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Background. Diabetes mellitus is a chronic endocrine-metabolic disease caused by
an absolute or relative insulin deficiency. During diabetes, there are perfect conditions for
the development of oxidative stress: the content of substrates for oxidation increases, the
content of natural antioxidants decreases and the activity of antioxidant systems is sup-
pressed. It is known that photobiomodulation therapy produce antioxidant and antihyper-
glycemic effects. Here we investigated its influence on blood system functioning.

Materials and Methods. The study was performed on male Wistar rats. Experi-
mental diabetes mellitus was induced by the intraperitoneal injection of streptozotocin.
Leukocyte formula was calculated using blood smears stained by Romanowsky—
Giemsa. Catalase activity was determined spectrophotometrically. Affinity of hemoglo-
bin to oxygen was evaluated by spectrophotometric method in lvanov’s modification by
drawing oxygenation curves. The protoporphyrin content in whole blood was measured
by analyzing its fluorescence spectra. The content of NO,, total and inducible NO syn-
thase activity was determined spectrophotometrically.

Results. Under the action of photobiomodulation therapy on healthy animals, there
was a shift of oxygenation curves to the left and a decrease of P, whereas under irra-
diation of rats with diabetes, there was a shift of oxygenation curves to the right and
increase in P,, compared to indices in nonirradiated animals. During diabetes, there was
a decrease in protoporphyrin content compared to control, but there was a tendency to
increase under photobiomodulation. Photobiomodulation therapy of rats with diabetes
increased catalase activity in erythrocyte hemolysates. We revealed significant changes
in leukocyte formula under photobiomodulation. The total NO synthase activity in leuko-
cytes of rats with diabetes was higher compared to healthy animals, but decreased

© 2021 O. |. Karmash et al. Published by the Ivan Franko National University of Lviv on behalf of Bionoriuni Ctyaii / Studia
Biologica. This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 License which permits
5Y unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

ISSN 1996-4536 (print) e« ISSN 2311-0783 (on-line) e BionoriyHi Ctygii / Studia Biologica e 2021 « Tom 15/ Ne 3 ¢ C. 3-16


https://doi.org/10.30970/sbi.1503.659
www.http
publications.lnu.edu.ua/journals/index.php/biology
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-7199-2121
mailto:oleksandr.karmash%40lnu.edu.ua?subject=oleksandr.karmash%40lnu.edu.ua
https://orcid.org/0000-0001-6826-1547
https://orcid.org/0000-0002-4400-7584
https://orcid.org/0000-0002-9217-3931
https://doi.org/10.30970/sbi.1503.659

4 O. I. Karmash, M. Ya. Liuta, N. V. Yefimenko, N. O. Sybirna

under the action of photobiomodulation. We found an increase in inducible NO synthase
activity in leukocytes of rats with diabetes and in leukocytes of irradiated healthy ani-
mals. An increase in NO, content in leukocytes of rats with diabetes was detected.
Under photobiomodulation, NO,” content was significantly lower in rats with diabetes.

Conclusion. Photobiomodulation therapy produces a corrective action on blood
system during diabetes, in particular, it improves oxygen release from hemoglobin and
prevents hypoxia. Simultaneously with the increase in tissue oxygen saturation,
a decrease in NO synthase activity and nitrite content along with an increase in catalase
activity prevents the development of oxidative stress.

Keywords: diabetes mellitus, photobiomodulation therapy, hemoglobin, NO synthase

INTRODUCTION

Diabetes mellitus (DM), according to the definition of the World Health Organization
experts, is a chronic endocrine-metabolic disease caused by an absolute (defects in
synthesis) or relative (defects in action) insulin deficiency due to the action of different
endogenous and exogenous factors accompanied by impairing in metabolism, especially
carbohydrates. The most prominent manifestations of DM are hyperglycemia (persistent
increase in blood glucose levels), lesions of various organs and tissues.

During diabetes, there are perfect conditions for the development of oxidative stress:
the content of substrates for oxidation (glucose, lipids) increases, the content of natural
antioxidants (glutathione, a-tocopherol) decreases and the activity of antioxidant systems
is suppressed [16]. During hyperglycemia accompanied by insulin resistance, there are
a lot of metabolic mechanisms that activate and result in reactive oxygen species (ROS)
production.

