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Irrational pharmacotherapy with tetracyclines can cause mitochondrial cytopathies of liver cells and the development of toxic
dystrophy. The issue of violation of the qualitative and quantitative composition of fatty acids and their functional role in the deve-
lopment of liver dystrophy has not been studied enough. Therefore, the aim of the work was to determine the features of changes in
the fatty acid composition of blood serum and liver lipids in rats with tetracycline-induced hepatosis and the corrective efficacy of the
phospholipid-acceptable dietary supplement “FLP-MD”. It was experimentally established that, in the composition of blood serum
lipids and liver tissue, key changes in modeling tetracycline-induced hepatosis in rats (250 mg/kg for 7 days) are primarily tested for
polyene fatty acids (PUFAs). In blood serum this is manifested by a decrease in the level of docosadiienoic (22:2w6) and docosahex-
aenoic acid (22:6w3), as well as the total PUFA content due to representatives of the 3 family, respectively, by 1.3 times. At the
same time, a decrease in the content of eicosapentenoic (20:503), docosapentaenoic (22:5m3), docosahexaenoic (22:6w3) acids and
the saturated/unsaturated fatty acid (SFA/UFA) and ©3/w6 PUFA ratios, respectively, are noted in the lipid fraction of the liver,
respectively by 1.3 times. In contrast to these animals, the use of reparative action of a phospholipid-acceptable dietary supplement
“FLP-MD” (13.5 mg/kg) in sick rats provides a significant increase in the level of these fatty acids both in blood serum and in the
liver and the restoration of their profile for other representatives. Thus, the components of the “FLP-MD” dietary supplement show a
corrective effect on the fatty acid composition of the lipid component of blood serum and liver tissue of animals with tetracycline-
induced hepatosis. Indicators have been experimentally established for the diagnosis of toxic liver damage and preclinical trials of the
hepatoprotective efficacy of new drugs, which is a promising area of research in veterinary hepatopathology.
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Introduction

Among the toxic compounds causing structural and functional chan-
ges in the liver in the form of fatty hepatosis, antibiotics (primarily the
tetracycline series), which are often used in the treatment of various dise-
ases, dominate (Madian, 2015). Despite the successes achieved in provi-
ding pharmacological correction of structural, functional and metabolic
changes in the mammalian organism during liver pathology, the issues of
violation of the composition of fatty acids and their functional role in the
development of fatty degeneration are insufficiently studied (Bothra et al.,
2018; Calitz et al., 2018; Kagebeck et al., 2018).

In the diet, four classes of fatty acids enter the body of mammals: sa-
turated (SFA), monoenoic (MUFA), PUFA of the ®-6 and »-3 family.
Along with this, the fatty acid composition of the blood plasma and body
tissues of mammals is significantly affected by age, gender, endocrine sta-
tus, and genetic factors (Jump & Clarke, 1999; Gula & Margitich, 2009).
At the same time, the total content of acyl-CoA in the cell varies signifi-
cantly depending on the type of cell and some other factors. So, the
amount of acyl-CoA in the liver tissue ranges 110152 uM. Fatty acid
metabolites play a key role in the expression of transcription factors. Fatty
acids can structurally change under the influence of elongases and desatu-
rases, be involved in the synthesis of complex lipids, in particular phospho-
lipids and triacylglycerols, and also undergo oxidation (Wie et al., 2018).

The metabolic pathway through which fatty acid is converted de-
pends on its structure and morphological type of tissue (Gula & Margitich,
2009). At the same time, a number of genes whose activity is regulated by
fatty acids are also controlled by products of other metabolic pathways.
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This manifestation of the integration of general metabolism, which is
regulated by dietary, endocrine, paracrine and autocrine factors, plays a
vital role in maintaining cellular function at the proper level (Jamp &
Clarke, 1999). It has already been confirmed that a decrease in the func-
tional activity of acyl-CoA oxidase, an important enzyme that catalyzes
B-oxidation in peroxisomes, leads to the accumulation of very long chain
fatty acids (C >24) and liver steatosis (Fan et al., 1998). At the same time,
the onset of pathological conditions is associated by most scientists with
damage to biological membranes due to oxidative stress (Peter & Prince,
2018). As a result of peroxidative destruction of polyene fatty acids, the
liquidity of the membranes decreases, which leads to disruption of the ac-
tivity of membrane-bound enzymes and the vital functions of cells. Such
processes are also characteristic of tetracycline liver damage, which pro-
voke changes in the functional state of hepatocyte membranes. Moreover,
an increase in the activity of aminotransferases (aspartate aminotransferase
and alanine aminotransferase), markers of the cytolytic process, is noted in
the liver tissue (Nedoshytko, 2013).

It is known that phospholipid molecules are powerful factors in cellu-
lar repair, and can also serve as precursors of secondary messengers (Udut
et al,, 2013; Quinn, 2014; Yang et al., 2018). Many facts have now been
accumulated about the participation of phospholipids in the activation of
signal transduction processes in various pathological conditions, which
has become the basis for the development of new drugs (Bothra et al.,
2018; Colombo et al., 2018).

