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In recent years, there has been a pronounced tendency to increase in the incidence of drug-induced liver damage due to the growing
expansion of the pharmaceutical market, which is also observed in the case of incorrect administration of nonsteroidal anti-inflammatory
drugs (NSAIDs). In this case, the violation of the functional state of the body has a negative effect on synthetic processes, which in combi-
nation with the protein system of tissues significantly affects the metabolic homeostasis of the body. Therefore, the aim of the study was to
determine marker changes in the plasma protein spectrum in laboratory rats with diclofenac-induced hepatitis and the effectiveness of
reparative therapy based on milk phospholipids. The drug form of toxic hepatitis in laboratory animals was induced according to the
author’s model by oral administration of diclofenac sodium (NSAID group) at a dose of 12.5 mg/kg, once a day for 14 days. Thus, in rats
with toxic hepatitis there was a probable decrease in plasma total protein content by 15.6% compared with control, indicating a violation
of protein-synthesizing function of the liver. With the introduction into the body of clinically healthy and sick animals of the liposomal
form of the bioadditive "FLP-MD" based on milk phospholipids, the level of total protein in blood plasma corresponded to control values.
As a result of the study of the plasma protein spectrum of Wistar rats, the four most sensitive indicators, which undergo significant proba-
ble changes in absolute and relative units of measurement with the development of toxic diclofenac-induced hepatitis, are protein fractions
with molecular weights of 180190, 150-170, 60 and 54-58 kDa and four markers of the effectiveness of restoring the protein-
synthesizing function of the liver with the use of corrective therapy, in particular, bioadditives "FLP-MD" — 900, 180-190, 68-70 kDa and
the value of A/G ratio, which is important for implementation in applied veterinary medicine, especially in the diagnosis of NSAID hepa-
topathy, supplementing the picture of its pathogenesis at the molecular level and testing the effectiveness of newly created drugs of hepa-

toprotective profile.
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Introduction

According to clinical studies, drug-induced liver damage accounts for
about 10% of all adverse reactions associated with the use of chemicals
(Alempijevic et al., 2017; Kullak-Ublick et al., 2017; Sanz-Villanueva
etal.,, 2019), and this percentage is characterized by an upward trend.
Thus, in Japan over a 30-year period there was an 11-fold increase in drug
hepatotoxicity (Nakano et al., 2015; Cong et al., 2016). First of all, this is
due to the direct participation of the liver in the biotransformation of drugs
and the rapid development of the pharmaceutical market. In particular, the
literature mentions a significant amount of data demonstrating the in-
volvement of liver monooxygenases in their metabolism (Cong et al.,
2016; Gutyi et al., 2019; John & Kale, 2019). Depletion of the cytochrome
P450 system involved in drug transformation can delay the elimination of
toxic components of exogenous origin, cause them to accumulate in or-
gans and tissues, or cause the formation of secondary substances, often
even more toxic than the parent product. Decreased efficiency of this
enzymatic system leads to increased toxicity of chemicals (Mengoli et al.,
2011; Kandemir et al., 2020). This distupts the detoxification, protein-
synthesizing function of hepatocytes, cell and subcellular membranes are
damaged due to a decrease in their resistance against the background of
depletion of the antioxidant system, primarily glutathione-dependent link.
In addition, long-term use of chemicals can cause cumulative toxic effects
on its functional state (Nakano et al., 2015). Thus, the toxic effect of che-
micals is due to a decrease in their extraction by hepatocytes and is asso-
ciated with both changes in enzyme activity and impaired binding to
plasma proteins (Eghtesad et al., 2013). The hepatotoxic effect as a result
of the use of chemicals is often manifested by a wide range of clinical and

morphological manifestations of liver pathology (Aithal et al., 2011; Hu
etal,, 2014; Kulyaba et al., 2019). Toxic hepatitis with hepatic impairment
may develop due to improper administration of nonsteroidal anti-inflam-
matory drugs (NSAIDs), in particular, diclofenac sodium (Rostom et al.,
2005; Gryshchenko et al., 2018; Peter & Prince, 2018). Most often,
NSAID hepatopathy is manifested by severe cytolytic and cholestatic
syndromes, acute liver failure at high concentrations of the drug and long-
term use against the background of reduced activity of hepatocyte enzyme
systems that regulate its biotransformation. Nonsteroidal anti-inflamma-
tory drugs contribute to fluid retention and the development of liver dys-
function due to inhibition of prostaglandin synthesis.