The first thing that is affected by hyperglycemia and excessive ROS is blood sys-
tem. Changes in structure of erythrocyte membranes, impairment of oxygen binding to
hemoglobin and modification of mechanical characteristics are the consequences of
hyperglycemia action on erythrocytes. Excessive or insufficient functional activity of leu-
kocytes leads to a higher susceptibility to infections in patients with DM. Patients with
DM and acute coronary syndrome have a higher risk of cardiovascular complications
and recurring ischemic occurrences compared to healthy people [22].

It is known that photobiomodulation therapy (PBM therapy) has antioxidant and
antihyperglycemic effects [19]. We investigated the influence of PBM therapy on blood
cells functioning by exploring oxygen-transport function of erythrocytes, their antioxi-
dant status and also the state of L-arginine/NO system in leukocytes. We tested our
hypothesis of protoporphyrin functioning as a primary chromophore for PBM therapy.

MATERIALS AND METHODS

The object of research. The study was performed on male Wistar rats weighing
130-180 g, which were kept in standard vivarium conditions with free access to food
and water. Manipulations with animals were performed according to General Ethical
Principles of Animal Experiments approved by the First National Congress for Bioethics
(Kyiv, 2001), which agrees with the provisions of the European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental and Other Scientific Purposes
(Strasbourg, 1986).
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Induction of experimental diabetes mellitus (EDM). EDM was induced by intraperi-
toneal injection of streptozotocin (“Sigma”, USA), diluted in 10 mM Na-citrate buffer
(pH 4.5) at the rate of 6 mg of streptozotocin to 100 g of an animal’s mass. The develop-
ment of EDM was controlled by measuring fasting glucose concentration in blood 72 h
after injection. Rats with blood glucose concentration above 12 mmol/L were used in the
experiments.

Design of experiment. Animals were divided into 4 groups: 1 — control animals;
2 —irradiated control animals; 3 — animals with EDM; 4 — irradiated animals with EDM.
14 days after the induction of EDM, rats were exposed to PBM therapy for 5 min daily
for 10 days with the installation “Device for conducting studies of optical radiation local
effects on rats” (utility model patent No 78787 from 25.03.2013). The light source was
matrix of 30 ultra-bright light-emitting diodes. Irradiation wavelength was 630—-660 nm
and a total power was 150 mWt, which is an analogue to Barva Fleks/FM photon matrices
(Laser and Health Corporation, Ukraine).

Blood collection. After 10 days of irradiation, blood was collected by decapitation of
animal using ether anesthesia. For preventing blood clotting samples were collected
into the vials with heparin (final dilution heparin : whole blood = 1:100).

Isolation of rats’ blood leukocytes. Leukocytes were isolated by fractional centri-
fugation in ficoll-triombrastum gradient (p = 1.076-1.078). The collected cells were
washed twice by phosphate buffer saline (PBS: (137 mM NaCl, 2.7 mM KCI, 10 mM
Na,HPO,x 7H,0, 1.8 mM KH,PO,, pH 7.4) and immediately used in experiments or
instantly frozen with liquid nitrogen and stored at -20 °C.

Leukocytes (2 x 10°) were lyzed using 25 mM Tris-HCI buffer (pH 7.5) containing
0.5% Triton X-100, 100 mM KCI, 5 MM MgCl,, 2 MM EDTA and a cocktail of protease
inhibitors (“Carl Roth GmbH+Co. KG”, Germany, Art. No. 3751.1). Lysates were centri-
fuged for 15 min at 8000 rpm and supernatant was used in the experiments.

Preparation of blood smears. Approximately 10—15 uL of freshly collected blood
was applied as a droplet on glass slide. Smear was made with a grounded glass, placed
at 45° to a glass slide. The obtained smears were dried and fixed in absolute methanol
(for 3—5 min). Dried and fixed blood smears were stained by Romanowsky—Giemsa for
30-35 min, washed with water and dried. The Leukocyte formula of whole blood was
calculated using a microscope.

Determining catalase activity (EC No. 1.11.1.6) [10]. The method is based on the
ability of H,0, to form a stable stained complex with molybdate salts.

