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Abstract. Drug-induced liver injury leads to significant morbidity and mortality due to the
development of severe complications, making it a leading cause of acute liver failure in animals.
Among medications with direct cytotoxic effects on liver cells, tetracycline antibiotics are notable, as
improper use can induce fatty liver disease. This study aimed to examine changes in the blood lipid
profile of laboratory rats with tetracycline-induced liver damage, alongside assessing the corrective
potential of milk phospholipids. The lipid composition of native blood was analysed using thin-
layer chromatography. The findings indicate that, in cases of artificially induced tetracycline liver
damage in rats, there was a deficit in all five indicators of the native blood lipid profile, including a
30.8% reduction in total lipids, a 45.3% decrease in triacylglycerols,a 37.0% decline in phospholipids,
a 46.2% drop in free fatty acids, a 23.1% decrease in free cholesterol, and a 32.0% reduction in
esterified cholesterol, compared to the control. This may be attributed to diminished appetite in
affected animals, insufficient lipid absorption in the digestive tract, and the inhibition of endogenous
lipid synthesis in the livers of affected rats. The administration of milk phospholipids as the dietary
supplement “FLP-MD” to diseased animals demonstrated a pronounced corrective effect, manifested
by the restoration of quantitative parameters across all studied lipid fractions and their overall
content. Oral administration of this supplement to clinically healthy rats showed no toxic impact on
liver cells or the organism as a whole. Additionally, a tendency towards an increase in the absolute
content of most examined blood lipid fractions was observed. Thus, this experimental study revealed
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marker changes in the quantitative parameters of the native blood of the laboratory rats, lipid profile,
which may be valuable in understanding the pathogenesis of tetracycline-induced injury in mammals
and testing newly developed hepatoprotective agents

Keywords: corrective therapy; milk phospholipids; fatty liver disease; thin-layer chromatography;

lipid fractions

Introduction

The Lliver plays a crucial role in regulating lipid
metabolism, and any impairment of its functions
leads to significant alterations in the lipid profile,
which may serve as an early marker of toxicity.
Studying the blood lipid profile in cases of tetra-
cycline-induced liver damage provides a means to
assess the extent of metabolic disturbances and
aids in understanding the mechanisms underly-
ing the development of fatty liver disease. This is
vital not only for the diagnosis and monitoring of
liver health but also for developing therapeutic
approaches aimed at preventing and treating Lliv-
er failure induced by toxic drug doses.

N. Stefan et al. (2019) emphasised that met-
abolic disorders in mammals lead to fatty liver
disease, triggering numerous structural and func-
tional disturbances, which subsequently progress
to fibrosis, cirrhosis, and liver cancer. As well,
K. Mohammadhasani et al. (2024) suggested that
the pathogenic mechanisms underlying fatty liver
degeneration are associated with various patho-
logical factors, including drug-induced damage,
cardiovascular conditions, extrahepatic complica-
tions, and diabetes. Implementing a regimen of
active physical exercise, along with hypolipidae-
mic agents and insulin sensitisers, is considered,
as noted by S. Pouwels et al. (2022), to be a po-
tential therapeutic strategy for patients with fatty
liver disease. However, these treatments demon-
strate limited efficacy and are often accompanied
by adverse effects. Consequently, there is a press-
ing need to develop new therapeutic approaches
that minimise toxic effects on living organisms.

F.Zhang et al. (2022) identified that liver me-
tabolites of a lipid nature, such as sphingomyelin
and glycerophospholipid, exert a corrective effect

in cases of toxic liver injury by regulating fatty
acid synthesis, correcting lipid metabolism disor-
ders, and reducing inflammatory responses. Fur-
thermore, it was found that structural lipids with-
in cell membranes help maintain stability in Llipid
metabolism, disruptions of which can lead to the
development of fatty liver disease. The authors
highlighted various types of membrane lipids,
including their metabolites — phospholipids, cho-
lesterol, and sphingolipids — whose dysregulation
was implicated in the onset of fatty liver disease.
Through the use of new drug-based artificial
models involving laboratory animals, the role of
certain lipid classes in the pathogenic mecha-
nisms underlying hepatopathology, particularly
fatty liver degeneration, has been demonstrated,
confirming their potential use in treating fat-
ty liver disease. As noted by X. Gao et al. (2024),
most conventional therapies target pathways of
lipid accumulation within Lliver cells, as well as
inflammation and hepatocyte damage, which are
typically consequences of metabolic stress in the
context of steatosis. This highlights that funda-
mental research on pharmaceutical support for
patients with fatty liver disease predominantly
focuses on cellular mechanisms responsible for
these pathophysiological outcomes in mammals.

