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and subpopulations of T-lymphocytes in piglet blood samples collected before and at specific intervals after
weaning. The analysis of the quantitative composition of T- and B-lymphocytes and the functional activity of T
lymphocytes in the blast transformation reaction was conducted using immersion microscopy of smears. The
statistical processing of results was carried out through variational nonparametric analysis using biometric
methods. The findings revealed that weaning from sows caused a reduction in the number of T-cells of varying
degrees of avidity, a decrease in the relative number of T-suppressors in piglets’ blood, and an increase in the
number of certain subpopulations of T-helper cells. Conversely, the administration of the liposomal preparation
to piglets enhanced the number of various subpopulations of total and active T-lymphocytes and B-lymphocytes
in their blood after weaning and increased the activity of lymphoid cells in the blast transformation reaction with
phytohaemagglutinin. The observed immunomodulatory effect of the tested drug is attributed to the synergistic
combination of fat-soluble vitamins, mineral elements, and arginine in its composition, which effectively prevented

the development of stress-induced immunodeficiency in piglets following weaning

Keywords: immunodeficiencies; liposomal preparation; lymphocytes populations; weaning; stress; arginine

INTRODUCTION

Pigs are highly suitable subjects for studying the ef-
fect of stress on the body as a factor contributing to
immunodeficiency. It is well established that animals
of this species exhibit exceptionally high sensitivi-
ty to stress factors. Due to the demands of modern
production systems, technological stress affects pigs
throughout their entire development. One of the un-
avoidable stressors in the life of piglets is weaning
from sows. Weaning is accompanied by activation of
the sympathoadrenal and hypothalamic-adenohypo-
physis-adrenocortical systems and disruption of the
pro-oxidant-oxidant balance in the piglets’ bodies.
This imbalance reduces natural resistance and im-
mune reactivity during weaning, serving as a key fac-
tor in developing acute and chronic diseases in piglets
(Jia et al., 2020; Hao et al., 2021). According to A. Lup-
pi et al. (2023), weaned piglets are predisposed to dis-
eases of both infectious and non-infectious aetiology,
with toxic liver damage (hepatosis and hepatitis), gas-
troenteritis, and respiratory diseases (bronchitis and
bronchopneumonia) being the most common.

Moreover, B. Jahangiri et al. (2022) demonstrated
a functional relationship between these diseases. For
instance, in respiratory diseases, liver activity is sup-
pressed due to tissue hypoxia, inhibition of aerobic pro-
cesses, intensification of anaerobic reactions, and the
development of acidosis in the liver parenchyma. These
processes lead to dystrophic and necrotic changes,
reducing the liver's synthetic and detoxification func-
tions. Chronic hypoxia also causes functional insuffi-
ciency in haematopoietic and immunoregulatory cells,
leading to secondary immunodeficiencies. B. Foglia et
al. (2021) highlighted that non-specific gastroenteri-
tis in weaned piglets is associated with hyperchromic
anaemia and hyperenzymopathy, along with a signifi-
cant reduction in the De Ritis ratio, indicative of paren-
chymal liver damage and structural changes in the pan-
creas. Similarly, as shown by C. Lauridsen et al, (2021),
the transition from a milk-based diet to concentrated
feed reduces lipid assimilation in piglets, leading to
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insufficient digestion of nutrients and resulting in
dystrophic processes in the liver.

The above discussion highlights the need to stim-
ulate piglet immunity to prevent potential disorders
caused by weaning from sows. Modern methods of reg-
ulating immunogenesis involve the use of medicines
that target immunocompetent cells, enhance their
functional properties, and activate interactions with an-
tigenic material. In this context, fat-soluble vitamins -
particularly retinol, tocopherol, and calciferol - along
with arginine and several macro- and microelements,
are noted for their powerful protective effects on the
body (Rufino-Moya et al., 2020; Buchko et al,, 2024).
M. Khariv et al. (2017) observed that liposomal prepa-
rations, which remain in the body for extended periods,
can serve as a significant alternative to conventional
medicinal forms. Encapsulation of active substances,
particularly hydrophobic ones, in liposomes, increases
their bioavailability and allows modification of their
release. Under certain conditions, liposomes are ab-
sorbed by cells and merge with cell membranes, en-
abling the direct transport of their contents into the
cell (Nsairat et al, 2022). However, despite their high
efficacy, liposomal preparations are rarely used in vet-
erinary medicine. In this context, studying the state of
the cellular and humoral components of piglet immu-
nity during weaning and developing effective complex
preparations in the form of liposomal emulsions for its
regulation is a pressing area of scientific research.

