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It has been reported that unfavorable chemical environmental factors affect the functional state of liver, activate free radical processes against the background of the reduced antioxidant activity, change physicochemical properties and membrane phospholipid composition of hepatocytes. The aim of our research was to
estimate phosphatidylserine distribution in the phospholipid bilayer of hepatocyte membranes and apoptosis
stages in hepatocytes of rats under the influence of surfactants: ethyleneglycol (EG), polyethyleneglycol 400,
(PEG-400) and polypropyleneglycol (PPG) at a dose of 1/10 DL50. It was found in the subacute toxicological
experiment on rats that the investigated xenobiotics EG, PEG-400 and PPG at a dose of 1/10 DL50 caused
phosphatidylserine translocation to the outer membrane in the phospholipid bilayer of hepatocytes. This is
a specific signal for macrophages aiming at recognition and elimination of apoptotic cells. Analysis of cell
death modes under the influence of the investigated xenobiotics at a dose of 1/10 DL50 revealed that the intake
of xenobiotics was associated with an increase in the amount of apoptotic / necrotic hepatocytes.
K e y w o r d s: xenobiotics, membrane, phospholipid bilayer of hepatocytes, phosphatidylserine, apoptosis.

T

he use of constantly growing range of cosmetics and detergents, washing powders and
modern building materials in the everyday
life of Ukrainians determines the increasing role of
surfactants in all fields of human activities [1-3].
Xenobiotics are in close contact with the human body irrespective of sex, age, profession, state
of health, etc. Experts have found that 42% of surfactants enter sewage waters, 22% are released in
the atmospheric air, 12% are dumped, 7% pollute
settlements , 11% pollute household plots, and 6%
remain in living buildings [4, 5]. The global technoanthropogenic load of surfactants on environmental
objects has been confirmed by the official data of the
State Statistics Service of Ukraine [6].
Based on the results of numerous experimental
studies on warm-blooded animals, it has been established that surfactants modulate radiomimetic effects
in biological objects and stimulate the development
of free radical pathology, which in turn leads to the
development of membrane pathology [7-9]. The long-

term intake of surfactants results in deep reorganization of the intracellular metabolism, neurotransmitter imbalance and impaired kinetic characteristics of
ligand binding in a dose-dependent manner [10-13].
Xenobiotics-mediated epigenetic modulations play
a key role in cell differentiation during early life
and across the life span, since xenobiotics can significantly affect gene expression in a cell- and tissuespecific manner [14, 15].
It has been known that unfavorable chemical factors can affect cell components, namely cell
membranes [9]. It has been reported that surfactants
have toxic effects on the liver [11, 13]. However, the
rate and modes of hepatocyte cell death under the
influence of them has not been yet studied.
The aim of our study was to estimate phosphatidylserine distribution in the phospholipid bilayer
of hepatocytes and cell death modes of hepatcytes
under the influence of surfactants: ethylene glycol
(EG), polyethylene glycol 400 (PEG-400) and polypropylene glycol (PPG) at a dose of 1/10 DL50.
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Materials and methods
The study was performed during 45 days on 30
WAG white rats of both sexes. Animals were kept in
the standard conditions of the vivarium. Monitoring
of animals was carried out in accordance with the
provisions of the “General Principles of Animal Experiments” approved by the First National Congress
on Bioethics (Kiev, 2001), “European Convention for
the Protection of Vertebrates used for experimental
and scientific purposes” (Strasbourg, 1986).
The experiment was performed using four
groups of animals: a control group and three groups
of experimental animals in the amount of 10 animals
in each. Solutions of surfactants (ethyleneglycol,
polyethyleneglycol and polypropyleneglycol) were
injected daily intragastrically at a dose of 1/10 DL50
using a metal gavage. 1/10 DL50 for ethylene glycol
was 0.55 g/kg of body weight, whereas it was 2.89
and 3.25 g/kg of body weight for polyethyleneglycol
and polypropyleneglycol, respectively [16]. The control group of rats received the corresponding volu
mes of drinking water. After the end of the 45-daylong subacute toxicological experiment, rats were
killed in accordance with the “International Recommendations for Conducting Biomedical Studies
UsingLaboratory Animals” by decapitation. Liver
perfusion and isolation of hepatocytes were performed according to A.Yu. Petrenko [17]. The abdominal cavity was opened, the injection needle was
inserted into the portal vein and fixed with a ligature
at the site of the right renal vein for the outflow of
perfusate. At the first stage, the liver was washed
from blood at a rate of 25-35 ml/min with a solution
containing 140 mM of sodium chloride, 5 mM of potassium chloride, 3 mM of sodium bicarbonate and
27 mM of sodium citrate saturated with a mixture of
95% O2 and 5% CO2 to pH 7.4 for 10 min at 37 °C at
a rate of 25-35 ml/min. At the second stage, perfusion was performed at the same rate for 20-30 min.
At this stage, EDTA was added to the solution at
a final concentration of 2 mM. Upon finishing the
perfusion, the liver was removed from the abdomen, quickly cooled to 0 °C and cut into pieces in
a solution containing 250 mM sucrose, 5 mM KCl,
1.6 mM Na2HPO4, 0.4 mM KH2PO4, 0.8 mM MgCl2,
1.2 mM CaCl2 and 1% albumin (pH 7.4). The tissue
pieces were homogenized in a cooled sucrose-salt
solution, then suspension of hepatocytes obtained
as a result of homogenization was filtered through
nylon and centrifuged at 50 g for 4 min. Homoge
nization was performed by vibration. Tissue pieces