T. Harayama & N. Riezman (2018) found
that a primary disturbance in the development
of fatty liver disease is the dysregulation of Li-
pid metabolism, leading to intense deposition
of cholesterol and fatty acids within hepato-
cytes, a phenomenon known as hepatic lipotox-
icity. Lipid-based substances play a central role
in maintaining numerous cellular functions and
are considered essential structural components
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of biomembranes. The researchers highlighted
key lipid classes found in the cell membranes of
eukaryotes: phospholipids, sterol lipids, sphingo-
lipids, and cholesterol. In animals, phospholipid
molecules contain one hydrophilic group and two
hydrophobic acyl chains, with ceramides acting
as primary precursors in sphingolipid formation,
while cholesterol possesses a steroid backbone
and serves as an important sterol component of
cell membranes. H. Duan et al. (2024) noted that
carbohydrates form complex compounds with
proteins and lipids, resulting in glycoproteins and
glycolipids, respectively. Membrane lipids are also
critical in maintaining lipid homeostasis, energy
storage, cell signalling, and providing a support-
ive environment for protein function.Additionally,
L.Y. Swindale et al. (2023) emphasised the unique
structural and functional characteristics of bi-
omembranes, stemming from their distinct lipid
organisation. Further research is needed to clarify
the responses of various structural lipids during
the progression of pathological processes, includ-
ing fatty liver disease.

V.A. Gryshchenko et al. (2019) indicated that
the liver plays a central role in lipid metabo-
lism within mammalian organisms. Alongside
hepatocytes, the primary functional cells, other
liver cells, including hepatic stellate cells, chol-
angiocytes, and Kupffer cells, also contribute to
maintaining homeostasis in animals, especially
under conditions of liver pathology. These cells
all eventually sustain damage due to fatty infil-
tration and lipotoxicity in the liver. Numerous
experimental and clinical studies have shown
that fatty liver degeneration arises in response to
alterations in the intracellular lipid composition
of the liver. Additionally, most studies, including
those in pharmacology and genetics, underscore
the importance of triacylglycerol accumulation
as a key factor in the development of fatty liver
disease. Given the complexity of its pathogene-
sis, the accumulation of triacylglycerols alone is
insufficient for the development of this hepatop-
athy. Therefore, the authors highlighted the need
for a novel research approach in lipid studies to

determine the roles of specific lipid classes, in-
cluding cholesterol, phospholipids, and sphingo-
lipids, in the progression of fatty liver disease. For
example, research by M.Jiang et al. (2019) demon-
strates that obesity affects ceramide levels in the
liver parenchyma, resulting in insulin resistance,
steatosis, and hepatocyte necrosis.

The study by J.N. van der Veen et al. (2017)
indicated that phosphatidylcholine (PC) and phos-
phatidylethanolamine (PE) are among the most
prevalent phospholipids in mammalian cells, pri-
marily localised within membrane structures. The
stability of the cell plasma membrane is main-
tained by preserving the balance between PC and
PE. Consequently, any disturbance in membrane
composition increases the susceptibility of hepat-
ocyte plasma membranes to various pathological
damages, including toxic lipid radicals, activators,
and immune messengers, which can lead to in-
flammation, fatty liver disease, and cell necrosis.
As noted by R.G. Joergensen (2022), substantial ev-
idence supports the critical role of phospholipids
in preventing and potentially reversing fatty liver
disease. Thus, phospholipid-based therapies with
hepatoprotective and reparative properties have
become increasingly relevant in treating fatty liver
degeneration, showing high efficacy in clinical ap-
plications. The aim of this study was, therefore, to
assess the effect of milk phospholipids on the lipid
composition of native blood in rats while simulta-
neously artificially inducing fatty liver disease using
tetracycline hydrochloride as a provoking factor.

Materials and Methods
Laboratory studies were conducted in 2023 using
the scientific facilities of the Faculty of Veterinary
Medicine at the National University of Life and
Environmental Sciences of Ukraine (Kyiv) and the
Educational and Scientific Institute of High Tech-
nologies at Taras Shevchenko National Universi-
ty (Kyiv). The experimental work was carried out
at the vivarium of the Educational and Scientific
Institute of High Technologies at Taras Shevchen-
ko National University (Kyiv), which is equipped
with plumbing, drainage, ventilation, and air
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conditioning. Regular cleaning with disinfectants
was performed in the vivarium. Laboratory rats
were housed in cages with wood shavings as bed-
ding, which were replaced every two days.

