sampling. Biological material sam-
ples were collected under thiopental anaesthe-
sia in rats. Liver samples were collected imme-
diately after euthanasia of the rats. A portion
of the organ weighing 300 mg was measured
using torsion balances (model VT-500 torsion
balance, Ukraine), after which 700 uL of physio-
logical saline was added. The samples were ho-
mogenised using a (Lankai FSH-2A, China) over
ice twice for 15-20 seconds at medium speeds,
with a 30-second break between approaches.
The homogenate was centrifuged in a high-
speed microcentrifuge (Biosan Microspin 12,
Latvia) after pre-cooling the rotor at 14.5 thou-
sand rpm for 10-12 minutes.

Sample preparation. Since some amino
acids have very similar Rf values and are not
completely separated during one-dimension-
al chromatography, preliminary concentration
and extraction of the sample was performed.
Each sample (20 uL of liver sample homoge-
nate) was applied to a small square of desul-
phurised filter paper (3.5x3.5 cm) — 20 pL three
times per paper (each layer was dried before ap-
plying the next). The paper saturated with the
sample was cut into small pieces and placed in a
test tube with 2 mL of an extracting mixture of
acetone:ethanol:water (7:2:1, by volume). This
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allowed the amino acids to be extracted (deso-
rbed) from the paper into the solution and si-
multaneously separated from macromolecules
and salts that could interfere with the analysis.
After extraction, the solution was evaporated
to dryness (in a stream of air at room tempera-
ture), and the residue was dissolved in 15 pL of
distilled water. The resulting concentrate was
applied to the starting line of the chromato-
graphic paper in the form of three consecutive
drops of 5 pL each (with a 15-minute interval
between applications for drying). In this way,
a compact concentrated spot was formed from
each sample. The “cut paper elution” approach
was adapted for amino acids as an author’s
modification (Hackman & Lazarus, 1956).
Chromatographic separation. Filtrak FN-1
chromatography paper (Germany) was used as
the stationary phase. The mobile phase was a
six-component mixture of solvents: isoamyl
alcohol (Carlo Erba, France): n-butanol (Carlo
Erba, France): glacial acetic acid (Merk, Ger-
many): formic acid (BASF, Germany): distilled
water: butylbenzyl ether (Thermo Fisher Sci-
entific, USA) in a ratio of 21:8:10:1:10:1 (by
volume) with the addition of 0.2% ninhydrin
(Thermo Fisher Scientific, USA). Chromatogra-
phy was performed in a sealed chamber using
the ascending paper chromatography meth-
od, pre-saturated with mobile phase vapours
(Consden et al., 1944; Williams & Kirby, 1948).
The starting zones for sample application were
located on a line 2-3 cm from the bottom edge
of the paper. The development of the chroma-
togram lasted approximately 7 hours (the sol-
vent passed through almost the entire length of
the paper strip). If necessary, multiple solvent
passes or extended development time (up to
12-20 hours) can be used to improve separation.
However, in this case, a single pass over 7 hours
was sufficient to separate most fractions.
Chromatogram development. After com-
pletion of chromatographic separation, the
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paper strip was removed from the chamber
and dried in a fume hood at room temperature
(1 hour, until complete removal of solvent va-
pours). To visualise the amino acids, the chro-
matogram was placed in a drying oven (Labex-
pert 3015, Ukraine) at a temperature of 45°C
for 120 minutes. During this time, ninhydrin
(Thermo Fisher Scientific, USA), added to the
mobile solvent, reacted with amino acids, form-
ing coloured products directly on the paper.
Thus, additional spraying with the reagent was
not required. This gentle heating (temperature
45°C, 2 hours) ensured the gradual develop-
ment of amino acid spots. For comparison, in
standard methods, the paper chromatogram is
immersed in a ninhydrin solution for several
seconds after drying and then dried, followed
by heating for 15 minutes at 60°C to reveal pur-
ple spots (Block et al., 1958). The approach used
in this work, with the addition of ninhydrin di-
rectly to the eluent, simplified the procedure
with a similar development effect.
Quantitative analysis. After development,
the amino acid spots on the chromatogram
were quantitatively evaluated by reflectance
densitometry. The intensity of each spot’s col-
our was measured on a DO-1M densitometer
(Ukraine) in reflected light. The use of spectral
reflectometry to evaluate ninhydrin staining
on chromatograms is a well-known approach
in the quantitative analysis of amino acids. For
quantitative determination, calibration curves
were constructed in advance: known amounts
of standard amino acids were applied to chro-
matographic paper and, after the entire proce-
dure (separation and development), the optical
density of their spots was measured. Within the
linear range of the ninhydrin reaction, the op-
tical density of the colour is proportional to the
amino acid content. The measured optical den-
sity of the spots of the test samples was com-
pared with the calibration graph of the corre-
sponding amino acid and used to determine the

amount of this amino acid in the sample, taking
into account the dilution made during sample
preparation. If some amino acids did not sepa-
rate (co-eluted) due to the proximity of Rf, their
total content was noted together, or separation
required additional measures (e.g., solvent
change or two-dimensional chromatography).
Statistical processing of results. The ex-
perimental data obtained were processed using
methods of variational statistics in the Microsoft
Excel 2016 software environment. For each in-
dicator, the arithmetic mean (M), standard de-
viation (SD) and standard error of the mean (m)
were determined using the following formulas:

M === 1)
SD = Y (x;—M)?

n-1 (2)

m=32 3)

where n — number of observations.
Calculations were performed using built-
in Excel functions: = AVERAGE(range) - for
the mean value; = STDEV.S(range) - for
the standard deviation; =STDEV.S(range)/
SQRT(COUNT(range)) — for the standard error
of the mean. The significance of differences be-
tween means was tested using Student’s t-test
for independent samples with unequal vari-
ances (t-test, two-sample unequal variance)
with a statistical significance level of P<0.05.

Results and Discussion

To determine the features of the effect of tet-
racycline-induced hepatosis on the functioning
of the hepatobiliary system of the organism and
to clarify the corrective effectiveness of milk
phospholipids, the amino acid composition of
bile in rats was analysed. The obtained indi-
cators of total amino acid fractions in the bile
of experimental rats from different groups are
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presented in Table 1. This made it possible to
determine the direction of shifts in the amino

acid profile of bile in the experimental rats un-
der different experimental conditions.

Table 1. Concentration of free amino acids in the bile of rats with tetracycline-induced hepatosis
and the use of milk phospholipids, mg% (M+*m, n=6)

Rats with tetracycline- Chl;;:ltl:’el;:::lthy
Clinically  Rats with tetracycline- induced hepatosis with the dieta
Total amino healthy rats, induced hepatosis, treated with the dietary su lementry
acid fraction “Control” “Self-rehabilitation” supplement “FLP-MD”, “FpLIiJ-MD”
group group “Tetracycline + “FLP-MD” .
supplement” group R
group
CCVSEE‘EE/ 0.48%0.03 0.71 % 0.02* 0.40 * 0.02* 0.65 * 0.06*
Arginine/
Ornithine/ 1.55 +0.07 2.77 £0.06* 1.95 £ 0.80* 2.20+0.10*
Lysine
Histidine/
Taurine/ 0.97 £0.06 1.33 +0.08* 0.63 +0.04* 1.48 +0.09*
Asparagine
Glycine/
Serine/ 1.44+0.09 3.16  0.05* 1.03 +0.09* 2.30 £ 0.09*
Glutamine/
Aspartic acid
Methionine/ - 9.4 g0 2.17+0.08* 0.82+0.05* 1.18+0.05*
Glutamic acid
Alanine/
Tyrosine/ 1.50 +0.03 2.10+0.07* 2.15 =0.09* 1.50 £ 0.07
Threonine
Valine/
Norvaline/ 1.07 £0.05 1.67 £0.03* 0.85 £ 0.04* 0.98 £0.08
Tryptophan
Leucine/
Norleucine/ 0.88+0.01 1.64 +0.10* 0.82+0.18 0.97 £0.09
Phenylalanine

Note: *— P<0.05 compared to the control group
Source: authors’ own work

In the bile of rats in the “Self-rehabilita-
tion” group, the cysteine/cystine fraction was
48% higher than the corresponding values in
the “Control” group. This pattern reflected the
activation of the methionine-homocysteine
cycle and enhanced cysteine resynthesis dur-
ing the recovery phase after tetracycline-in-
duced oxidative stress. Cysteine is a limiting
substrate for the synthesis of glutathione and
taurine. These pathways are critical for the de-
toxification of reactive oxygen species and the
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conjugation of bile acids. Recent data from
T. Miyazaki et al. (2023) confirmed that activa-
tion of farnesoid X receptors or NR1H4 stimu-
lates both taurine synthesis and bile acid con-
jugation under the catalytic influence of BAAT,
which requires sufficient supply of sulphur-con-
taining amino acids. Thus, the increased con-
tent of cysteine/cystine in bile during the
self-recovery stage can be interpreted as a con-
sequence of the fact that the rate of their for-
mation exceeds the intensity of their use in the
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synthesis of glutathione and taurine. In the bile
of sick rats in the “Tetracycline + FLP-MD die-
tary supplement” group, on the contrary,a 17%
decrease in the total cysteine/cystine fraction
was recorded compared to the control group.
This may indicate that, despite correction with
milk phospholipids, the cysteine reserve is still
actively spent on restoring glutathione content
and conjugating toxic forms of bile acids that
accumulate during the modelling of tetracy-
cline-induced hepatosis. Recent experimental
work by J. Liu et al. (2025) has shown that an
excess of hydrophobic bile acids, by activat-
ing FXR/SHP (small heterodimer partner), can
inhibit the glutathione synthetase pathway,
increasing the consumption of cysteine for an-
tioxidant protection. Thus, lower values of the
total cysteine/cystine fraction in bile are con-
sistent with the idea of a continuing load on sul-
phur-containing amino acids even under thera-
peutic conditions. In clinically healthy animals
in the “Preparation” group, which received only
milk phospholipids, the concentration of the
cysteine/cystine fraction in bile was 35% higher
than in the control group. This may reflect mild
stimulation of sulphur-containing metabolism
and enhanced conjugation of bile acids against
the background of improved membrane trans-
port under the action of phospholipids.

In the bile of sick rats in the “Self-rehabili-
tation” group, the content of the total arginine/
ornithine/lysine fraction was 79% higher than
the corresponding values in the control group.
This increase in values may be associated with
the activation of the ornithine cycle and en-
hanced detoxification of nitrogen. Ornithine
and arginine are key metabolites of this path-
way, while lysine reflects the overall increase in
protein catabolism. A similar dysregulation of
the arginine-ornithine pathway in acute liver
injury was described by M. Holecek et al. (1996),
who recorded a decrease in arginine concentra-
tion against a background of increased ornithine

content in blood plasma in four models of ex-
perimental liver injury in rats, which correlated
with the severity of hepatocellular injury. Thus,
the levels of these amino acids are considered
to be sensitive biomarkers of acute hepatic
injury. In the group of animals with hepatosis
that received milk phospholipids (the “Tetracy-
cline + “FLP-MD” dietary supplement” group),
the total level of these amino acids was also
significantly higher than the control by 26%,
but lower than during self-rehabilitation. This
can be interpreted as a partial normalisation of
nitrogen metabolism against the background
of the correction: milk phospholipids improved
the structural state of hepatocytes, which con-
tributed to the restoration of ornithine cycle
enzyme activity. This reduced the need for “ex-
cessive” excretion of essential amino acids into
bile. These conclusions are consistent with the
data of S. Colosimo et al. (2023) on the reduc-
tion of hyperammonaemia and correction of ni-
trogen metabolism disorders using amino acid
mixtures/modulating drugs in experimental
models of metabolic hepatopathology.

In the bile of rats in the “Preparation”
group, which received only milk phospholipids,
a 42% increase in the concentration of the total
arginine/ornithine/lysine fraction was also re-
corded relative to the control. This shift can be
interpreted as moderate stimulation of protein
and nitrogen metabolism and a certain adjust-
ment of the ornithine cycle even in the absence
of pronounced liver injury. The additional in-
volvement of essential amino acids created
better conditions for ammonia utilisation and
maintenance of nitrogen homeostasis. This is
consistent with data on the potential hepato-
protective role of L-arginine in experimental
models of cholestatic liver injury. Y. Ozsoy et
al. (2011) demonstrated that the use of L-ar-
ginine reduced the severity of biochemical
and morphological signs of cholestatic injury,
which is consistent with the idea of the anabolic

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1




Bryzhenko & Gryshchenko

and hepatoprotective potential of additional
amino acid administration.

In the bile of sick rats undergoing self-re-
habilitation, the  histidine/taurine/aspar-
agine fraction was 37% higher than in the
control group. Taurine is the end product of
sulphur-containing amino acid metabolism and
the main substrate for conjugation with bile ac-
ids, while histidine and asparagine reflect par-
ticipation in buffering and anti-inflammatory
reactions (via carnosine, histamine, amidation).
An increase in their content in rat bile during
the self-recovery phase may indicate the acti-
vation of bile acid conjugation reactions and
the antioxidant and anti-inflammatory poten-
tial of hepatocytes. In line with this, a review by
M. Stofan & G.L. Guo (2020) noted that FXR re-
ceptor activation is a key link in the regulation
of bile acid synthesis, conjugation and detoxifi-
cation and was considered an important mech-
anism for protecting the liver from metabolic
and cholestatic stress. In the bile of sick rats in
the “Tetracycline + “FLP-MD” dietary supple-
ment” group, the total content of histidine/tau-
rine/asparagine, on the contrary, was 35% lower
than in the control group. This indicates that
even with correction by milk phospholipids, the
supply of taurine and related amino acids is still
insufficiently restored and is likely to be inten-
sively used for the conjugation of toxic forms
of bile acids and the neutralisation of oxidative
stress products. A. Eguchi et al. (2025) showed
that in humans with chronic liver disease, a de-
crease in the glycine/taurine ratio in the serum
conjugated bile acid fraction was closely asso-
ciated with more pronounced deterioration of
liver function, higher markers of fibrosis, and a
less favourable prognosis for patient recovery.
The bile of animals in the “Preparation” group,
which received only milk phospholipids, showed
the highest concentration of this cluster, which
differed by 53% from the control. This can be
interpreted as preventive “saturation” with

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1

taurine and related amino acids, which created
favourable conditions for bile acid conjugation,
maintenance of bile secretion and increased
liver resistance to metabolic stress. Similarly,
A. Gregor et al. (2021) showed in a calorie-re-
stricted mouse model that this adaptation was
accompanied by an increase in the level of free
taurine and taurine-conjugated bile acids in the
intestinal wall and an increase in the content
of bile acids in the liver and blood plasma. The
established patterns were considered an impor-
tant component of the protective restructuring
of bile acid and antioxidant homeostasis.

In the bile of sick rats in the “Self-reha-
bilitation” group, a sharp increase in the total
content of glycine/serine/glutamine/aspar-
tic acid was noted — more than 119% relative
to the control. Glycine and glutamine are not
only substrates for the synthesis of glutathione
and urea, but also key donors in nitrogen de-
toxification reactions, while aspartic acid is
involved in anion transport and the ornithine
cycle. Such a pronounced increase in their lev-
els in bile can be interpreted as a manifestation
of enhanced protein catabolism and as a result
of the activation of nitrogen metabolism during
the stage of independent recovery after tetracy-
cline injury. A similar trend towards an increase
in the concentration of free amino acids in bile
in conditions of hepatobiliary system dam-
age was described by J. Bugajska et al. (2023),
who found an increase in the content of most
amino acids in bile in gallstone disease com-
pared to the control group. On the other hand,
M. Holecek (2024) emphasised that glutamine
and aspartate are key participants in ammo-
nium detoxification and ornithine cycle func-
tioning in liver injury. Thus, the data obtained
on the increase in the total content of the gly-
cine/glutamine/aspartic acid fraction in bile
was consistent with the idea of the enhanced
participation of these amino acids in ensuring
nitrogen homeostasis at the liver level. In sick
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animals from the “Tetracycline + “FLP-MD”
dietary supplement” group, against the back-
ground of milk phospholipid administration,
the content of the total glycine/serine/glu-
tamine/aspartic acid fraction in bile was 28%
lower than the corresponding values in the
control group. This may indicate that the cor-
rective effect of milk phospholipids was mani-
fested instead of the usual elimination of these
amino acids in bile to intensive use in intra-
cellular synthesis of proteins, glutathione and
energy production necessary to ensure active
regeneration of hepatocytes. A similar transi-
tion from catabolic to anabolic amino acid me-
tabolism is described in the work of O. Rom et
al. (2020), where glycine-containing therapy
in experimental metabolic dysfunction-asso-
ciated steatotic liver disease (MASLD)/NAFLD
stimulated B-oxidation of fatty acids and glu-
tathione synthesis in the liver, reducing stea-
tosis, oxidative stress and fibrosis.

In the bile of animals in the “Preparation”
group, which received only milk phospholip-
ids, the content of the total fraction of glycine/
serine/glutamine/aspartic acid was also signifi-
cantly higher by 60% than in the control group.
This probably reflected the physiological en-
hancement of bile formation under the influ-
ence of phospholipids, increased proliferation
and restoration of the biliary tract epithelium,
for which glycine and serine are key ‘building’
substrates. In support of this, S. Pan et al. (2021)
emphasised that serine and glycine, through
one-carbon metabolism, provide proliferating
cells with nucleotides, proteins and membrane
lipids, which is consistent with the interpreta-
tion of the results in this study regarding the
established growth of this cluster as a marker
of active renewal of the biliary tract epithelium.

In the bile of diseased rats in the “Self-re-
habilitation” group, the content of the total
methionine/glutamic acid fraction exceeded the
control by 117%. Methionine is a methyl group

donor and precursor of cysteine, and glutamate
is a central node between nitrogen metabolism
and energy cycles. Their “accumulation” in
bile can be explained by impaired intrahepatic
utilisation (methylation, glutathione synthe-
sis) and enhanced transamination against the
background of oxidative and lipid stress in tet-
racycline hepatosis. In sick animals from the
“Tetracycline + “FLP-MD” dietary supplement”
group, against the background of milk phospho-
lipid use, the content of the total methionine/
glutamic acid fraction was 18% lower than in
the control group. It is likely that these amino
acids were actively used in intracellular metab-
olism, in particular in the methionine-cysteine
cycle, glutathione and protein synthesis, rather
than being excreted in bile. In the bile of ani-
mals in the “Preparation” group, which received
only milk phospholipids, a moderate but statis-
tically significant 18% increase in the content of
the total methionine/glutamic acid fraction was
observed compared to the control. The observed
changes can be explained by the activation of
the methionine cycle and increased endogenous
synthesis of phospholipids in the liver against
the background of the intake of exogenous
milk phospholipids. A summary of the data by
G. Contarini & M. Povolo (2013) also showed
that milk phospholipids can stimulate the res-
toration of the phospholipid composition of the
liver and reduce its lipid overload, which is con-
sistent with the proposed assumption about the
activation of the methionine cycle against the
background of phospholipid correction.

In the bile of sick rats in the “Self-rehabil-
itation” group, the content of the total fraction
of alanine/tyrosine/threonine significantly in-
creased by 40% relative to its values in the con-
trol group, and in rats from the “Tetracycline +
“FLP-MD” dietary supplement” group against
the background of milk phospholipid use, it in-
creased by 43%. Alanine is a key substrate for
gluconeogenesis and transamination, tyrosine
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is an aromatic amino acid sensitive to the in-
tensity of total proteolysis, while threonine is
an essential component of glycoprotein and
structural protein synthesis. Thus, a statisti-
cally significant increase in the total content
of these fractions in both groups can be inter-
preted as a consequence of the enhanced mobi-
lisation of these amino acids in hepatocytes in
response to the development of experimental
hepatopathology. In the bile of animals in the
“Preparation” group, which received only milk
phospholipids, the content of this total amino
acid fraction remained unchanged.

At the same time, in the bile of sick rats in
the “Self-rehabilitation” group, the content of
the total fraction of valine/norvaline/trypto-
phan increased by 56% relative to the control.
Valine belongs to branched-chain amino acids
(BCAA), and tryptophan belongs to aromatic
amino acids (AAA), so an increase in their to-
tal concentration in the secretion can be con-
sidered a manifestation of a shift in the BCAA/
AAA balance during the recovery phase due to
tetracycline-induced liver injury. K. Tajiri &
Y. Shimizu (2018) emphasised that in patients
with chronic diffuse liver injury and cirrhosis,
there was a decrease in plasma concentra-
tions of branched-chain amino acids against a
background of an increase in aromatic amino
acids, which led to a drop in the Fisher index
(BCAA/AAA) index and the BCAA/tyrosine ra-
tio. Such amino acid dysregulation is consid-
ered a typical sign of cirrhosis progression and
a prognostic marker of its course. Against this
background, the detected increase in the to-
tal content of valine/norvaline/tryptophan in
the bile of rats during self-rehabilitation may
indicate their compensatory elimination from
the intracellular reserve due to the processes
of bile formation and bile secretion. In the bile
of rats in the “Tetracycline + “FLP-MD” dietary
supplement” group, against the background of
the use of milk phospholipids, the content of
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the total valine/norvaline/tryptophan fraction
decreased by 21% compared to the control.
This shift can be interpreted as meaning that,
under the conditions of the correction applied,
these amino acids are used more intensively by
hepatocytes for protein synthesis and regen-
eration processes, compared to their losses in
bile. M.C. Trillos-Almanza et al. (2024) noted
that in patients with end-stage liver disease,
BCAA levels were reduced, and their additional
administration was considered as an approach
to alleviating fibrosis and stimulating regener-
ation. In their work, the authors demonstrated
that BCAAs and their metabolites reduce the
activation of stellate cells in the livers of hu-
mans and rats. Against this background, the ob-
served decrease in the total valine/norvaline/
tryptophan fraction in bile during phospholipid
therapy can be interpreted as a manifestation
of more “economical” use of BCAAs in the liver
to ensure recovery processes, while the absence
of significant changes in these amino acids in
rats in the “Preparation” group confirms that
the nature of the redistribution of BCAA/AAA
in bile is caused precisely by liver injury.

Only in sick rats in the “Self-rehabilitation”
group did the content of the total leucine/phe-
nylalanine fraction in bile differ significantly
higher by 86% compared to the control, while
in animals in the “Tetracycline + “FLP-MD” di-
etary supplement” and “Preparation” groups,
these indicators remained unchanged. Leucine
is a key branched-chain amino acid, and phe-
nylalanine is a typical aromatic amino acid, so
their joint increase in bile can be considered a
manifestation of a pronounced amino acid im-
balance at the stage of uncorrected recovery
after tetracycline injury. Y. Zhang et al. (2024)
noted that in chronic liver diseases, the BCAA/
AAA ratio is a sensitive indicator of the degree
of decompensation and prognosis, since a de-
crease in BCAA and a relative increase in AAA
are closely related to the severity of liver injury.
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Against this background, the fact that in the
group with phospholipid correction, the total
leucine/phenylalanine content did not differ
from the control level, and in the animals of
the “Preparation” group, only a tendency to
increase was noted, further confirms the effec-
tiveness of the corrective effect of milk phos-
pholipids on the amino acid balance.

For a comprehensive characterisation of
intermediate amino acid metabolism, an anal-
ysis of the intrahepatic composition of free
amino acids was also performed, which directly

reflected the metabolic state of hepatocytes
in tetracycline-induced hepatosis against the
background of correction with milk phospho-
lipids. Table 2 presents the summarised results
of individual total amino acid fractions in the
liver of animals from different groups, which,
in combination with the corresponding indica-
tors in bile samples, allows to track changes in
key links of nitrogen-excreting and bile-form-
ing metabolism in the area of primary injury by
toxic doses of tetracycline and, as a result, the
development of fatty hepatosis.