underwent vibration in a cooled sucrose-salt medium
at a frequency of 50 Hz during 60 sec using a device
whose electric engine sets a pestle in motion.
Suspension was divided into 2 fractions: the
lower dark fraction and the upper light fraction.
Fractions were isolated and suspended in a saline solution containing 140 mM NaCl, 5 mM KCl, 0.8 mM
MgSO4, 1.6 mM Na2HPO4, 0.4 mM K2HPO4, 25 mM
NaHCO3 and 1 mM CaCl 2 (pH 7,4). We used the
lower dark fraction. One ml of it contains 110·106
hepatocytes.
The degree of lipid membrane asymmetry and
the apoptosis/necrosis stages were evaluated by
flow cytometry on a FACS Calibur flow cytome
ter from Becton Dickinson (BD) (USA) using the
AnnexinV-FITC detection KIT of BD Pharmingen in accordance with the AnnexinV-FITC l and
7-aminoactinomycin D (7-AAD) (BD Pharmingen)
protocols. The study was conducted in the department of cryocytology of the Institute of Problems of
Cryobiology and Cryomedicine of NAS of Ukraine.
Phosphotidylserine exposure on the surface
of rat hepatocytes was assessed by flow cytometry
using FITC-labeled Annexin V, which has a highly
specific affinity to negatively charged phospholipids,
in particular to phosphatidylserine, normally located
on the inner surface of the cell membrane bilayer
[18-20].
Evaluation of the apoptosis/necrosis stages
was performed using the combination of Anne
xin V and 7-AAD [18]. This method allows identifying four different cell states: viable cells (AnnexinV-7AAD - -cells); cells in the initial stage of
apoptosis with the integral membrane impermeable to 7-AAD (AnnexinV+7AAD --cells), dead or
dyingcells in the stage of late apoptosis/necrosis
(AnnexinV+7AAD+-cells), dead necrotic cells that
are stained with 7-AAD but are not able to bind Annexin V (AnnexinV-7AAD+-cells) [18-22]. To minimize the error probability, 50,000 events were analyzed in the samples.
Results and Discussion
Cell-cell interactions regulate cell death in two
fundamental ways. First, cells require specific protein hormonal signals to stay alive. In the absence
of such survival signals, cells activate a “suicide”
program. The second way includes the immune
system and other specific hormonal signals and induces a programmed cell death. Cell death is most
frequently mediated by a common molecular path83