Laboratory white rats weighing 200-250 g
were used for the experiment. Consequently, four
groups were formed (three experimental groups
and one control group), each consisting of eight
individuals. Each group of animals was housed in
separate cages with free access to water and food.
Prior to the commencement of the experiment,
the animals were quarantined, during which their
clinical condition was monitored. Throughout the
experiment, observations were made regarding
the amount of water consumed, appetite, and
changes in body weight among the animals in all
groups. The experimental studies were conducted
over a period of nine days.

The conduct of scientific research involving
laboratory animals adhered to the European Con-
vention for the Protection of Vertebrate Animals
Used for Research and Other Scientific Purpos-
es (1986) and Law of Ukraine No. 3447-1V (2006).
All planned procedures on the laboratory rats
were performed following the ARRIVE guidelines
and the fundamental principles of Council Direc-
tive 2010/63/EU (2010).

In the two experimental groups of rats
(“Self-rehabilitation” and “Correction”), hepa-
tosis was experimentally modelled using the
antibacterial agent tetracycline hydrochloride,
administered orally at a dose of 250 mg/kg of
body weight as a solution once daily for 7 days
(Gryshchenko et al., 2019). Notably, the rats in
the first experimental group (“Self-rehabilita-
tion”) did not receive any treatment, whereas the
laboratory animals in the second experimental
group (“Correction”) were given a 1% solution
of milk phospholipids in the form of liposomes
(the dietary supplement (DS) “FLP-MD”) at a dos-
age of 13.5 mg/kg of body weight for 9 days.
The third experimental group (“Healthy animals
+ DS “FLP-MD”) consisted of clinically healthy
rats that were administered the DS “FLP-MD” at
the same dosage for 9 days. The control group
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comprised intact rats that were provided with an
equivalent volume of distilled water. Each group
included 8 animals.

On the 10™ day, blood samples were obtained
from rats in all groups for subsequent analysis of
their lipid composition. Blood sampling was con-
ducted under ether anaesthesia from the abdomi-
nal aorta. The lipid profile of the native blood was
determined using thin-layer chromatography ac-
cording to the methodology (Kostenko et al., 2001).

Lipid extraction from the plasma was per-
formed using a one-phase system of organic
solvents in the following ratio: chloroform:ace-
tone:ethanol (7:2:1). The amount of extracting
solvent was taken in a ratio of 20:1 to the sam-
ple. In a test tube, 1 mL of the specified solvent
was added to the crushed chromatographic paper
containing the blood samples, which was then
left for 15 minutes in a shuttle apparatus. The
resulting liquid was collected into a beaker, and
an additional 0.5 cm?® of the extracting liquid was
added twice, with a 5-minute interval, in the shut-
tle apparatus. The obtained extract, containing
the blood lipids, was subjected to analysis after
the solvent had been evaporated.

The chromatographic separation of to-
tal lipids from native blood was conducted on
thin-layer plates “Silufol” (15%15 cm), which were
pre-activated in a thermostat at 110°C for one
hour. During this time, filter paper was placed in
the chromatographic chamber to enhance satura-
tion, and a mixture of solvents - hexane:diethyl
ether:acetic acid (7:23:1) - was added. The dry
lipid residue was dissolved in chloroform:ben-
zene:acetone mixture (1:2:1) in volumes ranging
from 20 to 100 pL and then applied to the pre-
marked chromatogram.

Over a period of 10-15 minutes, the blood
lipids were separated on the plate into fractions:
cholesterol esters, free cholesterol, triacylglycer-
ols, free fatty acids, and phospholipids. The sol-
vent was removed from the chromatogram in a
fume hood. Subsequently, the chromatogram was
stained with a 10% solution of phosphomolybdic
acid in ethanol using a glass laboratory sprayer.
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To visualise the lipid fractions, the stained chro-
matogram was placed in a thermostat set to
110°C. The quantitative assessment of blood Lli-
pids was performed using a densitometer model
DO-1M (Ukraine).

Statistical analysis of the experimental data
was conducted using the computer programme
Statistica 5.0 (StatSoft Inc., USA), taking into ac-
count the Student’s t-test under normal distribu-
tion of results. Differences were considered sta-
tistically significant at P<0.05.

Results and Discussion
The chromatographic analysis of the lipid spec-
trum in the native blood samples from labora-
tory rats undergoing artificially induced tetracy-
cline-induced hepatosis (first experimental group,
“Self-rehabilitation”) revealed that their qualita-
tive composition included five lipid fractions:
phospholipids, free fatty acids, free cholesterol,
esterified cholesterol, and triacylglycerols. The
total content of these fractions corresponded to
the parameter for total lipids (Table 1).