It is known that most blood plasma proteins are synthesized in liver
cells — albumins, o-globulins, part of B-globulins, fibrinogen, components
of the blood coagulation system (1L, V, VII, IX, X, XI factors) (Singh et al.,
2013). Plasma proteins are a labile dynamic system that is in equilibrium
with such tissues and largely determines the body's metabolic homeostasis
(Alberghina et al., 2011; Eghtesad et al., 2013). They are known to trans-
port numerous exogenous and endogenous metabolites, participate in the
binding of hormones, lipids, fat-soluble vitamins, etc. (Van der Vusse,
2009; Forsthuber et al., 2020). Having amphoteric properties, blood plas-
ma proteins play an important role in maintaining the acid-base balance of
the body, are blood clotting factors, antibodies (Schroeder & Cavacini,
2010), and are used as a plastic material for their synthesis in tissues
(Kragh-Hansen et al., 2002). Most pathologies in mammals are accompa-
nied by the development of dysproteinemia, which specifically affects the
quantitative characteristics of total plasma protein. It is known that total
plasma protein is the total concentration of all circulating proteins and is a
major component of blood plasma. According to the literature (Eghtesad
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etal., 2013), a decrease in the level of this indicator is observed in protein
deficiency in the diet, endogenous intoxications (Qin et al., 2016), in-
creased catabolism or its loss due to leaving the bloodstream with the
formation of transudate exudative complexes (Dideriksen, 2013). At the
same time, the content of albumin — the most numerous fraction of plasma
proteins is of important diagnostic value, and its decrease indicates dys-
function of the liver, kidneys and other internal organs (Quinlan et al.,
2005; Jain & Ducatman, 2019).

Clinical and biochemical studies of liver cell integrity, excretory liver
activity, cholestasis, organ function, mesenchymal and immune responses
are traditionally used to assess the degree and depth of hepatocyte damage.
Analysis of biochemical parameters, with a certain degree of probability,
allows us to clarify the level and leading mechanism of development of
liver dysfunction (Gryshchenko, 2017). In clinical practice, it is the altered
laboratory parameters that are often the starting point for differential diag-
nosis, determination of the syndrome of liver pathology and the appoint-
ment of pathogenetic therapy. On the basis of laboratory indicators it is
possible to establish the severity of the pathological process in the liver, to
predict the course of the disease, as well as to determine the effectiveness
of therapy. At present, the question of the peculiarities of liver protein-
synthesizing function disorders in toxic hepatitis on the background of
NSAID therapy remains insufficiently studied, and it is also important to
determine the effectiveness of membrane and cytoprotective action of
newly developed drugs for drug cover and prevention of cytolysis syn-
drome.

Therefore, the aim of our work was to determine the marker changes
in the plasma protein spectrum in laboratory rats with diclofenac-induced
hepatitis and the effectiveness of reparative therapy based on milk phos-
pholipids.

Materials and methods

All manipulations with rats were carried out in accordance with the
requirements of the European Convention for the Protection of Vertebrate
Animals Used for Experimental and Scientific Purposes (Strasbourg,
1986), the Law of Ukraine “On the Protection of Animals from Cruelty”
No 3447 of 02.21.2006, which was confirmed by the conclusion of the
Bioethics Commission of the National University of Life and Environ-
mental Sciences of Ukraine, Kyiv, Ukraine.

Clinical studies were performed at the Department of Animal Bio-
chemistry and Physiology named after Academician M. F. Gulyi, and
determination of the features of qualitative and quantitative changes in the
proteinogram of blood plasma were carried out on the basis of the De-
partment of Regulation of Protein and Coenzyme Biosynthesis of the
O. V. Palladin Institute of Biochemistry of the National Academy of
Sciences of Ukraine.

The experiments used white laboratory rats (males) of the Wistar line
with a body weight of 200220 g, from which three experimental and
control groups of ten individuals each were formed. Laboratory animals
were kept on a standard vivarium diet. They had fiee access to food and
drinking water. Prior to the experiment, the rats were quarantined with a
clinical examination for two weeks. Changes in body weight and feed
intake were monitored for the experimental animals. The duration of the
experiment was 16 days.

The drug form of toxic hepatitis in the laboratory animals was in-
duced by oral administration of diclofenac (NSAID group) at a dose of
12.5 mg/kg, once a day for 14 days (Melnychuk & Gryshchenko, 2016).
Animals of the 1st experimental group were injected intragastrically with a
probe diclofenac sodium using disposable catheters. Rats of the 2nd expe-
rimental group were intragastrically injected with a 1% solution of phos-
pholipid-containing biologically active additive (BAA) “FLP-MD” in
liposomal form at a dose of 13.5 mg/kg one hour before the use of the
drug diclofenac and for the next 2 days after completion of seeding. Bio-
additive “FLP-MD” is the author’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 unsa-
turated fatty acids (oleic, linoleic, linolenic), obtained with linseed oil, and
antioxidants (vitamins A and E). Animals of the 3rd experimental group
remained clinically healthy and received only biologically active additive

“FLP-MD” for 16 days. The control group included intact animals in-
jected per os with an equivalent volume of distilled water.

Severe clinical symptoms of toxic hepatitis began to appear in rats of
experimental groups on the seventh day of diclofenac administration and
were characterized by suppression of general condition, decreased appe-
tite, steady decrease in average body weight by 15-25 g, dull coat, de-
creased skin elasticity, thin stools with unpleasant odour. Changes in the
biochemical and morphological parameters of the blood characteristic of
this experimental model of toxic hepatitis are described in our previous
publications. (Gryshchenko, 2017).

The material for the study was heparin-stabilized blood and plasma.
Blood was taken from the hearts of rats, which were previously injected
under ether anesthesia. To obtain plasma, stabilized blood was centrifuged
at 1500 rpm for 20 minutes. The content of total protein in the blood
plasma was determined using the biuret method using a standard set of
reagents “Phyllisit-Diagnostics” (Ukraine).