way termed apoptosis. Another form of cell death is
called necrosis and occurs when cells are subjected
to excessive stresses: lack of oxygen, heat, etc. Cells
become swollen and burst, releasing their intracellular contents.
The phosholipid phosphatidylserine is normally
found in the inner, cytosolic leaflet of the membrane.
During apoptosis the increased amounts of phosphatidylserine are found in the exoplasmatic leaflet,
where it acts as an “eat me” signal [23].
Hepatocytes have been proved to be a good tool
for analyzing the oxidative stress of toxic action in
various studies [13].
It was found that the investigated xenobiotics at
a dose of 1/10 DL50 led to imbalance in the asymmetry of the distribution of phospholipids in the plasma
membrane of hepatocytes, phosphatidylserine translocation from the inner layer into the outer layer. The
degree of phosphatidylserine asymmetry changes in
hepatocyte membranes under the action of the investigated xenobiotics is shown in Fig. 1.
The most pronounced structural changes in
the phospholipid bilayer of membranes were observed as a result of the action of PEG-400. Phosphatidylserine is expressed in the outer layer in
24.87 ± 3.07% of hepatocytes (P < 0.05 in comparison with the control). Almost the identical percenta
ge of hepatocytes with phosphatidylserine in the
outer membrane was observed for rats administered
EG and PPG (15.21 ± 2.15% and 14.54 ± 2.93% respectively).
In this study, we showed that after toxification
of white rats with xenobiotics at a dose of 1/10 DL50,
the rate of early apoptosis was higher compared with
control animals. This indicates activation of hepatocyte apoptosis (Fig. 2, A, B).
We evaluated the apoptosis/necrosis stages
of cells using the combination of Annexin V and
7-AAD dye [18, 22]. The latter easily penetrates the
damaged plasma membrane whose integrity is lost in
the late stage of apoptosis and in necrosis. However,
7-AAD does not pass through the intact cell membrane of viable cells.
Evaluation of cell death modes after prolonged
oral intake of 1/10 DL50 of ethylene glycol showed
that the percentage of viable AnnexinV-7AAD- cells
was 76.54%. The amount of AnnexinV+7AAD- cells
at the initial stage of apoptosis was 14.98%. The percentage of AnnexinV-7AAD+ dead necrotic cells was
1.67% and the amount of AnnexinV+7AAD+ dead or
dying cells, which were at the stage of late apoptosis
/ necrosis was 6.87% (Fig. 2, B).
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Fig. 1. The amount of AnnexinV+ hepatocytes from
rats after prolonged consumption of xenobiotics at
a dose of 1/10 DL50: 1-ethyleneglycol (EG); 2-polyethyleneglycol-400 (PEG-400); 3-polypropyleneglycol (PPG) The data are presented in the form of
M ± SE. * is a statistical significance of P < 0.05 in
comparison with the control
Evaluation of cell death modes after prolonged
oral consumption of 1/10 DL50 of polyethylene glycol-400 showed that the percentage of viable AnnexinV-7AAD - cells was 60.70%. The amount of
AnnexinV+7AAD- cells at the initial stage of apoptosis was 25.50%. The percentage of AnnexinV-7AAD+
dead necrotic cells was 0.04% and the amount of
AnnexinV+7AAD+ dead or dying cells, which are
at the stage of late apoptosis/necrosis was 13.76%
(Fig. 3, А).
Evaluation of cell death modes after prolonged
oral consumption of 1/10 DL50 of polyethyleneglycol-400 showed that the percentage of viable AnnexinV-7AAD - cells was 77.63%. The amount of
AnnexinV+7AAD- cells at the initial stage of apoptosis was 14.86%. The percentage of AnnexinV-7AAD+
dead necrotic cells was 0.14% and the amount of
AnnexinV+7AAD+ dead or dying cells, which are
at the stage of late apoptosis / necrosis was 7.37%
(Fig. 3, B).
The percentage of AnnexinV-7AAD -,
A n nex i nV+ 7A A D - , A n nex i nV-7A A D + a nd
AnnexinV+7AAD + hepatocytes from rats after
prolonged consumption of xenobiotics is shown in
Fig. 4.
We believe that the observed changes in
hepatocyte cell death modes may be induced by cell
membrane destruction via peroxidation of polyunsaturated fatty acids and degradation of membrane
phospholipid. In particular, we demonstrated that the
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Fig. 2. Cytograms of hepatocytes from rats in control (A) and after prolonged consumption of ethyleneglycol
at a dose of 1/10 DL50 (B) at different stages of apoptosis/necrosis. Annexin V-FITC/7-AAD staining. a –
Lower left quadrant - viable cells (AnnexinV-7AAD--cells); b – Upper left quadrant - cells in the initial stage
of apoptosis (AnnexinV+7AAD--cells); c – Lower right quadrant - dead necrotic cells (AnnexinV-7AAD+-cells);
d – Upper right quadrant - dead cells that are in the stage of late apoptosis/necrosis (AnnexinV+7AAD+-cells)
intake of xenobiotics is associated with activation of
lipid peroxidation, confirmed by elevation of TBAreactive substances and conjugated dienes [11].
In our previus studies, we found that xenobio
tics significantly affected the structural and metabolic state of the liver, resulted in dysfunction of
the monooxygenase system, activated free radical
processes against the background of decreased antioxidant reserves, changes in physical and chemical
properties and phospholipid composition of hepatocyte membrane [8].
Lipid peroxidation is one of the consequences
of oxidative damage. It is known that TBA-reactive
substances are highly reactive functional molecules
that can impair various membrane functions by
cross-linking proteins and phospholipids leading to
diminished survival and cell death [11, 12].
Both liver-resident cells and cells that are recruited in response to injury exert pro-inflamatory