Table 1. Lipid spectrum of native blood in experimental rats (M+m, n=8, mg%)

Parameter

Group “Control”

First experimental group “Self-rehabilitation”

Total lipids

639.43+49.56

402.56+31.80*

Phospholipids

374.21+29.12

221.43+20.94*

Free fatty acids 41.42+2.61 22.30+1.84*
Free cholesterol 96.11+7.32 73.88+3.21%
Esterified cholesterol 99.34+8.13 67.54+4.64*%
Triacylglycerols 26.35+2.38 14.41+£1.17*

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

During the development of tetracycline-in-
duced hepatosis (first experimental group,
“Self-rehabilitation”), a significant decrease in
the total lipid content was observed in the na-
tive blood of affected rats, with a reduction of
37.0% compared to intact animals (control group)
(Table 1). This trend may be attributed to a de-
creased appetite in the affected animals due to
the overall intoxication resulting from the toxic
effects of tetracycline hydrochloride. Additionally,
it could be related to disorders in the absorption
of dietary lipids in the intestine caused by the on-
set of cholestasis, which is characteristic of this
clinical situation, and to disruptions in the mo-
lecular mechanisms of their endogenous synthe-
sis in the liver cells, potentially stemming from a
reduced energy potential in hepatocytes. As not-
ed by P. Rada et al. (2020) and Y. Ni et al. (2023),
most researchers’ findings indicated that hepatic
steatosis is primarily associated with alterations
in the lipid composition within hepatocytes. Fur-
thermore, according to the findings of numerous
studies, including pharmacological and genetic

research summarised in the scientific study of
V.F. Williams et al. (2019), there is a prevailing
consensus regarding the primary importance of
the accumulation of triacylglycerols as a key etio-
logical factor in the development of fatty hepato-
sis. However, as indicated by S.H. Park et al. (2020)
and G. Targher et al. (2021), the pathophysiology
of the drug-induced form of fatty hepatosis is ex-
ceedingly complex, and thus the accumulation of
triacylglycerols alone is insufficient for the onset
of this hepatic pathology. M. Welch et al. (2022)
recommended a more in-depth investigation into
the roles of various classes of lipids, particularly
sphingolipids, phospholipids, and cholesterol, in
the pathogenesis of fatty hepatosis.

In the case of artificially modelling drug-in-
duced liver damage, disturbances were observed
in the lipid profile of the native blood of affected
rats (first experimental group, “Self-rehabilita-
tion”), similar to the noted decrease in total lipid
levels. In the rats undergoing self-rehabilitation
(first experimental group), a significant reduction
in the level of phospholipids in the native blood
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was noted, amounting to 40.8% (Table 1), indicat-
ing the development of a deficient level of these
lipids within the organisms of these animals. Ac-
cording to Y. Zhou et al. (2023), the liver serves as
the primary site for the endogenous formation of
phospholipids in mammals. Consequently, the es-
tablished quantitative changes in phospholipids
may be attributed to insufficient synthesis result-
ing from pathological alterations in liver function,
as well as a concomitant reduction in the inten-
sity of fatty acid utilisation for the formation of
phospholipid molecules, along with shifts in the
activity of relevant enzymes. Thus, as reported by
M. Welch et al. (2022), the incorporation of fatty
acids into phospholipid synthesis is hindered. At
the same time, as noted by E. Calzada et al. (2016)
and O. Ali & A. Szab6 (2023), among all known
phospholipids characteristic of animal organisms,
the highest proportion is comprised of phosphati-
dylcholine and phosphatidylethanolamine, which
dominate the structure of cellular membranes.
Consequently, the stability of the structural or-
ganisation of the plasmalemma is maintained
by the balance of these lipids, and any disruption
of this balance can provoke the development of
fatty liver disease. For instance, when the gene
Pcytla, which encodes the enzyme limiting the
intensity of phosphatidylcholine formation (CTP:
phosphocholine cytidylyltransferase-a, or CTa),
is blocked in the livers of mice, a sex- and di-
et-dependent effect on lipid transformation in
the liver is observed, which can lead to hepat-
ic steatosis. Overall, according to R.L. Jacobs et
al. (2004), phosphatidylcholine plays a crucial
role in the processes of triglyceride formation
and secretion (very low-density lipoproteins,
VLDLs), and an increase in the extracellular tri-
glyceride content correlates with the develop-
ment of liver steatosis and its fatty degeneration.
Similar effects were noted by J. Li et al. (2023) in
mice when the activity of phosphatidylethanol-
amine N-methyltransferase (PEMT-/-), which
catalyses the unique hepatic pathway for phos-
phatidylcholine production, was inhibited. This
inhibition resulted in a decreased molar ratio of
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phosphatidylcholine/phosphatidylethanolamine
and an increase in triglyceride content in hepat-
ocytes. Thus, abnormal alterations in the phos-
pholipid composition of membrane structural or-
ganisation heighten the susceptibility of cellular
membranes to various damages, including the
effects of toxic lipids and activators, which ini-
tiate hepatic fat infiltration, the development of
inflammatory responses, and cellular destruction.