Table 2. Content of free amino acids in liver samples of rats with tetracycline-induced fatty
hepatosis and correction with milk phospholipids, mg% (M*m, n=6)

Clinically
Rats with tetracycline- healthy rats
Clinically  Rats with tetracycline- induced hepatosis treated with
Total amino  healthy rats, induced hepatosis, treated with the dietary the dietary
acid fraction “Control” “Self-rehabilitation” supplement “FLP-MD”, supplement
group group “Tetracycline + “FLP-MD” “FLP-MD”,
supplement” group “Preparation”
group
Cysteine/Cystine  0.30 % 0.03 0.41 +0.04* 0.17 £0.02* 0.44 + 0.05*
Arginine/ 1.48+0.14 2.74 %0.32* 0.86 % 0.07* 2.10%0.24
Ornithine/Lysine
Histidine/
Taurine/ 0.87 £0.07 2.02 £0.22* 0.57 £0.05* 1.57 +0.16*
Asparagine
Glycine/Serine/
Glutamine/ 2.24+0.20 3.73+0.38* 1.33 £0.23* 4.06 = 0.39*
Aspartic acid
Methionine/ - 704 14 3.07 +0.24* 1.21%0.19* 3.04 +0.23*
Glutamic acid
Alanine/
Tyrosine/ 1.20+0.10 1.99 + 0.09* 1.80+0.17* 2.35 = 0.20*
Threonine
Valine/
Norvaline/ 0.82 £0.07 1.58 £0.14* 0.78 £0.04 1.79 £0.13*
Tryptophan
Leucine/
Norleucine/ 1.13+0.08 1.82 £0.10* 2.10 + 0.08* 2.70 £0.18*
Phenylalanine

Note: *P<0.05 compared to the control group
Source: authors’ own work

The amino acid profile in the liver of dis-
eased rats with tetracycline-induced hepatosis

(the “Self-rehabilitation” group) showed signifi-
cant alterations. In particular, the content of the
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total cysteine/cystine fraction in the liver of rats
in this group increased by 37% compared with
the control values, whereas in animals from the
“Tetracycline + “FLP-MD” dietary supplement”
group it decreased by 43%. In clinically healthy
rats receiving milk phospholipids (the “Prepa-
ration” group), the cysteine/cystine content
increased by 47% relative to the control. Thus,
the development of tetracycline-induced fatty
hepatosis was associated with depletion of the
hepatic “thiol” profile, whereas administration
of milk phospholipids to diseased animals shift-
ed the balance toward accumulation of reduced
sulphur-containing amino acids in hepatocytes.
This pattern is probably due to the fact that tox-
ic liver injury led to massive use of cysteine for
glutathione synthesis and detoxification of ac-
tive oxygen species, as well as its entry into the
blood, which led to a decrease in the intrahepatic
reserve. In contrast, the use of milk phospholip-
ids in sick animals probably enhanced the syn-
thesis and resynthesis of glutathione, partially
restoring cysteine reserves in hepatocytes. In a
review by M.T. Nguyen et al. (2025) on NAFLD
therapy with glutathione, it was emphasised
that the restoration of intracellular glutathione
reserves is accompanied by a decrease in oxida-
tive stress and liver enzyme activity, which indi-
rectly confirms the key role of adequate cysteine
supply in maintaining the redox homeostasis of
hepatocytes. This is consistent with the results
regarding an increase in the cysteine/cystine ra-
tio when using phospholipid correction.

For the total fraction of arginine/ornith-
ine/lysine in the liver of the experimental rats,
two opposite trends were observed relative to
the control. In the self-rehabilitation group of
rats, the total content of the components of this
heterogeneous fraction increased by 85% from
the control level, while in the tetracycline-in-
duced hepatosis and milk phospholipid admin-
istration group, it decreased by 42%. In clini-
cally healthy animals, against the background
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of milk phospholipid administration, only a
tendency to increase this indicator (by 42%)
compared to the control was recorded. Thus,
the tetracycline load on the liver in the exper-
imental rats against the background of milk
phospholipid administration was accompanied
by depletion of arginine, ornithine and lysine
depots, while in the case of spontaneous recov-
ery, their compensatory increase was observed
in the studied samples (the phenomenon of
adaptive compensation). At the same time, in-
tragastric administration of milk phospholipids
to clinically healthy animals provoked only a
tendency towards a further increase in the val-
ues of this fraction. At the molecular level, ar-
ginine and ornithine are key participants in the
ornithine cycle, which detoxifies ammonia and
protects the body, while lysine is the main es-
sential amino acid sensitive to changes in total
proteolysis and protein synthesis. The decrease
in their total content in the liver during tetra-
cycline exposure in rats is likely to be the result
of changes in the ornithine cycle and arginase
activity, accompanied by intense depletion of
intracellular arginine.

In a review by S. Thakur et al. (2024) em-
phasised that metabolites of the ornithine cy-
cle, including arginine and ornithine, can be
considered promising biomarkers of hepato-
toxicity, as their imbalance reflects the stress
of ammonia detoxification and hepatocyte
damage. In contrast, a sharp increase in the
arginine/ornithine/lysine cluster in the liver
during the self-rehabilitation phase can be in-
terpreted as the activation of ureagenesis and
anabolic processes aimed at restoring protein
and nitrogen balance. This assumption was in-
directly supported by experimental data from
S. Al-Dalaen et al. (2016), which showed that
the additional administration of L-arginine in
CCl,-induced hepatitis in rats enhanced the an-
tioxidant protection of the liver and improved
the morphological condition of hepatocytes,
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indicating the hepatoprotective potential of
arginine-dependent pathways. In a model of
tetracycline-induced liver injury in rats, the
increase in the total arginine/ornithine/ly-
sine fraction in the case of self-rehabilitation
and the tendency for its increase in clinically
healthy animals against the background of milk
phospholipid administration are also consist-
ent with the idea that the restoration and main-
tenance of the optimal composition of amino
acids in the ornithine cycle is an important link
in the repair of toxic liver injury.

Quantitative characteristics of the total
fraction of histidine/taurine/asparagine in rat
liver samples (Table 2) showed opposite changes
relative to the control. In animals in the “Self-re-
habilitation” group, the total content of these
amino acids increased by 132% from the control
level. In animals in the “Tetracycline + “FLP-
MD” dietary supplement” group, on the contra-
ry, it decreased by 34%, while in animals in the
“Preparation” group, which received milk phos-
pholipids, it increased by 80% from the control.
Thus, tetracycline-induced changes in the liver
under conditions of milk phospholipid adminis-
tration were accompanied by a marked depletion
of histidine, taurine and asparagine, while in an-
imals undergoing self-recovery and separately
against the background of the administration of
milk phospholipids to clinically healthy rats, this
total content accumulated significantly.

This pattern is consistent with the func-
tions of these amino acids. Histidine is a pre-
cursor of carnosine and histamine and acts as
a buffer and antioxidant; taurine ensures bile
acid conjugation, osmoregulation and has a
pronounced antioxidant and anti-inflamma-
tory effect; asparagine, with the participation
of asparaginase, forms a “stress response” of
hepatocytes, accumulating nitrogen and main-
taining energy balance. A sharp decrease in the
content of amino acids of this heterogeneous
fraction in the liver of rats with tetracycline

injury is associated with their intensive use in
antioxidant and detoxification processes. On
the other hand, a significant increase in the to-
tal content of histidine/taurine/asparagine dur-
ing self-rehabilitation and in clinically healthy
animals under the influence of milk phospho-
lipids indicates the activation of recovery pro-
cesses and the accumulation of substrates for
antioxidant protection and membrane repair.

This interpretation is supported by ex-
perimental data from other researchers. Thus,
W. Liu et al. (2008) showed that the addition of
histidine and carnosine in chronic alcoholic liv-
er injury in mice significantly reduced the activ-
ity of transaminases and markers of oxidative
and inflammatory stress, which is consistent
with the role of histidine as a component of the
anti-inflammatory and antioxidant response.
Against this background, a marked increase in
the total fraction of histidine/taurine/aspar-
agine in the liver under conditions of self-re-
habilitation and against the background of the
use of milk phospholipids was considered as a
marker of the activation of hepatoprotective,
antioxidant and reparative mechanisms, while
its decrease in animals of the “Tetracycline +
“FLP-MD” dietary supplement” group was con-
sidered an indicator of intensive involvement
of these reserves.

The content of the total fraction of glycine/
serine/glutamine/aspartic acid in rat liver sam-
ples underwent significant and mutually oppo-
site shifts. In particular, in rats in the “Self-re-
habilitation” group, the content of this total
fraction increased by 67% from the control lev-
el, while in animals with tetracycline-induced
liver injury in the “Tetracycline + “FLP-MD”
dietary supplement” group, on the contrary, a
decrease in its level by 41% from the control
was noted. In clinically healthy animals in the
“Preparation” group, against the background
of the introduction of milk phospholipids, the
content of this fraction in the liver reached its
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highest values, increasing by 81% relative to
the control group parameters. Thus, the use of
tetracycline in toxic doses led to the intensive
use of components of the heterogeneous frac-
tion of glycine/serine/glutamine/aspartic acid,
accompanied by a decrease in their content
in liver samples, while in the case of self-re-
covery and when milk phospholipids were ad-
ministered to clinically healthy animals, their
content increased significantly. These amino
acids are at the intersection of one-carbon me-
tabolism, glutathione synthesis and ammonia
detoxification. Glycine and serine are key do-
nors of one-carbon groups and precursors of
glutathione; glutamine and aspartic acid act as
“reservoirs” for ammonium and replenish the
Citric acid cycle. A sharp decrease in the levels
of this fraction in the liver during tetracycline
loading may be associated with the quantita-
tive redistribution of these amino acids in the
bodies of sick rats, which are also actively con-
sumed in the neutralisation of toxic products
of nitrogen metabolism and in the intensifica-
tion of oxidative processes. Conversely, during
self-rehabilitation and especially in clinically
healthy rats that were administered milk phos-
pholipids, an increase in the content of amino
acids of this fraction in the liver parenchyma
may reflect the activation of one-carbon me-
tabolism and the preparation of the substrate
base for glutathione synthesis and the restora-
tion of energy and nitrogen homeostasis.

Thus, milk phospholipids probably con-
tribute to the rebalancing of amino acids in
the liver of animals from a catabolic, stressful
state to an anabolic and cytoprotective one.
This is consistent with the metabolic studies
by R.P. da Silva et al. (2020), who emphasised
that disturbances in the one-carbon metabo-
lism of glycine/serine and glutamine content
are a key link in the progression of fatty liver
disease. Overall, these data are consistent with
the results obtained regarding the intensive use
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of the hepatic fraction of glycine/serine/glu-
tamine/ aspartic acid at the peak of tetracycline
injury, which may be the result of switching
between the acute stress phase and the repair
phase and the enhancement of cytoprotective
mechanisms, and its insufficient involvement
in the recovery processes in animals during
self-rehabilitation. At the same time, in clini-
cally healthy rats that were administered milk
phospholipids, their excessive mobilisation was
established, which may have a positive effect on
synthetic processes in hepatocytes.

In the case of the total fraction of methio-
nine/glutamic acid in rat liver samples (Ta-
ble 2), there were mixed but significant changes
relative to the control. In the “Self-rehabilita-
tion” group of rats, the total content of amino
acids in this fraction increased by 30% relative
to the control level, and in clinically healthy an-
imals receiving milk phospholipids, it increased
by 29%. In contrast, in sick rats in the “Tetra-
cycline + “FLP-MD” dietary supplement” group,
the quantitative parameters of this fraction
decreased by 49% relative to the control. Thus,
the administration of tetracycline hydrochlo-
ride in toxic doses to rats was accompanied by
increased utilisation of the hepatic pool of me-
thionine and glutamic acid, while in the self-re-
covery phase and against the background of the
use of milk phospholipids in clinically healthy
animals, moderate mobilisation of this group of
amino acids was observed. This profile is con-
sistent with the fact that methionine and glu-
tamate are at the centre of one-carbon metab-
olism, S-adenosylmethionine and glutathione
synthesis. A marked decrease in their total con-
tent in the liver of rats under tetracycline load
can be interpreted as a sign of intensification
of the methionine cycle and glutamate-de-
pendent pathways in hepatocytes, which is
important for maintaining the proper level
of methylation and antioxidant protection in
pathologically altered hepatocytes. Conversely,
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an increase in the total fraction of methionine/
glutamic acid during self-rehabilitation and
against the background of the administration
of milk phospholipids to clinically healthy an-
imals is caused by their insufficient use in the
above-mentioned processes.

At the same time, the quantitative param-
eters of the total alanine/tyrosine/threonine
fraction in the liver of rats (Table 2) indicate
similar trends in changes in animals from dif-
ferent experimental groups in relation to the
control. In particular, in rats of the “Self-reha-
bilitation” group, the total content of amino ac-
ids of this fraction increased by 65% compared
to the control, in animals of the “Tetracycline +
“FLP-MD?” dietary supplement” group — by 50%,
and in clinically healthy rats that received milk
phospholipids, it increased by 95%. Thus, the
artificial administration of toxic doses of tet-
racycline hydrochloride to rats was accompa-
nied by a marked increase in the content of the
alanine/tyrosine/threonine fraction in hepat-
ocytes, both under conditions of self-rehabili-
tation and in the case of prophylactic adminis-
tration of milk phospholipids. Alanine is a key
gluconeogenic substrate and marker of prote-
olysis, tyrosine belongs to aromatic amino ac-
ids sensitive to impaired liver metabolism, and
threonine is involved in the synthesis of glyco-
proteins and can be converted to glycine/serine.
A marked increase in this group of amino acids
in tetracycline-induced injury can be interpret-
ed as a consequence of increased breakdown of
peripheral tissue proteins and reduced utilisa-
tion of these amino acids in liver dysfunction
against a background of mitochondrial disor-
ders. At the same time, a significant increase
in the content of alanine/tyrosine/threonine in
hepatocytes may reflect their mobilisation to
ensure regenerative processes in hepatocytes,
in particular activation of gluconeogenesis, pro-
tein synthesis and cell membrane repair, when
these amino acids accumulate as important

substrates for the energy and structural resto-
ration of hepatocytes.

The established patterns are consistent
with the findings of C. Fotakis et al. (2023), who
demonstrated in a metabolomic study of blood
serum from NAFLD patients that elevated con-
centrations of alanine and tyrosine are asso-
ciated with greater disease severity, and that
threonine levels in women are inversely related
to the progression of steatosis. This emphasises
that quantitative shifts in the total alanine/ty-
rosine/threonine fraction are a sensitive mark-
er of liver metabolism, and their excessive accu-
mulation in the liver against the background of
milk phospholipid administration can be con-
sidered a reflection of activated but controlled
adaptive-anabolic processes, in contrast to un-
controlled dysfunction in tetracycline injury.

Quantitative analysis of the total fraction
of valine/norvaline/tryptophan in rat liver
samples relative to the control showed a sig-
nificant increase in the content of its compo-
nents, especially pronounced in the “Self-re-
habilitation” and “Preparation” groups. Thus,
in rats of the “Self-rehabilitation” group, their
level increased by 93% relative to the control.
In animals of the “Preparation” group, which
received milk phospholipids, the content of this
amino acid fraction increased by 118% com-
pared to the control. In rats from the “Tetracy-
cline + “FLP-MD” dietary supplement” group,
this indicator was finally restored. Such quan-
titative changes in the amino acid spectrum
can be interpreted as the transition of the liver
from an acute toxic phase to an anabolic-re-
generative mode. Valine, as a representative
of BCAA, is an important substrate for energy
supply and protein synthesis, and tryptophan
is important for the kynurenine and seroto-
nin pathways, which modulate inflammation,
microcirculation, and tissue regeneration. In
tetracycline-induced liver cell injury in ani-
mals in the “Self-rehabilitation” group, the
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use of these amino acids was more focused on
the benefit of extrahepatic tissues and the im-
mune response, so no significant changes were
observed in the liver itself. In contrast, in sick
animals in the “Tetracycline + “FLP-MD” die-
tary supplement” group, under conditions of
phospholipid correction, there was an improve-
ment in mitochondrial function and membrane
integrity, which contributed to more active use
of valine and tryptophan by hepatocytes, en-
suring intensive protein synthesis, remodelling
of the extracellular matrix and restoration of
microvessels. A similar idea was supported by
Y. Morine et al. (2022), who showed that in pa-
tients with hepatocellular carcinoma, the levels
of essential amino acids, in particular valine
and tryptophan, increased in both tumour liver
tissue and blood serum before surgery, and de-
creased to normal values after liver resection.
The authors interpreted this as a reflection of
metabolic restructuring and a high demand
for these amino acids in cells with enhanced
growth and remodelling of liver tissue. In the
context of the established changes in the model
of tetracycline-induced liver injury, this allows
to consider the increase in the total valine/nor-
valine/tryptophan fraction in sick rats in the
case of self-rehabilitation as a marker of con-
trolled regenerative-anabolic processes in the
liver, and in clinically healthy animals against
the background of milk phospholipid adminis-
tration as a result of their active accumulation.

In the liver of rats, a consistent and statis-
tically significant increase in the total leucine/
norleucine/phenylalanine fraction relative
to the control was observed in all experimen-
tal groups. In sick animals in the “Self-reha-
bilitation” group, the total content of these
amino acids exceeded the control by 61%, in
the “Tetracycline + “FLP-MD” dietary sup-
plement” group by 86%, while in clinically
healthy animals receiving milk phospholipids,
it increased by 139% from control values. Thus,
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tetracycline-induced liver injury was accompa-
nied by a pronounced accumulation of intra-
cellular reserves of the amino acid groups leu-
cine/norleucine/phenylalanine in hepatocytes,
and with the additional administration of milk
phospholipids to clinically healthy animals,
these processes occurred more actively.

The established patterns should be inter-
preted taking into account that leucine, to-
gether with norleucine, are representatives
of branched-chain amino acids with powerful
anabolic and mTOR-activating potential, while
phenylalanine belongs to aromatic amino ac-
ids that are sensitive to disturbances in liv-
er metabolism. In acute tetracycline-induced
hepatosis, the increase in the content of this
mixed group of amino acids in the liver re-
flected a combination of enhanced proteolysis
of peripheral tissues (the influx of leucine and
phenylalanine from extrahepatic proteins) and
limited oxidation of these amino acids by dam-
aged mitochondria. In the self-rehabilitation
group, and especially against the background of
milk phospholipid administration, the further
increase in the leucine/phenylalanine fraction
content in the liver parenchyma should be in-
terpreted as a switch to an anabolic-regenera-
tive mode: phospholipids stabilise membranes
and mitochondria, which facilitates the uptake
of BCAA/AAA by hepatocytes and forms a re-
serve of substrates for intensive protein syn-
thesis, cytoskeleton remodelling and synthesis
of phospholipid components of membranes
without signs of profound decompensation.

The classic clinical picture of amino acid
imbalance in chronic liver disease was de-
scribed by H. Enomoto et al. (2023), which con-
trasts to some extent with the results presented
in this material. The authors showed that in
patients with cirrhosis, blood serum is charac-
terised by decreased levels of BCAAs (valine,
leucine, isoleucine) and increased levels of aro-
matic amino acids, leading to a decrease in the
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BCAA/AAA ratio and the BCAA/tyrosine ratio
(BTR); low BTR correlates with the progression
of fibrosis, sarcopenia, hypoalbuminaemia and
a worse prognosis. Against this background, the
unidirectional increase in BCAA and phenylala-
nine in the liver tissue of the experimental rats
can be considered as a manifestation of adapta-
tion at an early stage and intensification of re-
generative processes in the modelling of acute
tetracycline-induced injury and prophylactic
phospholipid correction, rather than “classical”
plasma amino acid imbalance characteristic of
decompensated cirrhosis.

Thus, according to the results of exper-
imental studies, certain patterns have been
established regarding the quantitative redis-
tribution in the hepatobiliary system of rats of
most of the studied heterogeneous amino acid
fractions depending on the functional state of
the liver. This indicates significant changes in
the intermediate metabolism of amino acids
in the case of artificial reproduction of fatty
hepatosis in rats, which is closely related to
functional disorders of the liver, in particu-
lar the protein-synthesising ability of hepat-
ocytes. The use of milk phospholipids in sick
rats contributed to better utilisation of amino
acids in synthetic and regenerative processes in
hepatocytes, and even to the return of certain
indicators to physiological limits: in bile - the
leucine/norleucine/phenylalanine fraction, and
in the liver — the valine/norvaline/tryptophan
fraction. Overall, this indicates a positive cor-
rective effect of the milk phospholipid-based
dietary supplement, once again proving the
close relationship between the structural state
of hepatocytes and their metabolic activity.

Conclusions

The results of the experimental study demon-
strated significant quantitative changes in
heterogeneous amino acid fractions in the
hepatobiliary system of rats depending on the

functional state of the liver. In particular, in the
bile of rats undergoing self-rehabilitation after
acute toxic liver injury caused by tetracycline
hydrochloride, a significant increase in the con-
tent of all studied amino acid fractions was ob-
served. The most pronounced changes occurred
in the fractions of arginine/ornithine/lysine
(by 79%), glycine/serine/glutamine/aspartic
acid (by 119%), methionine/glutamic acid (by
117%), and leucine/norleucine/phenylalanine
(by 86%). At the same time, similar patterns
were observed in the liver of animals in this
group. Significant changes were recorded in the
fractions of arginine/ornithine/lysine (by 85%),
histidine/taurine/asparagine (by 132%), and
valine/norvaline/tryptophan (by 93%). Among
these, the arginine/ornithine/lysine fraction
proved to be the most sensitive to the develop-
ment of the acute form of hepatopathy, show-
ing the most pronounced changes both in the
bile and in the liver of the diseased animals.
These patterns may indicate intensification of
catabolic processes and blockage of the further
utilisation of these amino acids in maintaining
nitrogen homeostasis and an adequate level of
antioxidant processes.

When milk phospholipids were adminis-
tered to the diseased animals, opposite chang-
es in the quantitative parameters of the amino
acid profile of the hepatobiliary system were ob-
served. In particular, in the bile of these animals
the most pronounced decrease in content was
recorded for the histidine/taurine/asparagine
fraction (by 35%). At the same time, an increase
in levels was detected only for two fractions:
arginine/ornithine/lysine (by 26%) and alanine/
tyrosine/threonine (by 43%). Restoration of
quantitative characteristics was observed only
for the leucine/norleucine/phenylalanine frac-
tion. Similar patterns were detected in the liver
samples of animals in this group. Under condi-
tions of administration of milk phospholipids
to diseased animals, the most sensitive changes
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in the biliary system were observed in two ami-
no acid fractions: alanine/tyrosine/threonine
and leucine/norleucine/phenylalanine.