Thus, the experiments aimed to develop and evalu-
ate the effects of an improved dosage form of an immu-
notropic preparation — based on fat-soluble vitamins,
macro- and microelements — on the bodies of piglets
during weaning from sows.

MATERIALS AND METHODS

The experiment was conducted at the “Flora-S” enter-
prise in the Sokal District of the Lviv Region, using two
groups of Large White breed piglets, each comprising
nine animals. Two days prior to weaning, the control




group of piglets was parenterally injected with 0.1 mL of
NaCl, while the experimental group received an equiv-
alent amount of liposomal preparation. The composi-
tion of 1 L of this preparation included the following:
vitamin A - 900-1100 IU, vitamin D3 - 1100-1300 IU,
vitamin E - 0.9-1.1 mg, arginine - 1.8-2.2 mg, zinc ac-
etate - 0.9-1.1 mg, sodium selenite - 0.090.11 mg, co-
balt acetate - 0.2-0.4 mg, and magnesium sulphate -
0.9-1.1 mg. During the study, all animals were fed
“Prestarter for Piglets TN” (Trouw Nutrition, Belgium),
a combined feed designed for piglets aged 5-65 days.

Blood samples from piglets were collected from
the cranial vena cava two days prior to weaning and on
the 1st, 5th, and 10th days following weaning. Lympho-
cytes were isolated from the blood using a ficoll-vero-
graphin gradient with a relative density of 1.077.The fi-
coll-verographin gradient was prepared by adding a 9%
solution of Ficoll (Pharmacia, Sweden) to a 34% solu-
tion of Verographin (Spofa, Czech Republic). Lympho-
cytes were incubated in Basal Medium Eagle (Sigma,
USA) with ram erythrocytes. During incubation, eryth-
rocytes adhered to T-cells, forming rosette-like struc-
tures. B-lymphocytes were identified based on their
membrane receptors for C3b-C3d complement com-
ponents and the Fc fragment of immunoglobulin. Ram
erythrocytes treated with trypsin (Biopharma, Ukraine)
were used as indicator cells. Lymphocytes transformed
into blasts through activation by phytohaemagglutinin
(Lectynotest, Ukraine) from their inactive forms. Cyto-
logical preparations were fixed in methanol (Chem-
Store, Netherlands), stained using Romanowsky-Giemsa
(RG) stain, and observed under a binocular microscope
(-CM2000B, Zenith Lab, China).

The number of T-lymphocytes in the blood of pig-
lets was counted according to a modified and improved
method (Vishchur et al,, 2007). Active rosette-forming
lymphocytes, with receptors capable of attaching sheep
erythrocytes without incubation, were isolated, and the
number of helper lymphocytes forming rosettes after
incubation with theophylline was also determined. To
determine B-lymphocytes, the EAS system (erythrocytes
sensitised with antibodies and complement) was pre-
pared byadding haemolytic serum to sheep erythrocytes.
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Rosettes were counted using smear microscopy under
immersion. Based on the number of sheep erythrocytes
attached, lymphocytes were classified as follows: undif-
ferentiated (zero) — not attaching a single erythrocyte;
low-avidity — attaching 3-5 erythrocytes; medium-avid-
ity - attaching 6-10 erythrocytes; and high-avidi-
ty (morula) - attaching more than 10 erythrocytes.

T-suppressors were determined by calculating the
difference between the number of helper Tlympho-
cytes and the total number of T-lymphocytes. The im-
munoregulatory index (IRl) was calculated based on
the ratio of T-helpers to suppressors. The functional
activity of T cells was assessed using the lymphocyte
blast transformation (LBT) reaction, with phytohae-
magglutinin used as a mitogen (Vlizlo et al, 2012).
The percentage of blasts was calculated relative to the
total number of T cells. The data were analysed using
the Statistica 7.0 software package (StatSoft Inc., USA).
Results were statistically evaluated by calculating the
arithmetic mean (X) and its standard deviation (SD) us-
ing ANOVA. The significance of mean differences was
assessed with Student’s t-test. All interventions com-
plied with the international principles outlined in the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (1986), ISO/IEC 17025:2005 (2006), and the
Law of Ukraine No. 249 (2012). Ethical approval for
the study was obtained according to Protocol No. 93
(03.06.2021) from the Bioethical Commission of the In-
stitute of Animal Biology of NAAS.