The fractional composition of plasma proteins was determined by
vertical electrophoresis (EF) in a polyacrylamide gel with a concentration
gradient of 7-12% and the addition of 0.1% sodium dodecyl sulfate (DS-
Na) by the Laemmli (1970) method. Protein zones were stained with
Coomassi Brilliant BlueR-250 (Sigma-Aldrich, USA). The amount of
proteins in each zone was calculated according to their graphic image
obtained using the Eurochrom-2000 program and the ratio of peaks (%)
with the corresponding recalculations for total plasma protein. A mixture
of standards from the firm Bioscience Amersham (Sweden) — of 15 to 250
kDa was used as markers.

Using the method of gel electrophoresis in the blood plasma of expe-
rimental rats, we obtained 13 protein fractions, which according to the
generally accepted classification, taking into account the molecular weight
(MW) of proteins, were identified as follows: 1 — more than 900 kDa (-
lipoprotein and IgM zone); 2 — 340 kDa (fibrinogen zone); 3 — 180—
190 kDa (IgE and IgD zone); 4 — 150-170 kDa (IgA and IgG zone); 5 —
100 kDa (haptoglobin zone); 6 — 90 kDa (plasminogen and post-transfer-
rins zone); 7 — 80 kDa (transferrin zone); 8 — 72 kDa (transferrin zone); 9 —
68-70 kDa (albumin zone); 10 — 60 kDa (antichymotrypsin and thyrox-
ine-binding globulin zone); 11 — 54-58 kDa (hemopexin and transcortin
zone); 12 —45 kDa (pre-albumins zone); 13 —35 kDa (pre-albumins zone).

Analysis of the data was made using Statistica 6.0 (StatSoft Inc.,
USA) program. The data are presented in the tables as x + SD (x =+ stan-
dard deviation). Differences between the values in the control and experi-
mental groups were determined using the Tukey test, where the differen-
ces were considered reliable at P < 0.05 (taking into account the Bon-
ferroni correction).

Results

Qualitative and quantitative changes in the protein spectrum of blood
plasma of rats with experimental diclofenac-induced hepatitis. Improper
use of drugs adversely affects the functional state of the liver. Since one of
its functions is protein-synthetic, the relationship between the protein
spectrum of blood plasma and the degree of toxic damage to hepatocytes
by drugs is obvious. At the first stage of the experiment, the content of
total protein and its fractions in the blood plasma of rats with toxic hepati-
tis on the background of the introduction of toxic doses of diclofenac
sodium were studied.

Experimentally, there was a probable decrease in the blood plasma of
rats 1st of the experimental group of the total protein content by 15.6%
compared with the control. Thus, in rats with toxic hepatitis, a violation of
the protein-synthesizing function of the liver was found.

At the same time, experimental modeling of toxic hepatitis in experi-
mental rats using toxic doses of diclofenac sodium caused a probable
decrease in plasma absolute content of six protein fractions, including
(Table 1) proteins with molecular weights: 190-180 kDa (IgE and IgD
zone); 150170 kDa (IgA and IgG zone); 100 kDa (haptoglobin zone);
90kDa (plasminogen and post-transferrins zone); 60 kDa (prealbumin
zone) and 54-58 kDa (hemopexin and transcortin zone), by 54.4, 41.7,
20.3, 14.9, 67.6, and 52.1%, respectively, compared with the control.

In addition, studies of the relative content of plasma proteins in these
animals indicate changes in their quantitative ratio (Table 1). In particular,
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the development of toxic drug-induced hepatitis in rats was manifested by
an increase in the relative values of four protein fractions, namely with
molecular weights: more than 900 kDa (B-lipoprotein and IgM zone);
72 kDa (transferrin zone); 68-70 kDa (albumin zone) and 45 (pre-albu-
mins zone), respectively, 1.1, 1.3, 1.1 and 1.6 times compared to control.
At the same time, in the blood plasma of these animals there was a de-
crease in the relative content of a similar number of protein fractions with
molecular weights: 180-190 kDa (IgE and IgD zone); 150-170 kDa (IgA
and IgG zone); 60 kDa (antichymotrypsin and thyroxine-binding globulin
zone) and 54-58 kDa (hemopexin and transcortin zone), 1.9, 1.5, 2.6 and
1.8 times compared to control.

Table 1
Total protein and its fractions in the blood plasma
of rats with diclofenac-induced hepatitis (x + SD, n=10)

Unitof  Clinically ~ Ratssuffering from MW
Protein zone measure-  healthy rats toxic hepatitis protein,
ment (control) (self-rehabilitation)  kDa
Total protein gL 7195+301°  60.71+243° -
. . gL 114004 1.10+0.04°
B-Lipoproteinsand IgM. "9/ " '59 04 1812001° 900
L gL 268+0.18 2.16+023"
Fibrinogen % 3724024 354032 340
gL 390+0.14° 1.78 +0.06°
IgE and IgD %  543+018 203003 180190
gL 367+0.19" 2.14+0.13°
IgA and IgG %  s511£088°  3s53:031 10170
. gL 296007 236004
Haptoglobin % 412012 389017 100
Plasminogen and gL 672£023° 572+024° %0
post-transferrins % 932+1.04° 9.45+0.53"
. gL 489+017 3.60+£020°
Transferrin %  679£042° 593+034° 80
. gL 1123+039°  11.89+034
Transferrin %  1560£05°  1962+038 72
. gL 2568+110°  2343+1.04°
Albumin %  3573+063"  3857+071° 6870
Antichymotrypsinandthy- g/l 3.89+0.70° 126+0.19° 60
roxine-binding globulin %  540+021° 205+£017°
Hemopexin and gL 1422012 0.68+0.14° e
transcortin % 197027 1.12£020°
) gL 275+036" 3.61£030°
Pre-albumins %  3.82+034° 592+0.18° 4
. gL 101£059° 0.99+0.02°
Pre-albumins % 1402029 164002 35
A/G ratio — 056004 0.63 003" -