Experimental reproduction of toxic liver dystrophy is possible by in-
troducing toxic doses of tetracycline hydrochloride into the body of la-
boratory animals (Madian, 2015). This allows preclinical trials of the
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therapeutic efficacy of newly hepatoprotective drugs (Yu et al., 2009). In
tetracycline-induced hepatosis, there is a violation of the structural, includ-
ing phospholipid, organization of cell membranes, intensive collagen
formation with subsequent formation of fibrosis (Fabbrini & Magkos,
2015). Recently, essential phospholipids have been used in therapeutic
regimens for the development of fatty hepatosis (Grattagliano et al., 2013;
Gryshchenko et al., 2018). This prompted a test of the reparative effec-
tiveness of milk phospholipids, which are identical in fatty acid composi-
tion to the lipid component of biological membranes of mammalian tis-
sues and organs. Therefore, the aim of our work was to determine the
features of changes in the fatty acid composition of blood serum and liver
lipids in rats with tetracycline-induced hepatosis and correcting the effec-
tiveness of the phospholipid-containing dietary supplement “FLP-MD”.

Materials and methods

All manipulations with rats were carried out in accordance with the
requirements of the European Convention for the Protection of Verte-
brate Animals Used for Experimental and Scientific Purposes (Stras-
bourg, 1986), the Law of Ukraine "On the Protection of Animals from
Cruelty" No 3447 of 02.21.2006, which was confirmed by the conclu-
sion of the Bioethics Commission of the National University of Life and
Environmental Sciences of Ukraine, Kyiv, Ukraine.

Clinical studies were performed under the conditions of the Depart-
ment of Animal Biochemistry and Physiology named after Academi-
cian M. F. Gulyi, determination of biochemical parameters — the Ukrai-
nian Laboratory of Quality and Safety of Agricultural Products of the
National University of Life and Environmental Sciences of Ukraine,
Kyiv, Ukraine during 2018.

For the experiment, 60 white laboratory male Wistar rats with a
body weight of 200220 g were selected, the selection being according
to the analogue principle (Vlizlo et al., 2012). Animals were separately
housed in cages. Two weeks before the start of the experiment, the rats
were quarantined with a daily clinical examination for two weeks. The
animals received a balanced diet and had free access to food and drink-
ing water.

At the beginning of the experiment, three groups of rats were for-
med (control and two experimental), 20 animals each. To reproduce the
subacute form of fatty hepatosis according to our modified method, the
rats of the first and second research groups (Gryshchenko et al., 2019)
were for 7 days intragastrically administered a suspension of tetracyc-
line hydrochloride in a 4% starch gel solution once a day at a dose of
250 mg/kg (0.25 LD,s) using a probe. The animals in the control group
were given a similar volume of double-distilled water.

During the experiment, the animals of the first experimental group
were left without treatment (self-rehabilitation), and the animals of the
second experimental group were intragastrically injected with a 1%
solution of phospholipid-containing biologically active additives (BAA)
“FLP-MD” in a liposome form at a dose of 13.5 mg/kg per one hour
before the introduction of tetracycline hydrochloride and in the next two
days after completion of the seed. Bioadditive “FLP-MD” is the au-
thor’s development (Melnychuk et al., 2009), which includes a complex
of milk phospholipids (nipples) that have a fatty acid spectrum natural
for mammalian cell membranes, a mixture of unsaturated fatty acids
(oleic, linoleic, linolenic), obtained with linseed oil, and antioxidants (vi-
tamins A and E).

The duration of the experiment was 9 days. The selection of biolo-
gical material (blood and liver) in rats was performed on the 10th day of
the experiment under ether anesthesia.

Methods of sample preparation and analysis of the fatty acid com-
position of the total lipid fraction of blood serum and liver. Blood for the
study of the fatty acid composition of lipids was taken from the abdo-
minal aorta of rats, which was subsequently centrifuged at 1500 rpm for
15-20 minutes to obtain serum. In the experiments, rat liver samples
were also used. Homogenization of liver samples was carried out in the
cold in Potter-Elveem glass homogenizers in physiological saline (1 : 10).
Lipids were extracted from blood serum and liver homogenates accor-
ding to the method (Folch et al., 1957) of a chloroform-methanol mix-
ture (2 : 1, v/v). The extraction time was 12 hours. Non-lipid impurities

were removed from the extract after adding 1% potassium chloride
solution. Lipid extracts were stored in a freezer at a temperature of 24 °C.