At the same time, in the bile of clinical-
ly healthy rats the most pronounced increase
in concentration was observed for two amino
acid fractions: histidine/taurine/asparagine
and glycine/serine/glutamine/aspartic acid.
Three fractions remained unchanged: alanine/
tyrosine/threonine, valine/norvaline/trypto-
phan, and leucine/norleucine/phenylalanine.
In liver samples from these animals, the great-
est increases in content were detected in sim-
ilar fractions: alanine/tyrosine/threonine (by
95%), valine/norvaline/tryptophan (by 118%),
and leucine/norleucine/phenylalanine (by
139%). Elevated levels were also recorded for
the histidine/taurine/asparagine fraction (by
80%) and the glycine/serine/glutamine/aspar-
tic acid fraction (by 81%). Overall, this indi-
cates specific features of the influence of milk
phospholipids on certain links of nitrogen
metabolism associated with the hepatobiliary

markers of the development of hepatopathol-
ogy and of the effectiveness of therapy. In the
future, it is planned to investigate substrates
of the tricarboxylic acid cycle in order to clarify
further metabolic pathways for the utilisation
of free amino acids in the animal organism dur-
ing the development of the drug-induced form
of fatty hepatosis.
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AHoOTaNisl. AKTYa/JbHICTb [AOCTIIKEHHS 3yMOB/I€HA BJCOKOI0 4YacTOTOI0 MeIVKaMeHTO3HOTO
VIIKO[PKEHHSI TeYiHKM B CCaBLiB Ta HeJOCTaTHIM BUBYEHHSM IIMTaHHS LIOAO IOPYIIEeHb
MeTabosi3My aMiHOKMCIOT 3a TOCTPOi1 JOpMM TenaTornarii BiAIoBiqHOTO reHesy. V 3B’I3KY 3 IUM,
poboTa Gyna crpsiMOBaHAa Ha BMSIBIE€HHS crelubiuHux 3MiH Mpodimo BiTbHUX aMiHOKUCIOT Y
SKOBYI Ta MEYiHIIi ITypiB 3a TeTpalyKIiHiHAYKOBAHOTO KMPOBOTO reliaTo3y, a Takok Ha BU3HAUEHHS
KRopuryBasibHOTO edekrty aii docdominmimgHoi dpakiii monoka. [IpoBiIHMM ITiAXOAOM Y TOCTiIKEeHH]
miei mpobmemu OyB eKCIIepMMEHT Ha JabopaTOPHUX TBApMHAX i3 MOJAETIOBAHHIM SKMPOBOTO
TernaTo3y 3aBASKY IIUTOTOKCUIHOMY edeKTy Iil TeTpauMKiIiHy, 3 MOZAIBLIIMM BiI6OPOM 3pasKiB
SKOBUI ¥4 IIeUiHKM, HACTYITHMUM JOC/IiIKEHHSIM CIIeKTPY BIIbHMX aMiHOKMCIOT MEeTOLOM PO3IOiIIbHOI
ramepoBoi xpomarorpadii 3 HiHTIPMHOBMM TPOSIBJEHHSIM. BCTAaHOB/IEHO, IO 3arajJbHMiL
natepH 3MiH y TremaTobimiapHiil cucTemi XBOpMX IIypiB CBiAUMB TIPO MOPYIIEHHS MPOILEeCiB
KOH’Iorallii SKOBUHMX KMUCJIOT i MIiTOXOHApialnbHy OUCHYHKINIO, a TaKOX BUpakeHe OIOKyBAHHSI
BMKOPMCTaHHS BIIbHMX aMiHOKMC/IOT Y MeTaboIiuHMX Iporiecax. IIpy boMy, 3aCTOCYBaHHS IIIypam
3a TeTPaAlMKIiHIHIYKOBAHOTO SKMPOBOTO remarosy docdominigzoBmMicHOI Tepamii akTMBi3yBaso
BMKOPMCTaHHS BHYTPIIIHbOIIEYiHKOBOTO pe3epBY aMiHOKMC/IOT, 3a/Ty4eHMX 40 KOH toraliil skOBYHMX
KUCIOT i aHTMOKCUIAHTHOTO 3aXMCTY, 30KpeMa CipKOBMICHMX MpeICTaBHUKIB Ta cyMapHOi (pakiii
[MTiLVHY/CepUHY/TTyTaMiHy. BusHaueHo, 1110 y KOBUi LIMX IIyPiB TAKOXX 3MEHIIYBaBCs BMICT IVIiIL[MHO-
i TaypuHOBMiCHMX (pakiliii aMiHOKMCIOT 32 OJHOYACHOTO 3POCTaHHSI PiBHS CcymMapHMX Gpakiiiit
aJIaHiHY/TMPO3MHY/TPEOHIHY ¥ apTiHiHY/OpHITMHY/Mi3MHY, W0 MiATBEpPIKY€E aKTyalisalilo B
TIeYiHIli IIPOIeCiB JeTOKCUKALIiT i3 3a/Ty4eHHSIM BiJIbHMX aMiHOKUC/IOT. BUSIB/IEHO, 1110 3aCTOCYBaHHS
docdominmimHoi dpakiii Momoka 3MeHITyBaJIO MPOSBY TOPYIIEHHS B IPOMDKHOMY OOMiHi
aMiHOKMC/IOT Ta CIPUSUIO BiJHOBJIEHHIO BMICTY JIEMIIMHO- i BaJiHOBMICHUX (paKiliif y >XOBYi i1
TMeYiHIli XBOPYMX IIYPiB. BcTaHOB/IEHI 3aKOHOMiPHOCT MalOTh IPAKTUYHY I[iHHICTb /151 Ta60PaTOPHOI
JiarHOCTMKM Ta JOKIIHIYHOI OLiHKM TermaTONpPOTEeKTOPHUX 3aC00iB, OCKIIbKM aMiHOKMCIOTHUI
npodinb remaTobimapHOi cucTeMM MOKe OYyTM BUKOPUCTAHMIA B SIKOCTI UYTAMBOTO iHOVKATOPY
TSKKOCTI YIIIKOJI;KEHHST TIEUiHKY Ta SIK KpUTEPiil y BU3HaUeHHi epeKTUBHOCTI Tepartii

KnrouoBi cioBa: xpomartorpadist; dpakiiii aMiHOKMCIOT; TTeUiHKa; JKOBY; KOPUTYBAIbHA TePaIlis;
TeTPaLMKIIiHY TiIPOXI0PII; TabopaToOpHa JiarHOCTUKA
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Abstract. Investigation of the effects of newly developed drugs containing several compounds on
laboratory animals is an important step in scientifically establishing their effective dosage and
safety. The purpose of this study was to investigate the effect of the new drug "Imun-depo" on
the development of laboratory animals (white mice), their haematological parameters, and the
viability of Tetrahymena pyriformis ciliate cells. The study material was female white laboratory
mice of improved convential type in the amount of 60 animal units (30 units each in the control
and experimental groups). The drug was administered to white laboratory mice intragastrically
at a dose of 1.0 mL/animal from 14 days of age for 60 days. A set of methods was used to assess
the state of the internal environment in the vivarium, the quality of drinking water, the dynamics
of body weight and internal organs, behavioural responses of mice, haematological indicators of
their body, and the viability of Tetrahymena pyriformis ciliates. It was found that the indicators of
the internal environment of the vivarium and drinking water were within the limits of regulatory
requirements. It was found that the drug at a dose of 1.0 mL/animal had an effect on body weight
gain, while the weight of the thymus, thyroid gland, kidneys, liver, and spleen did not change. It
was proved that in the blood of white laboratory mice, the haemoglobin content, the number of
red blood cells, and the haematocrit level increased (within the reference values). Moreover, the
indicators of the leukocyte formula of the mice’s blood did not change. In the blood serum, there
was an increase (within the reference values) in the content of globulins, total protein, alanine
aminotransferase activity, and a decrease in total cholesterol. According to the effect of the
“Imun-depo” preparation on the viability of Tetrahymena pyriformis ciliate cells, the absence of
toxic effects was noted. Scientifically based results of the effect of the “Imun-depo” preparation
on the body of white laboratory mice are necessary for further experimental studies with the use
of the drug to productive animals as a feed additive to the main diet

Keywords: white mice; keeping conditions; body weight dynamics; morphology and biochemistry
of blood; Tetrahymena pyriformis ciliates; “Imun-depo” preparation

Introduction

The use of newly created biologically active
preparations, which include a number of sub-
stances, requires preclinical studies on various
types of laboratory animals. The effectiveness
of complex drugs on a living organism depends
on the amount of each substance in their com-
position and the possible synergistic effect. The
degree of exposure to drugs was assessed by
indicators of body weight dynamics, behaviour,
haematological parameters of laboratory ani-
mals, and also depended on the action of each of
the components of the preparation. Therefore,
it is extremely important to determine the opti-
mal dose of multicomponent drugs and the first
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stage is preclinical studies. Biologically active
compounds in the composition of such drugs,
first of all, have an immunomodulatory effect
on the body, the degree of influence of which
depends on the dosage of the drug, the state of
health of laboratory animals, their age, and sex.

Relevance in the study of the effect of mul-
ticomponent biologically active drugs lies in
the possible prevention of immunodeficien-
cy and the development of immune respons-
es in the body, which depend on a balanced
supply of nutrients to the body. Even a slight
deficiency of certain nutrients leads to a vi-
olation of immune competence in the body.
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Micro- and macronutrients, vitamins, and ami-
no acids have an important regulatory effect on
immune mechanisms (Islam & Bellah, 2026).
Carotenoids — natural pigments synthesised
by plants, microorganisms, and fungi — play an
important role in maintaining homeostasis and
reactivity of the body (Bohn et al., 2023). Con-
siderable attention of researchers was focused
on investigating the effects of carotenoids
and vitamin A on adipose tissue metabolism,
which determines the balance between energy
storage (lipogenesis) and its release (lipoly-
sis). B.V. Aygun et al. (2026) found that retinoic
acid, B-cryptoxanthin, zeaxanthin, and lyco-
pene contribute to reduced adipogenesis and
lipogenesis, inhibit the expression of the per-
oxisome proliferator-activated gamma receptor
(PPARy), CCAAT/enhancer binding protein (C/
EBPa), and sterol regulatory element binding
protein 1C (SREBP1-c). As a result, there is a
decrease in adipocyte hypertrophy, systemic
inflammation, and an increase in mitochondri-
al activity in cells.

M.S. Abou El-Fetouh et al. (2023), when
conducting preclinical studies on female albi-
no rats, found that zinc in the composition of
the drug affects the functional ability of the
immune system, which is manifested by an im-
munostimulating effect on immunocompetent
cells in the body. M.S. Hameed & A.L.A. Al-Ez-
zy (2024) proved the immunomodulatory ac-
tivity of vitamins C and E - sodium selenite
in studies on laboratory mice intoxicated with
sodium nitrate. Sodium selenite and vitamin C
have been found to be powerful antioxidants
and affect the improvement of kidney function.
The effect of drugs on the body, which include
sodium selenite, depends on the dose, the size
of the compounds of substances, and the com-
bined effect with other biologically active sub-
stances. L. Li et al. (2024) found that the use of
microencapsules with selenium and protein in
mice did not lead to toxic effects on the body.

Weight gains and growth of organs in mice of
the experimental group were observed in com-
parison with the control group. In addition, the
positive effect of selenoprotein was less accu-
mulation in the liver and kidneys. Instead, the
use of sodium selenite without proteins led to
an increase in selenium content in the kidneys,
liver, and other organs. M.K. Basher et al. (2024)
found that due to the toxic effects of sodium ar-
senite on the body of female mice, the use of so-
dium selenite caused a protective effect against
haematotoxic, biochemical changes, and toxic
effects on organs.

One of the biologically active substances
in the body is a water-soluble micronutrient —
riboflavin (vitamin B,), which is considered a
precursor of nucleotides, synthesising protein
structures of the inner membrane of mitochon-
dria, forming the respiratory chain for the syn-
thesis of ATP (energy) through oxidative phos-
phorylation, bind to enzymes through complex
mechanisms, providing structural stability dur-
ing the processes of dissimilation and catabo-
lism. E.R. da Silva-Aratjo et al. (2025) conclud-
ed that riboflavin is involved in the regulation
of dissimilation and catabolism, ensuring cell
growth and development, and the development
of proteins, lipids, carbohydrates, and nucleic
acids. S. Gomathi et al. (2026) proved in exper-
imental studies on female rats whose diet was
deficient in riboflavin, weight loss, and develop-
mental delay in their offspring, including weight
loss and increased mortality after weaning.

Thus, the study of drugs that include com-
pounds that create an immunomodulatory
effect, participate in the processes of energy
metabolism, help reduce inflammation, fat
deposition, and thereby reduce cholesterol in
the body of laboratory mice and rats is an im-
portant stage of preclinical studies to obtain
appropriate conclusions about their possible
further use in productive animals, considering
the optimal dose, sex, and age of animals. Thus,
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the purpose of this study was to investigate the
effect of the “Imun-depo” preparation on the
growth and development of white laboratory
mice, morphological and biochemical parame-
ters of blood, and the viability of Tetrahymena
pyriformis ciliates.

Literature Review

Biotechnological, pharmacological, and medi-
cal methods are widely used to assess the func-
tional modulation of immune system compo-
nents. The process of correction of the immune
system can be used both in clinical practice
and in basic research, the purpose of which is
to investigate potential targets for modulating
immunity, the body’s response to the introduc-
tion of certain compounds, and the state of ho-
meostasis. But there are a number of problems
in immunomodulation that require the devel-
opment of new effective and safe therapeutic
compounds for the body (Strzelec et al., 2023).
S.M. Elhusseiny et al. (2022) conducted exper-
imental studies on rats and proved the immu-
nomodulatory activity of aqueous extracts from
edible mushrooms of the family Basidiomycota
that contain carotenoids, enzymes, minerals,
proteins, tocopherols, alkaloids, lectins, terpe-
noids, and volatile compounds. The immuno-
modulatory effect was confirmed by the results
of an increase in the number of lymphocytes,
white blood cells, nitric oxide, lysozyme activi-
ty, and cytokines in the plasma of experimental
animals. R.R. Goel et al. (2021) noted that from
the list of known endogenous cytokines, inter-
ferons involved in the regulation of the immune
response are among the most therapeutically
useful in the treatment of various diseases. In-
terferons can be formed by functional units of
the body in response to a foreign protein, and
participate in cell growth, followed by an im-
munomodulatory effect.

An important role in immunomodulation
belongs to the compound beta-carotene, which
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is a source of vitamin A, is involved in the regu-
lation of the immune response by restoring the
intestinal microbiome. H. Kuang et al. (2022) in
an experimental study on mice found that had
clinical allergic symptoms that beta-carotene
is likely to lead to normalisation of intestinal
microflora by increasing the number of benefi-
cial bacteria, such as Clostridiaceae and reduce
pathogenic bacteria, such as Streptococcaceae.
A. Eroglu et al. (2018) pointed out that some
of the important carotenoids are a-carotene,
B-carotene, and pB-cryptoxanthin, which act
as precursors (provitamins) of vitamin A, have
antioxidant and immunological properties, and
serve as proxy biological markers of overall
health. In addition, F. Zhou et al. (2020) found
that retinoic acid, as the most active and bio-
logically available form of vitamin A, can affect
the reduction of triglyceride and cholesterol
esters in cell cultures and in the body of mice
in experimental studies. K.M.M. Koriem &
M.S. Arbid (2018) found that an experimentally
created favism in an experiment with rats (an
acute form of haemolytic anaemia) suppressed
blood proteins, and treatment of rats with 3-car-
otene stopped blood cell damage and protein
suppression. Furthermore, haematological pa-
rameters stabilised and the level of cholesterol
in the blood serum of sick rats decreased.

Lipid metabolism and reduction of inflam-
mation in the body depends on the dose and
form of administration of drugs with selenium,
preclinical studies of which are important for
further use in mammals. M.L. Ojeda et al. (2022)
investigated the effect of low doses of selenite
and selenium nanoparticles on adipose tissue
deposition, associated insulin secretion, and
GPx1, IRS-1, and FOXO3a expression in imma-
ture rats. They found that when administered
orally to rats with water of different doses of
selenite, low levels of supplements contributed
to increased adipogenesis, through the path-
way of pancreatic peptide hormone signalling
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and modulation of LCN2, while the introduc-
tion of a small amount of selenite prevented
fat accumulation, through reduced pancreatic
peptide hormone signalling and promoted cell
renewal, reducing the inflammatory process.
D. Kumar et al. (2025) showed that both low and
high doses of sodium selenite applied to labo-
ratory mice resulted in a significant (p < 0.05)
decrease in haemoglobin concentration and
cell mass volume, increased levels of aspartate
aminotransferase, alanine aminotransferase,
urea, and creatinine, which indicated toxicity
to the liver and kidneys. An increased level of
lipid peroxidation, enzymes, and a state of ox-
idative stress were established during repeated
oral administration of similar doses of sodium
selenite to rats. The micronucleus analysis re-
vealed potential changes that indicated geno-
toxicity and chromosomal damage. Thus, the
results showed the importance of compliance
with the administration of certain specific dos-
es of sodium selenite.

R. Li et al. (2025) found that arginine is
one of the most metabolically adaptive amino
acids that can adapt metabolism to environ-
mental influences and changes in the internal
environment of the body, providing an energy
supply of muscle tissue, protein metabolism,
and wound healing. T.S. Fung et al. (2025) noted
that L-arginine is a key precursor for the syn-
thesis of nitrogen-containing metabolites and
promotes the elimination of excess nitrogen
(urea) from the body, cellular signalling, and
the accumulation of cellular energy. The body
does not synthesise enough of this amino acid
and the exchange of cellular energy depends on
its exogenous intake. Therefore, it is important
that animal feeding diets are balanced in the
amount of arginine to maintain the health of
the body, because its deficiency can contribute
to the progression of diseases.

Dosage of drugs and their components re-
mains the main task for achieving a positive

effect on the body. Y. Wang et al. (2025) proved
that a micronutrient such as copper is an im-
portant trace element for the animal body,
excessive consumption of which leads to the
accumulation of copper ions in tissues and or-
gans, and has a toxic effect. Along with this,
M.Y. Abbas et al. (2025) conducted a study on
male white mice using low- and high-dose
copper oxide nanomaterials and measured the
amount of shaped blood elements and serum
lipids, and the activity of liver and kidney en-
zymes. A high dose of copper oxide led to signif-
icant fluctuations in the content of white blood
cells, haemoglobin and the number of red blood
cells, which led to the conclusion that copper
nanoparticles are toxic to the body when using
different doses of the substance.

Thus, the analysis of scientific material
presented in literature sources indicates that
now the study of the effect of biologically active
compounds on the body of experimental ani-
mals is widely used and is extremely relevant.
Furthermore, the dose of the test substance, the
age period of the animals used in the experi-
ment, the degree of action of substances on the
integral and haematological parameters of the
body are considered.

Materials and Methods

The study was conducted in 2025 based on the
immunological laboratory of the Bila Tserkva
National Agrarian University and the Depart-
ment of Animal and Food Hygiene named after
Prof. A.K. Skorokhodko at the National Universi-
ty of Life and Environmental Sciences of Ukraine,
based on the tasks set for scientific research on
the topic: “Scientific and practical substantia-
tion for the use of phytogenic feed additives in
the production of meat from productive ani-
mals” (State registration number 0124U005020).
To conduct an experimental study, a new “Im-
un-depo” preparation was used, which includ-
ed the following substances: sodium selenite,
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potassium selenite, riboflavin, total interferon
(dry), L-arginine, zinc sulphate, copper sulphate,
0.25% beta-carotene solution in oil.

The study used 60 animal units of female
(body weight at the beginning of the study was
11.0 g) white laboratory mice (Mus Musculus L),
belonging to the conventional type (Minimal dis-
eases). Two groups of laboratory animals were
created: a control group (30 units) and an exper-
imental group (30 units). In laboratory mice of
the experimental group, the “Imun-depo” prepa-
ration at a dose of 1.0 mL/animal was injected
through the oral cavity into the stomach using a
metal probe. The experiment lasted for 60 days,
starting from the 14-day age of white mice.

The experimental study was conducted in
four stages. At the first stage, the conditions
of keeping, feeding, and giving water to white
laboratory mice were investigated. The study
of indicators of the internal environment (mi-
croclimate) of the room was conducted three
times during the research period. The main
diet of the control and experimental groups of
laboratory mice was formed from fresh crushed
wheat and combined feed. Laboratory animals
were provided with water from a nipple drink-
er. Indicators of drinking water for laboratory
mice were within the limits of sanitary stand-
ards (Order of the Ministry of Health of Ukraine
No. 400, 2010) (Table 1).

Table 1. Water quality and safety indicators

Indicators Unit of measurement

Organoleptic parameters

Odour (at t = 20°C) points
Turbidity mg/dm?®
Colour degrees

Taste and aftertaste points

Physicochemical parameters

Hydrogen index pH units
Overall hardness mmol/dm3
Chlorides mg/dm?
Nitrates mg/dm?
Nitrites mg/dm?®
Manganese mg/dm?
Sulphates mg/dm?
Total Iron mg/dm3

DSanPiN 2.2.4-171-10 Actually
<2 1.7+0.02
<1.0 0.6 +0.02
<20.0 15.3+0.07
<2 1.5+0.17
6.5-8.5 6.6 + 0.04
<7.0 6.2%0.24
<250 150.0 £ 4.8
<50 16.3 £4.87
<0.5 0.4 +0.03
0.1 0.09 +0.002
<250 27.6 1.8
<0.2 0.04 £0.01

Epidemic safety indicators

Common coliforms CFU/100 cm?

Intestinal helminths

Source: compiled by the authors

The room in which the white laborato-
ry mice were kept was typical, built of brick,
one-story, the place was well lit by the sun
and was located on a flat area. Natural and
artificial lighting was used - fluorescent
lamps. The flow of fresh air into the room for
keeping mice was carried out through a door
and a transom. The standards for keeping
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Cells, eggs, larvae, in 50 dm?®

absent -
absent -

white laboratory mice in metal cages and the
physical indicators of the internal environ-
ment of the room in which the laboratory
mice were kept met the requirements for san-
itary and hygienic condition (SOU 85.2-37-
736:2011, 2011) (Table 2). To assess the con-
ditions of keeping white laboratory mice, the
following were measured: room temperature
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(mercury thermometer, degrees Celsius); rel-
ative humidity, % (psychrometric hygrometer
VIT-2 (Ukraine)); air velocity, m/s (ball cat-
athermometer (Ukraine)); carbon dioxide con-
centration, % (gas analyser WT8807 WINTACT
(China)); ammonia and hydrogen sulphide,

mg/m3 (Wintact WT8823 gas analyser (Chi-
na)); illumination, lux (digital lux meter pho-
tometer HS1010 (China)). The study of indica-
tors of the internal environment of the room
was carried out three times — before the start
of the study and on day 30 and day 60.

Table 2. Indicators of the internal environment in the room for keeping laboratory mice

Indicators Sanltasrézggrl&zg‘lemc Actual indicator

Temperature, °C 20-24 22.4+1.13
Relative humidity, % 55 55.6+2.14
Air velocity, m/s 0.3 0.28 +0.03
Concentration of CO,, % 0.15 0.15 £ 0.009
Concentration of NH,, mg/m? 10 0.07 £0.02

Concentration of H,S, mg/m® 5 1.6+£0.2
[Mlumination, lux (1 m above the floor level) 200 198.2 +0.35

Photoperiod, h (light: darkness) 12:12 12:12
Air exchange (times/hour) 10-15 11

Source: compiled by the authors

During the second stage of the experiment,
the effect of the “Imun-depo” preparation on
the behaviour of laboratory mice, the dynam-
ics of body weight, and the weight of internal
organs — the liver, thymus, spleen, kidneys and
thyroid gland — was investigated. To determine
the body weight of the mice, they were weighed
on WALCOM LB3002 laboratory scales (Taiwan).
Subsequently, the mice were anaesthetised
by the intraperitoneal administration of a 2%
solution of Xylazine (Netherlands), followed by
decapitation using a DCAP guillotine (Germa-
ny). The thoracic and abdominal cavities of the
mice were then opened using a Surgiwell surgi-
cal scalpel (Pakistan) and an Adson-Brown for-
ceps (Pakistan). Internal organs were extracted
using an anatomical Adson forceps (Germany)
and Asanus MNO0654 micro-scissors (Germa-
ny). Between extractions, the instruments were
washed in physiological saline and dried. The
removed organs were placed in Petri dishes
filled with physiological saline. Prior to weigh-
ing, the internal organs were blotted with filter

paper, and the weighing was conducted swiftly
to prevent drying of the organs. For weighing,
WALCOM LB3002 laboratory scales (Taiwan)
were used. Body weight gain in the laboratory
mice was compared with the initial body weight
at the start of the experiment and at 14, 30, and
60 days of the experiment.

