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The Capabilities of Interference Microscopy
in Studying the in vitro State of Erythrocytes Exposed
to Low-Intensity Laser Radiation for Stress Correction
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The aim of the investigation was to study the corrective action of low-intensity laser radiation on the in vitro morphofunctional state

of stressed erythrocytes using interference microscopy.

Materials and Methods. Blood samples of intact and stressed rats exposed to low-intensity laser radiation (LILR) were studied in
experiments in vitro. The wavelength of LILR radiation was 890 nm. Erythrocyte morphology was studied using laser interference microscopy,
malondialdehyde and adenosine triphosphate concentrations were assessed spectrophotometrically.

Results. The action of LILR was found to cause no significant changes in the discoid form of erythrocytes and cellular metabolic

processes, though it resulted in the appearance of projections on the surface. Exposure to stress promoted a decrease in discocyte count
and a significant increase in echinocytes, stomatocytes and degenerative forms of cells with altered microrelief, which was combined with
an increase in oxidation processes. The effect of LILR on blood samples of stressed animals led to a decrease in pathological forms of

erythrocytes and restoration of cell surface architectonics.
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Introduction

The erythrocyte is a universal model to study the
processes occurring on the cell membrane affected by a
variety of agents. A detailed investigation of changes in
morphological and functional parameters of erythrocytes
under the influence of various stimuli allows us to
determine the possible consequences better and find the
most effective ways to correct them.

Special attention should be paid to studying the effect
of stress on erythrocytes, since stressful events are
an integral part of human life today and minimization
of their effect is particularly relevant [1]. Search for
pharmacological and physical means and methods to
increase cellular adaptation reserve plays an important
role in solving this problem.

Today, numerous pharmaceuticals include a large
number of different products whose use may reduce
the central nervous system response to incoming

stimuli, prevent significant catecholamine release and
the development of hypermetabolic state [2]. However,
pharmacotherapy often produces side effects of
various degrees, which necessitates search for non-
drug methods. The use of low-intensity laser radiation
(LILR) which proves to be an effective and affordable
way to treat various pathologies [3] is challenging in this
respect. However, the possible mechanisms of biological
action of laser radiation on body cells affected by stress
remain open to question [4].

Analysis of current scientific trends in visualization
of biological objects shows that the dominating position
is held by latest technologies providing high accuracy,
sensitivity, efficiency, informative value and possibility
to objectivize scientific information, identify and
evaluate new aspects of various factors influencing the
morphological and functional parameters of cell objects
under study.

Laser interference microscopy based on the multi-
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faceted optical-geometric approach to intravital
analysis of morphological and functional characteristics
of peripheral blood corpuscles is quite promising in
this respect. An important feature of this technology
is that optical path difference value recorded in the
interferometer allows obtaining quantitative information
about three-dimensional refractive-index distribution and
morphology of a biological object [5].

All of the above has determined the line of this
investigation and methodological approaches to the
implementation of scientific tasks.

The aim of the investigation was to study the
corrective effect of low-intensity laser radiation on the
in vitro morphofunctional state of stressed erythrocytes
using interference microscopy.

Materials and Methods

The object of the study was the whole blood of
rats that underwent stress induced by intraperitoneal
administration of epinephrine hydrochloride solution
(0.1 mg/kg) in the experimental group and the blood of
intact animals (the control group). Each group included
10 specimens.

The study was carried out in accordance with order
No. 199H “On the Approval of the Rules of Good
Laboratory Practice” (Russia, 2016) and International
Guiding Principles for Biomedical Research Involving
Animals (CIOMS and ICLAS, 2012) and complied
with ethical principles established by the European
Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes
(Strasburg, 2006). The experimental study involving
animals was approved by the Ethics Committee of
Nizhny Novgorod State Agricultural Academy.

The blood of the groups under study was exposed
to radiation for 15 min in Petri dishes 3 cm in diameter.
Laser therapeutic apparatus (Uspek; Voskhod,
Russia) which is a small-size autonomous matrix of
10 laser diodes was used as a laser radiation source
at a distance of 1 cm from the membrane surface.
The radiation wavelength: 890 nm; pulse repetition
frequency: 415 Hz; total radiation pulse power: 30 W; the
minimum average radiation power density in the plane of
the applicator exit window: 193 mW/cm?; the exit area:
20 cm?. Non-irradiated blood of the same specimens
served as control.