In the native blood of the affected rats
(first experimental group, “Self-rehabilitation”),
deviations in the level of free fatty acids were
also observed (Table 1). Specifically, a signifi-
cant reduction in free fatty acid levels by 46.2%
was noted compared to that in intact animals
(the “Control” group), which was likewise re-
flected in the overall lipid levels in the blood.
Furthermore, in line with findings from previ-
ous research (Gryshchenko et al., 2019) on the
fatty acid composition of hepatic lipids under
drug-induced liver damage from toxic doses of
this antibiotic, polyunsaturated fatty acids (PU-
FAs) were primarily affected. Consequently, the
diseased animals exhibited a deficient level
of eicosapentaenoic (20:503), docosapentae-
noic (22:5w3), and docosahexaenoic (22:603)
acids, along with a decrease in the total satu-
rated fatty acids (SFA) and an alteration in the
ratio of saturated to unsaturated fatty acids by
a factor of 1.3, as well as the ®3/w6 ratio by 1.3.

The molecular mechanisms underlying devi-
ations in the quantitative parameters of fatty acid
composition in response to tetracycline-induced
liver pathology remain insufficiently understood.
The specifics of fatty acid intermediary metabo-
lism in living organisms depend on the structural
organisation of the tissue.Additionally, gene activ-
ity is influenced not only by fatty acids but also by
other endocrine, paracrine, and autocrine factors
within the internal environment, exemplifying
the broader integration of metabolic processes.

Furthermore, as highlighted in the research
by V.F. Williams et al. (2019), the liver is also the
primary site for endogenous cholesterol synthe-
sis in mammalian organisms. Consequently, liver
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pathology is likely to lead to deviations in this
sterol’'s concentration in the bloodstream. It is
well-established that cholesterol metabolism in-
volves over 300 proteins with enzymatic activity
dependent on liver function. As noted by A.S. Mut-
lu et al. (2021), cholesterol, like phospholipids, is
an essential structural component of biological
membranes in mammals, playing a crucial role in
transmembrane processes and signal transmis-
sion. Cholesterol synthesis occurs in the cytosol
and endoplasmic reticulum of cells through the
mevalonate pathway, using active acetate. 3-hy-
droxy-3-methylglutaryl coenzyme A reductase
(HMGCR) is the rate-limiting enzyme for steroid
biosynthesis. In addition, cholesterol esters are
formed through the catalytic action of acyl-CoA
acyl-transferase (ACAT), which limits the accu-
mulation of free cholesterol in blood plasma and
cellular membranes. Maintaining cholesterol ho-
meostasis across the organism and within cells is
a regulated process that prevents excessive accu-
mulation or deficiency. The liver plays a central
role in regulating blood plasma cholesterol levels
via a complex metabolic pathway involving sterol
transporters, nuclear and lipoprotein receptors,
and transcriptional gene expression.

In rats with tetracycline-induced hepatosis
(first experimental group, “Self-rehabilitation”),
a significant reduction was observed in native
blood levels of both free cholesterol (by 23.1%)
and esterified cholesterol (by 32.0%) compared
to the control group (Table 1). This finding effec-
tively demonstrates disruptions in cholesterol bi-
osynthesis within hepatocytes and other tissues,
as well as certain impairments in the formation
of esterified cholesterol and the corresponding
lipoprotein complexes. According to P. Malho-
tra et al. (2019), disturbances in cholesterol met-
abolic pathways that govern its transport, syn-
thesis, and conversion play a critical role in the

development of hepatopathologies. Low-density
and very-low-density lipoproteins, which are par-
ticularly rich in cholesterol, are primarily synthe-
sised in the liver. Z. Li et al. (2023) suggested that
the non-inflammatory intracellular accumulation
of fat may result from an imbalance between lipid
distribution and clearance from the liver. In turn,
as noted by J. Aron-Wisnewsky et al. (2020), this
imbalance can eventually lead to fibrosis, cirrho-
sis, and hepatocellular carcinoma.