At the third stage of the study, haemato-
logical parameters of the body of white labo-
ratory mice were determined. The material for
haematological studies was peripheral blood,
which was taken on day 60 of the experiment.
The following parameters were measured using
the DH33 Vet automated haematology analys-
er (Japan): red blood cell count (RBC, 10'%/L),
haemoglobin concentration (HGB, g/L), haema-
tocrit level (HCT), white blood cell count (WBC,
10°/L), neutrophils (NEUT, %), lymphocytes
(LYMPH, %), basophils (BASO, %), eosinophils
(EOQ, %), and monocytes (MONO, %). Biochem-
ical parameters of blood serum were evaluat-
ed on an automatic biochemical analyser BA-
88A Mindray (China). The fourth stage of the

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1




Lyasota et al.

experiment was devoted to the investigation of
the effect of the “Imun-depo” preparation on
the vital activity of the Tetrahymena pyriformis
ciliates. A laboratory strain (WH,,) was used to
conduct the work. Cells of Tetrahymena pyri-
formis ciliates were divided into control and ex-
perimental groups, with the number of cells in
each group - 10* in 1 cm?® environments. Ciliate
cells belonging to the control group were filled
with a solution of sea salt with a mass concen-
tration of 0.56%, and the experimental group
was filled with a solution of the “Imun-depo”
preparation at a dose of 1.0 cm3in chemical
flasks and placed in a thermostat at a tempera-
ture of 37°C. The study was conducted in three
repetitions.

The experimental study was conducted
in accordance with the ARRIVE recommenda-
tions (n.d.) in accordance with Law of Ukraine
No. 3447-1V (2006) and in accordance with the
requirements of the international principles of
the European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Scientific Purposes (1986) and the Order of the
Ministry of Education and Science, Youth and
Sports of Ukraine No. 249 (2012). Statistical
processing of the results was performed using

the table processor “Microsoft Excel”. The fol-
lowing were calculated: arithmetic mean and
average error (M = m), confidence level (P) ac-
cording to Student, and significance criteria —
P<0.05;P<0.01; P<0.001.

Results and Discussion

Monitoring of the animal behaviour during ex-
perimental studies was a key indicator for iden-
tifying adaptive responses to the environment,
manifestations of instincts, social interaction,
and the ability to perform assigned tasks. Anal-
ysis of the parameters of integral behaviour of
laboratory mice, such as horizontal and vertical
motor activity, “mink reflex”, integral activi-
ty provides an opportunity to investigate the
physiological state of the animal and possible
manifestations of anxiety or apathy, the level
of activity or stress under the influence of the
“Imun-depo” preparation. According to the
data obtained (Table 3), no significant chang-
es in body temperature, horizontal and vertical
motor activity, integral activity and “mink re-
flex” between the animals of the experimental
and control groups were detected during the
use of the “Imun-depo” preparation in white
laboratory mice.

Table 3. Indicators of behaviour of laboratory mice after the use
of the “Imun-depo” preparation, M*m, n=30

Indicators Experimental group Control group
Body temperature, °C 38.1£0.36 38.2+1.15
Horizontal motor activity 34.8+1.48 34.5+1.12
Vertical motor activity 18.6+1.2 18.3+1.5
“Mink reflex” 13.6 £2.04 13.0 £ 2.02
Integral activity 66.0 +1.98 66.3+1.76

Source: compiled by the authors

The body weight of laboratory mice is a key
indicator of their health and physiological state.
Changes in body weight and internal organs al-
low analysing the experiment as a whole, critically
assessing the keeping conditions, feeding ration,
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dose of the drug, which may affect the further con-
duct of the study or reduce its duration. Indicators
of body weight and internal organ mass of white
laboratory mice after administration of the “Im-
un-depo” preparation are presented in Table 4.
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Table 4. Body weight and internal organ weight of white laboratory mice after administration
of the “Imun-depo” preparation, m+*m, n=30

Day of research

Indicator Beginning of 14 30 60
the experiment
Bodv weight 11.0+0.85 14.0+0.74 17.0£0.94 22.1+£1.03
y weight, § 11.0+0.64 15.0 + 0.854 20.0%0.79° 25.6 % 1.08"
. . . 214.0£1.06 187.5+1.72 170.0£1.94
Average daily weight gain, mg - 285.0 = 1.30" 312.0% 1.56" 186.7 £ 1.89"
+
Thymus weight, mg - - - %
Liver, g = - - 1.17+£0.03
0.18+0.04
Spleen, g - - - 0.18+£0.03
+
Thyroid gland, mg - - - %
. 0.15+0.06
Kidneys, g - - - 0.16 £ 0.07

Note: * - P<0.05; ** - P<0.001 compared to the indicators in the control group mice; A — P<0.001 compared
to the indicator at the beginning of the study. Indicators of the control group are presented in the numerator, the

experimental group — in the denominator
Source: compiled by the authors

As a result of experimental studies, it was
found that on the day 14 after administration
of the “Imun-depo” preparation in laborato-
ry mice of the experimental group, their body
weight increased by 36.3% (P < 0.001) com-
pared to the start of the study, and on day
30 — by 17.6% (P <0.05), on day 60 — by 15.8%
(P <0.05) compared to the indicators in mice
in the control group. The animals actively ate
food, were active, and no negative reaction
was observed in the mice of the experimental
group during intragastric administration of the
drug. The average daily weight gain on day 14
increased by 33.2% (P <0.001), on day 30 - by
66.4% (P<0.001), and on day 60 of the study —
by 9.82% (P <0.001) compared to the indicator
in the control mice. The weight indicators of
the studied internal organs of white laborato-
ry mice of the control and experimental groups
did not significantly change. According to the
physiological state, the studied internal organs
corresponded to the physiological norm for
sexually mature white laboratory mice.

One of the limiting factors for the body
of white laboratory mice, after applying the
“Imun-depo” preparation, may be the effect
of zinc and copper. On this occasion N.V. Grig-
orova (2025) pointed out that a deficiency of
zinc, magnesium, and copper in the body leads
to gradual atrophy of the thymus and to a sig-
nificant violation of the processes of cellular
and humoral immunity. However, as a result
of experimental studies, it was found that the
introduction of the “Imun-depo” preparation
at a dose of 1.0 ml/animal did not cause symp-
toms of toxic effects on the body of white labo-
ratory mice, due to the combined action of the
substances included in the drug. The greatest
degree of positive effect on the body of labo-
ratory mice can be created by a 0.25% solution
of B-carotene in oil, which is part of the “Im-
un-depo” preparation. T. Breniere et al. (2024)
evaluated the effect of tomato supplements
of various genotypes and the content of car-
atinoids on the body condition of experimen-
tal mice. The IL6-2 tomato genotype, which
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contains a significant amount of B-carotene,
was found to reduce obesity in mice and con-
tribute to weight gain.

In the future, the effect of the “Imun-depo”
preparation on the indicators of the number of
cellular elements in the blood of laboratory mice
was determined. The study of the effect of drugs
on the blood status of animals plays an impor-
tant role in predicting possible side effects on

morphological and biochemical haematological
parameters (Table 5). When evaluating the ef-
fect of biologically active drugs, the following
risks can be assumed: toxic effects on blood cells
and organs, liver and kidney damage, oxidative
stress, allergies, gastrointestinal disorders, and
overdose. Therefore, the analysis of the effect of
the “Imun-depo” preparation is extremely im-
portant in conducting preclinical studies.

Table 5. Morphological parameters and leukocyte formula of white mouse blood, M*m, n=30

Indicators, measuring units Control group Experimental group

Haemoglobin (HGB), g/1 110.56 = 6.24 127.12 £5.02°
Red blood cells (RBC), 10'%/1 2.23%0.15 2.85£0.06™
Haematocrit (HCT), % 42.5+1.48 47.9 £1.43"
White blood cells (WBC), 10%/1 6.60 + 0.40 6.80 + 0.50
Rod neutrophils (NEUT), % 2.90%0.28 3.12+0.19
Segmentonuclear neutrophils (NEUT), % 19.72 £ 1.46 18.63 £ 2.39
Basophils (BASO), % 0.4 =0.002 0.4 £0.004
Lymphocytes (LYMPH), % 50.0 +4.54 51.0 £ 3.22
Eosinophils (EO), % 2.54%0.21 2.12+0.17
Monocytes (MONO), % 5.89+2.38 5.83+ 1.06

Note: *- P<0.05; **— P<0.001 compared to the indicators in the control group mice

Source: compiled by the authors

According to the obtained morphological
parameters of white laboratory blood, it follows
that the “Imun-depo” preparation led to the ac-
tivation of erythrocytopoiesis processes. On day
60 of the study, the concentration of haemo-
globin in the blood of mice in the experimen-
tal group increased by 15.0% (P < 0.05), and the
number of red blood cells — by 27.8% (P <0.001)
compared to mice in the control group. Simulta-
neously, the haematocrit level increased by 5.4%
(P<0.05) compared to those in the control mice.
There was no significant difference in the con-
tent of white blood cells, rod-shaped and seg-
mentonuclear neutrophils, basophils, lympho-
cytes, eosinophils, and monocytes in the blood
of mice of the experimental and control groups.
Finding out the effect of the “Imun-depo” prepa-
ration on the body of laboratory mice, a com-
ponent attracted attention - copper sulphate,

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1

which has bactericidal properties, promotes the
digestion of feed nutrients, and improves intes-
tinal function. A.A. Al-Saghee et al. (2023) found
in an experiment that the addition of copper na-
noparticles to rabbits contributed to better feed
intake, increased protein content, haematocrit,
and haemoglobin levels in the blood compared
to other forms of copper. As a result, an increased
nutritional value was found when rabbits were
fed a diet with added copper.

Thus, the use of the “Imun-depo” prepara-
tion at a dose of 1.0 mg/animal intragastrically
to white laboratory mice led to the activation
of erythrocytopoiesis processes and the main-
tenance of myeloid and lymphoid chains of
haematopoiesis of cells, and also indicated the
absence of viral or bacterial diseases, stress,
immunodeficiency or the effect of toxins on
the body of mice during the study. Along with
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morphological parameters of blood, important
markers that can be used to confirm the lev-
el of metabolic transformations in the body,

including in laboratory mice during the exper-
iment, are biochemical parameters of blood
serum (Table 6).

Table 6. Morphological parameters and leukocyte formula of white mouse blood, M*m, n=30

Indicators, measuring units Control group Experimental group
Total protein (T-Pro), g/L 56.3+1.23 60.8 = 1.06™
Albumins (ALB), % 47.2+3.18 54.0 £2.10
Globulins (Glob), % 42.8 £0.34 49.6 £0.62™
Alanine aminotransferase (ALT), IU/L 24.6 0.6 26.3 = 0.4"
Aspartate aminotransferase (AST), IU/L 44.8+1.2 45.0£0.03
Total cholesterol, mmol/L 2.56%0.14 2.01£0.12"

Note: *- P<0.05; **— P<0.001 compared to the indicators in the control group mice

Source: compiled by the authors

As can be seen from the table, the effect
of using the “Imun-depo” preparation at a
dose of 1.0 mg/animal led to an increase in
the blood serum of white laboratory mice in
total protein by 8.0% (P < 0.01) and globulin
by 6.8% (P <0.001) compared to the indicators
in the control mice. It can be assumed that an
increase in the content of total protein and
globulin (within the physiological norm) are
the main factors for increasing the energy of
growth and development and increasing the
activity of humoural immunity in mice of the
experimental group. Therefore, it can be as-
sumed that it is the content of sodium selenite
and potassium in the composition of the “Im-
un-depo” preparation that can lead to an im-
provement in the state of immunity in labora-
tory mice. J. Zhang et al. (2021) determined the
immunomodulatory effects of selenium-rich
soy peptides (Se-SPep) in an experiment on
mice with cyclophosphamide-induced im-
munosuppression. They found that injecting
selenium into mice maintained proper body
weight, total protein levels, albumin, and white
blood cells, and stimulated the production of
interleukin-2, interferon-gamma, and nitric
oxide. These results confirmed that Se-SPep is
an effective immunomodulator.

In addition, the content of L-arginine in
the composition of the “Imun-depo” prepara-
tion affected the improvement of immunity, es-
pecially during the period of intensive growth
and development of the body. The use of sup-
plements in productive animals containing
arginine improved the functional state of the
body in other studies. In particular, B. Tan et
al. (2009) showed that arginine supplementa-
tion in pig feeding resulted in a 6.5% (P < 0.05)
increase in body weight and skeletal muscle
content in the carcass — by 5.5%, while reducing
the fat content in the carcass by 11% (P <0.01).
The increase in pig body weight occurred with
an increase in protein, glycogen, and fat con-
tent in the longest back muscle by 4.8, 42, and
70% (P < 0.05), respectively. Based on the re-
sults of the study, researchers concluded that
arginine supplements to feeding pigs con-
tributed to weight gain while reducing the ac-
cumulation of fat in the carcass. The longest
back muscle, which is the most commercially
valuable, accumulated protein and other nu-
trients. A.O. Oso et al. (2017) found that feed-
ing arginine supplements to turkeys of differ-
ent ages and doses affected an increase in the
number of red blood cells (P < 0.001), lympho-
cytes (P<0.001), and basophils (P<0.001), total
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protein, globulin concentrations, and a de-
crease in serum enzyme levels. Thus, it was
experimentally confirmed that the addition of
arginine to feed fattening turkeys led to an in-
crease in haematocrit volume, an improvement
in serum parameters, and an increase in the
mass of the thymus, spleen and a decrease in
the number of salmonella in the small intestine.

In the current study, a significant difference
between the amount of albumins in the blood
serum of mice of the control and experimental
group was not established, although there was
some increase in them within the reference
values, which may indicate the regulation of
oncotic pressure and the transfer of lipids, hor-
mones, and drugs in the bloodstream. The “Im-
un-depo” preparation also affected the activity
of enzymes of the transferase class. It was found
that in laboratory mice of the experimental
group, the activity of alanine aminotransferase
increased by 6.9% (P < 0.05), within the physi-
ological norm, compared with the indicator in
mice of the control group. However, there was
no significant difference in the activity of aspar-
tate aminotransferase between the indicators in
the control and experimental mice. An increase
in the enzymatic activity of alanine aminotrans-
ferase in the blood serum of laboratory mice
within the physiological norm indicated activa-
tion of the body’s energy and plastic needs.

The content of total cholesterol in the
blood serum of mice in the experimental group
decreased by 21.5% (P <0.05) compared to the
indicator in mice in the control group. It is pos-
sible to explain the significant decrease in the
content of total cholesterol in the blood serum
of mice of the experimental group, based on the
fact that the composition of the “Imun-depo”
preparation includes the essential amino acid
L-arginine. B. Tan et al. (2012) found that L-ar-
ginine is a precursor of nitric oxide and affects
the regulation of the metabolism of fatty acids,
proteins, amino acids at the cellular level with
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the emergence of DNA transcription and trans-
lation processes, with the stimulation of lipol-
ysis and activation of fatty acid oxidation to
carbon dioxide and water. These processes are
also associated with the regulation of metabol-
ic pathways to optimise the formation of ATP
and the use of energy substrates (glucose, fatty
acids) towards reducing the content of triacylg-
lycerols. Therefore, arginine supplementation
affected the reduction of fat in subcutaneous
tissue, omentum, and around internal organs in
diabetic rats and obese rats in the experiment.

In addition, the content of 0.25% B-caro-
tene solution in oil in the “Imun-depo” prepa-
ration can help reduce the cholesterol content
in the blood serum of laboratory mice. A.M. Abd
El-Hady et al. (2022) found that a supplement
containing B-carotene and zeaxanthin was ap-
plied to productive animals (broiler chickens) —
Spirulina platensis, has lipid-lowering prop-
erties. In addition, an increase in the number
of red blood cells, haemoglobin, white blood
cells, and lymphocytes in the bird’s blood was
observed (P < 0.05) compared to the control
indicators. N. Melnikov et al. (2022) proved in
male mice that vitamin A and carotenoids are
involved in the regulation of adipose tissue me-
tabolism and inflammation. The concentration
of cholesterol and triglycerides in the blood
plasma of mice fed excess fat and supplement-
ed with B-carotene decreased by 30% and 28%
compared to mice fed a diet high in fat and sup-
plemented with vitamin A. Thus, the presence
of B-carotene in the feed, rather than vitamin A,
led to a decrease in the number of monocytes in
the bloodstream, which indicated a decrease in
inflammation in the body and indicators of fat
metabolism in blood plasma.

A rather urgent scientific problem was the
investigation of the influence of the environ-
ment on the vital activity of both the whole
organism and its individual components:
functional systems, organs, tissues, and cells.
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Conducting research to confirm the degree of
environmental impact on the body is a rather
complex methodological process, which creates
problems for high-performance assessment
of the toxicity of numerous chemicals (Sun et
al., 2026). One way to solve this problem is to
conduct experiments on cell cultures. Their ae-
tiology is limited to a specific organ or tissue,
and the range of functions of these cells is quite
narrow and specific. Therefore, the use of Tet-
rahymena pyriformis, a representative of proto-
z0a, is unique for such studies. Morphologically,

it is a cell, but physiologically, it is a complete
organism. These cells are easy to use and do not
require special costs for maintaining the vital
activity of the culture and conducting research.
In addition, due to their short life span and
high reproductive capacity, they allow tracking
changes in physiological processes over several
generations in a short time and are very sensi-
tive to toxins (Yu et al., 2024). The current study
monitored the vital activity of Tetrahymena py-
riformis ciliates under the action of the “Im-
un-depo” at a dose of 1.0 cm? (Table 7).

Table 7. Effect of the drug “Imun-depo” on the vital activity
of Tetrahymena pyriformis ciliates, M¥m, n=3

Observation via: Control group
1 min 30.60 £1.13
30 min 30.60 £ 1.25
1h 30.60 £ 1.10
2h 30.50 £1.18
3h 30.50 £1.15
4 hours 30.60 £1.17
5h 30.50£1.16
6h 30.60 £ 1.23
12h 30.50 £1.22
24h 30.60 £ 1.33
48h 30.42 £1.26
72 hours 30.78 £ 1.32
96 h 30.20 £ 1.12
120 h 30.40 = 1.09
144 h 30.50 £1.22
168 h 30.40 £1.19
192h 30.20 = 1.16

Note: *— P<0.05 compared to the control group
Source: compiled by the authors

Consistent with the results obtained, the
“Imun-depo” preparation did not cause any
deviations from the normal growth and devel-
opment of the Tetrahymena pyriformis ciliates.
Three hours after the start of the experiment,
active division of ciliate cells of the control and
experimental groups was observed. A significant

Experimental group Nl:m.lber ot
dividing cells

30.65*1.10 -
30.59 £ 1.16 -
30.64 £1.18 -
30.71 £ 1.12 -
34.15+1.50 8.00 = 0.06
34.20 £ 1.60 8.00 £0.05
34.29+1.70 8.00 £0.06
35.62 £1.14° 10.00 = 0.05
35.92+1.17 12.00 £ 0.04
35.84+1.14° 14.00 = 0.09
35.58+1.17° 14.00 + 1.03
35.87 £1.13° 16.00 + 1.09
35.17 £1.03" 16.00+ 1.10
35.19+1.24° 16.00 + 1.08
35.28 £ 1.14° 16.00 £ 1.11
35.18 £1.04° 16.00 = 0.92
35.14 £ 1.32° 16.00 +0.84

increase in the number of ciliate cells began at
6 hours in the study and lasted until the end of
the study — up to 192 hours. Thus, after 6 hours
of the experiment, the number of ciliate cells
in the bacteriological dish with the drug in-
creased by 16.4%, at 12 hours - by 17.8%, at
24 hours — by 17.1%, at 48 hours - by 17.0%, at
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72 hours - by 16.5%, at 96 hours — by 16.4%, at
120 hours - by 15.9%, at 144 hours - by 15.7%,
at 168 hours - by 15.7%, and at 192 hours - by
16.3% (P <0.05) compared to the indicators of
ciliate cells of the control group.

Investigating the functional parameters of
the Tetrahymena pyriformis ciliates, it was found
that the cells assigned to the control and exper-
imental groups moved in a straight line and en-
ergetically. During the entire follow-up period,
no slowing of cell growth was detected, which
would indicate a decrease in their vital activity
due to the presence of toxic substances in the
environment. There were no changes in the
nature of movement, cell morphology, or the
appearance of abnormal shapes. The parame-
cium cells were densely clustered, moving ac-
tively and in a straight line. They were oval and
elongated in shape, with a moderate amount of
filling. No cell death was observed during the
study period. All this gives grounds to assert the
harmless effect of the “Imun-depo” preparation
at a dose of 1.0 cm? per living cell. Slowing down
the process of ciliate division with increasing
exposure time indicated a time dependence
of the stimulating effect of the drug. Thus, ac-
cording to the results of the study, it was estab-
lished that the “Imun-depo” preparation acti-
vated the vital processes of the ciliary infusoria,
based on the increase in dividing cells from 3 to
192 hours of the study. The drug did not have a
mutagenic effect on protozoan cells. In a similar
study of another immunomodulatory drug, “Bi-
omagn”, researchers O.M. Chechet et al. (2021)
also found no toxic effects on infusoria culture
of Tetrahymena pyriformis within 30 minutes,
with 100% preservation of cell vital activity.
The behaviour of this cell population can be an
evaluation criterion for an immunostimulating
drug, which is important for studying the envi-
ronment. physiological and medical aspects of
the sensitivity and stability of living systems to
anthropogenic factors.
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Thus, the preclinical experimental study
showed that the “Imun-depo” preparation has
a positive effect on the physiological state of
white laboratory mice, stimulating their growth
and development without negatively affecting
important haematological and morphological
parameters while maintaining 100% survival
of mice during the experiment. Simultaneous-
ly, the use of the drug did not reveal toxic or
mutagenic effects on the cells of Tetrahymena
pyriformis, which confirms its safety and poten-
tial for further use in veterinary and biomedi-
cal research. These results open up prospects
for the use of “Imun-depo” preparation as an
effective and safe immunomodulator in vari-
ous fields of science.