Erythrocyte morphology, malondialdehyde (MDA)
and adenosine triphosphate (ATP) concentrations in
erythrocytes were analysed in all groups. The analysis
was performed one hour after exposure to radiation.
Before measurement, non-irradiated and irradiated blood
was centrifuged three times with saline at 3000 rpm for
10 min.

Ten samples were studied in each series.

Complex erythrocyte phase measurement was
performed by means of phase-modulation laser
interference microscopy using the MIM-340 microscope
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(Ural Optical and Mechanical Plant named after
Mr. E.S. Yalamov, Russia). We used laser with 650 nm
wavelength and lens magnification 30 (NA=0.65),
horizontal resolution up to 15 nm, vertical resolution
0.1 nm, the ability to control objects with a relief depth up
to 600 nm.

CCD video camera VS415U (Videoscan, Russia) with
782x582 pixels resolution was used to capture images.
Recording the native cell morphology without preliminary
fixation made it possible to visualize cell modification
in real-time, to study cell morphology and dynamics of
intracellular processes.

MDA concentration was assessed by the formation of
colored trimethine complex with absorption maximum at
532 nm [6]. The molar extinction coefficient E=1.56-10-5
M-'-cm~' was used to calculate concentration.

ATP concentration was measured by non-enzymatic
method in the hemolyzed erythrocyte filtrate [7].
Inorganic phosphorus was measured in the samples by
registering the color density on the KFK-3 photometer
(Zagorsk Optical and Mechanical Plant, Russia) at
660 nm wavelength. Phosphorus concentration was
determined by the calibration curve using standard
KH,PQO, solution [8].

The results were statistically processed using
application software package BIOSTAT and Microsoft
Excel. The significance of the differences between
means was evaluated using Student’s t-test.

Results and Discussion

Biconcave-shaped erythrocytes, stomatocytes,
echinocytes and degenerative forms of erythrocytes
were visualized using laser interference microscopy. In
the group of intact animals, 89% of erythrocytes were
represented by discocytes, while the cells of echinocytic,
stomatocytic, and degenerative forms accounted for
11%. Their exposure to LILR caused no significant
changes in cell morphology (Figure 1).

There was a morphological inhomogeneity of
the erythrocyte pool affected by stress: decrease in
discocyte count, increase in transitional (echinocytes,
stomatocytes) and degenerative cell forms (teardrop-
shaped and target cells, spherocytes, and degmacytes).

Exposure of blood samples from stressed animals to
LILR led to increase in discocyte count due to significant
decrease in echinocytes (2 times as compared to
“stress” group indices). At the same time, there was still
high content of cells with morphological changes.

The analysis of morphometric parameters carried out
using laser interference microscopy made it possible
to obtain high-contrast erythrocyte images without
treatment with fixatives. Besides, taking into account
the inhomogeneous optical density of cell structures,
there were built erythrocyte 3D models providing the
opportunity to analyze changes in cell refractive index
and showing the changes in intracellular concentration
and/or redistribution of substances within the cell [9].
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Figure 1. Morphology of erythrocytes in the groups under study
* Statistically significant differences compared to intact group indices; * compared to “stress”

group indices; p<0.05
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Figure 2. Phase-interference profile of erythrocytes in
intact animals:
(a) without exposure to radiation; (b) after exposure of blood
samples to LILR

The experimental results showed that the erythrocyte
membranes of intact animals had a flat surface,
intracellular structures were evenly distributed with
evenly distributed hemoglobin (Figure 2 (a)). After
exposure to LILR, a large number of projections and
bulges were found to appear on erythrocytes (Figure 2
(b)). It should be emphasized that laser interference
microscopy revealed significant differences in phase
images of intact samples and those exposed to LILR,
despite the similarity of discoid shape and size of
erythrocytes in these groups.