0.5 mL 0.05 M Tris-HCI (pH 7.8) and 1 mL 0.03% H,O, was added into vials. In the
experimental vial, 50 uL of sample was added. All vials were incubated for 10 min
at 37 °C and after that 0.5 mL of 4% ammonium molybdate was added. After that
we added 50 pL of sample in blank vials and immediately measured the optical density
at A = 410 using water as a blank. Catalase activity (in pmol H,O, per 1 min x mg of
protein) was calculated by formula:

_ AE-V.n
g-C-t-o-l’
where AE is the difference in extinction between blank and experimental samples; V —
total volume of mixture in cuvette, mL; n — dilution of initial sample; € — milimolar coeffi-
cient of extinction, 22.2 cm?/umol; C — protein concentration in the sample, mg/mL; ¢ —
time of reaction, min; oo — sample volume, mL; / — optical path length, cm.
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Determination of hemoglobin affinity to oxygen [1; 7]. The affinity of hemoglobin to
oxygen was evaluated by spectrophotometric method in Ivanov's modification by draw-
ing oxygenation curves.

Erythrocytes were hemolyzed by 3.3 mM K*/Na*-phosphate buffer (pH 7.36).
The experiments were conducted using hemoglobin solution with optical density before
deoxygenation 0.400-0.500 at wavelength 560 nm that is equal to concentration
4.5-5.0 x 105 M.

The device (saturator) consists of a tonometer and a system of dosing and exchange
of gas components, was used for the experiments.

The cuvette was filled with 4 mL of hemoglobin solution. To avoid rapid foaming of
the solution when pumping air, the cuvette was placed in chilled water. For better deoxy-
genation, the cuvette was gradually heated to 37 °C.

The degree of hemoglobin conversion into deoxy form was controlled spectropho-
tometrically using the approximate criterion of complete hemoglobin deoxygenation
D../D.,, = 1.24, where D — optical density of solution.

Optical density of deoxyhemoglobin solution was measured at wavelength
A = 558 nm. Partial pressure of oxygen was increased by adding dosed portions of air.
After thermostating for 5 min, optical density of the solution was measured. 6—8 measure-
ments were registered and based on these results, curves of hemoglobin dissociation, i.e.
curves of dependence of hemoglobin saturation with oxygen (%) from partial pressure of
oxygen (mm Hg) were drawn. From these curves, P, index was calculated. P, is the
main index that was used to determine affinity of hemoglobin to oxygen.

Determination of protoporphyrin content [21]. To 0.2 mL of distilled water, 0.05 mL of
whole blood was added. After thorough mixing, 0.05 mL of the obtained hemolysate was
added to 1 mL of ethylacetate-glacial acetic acid mixture (4:1 by volume), mixed and
centrifuged for 3 min at 3000 rpm. The obtained supernatant was decanted and added to
1 mL of 1.5 M HCI. The solution was mixed and centrifuged for 1 min at 3000 rpm. Two
distinctive liquid phases were obtained: ethylacetate (brown) and HCI (transparent).
Using spectrofluorometer Shimadzu RF-6000, fluorescence spectra of transparent
phase was measured at excitation wavelength of 408 nm and emission wavelengths of
645-680 nm. Using software LabSolutions RF ver. 1.15 area under the peak at 662 nm
was measured. Protoporphyrin content was expressed as AU per 1 uL of blood.

Determination of nitrite anion (NO,") content [15]. The content of nitrite anion was
determined in samples of leukocyte lysates. Deproteinization was performed by adding
96% ethanol to samples with next centrifuging for 20 min at 5000 rpm at 20 °C. 100 uL of
the obtained supernatant and 100 uL of Griess reagent (0.05% N (1-naphthyl)-ethylene-
diamine and 1% sulphanilamide in 12% acetic acid in proportion 1:1) were added into
microplate vials. The blank vial instead of the sample contained 100 uL of distilled water.
Vials were incubated for 30 min at 37 °C and optical density at wavelength A = 540 nm
was measured. The result was calculated by means of a calibration curve that was
drawn using standard solutions of sodium nitrite.

Determination of total and inducible NO synthase (NOS) activity [15; 2]. At determi-
ning total NO synthase activity. 10 mM of HEPES buffer, containing 1 M MgCl,, 1 M CaCl,,
3 mM L-arginine and 0.1 mM NADPH(H*) was added to the obtained supernatant of leu-
kocytes lysate. Samples containing full substrate mixture and H,O were used as blank.
After 30 min incubation of the samples at 37 °C the reaction was stopped by addition
of 96% ethanol in 1:4 proportion. The samples were centrifuged for 20 min at 3000 rpm.
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100 pL of the obtained supernatant and 100 uL of Griess reagent were added into
microplate vials, the mixture was incubated for 30 min at 37 °C and optical density at
wavelength A = 540 nm was measured. Total NO synthase activity was expressed as
nmol of newly formed NO, for 1 min per 1 mg of protein.