Conclusions

The effect of the drug “Imun-depo” at a dose
of 1.0 mL/animal on body weight and internal
organs, morphological and biochemical param-
eters of the blood of white laboratory mice, and
on the vital activity of Tetrahymena pyriformis
ciliates from 14 to 60 days of the experiment
were investigated. The parameters of the inter-
nal environment in the room for keeping labo-
ratory mice and the indicators of drinking water
for their drinking were evaluated and full com-
pliance with the approved standards was es-
tablished. Administration of the “Imun-depo”
preparation at a dose of 1.0 mL/animal into the
stomach of laboratory mice of the experimental
group contributed to an increase in their body
weight compared to mice of the control group,
observed from day 14 (by 36.3% (P <0.001)), on
day 30 (by 17.6% (P <0.05)) and up to day 60 of
the experiment (by 15.8% (P < 0.05)). Further-
more, the average daily weight gain of white
laboratory mice in the experimental group on
day 14 of the experiment increased by 33.2%
(P <0.001), on day 30 - by 66.4% (P < 0.001),
and on day 60 — by 9.82% (P <0.001) compared
to the control. On day 60 of the experiment, a
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significant difference in the weight of internal
organs of white laboratory mice of the experi-
mental and control groups was not determined.
The drug helped to stimulate the development
of red blood cells in the body of experimen-
tal mice, which was manifested by an increase
(within the physiological norm) in the number
of red blood cells by 27.8% (P <0.001); an in-
crease in the concentration of oxygen-carrying
protein in the body - haemoglobin by 15.0%
(P<0.05), and the percentage volume of shaped
elements — haematocrit by 5.4% (P <0.05). The
effect of the drug on the body of white labora-
tory mice of the experimental group led to an
increase in the total protein content by 8.0%
(P<0.01) and globulin by 6.8% (P<0.001) (with-
in the physiological norm), which indicated an
increase in the activity of humoural immunity.
An increase in the enzymatic activity of alanine
aminotransferase in the blood serum of labo-
ratory mice by 6.9% (P < 0.05) was established,
which indicated stimulation of catabolism and
anabolism processes in the body, and activation

of enzymatic and hormonal regulation and en-
ergy charge of cells. Instead, the total choles-
terol content decreased by 21.5% (p <0.05) in
the blood serum of white laboratory mice in
the experimental group. During the study of
the vital activity of the Tetrahymena pyriformis
ciliates, no toxic effects of the drug “Imun-de-
po” have been established. In further studies,
it is planned to conduct an experiment on the
use of the “Imun-depo” preparation with food
for productive animals to find out the effect of
the drug components on maintaining the phys-
iological status of the body and preventing the
risks of morbidity.
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AHoranis. JocnimkeHHs Iii Ha opra”izm 1a60paTOPHUX TBAPUH HOBOCTBOPEHUX Ipelaparis,
10 MiCTSITh Y CBOEMY CKJIaJi eKiTbKa CIIONYK, € BASKIMBUM €TarioM HAYKOBOT'O OOIPYHTYBAHHS
ix edexkTuBHOI mo3u i HemKigmmBocTi. Metow 1iei po6oTM OY/I0 BUBUUTK BIUIUB HOBOTO
npenapary «IMyH-Zero» Ha PO3BUTOK OpTaHi3My JlabopaTOpHUX TBapuH (6imux muiieii) Ta ix
reMaToJIOTiYHI TTOKa3HMKM, & TAKOXK KUTTE3NATHICTb KIiTUH iHby30pii Tetrahymena pyriformis.
MarTepiajioM [OCTiIKeHHS CAyTyBaauM caMKyu Oimux J1abopaTOpPHUX MUIIEH TOTIMIIeHOTO
KOBEHIiaJIbHOTO TUIly y KinbkocTi 60 romiB (mo 30 romiB y KOHTDPOJBHiN i OOCaigHii
rpymi). IIpemapaTt 6inMM Jab0paTOPHUMM MUIIAM BBOAWIM BHYTPIiIIHBOLUIYHKOBO Yy 1031
1,0 mii/ron. 3 14 go6oBoro BiKy BIpomoBxX 60 mi6. 3aCTOCOBYBaaM KOMIIJIEKC METOMIiB [IJIst
OIIiHKM CTaHy BHYTPIlIHbOTO CepeoBMINA y BiBapiio, SIKOCTI MMUTHOI BOAM, AMHAMIiKM Macu
TiJla Ta BHYTPIlIHiX OpraHiB, MOBEeIiHKOBMX peakKliiii Mullei, reMaTONOTiYHUX MOKAa3HUKIB iX
OpraHiamy Ta >XUTTe3maTHOCTI iHby30pii Tetrahymena pyriformis. 3’sacoBaHoO, 10 MOKa3HUKU
BHYTPIIIHbOIO CepefOBUIIA y BiBapilo i NMTHOI BOAM, SIKOIO HallyBalMCh MUIIi, 3HaXOOWINCh
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y MeXaxX HOpPMaTMBHMX BUMOT. BcTaHOBeHO, o mpenapT y no3i 1,0 mui/ron. BIUIMBaB Ha
MPUPOCTY Macu Tila, a Maca TUMYCY, IIUTOMONIOGHOI 371031, HUPOK, TIEUiHKM Ta CJIe3iHKU He
3MiHIOBaJIUCh. [IOBe[IeHO, IO y KPOBi 6inux nmabopaTopHUX Mullei 36iabIIyBaBcs (Y MeXax
pedepeHTHMX 3HAUEHb) BMICT reMOII06iHY, KiTbKiCTh €pUTPOLMUTIB i piBeHb TeMaTOKpUTY. [Ipu
LIbOMY, IMOKa3HMKY JefikorpaMu KpoBi Mulileit He 3MiHIOBaIMCh. Y CUPOBATIli KPOBi Bimg6ymocs
36inbIIeHHSs (Y Mekax ped)epeHTHUX 3HaUueHb) BMiCTy I7106YJ1iHiB, 3araJbHOTO 6iTKa, aKTMBHOCTI
ajaHiHaMiHOTpaHcdepasy Ta 3MeHIIeHHS — 3araJibHOTO X0/IecTepuHy. 3a A€o mpenapary «IMyH-
Jero» Ha XKUTTE3NATHICTb KIITUH iHdY30pii Tetrahymena pyriformis KoHCTaTyBalu BifICYTHiCTDb
TOKCMYHOTO BIUIMBY. HayKOBO OOGIPYHTOBaHI OTpMMaHi pe3yabTaTy BIUIMBY mpernapary «IMyH-
JleTI0» Ha OpPraHi3M 6inux 1abopaTopHUX MUIIEl € HEOOXiTHUMU JJIS TIOFATBLIOTO IPOBeIeHHS
eKCIepuMeHTaIbHUX NOCTiIKeHb i3 3aCTOCYBaHHSIM IIpernapary MPOAYKTUBHUM TBapMHAM SIK
KOPMOBO{ 106aBKM 10 OCHOBHOTO pPalliOHY

KirouoBi ciioBa: 6iyi Muii; yMOBM yTpMMaHHS; AMHAMiKa Macu Tiia; Mopdosoris i 6ioximis
KpoBi; iHdy30pist Tetrahymena pyriformis; npemnapat «IMyH-Aero»
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parameters in sows with normotonic, sympathicotonic and vagotonic autonomic nervous system
tone before farrowing, as well as one day and five days after parturition stress. The experiment
was conducted on fifteen sows of the Large White breed, divided into three groups according to
the level of the stress index. For each animal, one day before farrowing, and on the first and fifth
days after farrowing, one hundred consecutive intervals between heartbeats were recorded using
an electrocardiograph. The mean interval duration, interval mode, mode amplitude, range of
variation, vegetative balance index and stress index were calculated. It was found that prior to
farrowing, vagotonic animals exhibited the highest heart rate variability, whilst sympathicotonic
animals exhibited the lowest. One day after parturition stress, a decrease in the mean duration of
intervals and an increase in the stress index were noted in all groups; however, the fastest recovery
of parameters was observed in vagotonic sows. On the fifth day after farrowing, the parameters
in sows of the normotonic group approached baseline values, whereas in animals with increased
sympathetic tone, the stress response persisted. Thus, the use of variational pulse wave analysis
to assess the tone of the autonomic nervous system prior to farrowing allows for the identification
of the most stress-resistant sows and the implementation of targeted supportive measures in the
first days after farrowing. This approach will contribute to improving piglet survival, shortening the
recovery period for sows and increasing the economic efficiency of pig farming

Keywords: variational pulsometry; autonomic nervous system; parturition stress; adaptive

mechanisms; pigs

Introduction

Under conditions of the intensification of pig
production and increased requirements for
animal productivity and welfare, the study of
physiological mechanisms of adaptation in
sows during critical periods of ontogenesis
has become particularly relevant. Farrowing
represents one of the most stressogenic stag-
es of the reproductive cycle, accompanied by
considerable neuroendocrine load and capable
of significantly affecting both the condition of
the maternal organism and the viability of the
offspring. Individual differences in the func-
tional state of the autonomic nervous system
determine the variability of responses to par-
turition stress and the rate of post-farrowing
recovery; however, these aspects remain in-
sufficiently considered in livestock practice.
Thus, the application of methods for assessing
autonomic regulation of heart rhythm may al-
low the prediction of stress resistance in sows
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and the optimisation of management decisions
aimed at improving the efficiency and sustain-
ability of production.

The autonomic nervous system (ANS)
plays a decisive role in the formation of adap-
tive responses in the organism of sows under
various stress factors, particularly during far-
rowing. The ANS consists of two antagonistic
branches — the sympathetic and the parasym-
pathetic nervous systems — which, through
neuroendocrine interactions, respond rapid-
ly to external and internal stimuli. K. Stein-
erova et al. (2025) noted that under resting
conditions parasympathetic tone predom-
inates, maintaining a lower heart rate and
promoting energy conservation. L. Stovbets-
ka et al. (2021) reported that with the onset
of stress, particularly acute pain or emotional
stress during labour contractions, the sym-
pathetic nervous system becomes activated:
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the secretion of catecholamines (adrenaline
and noradrenaline) increases and cortisol is
released into the bloodstream. M.E. Lago-
da et al. (2022) and N. Manu et al. (2021) in-
dicated that this mechanism mobilises energy
resources, increases heart rate and arterial
pressure; however, an excessively pronounced
sympathetic response may be accompanied
by impaired uterine perfusion, prolonged la-
bour and even acute foetal hypoxia. R. Lem-
ery (2024), in a historical review of the devel-
opment of the concept of cardiac autonomic
regulation, demonstrated how ideas about
sympathetic and parasympathetic interaction
evolved gradually from early anatomical stud-
ies to modern multidisciplinary approaches.
Analysis of heart rate variability (HRV)
is a widely accepted non-invasive method for
assessing the state of the ANS in animals and
is recognised as one of the most informative
approaches for determining indicators of the
functional state of the ANS in farm animals
(Ishaque et al., 2021). A decrease in HRV in-
dicators within the low-frequency (LF) and
high-frequency (HF) spectra indicates the pre-
dominance of sympathetic activity, whereas
the predominance of parasympathetic activity
is reflected in an increase in the HF compo-
nent and in the overall SDNN index (standard
deviation of NN intervals) (Tiwari et al., 2021).
Considering that parturition stress in sows is
accompanied by abrupt changes in autonomic
tone and may significantly influence piglet sur-
vival and the economic efficiency of production
(Von Borell & Raoult, 2024), further investiga-
tion of these processes is necessary. According
to J. Calder6n-Amor et al. (2024), chronic stress
during pregnancy in sows, resulting from unfa-
vourable microclimatic conditions or hierarchi-
cal interactions, is associated with suppression
of HRV and elevated cortisol concentrations
long before farrowing, which negatively af-
fects subsequent reproductive performance.

Complicated farrowing may prolong labour
due to impaired coordination of uterine con-
tractions: high levels of catecholamines re-
duce the effectiveness of oxytocin and hinder
the movement of piglets through the birth
canal (Buckley et al., 2023). Existing studies
by Ukrainian researchers are mainly focused
on investigations of young pigs (Todoryuk et
al., 2023). However, issues related specifically
to comparative analysis during the farrowing
period remain insufficiently studied. Despite
numerous investigations conducted in different
animal species, information concerning sows
with different baseline ANS tone in the context
of parturition stress and post-farrowing recov-
ery remains limited. It is therefore necessary to
determine how differences in the initial ANS
tone (normotonia, sympathicotonia and vag-
otonia) influence the recovery of animals.

Thus, based on the analysis of the available
literature, there was a need to conduct studies
comparing the dynamics of HRV in sows with
normotonic, vagotonic and sympathicotonic
ANS tone during critical periods of pregnancy
and after farrowing. Such research will allow
the development of scientifically substanti-
ated methods for the selection and manage-
ment of animals with the highest potential for
stress resistance. The aim of the study was to
determine the characteristics of the dynamics
of key indicators of variational pulsometry in
sows with different baseline ANS tone before
farrowing, as well as on the first and fifth days
after parturition stress.

Materials and Methods

The study was conducted during 2024-2025 at
the Department of Vertebrate Physiology and
Pharmacology of the National University of
Life and Environmental Sciences of Ukraine.
Experimental procedures involving animals
were carried out in accordance with the fun-
damental principles of bioethics and complied
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with Law of Ukraine No. 3447-IV (2006), the
European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Scientific Purposes (1986), Directive 2010/63/
EU (2010), Law of Ukraine No. 249 (2012), and
the ARRIVE (n.d.) guidelines for reporting ex-
periments involving live animals.

The research was carried out on 15 Large
White sows (second-third farrowing, aged 2.5-
3.5 years, body weight 180-210 kg), selected
from a total of 40 animals using a preliminary
analysis of the stress index (SI) according to
Baevsky’s method modified for animals (Todo-
ryuk et al., 2023). The selected animals were
divided into three groups (n=>5): normotonic —
NT (SI 80-100 conventional units), sympath-
icotonic — ST (SI> 150 conventional units) and
vagotonic — VT (SI< 50 conventional units).

The study material consisted of short-term
electrocardiogram recordings (up to 5 min) ob-
tained one day before farrowing and on the first
and fifth days after farrowing, using a Heaco
300G MDT electrocardiograph (manufacturer:
HEACO, UK) with a tape speed of 50 mm/s. Key
indicators of heart rate variability were calcu-
lated based on the filtered intervals: Mean RR
(mean R-R interval), Mo (mode), AMo (ampli-
tude of mode), variability range (Ax), and the
vegetative balance index (VBI):

VBI = AMo/Ax, 1)

where AMo - the mode amplitude; Ax - the dif-
ference between the maximum and minimum
mode values (s).

And also the SI stress index:

SI=AMo/(2 X Mo X Ax), 2)

where AMo - mode amplitude; Mo - a varia-
tional pulsometry parameter; Ax — the differ-
ence between the maximum and minimum val-
ues of the mode (s).

Statistical analysis of the results was per-
formed using MS Excel. For each parameter, the
mean and standard deviation were calculated,
and the results were presented as M = SD. Prior
to conducting a comparative analysis, the distri-
bution of the samples was assessed for conform-
ity to a normal distribution. The significance of
differences between the mean values in the ex-
perimental and control groups was determined
using Student’s t-test for independent samples.
A difference was considered statistically signif-
icant at levels: P<0.05, P<0.01, and P <0.001.

Results and Discussion

Summary indicators of variational pulse rate in
sows with different baseline autonomic nervous
system tone were determined prior to farrow-
ing, as well as on the first and fifth days follow-
ing parturition stress. The results of the study
presented in Table 1 made it possible to ana-
lyse both the baseline intergroup differences in
the autonomic regulation of heart rate and the
dynamics of the autonomic nervous system’s
response to farrowing and subsequent recov-
ery. Analysis of the table indicates significant
changes in the integral indices of stress and au-
tonomic balance in the early post-farrowing pe-
riod, as well as varying rates of normalisation of
these indices depending on the animals’ initial
autonomic status.

Table 1. Indicators of variational pulsometry in sows (M SD; n=5)

Indicators HRV
Normotonic

ANS Tone

Vagotonic Sympathicotonic

Before farrowing

Mean RR (s) 0.81+0.01
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Table 1. Continued

ANS Tone
Indicators HRV
Normotonic Vagotonic Sympathicotonic
Before farrowing
Mo 0.81+0.01 1.03+£0.01"* 0.68+0.01""*
AMo 27.2%2.2 17.4+0.6"* 40.6+ 1.4
AX (S) 0.19%0.01 0.25+0.01*** 0.09+0.01*
VBI (a.u.) 140.1+10.0 68.50.8"* 466.0+27.5""
SI (a.u.) 86.6%6.7 33.4£0.5"" 343.2+23.0""
1 day after farrowing
Mean RR (s) 0.76+0.01*** 0.80%0.01#** A 0.62%0.01%*#A1A
Mo 0.760.01%** 0.80%0.01#** A 0.62%0.01%**
AMo 37.8%1. 38.8£2.5%** 49.0%0.9%*# A
Ax (s) 0.10%0.01%** 0.13£0.01%** 0.08+0.01"*
VBI (a.u.) 389.0+44.3%** 296.4 £ 22.0%*#A 660.8 £ 57.4%*" A
SI(a.u.) 257.3%£29. 7% 185.5+14.8%** 533.3£46.9%**
5 days after farrowing
Mean RR (s) 0.79+0.01* 0.85%0.01%** 0,665+0.005""
Mo 0.79+0.01* 0.86+0.01#**A A 0.666+0.006""*
AMo 34.0+1.5%* 35£2.2%%* 42.0x1.1"
AX (S) 0.16+0.01%*** 0.17%0.01*** 0.11+0.01**
VBI (a.u.) 213.7+13.1%** 210.1£16.4%** 414.7+49.7"""
SI (a.u.) 135.2+7.8%** 122.9+10.0%*** 311.0+36.6"*

Note: 1. Mean RR - mean R-R interval duration (s); Mo — mode; AMo - amplitude of the mode; Ax — difference
between the maximum and minimum values of the mode (s); VBI — vegetative balance index (units); SI — stress index
(units). 2. Statistically significant differences compared with the previous study period: ***— P<0.001; **- P<0.01;
* - P<0.05. 3. Statistically significant differences compared with pigs with normotension: *** — P<0.001; "" -

P<0.01; - P<0.05
Source: authors’ own work

Table 1 shows that in sows with balanced
sympathetic and parasympathetic regulation
of heart rhythm (normotonia, NT) before far-
rowing, the mean values of the following in-
dicators — R-R intervals (Mean RR), R-R mode
(Mo), mode amplitude (AMo), R-R mode range
(Ax), vegetative balance index (VBI) and stress
index (SI) — indicated the absence of signs of ex-
cessive autonomic load. In vagotonic sows (VT)
before farrowing, Mean RR increased by 26.0%
(P < 0.001) compared with NT animals. This

indicates a slowing of heart rhythm under the in-
fluence of increased parasympathetic activity. At
the same time, Mo increased by 27.2% (P<0.001)
compared with NT animals, confirming a shift
of the most frequent R-R interval towards pro-
longation. In contrast, AMo decreased by 36.0%
(P<0.001) compared with NT animals, indicating
a wider distribution of intervals and increased
variability. Ax increased by 31.6% (P < 0.001)
compared with NT animals, suggesting greater
diversity of cardiac rhythms. VBI decreased by
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51.1% (P <0.001) compared with NT animals,
indicating the predominance of parasympa-
thetic tone. SI decreased by 61.4% (P < 0.001)
compared with NT animals, reflecting a sub-
stantial reduction in autonomic stress at rest.

In sows of the ST group before farrowing,
Mean RR decreased by 16.2% (P < 0.001) com-
pared with NT animals. Mo also decreased by
16.0% (P < 0.001) compared with NT animals.
However, AMo increased by 49.3% (P < 0.001)
compared with NT animals, indicating a nar-
rowed distribution of intervals and predomi-
nance of a single mode. Ax decreased by 52.6%
(P<0.001) compared with NT animals, reflecting
lower diversity of R-R intervals. VBI increased by
232.7% (P <0.001) and SI by 296.8% (P < 0.001)
compared with NT animals, indicating pro-
nounced sympathetic load and a high level of
autonomic stress at rest. In sows of the NT group
one day after farrowing, Mean RR decreased by
6.2% (P<0.001) compared with the pre-farrowing
value, indicating an acceleration of heart rhythm
due to activation of the sympathetic nervous
system. Mo also decreased by 6.2% (P < 0.001)
compared with pre-farrowing values, confirm-
ing a shift of the modal R-R interval towards
shortening. AMo increased by 39.0% (P < 0.001)
compared with pre-farrowing values, indicat-
ing strengthening of the dominant interval and
reduced diversity of rhythms. Ax decreased by
47.4% (P <0.001) compared with pre-farrowing
values, demonstrating a reduction in the overall
variability of intervals. VBI increased by 177.6%
(P<0.001) and SI by 197.2% (P<0.001) compared
with pre-farrowing values, indicating a shift in
autonomic balance towards sympathetic tone
and reflecting a high level of autonomic stress.

In sows of the VT group one day after far-
rowing, Mean RR decreased by 21.6% (P<0.001)
and Mo by 22.3% (P < 0.001) compared with
pre-farrowing values, confirming a shift of the
most frequent R-R interval towards shortening.
AMo doubled, indicating the strengthening of
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one dominant interval and reduced diversity. Ax
decreased by 48.0% (P < 0.001) compared with
pre-farrowing values, demonstrating a reduction
in the overall variability of R-R intervals. VBI
increased fourfold (P < 0.001) and SI increased
fivefold (P < 0.001) compared with pre-farrow-
ing values, indicating a shift in autonomic bal-
ance towards the dominance of the sympathetic
nervous system. In sows of the ST group one day
after farrowing, Mean RR and Mo decreased by
8.8% (P <0.05) compared with the pre-farrow-
ing values. In contrast, AMo increased by 20.7%
(P < 0.001) compared with the pre-farrowing
values, reflecting an increased contribution of
the modal interval and a simultaneous narrow-
ing of the variability spectrum. Ax decreased by
11.1% compared with the pre-farrowing values,
indicating reduced diversity of intervals. VBI
increased by 41.8% (P < 0.01) and SI by 55.4%
(P < 0.001) compared with the pre-farrowing
values, indicating predominant activation of
the sympathetic branch of the autonomic nerv-
ous system during the first day after farrowing.

From the first to the fifth day after farrow-
ing in the NT group, Mean RR increased by 4%
(P <0.05), indicating partial recovery of the ini-
tial heart rate. At the same time, AMo decreased
by 10% (P < 0.01) and Ax increased by 60%
(P <0.001), reflecting an increase in variability.
Meanwhile, VBI decreased by 45% (P <0.001) and
SI by 47% (P < 0.001). In sows of the VT group,
Mean RR increased by 6% (P <0.001) and Ax by
31% (P < 0.001). However, AMo decreased by
10% (P < 0.001), indicating greater diversity of
intervals. VBI decreased by 29% (P <0.001) and
SI by 34% (P <0.001). In sows of the ST group,
Mean RR increased by 7%, indicating a gradual
reduction of excessive sympathetic activity. AMo
decreased by 14%, while Ax increased by 38%.
VBI decreased by 37% and SI by 42%, indicating
a gradual reduction of sympathetic dominance.

Thus, a similar pattern of variational pul-
sometry dynamics was observed in all studied
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groups of sows during parturition stress and
recovery after farrowing: before farrowing, ANS
tone determined the baseline levels of varia-
bility (lowest stress in VT, moderate in NT, and
highest in ST). After farrowing (day 1), all groups
demonstrated asharpincrease in STand VBIindi-
ces together with a decrease in Ax and Mean RR,
indicating activation of the sympathetic branch
and a high level of autonomic stress. By the
fifth day, heart rate variability began to recover

1.1

0.9

]

Before farrowin,

gradually: Mean RR and Ax approached their
initial values, AMo decreased, and SI and VBI
declined, reflecting restoration of autonomic
balance and a reduction in the stress response to
a level closer to the baseline. Figure 1 presents
measurements of 100 consecutive R-R intervals
(in seconds) for one sow in each group (normo-
tonic — blue, vagotonic — green, sympathicoton-
ic —red) at three time points: before farrowing, on
the first day, and on the fifth day after farrowing.
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Figure 1. Cardiointervalogram of sows with different parameters
of autonomic regulation, R-R, s (n=1)

Source: authors’ own work
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Before farrowing, sows in the VT group
showed wide fluctuations around 1.00 s (peaks
up to 1.10 s and a minimum of about 0.90 s), in-
dicating high interbeat variability under the in-
fluence of parasympathetic dominance. In sows
of the NT group, moderate fluctuations were
observed around 0.80 s (range approximately
0.75-0.90 s), whereas in sows of the ST group
a narrow clustering of intervals within 0.65-
0.70 s was detected, indicating low variability
associated with the predominance of sympa-
thetic tone. On the first day after farrowing,
shifts towards shorter intervals were observed
in all three curves. In ST sows, the interval re-
mained the most “compressed” (approximately
0.60-0.65 s), whereas in sows of the NT and VT
groups the curves converged around 0.75-0.80 s
with smaller fluctuations, demonstrating acute
sympathetic activation in all groups. On the
fifth day after farrowing, the cardiointervalo-
gram curve of VT sows expanded again to 0.85-
0.95 s, indicating recovery of parasympathetic
activity. In NT sows, fluctuations partially re-
covered (approximately 0.70-0.85 s), whereas
in ST sows the intervals remained relatively
“compressed” (0.60-0.70 s), indicating a slower
return to baseline variability. These cardioint-
ervalograms illustrate the influence of the in-
itial tone of the autonomic nervous system on
the level of heart rate variability and on the rate
of its recovery after farrowing stress.