Furthermore, in the native blood of rats with
tetracycline-induced hepatosis (first experimental
group, “Self-rehabilitation™), the triacylglycerol
content decreased by 45.3% compared to the con-
trol group (Table 1). While these lipids hold Llimit-
ed diagnostic value, researchers such as P. Rada et
al. (2020) and S. Lang & B. Schnabl (2020) have
highlighted their importance as a metabolic fuel
reserve for the organism. Consequently, analysis of
triacylglycerol levels is commonly applied in labo-
ratory diagnostics to study related animal diseases.

Therefore, as a result of a detailed analysis
of the lipid profile of native blood in rats with
experimental tetracycline-induced hepatitis (first
experimental group, “Self-rehabilitation”), the
formation of a deficient level of both total lipids
and individual lipid fractions was established.
The identified patterns of the native blood lipid
profile in diseased animals may be the result of
a decrease in appetite, insufficient digestion and
absorption of lipids in the gastrointestinal tract,in-
tensive energy expenditure by the organism, rapid
depletion of lipid depots, impaired synthesis and
utilisation of lipid molecules in hepatocytes, etc.

When rats were orally administered milk
phospholipids in the form of the DS “FLP-MD” in a
liposomal form (second experimental group, “Cor-
rection”), a restoration of total lipid content in
native blood was observed, reaching the levels of
intact animals (Table 2).

Table 2. Lipid spectrum of native blood in experimental rats (M+m, n=8, mg%)

Parameter Group Second experimental Third experimental group “Healthy
“Control” group “Correction” animals + DS “FLP-MD”
Total lipids 639.43+49.56 607.90+43.13 685.53+51.82
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Table 2. Continued

Parameter . Group Second‘experimgntal Third ex‘perimental group “Healthy
Control” group “Correction” animals + DS “FLP-MD”
Phospholipids 374.21+29.12 355.31+30.10 401.03+27.23
Free fatty acids 41.42+2.61 40.83+2.32 46.93+4.55
Free cholesterol 96.11+7.32 90.12+3.86 102.134£9.12
Esterified cholesterol 99.34£8.13 93.81+4.33 107.58+8.43
Triacylglycerols 26.35+2.38 27.83+2.52 27.86+2.49

Note: P<0.05 compared to the control group
Source: developed by the authors

This finding can be attributed to improved
appetite in the experimental animals, which clini-
cally distinguished them from the diseased rats of
the first experimental group (“Self-rehabilitation”),
as a result of the gradual restoration of exogenous
lipid absorption processes in the intestine and
their endogenous synthesis in hepatocytes. At the
same time, the administration of milk phospholip-
ids as a dietary supplement to clinically healthy
animals led to a tendency towards an increase in
total lipid content compared to the control. This
research result is explained by the additional in-
troduction of exogenous lipids (primarily phos-
pholipids) contained in the dietary supplement
into the organism of the experimental animals.

It should be noted that the phospholipid
content in the native blood of rats in the second
experimental group “Correction” and the third ex-
perimental group “Healthy animals + DS “FLP MD”
(Table 2), which additionally received the dietary
supplement, was characterised by normalisation
of their parameters, even in animals with modelled
tetracycline-induced hepatitis. In clinically healthy
rats of the third experimental group “Healthy an-
imals + DS “FLP MD” this indicator even showed
a tendency to increase, which may indicate the
effective absorption of exogenous phospholipids
in the gastrointestinal tract. Similarly to the pre-
viously described indicators in the native blood of
rats in both experimental groups, a lack of signif-
icant quantitative changes in free fatty acids was
established. This confirms the corrective effect of
the supplement on the intermediate stages of fat-
ty acid metabolism in the experimental animals.

When determining the patterns of quantita-
tive changes in individual cholesterol fractions
in the native blood of the experimental rats, a
normalisation of their content was established in
animals of the second experimental group (“Cor-
rection”) and a tendency towards an increase in
the values of these indicators was observed in an-
imals of the third experimental group (“Healthy
animals + DS “FLP-MD”) (Table 2) compared to the
control. The established pattern may be the result
of their additional intake into the body as part
of the dietary supplement and activation of the
intermediate metabolism of this steroid in the in-
ternal organs and tissues of clinically healthy rats.
The established fact also indirectly indicates the
detection of hepatoprotective effects of the phos-
pholipid-containing dietary supplement “FLP-MD”
and the absence of its toxic effect on liver cells.
In the study of D.O. Melnychuk et al. (2014), the
membrane-tropic and hepatoprotective proper-
ties of milk phospholipids were also described,
which have a stabilising effect on the indicators
of pigment metabolism during artificial irradi-
ation of rats and the introduction of cadmium
compounds into their organism, which was con-
firmed by a significant improvement in the func-
tional state of the hepatobiliary system.

