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Milk phospholipids for correcting bile acid composition...

Abstract. The unique functions of the liver require detailed study, since hepatopathology is
a serious veterinary problem, which also negatively affects the productivity of farm animals.
It is possible to clarify the pathogenetic mechanisms and its development using artificial
modeling of hepatopathology and determine the therapeutic efficacy of hepatoprotective drugs,
especially based on raw materials of animal origin. The aim of the study was to determine
the effect of the use of milk phospholipids in the composition of the bioadditive “FLP-MD”
on the secretion of bile acids by the liver in artificial modeling of fatty hepatosis in rats. To
reproduce hepatopathology, laboratory rats were administered intragastrically with a 4%
solution of tetracycline hydrochloride at a dose of 0.25 g/kg of body weight for seven days and
the bioadditive was used at a dose of 13.5 mg/kg of body weight for nine days. Bile samples
were collected from rats by conducting acute experiments. Six fractions of conjugated bile acids
were determined in bile samples by thin-layer chromatography. It was found that in laboratory
rats with experimental fatty hepatosis, the processes of biotransformation of primary and
secondary cholates by conjugation with taurine were inhibited. In particular, a decrease in the
concentration of taurocholic acid in the bile of sick animals by 20.5%-38.1% (P < 0.01), and of
the complex of taurochenodeoxycholic and taurodeoxycholic acids by 21.8%-25.7% (P < 0.05)
was recorded. In the case of using the bioadditive “FLP-MD” in rats with experimental fatty
hepatosis, the concentration of taurocholic, taurochenodeoxycholic and taurodeoxycholic acids
in bile significantly increased. The concentration of glycoconjugated bile acids and free cholates
corresponded to their level in the control. The use of the bioadditive “FLP-MD” based on milk
phospholipids in experimental fatty hepatosis eliminated the negative impact of the antibiotic in
a toxic dose on the processes of biotransformation and the formation of cholates. This allows to
recommend the bioadditive “FLP-MD” based on milk phospholipids as a hepatoprotective agent
in the case of the use of antimicrobial drugs in animals

Keywords: bile acids; cholesterol; bioadditive “FLP-MD”; tetracycline hydrochloride; hepatocyte;
hepatopathology

Introduction

One of the unique metabolic functions of state of the liver and on the transformation and

hepatocytes is the conversion of cholester-
ol to the bile acids. Concentration changes of
various cholates in the bile reflect the path of
synthesis and biotransformation reactions and
transport processes in the liver parenchyma.
Bile acids are synthesised from cholesterol with
the participation of enzymes specific exclusive-
ly for hepatocytes. Considering the importance
of cholates in the liver as a unique site of their
synthesis and biotransformation, it is impor-
tant to investigate the effects of various factors,
including pathological ones, on the functional

transport of bile acids.

A. Allameh et al. (2023) and T. Nakamu-
ra et al. (2025) emphasised that the liver is
damaged by many factors and, at the same
time, numerous processes in hepatocytes are
disrupted. I. Lupaina et al. (2021) and C. Sil-
va et al. (2023) demonstrated that under the
influence of various endogenous and exog-
enous substances, the cholate synthesising
function of hepatocytes can be both stimulated
and inhibited. In particular, the known prop-
erty of antibiotics to cause serious disorders
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of liver function can lead to changes in the
synthesis, biotransformation and transport of
bile acids. For example, doxycycline in exces-
sive doses exhibits prooxidant properties and
promotes the accumulation in tissues of toxic
metabolites: aldehydes, ketones, hydroper-
oxides, resulting in increased lipid peroxida-
tion, changes in the structure and permea-
bility of cell membranes, impaired metabolic
processes and developed cholestasis and in-
flammation of the liver (Varma et al., 2021;
Nikolajevic et al., 2024). A.M. Liashevych et
al. (2021) showed that during modeling of dox-
ycycline-induced hypercholesterolemia and
stress-induced hypercholesterolemia, the bile
flow of conjugated bile acids is inhibited.
C.Wei et al. (2022) indicated that the antibiotic
tetracycline effects on the liver are hepatocel-
lular injury, cytolysis, cholestatic injury, liver
failure. D. Wupperfeld et al. (2022) showed that
the antibiotic tetracycline inhibits succinate
dehydrogenase, cytochrome oxidase, alkaline
phosphatase, arginase, reduces the level of
aerobic respiration and associated oxidative
phosphorylation, disrupts the metabolism of
proteins, fats, carbohydrates, pigments, and
causes an increase in peroxide oxidation of li-
pids and causes destructive changes in hepat-
ocyte membranes. As K. Taylor et al. (2025)
in particular pointed out, the “targets” of the
damaging effect of antibiotics on liver cells
have been largely identified, and the use of an-
tibiotics to model experimental liver damage
has become widespread in research practice.
Artificial pathology modeling is used to ex-
perimentally study the effectiveness of var-
ious drugs. V. Tiwari et al. (2025) noted that
the study of the effects of tetracycline and its
derivatives is due to their widespread use in
medical practice and animal husbandry. Tak-
ing into account possibility of side effects, it
is important to develop and study drugs with
hepatoprotective properties. It is known that
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phospholipids have hepatoprotective effects
across many different liver diseases. In par-
ticular, essential phospholipids are used for
the supportive treatment of non-alcoholic
fatty liver disease as biologically active sub-
stances that improve the fluidity of hepatocyte
membranes and transmembrane transport
(Wupperfeld et al., 2024).

The liver’s unique ability to synthesise
bile acids from cholesterol, which consists of
many energy-dependent enzymatic reactions
in hepatocytes, can be significantly impaired
under the influence of tetracycline. Distur-
bances of lipid metabolism and changes in the
regulation of liver cell function by bile acids
in conditions of simulated fatty hepatosis re-
main insufficiently studied. Given the need for
long-term use of tetracycline in medical prac-
tice and possible side effects of the antibiotic
on the liver, the search for effective hepato-
protectors is urgent. The aim of the study was
to study the effect of the dietary supplement
“FLP-MD”, which contains milk phospholipids,
unsaturated fatty acids and antioxidants, on
the synthesis and biotransformation of chola-
tes and their concentration in the bile of rats
with fatty hepatosis, modeled using tetracy-
cline hydrochloride.