RESULTS

According to the obtained data, weaning from sows
exerts an inhibitory effect on blood lymphocytes, par-
ticularly on the total populations in the control piglets
(Table 1). This effect was most pronounced in the first
days following weaning. For instance, on the 1st day
after weaning, compared to the period before weaning,
a 1.14-fold reduction in low-avidity T-total lympho-
cytes and a twofold reduction in high-avidity T-total
lymphocytes were observed in the blood of piglets in
the control group. By the 5™ day, a 1.93-fold decrease in
medium-avidity forms was recorded.

Table 1. Total T-lymphocytes and their functional activity in the piglets’blood (x=SD; %; n=9)

Research periods

Indicators Animal groups 2 days before after weaning
weaning 1%t day 5t day 10* day

T-general, attached 0 erythrocytes C 52012252 54.62+2.91 55.69%2.40 55.05+2.31
(undifferentiated cells) E T 51.67+3.52 53.30£2.93 57.10+2.34
attached 3-5 erythrocytes C 7145115 32.34£0.65% 36.57+1.76 35.23£3.06
(low avidity) E ' ' 3532%1.24" 36.08+1.17 32.03%1.22
attached 6-10 erythrocytes C 0084191 11.23+0.66° 4.62+0.69% 7.37%1.34
(medium avidity) E ' ' 10.01+1.16 712+1.18" 7142117
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Table 1. Continued

Research periods

Indicators Animal groups 2 days before after weaning
weaning 1+t day 5t day 10* day
C 1.50+1.01° 3.00£1.18 2.49%0.64
. - .

Morulas (high avidity) E 3:2220.22 3.03:1.18 3.672.39 422%1.19
C 45.38+2.85 44.32+2.4) 45.31+2.32

0, 1 + a
% relative amount E 48.5122.35 48.31+3.47 46.59%2.95 43.18%2.29

Note: C - control, E - experimental. * — probable differences compared to the control: * - p<0.05; * - p<0.01; ** -
p<0.001; 0 - in relation to the period before weaning: 0 - p<0.05; 00 - p<0.01; 000 - p<0.001; 0 - undifferentiated cells

Source: developed by the authors

For the experimental group of piglets, compared
to the control group, a 1.09-fold higher number of
low-avidity T-lymphocytes was noted in the blood on the
1%t day after weaning. Additionally, the number of medi-
um-avidity T-total lymphocytes increased by 1.49 times
on the 5™ day post-weaning. In terms of high-avidity
forms and the relative number of total lymphocytes, the
experimental group consistently demonstrated a ten-
dency towards increased values compared to the con-
trol across nearly all post-weaning periods of the study.

On the 15t and 10 days after weaning from sows, a
tendency to a reduction in the number of functionally

undifferentiated T-active lymphocytes was found in
the blood of piglets in the control group. However, on
the 5" day post-weaning, a decline in the number of
low-avidity cells was observed (Table 2). The relative
number of active T-lymphocytes in the blood of the
control group piglets, compared to the pre-weaning pe-
riod, increased at all stages post-weaning due to an el-
evation in the number of medium-avidity forms. In con-
trast, an increase in the number of low-avidity forms
of active T-lymphocytes was observed at all stages of
research in the experimental group, along with a rise
in medium-avidity cells by the 10" day after weaning.

Table 2. Active T-lymphocytes and their functional activity in the piglets’blood (x=SD; %; n=9)

Research periods

Indicator Animal groups 2 days before after weaning
weaning 1% day 5t day 10t day
T-active, C 78.59%3.52 81.22+2.03 78.70+0.62
attached O erythrocytes 81.19+2.32
(undifferentiated cells) E 79.61%3.48 78.13%2.42 76.37+3.51
attached 3-5 erythrocytes C 18.0641.20 18.48+1.76 17.12+3.07 18.03+2.05
(low avidity) E ’ ' 19.11+3.06 20.07+1.18 18.31+1.78
attached 6-10 erythrocytes C 152%103 272+1.81 2.31x0.71 3.04%£1.14
(medium avidity) E ' ’ 1.35+£0.68 1.69+1.34 5.32£1.75
C 2141346 19.35+0.69 21.05+2.30
0, 1 +
% relative amount E 19042229 20.29+3.54 2168245 23.66%3.52