The lipid extract was transferred into glass vials with a sealed cap,
3N was added, a solution of hydrochloric acid in methanol. Vials were
placed in a boiling water bath “GFL-1002” (Germany) and hydrolysis
was performed for 60 min. Then the reaction mixture was cooled to
room temperature. Fatty acid methyl esters (FAMEs) were extracted
from the reaction mixture with hexane (Christive, 1982). Fatty acids
were detected by gas-liquid chromatography on a Trace GC Ultra gas
chromatograph (Thermo Scientific, USA) with a flame-ionization de-
tector and an injector with temperature programming on a SPTM-2560
high-polar capillary column (Supelco, USA), length 100 m, with an
inner diameter of 0.25 mm and a thickness of the stationary phase of
0.20 pm. Separation parameters: detector temperature — 260 °C, injector
temperature — 250 °C, column thermostat temperature — 140240 °C,
carrier gas (helium) flow rate — 25 cm?min, hydrogen flow rate —
30 cm?/min, air flow rate — 250 cm*min, pressure — 2.5 atm. To identify
the chromatographic peaks of fatty acids and to calculate chromato-
grams, we used a standard mixture of methyl esters of fatty acids —
37 Compone FAME Mix (Supelco, USA) (DSTU ISO 5508-2001).
Chromatograms were recorded and processed using a personal comput-
er equipped with Xcalibur software (Thermo Scientific, USA). For the
quantitative interpretation of individual fatty acids, the peak area norma-
lization method was used and their number was presented as a percen-
tage of the total content (Vlizlo et al., 2012).

The following fatty acids were obtained and quantified by gas-
liquid chromatography as a part of total serum lipids: caprylic (8:0),
capric (10:0), lauric (12:0), myristic (14:0), pentadecanoic (15:0), pal-
mitic (16:0), palmitoleic (16:109), margarine (17:0), stearic (18:0), oleic
(18:1w9), linoleic (18:2w6), linolenic (18:3w3), arachidic (20:0), gon-
doic (20:1w9), cis-8,11,14-eicosatrienic (20:3w6), arachidonic (20:406),
docosadienoic (22:2w6), eicosapentaenoic (20:5w3), docosapentaenoic
(22:5w3), docosahexaenoic (22:603) (Tables 1). The fatty acid compo-
sition of the total lipids of rat liver includes the following acids: myristic
(14:0), pentadecanoic (15:0), palmitic (16:0), palmitooleic (16:1®9),
margarine (17:0), stearic (18:0), oleic (18:1®9), linoleic (18:2w6), lino-
lenic (18:303), arachinic (20:0), gondoic (20:1m9), eicosatrienic
(20:3w6), arachidonic (20:4w6), docosadienoic (22:2w6), cis-8,11,14-
eicosapentaenoic (20:503), docosapentaenoic (22:5m3), docosahexae-
noic (C22:6w3) (Tables 2).

Analysis of the data was performed using Statistica 6.0 (StatSoft
Inc., USA) program. The data are presented in tables as x + SD (mean +
standard deviation). Differences between the values in the control and
experimental groups were determined using the Tukey test, where the
differences were considered reliable at P < 0.05 (taking into account the
Bonferroni correction).

Results

In rat blood serum, short, medium and long chain fatty acids were
detected. Among SFA, palmitic and stearic dominate. Serum unsatura-
ted fatty acids (UFAs) are heterogeneous: MUFAs are most commonly
represented by oleic acid, linoleic, arachidonic and docosahexaenoic
acids predominate among PUFAs (Tables 1). Qualitative and quantita-
tive changes in the fatty acid composition of lipids in the pathogenesis
of toxic liver damage with tetracycline are characterized by a number of
features (Table 1). As a result of the study, it was found that the charac-
teristic features of the fatty acid composition of the serum lipid fraction
of rats with tetracycline-induced hepatosis were: a significant increase in
the content of individual SFA representatives, in particular, caprylic acid
(8:0) by 1.3 times, lauric acid (12:0) 1.1 times, margaric acid (17:0)
2.3 times and a significant increase in the level of the acid of the MUFA
class — oleic (18:1w9) 1.4 times compared with the intact control.
Anincrease in the amount of oleic acid (18:109) against the back-
ground of a normal level of palmitic (16:0) and stearic (18:0) acids may
indicate an increase in A9-desaturase activity in the tissues of sick rats
with tetracycline-induced liver dystrophy. At the same time, the level of
the main PUFAs of total lipids decreased in the blood serum: linoleic
acid (18:2w6) byl.4 times, linolenic (18:3w3) 3.5 times, cis-8,11,14-
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eicosatrienic (20:3w6) 1.9 times, arachidonic acid (20:4w6) 1.3 times,
docosadienoic (22:2w6) 1.1 times, eicosapentaenoic (20:503) 1.6 times,
docosahexaenoic acid (22:6m3) 1.2 times, which affects the relative
content of the sum of different families of these acids. In the sick ani-
mals, the total amount of SFA in the blood serum increased significant-
ly 1.1 times, the ratio of the relative SFA/UFA content was 1.2 times
and the MUFA level was 1.4 times compared to the control. The oppo-
site tendency of changes in the total content of UFA, PUFA, 3 PUFA
and 6 PUFA was revealed, 1.1 times, 1.3, 1.3 and 1.4 times, respec-
tively. In tumn, a decrease in the number of PUFAs, primarily docosa-
hexaenoic acid (22:2w6), was observed in violation of the -oxidation
of fatty acids in mitochondria.

