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The aim of the study was to reveal the effect of biologically active substances on the synthesis activity and
cellular destruction of hepatocytes in vitro. Liver sections were prepared for investigation and placed in
culture vials with DMEM nutrient medium with 15% calf serum, glucose, and antibiotics (streptomycin and
penicillin). Liver sections were incubated for 14 days with interleukin-2 (roncoleukin) at a concentration of
5000 1U/ml and 7500 IU/ml, and erythropoietin (epobiocrine, “Biopharma”, USA) at a concentration of
13 IU/ml (high concentration), 6.5 1U/ml (medium concentration) and 1.3 1U/ml (low concentration) and
without stimulation (control cultures). Synthesis activity and cellular destruction of hepatocytes were studied
by determining the protein content, alanine aminotransferase and aspartate aminotransferase activity in
the supernatant of liver organ cultures on the 7th and 14th days of incubation. It was found that culturing
organotypic cultures with IL-2 did not affect the synthesis function of hepatocytes, but reduced aspartate
aminotransferase activity throughout the culture period. At a concentration of 7500 IU/ml IL-2 showed a
weak hepatotoxic effect. It was found that erythropoietin at a medium concentration had a hepatoprotective
effect, at a high concentration it suppressed the synthesis activity of hepatocytes and contributed to the
destruction of the cytoplasmic membrane of cells. At low concentrations, erythropoietin increased the
synthesis activity of liver cells but caused an increase in the activity of aminotransferases, this may indicate
both mass cell death and intensification of amino acid transamination processes. It was established that
interleukin and its inhibitor cause biological effects when incubated with organotypic cultures.
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INTRODUCTION

The search for various approaches in the
treatment of hepatitis is an urgent problem
today. Mortality rates from hepatitis of various
etiologies occupy a leading position around the
world, being in the top ten among the causes
of death [1-3]. In terms of severity, compli-
cations of liver disease include liver fibrosis/
cirrhosis, hepatocellular carcinoma, etc. The
most effective way to treat these pathologies
is a liver transplant. The question of finding
new treatment approaches arises due to the
existing shortage of donor organs, the frequency
of transplant rejection, and the high cost of
treatment [2, 4, 5]. One of such approaches is
cell therapy methods.

There are several directions of cell therapy
to treat liver diseases, for example, the recovery

of liver tissue using liver stem cells. Gumerova
et al., Pallett et al., Mazur et al., have works in
this direction [1, 4, 6]. Another direction is the
creation of systems for purification of blood
plasma of patients with hepatitis using cultures
of hepatocytes of different cell lines.

The problem of any direction of cellular
therapy of liver diseases will be the creation of
an appropriate microenvironment of hepatocytes
in vitro and the stimulation of the processes
of proliferation, differentiation or individual
functions of liver cells. The creation of a
microenvironment of liver cells to prevent the
loss of their characteristic phenotype is an
equally important issue [6—9].

Organotypic cultures are appropriate for
studying the parameters of liver cells in vitro.
This method of culturing allows to preserve cell
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diversity and relationships between cultured
cells and tissue matrix, i.e. reproducing the
tissue phenotype [5, 6]. As a result, cells almost
do not lose their phenotype and it is possible
to study the morphological and functional
changes of cells in their response to various
agents. Since cells of organotypic cultures do
not practically lose their phenotype, preserve
the microenvironment, cellular diversity of
individual tissues, the morphological and
functional changes in such cultures will be close
to those in vivo [4, 10, 11].

The study of the pleiotropic action of
cytokine drugs in vitro and in vivo is relevant
because it allows to create and influence the
existing microenvironment of cells [3, 6, 12].
Interleukin-2 (IL-2) is a pro-inflammatory
cytokine that directly regulates the formation
of effector immune cells [12]. However, there
are data in the scientific literature that indicate
other, non-immune, effects of IL-2 [13, 14].
Erythropoietin is a hormone that regulates
not only the formation of erythrocytes, but
also has other pronounced pleiotropic effects.
Thus, it was shown that erythropoietin caused
a decrease in the activity of ALT, TNF-a and
MDA in rats with hepatic ischemia, i.e.it had a
hepatoprotective effect[15]. In the study [10], it
was found that erythropoietin at medium and high
concentrations inhibited the division of mouse
fibroblasts in vitro, but at all concentrations it
contributed to faster cell adaptation.