Figure 2 presents the distribution of R-R
intervals in sows of the three experimental
groups with different ANS tones before far-
rowing: vagotonic — the green curve — show
a peak interval frequency around 1.02 s with
a wide distribution “tail” (maximum =12%),
indicating high variability due to dominant
parasympathetic influence; normotonic - the
blue curve - demonstrate an average inter-
val of approximately 0.78 s with a smoother
and more symmetrical distribution (maximum
~14%), reflecting balanced sympathetic-para-
sympathetic regulation; sympathicotonic - the

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1

red curve - are characterised by a narrow peak
around 0.67 s with the highest recurrence per-
centage (=18%), indicating rigid “clustered” in-
terval grouping and low variability under sym-
pathetic dominance.

35
30

A A

0.57 0.67 077 087 0.97 1.07
R-R; s

Before farrowing

35
1 day after farrowing

15
10
5

0

0.57 0.67 0.77 0.87
R-R,s

0.97 1.07

35
5 day after farrowing

0.57 0.67 0.77 0.87

R-R,s

0.97 1.07

Figure 2. Variation graph of R-R interval
repetition (s) in pigs with different ANS tone
(M;n=5)

Note: yellow line — normotonic; dark blue line -
vagotonic; light blue line — sympathicotonic

Source: authors’ own work

On the graph of the R-R interval distribution
on the first day after farrowing, the red curve
(ST sows) was narrowly concentrated around
~0.62 s with a peak of about 20%, indicating the
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persistence of rigid “clustered” interval con-
traction under dominant sympathetic activity.
The blue curve (NT sows) had a peak value of
approximately 0.76 s with a peak of about 20%
and a slightly wider yet fairly symmetrical dis-
tribution, reflecting moderate variability dur-
ing the acute stress response. The green curve
(VT sows) was shifted towards approximately
0.80 s with a peak of about 16% and showed the
most extended distribution among all groups,
indicating relatively high R-R interval varia-
bility even in the presence of enhanced auto-
nomic activation following parturition stress.
The fifth day after farrowing was charac-
terised by a further shift and widening of the
R-R interval distributions in sows of all groups.
In sympathicotonic animals, the intervals re-
mained narrowly clustered around ~0.665 s
with the highest peak percentage (~32%), in-
dicating persistent rigid sympathetic tone. In
normotonic sows, the peak interval was ap-
proximately 0.79 s with a more uniform but still
relatively narrow distribution (~19%), reflect-
ing moderate variability during the recovery
period. In vagotonic animals, the widest distri-
bution was observed, with a maximum around
0.85 s (~24%), indicating a well-expressed par-
asympathetic recovery response and a gradual
restoration of high heart rate variability.
Analysis of the R-R interval distributions
in sows with different ANS tones showed that
the baseline autonomic status determines the
initial level of variability: vagotonic animals
had the widest distribution and the longest
intervals, normotonic animals had intermedi-
ate values, and sympathicotonic animals had
the narrowest distribution. On the first day af-
ter farrowing, sows in all experimental groups
demonstrated a shift of the peaks towards
shorter R-R intervals and a sharp “clustered”
contraction of the distributions, reflecting acti-
vation of the sympathetic branch and high au-
tonomic stress. By the fifth day after farrowing,

the distributions gradually widened and ap-
proached their initial values: the greatest var-
iability was again observed in vagotonic sows,
moderate variability in normotonic animals,
whereas sympathicotonic sows still retained a
relatively rigid “clustered” interval structure.
Such dynamics demonstrate a universal re-
sponse to parturition stress, followed by a grad-
ual reduction of sympathetic load and restora-
tion of autonomic balance in sows during the
first five days after farrowing.

Thus, this study presents the first com-
prehensive analysis of variational pulsometry
in sows with different baseline tones of the
autonomic nervous system during the periods
before and after farrowing. The obtained re-
sults revealed a clear correlation between the
baseline balance of sympathetic and parasym-
pathetic tone and the cardiovascular response
to parturition stress, supporting hypotheses
regarding the role of autonomic regulation in
post-parturition recovery.

Firstly, the baseline HRV indicators reflect
the classical distribution according to auto-
nomic tone: in VT sows, an increased mean
duration of R-R intervals and wide variability
were observed, correlating with enhanced para-
sympathetic activity (Todoryuk et al., 2023). In
NT sows, a balance between both branches of
the ANS was maintained, whereas in ST sows
the sympathetic branch predominated, with a
rigidly “compressed” spectrum of R-R intervals
corresponding to lower adaptive flexibility, as
reported by A. Youssef et al. (2020). These find-
ings are consistent with the work of C.]. Byrd et
al. (2020), which indicated that high sympa-
thetic activity is associated with a reduced
range of variability in mammals during stress.

Secondly, on the first day after farrowing,
sows in all groups demonstrated a significant
increase in the stress index (SI) and the vege-
tative balance index (VBI), as well as a decrease
in Mean RR and Ax, indicating activation of the
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sympathetic branch and a high level of stress
response. Such rapid changes correspond to the
phenomena of “parturition shock” in mammals
described by F.T. Spradley (2019), in which sym-
pathetic predominance promotes mobilisation
of physiological resources and thermoregula-
tion. Similar observations were reported in the
studies of W. Sipos et al. (2013), where in pigs
during parturition stress the stress index and
vegetative balance index increased almost two-
fold within the first 12 hours after farrowing.
According to L. Stovbetska et al. (2021), acute
pain stress and hormonal changes during far-
rowing cause a sharp shift towards sympathetic
dominance: sows exhibit tachycardia, reduced
heart rate variability, and elevated levels of
adrenocorticotropic hormone and cortisol.
Thirdly, by the fifth day after farrowing,
HRV indicators partially returned towards
baseline levels: Mean RR and Ax approached
their initial values, while AMo decreased, in-
dicating recovery of parasympathetic activity.
According to C.]J. Byrd et al. (2020), after far-
rowing the intensity of sympathetic activity
gradually declines and the parasympathetic
nervous system becomes capable of regulat-
ing homeostasis: in sows respiratory rate and
cardiac intervals normalise, uterine perfusion
improves, and milk let-down becomes more
efficient. However, in the present study, sym-
pathicotonic sows showed the greatest delay
in recovery, with VBI and SI values remaining
markedly elevated compared with NT and VT
animals even on the fifth day. This finding is
consistent with the concept that a baseline
sympathicotonic tone reduces adaptive ca-
pacity to repeated stress stimuli (Lipsitz et
al., 1997). As noted by L. Stovbetska et
al. (2021), insufficient transition to parasym-
pathetic recovery may lead to complications
such as delayed uterine involution, increased
risk of postpartum metritis, and deterioration
in milk quality. Conversely, facilitating a rapid
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shift towards parasympathetic dominance
correlates with a better onset of lactation
and improved survival of newborn piglets.

In veterinary science, ANS tone is regard-
ed as a key factor determining stress resistance
and productivity in animals. Scientific liter-
ature describes in detail the anatomical and
functional relationships between the ANS and
central brain structures and their influence on
cardiac regulation (Ten Donkelaar et al., 2020).
V. Todoryuk et al. (2023), in experiments on
piglets, found that vagotonic individuals adapt
better to environmental changes during ear-
ly ontogenesis, whereas sympathicotonic an-
imals demonstrate increased levels of stress
reactions. V.O. Danchuk et al. (2024) also drew
attention to changes in biochemical markers
(total protein and its fractions) in sows with
different ANS tones during pregnancy and far-
rowing, emphasising the influence of autonom-
ic status on the physiological condition of ani-
mals during critical periods.

As the results of the present study demon-
strated, assessment of adaptive changes in the
ANS of sows during farrowing should include
HRV monitoring both before and directly dur-
ing parturition. This conclusion is supported
by C.J. Byrd et al. (2020), who indicated that
data collection using ECG telemetry enables
the determination of spectral indicators such
as LF and HF, the LF/HF ratio, and, shortly af-
ter farrowing, the RMSSD (root mean square of
successive differences). A decrease in RMSSD
and HF during the contraction phase indicates
intense sympathetic activation, which can be
moderated by the administration of antispas-
modics and analgesics to reduce pain load.
M.D. Ghezzi et al. (2024) emphasised the im-
portance of combining HRV analysis with infra-
red thermography to record real-time changes
in ANS tone and to predict physiological stress
before visible clinical signs appear. K.E. Speer et
al. (2024) also noted that the inclusion of
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hormonal markers, particularly cortisol, pro-
vides a deeper understanding of the mecha-
nisms of adaptation in homeothermic organ-
isms. Furthermore, the authors emphasised
that most responses arising in animals under
the influence of stress factors are mediated
by the autonomic nervous system, and that a
comprehensive assessment of HRV parameters
combined with thermographic and endocrine
markers increases the accuracy of early stress
diagnostics. Such a multidisciplinary approach
creates a basis for the development of predic-
tive models for assessing stress reactivity and
for the timely implementation of corrective
measures under production conditions.

Thus, determination of ANS tone using
variational pulsometry, as demonstrated in
the present study, may serve as a practical in-
dicator of stress resistance in sows prior to
farrowing and may help predict their ability to
recover rapidly afterward. This is particularly
important for highly intensified livestock pro-
duction systems, where reducing the recovery
period after farrowing contributes to increased
piglet survival and improved sow productivity.
Farrowing stress in sows is accompanied by a
universal activation of the sympathetic branch
of the autonomic nervous system, resulting in
pronounced changes in variational pulsometry
parameters regardless of the initial autonomic
status. At the same time, the type of autonom-
ic regulation influences both the magnitude of
the stress response and the rate of post-far-
rowing recovery of cardiovascular regulation,
which was reflected in different dynamics of the
stress index and vegetative balance indicators.

The greatest adaptive potential was
demonstrated by vagotonic sows, whereas sympa-
thicotonic animals exhibited prolonged autonom-
ic tension. The obtained data confirm the feasibil-
ity of using variational pulsometry as an integral
tool for assessing stress resistance and predicting
adaptive capacity in sows during the farrowing

period. The expected outcome of such studies will
be the development of validated predictive models
for evaluating stress resistance in pigs, which will
improve the accuracy of early diagnosis of mala-
daptive conditions, optimise housing and manage-
ment technologies, and enhance productive per-
formance during different physiological periods.

Conclusions

According to the obtained results, a clear tempo-
ral dynamics of variational pulsometry param-
eters was identified in Large White sows with
different baseline tones of the autonomic nerv-
ous system during the pre-farrowing period and
the early post-farrowing period. A step-by-step
analysis of heart rate variability was conducted
in normotonic, vagotonic and sympathicoton-
ic animals one day before farrowing, as well as
on the first and fifth days after parturition stress
using the method of variational pulsometry. It
was established that the baseline autonomic
status determines the initial level of heart rate
variability, the intensity of the stress response to
farrowing, and the subsequent rate of recovery.

The highest adaptive potential was demon-
strated by vagotonic sows, whereas sympathico-
tonic animals were characterised by a prolonged
persistence of autonomic tension. On the first
day after farrowing, a pronounced activation
of the sympathetic branch of the autonomic
nervous system was recorded in all groups, ac-
companied by an increase in the stress index
and the vegetative balance index, reflecting the
mobilisation of the organism’s regulatory re-
sources. In particular, in normotonic sows the
VBI increased by 177.6% (P <0.001) and the SI
by 197.2% (P < 0.001), while in vagotonic ani-
mals the VBI increased fourfold and the SI five-
fold (P < 0.001), indicating acute sympathetic
activation regardless of the initial autonomic
tone. By the fifth day after farrowing, partial
restoration of autonomic balance was observed,
the degree of which depended on the type of
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autonomic regulation: in normotonic sows the
SI decreased by 47% (P <0.001) and the VBI by
45% (P < 0.001) compared with the first day,
whereas in sympathicotonic animals, even af-
ter a 42% decrease, the SI remained at the level
of 311.0 £ 36.6 conventional units, indicating a

adaptive processes. A promising direction for fur-
ther research is the integration of heart rate vari-
ability indicators with hormonal, behavioural and
productivity markers in order to develop compre-
hensive predictive models of stress resistance
in pigs during different physiological periods.

slower normalisation of regulatory mechanisms.

The obtained data allow heart rate varia-
bility to be considered an integral indicator of
stress resistance and adaptive capacity in sows
during the critical period of farrowing and ear-
ly post-farrowing recovery. The limitations of
the study are associated with the small sam-
ple size (n=5 in each group) and the absence
of long-term monitoring beyond the fifth day,
which may affect the assessment of longer-term
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y nepiog onopocy
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AHoranis. CyvyacHi JOCTiIKeHHS NeMOHCTPYIOTh 3HAUHMII BIUIMB BereTaTMBHOI HEPBOBOI
CUCTEMM Ha aJamTalil0 Ta MPOLYKTUBHICTb CiIbCBKOTOCMOAAPCHKUX TBapuH. Oco6IMBO
KPUTUYHUM € TIepios; 0II0POCy B CBMHOMATOK, KOJIM 3MiHYM BET€TaTMBHOTO TOHYCY I€TePMiHYIOTh
repebir pomoBOro CTpecy Ta MBUAKICTh BigHOBIEHHS. METOI MOCTIIKEeHHS OYy/lI0 BUBUUTU
0COGIMBOCTI IMHAMIKM ITapaMeTpiB BapialliifHOi Imy/ibcoMeTpii y CBMHOMATOK i3 HOPMOTOHIUHMM,
CUMIIATMKOTOHIYHMM Ta BarOTOHIYHMM TOHYCOM BereTaTMBHOI HEPBOBOI CMCTEMM 10 OIIOPOCY, a
TaKOX yepe3 J0o6Y Ta IT'SITh [1i6 Mic/st POLOBOTO cTpecy. EKCriepuMeHT mpoBeeHO Ha 1T ITHALSTH
CBMHOMATKAaX BEJIMKOI 6iI0i MOpoay, po3nogiieHuX Ha TPU TPYIU 32 PiBHEM iHIEKCY HAIMPYTH.
Il KOKHOI TBapMHM 3a OFHY Ao0y IO OIMOpPOCY, Ha Iepuly Ta IATy AoOY Micasi ornopocy
peecTpyBajM CTO TOCTIZOBHMX iHTepBaliB MiX CepleBMMM CKOPOUYEHHSIMM 3a JOIOMOTOI0
efekTpokapziorpada. PospaxoByBajyu CepemgHI0 TPUBAIICTh iHTepBajiB, MOAy iHTepBaiB,
aMIUTITyly MOIM, BapialiiiHuii po3Max, iHIeKC BereTaTMBHOTO GajaHCy Ta iHAEKC HAIpPyTH.
BcTaHOBNIEHO, WO [0 OMOPOCY BAarOTOHIUHI TBapMHM MaayM MaKCHMMaJIbHY BapiaberabHIiCTb
cepleBMx iHTepBaliB, CUMITATMKOTOHIUHI — HaliHWK4y. Yepes mo6y Micjis POAOBOTO CTpecy B
yCix rpymnax Bif3HaueHO 3MeHILIeHHS cepeHbOI TPUBAIOCTI iHTepBaliB Ta 30i/blIIeHHS iHIEKCY
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HaNpyru, OAHAaK HaWUIBM[IIE BiJHOBJIEHHS TapaMeTpiB CIIOCTepirajiocs y BaroTOHIYHUX
CBMHOMATOK. Ha 1’sITMii AeHb Mic/asi omopocy MOKa3HMKM Y CBMHOMATOK HOPMOTOHIUHOI TPyIin
HaGMM3UINCh 0 BUXIAHMX 3HAU€Hb, TOAI SIK Y TBAPUH 3 MiABUIIEHUM CUMIIATUUYHUM TOHYCOM
CTpecoBa peakiiisi 36epiranacsi. OTske, BUKOPUCTaHHS BapianiiiHoi mynbcomeTpii st OLiHKU
TOHYCY BereTaTMBHOI HEPBOBOI CUCTEMM Tepef, OMOPOCOM JO3BOJISE BUSIBUTM HaAOiIbII
CTPECOCTiIIKMX CBMHOMATOK i 3alIPOBaMTH I[iJIbOBI MiATPMUMYIOUi 3aX00y y Tepili o6u micist
oropocy. Takuit migxis crpusiTUMe MiJBUIIEHHIO BUKMBAHOCTI ITOPOCAT, CKOPOUEHHIO IMepiomy
BiTHOBJIEHHST CBMHOMATOK Ta ITiJBUIIEHHIO eKOHOMIUHOI e(peKTMBHOCTiI CBMHAPCTBA

KiniouoBi ciioBa: BapialliiiHa My/JbCOMETpisl; BereTaTuBHAa HEPBOBA CUCTeMAa; POMAOBUIl CTpec;
aarTUBHI MexXaHi3MM; CBUHI
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Abstract. Up to 70% of antigenic material enters the birds’ bodies via the digestive system; this
material acts as an aetiological factor and leads to a range of diseases. Consequently, immune
structures develop in their walls, the cells of which protect the body against agents carrying
genetically foreign information. The aim of this study was to trace the development of immune
formations in the stomach of turkeys under vaccination and to determine the timing of their
morphofunctional maturity. For the study, 66 individuals of Big-6 turkeys were selected and divided
into an experimental (vaccinated) and a control (unvaccinated) group. Material for histological
examination was collected on days 1, 10, 20, 30, 40 and 50 of life. It was shown that in turkeys of both
the experimental and control groups, the structural organisation of lymphoid tissue, which forms
the basis of immune formations, develops in stages — from diffuse accumulations of lymphocytes to
the formation of pre-nodules and lymphoid nodules. Thus, in day-old turkeys, local accumulations
of diffusely arranged lymphocytes were observed in the glandular part of the stomach, maintaining
close contact with epithelial cells of the surface epithelium and the epithelium of tubular glands. By
day 10, pre-nodules with a denser arrangement of lymphocytes were recorded in both groups, while
in the experimental group primary lymphoid nodules bounded by a capsule were also present. The
latter were detected in the control group from day 20. Secondary lymphoid nodules with germinal
centres in the glandular part of the stomach were observed in the experimental group from day
20, and in the control group from day 30, indicating the state of morphofunctional maturity of
the immune formations. In the muscular part of the stomach, immune formations were poorly
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developed. In turkeys of both groups, isolated accumulations of lymphocytes were recorded from
day 30, and in some individuals of the experimental group, clusters of secondary lymphoid nodules
were detected in the deep layers of the muscular coat by day 50. The obtained results make it
possible to clarify the mechanisms of specific immune response associated with T- and B-cells,
which will contribute to the development of new effective strategies for combating poultry diseases

Keywords: histological studies; histotopography; diffuse lymphoid tissue; pre-nodules; lymphoid

nodules; morphofunctional maturity; poultry

Introduction

Modern industrial poultry farming is charac-
terised by high stocking densities, intensive
rearing practices and significant epizootic
risks, which places increased demands on the
system for the prevention of infectious diseas-
es. Under such conditions, vaccination remains
one of the key tools for inducing specific im-
munity and ensuring the stability of poultry
production. At the same time, the effectiveness
of vaccination depends to a large extent on the
morphofunctional state of the immune sys-
tem’s organs, in particular the immune struc-
tures associated with the mucous membranes
of the digestive tract.

To prevent infectious diseases and combat
stock losses on poultry farms, birds are vac-
cinated with live and inactivated vaccines to
establish long-lasting immunity. As noted by
C. Ceccopieri & ]J.P. Madej (2024), changes in the
environment, the evolution of pathogens and
the establishment of large-scale production are
constantly altering the nature of infectious dis-
eases affecting domestic poultry. Furthermore,
the intensive breeding of various bird species
to achieve desired production characteristics
causes immunosuppressive stress. It is pre-
cisely the morphofunctional study of the avian
immune system that will enable specialists to
develop more modern protocols and devise new
vaccination strategies in poultry farms.

R. Capota et al. (2025) in their work clas-
sified the organs of the avian immune system

into central organs, where blood cells are
formed, and peripheral organs. They classified
the red bone marrow and the thymus — where
T-lymphocytes arise, mature and proliferate —
as central organs, along with the cloacal sac,
where B-lymphocytes undergo similar pro-
cesses. The peripheral organs of the immune
system include the spleen, lymph nodes (in
waterfowl) and immune (lymphoid) structures
of the digestive, respiratory and skin systems,
and the Harderian gland. These organs serve
as the site where antigens encounter immu-
nocompetent cells, the site of antigen recog-
nition and the development of cellular and
humoral immune responses, the site of inter-
action between immunocompetent cells, their
proliferation, antigen-dependent differentia-
tion, and the site of accumulation of immune
response products. G. Garagulya et al. (2022)
believed that the purpose of humoral immuni-
ty is to rid the body primarily of antigenically
foreign exogenous substances, whilst that of
cellular immunity is the elimination of autoan-
tigens, which may turn out to be the body’s
own mutated and denatured cells. According to
E.C. Lavelle & R.W. Ward (2022) and C. Ceccop-
ieri & J.P. Madej (2024), the digestive organs of
birds, which are in contact with the external en-
vironment, are constantly exposed to antigen-
ic influences, resulting in the development of
immune structures associated with the mucous
membranes (GALT - gut-associated lymphoid

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1




Dyshliuk & Mazur

tissue) within their walls. According to re-
search by S. Usenko (2023), such structures
were also recorded in the muscular and serous
membranes. Immune structures are repre-
sented by significant clusters (tonsils, Peyer’s
patches), isolated lymphoid nodules, local ac-
cumulations of diffuse lymphoid tissue, and
intraepithelial lymphocytes, etc.

According to V.H. Mutlak & S.S. Faraj (2024),
the absence of teeth and a soft palate, along
with limited involvement in oral digestion, fa-
cilitates the rapid swallowing of water and food
and their passage into the stomach. In most bird
species, according to the findings of E. Khayoon
& A. Rechag (2024) and Y.Y. Al-Seady (2025),
the stomach is divided into glandular and mus-
cular parts, the boundary between which is
clearly marked by a constriction (isthmus). Mi-
croscopically, the stomach wall consists of mu-
cous, muscular, and serous membranes, which
differ in structure and function. In the glandu-
lar part, lobules of deep glands of the mucous
membrane produce gastric juice responsible
for digestion, whereas in the muscular part, a
well-developed muscular coat enables compres-
sion and grinding of feed through muscle con-
tractions. According to research by N.J. Mon-
isha et al. (2024), isolated localised clusters of
diffuse lymphoid tissue and lymphoid nodules
of varying degrees of maturity were found in
the gastric wall of birds. The microstructural
features of the digestive organs and their lym-
phoid structures, particularly in the stomach,
have been relatively well studied in gallina-
ceous birds and certain wild birds with different
trophic specialisations, as noted in the works of
S. Usenko (2023) and A. El-Mansi et al. (2025).

An analysis of scientific sources revealed
that information on the microscopic structure
of the immune structures of the turkey stom-
ach in the specialist literature is limited, and
the influence of vaccination on the timing
of their morphofunctional maturity remains
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insufficiently studied. This necessitates the
conduct of specialised morphological studies
in this area. Thus, the aim of the study was to
determine the morphofunctional state of the
immune structures of the turkey stomach in re-
lation to age following vaccination, which are
directly responsible for the immunological re-
activity of the birds’ organism.