As with the previously discussed lipid profile
parameters, a similar pattern was observed re-
garding the triacylglycerol content in the native
blood of rats in the second experimental group
“Correction” and the third experimental group
“Healthy animals + DS “FLP-MD” (Table 2). Tria-
cylglycerols are present in a small amount in the
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dietary supplement, which may also contribute to
the restoration of the pool of these substances,
which are important for energy-supplying syn-
thetic processes in the organism of diseased an-
imals. The established results of the blood lipid
profile correspond to the parameters in the ani-
mals of the control group, which, in combination
with the results of other studies, suggests that the
absence of a hepatotoxic effect of the components
of the phospholipid-containing dietary supple-
ment on liver cells and the organism as a whole,
as well as its pronounced corrective effectiveness.

Therefore, as a result of an in-depth analysis
of the lipid spectrum of native blood in laboratory
rats with experimentally modelled tetracycline-in-
duced hepatitis and the administration of the
DS“FLP-MD"to both diseased and clinically healthy
animals, an effective restoration of the content of
total lipids and their individual fractions was es-
tablished. This indicates the ability of milk phos-
pholipids within the dietary supplement to exert a
corrective and hepatoprotective effect in the event
of drug-induced hepatopathology in animals.

Conclusions
This study presents a laboratory evaluation of
the lipid composition of native blood in labora-
tory rats with experimentally modelled tetracy-
cline-induced hepatitis and oral administration
of milk phospholipids in the form of the DS “FLP-
MD". The use of thin-layer chromatography al-
lowed for the separation of total lipids in native
blood into individual fractions in laboratory rats
with modelled tetracycline-induced hepatitis.
It was established that their qualitative compo-
sition remained unchanged and contained five
classical fractions: phospholipids, free fatty acids,
triacylglycerols, free and esterified forms of cho-
lesterol. At the same time, the lipid composition of
native blood in laboratory rats with experimental
tetracycline-induced hepatitis (first experimen-
tal group “Self-rehabilitation”) was characterised
by a decrease in the content of both total lipids

and individual components of the lipid profile. In
particular, there was a deficit in total lipids - by
30.8%, phospholipids - by 37.0%, free fatty ac-
ids — by 46.2%, triacylglycerols - by 45.3%, free
cholesterol - by 23.1% and esterified cholesterol
by 32.0% compared to the corresponding control.
The established disturbances in the lipid pro-
file of native blood in diseased animals may be
caused by appetite disorders in these patients, as
well as insufficient absorption of dietary lipids at
the level of the intestine, inhibition of the activity
of specific enzymatic systems and the associated
endogenous synthesis of them in liver cells.

Administration of the DS “FLP-MD” to dis-
eased rats resulted in the restoration of both total
lipid levels and individual fractions, demonstrat-
ing the pronounced corrective and hepatoprotec-
tive effects of the components of the milk phos-
pholipid-based dietary supplement. Concurrently,
the administration of the phospholipid-contain-
ing dietary supplement to clinically healthy lab-
oratory rats was accompanied by the effective
restoration of all lipid fractions and their total
content. This effectively indicates the absence of
a toxic effect of the dietary supplement compo-
nents on the organism of laboratory rats, as well
as a pronounced corrective and hepatoprotective
effect, which allows recommending specified DS
for use in diseased animals in cases of drug-in-
duced hepatopathology. In addition, the use of
thin-layer chromatography can be recommended
for effective laboratory diagnosis of lipid metab-
olism disorders in the organism of diseased an-
imals during the development of drug-induced
hepatopathy and the determination of the patho-
genesis of internal diseases, in particular, the liver
at the molecular level.