The aim of the study was to determine
the effect of biologically active drugs on the
synthetic activity and cellular destruction of
hepatocytes in vitro.

METHODS

The study was performed within the initiative
theme of the Department of Human Biology
and Immunology “Study of the impact of
cytokines in vitro”, state registration number
0120U101313. Organotypic cultures of mouse
liver were studied to assess the effect of IL-2
and erythropoietin onthe hepatocyte function.
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Males of white laboratory outbred mice were
selected for the study. The study followed
general ethical principles for the care and use
of laboratory animals: “European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes”
(Strasbourg, 2005).

After euthanasia, liver sections were ma-
de and placed in culture vials with DMEM
nutrient medium with 15% calf serum, glucose
and antibiotics (streptomycin and penicillin).
Liver sections were incubated for 14 days with
IL-2 (roncoleukin, PJSC “Biotech”, USA) at
concentrations of 5000 IU/ml, 7500 IU/ml,
erythropoietin (epobiocrine, “Biopharma”,
USA) at concentrations of 13 IU/ml (high
concentration), 6.5 (medium concentration) and
1.3 IU/ml (low concentration) and without any
stimulation (control cultures).

The culture supernatant wasexamined for
protein content to assess the synthetic function
of the liver. Studies were performed on the
7th and 14th days of incubation. Protein was
determined by biuret method (“Genesis”,
Ukraine). The determination of the activity of
aminotransferases (alanine aminotransferase —
ALT and aspartate aminotransferase — AST)
in the culture supernatant was studied by
the unified Reitman and Frenkel’s method
(“Diagnosticum”, Hungary) to assess the degree
of destruction of hepatocytes [13, 14].

Numerical data were processed by methods
of variation statistics using software packages
“Microsoft Excel 2010 and “Statistica 9.0”.
Significance of differences between the indi-
cators of the studied organ cultures was
determined using a two-sample Wilcoxon test.

RESULTS AND DISCUSSION

Synthetic liver function was assessed by
determining the amount of protein in the cell
culture supernatant. When culturing liver
organotypic cultures with IL-2 at concentrations
of' 5000 and 7500 IU/ml, no significant changes
in protein concentration compared to the control
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ones were observed (Fig. 1). On day 14 of
culturing, the protein concentration with IL-2
stimulation in vitro decreased in comparison
with the day 7 (P < 0.05), however, the protein
concentration also decreased in control cultures
(P <0.05). Thus, the protein concentration with
and without IL-2 stimulation was approximately
at the same level.

In the study of the amount of protein in
organotypic cultures of the liver when cultured
with erythropoietin, a dose-dependent change
was observed compared to the control cultures.
The amount of protein produced by liver cells
under a low concentration of erythropoietin (1.3
IU/ml) was higher compared to control cultures
(P <0.05). At a medium (6.5 IU/ml) and a high
concentration (13 IU/ml) of erythropoietin the
amount of protein produced by liver cells was
lower compared to control cultures (P < 0.05).
However, culturing with medium erythropoietin
concentration had a more pronounced effect of
reducing the amount of protein compared to
control cultures. On the 14th day of culturing,
the protein concentration in cultures cultured
with low erythropoietin concentration decreased
compared to day 7, but the indicator remained
higher than in control cultures (P <0.05). When
culturing liver organotypic cultures with me-
dium erythropoietin concentration the protein
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concentration increased significantly on day 14
of culturing compared to day 7 of culturing and
started exceeding similar indicators of control
cultures. On the 14th day of culturing stimula-
tion with erythropoietin at a high concentration
led to a decrease in the protein concentration
in the culture compared to day 7, thus, these
indicatorsdid not differ from the control ones.