Literature Review

As noted by S. Qinghui et al. (2020), the stom-
ach of most bird species consists of two parts:
the glandular and muscular regions, connect-
ed by a narrow section - the isthmus — which,
according to research by D. Yovchev (2022),
develop most intensively in the first few days
after hatching. A significant area of the mucous
membrane of the glandular part of the stom-
ach, according to F. Taki-El-Deen (2017), is oc-
cupied by lobules of deep glands that produce
gastric juice. In carnivorous and insectivorous
birds, these are single-lobed, whereas in om-
nivorous and herbivorous-granivorous birds,
they consist of many lobules separated by
connective tissue septa. Each lobule is formed
by glands (tubules) which, when joined, form
the central and secondary ducts. Several sec-
ondary ducts combine to form a primary duct
that opens onto a protruding papilla of the
mucous membrane. In the muscular part of the
avian stomach, the muscular coat, composed
of a powerful layer of smooth muscle tissue,
ensures peristalsis, mixing, and movement of
feed, while the cuticle covering the mucous
membrane is relatively dense and protects it
from damage by hard particles.

In the study by R. Matsumoto & Y. Hashi-
moto (2000), it was noted that on the 20" day of
chicken incubation, diffuse clusters of lympho-
cytes were first detected in the mucous mem-
brane of the glandular part of the stomach and
were located in the lamina propria between the
tubular glands, their excretory ducts and at the
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border with the surface epithelium. On the 7"
day after hatching, CD3* lymphocytes occupied
the central part, whilst His-C1* B-lymphocytes
were located in the peripheral areas of the lym-
phoid clusters. Lymphoid nodules with pale
centres in the lobules of the deep glands were
recorded by the researchers during the third
week of the postnatal period of avian ontogen-
esis. N.K. Singh & M.K. Sinha (2022) reported
that in Gramparia chickens, the glandular part
of the stomach contained lymphoid tissue, the
cells of which were predominantly located near
the papillae of the mucous membrane.

V. Khomych et al. (2021) conducted a study
of the immune structures of the stomach in
various species of sexually mature birds. The
researchers demonstrated that the develop-
ment of the structural levels of lymphoid tissue
in the stomach and its parts varies. In the gas-
tric mucosa of the hazel grouse, goose, magpie,
crow, stork and pigeon, only the first structural
level was detected - a diffuse form of lymphoid
tissue. The latter was also present in the glan-
dular part of the stomach of the partridge and
jay, and in the muscular part of the stomach of
most of the birds studied. All levels of struc-
tural organisation of lymphoid tissue were ob-
served in the stomach of the goose and in the
glandular and pyloric parts of the hen, guinea
fowl, quail, turkey, pheasant and partridge. Its
highest concentration was recorded in the in-
termediate zone (isthmus) and the pyloric part
of the stomach.

At the same time, the study by N. Hamo-
da & A. Farag (2018) reported that the lamina
propria of the mucous coat in the glandular
and muscular parts of the pigeon’s stomach
contains diffuse lymphoid tissue, which is lo-
calised predominantly near and between the
tubular glands. Similar foci of lymphoid tissue
were detected in the mucosa at the junction of
the stomach and duodenum, where pyloric ton-
sils formed, and lymphocytes migrated into the

lower layers of the epithelium, forming lym-
phoepithelium. M.F. Kovtun & L.P. Kharchen-
ko (2005) reported that in pheasants and quails,
the wall of both parts of the stomach is moder-
ately infiltrated with lymphoid cells. In pheas-
ants, isolated oval and round nodules were
found in the mucous coat of the glandular part
of the stomach, predominantly located near the
excretory ducts of the compound glands. The
researchers observed significant lymphocyte
infiltration and large lymphoid nodules in the
wall of both parts of the stomach of the com-
mon rook, whilst in the golden oriole and the
chaffinch, lymphoid elements predominated in
the serous membrane and between the layers of
the muscular coat.

As established by L.P. Kharchenko &
I.A. Lykova (2013), the walls of both parts of the
stomach in wading birds are moderately infil-
trated with lymphoid cells. In the common red-
shank, ruff, red-breasted sandpiper, and dunlin,
the researchers noted marked lymphocytic infil-
tration of the connective tissue layers between
the lobules of deep glands in the glandular part
of the stomach, whereas in the wood sandpiper,
greenshank, and grey plover, lymphoid nodules
were identified within the walls of these lob-
ules. M.K.A. Maksoud et al. (2022) reported that
in the hooded crow, the lamina propria of the
mucous membrane of the glandular stomach
consisted of connective tissue infiltrated with
lymphocytes, with solitary lymphoid nodules
located between tubular glands. The submu-
cosal layer contained well-developed tubuloal-
veolar glands grouped into lobules, composed
of oxynticopeptic and enteroendocrine cells.

S. Das et al. (2020) noted that in an Indian
breed of chicken, accumulations of lympho-
cytes in the glandular part of the stomach were
mainly located in three distinct regions of the
mucous membrane: the lamina propria, con-
nective tissue, and near the superficial glands.
However, in day-old and 7-day-old birds, the

Ukrainian Journal of Veterinary Sciences. 2026. Vol. 17, No. 1




Dyshliuk & Mazur

distribution of lymphoid tissue was not clearly
defined or noticeable. Well-organised lympho-
cytic aggregates were observed in 28-day-old
and 112-day-old birds, predominantly in the
lamina propria beneath the epithelium and
near the superficial glands. In 112-day-old
birds, a marked increase in the size and clus-
tering of lymphoid tissue was observed, with
clearly expressed aggregation of lymphoid nod-
ules possessing well-defined germinal centres.
These accumulations of lymphoid tissue were
separated by layers of connective tissue.

Thus, the results of the cited studies indi-
cate that immune formations in the stomach
wall of birds are characterised by considerable
species-specific, age-related, and topographi-
cal variability, and that their structural organi-
sation is closely associated with the functional
state of the digestive system and the charac-
teristics of the immune response to antigenic
load. The physiological processes associated
with the development of immune structures in
the stomach wall of birds are of significant sci-
entific interest and highlight their importance
in the establishment of the immune defence
system. Understanding the influence of vac-
cination on the formation of such structures
has practical significance and will enable the
development of more advanced preventive and
therapeutic strategies.

Materials and Methods

Histological studies of the stomach of turkeys
were carried out during 2025 in the education-
al, scientific and production laboratory “Cen-
tre of Biomorphological Technologies” of the
Department of Biomorphology of Vertebrates
named after Acad. V.G. Kasyanenko of the Na-
tional University of Life and Environmental
Sciences of Ukraine. All procedures and eutha-
nasia were performed in compliance with the
requirements of the European Convention for
the Protection of Vertebrate Animals Used for
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Research and Other Scientific Purposes (1986),
Law of Ukraine No. 3447-1V (2006), Order of
the State Committee of Veterinary Medicine of
Ukraine No. 365 (2010), and in accordance with
ARRIVE recommendations (n.d.). Approval for
the study was obtained from the Bioethics Com-
mission of the National University of Life and
Environmental Sciences of Ukraine for the use
of animals in scientific research (No. 045/2025,
dated 26 June 2025).

A total of 66 female turkeys of the hybrid
broiler breed Big-6 were selected for the study.
All birds were clinically healthy and showed no
signs of disease. At one day of age, they were
divided into an experimental (vaccinated) and
a control (unvaccinated) group. Vaccination of
the birds was carried out in accordance with the
vaccination prevention and treatment sched-
ule. Turkeys of both groups were kept under the
conditions of the poultry farm of LLC “Volodar”
(Tetiiv, Ukraine).

The anatomical level of the study involved
sampling from two parts of the stomach (glan-
dular and muscular). For this purpose, sam-
ples were collected on days 1, 10, 20, 30, 40,
and 50 of life. For comprehensive histological
and morphometric studies, histological prepa-
rations were produced using standard tech-
niques. Tissue samples from the glandular and
muscular parts of the stomach were placed in
histological cassettes and fixed in a 10-12%
aqueous solution of neutral formalin. The for-
malin-fixed material was washed in running
tap water for 24-48 hours. To remove water,
samples were dehydrated in ethanol of increas-
ing concentrations — 40°, 70°, 96°, and 100° -
for one to three hours. After dehydration, the
material became fragile and brittle; therefore,
paraffin embedding was used for consolidation.
Prior to embedding, the material was passed
through a mixture of alcohol and chloroform,
then through pure chloroform, followed by a
chloroform-paraffin mixture (at 37°C), and
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finally paraffin (at 55-56°C). The material was
then placed into special metal moulds, em-
bedded in molten paraffin, and solid paraffin
blocks were obtained. Histological sections
5-10 pym thick were prepared using a sliding
microtome MPS-2 (MedTech-Price, Ukraine).
To study the microscopic structure of the
stomach, sections were stained with Karatsi
haematoxylin and eosin, according to Weigert’s
method, and silver nitrate impregnation was
performed according to Kelemen. The area of
lymphoid tissue and its structural-functional
levels were determined using the point-count-
ing method with a binocular microscope and
a measuring grid. Measurements of lymphoid
nodules (round and oval) were performed using
an eyepiece micrometer with an Olympus CX43
microscope (Labdepo, Japan).

The obtained results were recorded in pro-
tocols. Digital data from morphometric studies
were processed on a personal computer using
StatSoft Statistica 13.1 (2016) software. Sta-
tistical significance was assessed by calculat-
ing the arithmetic mean (M) and the standard
error of the mean (m) using Student’s t-test at
three significance levels: P <0.05, P<0.01, and
P <0.001. Microphotography of selected histo-
logical sections of the glandular and muscular
parts of the turkey stomach was performed
using a Primo Star video camera (Carl Zeiss,
Germany) integrated into the microscope and
connected to a personal computer.

Results and Discussion

General microscopic structure

of the stomach wall

Research findings have shown that the tur-
key’s stomach begins at the caudal end of the
oesophagus with a thickening of the digestive
tract (the glandular portion), which is connect-
ed by a narrow isthmus to a substantial, thick-
walled, disc-shaped expansion (the muscular
portion). The glandular and muscular parts of

this organ differed significantly in the micro-
scopic structure of their walls, which is due to
the different functional roles of each of these
parts. At the junction of the stomach and duo-
denum, a third - the pyloric part — was faintly
visible; this part is similar in microstructure to
the muscular part but has a thinner wall. The
mucous membrane of the glandular part of the
stomach in turkeys from both study groups was
highly developed and formed numerous small,
uneven folds directed towards the lumen of the
organ. Its inner layer consisted of simple co-
lumnar glandular epithelium, the cells of which
were densely packed and secreted a mucous
substance. A viscous secretion formed a protec-
tive film covering the entire inner surface of the
glandular stomach (Fig. 1).

Figure 1. Mucous membrane of the glandular
part of the stomach of a day-old turkey
Note: 1 - surface epithelium with mucous secretion;
2 - tubular glands of the lamina propria; 3 — muscularis
mucosae; 4 — lobules of deep glands of the submucosa;
5—layers of loose fibrous connective tissue. Stained with
haematoxylin and eosin, x80

Source: authors’ own work

The surface epithelium extended into
the lamina propria, forming numerous gastric
pits; mitoses were observed within the cells of
these pits, indicating active intraepithelial re-
placement of the differentiated and secretory
portions of the epithelial cells by younger cell
generations. Similarly, A.A. Alsanosy et al. (2021),
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when studying the organs of the digestive tract
in domestic chickens and common quails, es-
tablished that the folds of the proventriculus
varied in height; the researchers proposed re-
ferring to these as folds, and the intervening
depressions as grooves. Short, simple tubular
glands of the lamina propria of the mucous
membrane extended from the base of the sul-
cus. As noted by A.M. Abdellatif et al. (2022) and
D. Saran & B. Meshram (2021), the mucus cov-
ering the glandular portion of the avian stom-
ach is enriched with acidic mucopolysaccha-
rides possessing bactericidal properties, which
play an important role in lubricating and pro-
tecting the surface layers of the mucous mem-
brane from pathogenic microflora and toxins.

The lamina propria of the gastric muco-
sa is rich in fibrillar elements due to collagen
and elastic fibres, which are most pronounced
in birds aged 40 and 50 days. Its foundation
is formed by loose fibrous connective tissue,
which provides structural support to the sur-
face epithelium, serves as a connection to the
muscular layer, and contains a large number of
cellular elements, well-defined blood vessels,
and superficial tubular glands. The muscular
plate is discontinuous in places and consists
of bundles of smooth muscle cells arranged
predominantly in a circular pattern. However,
it is not present in all birds; in particular, ac-
cording to D. Yovchev (2022), it is absent in the
wild bronze turkey.

The largest area of the mucous membrane
was occupied by complex, sac-like deep glands,
which are grouped into lobules with a central-
ly located cavity. A complex of numerous glan-
dular tubules (glandular tubes) in the form of
columns radiated outwards from the centrally
located cavity. The glands were formed by ep-
ithelium which, depending on the phase of
secretion, was simple cuboidal or cylindrical
and produced gastric juice. The latter was
stained pink and was observed in the cavities
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of individual lobules. The lobules of the deep
glands were bounded by layers of loose fibrous
connective tissue containing predominantly
small-calibre arteries and veins, and a well-de-
veloped elastic plexus that transitioned into
intermuscular connective tissue. In the area of
the gastric intermediate zone, the lobules grad-
ually disappeared, and the submucosal layer
became thinner. The muscular and serous lay-
ers of the glandular part of the stomach were
relatively thin (Fig. 2).

Figure 2. Wall of the glandular part
of the stomach of a turkey
from the experimental group at 50 days
Note: 1 - lobule of a deep gland of the submucosa; 2 —

muscular coat: 2a - inner longitudinal layer, 2b — middle
circular layer, 2c — outer longitudinal layer; 3 — elastic
fibres; 4 — serous membrane. Weigert staining, x90
Source: authors’ own work

In the muscular coat, which is formed by
smooth muscle tissue, three layers were clearly
distinguished: the outer and inner longitudinal
layers and the middle circular layer. The circular
layer was considerably thicker than the longitu-
dinal ones. The latter were represented by mus-
cle bundles of various shapes with an oblique
arrangement of myocytes. Between the layers
of the muscular coat, accumulations of adipose
cells within loose fibrous connective tissue, as
well as nerve ganglia and blood vessels, were
observed. Bundles and sheets of smooth muscle
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cells were bounded by elastic, collagen, and re-
ticular fibres. The serous membrane consisted
of a thin layer of loose fibrous connective tissue
with well-developed vessels and nerve ganglia,
covered by simple squamous epithelium. The
mucous membrane of the muscular part of the
stomach in turkeys of both studied groups was
covered with a cuticle (a keratin-like layer) with
a greenish tint, which was removed during the
preparation of histological specimens (Fig. 3).

Figure 3. Muscular part of the stomach
of a day-old turkey

Note: 1 - mucous membrane; 2 — tubular glands of the
lamina propria; 3 — submucosa; 4 — bundles of smooth
muscle cells of the muscular coat; 5 — loose fibrous
connective tissue with blood vessels. Stained with
haematoxylin and eosin, x80

Source: authors’ own work

A.M. Abdellatif et al. (2022) divided the
cuticular secretion of birds into two parts: a
vertical component, which filled the gastric
pits and glandular lumina, and a horizontal
component, which spread across the surface of
the gastric epithelium. According to research
by J.L.E. Illanes Herrero (2023), the cuticle
consists of specific keratin-like proteins and
may take on a greenish colour due to bile being
secreted from the duodenum into the stomach.
In this process, the upper layer of the cuticle is
worn away during the mechanical processing of
feed, while the lower layer is renewed by new
portions of secretion.

The surface layer of the mucous membrane
of the muscular part of the stomach is formed
by simple cuboidal epithelium, which invades
the lamina propria and forms gastric pits. The
lamina propria contains small blood vessels,
loose fibrous connective tissue with prominent
collagen and elastic fibres, and simple, active-
ly secreting tubular glands. The latter were ar-
ranged in clusters, separated by layers of loose
fibrous connective tissue rich in collagen fibres.
At the base of the glands, they were slightly di-
lated, and mitotic figures were observed in their
cells. In the lumen of the glands, a pink-coloured
secretion was detected in the form of a narrow
strip, which over time completely filled the lu-
mens of the gastric pits and emerged from them
onto the surface of the mucous membrane. Be-
neath the glands, dense, unorganised fibrous
connective tissue formed the submucosal layer.
The muscular layer was of considerable thick-
ness and consisted of asymmetrically arranged
intermuscular and lateral muscles, which had
different orientations of smooth muscle cell
bundles and ensured the function of compress-
ing and grinding the feed. Between the bundles
of smooth muscle cells, there were well-de-
fined layers of loose fibrous connective tissue
of slight thickness, within which blood ves-
sels, nerve plexuses and ganglia were observed.
The serous membrane had a structure similar
to that of the glandular part of the stomach.

Histotopography and structure

of the immune structures of the stomach
The immune structures of the glandular
part of the turkey stomach are not visible
macroscopically. They can only be detected by
microscopic examination. With increasing age
in turkeys of both study groups, the levels of
structural and functional organisation of the
lymphoid tissue, which forms the basis of the
immune structures, developed sequentially,
from the appearance of foci of diffuse lym-
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phoid tissue to the formation of pre-nodules
and lymphoid nodules, both with and without
clear centres. In day-old turkeys, isolated lo-
calised, insignificant, diffusely distributed ele-
ments of lymphoid tissue without rarefactions
or distinct borders were observed in the glan-
dular portion of the stomach; these occupied a
small area of the mucous membrane and were
located in the region of the apices and bases
of the folds of this membrane, beneath the su-
perficial epithelial layer, between the colum-
nar glands of the lamina propria, around blood
vessels and near individual bundles of cells of
the muscularis mucosae (Fig. 4).

Figure 4. Diffuse lymphoid tissue
in the glandular part of the stomach
of a day-old turkey

Note: 1 - surface epithelium; 2 - tubular glands of the
lamina propria; 3 - foci of diffuse lymphoid tissue; 4 —
lobules of deep glands of the submucosa. Stained with
haematoxylin and eosin, x80

Source: authors’ own work

Diffusely distributed lymphocytes, some
of which were undergoing mitosis, were also
observed between the epithelial cells of the

surface and glandular epithelia. Due to lym-
phocytic infiltration, the structure of the epi-
thelium was disrupted and it became spongy.
In areas where foci of diffuse lymphoid tissue
were localised, thin elastic and more prominent
collagen fibres were detected, and proliferation
of reticular tissue with mesh-like reticular fi-
bres was observed, between which lymphoid
cells and macrophages were found. According
to C. Casteleyn et al. (2010), reticular tissue cre-
ates a specific microenvironment for the differ-
entiation of T- and B-lymphocytes into effector
cells. In 10-day-old turkeys, an increase in the
histogenesis of lymphoid tissue in the immune
structures of the mucous membrane of the
glandular part of the stomach was observed;
its area increased by 121.83% (2.2-fold) and in
the control group by 30.46% (1.3-fold, P<0.01)
compared with the corresponding figure at one
day of age (Table 1). In turkeys of both groups,
in addition to foci of diffusely arranged lympho-
cytes, pre-nodules with a dense arrangement of
cellular elements were recorded, and in turkeys
of the experimental group, primary lymphoid
nodules were also observed (Figs. 5, 6). Reticular
fibres in the pre-nodules formed a multicellular
network; some of them at the periphery had a
certain orientation, although they did not form
a capsule. Diffuse lymphoid tissue and pre-nod-
ules were detected mainly in the lamina propria
of the mucous membrane and partly in the su-
perficial regions of the submucosa at the bound-
ary with the muscularis mucosae. Moreover, in-
dividual accumulations of lymphoid tissue from
the two layers of the mucosa (the lamina pro-
pria and the submucosa) were interconnected.

Table 1. Area of the mucous membrane of the glandular part
of the stomach in turkeys, %, M*¥m, n=6

Area of the mucous membrane

Group of birds 3 . . .
without lymphoid tissue with lymphoid tissue
Day 1
Hatching 98.03+0.18 1.97£0.17
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Table 1. Continued

Area of the mucous membrane

Group of birds without lymphoid tissue with lymphoid tissue
Day 10
Experimental 95.63%0.62 4.37%0.62
Control 97.43£0.18*** 2.57+0.18**
Day 20
Experimental 94.38+0.28 5.62+0.28*
Control 96.56 £0.34** 3.44+0.34%*
Day 30
Experimental 92.66+0.30 7.34%0.30
Control 93.37+0.15* 6.63£0.15
Day 40
Experimental 89.22+0.41 10.78+0.41
Control 91.45£0.30** 8.55+0.30**
Day 50
Experimental 87.68+0.27* 12.32£0.27*
Control 89.30+0.36 10.70+0.36
Note: *- P<0.05; **—- P<0.01; ***- P<0.001 compared with the corresponding value of the previous parameter

Source: authors’ own work

Figure 5. Glandular part
of the stomach of 10-day-old turkeys

of the control (A) and experimental (B) groups
Note: 1 — tubular glands of the lamina propria; 2 —
foci of diffuse lymphoid tissue; 3 — pre-nodule; 4 —
lobules of deep glands of the submucosa. Stained with
haematoxylin and eosin, x80 (A); x90 (B)

Source: authors’ own work

Figure 6. Primary lymphoid nodule
in a lobule of a deep gland of the glandular
part of the stomach of a 10-day-old turkey

from the experimental group
Note: 1 - tubular glands of the lamina propria; 2 - foci
of diffuse lymphoid tissue; 3 — primary lymphoid nodule;
4 — lobule of a deep gland of the submucosa. Stained
with haematoxylin and eosin, x90
Source: authors’ own work

In turkeys of the experimental group, pri-
mary lymphoid nodules were formed by a dense
arrangement of cells and a clearly defined thin
peripheral band forming a capsule. A reticu-
lar network structure with reticular fibres was
observed in their central part, while at the pe-
riphery the fibres, together with collagen fibres,
contributed to the capsule. Primary lymphoid
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nodules were recorded in the lamina propria of
the mucous membrane and at the periphery of
lobules of the deep glands that were in contact
with the muscularis mucosae. Their lymphoid
elements, a considerable proportion of which
were in a state of proliferation, infiltrated the
glandular units. Due to the localisation of pri-
mary lymphoid nodules, the contours of the lob-
ules of the deep glands changed, and the glan-
dular units themselves lacked clear boundaries.

In 20-day-old turkeys, the area of lym-
phoid tissue in the mucous membrane of the

glandular part of the stomach increased by
28.60% (1.3-fold, P < 0.05) in the experimen-
tal group and by 33.85% (1.3-fold, P<0.01) in
the control group compared with the corre-
sponding values of the previous group (Ta-
ble 1). In turkeys of the experimental group,
in addition to the first three levels of struc-
tural organisation of lymphoid tissue, sec-
ondary lymphoid nodules with pale (reactive)
centrally located regions were recorded, in
which mitotic divisions of lymphoid lineage
cells were observed (Fig. 7).

