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Abstract

The purpose of this study was to investigate the electrophoretic mobility of red blood cells (RBCs), cytomorphological and
cytogenetical indices in exfoliated buccal epithelial cells of rats during the development of stress reaction.
Experiments were carried out on 60 white non-pedigree pubescent rats weighing 180-220 g. For stress modeling, the animals

of experimental groups received a single intraperitoneal injection of epinephrine hydrochloride solution (0.1 mg/kg) or injections
for 3 days of the experiment. Both the single and the repeated adrenalin injections provoked a decrease in the level of the RBC
electrophoretic mobility. With a single adrenalin injection, the changes in RBC electrophoretic mobility are not so abrupt, with
the subsequent development of the adaptive response and reparation of cytogenetic damage. With repeated adrenalin injections,
the changes in RBC electrophoretic mobility are abrupt, and the number of pathological epithelial cells increases. (International

Journal of Biomedicine. 2018;8(4):347-350.)
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Introduction

Stress can be defined as a process in which environmental
demands strain an organism’s adaptive capacity, resulting in
both psychological and biological changes that could place
a person at risk for illness.” The relationship between stress
and illness is complex and ambiguous. The critical factor
associated with stress is its chronic effect over time. Research
shows that almost every system in the body can be influenced
by chronic stress.*® Exposure of an organism to any of a
variety of stressors markedly activates the sympathoadrenal
and hypothalamic-pituitary-adrenocortical systems; and a
“stress syndrome,” according to concepts proposed by Langley,
Cannon, and Selye, maintains homeostasis in emergencies
such as “fight or flight” situations, but if the stress response is
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excessive or prolonged, any of a variety of clinical disorders
can arise.*”

There are many objective ways to measure human stress
responses. Along with an evaluation of the activity of the
hypothalamic-pituitary-adrenal axis biomarkers, the search
for other methods, which could be easily used in any medical
laboratory, is of current importance. Our study revealed that the
electrophoretic mobility of red blood cells (RBCs) is an effective
criterion of the severity of the organism’s stress reaction to
extreme effects.® Changes in the electrokinetic properties of
RBCs can be considered as a response to the stress factor that
is associated with consecutive activation of the basic humoral
and endocrine systems. Thus, a decrease in the electrophoretic
mobility of RBCs is determined by the activation of the
sympathoadrenal system whereas its increase is determined by
the activation of the pituitary-adrenal system.”

It has been shown that the stress influence is accompanied
by a high concentration of glucocorticoids, which may disturb
the secretion of pro-inflammatory interleukins (interleukin
1, 12, TNFa, interferon-y).® In addition, it may provoke the
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apoptosis of activated T-and B-cells, and it drives excessive
activation to the limitation of the immune system. Sometimes,
it may drive the system to a pathological immunodepression.”
The suppression of cellular immunity is accompanied by the
appearance of cytogenetic abberant cells.!"" In this regard, it is
very important not only to assess the degree of involvement of
stress-realizing systems but also to define the genotoxicity of
the reaction caused by the inclusion of these systems.

Currently, the micronucleus test (MT) is a non-invasive,
simple and accessible method of assessing DNA damage.V It
has been shown that MT is not less sensitive than the test of
chromosome aberrations in bone marrow cells of animals, but
it is less labour-intensive. The cytomorphologic research of
buccal epithelium allows assessing the processes of epithelium
proliferation and differentiation, the degree of inflammation,
cell atypia, and nuclear polymorphism, as well as cytogenetic
changes.!?

The purpose of this study was to investigate the
electrophoretic mobility of RBCs, cytomorphological and
cytogenetical indices in exfoliated buccal epithelial cells of
rats during the development of stress reaction.

Materials and Methods

Experiments were carried out on 60 white non-pedigree
pubescent rats weighing 180-220 g. Animals were divided into
4 equal groups. For stress modeling, the animals of Group
1 received a single intraperitoneal injection of epinephrine
hydrochloride solution (0.1 mg/kg), and animals of Group 2
received injections for 3 days of the experiment. The animals
of control Group 3 received a single intraperitoneal injection
of physiological saline solution, and those of Group 4 received
injections for 3 days.