Literature Review

The synthesis of bile acids from cholesterol
and the transmembrane transport of cholates
to the primary bile tubules are energy-con-
suming processes (Boyer & Soroka, 2021). As
noted by V.M.P. de Bruijn et al. (2022) the body
does not lose a significant amount of bile ac-
ids after its participating in digestion in the
intestine. Bile acids biotransformed by the
intestinal microbiota return to the liver with
blood via the portal vein. This phenomenon
is named bile acid enterohepatic circulation.
Cholates, processed by the enzymes of the in-
testinal microbiome, are called secondary bile
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acids. Enterohepatic circulation of bile acids
occurs due to the coordinated functioning of
the transport systems of the membranes of
enterocytes and hepatocytes. In liver cells,
secondary bile acids are biotransformed into
primary ones, which most effectively perform
the digestive function in the intestine.

Bile acids are essential components of bile
necessary for digestion. They emulsify dietary
fats, activate digestive enzymes, and affect the
intestinal microbiota. It should be noted that
bile acids are not only a necessary component
of bile as a digestive secretion. They perform
the functions of regulatory compounds, real-
ising their effects through the corresponding
intracellular nuclear receptors — farnesoid X
receptor (FXR) (Qi et al., 2024) and G-protein
bound membrane receptors (Fleishman & Ku-
mar, 2024; Jia et al., 2024). The intestinal and
hepatic transport systems regulated by farne-
soid X receptors ensure the efficiency of en-
terohepatic circulation of cholates and lead to
a negative feedback loop between the return
of secondary bile acids to hepatocytes and the
intensity of de novo bile acid synthesis. Acti-
vation of hepatocyte FXR by bile acids leads to
the suppression of the expression of enzymes
for primary cholate synthesis. F. Stellaard &
D. Liitjohann (2021) found that when the flow
of bile acids from the intestine decreases, the
inhibition of synthesis is abolished and the pro-
cesses of synthesis of primary bile acids from
cholesterol are intensified in hepatocytes.

Changes in the content of bile acids in the
internal environment of the body are primarily
caused by changes in their synthesis, bile for-
mation, and bile excretion. The synthesis of bile
acids from cholesterol is a multi-step enzymat-
ic process. Bile contains various bile acids that
have different physicochemical properties, exert
different detergent effects on biomembranes,
and change the properties of bile as a digestive
secret. S. Choudhuri & C.D. Klaassen (2022)

noted that hydrophobic bile acids more effec-
tively increase cholesterol absorption com-
pared to more hydrophilic bile acids in the
digestive tract. C.D. Fuchs et al. (2025) empha-
sised that trihydroxycholanic bile acids, such as
cholate and its tauroconjugates and glycocon-
jugates, effectively regulate lipid metabolism in
the body, as well as regulate the enterohepatic
circulation of cholates. One of the important
stages of the metabolic transformations of bile
acids in hepatocytes is their conjugation with
taurine or glycine. Y. Fu et al. (2025) found that
conjugation of bile acids with taurine or glycine
and changes in the ratio of different conjugat-
ed and free bile acids significantly affect the
course of inflammatory processes in the gas-
trointestinal tract. At the same time, disorders
of metabolic transformations of cholate cause
cholestatic lesions of the liver and its fatty de-
generation and significantly affect the metabo-
lism in the body as a whole (Nimer et al., 2021;
Farooqui et al., 2022).

The conversion of cholesterol to bile acids,
which occurs in hepatocytes, requires the activ-
ity of many hepatospecific enzymes. The con-
version of cholesterol into cholate is the most
important mechanism for maintaining choles-
terol homeostasis, and thus the prevention of
many diseases associated with metabolic dis-
orders and the accumulation of cholesterol in
the body. J. Guo et al. (2024) indicated that bile
acids, as well as intermediates of their biosyn-
thesis, regulate the expression of genes whose
products provide cholesterol homeostasis. In
summary, bile acids play a central role in the
digestion and absorption of dietary lipids in
animals, while also participating in regulatory
mechanisms that influence hepatic metabolism,
intestinal immunity, and cholesterol balance.
Alterations in bile acid synthesis or enterohe-
patic circulation may contribute to metabolic
disturbances and hepatobiliary pathologies in
veterinary species.
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Materials and Methods

Research was carried out in scientific laborato-
ries of National University of Life and Environ-
mental Sciences of Ukraine and Taras Shevchen-
ko National University of Kyiv. Experiments and
biochemical analysis of the obtained biological
fluids were carried out during 2023-2024. Stud-
ies were performed on white laboratory male
rats with body weight 200+ 50 g (n=13), kept
in the vivarium at room temperature 22-24°C
with 14-hour light period and standard diet
and free water access. All work with animals
was carried out based on the requirements of
the European Convention for the Protection of
Vertebrate Animals used for Experimental and
Scientific Purposes (1986), the Law of Ukraine
No. 3447 (2006), which was confirmed by the
conclusion of the Bioethics Commission of the
National University of Life and Environmental
Sciences of Ukraine, Kyiv, Ukraine (Protocol
No. 002/2023 of October 26, 2023).

The experiment included the following
stages:

1) a control group of animals received water
intragastrically for five days (control group);

2) the first experimental group of animals re-
ceived intragastrically a 4% solution of tetracy-
cline hydrochloride at a dose of 0.25 g/kg of body
weight for seven days (self-rehabilitation group);

3) the second experimental group of animals
received the milk phospholipid-containing bio-
additive (Ukraine, author’s development) daily
intragastrically one hour before the introduc-
tion of tetracycline hydrochloride and for the
next two days after the antibiotic administra-
tion (treatment group);

4) a day after the completion of intragastric
administration of substances, an acute exper-
iment was performed with cannulation of the
bile duct to obtain bile;

5) biochemical analysis: in bile, the content
of conjugated and free bile acids was deter-
mined by thin-layer chromatography;
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6) a statistical analysis of the obtained results
of measurements of the content of bile acids in
animals of all experimental groups.