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

An important diagnostic test for the state of protein metabolism in
mammals is the albumin-globulin (A/G) ratio. In the case of experimental
NSAID hepatopathy in the blood plasma of experimental rats there is a
simultaneous decrease in the absolute content of both the albumin fraction
and the total amount of proteins of globulin heterogeneous fractions, so the
value of the A/G ratio remains unchanged. These trends indicate not only
changes in the protein-synthesizing function of the liver, but also other
organs, primarily immunocompetent. The absence of probable changes in
the studied indicator is a pronounced compensatory reaction of the body in
response to the development of toxic hepatitis in order to maintain meta-
bolic homeostasis (Table 1).

Corrective efficacy of milk phospholipids in experimental diclofenac-
induced hepatitis. In the case of the use of phospholipid-containing bioad-
ditive “FLP-MD” in sick animals, the protein-synthesizing function of
hepatocytes was improved, which is an important component of its re-
parative effect on the damaged liver. In particular, both when the phospho-
lipid-containing bioadditive (Table 2) was administered to clinically
healthy animals and as a result of its administration to rats in a state of
experimental toxic hepatitis, the correspondence of total protein content
with the value of this indicator in the control was discovered.

Some quantitative changes are observed for a number of protein frac-
tions. Thus, in clinically healthy animals administered BAA “FLP-MD”,
there was an absolute increase in the content of four protein fractions with

molecular weights: 900 kDa (B-lipoprotein and IgM zone) by 31.6%;
100 kDa (haptoglobin zone) by 39.2%; 68-70 kDa (albumin zone) by
15.3% and 35 kDa (prealbumin zone) by 96.0% and reduction of the level
of two protein fractions with molecular weights: 80 kDa (transferrin zone)
by 48.3%; 60 kDa (antichymotrypsin and thyroxine-binding globulin
zone) by 70.5% compared to the control (Table 2). In turn, in the blood
plasma of animals with toxic hepatitis and who were orally administered
BAA “FLP-MD?”, there was an increase in the concentration of proteins
with molecular weights: 900 kDa (B-lipoprotein and IgM zone) by 25.4%;
180-190 kDa (IgE and IgD zone) at 25.9%; 72 kDa (transferrin zone) by
13.2%; 68-70 kDa (albumin zone) by 20.3% and a decrease in the level
of proteins with a molecular weight of 100 kDa (haptoglobin zone) by
37.5%; 90 kDa (plasminogen and post-transferrins zone) by 17.6%;
80 kDa (transferrin zone) by 57.7%; 60 kDa (antichymotrypsin and thy-
roxine-binding globulin zone) by 82.8% and 5458 kDa (hemopexin and
transcortin zone) by 36.6% compared to controls (Table 2).

Table 2
Total protein and its fractions in the blood plasma of rats with diclofenac-
induced hepatitis and the use of reparative therapy (x + SD, n= 10)

Clinically ~ Rats suffering
healthy rats from toxic MW
injected with  hepatitis injected protein,

Unitof Clinically

Proteinzone measur healthy rats

ement (control) BAA“FLP-  withBAA kDa
MD” “FLP-MD”
Total protein gL 7195+301° 7246+2.03° 7230+339 -
B-Lipoproteins g/ 1.14+004* 150+0.10°  143+008 %00
and IgM %  159+004° 207+018° 198+0.14°
. gL 268+0.18 272+009° 312+0.16"
Fibrinogen % 3724024 3764005 432+029 W
gL 390+021° 3.60+0.11° 491+0.15°
lgEand IgD % 543018 498+061° 6810320 15010
gL 367+028 391+£025 341+017
lgAand 1gG % 5112028 5374034 4700510 10170
. gL 296+027 412+029°  185+022°
Haptoglobin % 4124032 5654030 256+023% 0
Plasminogenand gL 6.72+0.13 651+£022°  554+023° %
posttransferrins % 932+0.84° 9.01+081°  7.64+090°
. gL 489+017 253+031° 207+021°
Transferrin %  679:042 350:014° 286£021° 0
. gL 1123+0.19" 1063+022° 1271+027°
Transferrin % 15604072 14722051 1751£058 2
. gL 2568+020° 29.61+061° 3090+024°
Albumin % 35734065 4086£048° 4206 570
Antichymotrypsi g/ 3.89+050° 1.13+028" 067036
Eﬁ‘é‘g’gﬁi %  540£061° 1554034 094x012 9
Hemopexinand g/l 142+022* 103+0.13*  090+0.08 5458
transcortin %  197+027° 143+029* 125+0.11°
. gL 275+026° 319+029" 318+0.19
Pre-albuming %  382+024° 440+027°  439+026 45
. gL 101+0.19*° 198+0.14°  1.61+029
Pre-albumins % 1404023 2704021 222+020°
A/G ratio —  056+004* 071£005°  0.75+£005 -