Blood samples were taken from the sublingual vein
in 1 hour, 1 day, and 7 days after the epinephrine injection.
Micronuclei (MN) identification in exfoliated buccal epithelial
cells was performed 7 days after the epinephrine injection,
considering the release of basal cells to the surface.!>¥

The RBC electrophoretic mobility level was measured
by the microelectrophoresis method.!® RBCs were washed
three times with 0.9% NaCl and collected by centrifugation.
The cell suspension was made with 10mM tris hel buffer
(pH=7.4) and after that the RBC electrophoretic mobility was
measured by registering the 100 mkm rbc transmission time
in tris hcl buffer with pH of 7.4 and amperage of 12 MmA. RBC
electrophoretic mobility value was defined using the formula:
U=S/TxH, where S — a distance to which the cells moved,
T — time, H — a gradient of electric potential. The value of
potential gradient was determined using the formula: H=I/gxy,
where [ — amperage, g — chamber cross section, y — electrical
conductivity of the media.

The exfoliated buccal mucosal cells were scraped
using a spatula, and cytosmears were stained with Giemsa.
The specimen was analyzed with a microscope AXIOSTAR
PLUS (Carl Zeiss, Germany), zoom 16x40 and 16x100. The
number of cells with MN was counted. No more than 1000
cells were examined. The analyzed epithelial cells were well-
expanded, not damaged, and without monolayer deposition.

The cells having numerous microorganisms on the surface
were excepted. MN were identified as round chromatinic
bodies with a continuous smooth edge along with membrane
and having the color of the same intensity as that of the main
nucleus. Besides the binuclear cells, cells with anomalous
nuclei, karyopyknosis, karyorhexis, anad karyolysis were also
analyzed.®

Animals were housed in keeping with the rules for good
laboratory practice. Experiment was performed in accordance
with the Guide for the Care and Use of Laboratory Animals
(the institute of Laboratory Animal Resources, 1996) and with
approval of local Ethics Committee.

Statistical analysis was performed using the statistical
software «Statistica». (v6.0, StatSoft, USA). The Shapiro-Wilk
test was used in testing for normality. Baseline characteristics
were summarized as frequencies and percentages for
categorical variables and as meantSEM for continuous
variables. Student’s unpaired t-test was used to compare two
groups for data with normal distribution. A value of P<0.05
was considered statistically significant.

Results and Discussion

The obtained results are represented in Table 1. Both
the single and the repeated adrenalin injections provoked
a decrease in the level of RBC electrophoretic mobility. In
Group 1, the maximal decrease in this parameter was found 1
hour after the beginning of the experiment, but it was restored
by the seventh day of the observation. The repeated adrenalin
injection provoked the maximal decrease of this index in the
first day of the experiment. By the end of the first week, the
index had increased by 40% in comparison with the first day
of the experiment. The RBC electrophoretic mobility did not
achieve the value of the control group.

Table 1.

Dynamic of RBC electrophoretic mobility index change (um cm B'c)
under different kind of influence

Period after the influence
Group of animals
60 min 1 day 1 week
Group 1 0.72+0.08* 0.83+0.09* 0.94+0.07
Group 3 1.02+0.02 1.07+0.03 1.00+0.03
Group 2 0.67+0.02* 0.54+0.03* 0.76+0.02*
Group 4 1.04+0.02 1.0240.04 1.00+0.04