Liver damage in the form of fatty hepato-
sis was simulated by administering to rats a 4%
solution of tetracycline hydrochloride intragas-
trically at a dose of 0.25 g/kg of body weight of
the animal for seven days (Korolova et al., 2023).
The bioadditive made from milk phospholipids
was administered daily to experimental animals
one hour before tetracycline hydrochloride and
for the next two days after the discontinuation
of the antibiotic to observe cholate produc-
tive function of the liver. The daily oral dose
of the bioadditive “FLP-MD” was 13.5 mg/kg
of body weight. The bioadditive “FLP-MD” is an
authors’ development (Melnychuk et al., 2009).
The composition of this bioadditive includes
the following components: milk phospholipids
with a set of fatty acids typical of cell mem-
branes, a mixture of unsaturated fatty acids
(oleic, linoleic, linolenic) extracted from lin-
seed oil, and vitamins A and E as antioxidants.

The day before the start of the acute ex-
periment with cannulation of the common
bile duct, all animals were weighed and placed
in a separate cage without access to food and
with free consumption of water. The rats were
then anesthetised with sodium thiopental
(7 pg/100 g body weight, intraperitoneally).
Immobilised animals underwent laparotomy
and cannulation of the bile duct using a plas-
tic cannula connected to a micropipette to bile
collecting. Bile samples were collected every
30 min for 3 h in an acute experiment. Each bile
sample was analysed for the content of bile ac-
ids of six different fractions.

Determination of bile cholates was per-
formed by a modified method of thin layer
chromatography (Melnychuk et al., 2009). Be-
fore extraction of cholate from the collected
samples of liver secretion, to 1.9 cm? of a cold
mixture of ethanol-acetone (1 :3) was added
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0.1 cm?® of bile. Subsequently, the resulting mix-
ture was kept at a temperature from-10°C to 0°C
in a chamber for 30 min and then centrifuged
for 10 min at 3,000-4,000 rpm. The obtained ex-
tracts were transferred into conical glass tubes
and dried. The dry residue was dissolved in 50-
100 pL of a mixture of ethanol water (6 :4). Each
sample in a volume of 5-10 uL was applied to
chromatographic plates coated with Silicagel
(Kavalier, Czech Republic). Free and conjugated
bile acids were separated in a system contain-
ing amyl ester of acetic acid, toluene, butanol,
acetic acid and water (3:1:1:3:1, respectively)
in glass chromatographic chambers. Staining of
the chromatograms was performed with a dye
of the following composition: 15 cm?® of glacial
acetic acid, 1 g of phosphomolybdic acid, 1 cm?
of sulfuric acid and 5 cm® of a 50% trichloro-
acetic acid solution. After staining, the chro-
matogram was dried at 60-70°C for 5 minutes.
Quantitative determination of bile acid content
was performed using a GP-920 densitometer
(Shimadzu, Japan) at 2 620 nm. Modification
of the chromatographic method contributed to
the determination of six fractions of conjugated
bile acids, in particular: taurocholic, tauroche-
nodeoxycholic and taurodeoxycholic (mixture),
glycocholic, glycochenodeoxycholic and glyco-
dezoxycholic (mixed) and free bile acids: cholic,
chenodeoxycholic and deoxycholic (mixture)
acids (Veselskyi et al., 2001).

The experimental data were processed by
variation statistics methods using OriginPro
2018 (OriginLab Corporation, USA) and STATIS-
TICA 7.0 (Stat Soft, USA) software packages. The
obtained and digitised values of the research
results indicators were checked for normality
of the distribution of the general populations
using the Shapiro-Wilk test. Significant differ-
ences between sample means were examined by
parametric analysis of variance (ANOVA). Levels
of variance were assessed using Levene’s test.
Post-test comparisons were performed using

the Bonferroni test. The Kruskal-Wallis nonpar-
ametric ANOVA was used to determine reliable
differences between the parameters of the distri-
butions of the samplings, if non-equal variances
were estimated with Levene’s test. In all cases
the results were considered reliable on condition
of the probability value P under 5% (P <0.05) or
1% (P<0.01) (Deo & Ranganathan, 2024). The
results were presented as the arithmetic mean #
standard deviation, n — number of experiments.

Results and Discussion

Effect of the milk phospholipid-containing
bioadditive on the secretion of bile acid tau-
roconjugates under the conditions of exper-
imental fatty hepatosis in rats
The influence of phospholipid-containing bio-
additive components on the secretion of tau-
roconjugates of bile acids in the conditions of
experimental fatty hepatosis in rats was in-
vestigated. It was found that, in the conditions
of simulated tetracycline hydrochloride liver
damage, the concentration of taurocholic, and
taurochenodeoxycholic and taurodeoxycholic
acids in the bile of rats is significantly reduced.
The content of taurocholate in the hepatic se-
cretion was lower by 20.5%-38.1% (P < 0.01)
than the control values, and that of tauroche-
nodeoxycholic and taurodeoxycholic acids was
lower by 21.8%-25.7% (P <0.05) (Table 1).
Thus, under conditions of tetracycline hy-
drochloride usage, the processes of biotransfor-
mation of bile acids (hydroxylation and conju-
gation of bile acids with taurine) are suppressed.
When rats were administered the phospholip-
id-containing dietary supplement “FLP-MD”
while taking tetracycline hydrochloride, the
effect of the antibiotic on the processes of bio-
transformation and the formation of bile acids
was significantly reduced. This is evidenced by
the absence of statistically significant differ-
ences in the concentration of taurocholate in
the first bile sample from the rats treated with
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tetracycline hydrochloride and the bioadditive
(treatment group) compared to the control,
and a statistically significant increasinge of
the taurocholate concentration in other sam-
ples of bile obtained from rats in the treatment
group (tetracycline hydrochloride + bioaddi-
tive “FLP-MD”). The concentration of tauro-
cholic acid in bile samples from the rats in the

treatment group was even more significant-
ly higher compared to the self-rehabilitation
group. The use of the phospholipid-containing
dietary supplement in animals with simulated
fatty hepatosis led to an increase in the con-
centration of taurocholic acid in bile by 28.7%-
86.3% compared to the indicators of animals in
the self-rehabilitation group.