Table 1
The fatty acid composition of total serum lipids of experimental rats
(% of the total fatty acid content, x + SD, n=20)

Clinically Ratswith  Rats with tetracycline-

healthy tetracycline-  induced hepatosis

Fatty acid animals induced hepa-  supplemented with

(control) tosis, self-  dietary supplements
rehabilitation “FLP-MD”
Caprylic, 8:0 0.09 £001°  0.12+001° 0.15+£001°
Capric, 10:0 020+£001*  022+£001*  025+001°
Lauric, 12:0 027+001*°  030+001° 030+0.01°
Miyristine, 14:0 040+0.02" 041 £0.01° 040+0.01°
Pentadecane, 15:0 029+001"  030+0.02° 031+001°
Palmitic, 16:0 1857024 2128+0.18°  20.60+0.24"
Palmitoleic, 16:1w9 090+0.04"  090+0.01° 091+0.01°
Margarine, 17:0 0.04+001*  0.09+0.01° 0.09+0.01°
Stearin, 18:0 18.14+0.08 20.16+0.11*°  18.19+0.11°
Oleic, 18:19 15744053 2215+007°  20.16+0.07°
Linoleic, 18:206 2280+048 1684+033°  20.82+0.79"
Peanut, 20:0 024+001"  026+0.01° 024+001°
Linolenic, 18:3w3 147+£00°  042+002° 0.57+0.01°
Gondoic, 20:109 0.15+£001"  0.13+0.01° 0.12+001°
;13:5361’14"5‘””““’ 2142005 113£001°  146+025°
Arachidonic, 20:406 879+009" 680+009°  4.80+008
Docosadienoic, 22:206 1.13+£0.02°  1.03+£0.03" 1.81+0.03°
Eicosapentaenoic, 20:503  1.81+0.06"  1.16=0.01° 1.06+0.02°
Docosapentaenoic, 22:503  3.10+£0.08"  3.15+0.06 3.65+0.08°
Docosahexaenoic, 22:603  3.71+0.05"  3.14+0.04° 4.11+0.07°
T SFA 38244073 43.15+089" 40534092
T UFA 61.73+£1.02° 5685+0.74°  59.47+0.86"
SFA/UFA 0.62+004"  0.76+003"  0.68+0.14%
£ MUFA 1678085 23.18+0.79°  21.19+0.87°
S PUFA 4495+£1.04* 3367+096° 3828+ 1.19°
T 03 PUFA 10.09+064" 7.87+056°  939+0.71%
T 06 PUFA 3486+ 110" 2580+088  28.89+ 1.08°
®3/w6 PUFA 029+006"  0.31+004° 0.33+0.05"

Note: different letters indicate values which reliably differed one from another
within one line of table according to the results of comparison using Tukey test
with Bonferroni correction.

As part of the total serum lipids of sick rats, when the liposomal
dietary supplement "FLP-MD" was orally administered to the body
with reparative action (experimental group 2), a significant increase in
the level of the SFA series was found: caprylic (8:0) by 1.7 times, capric
(10:0) 1.3 times, lauric (12:0) 1.1 times, margarine (17:0) 2.3 times, of
the representatives of MUFA — oleic (18:109) 1.3 times, and PUFA —
docosadienoic (22:2w6) 1.6 times, docosapentaenoic (22:5w3) 1.2 times
and docosahexaenoic (22:6m3) 1.1 times, and the total MUFA content
was 1.3 times compared with control (Table 1). In this case, the relative
amount of PUFA representatives decreases in blood serum: linolenic
(18:3w3) by 2.6 times, cis-8,11,14-eicosatriene (20:3w6) by 1.5 times,
arachidonic (20:4w6) 1.8 times, eicosapentacnoic (20:503) 1.7 times,
was manifested by a decrease in the relative total PUFA by 1.2 times
against a background of a decrease in the relative total ©6 PUFA by 1.2
times compared to the control.

Changes in the fatty acid composition of serum total lipids of rats
were also revealed between the experimental groups 1 and 2. Thus, a
significant increase in the level of the individual SFA was found in the
experimental group 2 in comparison with the experimental group 1:
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caprylic (8:0) by 1.3 times, capric (10:0) by 1.1 times, while the relative
amount of PUFA representatives also increased: linoleic (18:3w6) by
1.2 times, linolenic (18:3@3) by 1.4 times, docosadienoic (22:2m6) by
1.8 times, docosapentaenoic (22:503) by 1.2 times, docosahexaenoic
(22:6w3) by 1.3 times. These changes led to the increase of the total
content of UFA by 1.1 times due to the increase in the total PUFA by
1.1 times, notably total @6 PUFA by 1.1 times. At the same time, the
content of oleic acid (18:19) was 1.1 times, arachidonic acid (20:4w6) —
1.4 times, eicosapentaenoic acid (20:5w3) — 1.1 times lower in the se-
rum lipid fraction of rats of the research group 2 in comparison with the
rats of the experimental group 1. Peculiarities of the serum lipid profile
of the rats of the experimental group 2 were quantitative changes in two
parameters such as linoleic acid (18:3w6) and total UFA content: the
values of these parameters increased in comparison with the experi-
menttal group 1, while these values did not significantly differ from the
values of these parameters in the control group. It means the recovery
and return of these parameters to the control values. The patterns found
indicate intensive reparation processes in the rats of the research group
2.