Markers of cellular tissue destruction of the
liver are the level of activity of aminotransferases,
namely alanine aminotransferase (ALT) and
aspartate aminotransferase (AST). The level of
aminotransferase activity is a specific marker
of the state of liver cells. ALT and AST are
enzymes that catalyze the transfer of amino
groups between amino acids [14]. As it is an
intracellular enzyme, an increase in ALT and
AST activity in the cell culture supernatant will
be associated with an increase in cell destruction.
ALT is a cytoplasmic enzyme and its activity
increases with the damage to the cytoplasmic
membrane. AST is a mitochondrial enzyme,
its activity increases with the mass death of
hepatocytes and the release of mitochondrial
enzymes from cells [4, 10].

On day 7 IL-2 at a concentration of 7500 U/
ml caused an increase in ALT activity compared
to the indicators of control cultures (P < 0.05;
Fig. 2). When culturing liver organotypic
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Fig. 1. The protein concentration of the supernatant of liver organ cultures under conditions of stimulation of IL-2 and erythropoietin
(g/1). Note: *statistically significant difference between the indicators of different liver organ cultures within one day of the study
at P <0.05; **statistically significant difference between the indicators of the same organ cultures on different days of the study

at P<0.05
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cultures with IL-2 at a concentration of 5000
IU/ml, no changes in ALT activity compared
to control cultures were observed. On day 14
there was a decrease in ALT activity (P < 0.05)
under IL-2 stimulation in both concentrations
and without stimulation, but there was a to show
higher indicators in cultures under stimulation
in comparison with control cultures.

After 7 days of culturing IL-2 stimulation of
organ cultures of the liver caused a significant
decrease in AST activity (P < 0.05; Fig. 3),
however, further culturing led to a change in
AST activity under IL-2 stimulation. On the
14th day of culturing, stimulation of IL-2 at a
concentration of 5000 IU/ml caused an increase
in AST activity compared to culturing on the 7th
day (P <0.05), whereas stimulation of IL-2 at a
concentration of 7500 IU/ml, led to an increase
of AST activity in organotypic cultures of the
liver, but this difference did not reach the level
of statistical significance. The AST activity
of control cultures during 14-day culturing
remained unchanged. On the 14th day of the
study the AST activity of liver organotypic
cultures, cultured with IL-2 at a concentration
of 5000 IU/ml, exceeded indicators of control
cultures (P < 0.05). While indicators of the
cultures, cultured with IL-2 at a concentration
of 7500 IU/ml, on the 14th day of culturing
remained lower than those of control cultures.

The ratio of AST and ALT enzymes in
organotypic liver cultures under conditions of

IL-2 stimulation shows a relative increase in
ALT activity with a decrease in AST activity
on the 7th day of culturing. On the 14th day of
the study in organotypic cultures cultured with
IL-2 at a concentration of 5000 IU/ml, the ratio
of AST/ALT was approximately 1, whereas in
cultures cultured with IL-2 at a concentration of
7500 IU/ml there was a relative predominance
of ALT activity. As ALT activity did not differ
from that of the control on the 7th day of the
experiment, when cultured with IL-2 at a
concentration of 5,000 IU/ml, a decrease in
AST activity compared to ALT activity may be
associated with its less formation. Although,
when cultured with IL-2 at a concentration
of 7500 IU/ml, ALT activity exceeded the
indicatorsof control cultures, AST activity
showed lower indicators than those of control
cultures, which may indicate both the release of
cytoplasmic enzymes in cell culture supernatant
due to cytoplasmic membrane destruction and
reducing the formation of AST. Culturing of
liver organotypic cultures with erythropoietin
had the following effect on aminotransferase
activity. ALT activity treated with a medium
concentration of erythropoietin in vitro, both
on the 7th day and the 14th day of culturing did
not differ from that in control cultures. At low
and high concentrations of erythropoietin on the
7th day of culturing there was a decrease in ALT
activity (P <0.05), but on the 14th day the level
of ALT activity increased and exceeded similar
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Fig. 2. Activity of alanine aminotransferase of the supernatant of organ cultures of the liver under conditions of stimulation of

IL-2 and erythropoietin (umol/(h [
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indicators of control cultures (P < 0.05).