In the future, it is planned to conduct studies
of the fractional composition of blood proteins
during the artificial modelling of drug-induced
hepatopathology against the background of si-
multaneous determination of the effectiveness of
corrective therapy using laboratory animals.
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AHoTauif. MeankaMeHTO3HO 3yMOBNEHE YPAXKEHHS NeYiHKM CNPUYMHIOE 3HAYHY KiNbKiCTb 3aXBOPOBaHb
Ta CMepTHOCTI BHACNIAOK pO3BUTKY Hebe3neYyHUX YCKNaaHEeHb, 3aMLLIA0YM MOT0 MPOBIAHOK MPUYMHOK
rocTpoi Me4YiHKOBOi HemoCTaTHOCTI B TBapuH. Cepen npenapaTiB 3 NPSMUM LUMUTOTOKCMYHUM edeKkToM
BM/IMBY HA KNITUHU NEYiHKM BUAINAOTb aHTUOIOTUKM TETPALMKIIIHOBOI rPynyM, HEKOPEKTHE 3aCTOCYBaHHSA
SKMUX 30aTHE BUKIMKATU XXUPOBUIA renatos. Tomy meToto poboTu 6yno focnifinMTv 3aKOHOMIpHOCTI LWoA0
3MiH y ninigorpami HaTMBHOI KPOBi B 1a6OPaTOPHMX LWYPiB 33 TETPALMKIIHOBOIO YpaXKeHHS NeYiHKK 3
OAHOYACHUM BU3HAYEHHSIM KOPUryBanbHOi 3aaTHOCTI dpocdoniniais Monoka. JliniaHnin cknag HaTUBHOI
KpPOBi [0OCNIAXYBanu 3 BMKOPWUCTAHHAM MeToAy TOHKOLAPOBOi XxpoMmatorpadii. BctaHoBneHo, wo vy
pasi WTY4YHOro MOAENOBAHHSA B LLYPiB TETPALMKIIHOBOrO YPaXXEHHS MeYviHkK BiaMiyanu GopMyBaHHA
LediUMTHOrO piBHSA YCiX MATM NOKA3HWMKIB NiNifLOrpaMmM HATUMBHOI KPOBI, 30KPEMa, 3MEHLUEHHS BMIiCTy
3aranbHux ninigis - Ha 30,8 %, Tpuauunrniueponis - Ha 45,3 %, docdoninigis — Ha 37,0 %, BinbHUX
XUPHUX KUCNOT — Ha 46,2 %, BinbHOro xonectepony — Ha 23,1 % Ta ectepudikoBaHOro xonecrtepony
Ha 32,0 % nopiBHSHO 3 BiAMNOBiIAHMM KOHTpONeM. Lle MoXHa NOSCHUTU MOTipLEHHAM Yy XBOPUX TBapuH
aneTuTy, HeAOCTaTHIM 3aCBOEHHAM NiNiAiB Y TPABHOMY KaHani Ta iHribyBaHHAM iX eHAO0reHHOr0 CUHTe3y
B NeYviHLi XBOPUX LLypiB. 3aCTOCYBaHHS XBOPUM TBapuHaM docdoniniais Monoka y Burnaai 6ionobasku
«FLP-MD» BUSBNSNO BUpPaXeHWW KOpuryBanbHui edekT, Wo NposBAsSnocs Y BiLHOBAEHHI KinbKiCHUX
napaMeTpiB yCix LOCNILXYBaHMX NiNigHMX (pakuii Ta ix 3aranbHOro BMIcTy. Y pasi nepopanbHOro
BBefeHHs Li€i 6iono6aBkM KNiHIYHO 340POBMM LuypaM BiAMiYanu BiACYTHICTb TOKCUYHOMO BMNAMBY ii
KOMMOHEHTIB K Ha KNITUHWM MEeYiHKK, TaK i Ha Becb opraHi3m. Mpu LbOMy BiAMiYEHO TeHAEHLiE [0
3poCTaHHa abcontoTHOro BMIcTy 6inblwoCTi 3 AOCNiIAXYBAaHUX dPaKLiid 3aranbHWUX NiNiAiB KpoBi. Takum
YMHOM, B pe3y/bTaTi eKCNepUMEHTaNbHOro AOCNIAXKEHHS PO3KPUTO MapKEPHi 3MiHM TiNiA0rpaMmn HAaTUBHOI
KpOBi B N1abOpaTOpHMX LLYPIB, WO MOXe BYTM KOPUCHUM Yy BU3HAYEHHI NaToreHe3y TeTPaLMKNiHOBOro
YPaXKEHHS B CCaBLiB Ta NP1 BUNPOOYyBaHHI HOBOCTBOPEHUX JTiKapCbKMX 3aC06iB renaTonpoTeKTOPHOI Aii

KniouoBi cnoBa: kopurysanbHa Tepanis; ¢ocdoniniaM Monoka; XWpOoBWI renatos; TOHKOLAPOBA
XpoMmaTorpadis; dpakuii niniais
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