Short, medium, and long chain fatty acids have also been detected
in rat liver. Among SFA, palmitic and stearic dominate. Unsaturated
liver fatty acids were heterogeneous: MUFAs were represented by oleic
acid; linoleic, arachidonic, and docosahexaenoic acids predominated
among PUFAs (Table 2).

Table 2
The fatty acid composition of the total liver lipids of experimental rats
(% of the total fatty acid content, x + SD, n=20)

Ratswith  Rats with tetracyc-

C}]:;l lctha]}l/y tetracycline-  line-induced hepato-

Fatty acid animals induced hepa-  sis supplemented

(control) tosm_, self- with dietary supple-

rehabilitation  ments “FLP-MD”
Myristine, 74:0 020+£0.02"  028+002° 0.21+£0.03®
Pentadecane, 15:0 008+0.02" 0.08+0.01° 0.08+0.01°
Palmitic, /6:0 2253+057 1975+026°  20.83+0.04°
Palmitoleic, /6:1c9 032+003" 041+001° 0.36+001°
Margarine, 17:0 046+002" 056+001°  0.51+003®
Stearin, /8:0 2126+021° 1874+028°  1923+0.18"
Olein, 18:1w9 639+0.16" 9.80+0.11° 7.55+0.14°
Linoleic, /8:2w6 20.75+026" 2008+0.12°  2220+0.19
Peanut, 20:0 0.11+£001°  0.13+001° 0.13+001°
Linolenic, /8:3c3 0.13£001°  0.08+0.01° 0.10+0.02"
Gondoic, 20: w9 021+001°  0.16+001° 0.19+0.02®
;‘;ﬁ;ﬁé’]“'&c"same“e’ 190+£008* 284+003°  2.19+0.10°
Arachidonic, 20:4w6 1294+036" 1588+024°  1149+028"
Docosadienoic, 22:2w6 034+002" 030001 037+001°
Eicosapentaenoic, 20:503 ~ 247+001*  2.15+£0.03 2.84+0.06°
Docosapentaenoic, 22:503 ~ 220+0.04"  2.06+0.04° 2.81+0.03°
Docosahexaenoic, 22:6w3 ~ 7.71+0.12°  6.72+0.09° 8.91+0.10°
> SFA 4464+143" 3952+124°  4099+2.19%
S UFA 5536+124° 6048+1.62°  59.01+2.06°
SFA/UFA 081+006" 065+002°  0.70+0.09®
>MUFA 692+032" 1037+0.71° 8.10+0.56™
>PUFA 4844+201* 50.11+231°  5091+1.98
X w3 PUFA 1251£094* 11.01+£065°  14.66+0.87
2 w6 PUFA 3593+ 1.04" 39104044  3625+1.15"
3/w6 PUFA 035+0.02" 028+001° 040+0.01°

Note: see Table 1.

A feature of the fatty acid spectrum of total lipid tissue of liver tissue
of rats with tetracycline-induced hepatosis (experimental group 1) was an
increase in the content of two representatives from SFA: myristic acid
(14:0) 1.4 times, margaric acid (17:0) 1.2 times; with MUFA: palmitoleic
acid (16:19) 1.3 times, oleic acid (18:109) 1.5 times; with PUFA: cis-
8,11,14-cicosatrienoic acid (20:3w6) 1.5 times and arachidonic acid
(20:46) 1.2 times compared with the control. In accordance with establi-
shed laws, the relative total UFA content increased by 1.1 times and
MUFA by 1.5 times. At the same time, in these animals there was a de-
crease in the content of gondoic acid with MUFA (20:109) of 1.2 times in
the lipid fraction of the liver tissue and a 1.6-fold number of PUFA: linole-
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ic acid (18:206) of 1.6, cis-8,11,14- eicosapentacnoic acid (20:503) 1.2
times, docosapentaenoic acid (22:5@3) 1.2 times, docosahexaenoic acid
(22:6m3) 1.2 times compared with the control. This led to a decrease in the
relative total amount of SFA by 1.1 times and the ratio of the relative total
content of SFA/UFA and w3/w6 PUFA, respectively, by 1.3 times.