Note: C - control, E - experimental. * - probable differences compared to the control: * - p<0.05; ™ - p<0.01; ™ -
p<0.001; 0 - in relation to the period before weaning: 0 - p<0.05; 00 - p<0.01; 000 - p<0.001; O - undifferentiated cells

Source: developed by the authors

In the blood of piglets from the control group at the
final stage of research after weaning, an increase in the
relative number of T-helpers and their medium-avidity
forms was observed against the backdrop of a decrease
of undifferentiated cells (Table 3). Conversely, the rel-
ative proportion of T-suppressors in the control group

decreased after weaning compared to the pre-weaning
period. In comparison to the control group, the number
of low-avidity T-helper forms in the experimental group
decreased by 1.31 times at the beginning of the study,
while T-suppressors demonstrated a similar reduction
at the end of the research.

Table 3. The number of T-helpers and T-suppressors, their functional activity,
immunoregulatory index, and lymphocyte blast transformation in the piglets’ blood (x *SD; %; n=9)

Research periods

Indicators Animal groups 2 days before after weaning
weaning 1t day 5t day 10t day
T-helpers, attached O erythrocytes C 8042£2.29 76.98+2.35 77.31+£4.80 75.94+1.18°
(undifferentiated cells) E T 79.65+3.51 74.08+3.46 73.02+3.46
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Table 3. Continued

Research periods

Indicators Animal groups 2 days before after weaning
weaning 1%t day 5t day 10* day
attached 3-5 erythrocytes C 20234231 21.89+1.17 18.65+3.05 20.07+£2.33
(Low avidity) E e 16.58+0.88* 21.34%£1.77 2299+1.14
attached 6-10 erythrocytes C 157+1.04 1.52+1.02 4.02£2.30 4.01+1.21°
(medium avidity) E ’ ’ 364176 4.68+1.80 405+1.29
C 23.05%£2.29 22.67£4.82 23.89%£1.19°
00 i . i B
% relative amount E 20.042245 20.32%3.46 25.96%3.47 26.95%3.46
C 22.37 £0.5300 21.68+2.39% 21.11+£3.02°
a 9 +
T-suppressors, % E 2799=0.21 27.94%6.12 20.62%5.34 16.03+0.58"
C 1.03£0.07% 1.06+0.32 1.16%0.11°
| i 71£0.
mmunoregulatory index E 0.71+0.08 0.76%0.31 1312045 1.70£0.19°
C 39.97+1.14° 4433+) 41 41.33+£2.41
i "
Lymphocyte blast transformation E 4497213 41622059 46.66%3.52 46712176"

Note: C - control, E - experimental. * - probable differences compared to the control: * - p<0.05; ™ - p<0.01; ™ -
p<0.001; 0 - in relation to the period before weaning: 0 - p<0.05; 00 - p<0.01; 000 - p<0.001; 0 - undifferentiated cells

Source: developed by the authors

The immunoregulatory index increased in the con-
trol group throughout all periods following weaning
compared to the pre-weaning period. At the same time,
for piglets in the experimental group, the value of the
immunoregulatory index exceeded the control value by
1.46 times on the 10" day after weaning. The more pro-
nounced increase in the immunoregulatory index in the
experimental group, compared to the control, during
the specified periods post-weaning can be attributed to
an increase in the relative number of T-active lympho-
cytes and T-helpers, along with a decrease in the num-
ber of T-suppressors. Apparently, the stress experienced
by piglets during weaning from sows results in a weak-
ening of the ability of lymphocytes to transform into
blasts, as evidenced by a significant 1.13-fold reduction
in lymphocyte blast transformation in the blood of the
control group on the day following weaning. Adminis-
tration of the liposomal preparation to piglets led to

increased lymphocyte blast transformation in the blood
compared to the control group, with the effect being
particularly pronounced at the end of the study.

The results shown in Table 4 indicate that the
weaning of piglets from sows does not significantly
affect the number and functional activity of B-lympho-
cytes but only leads to a tendency for their low-avidi-
ty and high-avidity forms to decrease in the blood on
the 1%t day after weaning. Conversely, for piglets in the
experimental group, the relative number of B-lympho-
cytes exhibited a tendency to increase throughout all
post-weaning periods compared to the control group.
In general, compared to the control, the number of
low-avidity forms in the blood of piglets in the exper-
imental group increased by 1.11 times at the end of
the study, while the number of medium-avidity forms of
this lymphocyte population rose by 1.55 times on the
5t day after weaning.