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

At the same time, the administration to clinically healthy rats of BAA
“FLP-MD”, which contains milk phospholipids natural for the body of
mammals, led to a probable increase in blood plasma by 26.6% of the
A/G ratio. A similar pattern was observed in the group of sick animals
which also received this supplement. At the same time, the shifts in the
A/G ratio deviate even more from its value in the control and make a
difference of 33.9%. The established patterns are primarily related to the
stimulating effect of bioadditive components on the protein-synthesizing
function of hepatocytes, which primarily follows from the probable in-
crease in blood plasma of rats of the relevant experimental groups of the
most massive homogeneous protein fraction — albumin, which is the site
of synthesis. In this case, the total number of globulin fractions in the
blood plasma of these animals tends to decrease. In addition, there is a
specific picture of the quantitative redistribution of proteins by relative
content in blood plasma (Table 2). Thus, the introduction into the body of
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clinically healthy rats of BAA "FLP-MD" contributed to an increase in the
relative amount of proteins with molecular weights: more than 900 kDa
(B-lipoprotein and IgM zone) by 1.3 times, 100 kDa (haptoglobin zone)
1.4 times, 68—70 kDa (albumin zone) by 1.1 times and 35 kDa (pre-albu-
mins zone) by 1.9 times and reduction of protein content with molecular
weights of 80 kDa (transferrin zone) by 1.9 times; 60 kDa (antichymo-
trypsin and thyroxine-binding globulin zone) by 3.5 times compared to the
control. At the same time, the administration of BAA “FLP-MD” to sick
animals was marked by an increase in the relative content of proteins with
molecular weights: 900 kDa (B-lipoprotein and IgM zone) by 1.3 times,
180-190 kDa (IgE and IgD zone) 1.3 times, 68-70 kDa (albumin zone)
by 1.2 times and reduction of protein level with molecular weights:
100kDa (haptoglobin zone) by 1.6 times, 80 kDa (transferrin zone)
24 times, 60 kDa (antichymotrypsin and thyroxine-binding globulin
zone) 5.7-fold and 54-58 kDa (hemopexin and transcortin zone) 1.6-fold
compared to controls.

As a result of comparison of the absolute content of protein fractions
in the blood plasma of sick rats injected with BAA “FLP-MD” with clini-
cally healthy animals given a similar bioadditive, there was an increase in
the concentration of protein fractions with molecular weights: 180—
190 kDa (IgE and IgD zone) by 36.4% and 72 kDa (transferrin zone) by
19.6% and a decrease in the level of 100 kDa (haptoglobin zone) by
55.1% and 90 kDa (plasminogen and post-transferrins zone) by 14.9%
(Table 2). At the same time, there are certain patterns of changes in the
relative content of protein fractions in the blood plasma of sick rats of
these groups in a comparative aspect (Table 2). In particular, the relative
number of protein fractions with molecular weights increased: 180—
190kDa (IgE and IgD zone) by 1.4 times, 72 kDa (transferrin zone)
1.2 times and 68—70 kDa (albumin zone) 1.1 times and there was a reduc-
tion in the following protein fractions with molecular weights: 100 kDa
(haptoglobin zone) 2.2 times and 80 kDa (zone transferrin) 1.2 times.

Therefore, in the case of animals with toxic hepatitis, the phospholi-
pid-containing bioadditive “FLP-MD” improved the protein-synthesizing
function of hepatocytes, which is an important component of its reparative
effect on the damaged liver. A number of features of the absolute and
relative quantitative characteristics of the protein spectrum of blood plas-
ma in sick animals were identified and the most pronounced of them were
identified, which has valuable diagnostic and prognostic value in NSAID
hepatopathy.

Discussion

Currently, numerous studies by scientists indicate the presence of im-
paired metabolic activity of the liver due to toxic effects on the body of
exogenous and endogenous factors of various origins (Kullak-Ublick
etal., 2017; Peter & Prince, 2018; Forsthuber, 2020). Increasingly, infor-
mation appears in the literature that indicates a growing role of drug fac-
tors in the development of relevant nosological forms of hepatopathies
(Aithal et al., 2011; Alempijevic & Milosavljevic, 2017; Sanz-Villanueva
et al.,, 2019). Among the drugs that are particularly toxic to the liver are
nonsteroidal anti-inflammatory drugs, in particular, diclofenac sodium
(Rostom et al., 2005; Gryshchenko, 2017; Thakkar et al., 2018). There-
fore, the material of our publication highlights the established experimen-
tal patterns of quantitative changes in the proteinogram of blood plasma of
laboratory rats in diclofenac-induced hepatitis.

As a result of the analysis of protein composition of blood plasma of
rats with experimental diclofenac-induced hepatitis and on the background
of the introduction of milk phospholipids in the form of liposomal form
BAA "FLP-MD" we identified a number of important diagnostic points in
the pathogenesis of NSAIDs and hepatitis. This complements the already
known facts (Calitz et al., 2018; Markley & Wencewicz, 2018; Schueller
etal., 2018).