Along with this, differences were found in both quantitative and qua-
litative characteristics of the studied parameters in the liver of rats of expe-
rimental group 2, to which the liposomal dietary supplement “FLP-MD”
of reparative action was introduced into the body for corrective purposes.
So, in the structure of the lipid tissue of the liver tissue of these animals, an
increase in the content of UFA was noted. In particular, the representative
of MUFA - oleic acid (18:109) 1.2 times, from the PUFA class: cis-
8,11,14-eicosatrienoic acid (20:3w6) 1.2 times, eicosapentaenoic acid
(20:503) 1.2 times, docosapentaenoic acid (22:503) by 1.3 times and
docosahexaenoic acid (22:6w3) by 1.2 times compared with the control.
In addition, in rats of this group, there was a 1.1 times increase in the ratio
®3/w6 PUFA, which indicates the anti-inflammatory effect of the compo-
nents of the dietary supplement. The content of representatives of the SFA
class in the lipid fraction of the liver tissue of these animals was restored
and corresponded to the boundaries of the control values. The changes in
the fatty acid composition of total blood serum lipids and liver tissue in
animals of experimental group 2 were determined. They differ from those
in sick rats during self-rehabilitation (research group 1) and they mainly
relate to four representatives of the PUFA class — docosadienoic, eicosa-
pentaenoic, docosapentaenoic and docosahexaenoic acids, can act mar-
kers of the development of the pathological process (hepatodystrophy)
and criteria for the hepatoprotective effectiveness of new drugs.

In addition, recovery and return to control levels was observed for in-
dividual representatives (and their total content) of fatty acids of liver total
lipids of the rats of the experimental group 2. In this case, values of these
parameters differ significantly from these in the rats of the experimental
group 1. This particularly applies to the acids of UFA class: palmitoleic
(16:1@9), linoleic (18:206), arachidonic (20:4w6), docosadienoic (22:2w6)
acids, total ®3 PUFA and total 6 PUFA. Thus, the level of linoleic
(18:2m6) and docosadienoic (22:2w6) acids, and total ®3 PUFA increased
significantly by 1.1, 1.2 and 1.3 times, respectively in comparison with the
experimental group 1. At the same time, the level of palmitoleic (16:119),
arachidonic (20:4m6) and total w6 PUFA decreased significantly by 1.1,
1.4 and 1.1 times respectively. In addition, the level of several individual
acids in the liver total lipids of the rats of the experimenttal group 2 dif-
fered significantly from both levels of these acids in the experimental
group 1 and control group (as described above). These changes apply to
oleic acid (18:1@9), whose level decreased significantly by 1.3 times in
the liver lipids of the rats of the experimental group 2 in comparison with
the experimental group 1. This also applies to the significantly increased
by 1.3 times levels of cis-8,11,14-eicosatrienoic (20:3w6), eicosapentae-
noic (20:503) and docosahexaenoic (22:6w3) acids, and the increased by
1.4 times value of the ®3/cw6 PUFA ratio in the liver lipids of these ani-
mals in comparison with the rats of the experimental group 1.

Thus, as a result of a chromatographic study of the fatty acid compo-
sition of total blood serum lipids and rat liver tissue during tetracycline-
induced hepatosis, a number of characteristic changes have been establi-
shed that are inherent in sick animals and distinguish them from rats that
underwent reparative therapy in the form of liposomal dietary supplement
“FLP-MD". First of all, they concem the content of four representatives of
PUFA.

Discussion

With tetracycline-induced hepatosis in rats, a deep qualitative and
quantitative rearrangement of the acyl composition of the total lipids of the
blood serum and liver of rats is observed, which is also noted in other
pathological conditions described in (Gula & Margitich 2009; Grattaglia-
no et al., 2013; Nedoshytko, 2013; Colombo et al., 2018).

The most pronounced changes in the fatty acid composition of the
blood serum lipids of rats suffering from toxic dystrophy due to the use of
high doses of tetracycline hydrochloride were an increase in the relative
content of caprylic acid (8:0) by 1.3 times (SFA), margarine (17:0) by
2.3 times (SFA), oleic (18:109) 1.4 times (MUFA) and a decrease in the