Determination of inducible NO synthase activity. The method is similar to above-
mentioned but for determining Ca%-independent NOS activity EDTA was added to the
incubation mixture instead of CaCl,.

Statistical analysis of results. Statistical analysis of results was carried out using
Microsoft Excel 2016 program. The calculation of the main statistical indicators was per-
formed based on direct quantitative data (arithmetic mean value — M; standard error of the
arithmetic mean — m). The difference between indices was evaluated using Student crite-
ria. The difference was considered significant at p = 0.95 (level of significance P < 0.05).

RESULTS AND DISCUSSION

Peripheral blood is the system that reflects the state of the whole organism as it
is affected by the action of factors that provoke the development of pathology of any
etiology. Most often, in pathological conditions there are impairments in oxygen trans-
port function of erythrocytes and immune system disorders, for which leukocytes are
responsible.

Hemoglobin is the main protein in erythrocytes. This complex protein contains pros-
thetic group — heme. Heme is the complex of protoporphyrin IX that belongs to the class
of porphyrin compounds with iron (lI) atom. Such a colored compound as hemoglobin
could be a good candidate for the role of a chromophore in blood for PBM therapy.

Curve of oxyhemoglobin dissociation (COD) reflects saturation of hemoglobin with
oxygen (y-axis) as a function from oxygen partial pressure (x-axis). Sigmoid or S-form of
the curve is caused by positive cooperation of hemoglobin [18]. An important index of the
level of hemoglobin oxygen affinity is P, — pO, value at which hemoglobin releases 50%
of bound oxygen. As a result of our research, it was revealed that during EDM there is
a shift of COD to the left and a 1.4-fold decrease in P, compared to control (Table 1).

Table 1. P, values under the studied conditions (mm Hg)
Tabnuuys 1. 3Ha4veHHs Py, 3a nocnigxxyBaHux ymoB (MM pPT. CT.)

Group of animals Ps, (M £ m)
Control 26.29 + 2.68
Control + PBM 20.00 + 1.61*
EDM 18.71 + 1.05*

EDM + PBM 21.75 £ 1.06*

Comments: * —significant difference compared with the control, P < 0.05; # — significant difference compared
with EDM, P < 0.05

MpuMiTkn: * — pi3HNUUS BiporigHa NopiBHAHO 3 KOHTponeMm, P < 0,05; # — pi3Huus BiporigHa nopisHaHo 3 LI,
P <0,05

The shift of COD to the left indicates the development of hypoxia state in an orga-
nism. The increase in methemoglobin and glycosylated hemoglobin content during EDM
contributes to an increase in hemoglobin affinity to oxygen. This prevents allosteric regu-
lation of oxygen transport function of oxyhemoglobin involving 2,3-diphosphoglycerate.

ISSN 1996-4536 (print) e« ISSN 2311-0783 (on-line) e BionoriyHi Ctygii / Studia Biologica e 2021 « Tom 15/ Ne 3 ¢ C. 3-16



8 O. I. Karmash, M. Ya. Liuta, N. V. Yefimenko, N. O. Sybirna

During PBM therapy of healthy animals, there was a shift of COD to the left and
a 1.31-fold decrease in P, whereas during irradiation of animals with EDM, there was
a shift of COD to the right and a 1.16-fold increase in P, compared to indices in the
nonirradiated animals (Fig. 1).

100
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70 —e— Control
60 —eo— EDM
& 50 Control + PBM
40 EDM + PBM
30
20
10
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0 10 20 30 40 50 60 70

mm Hg
Fig. 1. Typical curves of oxyhemoglobin dissociation in rats under studied conditions.
Pwuc. 1. Tunosi kpuBi ancouiauii okcureMorno6iHy LypiB 3a JOCiMKYBaHNX YMOB

Absorption spectra of hemoglobin and oxyhemoglobin have the biggest interval at
wavelengths between 630 and 670 nm. It is possible that PBM therapy by these wave-
lengths improves the ability of the blood to transport oxygen [25]. When analyzing the
effect of low-intensity irradiation of different wavelengths on the absorption spectra of
blood and hemoglobin, it was found that lasers with wavelengths 200-240, 275 and
342 nm easily ruin protein molecules leading to the loss of hemoglobin biological func-
tion. While lasers with wavelengths above 800 nm decrease the ability of blood to trans-
port oxygen, lasers with wavelengths from 630 to 670 nm have the best efficiency [24].