Table 4. The number of B-lymphocytes and their functional activity in the piglets’blood (x =SD, %, n=9)

Research periods

Indicators Animal groups 2 days before after weaning
weaning 15t day 5t day 10" day
B-lymphocytes,

attache‘(’j operyt?rocytes C 6493%2.31 54.67 £4.06 55.96£2.32 53.64£1.77
(undifferentiated cells) E 51.07 £3.45 52.88+3.47 50.06%2.73
attached 3-5 erythrocytes C 28765117 26.11£2.25 26.69+2.41 29.95+1.18
(low avidity) E ' : 26.38%2.42 22.93 +1.19 31.021.15*
attached 6-10 erythrocytes C 9024112 13.96£2.03 10.35+0.64 10.13+1.38
(medium avidity) E ' : 16.64£2.91 16.07 0.98"** 11.20%1.22
Morulas C J11%198 5.35%1.34 6.95+1.18 8.35+0.69

(high avidity) E : : 6.02+1.18 8.07%1.21 8.09%1.58

. . C 45.34+4.08 4391235 46.30£1.76

% relative amount E 44892240 49.08+346 47124339 50.08%3.40

Note: C - control, E - experimental. * — probable differences compared to the control: * - p<0.05; * - p<0.01; ** -
p<0.001; 0 - in relation to the period before weaning: 0 - p<0.05; 00 - p<0.01; 000 - p<0.001; 0 - undifferentiated cells

Source: developed by the authors
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The obtained data indicate that weaning of piglets
causes them to experience a stressful state, leading
to a decrease in the number of total T-lymphocytes of
varying avidity, a reduction in the relative number of
T-suppressors, and an increase in certain subpopula-
tions of T-helpers in their blood. In contrast, the lipos-
omal preparation demonstrated a stimulatory effect on
the functional activity of immune cells. This prepara-
tion had a normalising effect on the number of various
subpopulations of T-and B-lymphocytes in the blood of
piglets during different stages of weaning. In particular,
parenteral administration of a liposomal preparation
containing vitamins A, D3, and E, along with arginine,
zinc acetate, sodium selenite, cobalt acetate, and mag-
nesium sulphate, contributed to an increase in the num-
ber of total and active T-lymphocyte and B-lymphocyte
subpopulations, as well as the activity of lymphoid cells
in the reaction of lymphocyte blast transformation with
phytohaemagglutinin.

DISCUSSION

There are two main forms of specific immune response:
cellular and humoral. T-lymphocytes constitute the
cell-mediated component of the immune system, rec-
ognising antigens through specific receptors located
on their surface (Ohorodnyk et al., 2017). Lymphocytes
are cells that perform not only the specific functions
of immune protection but also act as elements of a
unified information system. This system accurately re-
flects the state of the body at a given time or under
the influence of certain factors and enables the eval-
uation of the therapeutic effects of studied prepara-
tions (Cerda et al., 2022). The obtained data indicate
that weaning from sows exerts an inhibitory effect on
the total population of T-lymphocytes in piglets’ blood.
This effect is evident from the first day after weaning,
with a significant decrease observed in the number of
low-avidity (p < 0.05) and highavidity (p < 0.05) forms
of T-total lymphocytes. On the 5% day, this is further
evidenced by a reduction in the number of their medi-
um-avidity forms (p<0.05). The post-weaning decline in
the relative number of total T-lymphocytes in the blood
of piglets from the control group is attributed to the
action of prostaglandins and interleukin-2 (IL-2). This is
because the inhibition of the T-cell response to an an-
tigen occurs during the IL-2-dependent stimulation of
T-lymphocytes (Lykhopiy et al., 2023). Under stress, the
activation of receptors for this cytokine on the surface
of T-lymphocytes is reduced (Niederlova et al, 2023;
Raeber et al,, 2023). It appears that weaning from sows
also affects the transcription factor NF-kB, whose d ac-
tivity leads to T-lymphocyte dysfunction, a reduction in
their proteolytic activity, and the emergence of signs of
immunodeficiency (ParralLlorca et al., 2023).