Table 1. Concentration (mg/100 mL) of bile acid tauroconjugates in the bile
of rats during self-rehabilitation and administration of the phospholipid-containing bioadditive
“FLP-MD” against the background of tetracycline-induced fatty hepatosis (n=13), M£*SD

No. Experiment

5 X Group of animals
samples time, min

Control
Self-rehabilitation
Treatment
Control
Self-rehabilitation
Treatment
Control
Self-rehabilitation
Treatment
Control
Self-rehabilitation
Treatment
Control
Self-rehabilitation
Treatment
Control
Self-rehabilitation
Treatment

1 30

4 120

5 150

6 180

Bile acid
taurochenodeoxycholic

B e and taurodeoxycholic
219.5%£15.9 125.4+18.3
174.1+8.1%* 90.7+9.2*
224.78+15.3 121.7%6.1
212.2%1.3 113.4+19.03
168.75+9.8* 88.7£9.9
257.6+4.8* 136.7+6.6
207.2%23.2 108.4+19.1
160.2+12.05* 83.1+8.2
250.4%12.0** 115.2+14.3
201.6+23.0 103.5+18.1
152.8+11.0** 78.1£6.9*
258.5%12.7* 126.9+10.6
197.1£24.3 98.1+16.7
138.4£6.4** 74.1+5.7*
238.5+7.4%* 112.1+9.9
189.0+21.7 91.8+13.2
128.4+6.8** 68.2+3.7*
239.2+3.4%* 112.7+4.2*

Note: *P<0.05; **P<0.01, statistically significant differences compared to control

Source: authors’ development

The concentration of taurochenodeoxy-
cholate and taurodeoxycholate in the bile of the
rats with fatty hepatosis treated with the phos-
pholipid-containing bioadditive was similar to
control concentration value in the first — fifth
samples. The concentration of taurochenode-
oxycholate and taurodeoxycholate in the sixth
sample of the bile of the treated rats was high-
er by 22.8% (P <0.05) than the control values.
The concentration of taurochenodeoxycholate
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and taurodeoxycholate in bile samples from
the rats in the treatment group was significant-
ly higher compared to the self-rehabilitation
group. The use of the phospholipid-containing
dietary supplement in animals with simulated
fatty hepatosis provided an increase in the con-
centration of taurochenodeoxycholate and tau-
rodeoxycholate in bile samples by 37.5%-65.2%
compared to the values in bile samples from the
rats in the self-rehabilitation group (Table 1).
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The described multidirectional changes
in the content of bile acid tauroconjugates in
the bile of rats during self-rehabilitation and
administration of the phospholipid-containing
bioadditive “FLP-MD” against the background
of tetracycline-induced fatty hepatosis led to
differences in their ratio in the hepatic secret
obtained during the first thirty minutes of the
acute experiment (Fig. 1). In the first 30-minute
sample of bile obtained from animals of the con-
trol group, the proportion of taurocholic acid is
39%, taurochenodeoxycholic and taurodeoxy-
cholic acids — 22%. During the tetracycline hy-
drochloride usage, the proportion of taurocho-
late decreased to 37%, and dihydroxycholane
tauroconjugates decreased to 19% (Fig. 2).

4% 3%
6%

4 m5 mé6
22%

Figure 1. The ratio of 6 different fractions
of bile acids in the first 30-minute sample

of bile from the rats of the control group
Note: 1 - taurocholic, 2 — taurochenodeoxycholic
and taurodeoxycholic (mixture), 3 — glycocholic, 4 -
glycochenodeoxycholic and glycodezoxycholic (mixture),
5 — cholic, 6 — chenodeoxycholic and deoxycholic
(mixture) acids
Source: authors’ development

In the first 30-minute bile sample from the
rats treated with the phospholipid-containing
bioadditive “FLP-MD” in addition to tetracy-
cline hydrochloride, the ratio of tauroconju-
gates of bile acids was changed significantly.
Namely, the part of taurocholate tauroconju-
gates was 42%, while that of dihydroxycholane
tauroconjugates was 23%. Note that in the con-
trol, the proportion of all bile acids conjugated
with taurine was 61%. In the self-rehabilitation

group of samples the percentage of bile acids
conjugated with taurine was 56%. The use of
the dietary supplement caused an increase in
the proportion of taurocholates to 65% (Fig. 3).

4% 4%

5%

37% 1 2 W3
4 ®m5 mé6

19%

Figure 2. The ratio of 6 different fractions

of bile acids in the first 30-minute sample

of rat bile under the action of tetracycline

hydrochloride

Note: 1 - taurocholic, 2 — taurochenodeoxycholic
and taurodeoxycholic (mixture), 3 — glycocholic, 4 -
glycochenodeoxycholic and glycodezoxycholic (mixture),
5 — cholic, 6 — chenodeoxycholic and deoxycholic
(mixture) acids
Source: authors’ development

292%

6%

42% 1 2 m3
4 ®H5 ®m6

Figure 3. The ratio of 6 different fractions
of bile acids in the first 30-minute sample
of bile from the rats with the introduction
of the phospholipid-containing bioadditive
“FLP-MD” against the background
of tetracycline-induced hepatosis
Note: 1 - taurocholic, 2 — taurochenodeoxycholic
and taurodeoxycholic (mixture), 3 — glycocholic, 4 —
glycochenodeoxycholic and glycodezoxycholic (mixture),
5 - cholic, 6 — chenodeoxycholic and deoxycholic
(mixture) acids
Source: authors’ development

Thus, the phospholipid-containing dietary
supplement under conditions of experimental

Ukrainian Journal of Veterinary Sciences. 2025. Vol. 16, No. 2
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tetracycline-induced fatty hepatosis contrib-
uted to the enhancement of the processes of
conjugation of free bile acids with taurine.
T. Miyazaki et al. (2023) in their studies on mice
confirmed that both the synthesis of taurine
and the pathways of amidation of free bile acids
with taurine are regulated by the activation of
intracellular nuclear receptors (FXR) sensitive
to bile acids. In view of this, it could be assumed
that factors that change the metabolism of bile
acids in hepatocytes affect the further transfor-
mations of bile acids through their interaction
with cholates. The described differences in the
ratio of different fractions of tauroconjugated
cholates persist throughout the experiment.
Thus, in the control group in the last sample
of bile, taurocholic acid was 42%, taurocheno-
deoxycholic and taurodeoxycholic acids were
21%. That is, in the sixth bile sample from rats
in the control group, the total proportion of bile
acids conjugated with taurine was 63%. Thus, in
control, tauroconjugates were the predominant
fraction of bile acids in rat bile (Fig. 4).