Thus, in rats with toxic hepatitis, there was a probable decrease in
plasma total protein content by 15.6% compared with controls, indicating
a violation of protein-synthesizing function of the liver. For the introduc-
tion to clinically healthy animals and patients with toxic hepatitis of bioad-
ditives “FLP-MD” there is compliance with control values of this indica-
tor, which positively characterizes the protein-synthesizing function of
hepatocytes, which is an important component of the reparative effect of
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milk phospholipids, especially on the damaged liver and which is partly
described in our previous work (Melnychuk et al., 2009; Gryshchenko,
2019).

Experimental reproduction of toxic hepatitis in rats according to the
author’s model using toxic doses of diclofenac sodium caused a probable
decrease in plasma absolute content of six protein fractions (Fig. 1), in
particular: 180-190 kDa (IgE and IgD zone); 150170 kDa (IgA and IgG
zone); 100 kDa (haptoglobin zone); 90 kDa (plasminogen and post-trans-
ferrins zone); 60 kDa (pre-albumin zone) and 5458 kDa (hemopexin and
transcortin zone), respectively by 54.4%, 41.7, 20.3, 14.9, 67.6 and 52.1%
compared to the control, which indicates a violation of metabolic, immu-
noregulatory, protective, transport, antitoxic functions of the liver.

Reducing the con-
centration of total protein
by 15.6%
4 ] ) ?
Reducing the Content
content of the ( \ reduction
protein protein fraction
fraction with | | Distinctive with MW
MW changes inthe [ 150-170 kDa
180-190 kDa protein spectrum (IgA and IgG
(IgE and IgD of rat blood zone) by
zone) at plasma in 41.7%
54.4% diclofenac-
induced hepatitis
—
—
Content reduction Content reduction
protein fraction with protein fraction with MW
MW 60 kDa 54-58 kDa (hemopexin
(prealbumin zone) by and transcortin area) by
67.6% 52.1%

Fig. 1. Features of the protein spectrum of blood plasma of rats
with diclofenac-induced hepatitis

At the same time, among these six protein fractions, only four show
similar trends in the relative content in the blood plasma of rats under
conditions of self-rehabilitation and are characterized by the most pro-
nounced deviations from control values, namely: 180-190 kDa (IgE and
IgD zone) 1.9 times; 150-170 kDa (IgA and IgG zone) 1.5 times; 60 kDa
(pre-albumin zone) 2.6 times and 54-58 kDa (hemopexin and transcortin
zone) 1.8 times. Therefore, summarizing the absolute and relative quanti-
tative changes of these protein fractions in the blood plasma of rats with
toxic hepatitis, the most sensitive indicators include those corresponding to
molecular weights of 180-190, 150-170, 60 and 54-58 kDa.

The development of hypoproteinemia on the background of a signifi-
cant decrease in the plasma of a number of protein fractions is a reflection
of the suppression of the synthetic function of the liver as a result of its
toxic damage by diclofenac sodium. A significant decrease in the plasma
of almost all classes of immunoglobulins (G, A, E, D) is noteworthy,
which may indicate the development of humoral immune deficiency in
sick animals (Schroeder & Cavacini, 2010; Qin et al., 2016; Calitz et al.,
2018). The combination of chronic toxic liver damage of drug etiology
with the development of the inflammatory process leads to a sharp de-
crease in the content of pre-albumins in blood plasma, as noted in their
work and that of other authors (Alberghina et al., 2011; Eghtesad et al.,
2011). Deficient levels of pre-albumins in the blood plasma of sick rats are
a marker of impaired protein-synthesizing function of hepatocytes.
In general, pre-albumins perform a transport function, binding and trans-
porting thyroxine and retinol. As a rule, the described changes in pre-
albumins in the blood plasma of mammals are observed simultaneously
with a significant decrease in the content of hemopexin and transcortin
(Alberghina et al., 2011), which occurs in our case. Hemopexin — binds
heme, which prevents it from being lost through the kidneys and stores
iron for the body, and transcortin is a transport form of corticosteroids.
The decrease in their content in the blood plasma of sick animals is direct-
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ly related to the development of an inflammatory process in the liver pa-
renchyma due to inhibition of their synthesis by cytokines.

The use of BAA “FLP-MD” in sick rats on the background of resto-
ring the total protein content is marked by an absolute increase in plasma
concentrations of proteins with molecular weights: 900 kDa (B-lipoprotein
and IgM zone) by 25.4%, 180190 kDa (IgE and IgD zone) at 25.9%,
72 kDa (transferrin zone) by 13.2%, 6870 kDa (albumin zone) by 20.3%
and decrease — 100 kDa (haptoglobin zone) by 37.5%, 90 kDa (plasmino-
gen and post-transferrins zone) by 17.6%, 80 kDa (transferrin zone) by
57.7%; 60 kDa (antichymotrypsin and thyroxine-binding globulin zone)
by 82.8% and 54-58 kDa (hemopexin and transcortin zone) by 36.6%
compared to the control, which proves the corrective effect of the phos-
pholipid-containing bioadditive (Fig. 2). At the same time, the value of the
A/G ratio also increases by 33.9% compared to the control (intact ani-
mals).
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Fig. 2. Specific effect of corrective therapy in the form
of BAA “FLP-MD” on the protein spectrum of blood plasma
of rats with diclofenac-induced hepatitis