TheAST activity under the influence of
erythropoietin when culturing of liver orga-
notypic cultures varied dose-dependently.
Under erythropoietin low concentrations
there was an increase in the AST activity on
both the 7th and 14th day (P < 0.05). Under
erythropoietin medium concentrations, theAST
activity did not differ from the activity AST of
control cultures throughout the culture period;
at high concentrations, erythropoietin caused a
significant decrease in AST activity compared
to control cultures (P < 0.05).

The ratio between AST and ALT activity
in culturing liver organotypic cultures with
erythropoietin at different concentrations was as
follows: erythropoietin at medium concentrations
had little effect on aminotransferase ratio, i.e.
AST activity was virtually equal to ALT activity
throughout the study period. When cultured
with low concentrations of erythropoietin on the
7th day, there was a significant predominance
of AST activity over ALT, it may indicate the
destruction of liver cells and the entry of the
fraction of mitochondrial enzymes in the culture
supernatant. On the 14th day, there was an
increase in the activity of both aminotransferases,
so that their ratio was approximately 1. This
indicates an increase in the release of both
cytoplasmic and mitochondrial enzymes due
to the destruction of biological membranes
and cell destruction [2, 10]. When cultured
with erythropoietin in high concentrations, a
decrease in the ratio of aminotransferases was
observed, i.e. a decrease in the AST activity
and an increase in the ALT activity. ALT is a
cytoplasmic enzyme, its activity increases due
to a hepatotoxic effect of non-mitochondrial
nature [4, 10].

The results of biochemical studies of the
supernatant of organotypic cultures of the liver
indicate that IL-2 did not affect the synthetic
function of hepatocytes. At a concentration of
5000 IU/ml IL-2had no effect on the destruction
of liver cells, at a concentration of 7500 IU/ml
had a weak hepatotoxic effect, as indicated by
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increased ALT activity on day 7 of the study. AST
activity decreased at both concentrations of IL-2,
which may indicate a decrease in its synthesis in
liver cells under the influence of IL-2.

Erythropoietin at a concentration of 13 1U/ml
inhibited the synthetic function of hepatocytes
and increased ALT activity, but significantly
reduced the amount of AST. This may indicate
an effect of hepatocytes on the plasma membrane
and the release of cytoplasmic enzymes into
the cell culture supernatant. Erythropoietin
at a concentration of 6.5 IU/ml increased the
synthetic function of liver cells and did not show
hepatotoxic function on cells of organotypic
cultures. Erythropoietin at a concentration of 1.3
IU/ml increased the synthetic activity of liver
cells, but on the 7th day of the study there was an
increase in mitochondrial enzyme activity in the
supernatant of cultures, and on the 14th day there
was an increase of cytoplasmic enzyme activity.
It may be caused by the destruction of plasma
membranes and the mass death of hepatocytes.
However, according to [13, 14], an increase
in the activity of both AST and ALT may be
associated not only with cell destruction but
also with an increase in the intensity of amino
acid transamination processes and precedes fatty
degeneration of the liver.

CONCLUSIONS

1. Culturing of organotypic cultures with
IL-2 did not affect the synthetic function of
hepatocytes but reduced AST activity throughout
the culture period. At a concentration of 7500
IU/ml IL-2 showed a weak hepatotoxic effect.