4963%
59%
42% 1 2 m3
4 m5 m6

21%

Figure 4. The ratio of 6 different fractions
of bile acids in the last (180-minute) sample
of bile from the rats of the control group
Note: 1 - taurocholic, 2 — taurochenodeoxycholic
and taurodeoxycholic (mixture), 3 — glycocholic, 4 -
glycochenodeoxycholic and glycodezoxycholic (mixture),
5 — cholic, 6 — chenodeoxycholic and deoxycholic

(mixture) acids
Source: authors’ development

In the last sixth sample of bile from the rats
with tetracycline-induced hepatosis, the pro-
portion of taurocholate was 34%, while that of
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taurochenodeoxycholate and taurodeoxycho-
late was 18%. As was observed, the proportion
of taurocholic, and taurochenodeoxycholic and
taurodeoxycholic acids in the last bile sample
collected in the acute experiment from rats in
the self-rehabilitation group was lower com-
pared to the control. During the acute experi-
ment, due to the interruption of the enterohe-
patic circulation of bile acids, the concentration
of bile acids in bile was expected to decrease.
In the conditions of the acute experiment with
cannulation of the bile duct, hepatocytes need-
ed to intensify the synthesis of bile acids to
maintain their proper concentration in bile. It
is noteworthy that in rats with tetracycline-in-
duced hepatosis, the processes of synthesis of
bile acid tauroconjugates were suppressed. The
percentage of bile acid tauroconjugates in the
sixth bile sample from the rats with tetracy-
cline-induced hepatosis was 52% (Fig. 5).

4%

4%
4% 1 =2 m3

4 ®m5 m6
18%

Figure 5. The ratio of 6 different fractions
of bile acids in the last 180-minute sample
of rat bile under the action of tetracycline

hydrochloride
Note: 1 - taurocholic, 2 — taurochenodeoxycholic
and taurodeoxycholic (mixture), 3 — glycocholic, 4 —
glycochenodeoxycholic and glycodezoxycholic (mixture),
5 — cholic, 6 — chenodeoxycholic and deoxycholic
(mixture) acids
Source: authors’ development

Administration of the bioadditive based
on milk phospholipids to animals with tetracy-
cline-induced fatty hepatosis showed the effect
of “drug protection” against the background
of antibiotic usage, which was manifested in
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maintaining the ratio of different fractions of
free and conjugated bile acids. As shown in
Figure 6, the proportion of taurocholate was
45%, while that of taurochenodeoxycholate and
taurodeoxycholate was 21%. Thus, the percent-
age of taurocholate even exceeded the control
figure, which was 42%. The total proportion of
taurine-conjugated bile acids in the bile of the
animals with fatty hepatosis that received the
bioadditive was 66%.

39% 2%
6%
1 ©2 m3
45%
4 =5 m6
21%

Figure 6. The ratio of 6 different fractions
of bile acids in the last 180-minute sample
of bile from the rats with the introduction
of the phospholipid-containing bioadditive
“FLP-MD” against the background

of tetracycline-induced hepatosis
Note: 1 - taurocholic, 2 — taurochenodeoxycholic
and taurodeoxycholic (mixture), 3 — glycocholic, 4 -
glycochenodeoxycholic and glycodezoxycholic (mixture),
5 — cholic, 6 — chenodeoxycholic and deoxycholic
(mixture) acids
Source: authors’ development

As was found in the study, in conditions
of simulated fatty hepatosis, the mechanisms

of synthesis of bile acid tauroconjugates were
suppressed. A particularly significant decrease
in the fraction of tauroconjugates was detect-
ed in the last sixth sample of bile from animals
in the self-rehabilitation group. The use of the
dietary supplement led to an increase in the
percentage of tauroconjugates in the bile of the
rats in the treatment group. The percentage of
taurocholic acid in the bile of the rats in the
treatment group even exceeded the proportion
of taurocholate in control samples. Thus, the
effect of the phospholipid-containing bioaddi-
tive was to stimulate the secretion of taurocon-
jugates of bile acids into bile in animals with
experimental fatty hepatosis.

Effect of the milk phospholipid-containing
bioadditive on the secretion of bile acid
glycoconjugates under the conditions of
experimental fatty hepatosis in rats
Bioadditive influenced the secretion of glyco-
conjugates of chenodeoxycholic and deoxycholic
bile acids in the conditions of experimental fatty
hepatosis in rats. At the same time, the content
of glycocholic acid in the bile of the animals with
tetracycline-induced fatty hepatosis did not
show significant changes compared to the con-
trol. Note that in the bile samples from the rats,
which were administered the phospholipid-con-
taining bioadditive “FLP-MD” and tetracycline
hydrochloride, the concentration of glycochola-
tes exceeded that in the control (Table 2).

Table 2. Concentration (mg/100 mL) of bile acid glycoconjugates in the bile
of rats during self-rehabilitation and administration of the phospholipid-containing bioadditive
against the background of tetracycline-induced fatty hepatosis (n=13), M*SD

No. Experime'!nt time, e
samples min
Control
1 30 Self-rehabilitation
Treatment
Control
2 60 Self-rehabilitation
Treatment

Bile acid

. lycochenodeoxycholic

B gasrlld glycodeox);zholic
144.2+7.1 31.1£34
149.4%13.1 23.1+£3.3%
135.7+12.4 32.2%3.7
135.65+11.3 27.4%3.2
146.7+16.9 22.4+3.1
140.8+16.3 33.8+2.8
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No. Experiment time, .
o o min Group of animals
Control
3 90 Self-rehabilitation
Treatment
Control
4 120 Self-rehabilitation
Treatment
Control
5 150 Self-rehabilitation
Treatment
Control
6 180 Self-rehabilitation
Treatment

Table 2. Continued

Bile acid

. lycochenodeoxycholic
ERELE gai,ld glycodeox);zholic
134.3%£3.9 27.4%3.0
142.6*16.6 21.8+0.7
140.6%12.2 34.8+5.2%
128.0+4.4 25.7+3.04
137.5+16.4 21.1+1.9
134.1£13.2 30.4%2.7
121.3%£3.5 24.9+2.4
133.4%15.1 20.3%+1.6
127.7%£13.9 34.0+6.1*
110.0%5.3 23.4%+2.0
123.7%£15.9 20.1+1.9
121.3%£9.2 32.2%+6.6*

Note: * P<0.05; **P<0.01, statistically significant differences compared to control

Source: authors’ developmen

In the first 30-minute sample of bile ob-
tained from animals of the control group, the
proportion of glycocholic acid was 26% (Fig. 1)
and during tetracycline hydrochloride us-
age the part of glycocholate increased to 31%
(Fig. 2). In the first 30-minute bile sample from
the rats treated with the phospholipid-contain-
ing bioadditive “FLP-MD” in addition to tetra-
cycline hydrochloride, the ratio of glycocholic
acids was close to that in the control. Namely,
the proportion of glycocholate was 25% (Fig. 3).