level of the main PUFAs: linoleic (18:2w6) 1.4 times, linolenic (18:303)
3.5 times, cis-8,11,14- eicosatrienic (20:3w6) 1.9 times, arachidonic
(20:4w6) 1.3 times, eicosapentaenoic (20:5w3) 1.6 times, a significant
increase in the blood serum of sick rats with total quantity and MUFA by
1.4 times and a decrease in the total values of PUFA, 3 PUFA and w6
PUFA, respectively 1.3 times, 1.3 and 1.4 times compared with the con-
trol. In tum, a decrease in the number of PUFAs, primarily docosahexa-
enoic acid (22:2m6), was observed in violation of the -oxidation of fatty
acids in mitochondria, which, as is known, is characteristic of the develop-
ment of other pathological conditions: cardiovascular diseases, malignant
neoplasms, acute ischemic damage to the liver and myocardium, when
animals are exposed to ionizing radiation, etc. (Gula & Margitich, 2009).
At the same time, characteristic changes in the liver tissue of sick animals
were an increase in the lipid content of myristic acid (14:0) (SFA) by
1.4 times, palmitoleic (16:1) (MUFA) 1.3 times, and oleic (18:109)
(MUFA) 1.5 times, cis-8,11,14-eicosatrienic (20:306) (PUFA) 1.5 times,
an increase in the relative content of ¥ MUFA by 1.5 times, a decrease in
linoleic acid (18:2w6) (PUFA) by 1.6 times and the magnitude of the
ratios of the total content of SFA/UFA by 1.3 times and ©3/@w6 PUFA by
1.3 times compared with the control (Fig. 1). The described regularities
with respect to quantitative changes in both individual fatty acids and their
ratios in the structure of total serum lipids and liver tissue with experimen-
tal reproduction in rats with tetracycline lesion of the latter indicate both
activation of the lipid peroxidation process and metabolic disorders of
essential fatty acids. This significantly affects the structural organization of
the lipid component of cell membranes, which causes a decrease in their
fluidity, impaired functioning of receptors and membrane-bound enzy-
mes. As a result, metabolic disorders in hepatocytes occur and the patho-
logical process progresses (Nedoshytko, 2013). The above convinces us
of the necessity of using reparative therapy for sick animals. This group of
therapeutic agents includes the Acad, developed at the Department of Ani-
mal Biochemistry and Physiology M.F. Gulogo liposomal dietary supple-
ment “FLP-MD”, which is made on the basis of milk phospholipids, a
complex of unsaturated fatty acids (oleic, linoleic, linolenic) and antioxi-
dant vitamins A and E.

As a result of the introduction of the reparative action of the liposomal
dietary supplement “FLP-MD” into the organism of sick rats (experiment-
tal group 2), the development of the body’s adaptive response is noted
(Fig. 2), which, first of all, manifests itself in a significant increase in the
serum lipid content of docosadienoic (22:2w6) 1.6 times, docosapentae-
noic (22:5w3) 1.2 times and docosahexaenoic (22:6m3) 1.1 times acids,
accompanied by a decrease in the relative total PUFA content by 1.2 times
due to pro-inflammatory factors — @6 fatty acids (in 1.2 p for). And in the
liver of these animals a 1.2-fold increase in the content of eicosatrienic
(20:3w6), 1.2-fold of eicosapentoenoic (20:503), 1.3-fold of docosapenta-
enoic (22:5m3), 1.2-fold of docosahexaenoic acid (22:6w3) and growth in
the ratio of the relative content of w3/w6 PUFA is 1.1 times. Moreover, in
rats (experimental group 1) in conditions of self-rehabilitation, changes in
the fatty acid composition of blood serum and liver lipids were revealed,
which differed in the opposite direction. In particular, there was a decrease
in the level of docosadienoic and docosahexanoic acids (PUFA), as well
as ¥ PUFA by 1.3 times against the background of a decrease in the rela-
tive content of the sum of ©3 fatty acids by 1.3 times, which confirms the
progression of inflammatory processes in these animals.

At the same time, studies of the fatty acid composition of liver tissue
in rats with tetracycline-induced hepatosis showed that key changes are
primarily experienced by PUFA class acids, namely: a 1.2-fold decrease
in the relative content of eicosapentaenoic (20:503), docosapentaenoic
(22):5m3) 1.1 times, docosahexaenoic (22:6w3) acids by 1.2 times, and
the total SFA by 1.1 times and the ratio of the relative contents of
SFA/UFA and @3/w6 PUFA, respectively by 1.3 times. As is known
(Madian, 2015; Kagebeck et al., 2018), this can lead to disruption of mem-
brane-bound functions and metabolic processes at the level of affected
cells, which enhances the course of the pathological process. The use of
milk phospholipids and an essential fatty acid complex in the form of a
liposomal form of dietary supplement “FLP-MD” of reparative action for
sick animals provides almost complete restoration of the level of most
representatives of SFA and UFA. A series of these parameters returns to
the control values, while at the same time they differ significantly from th
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ose in sick animals in conditions of self-rehabilitation. This particular of
the fatty acid profile applies to the level of linoleic acid (18:2w6) and total
UFA in the serum, palmitoleic (16:109) linolenic (18:206), arachidonic
(20:406), docosadienoic (22:2w6) acids and total 3 PUFA and ©6
PUFA in the liver tissue of rats. However, among all of the studied para-
meters, only the level of linoleic acid (18:2w6) completely retumns to the
control values in the serum, as well as in the liver of this group of animals,
while it significantly increases in comparison with the group of animals in
conditions of self-rehabilitation. The patterns found allow us to conclude

that anti-inflammatory effect in terms of the fatty acid profile is more
pronounced in the liver than in the serum of the studied animals. During
our study, significant changes in 6 of 25 studied parameters of the fatty
acid spectrum were revealed in the serum, as well as in the liver of the rats
treated with “FLP-MD” dietary supplement. These changes allow us to
consider these parameters as the markers of the rehabilitation process. And
these parameters are oleic (18:1w9), linoleic (18:2w6), arachidonic
(20:406), docosadienoic (22:26), docosapentaenoic (22:5w3) and docosa-
hexaenoic (22:6m3) acids.