2. Erythropoietin at medium concentration had
a hepatoprotective effect, at high concentration, it
suppressed the synthetic activity of hepatocytes and
contributed to the destruction of the cytoplasmic
membrane of cells. At low concentrations,
erythropoietin increased the synthetic activity of
liver cells but caused an increase in the activity of
aminotransferases, which may indicate both mass
cell death and the intensification of amino acid
transamination processes.
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BuBuanu BrmB 0i010TiYHO aKTHBHHX IIpeTIapariB Ha CHHTe-
THUYHY aKTUBHICTH Ta KIITHHHY JECTPYKIIIIO TeIaTOUTIB in
vitro. JI7st JOCTiPKeHHST pOOUIM 3pi3K MEYiHKU Ta MoMilla-
JM y KyJlbTypaibHi (UIAKOHH 3 KMBHIIBHUM CEpEIOBHIIEM
DMEM 3 nonaBanusAM 15%-i Tens4oi cCHPOBATKH, TIIOKO3M
Ta aHTUOI10THKIB (CTPENITOMIIMH Ta MEHIWIiH). [HKyOyBamm
npotsiroM 14 1i6 3 inTepneiikinom-2 (IJI-2, ponkoneiikin) y
koHneHTpanii 5000 i 7500 MO/mi1, epuTporioeTHHOM (ero-
6iokpuH, «Biopharmay, CILIA) y Bucokiii koHnenTpanii (13
MO/mn), cepenniit (6,5 MO/mi) Ta mHusbkiii (1,3 MO/mn), a
Takoxk 0e3 CTUMYIALIT (KOHTPOJIBHI KyAbTypH). JocmimKyBanm
CHHTETHYHY aKTHBHICTH Ta KIIITHHHY AECTPYKIIiO TeMaTOHUTIB
3a BMICTOM OLJTKa, aKTHBHICTIO allaHiHamiHOoTpaHchepasu (AnAT)
Ta acrnapraraminoTpancdepasn (AcAT) y cymepHaraHrTi
OpraHHHX KYJIBTYp IeUiHKH Ha 7-if Ta 14-i neHs iHkyoOarii.
3’sicyBaiii, 10 KYJIBTUBYBaHHS OPTaHOTUIIOBUX KYNBTYp 3
[JI-2 He BIUIMHYNO Ha CHHTETHYHY (YHKLIIO I'€TaTOLMTIB,
MPOTE 3MEHIIIIIO aKTUBHICTh ACAT MPOTATOM YCHOTO TIEpioxy
KynsTUBYBaHHs. Y KoHIeHTpamnii 7500 MO/vn 1J1-2 BusBnss
ci1abKy TeraToTOKCHYHY JIifo. BeraHoBieHo, mo eputponoe-
THH Y Cepe/IHil KOHIIEHTpALlii YNHUB I'eNaTOPOTEKTOPHY Ail0,
Y BUCOKIH — IPUTHIYyBAaB CHHTETHYHY aKTHBHICTb TeIIaTOLUTIB
Ta CIPUAB PYHHYBAHHIO LIUTOIIA3MATUYHOT MEMOpaH! KITITHH,
Y HU3bKIii KOHIICHTpAIi1 301IbIIyBaB CHHTCTUYHY aKTHBHICTb
KJIITHH TICYIHKH, OJHAK, BUKJINKAB 301IbIICHHS aKTUBHOCTI
amiHoTpaHcdepas. Lle Moxe CBITUNTH K PO MacoBy 3aruoeis
KJIITHH, TaK 1 Ipo iHTeHCU(iKaLito MPOIeciB TpaHCaMIHyBaHHS
aMiHOKHUCIIOT. Bylio BCTaHOBIEHO, 110 iHTEpIIeHKiH Ta iforo
iHTIOITOp BUKIMKAIOTH 0i00TiuHI eeKkTH npH iHKyOyBaHHI
3 OPraHOTHIOBHUMH KYJIBTYPaMH.

KitouoBi ciioBa: 1HTEpIEHKiH-2; epUTPOIIOCTHH; OpraHHi
KyJBTYPH TT€UiHKH; 010XIMIUHI TOKa3HUKH MEUiHKH.
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