In the blood of piglets in the experimental group
on the first day after weaning, an increase in the num-
ber of low-avidity forms of lymphocytes (p < 0.05) was
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observed, as well as an increase in the number of medi-
um-avidity forms of T-total lymphocytes on the 5" day.
During nearly all periods of observation following the
weaning of piglets, there was a consistent tendency to-
wards an increase in high-avidity forms and the relative
number of total lymphocytes. It should be noted that
the increase in the number of high-avidity forms and
the relative number of total lymphocytes in the blood
of piglets after weaning, as influenced by liposomal
preparation, represents a positive outcome. This is be-
cause it is known that almost all mature T-lymphocytes
express CD3 marker molecules on their surface, which
are involved in transmitting signals from the T-cell re-
ceptor into the cells, thereby stimulating activation and
proliferation processes. The reduction in the number of
T-suppressors in the blood of piglets after the adminis-
tration of the liposomal preparation on the 10" day af-
ter weaning suggests that immune aggression process-
es were stabilising within this period. This stabilisation
concludes with the interaction of T-killer receptors with
target cells in the presence of CD8. Cytotoxic T-lympho-
cytes with the CD8 phenotype regulate antibody pro-
duction and the formation of immune tolerance. They
also induce the death of infected cells and act on infec-
tious agents. Due to their immunosuppressive function,
CD8 prevents autoaggression and influences the devel-
opment of immune responses, directing them towards
either a humoral or cellular response (VieyralLobato et
al, 2018; Xie et al,, 2021).

The implementation of the humoral link of immu-
nity in the body is carried out by Blymphocytes, which,
under the influence of an antigenic stimulus, differenti-
ate into plasma cells that produce antibodies (Rastogi et
al, 2022). It is evident that stress factors inhibit anti-
body formation processes, while the production of lym-
phocyte-activating factors by macrophages is induced,
and corticosteroids are released. These corticosteroids
bind to specific lymphocyte receptorsforming, complex-
es that disrupt the production of lymphokines. Simulta-
neously, due to a reduction in cooperation between T-
and B-lymphocytes, T-dependent antibody production
is inhibited, and the differentiation of B-lymphocytes
as well as the synthesis of IgM and IgG are impaired
(Rodriguez-Mogeda et al, 2024). Under the conditions
of this study, the weaning of piglets from sows does not
significantly affect the number and functional activity
of B-lymphocytes but only shows a tendency towards a
decrease in low-avidity and high-avidity forms in their
blood on the 1% day after weaning. Meanwhile, in pig-
lets of the experimental group, the relative number of
Blymphocytes showed a tendency to increase through-
out all post-weaning periods.

The observed changes in the functional state of
the receptor apparatus of T- and B-lymphocytes in the
blood of piglets in the experimental group suggest that
the combined application of all components of the lipo-
somal preparation is an effective means for preventing




immunodeficiencies. This preparation activates the cel-
lular and humoral mechanisms of the immune response
in their bodies after weaning from sows. To fully under-
stand the immunomodulatory effect of the liposomal
preparation on the body of piglets post-weaning, it is
essential to examine in detail the various components
it contains, particularly the fat-soluble vitamins, L-argi-
nine,zinc, selenium, cobalt,and magnesium.Retinol is a
crucial vitamin for the formation of the body’s defence
mechanisms (Liu et al,, 2019). By increasing the secre-
tion of IL-2 through RAR receptors, it stimulates cel-
lular reactions and the proliferation of T-lymphocytes,
activates the humoral link of the immune response to
T-dependent antigens, enhances the activity of cytotox-
ic lymphocytes, and reduces the synthesis of IL-10 and
[L-12 (Ouyang & O'Garra, 2019).

One of the key roles in lymphocyte formation
is played by calciferol, the active form of which -
1.25(0H),D, - influences natural resistance and specific
immunity, stimulates lymphocytes with concanavalin
A, and induces cathelicidin and IL-1 gene expression
(Ao et al., 2021). Vitamin D, enhances phagocyte num-
bers, promotes interferon synthesis and T-lymphocyte
activity, and stimulates enzyme systems involved in the
generation of reactive oxygen species in immunocom-
petent cells (Sirbe et al., 2022).Receptors for 1.25(0H),D,
have been identified in 5% of activated T-lymphocytes
and 95% of B-lymphocytes (Cyprian et al., 2019). Specif-
ic receptor proteins for 1.25(0H),D, have been detected
in immature thymus cells, with a significant proportion
found in CD8* and CD4*. The vitamin D, cells hydroxy-
lase activity of immunocompetent cells enables them
to produce hormonally active forms of vitamin D,. Ac-
tivated macrophages express receptors for vitamin D,,
monocytes and lymphocytes express a 50 kDa receptor
protein, and lymphocytes express an 80 kDa cytosol-
ic protein (Liang et al, 2019). The signals from these
proteins affect TGF, which regulates the differentiation
and maturation of progenitors of stem cells, monocytes,
macrophages, and lymphocytes capable of synthesis-
ing cytokines, growth factors, and calcium-depend-
ent mediators of immunogenesis (Fisher et al, 2019).