A decrease in the concentration of gly-
cochenodeoxycholic and glycodeoxycholic ac-
ids in the first sample of bile by 25.7% (P <0.05)
was observed in animals with self-rehabilita-
tion under the conditions of simulated tetra-
cycline hydrochloride liver damage (Table 2).
In the bile of the rats, that were administered
the phospholipid-containing bioadditive and
tetracycline hydrochloride, the concentration
of glycochenodeoxycholic and glycodeoxychol-
ic acids was higher than control in the third,
fifth and sixth samples (Table 2). Namely, the
use of the phospholipid-containing bioaddi-
tive stimulated the processes that ensure the
formation and secretion of glycoconjugates of
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dihydroxycholan bile acids - glycochenodeox-
ycholic and glycodeoxycholic bile acids. As a
result, the content of this fraction of bile acids
was 27.0%-37.6% higher than the control.

Effect of the milk phospholipid-containing
bioadditive on the secretion of free bile ac-
ids under the conditions of experimental
fatty hepatosis in rats

The milk phospholipid-containing bioadditive
influenced the secretion of free bile acids under
the conditions of experimental fatty hepatosis
in rats. The synthesis of free bile acids under
the influence of tetracycline hydrochloride in
the dose used for modeling fatty hepatosis did
not change statistically significantly. Therefore,
in conditions of simulated fatty hepatosis, the
mechanisms of synthesis of conjugated bile ac-
ids were primarily damaged, in particular the
mechanisms of tauroconjugation. It is impor-
tant to note that the concentration of free chol-
ic acid, chenodeoxycholic acid and deoxycholic
acid in the bile samples from the animals with
tetracycline hydrochloride liver disease did not
differ statistically significantly from the control
(Table 3).
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Table 3. The concentration (mg/100 mL) of free bile acids in the bile
of rats during self-rehabilitation and the introduction of the phospholipid-containing
bioadditive against the background of tetracycline-induced fatty hepatosis (n=13), M*SD

Experiment time . e
No. samples : > Group of animals . chenodeoxycholic
min cholic d holic

eoxycho

Control 21.8+3.6 15.8*1.4

1 30 Self-rehabilitation 18.6+1.9 18.6+1.9
Treatment 13.4+3.7 13.4+3.7

Control 21.7%£3.3 15.4+2.6

2 60 Self-rehabilitation 25.3%£3.9 19.3+1.6
Treatment 20.0x2.4 13.2%4.6

Control 20.9%£2.9 14.9+1.8

3 90 Self-rehabilitation 24.2%4.3 18.2+1.8
Treatment 20.8+4.0 13.8+5.4

Control 20.6%2.5 14.1+2.0

4 120 Self-rehabilitation 24.5+4.3 17.5%£1.8
Treatment 18.0%2.1# 11.8+3.1#

Control 19.2+2.5 13.3+2.1

5 150 Self-rehabilitation 23.0+3.8 17.4+2.0
Treatment 18.6%3.7 11.5+3.5#

Control 19.1£2.3 13.0£2.8

6 180 Self-rehabilitation 22.3+3.6 16.5%1.4
Treatment 18.2+3.4 11.1+3.5

Note: # P<0.05, statistically significant differences compared to self-rehabilitation group

Source: authors’ development

It was discovered that the use of the phos-
pholipid-containing bioadditive in rats with
tetracycline-induced fatty hepatosis prevents
the growth of the content of dihydroxycholan
bile acids in the bile — chenodeoxycholic and
deoxycholic acids — under the influence of an
antibiotic at the dose used to model fatty hepa-
tosis (Table 3). Note that the percentage of che-
nodeoxycholic and deoxycholic acids out of all
bile acids in the bile of the first sample of the
control group animals was 3% (Fig. 1). In the
first and last samples of the bile of the self-re-
habilitation group of rats, the percentage of
chenodeoxycholic and deoxycholic acids out of
all bile acids was 4% (Figs. 2 and 5). The small-
est percentage (2%) of chenodeoxycholic and
deoxycholic acids out of all bile acids was found
in the first and last (sixth) samples of the bile of
the treatment group (Figs. 3 and 6).

The category of primary bile acids includes
cholic acid. This acid is synthesised by the so-
called classical route, which begins with 7a-hy-
droxylation of cholesterol by CYP7A1 of liver.
Because of the absence of notable variation
in the concentration of cholic acid in the bile
samples from the animals in experimental fat-
ty hepatosis, it can be assumed that this link in
the transformation of cholesterol during cholic
acid synthesis does not undergo critical chang-
es in the modelling pathology. It is known that
dihydroxycholanic bile acids, in particular
deoxycholic acid, have a more significant de-
tergent effect on the biomembranes of liver
parenchymal cells and bile duct cells. Thus,
such damaging factors as antibiotics cause an
increase in the content of dihydroxycholan-
ic bile acids in the hepatobiliary system. In
turn, dihydroxycholanic bile acids enhance the
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damaging effect on liver cells. The phospholip-
id-containing bioadditive decreased the con-
centration of free dihydroxycholane bile acids
in the bile of the rats with tetracycline-induced
fatty hepatosis. The formation of more dihy-
droxycholane chenodeoxycholic acid in hepat-
ocytes is the result of the enhanced activation
of the so-called “acid” route of cholate syn-
thesis, which starts with 27-hydroxylation by
CYP27AL1. It is important to note that the clas-
sical route of synthesis of bile acids from cho-
lesterol usually takes place under physiological
conditions. K. Nemeth et al. (2024) in particular
noted that bile acid salts accumulate in the bile
ducts and penetrate into cholangiocytes to a
significant extent at low pH levels, at which the
increased acidity of the bile ducts is a factor
in accelerated apoptosis of bile duct cells. The
cytoprotective mechanism of action of ursode-
oxycholic acid explains its clinical use in the
prevention of cholestasis and the treatment of
cholangiopathies. It is known that endogenous
conjugated tryhydroxycholanic bile acids in
physiological concentrations do not exhibit a
significant damaging effect on liver cells. The
increase in the content of conjugated trihy-
droxycholanic bile acids under the influence
of the dietary supplement, determined in the
conducted studies, reveals one of the possible
mechanisms of the hepatoprotective effect of
the dietary supplement “FLP-MD”, which was
also described in the work of D.O. Melnychuk
& V.A. Hryshchenko (2014).