In addition, it is worth noting the quantitative changes in protein frac-
tions, which are characterized by similar trends in changes in their relative
content in the blood plasma of sick rats. Thus, the increase in the relative
amount in the blood plasma of sick rats relates to three protein fractions
with molecular weights: 900 kDa (B-lipoprotein zone and IgM) by
1.3 times; 180-190 kDa (IgE and IgD zone) 1.3 times and 68-70 kDa
(albumin zone) 1.2 times, and the decrease in the relative level is characte-
ristic of four protein fractions with molecular weights: 100 kDa (haptoglo-
bin zone) in 1.6 times, 80 kDa (transferrin zone) by 2.4 times, 60 kDa
(antichymotrypsin and thyroxine-binding globulin zone) 5.7 times and
54-58 kDa (hemopexin and transcortin zone) 1.6 times. Thus, taking into
account the absolute and relative changes in the quantitative characteristics
of the indicator, to determine the reparative efficiency of newly created
drugs of hepatoprotective profile, to marker indicators one should include
the following protein fractions: 900 kDa (B-lipoprotein and IgM zone);
180-190 kDa (IgE and IgD zone), 68-70 kDa (albumin zone) and the
value of A/G ratio — are marked by an increase in their content in the
blood plasma of sick animals (Fig. 2).

Among the changes in the proteinogram of blood plasma in sick rats
who received corrective therapy in the form of BAA “FLP-MD” on the
background of the restoration of total protein content, the development of
hyperalbuminemia first of all attracts attention. In fact, this leads to an
increase in the value of the A/G ratio. As is known from the literature
(Kragh-Hansen et al., 2002; Quinlan et al., 2005; Van der Vusse, 2009;
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Forsthuber et al., 2020), albumin is the most massive protein fraction of
the liquid part of the blood, which by 80% determines its colloidal osmotic
pressure, involved in providing a buffer capacity, acts as a reserve of free
amino acids in the body and so on. It should be noted that the synthesis of
this protein occurs only in hepatocytes and directly depends on the intake
of amino acids with food, in particular tryptophan, as well as the presence
of ATP, glutathione transferase (Singh et al., 2013) and Mg®" ions (Jain &
Ducatman, 2019). Probably, the occurrence of hyperalbuminemia in our
case is associated with the restoration of the synthetic function of hepato-
cytes (Quinlan et al., 2005). In addition, albumin is involved in the regula-
tion of the pool of free fatty acids (FFA) in blood plasma, which is a ref-
lection of its transport function (Van der Vusse, 2009). Under physiologi-
cal conditions, the albumin molecule can bind and transport 24 FFA,
which reduces the concentration of active free fatty acids in blood plasma.
Therefore, it can be assumed that the increase in the amount of albumin in
the blood plasma of experimental rats under the conditions of experimen-
tal hepatopathology and administration of bioadditives may be one of the
factors preventing the development of fatty infiltration of the liver, which
prevents unwanted complications. At the same time, in these animals the
content of a number of immunoglobulins increases: classes M, D and E,
which indicates the mobilization of the body’s protective factors, which is
primarily associated with toxic liver damage. Finally, p-lipoproteins,
which are a transport form of lipids, are known to be formed in the liver
(Mengoli et al., 2011), and therefore an increase in their number may
indicate the restoration of metabolic function of the body, including cho-
lesterol and phospholipid metabolism. In particular, the latter are the main
active ingredient of the bioadditive “FLP-MD”, which in turn explains the
high content of B-lipoproteins in the blood plasma of experimental rats.
In tum, the decrease in plasma of animals of this group of individual pro-
tein fractions, directly, haptoglobin, antichymotrypsin, thyroxine-binding
globulin, transferrin, hemopexin and transcortin, may indicate their intense
involvement in the regenerative processes, due to the known transport
function (Qin et al., 2016).

Administration of BAA “FLP-MD” to clinically healthy animals was
accompanied by an absolute increase in the content of protein fractions
with molecular weights: 900 kDa (B-lipoprotein and IgM zone) by 31.6%,
100 kDa (haptoglobin zone) by 39.2%, 60-70 kDa (albumin zone) by
15.3% and 35 kDa (pre-albumin zone) by 96.0% and a decrease of
80 kDa (transferrin zone) by 48.3%, 60 kDa (antichymotrypsin and thy-
roxine-binding globulin zone) by 70.5% compared to the control, which
indicates an increase in the regulatory role of the liver in protein metabo-
lism under the action of bioadditives (Fig. 3).

N
The increase in the value
of the A/G ratio at 26.6%

The increase in content
protein fraction with MW
900 kDa (B-lipoprotein
and IgM zone) by 31.6%

The increase in
content protein

The increase in

content Plasma protein

spectrum in

protein fraction i fraction with MW
with MW 35 kDa clinically healthy 100 kDa
(pre-albumin rats treated with (haptoglobin zone)

zone) by 96.0% BAA "FLP-MD"

by 39.2%

Content reduction
protein fraction with MW 60 kDa
(antichymotrypsin and thyroxine-
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Fig. 3. The specific effect of BAA “FLP-MD” on the plasma protein
spectrum of clinically healthy rats compared with intact animals

Similar patterns are observed with respect to changes in the relative
number of the above protein fractions, in particular : increase in the rela-
tive level of proteins with molecular weights of 900 kDa (B-lipoprotein
and IgM zone) by 1.3 times, 100 kDa (haptoglobin zone) 1.4 times, 68—
70kDa (albumin zone) 1.1 times and 35 kDa (pre-albumin zone)
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1.9 times and a decrease of 80 kDa (transferrin zone) 1.2 times, 60 kDa
(antichymotrypsin and thyroxine-binding globulin zone) 3.5 times com-
pared to the control. At the same time, there is an increase in the value of
A/G ratio by 26.6% compared to control. However, the level of total
protein remains within the control values with a slight upward trend.