Phase profiles of erythrocytes in the group of stressed
animals unexposed to radiation were characterized
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echinocyte transformation and
restoration of discoid shape
(Figure 3 (b)). Discocytes
were bi-concave to varying
degrees and preserved the
teeth. The central concavity depth and curvature varied:
the ratio of the erythrocyte diameter and the incurvation
diameter differed significantly compared to the control
value: 164 and 20+2 units, respectively (p<0.05). At
the same time, there remained irreversibly deformed
(prehemolytic) erythrocytes in the form of stomatocytes
and degenerative forms of cells.

The ability to assess redistribution of optical density
within the cell accurately is an important advantage
of laser interference microscopy compared to other
imaging methods. According to certain data [10], this
method provides the possibility to present interference

200.0 nm -

Figure 3. Phase-interference profiles of erythrocytes in
stressed animals:

(a) before exposure to radiation; (b) under the action of LILR
on blood samples
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images of color channels and the resulting
color image (Figure 4). 0.35 |
Analysis of the obtained results shows -
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radiation and after LILR are characterized 8 g
by phase profile wavelengths ranging in 8£ 0154
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erythrocyte phase profile dominated by 0.05 1
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exposure. This dynamics may be associated Wavelength (nm)

with several processes occurring in cells. For
example, characteristic absorption maxima
for oxyhemoglobin (HbO,) are observed at

Figure 4. Transmission curves of red (R), green (G), and blue (B)
matrix filters

wavelengths of 541 and 576 nm, they are
also in the region of 500—-600 nm for other
hemoglobin forms with Fe?*. When iron
oxidizes and the amount of ferrihemoglobin
increases, there is a shift of the spectrum to
630 nm [11]. Besides, wavelength increase
may indicate an increase in hemoglobin
packaging density. In particular, molecular
aggregation significantly changing physical
and chemical properties of substances is
found to be most characteristic of porphyrins
[12]. It should also be taken into account
that the change in phase profile may be
associated with changes in intracellular metabolic
products in the cell [13]. It is demonstrated that the
shift of the spectrum to 650 nm is observed due to
increase in H,O, [13]. In our experiments, the analysis
of oxidative metabolism by MDA concentration and
energy processes by ATP content revealed a significant
increase in oxidative processes in the cell under stress
(3 times more compared to intact samples) and a
decrease in energy parameters (2 times less compared
to intact cells) (see the Table). Metabolic processes
were restored through exposure to LILR in conditions of
stress, but did not reach the level of intact cells.
Enhancement of LPO (lipid peroxidation) under stress
is considered to be a well-established mechanism of cell
damage [14]. The increase of pro-oxidant processes
impairs the state of lipid and protein components, which
may affect cell viability and morphology [15, 16]. LILR is

MDA and ATP concentrations in erythrocytes
in the groups under study (Mtm)

Groups under study MDA (nmol/ml) ATP (umol/ml)
Intact 1.91£0.33 1.09£0.34
Intact + LILR 1.140.31* 0.7920.32
Stress 3.04£0.49* 0.57+0.26*
Stress + LILR 2.5410.23* 1.87+0.27*

Note: * statistically significant value differences compared
to intact group indices; * compared to “stress” group indices;
p<0.05.
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Figure 5.

Three-dimensional

images of erythrocyte membrane
fragments under stress (a) and under the action of low-intensity laser
radiation following stress (b), field of vision 800x800 nm

found to be capable of reducing LPO processes, having
a normalizing effect on the liquid crystal structure of the
lipid bilayer, which inhibits LPO processes [17]. Analysis
of erythrocyte surface structure by laser interference
microscopy revealed increase in membrane surface
roughness under stress (Figure 5), which is likely to be
due to increased lipid peroxidation and protein phase
impairment, while restoration of surface architectonics
under the action of LILR correlates with inhibition of
oxidation processes.

Conclusion

Obtained by laser interference microscopy, the
phase pattern of erythrocytes exposed to low-intensity
laser radiation in conditions of stress shows changes in
erythrocyte morphology accompanied by redistribution of
cell density and their surface architectonics, which may
depend on metabolic activity of erythrocytes.

The use of laser interference microscopy is a
good alternative to classical microfluorimetry. The
obtained images of erythrocytes allow us to study cell
morphology and relief associated with their physiological
metabolic state, which makes it possible to analyze the
physiological status of cells.
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