signals: cytokines, chemokines, reactive oxygen species that contribute to apoptotic or necrotic death of
hepatocytes [13].
Thus, intoxication by xenobiotics may induce a
massive loss of hepatocytes via necrosis and apoptosis and hence make different hepatic conditions more
severe with irreversible liver damage [13]. Activation
of cell-death pathway causes inflammation and contributes to the development of many diseases [8, 23].
Conclusion. It was found that in subacute toxicological experiment on rats the investigated xenobiotics ethyleneglycol, polyethyleneglycol-400 and
polypropyleneglycol at a dose of 1/10 DL50 caused
a change in the plasma membrane of hepatocytes:
phosphatidylserine translocation from the inner layer
into the outer layer. Such transmembrane phosphatidylserine asymmetry in hepatocytes indicates a
higher rate of apoptosis under the action of xenobio
tics PEG-400, PPG and EG.
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Fig. 3. Cytograms of hepatocytes from rats in and after prolonged consumption of polyethyleneglycol-400
(A) and polypropyleneglycol (B) at a dose of 1/10 DL50 at different stages of apoptosis/necrosis. Annexin VFITC/7-AAD staining
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Відомо, що несприятливі хімічні фактори
довкілля впливають на функціональний стан печінки, активують вільнорадикальні процеси на
тлі зниження антиоксидантних резервів, змінюють фізико-хімічні властивості та фосфоліпідний склад мембран гепатоцитів. Метою нашого
дослідження була оцінка розподілу фосфатидилсерину у фосфоліпідному бішарі мембран гепатоцитів і стадій апоптозу гепатоцитів у щурів за
впливу поверхнево-активних речовин: етиленгліколю (ЕГ), поліетиленгліколю-400 (ПЕГ-400)
і поліпропіленгліколю (ППГ) в дозі 1/10 ДЛ50.
Встановлено, що в процесі підгострого токсико-
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логічного експерименту на щурах досліджувані
ксенобіотики в зазначеній дозі спричинювали
зміну трансбішарового розподілу фосфатидилсерину у фосфоліпідному бішарі мембран гепатоцитів, а саме його появу на поверхні клітини,
що є специфічним сигналом для макрофагів та
сприяє розпізнаванню і видаленню апоптотичних клітин. Аналіз клітинної смерті гепатоцитів
щурів за дії досліджуваних ксенобіотиків в дозі
1/10 ДЛ50 виявив збільшення кількості апоптотичних/некротичних гепатоцитів.
К л ю ч о в і с л о в а: ксенобіотики, мембрана, фосфоліпідний бішар гепатоцитів, фосфатидилсерин, апоптоз.
Нарушение
трансмембранной
асимметрии
фосфатидилсерина
гепатоцитов как маркер
апоптоза при действии
ксенобиотиков на крыс
О. А. Наконечная, Л. А. Бабийчук,
А. И. Безродная
Харьковский национальный медицинский
университет, Харьков
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Известно, что неблагоприятные химические факторы окружающей среды влияют на
функциональное состояние печени, активируют свободнорадикальные процессы на фоне понижения антиоксидантных резервов, изменяют
физико-химические свойства и фосфолипидный
состав мембран гепатоцитов. Целью нашего исследования была оценка распределения фосфатидилсерина в фосфолипидном бислое мембран
гепатоцитов и стадий апоптоза гепапатоцитов
у крыс при влиянии поверхностно-активных
веществ: этиленгликоля (ЭГ), полиэтиленгликоля-400 (ПЭГ-400) и полипропиленгликоля
(ППГ) в дозе 1/10 ДЛ50. Установлено, что в процессе подострого токсикологического эксперимента на крысах исследуемые ксенобиотики в
указанной дозе вызывали изменение трансбислойного распределения фосфатидилсерина в
фосфолипидном бислое мембран гепатоцитов,
а именно его появление на поверхности клетки. Это является специфическим сигналом для
макрофагов, что способствует распознаванию и

удалению апоптотических клеток. Анализ клеточной смерти гепатоцитов крыс под действием исследуемых ксенобиотиков в дозе 1/10 ДЛ50
выявил увеличение количества апоптотических/
некротических гепатоцитов.
К л ю ч е в ы е с л о в а: ксенобиотики, мембрана, фосфолипидный бислой гепатоцитов,
фосфатидилсерин, апоптоз.
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