Figure 7. Glandular part of the stomach of 20-day-old turkeys of the experimental group (A, B)
Note: 1 - tubular glands of the lamina propria; 2 — foci of diffuse lymphoid tissue; 3 — primary lymphoid nodule;
4 - secondary lymphoid nodules; 5 — muscularis mucosae; 6 — lobules of deep glands of the submucosa. Stained with

haematoxylin and eosin, x80 (A); x90 (B)
Source: authors’ own work

Secondary lymphoid nodules were locat-
ed in the deep regions of the lamina propria
and were adjacent to the muscularis mucos-
ae. Some of them were surrounded by dif-
fusely distributed lymphocytes. In the light
centres of the nodules, reticular fibres were
sparse and fragmented, whilst at their pe-
riphery they had a specific orientation (cir-
cular) and formed a sheath. Collagen fibres
were also observed in the latter. In turkeys of
the control group, in addition to local clus-
ters of diffuse lymphoid tissue and pre-nod-
ules, primary lymphoid nodules were de-
tected, located in the lamina propria of the
mucous membrane (Fig. 8).
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Figure 8. Glandular part of the stomach

of a 20-day-old turkey from the control group
Note: 1 — tubular glands of the lamina propria; 2 —
lamina propria of the mucous membrane; 3 — primary
lymphoid nodules; 4 — lobules of deep glands of the
submucosa. Stained with haematoxylin and eosin, 80
Source: authors’ own work
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V.T. Khomych & N.V. Dyshlyuk (2008)
found that in unvaccinated Shever 579 cross-
bred chickens, the immune structures of the
glandular part of the stomach reach full mor-
phofunctional maturity on day 20, whereas
in vaccinated chickens this occurs on day 15.
This indicates that vaccinating day-old chicks
against infectious diseases stimulates and ac-
celerates the development of a fully-fledged
immune response to antigens. N.J. Monisha et
al. (2024) noted in their studies that in sexually
mature broiler hens, the content of lymphoid
nodules in the lamina propria of the gastric
mucosa is greater than in males.

In 30-day-old turkeys, the area of lymphoid
tissue in the mucous membrane continued to
increase (by 30.60%, 1.3-fold in the experimen-
tal group and 95.64%, 1.9-fold in the control
group) compared with the corresponding fig-
ures for the previous group (Table 1). In birds
of the experimental group, isolated secondary
lymphoid nodules were detected in individual
deep lobules of the submucosal glands, which
are located near the inner longitudinal layer of
the muscular layer and in the interlobular stro-
ma of fibrous connective tissue (Fig. 9).

Figure 9. Secondary lymphoid nodules
in a lobule of a deep gland of the glandular
part of the stomach of a 30-day-old turkey
from the experimental group

Note: 1 - lobule of a deep gland; 2 - central cavity;
3 — glandular units; 4 — secondary lymphoid nodules.
Stained with haematoxylin and eosin, x100
Source: authors’ own work

In turkeys of the control group, second-
ary lymphoid nodules were formed on the
basis of primary ones and were observed
between the superficial glands of the lam-
ina propria; they were not detected within
the lobules of the deep glands. At 40 and
50 days of age, the area of lymphoid tissue
accumulations in the mucous membrane of
the glandular part of the stomach contin-
ued to increase in turkeys of the experimen-
tal group by 46.87% (1.5-fold) and 14.28%
(1.1-fold, P < 0.05), respectively, and in the
control group by 28.96% (1.3-fold, P <0.01)
and 25.15% (1.3-fold) (Table 1). In some his-
tological preparations, clusters and chains
of lymphoid nodules were observed in the
lamina propria of the mucous membrane of
the glandular part of the stomach (Fig. 10).
Individual lymphoid nodules were also de-
tected in the muscular coat of 50-day-old
turkeys from the experimental group. As
noted above, the total area of lymphoid tis-
sue in the mucous membrane of the glandu-
lar part of the stomach increased with the
age of the birds. Over the study period (from
hatching to 50 days), its content increased
by 525.38% (6.2-fold) in turkeys of the ex-
perimental group and by 443.15% (5.4-fold)
in the control group, whereas the area of the
mucous membrane without lymphoid tissue
decreased (by 10.56%, 1.1-fold in the ex-
perimental group and by 8.91%, 1.1-fold in
the control group) (Table 1). In turkeys of
the experimental group, the most intensive
increase in the area of lymphoid tissue was
observed from day 1 to day 10 (by 121.83%,
2.2-fold), whereas in the control group it oc-
curred from day 20 to day 30 (by 92.73%, 1.9-
fold). In both studied groups, this indicator
increased with lower intensity from day 40 to
day 50: in the experimental group by 14.28%
(1.1-fold, P <0.05) and in the control group
by 25.15% (1.2-fold).
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Figure 10. Clusters and chains of lymphoid nodules in the lamina propria
of the mucous membrane of the glandular part of the stomach of turkeys
from the experimental group at 40 days (A) and 50 days of age (B)
Note: 1 - superficial tubular glands; 2 — clusters of lymphoid nodules; 3 — chains of lymphoid nodules; 4 — lobules of
deep glands. Stained with haematoxylin and eosin, x80 (A, B)
Source: authors’ own work

With increasing age of turkeys in both
studied groups, the development and increase
in the content of individual structural and
functional elements of lymphoid tissue were
observed (Table 2). In day-old turkeys, lym-
phoid tissue was represented only by the first
level of organisation — the diffuse form of lym-
phocytes — which accounted for 100%. With in-
creasing age, a gradual decrease in the propor-
tion of diffuse lymphoid tissue was observed
due to the development of other structural and
functional elements. Notably, in turkeys of the
experimental group, the decrease in this in-
dicator occurred more intensively than in the

control group. Over the entire study period,
the area of diffuse lymphoid tissue decreased
by 49.54% (2-fold) in the experimental group
and by 42.11% (1.7-fold) in the control group.
A reduction in the rate of change of this indi-
cator was recorded in the experimental group
from day 10 to day 20 (by 21.91%, 1.3-fold),
and in the control group from day 20 to day 30
(by 15.39%, 1.2-fold). The smallest decrease in
diffuse lymphoid tissue was observed in tur-
keys aged from day 40 to day 50 (by 5.52%, 1.0-
fold, P < 0.05) in the experimental group and
from day 1 to day 10 (by 5.95%, 1.0-fold) in the
control group.

Table 2. Content of structural levels of lymphoid tissue in the immune formations
of the glandular part of the turkey stomach, %, M+m, n=6

Group of birds Diffuse form Pre-nodules ) Lymphoid nodules
primary secondary
Day 1
Hatching 100 - -
Day 10
Experimental 81.48+3.09 6.03+1.41 12.49+1.67 -
Control 94.05+2.22 5.95+2.22 - -
Day 20
Experimental 63.63%1.52 7.23+0.79%** 12.62£0.58%** 16.52+0.86
Control 87.11%£1.91 6.68+1.72%* 6.21+1.05 -
Day 30
Experimental 59.12+0.68 8.38+1.08 13.27+1.14 18.73+1.51
Control 73.70+£1.28 6.70+1.30%** 7.21+1.20%* 12.39+0.36
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Table 2. Continued

Lymphoid nodules
Group of birds Diffuse form Pre-nodules

primary secondary

Day 40
Experimental 53.41+2.63** 9.29+0.47 13.62+1.04 23.68+1.95

Control 67.17+2.25 7.38+1.41** 9.96+0.48* 15.49+£1.01**

Day 50
Experimental 50.46+3.21* 9.53+0.41 13.89£0.71%** 26.12+2.28
Control 57.89+1.16 8.62+1.38** 13.08+1.36 20.41+0.67

Note: *- P<0.05; **— P<0.01; ***- P<0.001 compared with the corresponding value of the previous parameter

Source: authors’ own work

As noted above, in turkeys of both
groups, pre-nodules were recorded from day
10. Primary lymphoid nodules in the exper-
imental group were detected from day 10,
and secondary ones from day 20, whereas in
the control group primary lymphoid nodules
were observed from day 20 and secondary
ones from day 30. It should be noted that
the content of pre-nodules and lymphoid
nodules in the experimental group slight-
ly exceeded that in the control group. From
10 to 50 days of age, the area of pre-nodules
increased 1.6-fold (by 21.11%) in the exper-
imental group and 1.4-fold (by 44.87%) in
the control group. Particularly pronounced
growth was observed in the experimental
group from day 10 to day 20 (by 19.90%, 1.2-
fold, P<0.001), whereas in the control group
it occurred from day 40 to day 50 (by 16.80%,
1.2-fold, P < 0.01). With lower intensity, the
content of pre-nodules increased from day
40 to day 50 (by 2.58%) in the experimental
group and from day 20 to day 30 (by 0.20%,
P<0.001) in the control group.

With increasing age of the birds, an in-
crease in the area of both primary and second-
ary lymphoid nodules was observed, reaching
maximum values at day 50. Nodules with ger-
minal centres were somewhat more numerous
than those without them. An increase in the

content of primary lymphoid nodules was re-
corded with slightly greater intensity in the
experimental group from day 20 to day 30 (by
5.2%, approximately 1.0-fold) and in the con-
trol group from day 30 to day 40 (by 38.14%,
1.4-fold, P < 0.05). With lower intensity, this
indicator increased in the experimental group
from day 40 to day 50 (by 2.0%, P<0.001) and
in the control group from day 20 to day 30 (by
16.10%, P<0.01). The greatest increase in the
area of secondary lymphoid nodules was ob-
served in the experimental group from day 30
to day 40 (by 26.43%, 1.3-fold) and in the con-
trol group from day 40 to day 50 (by 31.76%,
1.3-fold). With somewhat lower intensity,
this indicator increased in the experimental
group from day 40 to day 50 (by 10.30%) and
in the control group from day 30 to day 40 (by
25.02%,P<0.01).

The shape of lymphoid nodules in the
glandular part of the stomach was recorded
as round or oval. Some of them were partially
bounded by a connective tissue capsule. From
such nodules, lymphocytes migrated into the
surface glandular epithelium and the loose
fibrous connective tissue. In turkeys of both
studied groups, nodules with germinal centres
were somewhat larger than primary nodules
without germinal centres. Their size increased
with the age of the birds (Table 3).
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Table 3. Dimensions of lymphoid nodules in the glandular part
of the turkey stomach, M*m, pym (n=6)

Lymphoid nodules
Group of primary secondary
birds round oval round oval
length width length width
Day 10
Experimental 107.83+0.65 205.0+1.87 135.50£1.03 - - -
Control - - - - - -
Day 20
Experimental 149.16£1.99 237.17+3.79 155.0+£1.68 159.83+2.34 248.17+4.73 167.33%£3.36
Control 129.67+1.49 217.50+2.80 142.67%1.68 - - -
Day 30
Experimental 156.17+1.74** 253.33+4.73*  162.17+2.52 171.67+1.56 267.17+1.37 170.83+1.40
Control 150.67+1.06* 236.67+1.49 146.83 £1.62*** 158.17+2.52 261.17£0.87 155.17£1.40
Day 40
Experimental 178.17%£5.51 267.83+4.20 164.17+2.71 205.67+2.62 275.83%£2.12 172.5+0.65
Control 166.50+1.68 257.17+2.27 155.17+1.74** 195.17+3.79 270.50+4.29 165.17+2.37*
Day 50
Experimental 204.5%1.03 273.17+£3.05 181.67+2.98 221.67+4.42 291.83+2.89 184.67+2.12
Control 186.00£1.87 270.50+1.40 173.33 £3.24** 206.33+4.61* 281.67+2.86 170.66*3.74**
Note: *- P<0.05; **— P<0.01; ***- P<0.001 compared with the corresponding value of the previous parameter

Source: authors’ own work

As noted above, on day 10 of life in turkeys
of the experimental group, primary lymphoid
nodules were detected in the glandular part
of the stomach, whereas in the control group
these immune formations were observed from
day 20. Over the period from day 20 to day 50, in
the experimental group the size of these nod-
ules increased by 37.10% (1.4-fold for the di-
ameter of round nodules), by 15.17% (1.2-fold
for the length of oval nodules), and by 17.21%
(1.2-fold for the width of oval nodules). At the
same time, in the control group, these indica-
tors increased by 43.44% (1.4-fold), 24.36%
(1.2-fold), and 21.49% (1.2-fold), respectively.
The most intensive increase in the diameter of
round primary lymphoid nodules was observed
in the experimental group from day 40 to day 50
(by 14.78%), and in the control group from day
20 to day 30 (by 16.19%, P < 0.05). The length
of oval primary lymphoid nodules in turkeys of
both groups increased most intensively from
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day 20 to day 30 (by 6.81%, P <0.05 in the ex-
perimental group and by 8.81% in the control
group), while the width of oval primary lym-
phoid nodules increased most from day 40 to
day 50 (by 10.66% in the experimental group
and by 11.70%, P<0.01 in the control group).
In turkeys of the experimental group, sec-
ondary lymphoid nodules in the glandular part
of the stomach were recorded from day 20,
whereas in the control group they were observed
from day 30. With increasing age, their size in-
creased, reaching maximum values at 50 days of
age. Thus, over the period from day 30 to day 50,
the diameter of round nodules and the length
and width of oval secondary lymphoid nodules
in the experimental group increased by 29.13%
(1.3-fold), 9.23% (1.1-fold), and 8.10% (1.1-fold),
respectively, while in the control group these
values increased by 30.45% (1.3-fold), 7.85%
(1.1-fold), and 9.90% (1.1-fold), respectively. The
most intensive increase in the diameter of round
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secondary lymphoid nodules in both groups was
observed from day 30 to day 40 (by 19.81% and
23.39%, respectively). Meanwhile, the length and
width of oval secondary lymphoid nodules in the
experimental group increased most from day
40 to day 50 (by 5.80% and 7.05%, respectively),
whereasin the control group, the lengthincreased
most from day 40 to day 50 (by 4.13%) and the
width from day 30 to day 40 (by 6.44%, P <0.05).

In turkeys of both the experimental and
control groups, on days 1, 10, and 20, lymphoid
tissue of immune formations in the wall of the
muscular part of the stomach was not detect-
ed. It was first observed as small, isolated ac-
cumulations of diffusely arranged lymphocytes
at day 30. The diffuse lymphoid tissue had no
clear boundaries and was located in the lamina
propria of the mucous membrane between the
columns of simple tubular, unbranched glands.
In the areas where this tissue was localised, mi-
gration of lymphocytes between epithelial cells
of the surface epithelium and glandular epithe-
lium was observed. At 40 and 50 days of age in
both groups, the content of diffuse lymphoid
tissue increased but did not exceed 1.5%. In
turkeys of these age groups, individual accumu-
lations of diffuse lymphoid tissue were also re-
corded in the muscular and serous membranes
in the form of small diffuse fields composed of
small lymphocytes (Fig. 11). Pre-nodules and
lymphoid nodules were not detected. However,
in two of the six turkeys in the experimental
group, isolated clusters (ranging from 2 to 3)
of secondary lymphoid nodules were observed
in the muscular part of the stomach on day 50.
These were located in the deep regions of the
circular layer of the muscular coat and were
oval, triangular and rounded in shape (Fig. 12).
The nodules were situated between bundles of
smooth muscle cells arranged in a circular pat-
tern. They were bounded by thin layers of loose
fibrous connective tissue containing small
blood vessels and nerve plexuses.

Figure 11. Diffuse lymphoid tissue
in the muscular part of the stomach
of a domestic turkey from the experimental
group at 40 days of age
Note: 1 — muscular coat; 2 - serous membrane; 3 —
diffuse lymphoid tissue. Stained with haematoxylin and
eosin, x100
Source: authors’ own work

Figure 12. Secondary lymphoid nodules in the
muscular part of the stomach of a 50-day-old

turkey from the experimental group
Note: 1 — mucous membrane; 2 — muscular coat; 3 —
clusters of secondary lymphoid nodules. Stained with
haematoxylin and eosin, x100
Source: authors’ own work

Thus, this scientific study presents the fea-
tures of the histological structure of the stom-
ach and its immune formations in vaccinated
and unvaccinated turkeys, establishes the stag-
es of lymphoid tissue development, and identi-
fies the age groups of turkeys in which immune
formations reach morphofunctional maturity,
which is an important step in the development
of immunomorphology in assessing the use of
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vaccination prophylaxis. The studies conduct-
ed have established the characteristics of the
histostructure of the turkey stomach wall and
the histotopography of its immune structures
at various stages of postnatal development. It
was determined that in the glandular part of
the stomach, lymphoid tissue undergoes suc-
cessive stages of structural and functional or-
ganisation — from a diffuse form to secondary
lymphoid nodules, with a gradual increase in
its area, a more complex structure, and an in-
crease in the size of the nodular forms. In the
muscular part of the stomach, lymphoid tissue
was detected significantly later and was charac-
terised by less pronounced structural changes.
The morphological data presented reflect the
characteristics of the development of immune
structures in the stomachs of turkeys during
the post-vaccination period.

Conclusions

Histological studies have shown that the stom-
ach of turkeys is divided into glandular and
muscular parts, which differ in the structure of
their walls and have different functional sig-
nificance. In the glandular part of the stomach,
the mucous membrane is distinguished by con-
siderable thickness and the presence of superfi-
cial tubular complexes of glands, whereas in the
muscular part the muscular coat predominates,
consisting of two layers of muscle bundles of
various shapes with an oblique arrangement of
myocytes. Vaccination of turkeys at one day of
age against infectious diseases stimulates the
development of immune formations in the glan-
dular part of the stomach and accelerates their
morphofunctional maturity. Thus, diffuse lym-
phoid tissue was recorded from day 1 in turkeys
of the experimental group, while pre-nodules
and primary lymphoid nodules were detected on
day 10, and secondary lymphoid nodules on day
20. In contrast, in turkeys of the control group,
pre-nodules were observed on day 10, primary
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lymphoid nodules on day 20, and secondary nod-
ules on day 30 of life. The presence of secondary
lymphoid nodules indicates morphofunctional
maturity of lymphoid tissue and, accordingly, of
immune formations. In turkeys of both studied
groups, lymphoid tissue in the glandular part
of the stomach was mainly located at the base
of mucosal folds beneath the epithelial layer,
between and beneath the superficial tubular
glands, and around the excretory ducts of the
glands. In turkeys of the experimental group
at 30 days of age, individual lymphoid nodules
were detected in the lobules of the deep glands
of the submucosa, and by day 50 they were also
observed in the muscular coat. With increasing
age (from day 1 to day 50), an uneven increase
in the area of lymphoid tissue in the mucous
membrane was observed in both groups, rising
by 525.38% (6.2-fold) in the experimental group
and by 443.15% (5.4-fold) in the control group.
At the same time, the area of the mucous mem-
brane without lymphoid tissue decreased by
10.56% (1.1-fold) in the experimental group and
by 8.91% (1.1-fold) in the control group. With
increasing age, the size of lymphoid nodules
also increased, with values in vaccinated birds
slightly exceeding those in unvaccinated ones.

The obtained results indicate active forma-
tion of elements of GALT, which ensure the im-
plementation of local immune reactions in the
stomach wall of birds. These findings make it pos-
sible to assess the immunological status of tur-
keys at different age periods and to evaluate the
effectiveness of veterinary preventive measures
in poultry production systems. Prospects for fur-
ther research may be aimed at studying the struc-
tural and functional organisation of immune for-
mations in the stomach of older turkeys under
vaccination and conducting comparative assess-
ments with other species of domestic poultry.
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Mopdosoriuni 0co0TMBOCTi IMyHHHX YTBOPEHB LIJIYHKY iHIHKIB
Yy NOCTBaKIIMHAJBLHUH Nepio]

Hapgisa Juniiok
IToKTOp BeTepUMHAPHMUX HAYK, Tpodecop
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Hatans Masyp
AcmipaHT
HarionanbHuMit yHiBepcuTeT 6iopecypciB i MpUpPOIOKOPUCTYBaHHS YKRpaiHu
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AHoranis. Yepes opraHmu TpaBjaeHHS B OpPraHi3M mTaxiB HagxomuTh A0 70 % aHTUTeHHOTO
Matepiany, sIkuit € eTionoriYyHMM GaKkTOpoM i MPU3BOAUTH O HU3KM 3aXBOPIOBAHb. Y 3B’SI3KY
3 UM, Y iX CTiHIIi PO3BMBAIOTHCSI iIMYyHHi YTBODEHHS, KIITMHM SIKMX 3a6€3MeYyi0Th 3aXUCT
OpraHiaMy Bif areHTiB, IO HeCyTb O3HAKM IeHETMYHO uyskopimHoi iHdopmariii. MeToiw 1miei
po6oTH OY/I0 TPOCTEKUTYU DPO3BUTOK iMYHHUX YTBOpPEHb HUTYHKA iHAMKIB 3a BakuMHAI{ i
BCTAHOBUTYU CTPOKM ixX MopdodyHKIioHanbHOI 3pimocti. [as moctimskeHHsT Oynu Bimi6pai
66 0cOOMH iHAVKIB Topoau Bir-6, IKMX po3miavMIu Ha AOCIIHY (BaKI[MHOBAHY) i KOHTPOIbHY
(HeBaKI[MHOBaHy) rpymnu. MaTepian sl MpoBeleHHS TiCTOMOTIUHMX HOCTIIKeHb Bimbupann
Ha mepry, 10, 20, 30, 40 i 50 go6u >skuTTs. [TokasaHo, IO Y iHAMKIB HOCTiAHOT i KOHTPOIbHOL
TPy, CTPYKTYpHa opraHisauist 1iMmboifHoi TKaHUHY, siKa GOpPMYe OCHOBY iMYHHMX YTBOPEHb,
BMHUKAE TIOETANHO — Bif AUGY3HMX CKyMueHb AiMPOUUTIB OO YTBOPEHHS IepeaBY3/IMKiB
Ta JiMboigHux By3nuKiB. Tak, y iHAUKIB A060BOro BiKy B 3aJIO3MCTiii YacTMHI HUTYHKa
CTIOCTepirasncs JOKaIbHI CKyMUeHHST NU(Y3HO PO3TANIOBAHUX JiMGBOIUTIB, SIKi Maau TiCHMIA
KOHTAKT 3 elliTelionyuTaMy TOBEPXHEBOTO eMiTesiio Ta emiTesniio TpyouacTux 3ano3. Ha 10 moby
y iHOMKIB JOCTiIIHOI i KOHTPOIBHOI TPYNM PEECTPYBAINCS IMepPeiBY3JIUKM 3 GilbII LIITbHUM
posTauryBaHHsIM JiMGOIMUTIB, @ B IHAMKIB NOCAILHOI Ipynu — Iie it nepBuHHI nimdoinni
BY3JIMKH, 1[0 Oy/u o6MexkeHi 060/10HKOI0. OCTaHHi, y iHAMKIB KOHTPOIbHOI TPy BUSIBISIIUCS
nounHaoun 3 20 mo6u. Bropuuui niMdoigHi By3auKM 3i CBITAMMM IeHTpaMM y 3aJI03UCTiit
YaCTHHI IUTYHKA CIIOCTepiraamcs y iHaukiB gociaigHoi rpymnu 3 20 1o6u, a B KOHTPOJIbHOI — 3 30
06w, 1o CBimuMIo Mpo ctaH MOPhODYHKIIIOHATBHOI 3PiJIOCTI IMYHHMUX YTBOPEHb. Y M’SI30Biit
YaCTUHI MIJTYHKA iIMYHHI YTBOPEHHS 6y pO3BUHYTI ¢/1a60. Y iHAMKIB 060X JOCTiIKYBaHUX TPYIT
MTOOJMHOKI CKymueHHs JTiMbonnuTiB peectpyBanucs 3 30 1061, a B OKpeMUX 0COGMH AOCTiTHOT
rpynu Ha 50 mo6y BUSIBASUTMCS YIPYMyBaHHSI BTOPMHHUX JiMMOiZHMUX BY3IUKIB y IMUMOGOKUX
IiTsTHKax M’s130Boi 060/10HKM. OTpMMaHi pe3yapTaTH Jal0Th MOKIMBICTD 3’CyBaTU MeXaHi3Mu
crieriudivHoi iMyHHOI BifgmoBizi, mop’s3ani i3 T- i B-kaiTuHAMM, 110 CIIPUSITUME PO3POOIIi HOBUX
e@eKTUBHUX CTpATeTiii A1 60pOoTbOM 3 XBOpOOAMM MTULIL

KniouoBi cimoBa: ricronoriuni mocmigkeHHs; ricrotororpadist; nudysHa mgiMmdoigHa TKaHMHA;
nepenBy3aMKY; TiMboinHi By3nmkn; MmopdodyHKLIiOHaabHA 3piNicTh; CBilicbka MTULST
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