The most sensitive indicators in terms of the degree of manifestation
of the above absolute and relative quantitative changes in the blood plas-
ma of clinically healthy animals which were administered BAA “FLP-
MD” include four protein fractions with molecular weights: 900 kDa
(B-lipoprotein and IgM zone), 100 kDa (haptoglobin zone), 35 kDa (pre-
albumin zone) and A/G ratio — are characterized by an increase in their
quantitative parameters in the plasma of healthy animals and 60 kDa
(zone of antichymotrypsin and thyroxine-binding globulin), which is ma-
nifested by a corresponding decrease in its content compared to intact
animals. Thus, this bioadditive has a specific effect on the proteinogram of
blood plasma, even in clinically healthy animals.

Analysis of the results of the comparative evaluation of the plasma
proteinogram of rats with toxic hepatitis in rats treated with BAA “FLP-
MD” and clinically healthy animals receiving a similar bioadditive dis-
tinguishes three protein fractions and associated absolute and relative
changes in quantitative characteristics (Fig. 4). Thus, in the blood plasma
of sick animals receiving corrective therapy in the form of BAA “FLP-
MD” based on milk phospholipids, there was an increase in the absolute
and relative content of the protein fraction with molecular weights: 180—
190 kDa (IgE and IgD zone), respectively, by 36.4% and 1.4 times, and
72 kDa (transferrin zone), respectively by 19.6% and 1.2 times, as well as
a decrease in the absolute and relative content of the protein fraction with
molecular weight 100 kDa (haptoglobin zone), respectively by 55.1% and
2.2 times. The established patterns emphasize the active involvement in
the biochemical and immunological processes of certain medium-molecu-
lar protein fractions, as the body’s response to the development of hepato-
pathology and the use of corrective therapy.
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Fig. 4. Key changes in the absolute and relative content of protein
fractions in the blood plasma of patients with toxic hepatitis in rats
who received BAA "FLP-MD" in comparison with clinically
healthy animals receiving a similar bioadditive

The study of the plasma protein spectrum of experimental rats identi-
fied the four most sensitive indicators that respond to the development of
toxic diclofenac-induced hepatitis — protein fractions with molecular
weights: 180-190, 150-170, 60 and 5458 kDa, and four markers of the
effectiveness of recovery in such animals of protein-synthesizing liver
function under the reparative action of BAA “FLP-MD” (according to the
results of simultaneous testing on clinically healthy and sick rats), namely
protein fractions with molecular weights: 900, 180-190, 6870 kDa and
the value of the A/G ratio, which is important for implementation in ap-
plied veterinary medicine. The established regularities are confirmed both
in absolute, and in relative units of measurement.

Conclusion
The results of the analysis of the proteinogram of blood plasma of la-

boratory rats with experimental diclofenac-induced hepatitis using the
method of vertical electrophoresis in polyacrylamide gel allowed us to

establish the features of the pathogenesis of this hepatopathy at the mole-
cular level. The determined regularities concerning quantitative changes of
the total protein and individual fractions prove the presence of disorders of
protein-synthesizing function of the liver in sick animals and the develop-
ment of immunodeficiency. This is manifested by a probable decrease in
blood plasma levels of both total protein and a decrease in the absolute and
relative content of individual protein fractions. Among them it is worth
noting four: with molecular weights of 180190 kDa (IgE and IgD zone),
150170 kDa (IgA and IgG zone), 60 kDa (pre-albumin zone) and 54—
58 kDa (hemopexin and transcortin zone), which averages from 41.7% to
67.6% compared with intact animals. At the same time, the use of correc-
tive therapy in the form of BAA “FLP-MD” based on milk phospholipids
in animals with toxic hepatitis was accompanied by a specific increase in
the quantitative characteristics of four indicators — protein fractions with
molecular weights: 900 kDa (B-lipoprotein and IgM zone), 180-190 kDa
(IgE and IgD zone), 6870 kDa (albumin zone) and A/G ratio on average
by 20.3-33.9%, which positively characterizes the corrective effectiveness
of the applied therapy in relation to the protein-synthesizing function of the
liver and immunobiological status of the organism. At the same time,
quantitative changes of only one protein fraction 180-190 kDa (IgE and
IgD zone) among the established marker indicators are sensitive both to
the development of toxic hepatopathy and in determining the effectiveness
of corrective therapy. The most sensitive experimentally established indi-
cators of blood plasma proteinogram can be used in applied veterinary
medicine as markers of development in animals of the drug form of toxic
hepatitis, to determine the effectiveness of hepatoprotective therapy and to
test the effectiveness of newly developed drugs.
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