Free bile acids are conjugated with taurine
and glycine in hepatocytes. Conjugated bile ac-
ids are critical for lipid absorption in the gut.
In liver cells, the enzyme bile acid-CoA amino
acid N-acyltransferase ensures the formation
of bile acid conjugates. Violation of this enzyme
leads to significant losses of phospholipids and
fat-soluble vitamins. A significant violation of
the conjugation of compounds with taurine
is observed in liver pathologies. According to
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D. Zhang et al. (2022), this may be related to the
inhibition of taurine synthesis and transport in
hepatocytes, and the inhibition of enzyme func-
tioning. Disorders in the formation of bile acid
conjugates with taurine were detected in the ar-
tificial modeling of fatty hepatosis in rats. The
milk phospholipid-containing bioadditive elimi-
nated the inhibition of the formation and secre-
tion of tauroconjugates of bile acids in experi-
mental fatty hepatosis. Decreased levels of bile
acid tauroconjugates indicate significant chang-
es in detoxification reactions during tetracycline
hydrochloride usage. Namely, the conjugation of
free cholates with taurine was inhibited. Instead,
conjugation with glycine (an evolutionarily older
metabolic pathway) in experimental fatty hepa-
tosis was more stable, in particular the concen-
tration of glycocholate did not change compared
to control. The usage of the bioadditive based
on milk phospholipids during tetracycline hy-
drochloride administration to the animals sig-
nificantly eliminated the effects of antibiotics
on the processes of biotransformation and for-
mation of bile acids. This was confirmed by the
absence of statistically significant differences
with the control of the concentration of glyco-
cholic acid, cholic acid and free dihydroxycholan
bile acids in the bile of the rats that received the
phospholipid-containing bioadditive for tetra-
cycline-induced hepatosis. A special effect of the
milk phospholipid-containing bioadditive was
the increasinge of taurocholate, taurochenode-
oxycholate and taurodeoxycholate secretion into
the bile of the rats in the conditions of experi-
mental fatty hepatosis. This can be explained by
the enhanced formation of glycine and taurine
conjugates with free bile acids under the influ-
ence of the dietary supplement containing milk
phospholipids. Accordingly, the secretion of free
dihydroxycholan bile acids under the influence
of the bioadditive in rats with fatty hepatosis was
reduced compared to the animals that did not
receive the bioadditive but had fatty hepatosis.
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The established patterns regarding the
quantitative changes of six fractions of cho-
lates in the bile of animals with fatty hepato-
sis indicated the manifestation of the effect of
“medical protection” when using the milk phos-
pholipid-containing bioadditive against the
background of the introduction of antibiotics.
Y. Tkeda (2020) noted that the specific inter-
action of bile acids with the transport protein
ABCB4 in hepatocytes is necessary for the re-
lease of phospholipid molecules by ABCB4 into
bile. The researcher suggested that understand-
ing the mechanisms of bile acid-phospholipid
interaction will help in the development of new
therapeutic agents for cholestatic liver diseases.

As stated by X.Y. Yeo et al. (2023), it should
be taken into account that changes in the com-
position of bile acids due to impaired metabolic
transformations in the liver affect inflammatory
reactions, permeability of the blood-brain barrier
and synaptic functions of neurons. Thus, patho-
logical changes in the synthesis, biotransfor-
mation, secretion into the primary bile tubules,
detergent action of unconjugated dihydroxycho-
lanic acids lead not only to damage to liver cells
and progression of its damage. Changes in the
physiological ratio of the different types of bile
acids in bile, disorders in the biotransformation
of cholates lead to violations of the mechanisms
of nervous and humoral regulation of both liv-
er functions and the organism as a whole. The
determination of bile acid concentrations in
biofluid samples is not yet standard practice in
veterinary medicine. A special effect of the milk
phosp The significant influence of bile acids on
the functional state of the liver and the organism
presented in this work and described by other re-
searchers indicates the need for further thorough
studies of the synthesis and biotransformation of
cholates in normal and pathological conditions.
The role of bile acids of various types in the
pathogenesis of fatty hepatosis may be particu-
larly significant.

In view of this, it is relevant to study the
possible involvement of bile acids and enzymes
that regulate their synthesis and biotrans-
formation, as well as transport proteins that
ensure the translocation of cholates through
various domains of the plasma membrane of
hepatocytes and enterocytes. Therefore, it is
especially important to normalise the biotrans-
formation of bile acids in hepatocytes. This al-
lows to recommend the bioadditive “FLP-MD”
as a hepatoprotective agent when administer-
ing potent drugs to animals that negatively
affect liver cells and the processes of bile acid
biotransformation.

Conclusions
The milk phospholipid-containing bioadditive
eliminates the decrease in the concentration
of bile acid tauroconjugates in the bile of the
rats with experimental fatty hepatosis, which
was detected during the study. This bioaddi-
tive stimulates the processes of conjugation of
bile acids with taurine in hepatocytes. Under
its influence, the concentration of bile acid
glycoconjugates in the bile of the rats with
fatty hepatosis approaches the control values.
Therefore, the use of the milk phospholip-
id-containing bioadditive in animals stabi-
lises the processes of conjugation of free bile
acids with glycine in hepatocytes. The mech-
anisms of its effective action on the processes
of conjugation of trihydroxycholanic and di-
hydroxycholanic bile acids are associated with
the effect on the transmembrane transport of
bile acids, taurine and glycine in hepatocytes,
as well as with changes in the activity of the
enzyme systems of cholate biotransforma-
tion. Under conditions of experimental fatty
hepatosis, the milk phospholipid-containing
bioadditive causes a decrease in the concen-
tration of free bile acids in bile. The decrease
in the secretion of cholic acid, chenodeoxy-
cholic and deoxycholic acids with bile is due
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to the stimulating effect of the components of
the bioadditive on the conjugation of taurine
with free bile acids in hepatocytes. An increase
in the content of tauroconjugates of bile acids
in bile significantly changes its physicochem-
ical properties, efficiency in the processes of
digestion, and the course of enterohepatic
circulation of bile acids. The conjugation of
substances with taurine and glycine is one of
the effective detoxification processes in liver
cells. The milk phospholipid-containing bio-
additive acts on the mechanisms of conjuga-
tion in hepatocytes, stimulates the synthesis
of tauroconjugates, which contributes to more
effective detoxification of toxic compounds in
the liver of animals with artificially modeled
fatty hepatosis. Thus, the milk phospholip-
id-containing bioadditive reduces the content
of toxic compounds in the internal environ-
ment of the body and, in particular, in the liv-
er and promotes their effective removal from
the body. Due to this, it is expected to slow
down destructive changes in liver tissue in its
fatty hepatosis.