At the same time, the tocopherol present in the
preparation stimulates the transformation of lympho-
cytes into blasts. Vitamins E and D, inhibit the activity
of the nuclear factor NF-kB, which is involved in the
development of immunodeficiency and the regulation
of genes responsible for forming adhesion molecules
(VCAM, ICAM), TNF, IL-1, IL-2, IL-6, IL-8, and y-IFN. These
vitamins prevent the dissociation of the NF-kB com-
plex with activator protein-1 (AP-1) (Mussbacher et
al., 2019). This complex regulates the proliferation and
interaction of cells during immune response develop-
ment. Normally, it is blocked by the cellular inhibitor
AP-1, but under stress conditions, it dissociates, allow-
ing the released NF-kB to be transported into the nu-
cleus, where genes that cause apoptosis are expressed.

Ohorodnyk et al.

Zinc restores the levels of Th1l and Th2 cells and
affects IL-6, which increases the cytotoxic effect of
T-lymphocytes. It also acts on the immunostimulatory
cytokine IL-1 (Prasad, 2020). IL-1, in turn, influences the
hypothalamus, which is responsible for coordinating
neuro-endocrine-immune interactions in the body that
potentiate the immune response during the inductive
phase. Overall, the action of these interleukins involves
enhancing B-lymphocyte differentiation, increasing an-
tibody production, protecting cells from apoptosis, and
stimulating haematopoiesis processes (Da Silva Lima et
al.,,2023).1L-1 and IL-6 act as co-stimulators of T cells and
thymocytes, increasing neutrophil chemotaxis and the
release of lysozyme from cells, thus contributing to the
normal phagocytosis of antigens (Rybtsova et al., 2023).

The trace element selenium also exerts a stimu-
latory effect on lymphocyte activity in the blood of
piglets in the research group after weaning from sows.
This effect is attributed to its ability to mitigate the de-
structive impact of stress on lymphocytes (Da Silva Du-
arte et al,, 2022). In turn, the cobalt preparation includ-
ed in the study in small quantities inhibits oxidation
processes (Kosiorek & Wyszkowski, 2019), which con-
sequently prevents the formation of lipid peroxidation
products in piglets after weaning. Stress conditions are
known to lower magnesium levels in the body; howev-
er, supplementation with magnesium has been shown
to increase the synthesis of CD3, CD16, CD22, IL-1, and
immunoglobulins (IgG, IgA, IgE). Magnesium also sup-
ports the differentiation of T-killers into mature ef-
fectors and reduces the formation of reactive oxygen
species (Shimasaki et al., 2020). According to M. Pedraz-
ini et al. (2024), arginine enhances the functional activ-
ity of lymphocytes. Moreover, it is known that in young
animals and under stressful conditions, the levels of
this amino acid in the body decline sharply, making it
essential. Thus, the inclusion of arginine in the studied
preparation likely had an immunotropic effect on the
piglets’ bodies, increasing their antioxidant status and
reducing the intensity of free radical oxidation, thereby
limiting the impact of stress. Therefore, the injection of
the liposomal preparation containing vitamins A, D, E,
arginine, zinc acetate, sodium selenite, cobalt acetate,
and magnesium sulphate eliminates the stress state in
piglets caused by weaning from sows.