*_P <005 "-P, <005

The results of the RBC electrophoretic mobility study
were identical to the findings that we received earlier when
studying differentkinds of stresses.!” Aliterature review shows
that the RBC electrophoretic mobility index decreases if there
are some pathologies, such as chronic kidney disease, chronic
brain ischemia, respiratory diseases, ischemic heart disease, or
oncological diseases, as well as all kinds of intoxications. It was
noted earlier that a decrease in RBC electrophoretic mobility
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was associated with an increase in cell adrenoreactivity
whereas the increase in RBC electrophoretic mobility was
combined with an increase in cortisol concentration. Our
study revealed that RBC electrophoretic mobility increased,
after its primary decrease, more intensively in Group 2 than in
Group 1. These data may be interpreted as a more considerable
increase of endogenous cortisol concentration in the blood as
a response to the repeated adrenalin injections. At the same
time, it is well-known that the higher level of glucocorticoids
provokes increasing the number of RBCs with chromosome
aberrations.!"” This was discovered in the analysis of buccal
epithelium in our study.

The cytogram analysis in the experimental groups
showed that there were fewer normal cells and more cells
with signs of cytological and chromosomal abnormalities, in
comparison with the control groups.

The investigation of the animals of Group | revealed
that the buccal cells had one or several micronuclei. The
micronuclei were represented as oval or circular nuclear-like
substances with smooth edges. We found a significant excess
of MN in Group 1 (by 15%) compared to Group 3. Single cells
with fragmented nuclei were observed. Their contours were
without any spatial orientation. Cells with the initial stage
of nuclear destruction, cells with chromatin condensation
(corrugated nucleus with condensed chromatin) and cells with
reniform vacuoles were frequently observed. The animals
of the experimental groups had more cells with condensed
chromatin (by 10%) and reniform vacuoles (by 43%) than
animals of the control groups (P<0.05).

The revealed forms of cell necrosis make evident
the destructive changes in the nuclear membrane and the
disturbance of its barrier and transport functions. Karyolysis or
nuclear dissolution represents an advanced stage of apoptosis
and necrosis.*'9 We did not find any statistically significant
difference in the frequency of cells with karyolysis between
the animals of the experimental and control groups. However,
a significantly increased percentage of cells with initial signs
of necrotic cell death in animals of the experimental group
confirmed the development of stress reaction.

Karyopyknosis is a natural form of buccal cell
apoptosis. The difference in the number of apoptotic cells
in the experimental and control groups was not statistically
significant. This proves that the natural mechanisms of buccal
cell destruction remain safe.

Analysis of the cytograms in Group 2 showed that the
number of cells with MN was greater by 25% than in Group
4. This difference means that there are pathological changes in
buccal epithelium structure and a disturbance of the stability of
genetic material. Epitheliocytes in animals of the experimental
group had a decreased size due to a reduction in cytoplasm
volume. We found many epitheliocytes with signs of the late
stage of nuclear destruction (karyopyknosis, karyorhexis and
full karyolysis) (P<0.05).

The analysis of cytological and nuclear disturbances
in animals of the experimental groups showed that the
cytogenetic disturbances (cells with micronuclei, cells with
atypical nucleus) and cells with the initial stage of nuclear
destruction (chromatin condensation) predominated in Group

1. Cells with signs of of karyopyknosis, karyorhexis and
full karyolysis were identified to a greater extent in Group
2. The analysis of correlation between cytomorphological
and cytogenetical indices of buccal epitheliocytes and RBC
electrophoretic mobility revealed that the intensity of stress
influence determinated the intensity of nuclei destruction.
These effects are probably caused by the immunodepressive
effect of highly intense stress. The compromised immune
system can neither recognize nor eliminate the genetically
disturbed epithelial cells; it contributes to the accumulation of
disturbed cells and to the disturbance of cytogenetic stability.!'?

Conclusion

Our analysis shows that the adrenalin influence provokes
at first a decrease in the RBC electrophoretic mobility index,
and then an increase. With a single adrenalin injection, the
changes in RBC electrophoretic mobility are not so abrupt,
with the subsequent development of the adaptive response and
reparation of cytogenetic damage. With repeated adrenalin
injections, the changes in RBC electrophoretic mobility
are abrupt, and the number of pathological epithelial cells
increases.
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