Fatty acid profile blood serum Fatty acid profile of hepar
Y A\ 4
Content increases: Features of the fatty COHTCI}t mcreases '
o caprylic acid 1.3 times; acid composition of the lipids of the e myristic acid 1.4 times;
o margaric acid 2.3 times; <4 serum of the blood and liver of rats of o palmitooleic acid 1.3 times;
o oleic acid 1.4 times; tetracycline-induced hepatosis e oleic acid 1.5 times;
o > MUFA 1.4 times. o cis-8,11,14-cicosatriene 1.5 times;
e > MUFA 1.5 times.
A\ 4
Content decreases:
Content decreases:

o linoleic acid 1.4 times;

e linolenic acid 3.5 times;

e cis-8,11,14-eicosatrienoic acid 1.6 times;
e > PUFA 1.3 times;

® > 3 PUFA 1.3 times;

e 3 6 PUFA 1.4 times.

e linoleic acid 1.6 times;
e SFA/UFA 1.3 times;
e  ®3/w6 PUFA 1.3 times.

Fig. 1. Characteristic changes in the fatty acid composition of serum and liver lipids of rats with tetracycline-induced hepatosis

Rats with
tetracycline-induced hepatosis,
self-rehabilitation

Criteria for
the hepatoprotective
effectiveness
of tetracvcline-induced henatosis

Rats with
tetracycline-induced hepatosis
supplemented with dietary
supplements “FLP-MD”

v

Blood serum
Content deqeases:
o docosadienoic acid 1.1 times;
e docosahexaenoic acid 1.2 times;
e > PUFA 1.3 times; ), ®3 PUFA 1.3 times.

y

Blood serum
Content increases:
e docosadienoic acid 1.6 times;
o docosapentaenoic acid 1.2 times;
e docosahexaenoic acid 1.1 times.
The rate decreases:
> PUFA 1.2 times; ). @6 PUFA 1.2 times.

Liver f

Content decreases:

e cicosapentaenoic acid 1.2 times;
o docosapentaenoic acid 1.1 times;
e docosahexaenoic acid 1.2 times;
e > SFA 1.1 times;

e SFA/UFA 1.3 times;

e ©3/w6 PUFA 1.3 times.

e linoleic acid;
e > UFA.

e Y ®3 PUFA;
K. > @6 PUFA.

Content recovery
Blood serum:

Liver:
o palmitoleic acid (16:1w9);
o linoleic acid (18:2w6);
o arachidonic acid (20:406);
e docosadiene acid (22:206);

\ \ 4
Liver
Content increases:
e eicosatrienoic acid 1.2 times;
e cicosapentaenoic acid 1.2 times;
o docosapentaenoic acid 1.3 times;
e docosahexaenoic acid 1.2 times;
e »3/w6 PUFA 1.3 times.

J

Fig. 2. Indicators of the hepatoprotective efficacy of milk phospholipids in the liposomal form
of dietary supplement "FLP-MD" in tetracycline-induced rat hepatosis

Thus, the hepatoprotective effect of dietary supplements "FLP-MD"
when applied to animals sick with tetracycline-induced hepatosis is prima-
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rily realized due to compensation for the imbalance of fatty acids in the
blood serum and liver tissue, as a result of restoration of the structural or-
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ganization and functional state of the affected hepatocytes and additional
intake of deficient biologically active substances in the body as a part of a
dietary supplement.

Conclusion

Regularities were established experimentally regarding the fatty acid
composition of the blood serum and liver of rats of toxic liver damage
with the antibiotic tetracycline, which allowed us to determine indicators
by which toxic liver damage can be diagnosed and preclinical trials of the
hepatoprotective efficacy of new drugs can be performed. First of all, this
applies to the four fatty acids of the PUFA class and the correlation of
indicators corresponding to these changes. Such fatty acids in the blood
serum include docosadienoic (22:2w6) and docosahexaenoic acid
(22:63), as well as the total content of PUFA and ©3 PUFA, and in the
liver tissue — eicosapentaenoic (20:5w3), docosapentaenoic (22:5m3), do-
cosahexaenoic (22:603) acid and the ratio of the total content of
SFA/UFA and ©3/w6 PUFA. The parameters of these indicators experi-
enced an increase in the range of 1.1-1.3 times with the use of the lipo-
somal form of dietary supplement "FLP-MD" of reparative action com-
pared with the control. Moreover, in self-rehabilitation rats, the indices
described are, on the contrary, characterized by a significant decrease in
their parameters in a similar range. At the same time, complete recovery
and return to the control values was observed for two parameters in the
serum (linoleic acid (18:2w6) and total UFA) and six parameters in the
liver tissue (palmitoleic (16:109) linolenic (18:2w6), arachidonic (20:4w6),
docosadienoic (22:2m6) acids and total ®3 PUFA and w6 PUFA). In ge-
neral, certain changes in the fatty acid composition of the total lipids of
blood serum and liver tissue indicate the prospect of further studies of lipid
metabolism disorders in animals with toxic liver dystrophy caused by
drug damage.
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