The analysis of the ratio of conjugated and
free bile acids in the bile of mammals with ar-

tificially modeled fatty hepatosis when using
the milk phospholipid-containing bioadditive
indicates prospects for studying the bioaddi-
tive as an effective means for improving the
detoxification function of the liver. Further
studies will be aimed at determining the fea-
tures of changes in cholate secretion by the
liver of rats during the development of exper-
imental diclofenac-induced toxic hepatitis. It
is planned to investigate the effectiveness of
the influence of the components of the milk
phospholipid-containing bioadditive “FLP-
MD” on the molecular mechanisms of cholate
synthesis and secretion in this hepatopathol-
ogy and to conduct a comparative assessment
with the patterns already described in this
publication.
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AHoTranig. VYHikanbHi (QyHKUiI MeuyiHKM BUMAraloTh [IeTaJIbHOTO BUBYEHHS, OCKIIbKU
rernaToINaToNoTis € CePii03HOI0 BeTePUMHAPHOO MPOG6JIeMOI0, SIKa TAKOK HETaTMBHO BIUIMBAE HA
NPOSYKTUBHICTh CiIbCBKOTOCIIOZAPCHKMX TBAapUH. BUKOPUCTOBYIOUM LITYy4YHe MOJEII0BAaHHS
rernaTonaToiorii, MOXIMBO 3’ICOBYBAaTM TATOTeHETMYHi MeXaHi3Mu 1ii pO3BUTKY Ta
BM3HAYATK TepamneBTHMYHY e(eKTUBHICTb TelmaTONPOTEKTOPHUX IIperapariB, OCOOIMBO Ha
OCHOBi CMpOBMHM TBapMHHOIO MOXOIKeHHS. MeTa [OCTifkeHHS — BMU3HauuTuU edekT Bif
3acTocyBaHHS docdonimimiB Monoka y ckiaami 6iomo6aBku «FLP-MD» Ha cekpellilo MediHKOIo
SKOBUHMX KUC/IOT 3@ LITYYHOTO MOJEMIOBAHHS B LIYPiB KMPOBOrO remartosy. s BinTBOpeHHS
rernaTonaTonorii 1abopaTOPHUM IIypaM BIIPOZOBXK CeMM i6 BHYTPiUIHBOLIUTYHKOBO BBOIMINU
4 % pO3UMH TeTpalMKIiHy rigpoxmopuay B 1o3i 0,25 r/Kr macu Tijia Ta BIPOHOBXK OEB’SITU 11i6
BUKOPUCTOBYBaIM 6iomo6aBKy B mo3i 13,5 Mr/Kr macu Tiia. 3pasku SKOBYi B IIypiB Bimbupamu
IIJISIXOM IIPOBEeHHSI TOCTPUX eKCIepuMMEeHTiB. Y 3pa3kax >XOBUi MeTOLOM TOHKOLIApOBOi
xpomatorpadii 6y/10 BU3HAUEHO IIiCTh GpaKiiii KOH I0TOBaHUX JKOBUHMX KUCIOT. BcTaHOBIEHO,
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IO B JIa60PATOPHUX IYPiB 32 €KCITEPUMEHTATBHOTO SKMUPOBOTO TeMaTo3y raJibMyBaIyCs MPOIecu
6ioTpaHcdopMaliii mepBUHHMX i BTOPMHHUX XOJIATiB IJIIXOM KOH Iorallii 3 TaypMHOM. 30KpeMa,
dixkcyBany 3MeHIIEHHS Yy SKOBYi XBOPUX TBapUH KOHLIeHTpallii TaypoxoneBoi Kuciotu Ha 20,5-
38,1 % (P <0,01), a KOMIIJIEKCY 3 TaypOXeHOJIe30KCUXO0JIeBOi Ta TaypOAe30KCUX0lIeBOl KUCIOT —
Ha 21,8-25,7 % (P < 0,05). YV pasi 3acTocyBaHHsI 6i0706aBKM I[ypaM 3a €KCII€EPMMEHTAIbHOTO
SKMPOBOTO TernaTo3y KOHIIEHTpallisi B 3KOBUI TaypoxojeBOi, TaypOXeHOMe30KCUXOJIeBOi Ta
TaypOIe30KCUXO0JIEBOi KUCIOT JOCTOBIpHO MiABUINyBasacs. KoHIIeHTpallis ITiKOKOH IOTOBaHUX
SKOBUHMX KMUCJIOT i BiIbHMX XOJIaTiB BiAmoBimana iXx piBHIO B KOHTposi. biogo6aBka Ha OCHOBI
docdoninigie Momoka 3a eKCIepUMMEHTAJBHOTO >XMPOBOTO TenaTo3y YcyBaja HeraTMBHMIA
BIUIMB aHTUGiOTHKA B TOKCUYHIl 1031 Ha mpouecu 6ioTpaHcdopmaliii Ta yrBopeHHs xonaTis. Lle
[TO3BOJISIE peKOMeHAyBaT 6ioq06aBKy «FLP-MD» Ha ocHOBi docdortimmiiB Mooka B IKOCTi 3ac00y
rernaTonpoOTEKTOPHOrO MPodiIio y pasi 3acTOCyBaHHS TBAPMHAM aHTMMIKPOOHUX ITpenaparTiB

KimiouoBi c/oBa: >KOBUHI KMCIOTH; XosecTepos; 6Oiomo6aBka «FLP-MD»; TeTpamukiIiHy
riIpoXI0pM/I; reraToIMT; reraTonaToIoris
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