CONCLUSIONS

The studies indicate that weaning from sows results in
an increase in the number of T-helpers in the blood of
piglets on the 10th day after weaning, a decrease in
the number of T-suppressors throughout the studied
periods,and a reduction in the transformation ability of
T-lymphocytes into blasts on the 10" day after wean-
ing. In contrast, the combination of fat-soluble vitamins,
arginine, zing, selenium, cobalt, and magnesium in the
liposomal preparation enhanced the immunoregulato-
ry index, increased T-lymphocyte activity in the blast
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transformation reaction, and reduced the number of
T-suppressors in the blood of piglets on the 10" day
after weaning from sows. The positive effect of the in-
vestigated liposomal preparation on the activity of the
cellular and humoral links of the immune system in
piglets is attributed to the synergistic action of vita-
mins, trace elements, and Larginine, which effectively
mitigated the stress induced by weaning from sows.
Further research is recommended to examine the effect
of the immunotropic liposomal preparation on antiox-
idant protection markers, the nitric oxide system, and
lipid and mineral metabolism in the bodies of piglets.
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AnoTauis. [Tpodinaktnka po3BUTKY iMyHOAedILMTIB Y MOPOCAT NpU BiANYYEHHI Bif CBMHOMATOK MOXAMBA LASXOM
napeHTepasbHOro BBEAEHHS XXMPOPO3UYUHHUX BITaMiHIB, MAKpO- i MiKPOENeMEHTIB Ta AOCNIAKEHHS iX BNAMBY Ha
[LMHAMIKY 3MiH KinbKOCTi 1 QYHKLiIOHaNbHOT akTMBHOCTI cybnonynauiv T- i B-nimdoumTis. BignosigHo mMeTor umx
pocnimpkeHb O6yno OOCNIAXKEHHS BMMBY KOMMIEKCHOMO N1iNOCOManbHOro npenapaTy Ha KAiTMHHY i ryMopanbHy
NaHKy IMYHHOI CMCTEMM NOPOCAT NiCAS BiANyYEHHS BiA CBMHOMATOK. NS BU3HAUYEHHS Yy 3pa3kax KPOBi MopocaT,
BifibpaHOi A0 Ta B OKpeMi nepioam nicns BiaayvyeHHs Bij CBUHOMATOK, KiIbKOCTI Pi3HMX NONYAALIin i cydbnonynauii
T-niMmdounTiB BUKOPUCTOBYBaNMU YHidbikoBaHy MeTOAMKY. AHani3 KinbkicHoro cknagy T- i B-nimdbouutie i
LOCNimKEHHS DYHKLiOHaNbHOT akTMBHOCTI T-niMdouuTiB y peakuii 6bnacTHoi TpaHchopMaLlii NpoBOAMAN WASXOM
Mikpockonii Ma3skis nig iMepcieto. CTaTUCTUUHY 06pOOKY OTPMMAHWMX pe3ynbTaTiB BMKOHYBAAW 3a A0MNOMOIoOH
BapiauiMHOro HemapaMeTpUYHOro aHanizy 3 BUKOPUCTAHHAM BioMeTpuuHOro Metoay. K Nokasanu LOCNILKEHHS,
BiANYYEHHS Bif CBUHOMATOK CMPUYMHSE 3MEHLUEHHS Y KPOBI MOPOCAT KiNbKOCTi T 3aranbHUX NiMMOUMTIB pi3HOrO
CTyneHsa aBifHOCTI Ta BiAHOCHOI KinbKoCTi T-cynpecopiB ¥ 3pOCTaHHA YMCENbHOCTI OKpeMux cybnonynsuin
T-xennepie. HatoMicTb BBeAEHHS MOPOCATAM JiNOCOMANbHOrO MpenapaTy Cnpuaio 30iNblIeHHI B iX KPOBi Y
nepioa nicng BiANYyYEHHS KiNbKOCTi pisHUX cybrnonynauiv 3aranbHuX i akTMBHUX T-niMdoumnTie Ta B-nimdouutis 1
BMKJ/IMKANO 3pOCTaHHS aKTMBHOCTI NiMDOIAHMX KNITUH y peakuii 6nacTHoi TpaHcdhopMaLii 3 GiToreMarnioTUHIHOM.
OTpvMaHWiA IMYHOMOAYNIOYMIA BNAUB [OCNIAXYBAHOMO NpenapaTty 3yMOBAEHUI KOMMNEKCHUM MOEAHAHHSM Y
MOro cKNagi >KMpopo34YMHHMUX BiTaMiHiB, MiHEpaNbHUX eNeMEHTIB Ta apriHiHy, Lo A03B0AMN0 eheKTUBHO 3anobirtu
pPO3BMTKY B OpraHiaMi nopocat iMyHoaediLmTy, CNpUYMHEHOrO i€l CTpecy, BHACNIAOK BiAly4eHHS BiA CBUHOMATOK

Kntouosi cnoBa: imyHoaediuut; NinocoManbHUiM nepnapart; nonynauii NiMdoLuuTiB; CTpec; apriHiH
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