Besides, in our previous researches [9], we revealed that during PBM therapy of
rats with EDM there was a decrease in glycosylated hemoglobin concentration, which is
known for higher affinity to oxygen.

An increase in P, was caused by photodissociation of oxyhemoglobin with releas-
ing of oxygen and converting of hemoglobin to deoxyhemoglobin. Therefore, the local
concentration of free molecular oxygen in the tissues can be controlled. An additional
release of oxygen prevents the development of tissue hypoxia and stimulates aerobic
metabolism of cells.

We studied the precursor substance in the synthesis of heme — protoporphyrin IX
(PPIX), because contrary to hemoglobin, protoporphyrin can be transported from the
cells to the outside, where it can act as a chromophore for PBM therapy [20].

According to the absorption spectra available in the literature, protoporphyrin has
one of the absorption peaks at 630 nm that coincides with irradiation spectra of our
device [12]. Thus, protoporphyrin can act as a primary acceptor of light energy for PBM
therapy. In the previous research, we revealed that during PBM therapy there was an
increase in hemoglobin content in healthy animals and rats with EDM [9].

It was found that during PBM therapy protoporphyrin content decreased 1.3-fold
compared to control. There is also a tendency for this index to increase during irradiation
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of rats with EDM (Fig. 2). This fact can be explained by a general hypoglycemic activity
of PBM therapy as it is known that hyperglycemia in blood inhibits ALAS enzyme activity,
which is involved in the process of heme biosynthesis [6].
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Fig. 2. Protoporphyrin content in whole & ]
blood, AU/uL. * - significant diffe- 2 . ]
rence compared with the control, g' ] .
P < 0.05; # — significant difference E— 50 b N
compared with EDM, P < 0.05 o ]
Puc. 2. BmicT npoTonopdipvHy B UinbHIin & 25 ]
kpoBi, AU/MKn. * — pisHuUs Bipo- ]
rigHa MOPIBHAHO 3 KOHTpOnem, 0 ]
P < 0,05; #* — pisHuus BiporigHa
nopiexsiHo 3 LU, P < 0,05 Control EDM Control + PBM EDM + PBM

We revealed that during EDM there was a 1.48-fold decrease in catalase activity in
erythrocytes. However, PBM therapy treatment of rats with EDM caused a 1.43-fold
increase in this index compared to nontreated animals with EDM (Fig. 3). In our previ-
ous research, we revealed similar results for catalase and superoxide dismutase activity
in leukocyte lysates [8]. We concluded that positive effects of PBM therapy occured not
because of its influence on protoporphyrin, as we did not find significant changes in
protoporphyrin content under irradiation. It is possible that PBM therapy acts due to an
influence on pro-/antioxidant balance in cell or by lowering glucose level in blood.
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Fig. 3. Catalase activity in erythrocytes E
hemolysates, pmol H,O,/min x mg > | I
of protein. * — significant difference 2 (.2 |
compared  with the control, ®
P < 0.05; # — significant difference &
compared with EDM, P < 0.05 T
Puc. 3. AKTUBHICTb kaTanasu y remonisa- S 0.1
Tax eputpoumTie, Mkmonb H,O,/
XB x Mr Birnka. * — pisHuu4 BiporigHa
NopiBHSAHO 3 KOHTponewm, P < 0,05; 1
# — pisHuUs BiporigHa MoOpiBHSHO 0.0
30, P<0,05 Control EDM Control + PBM EDM + PBM
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To investigate the effect of PBM therapy on blood system in more detail, we exami-
ned the composition of the leukocyte blood formula under the studied conditions. We
revealed a significant increase in segmentonuclear neutrophils number (1.23 times) and
a decrease in lymphocytes number (1.05 times) in PBM treated rats with EDM (Table 2).
These results can indicate the intensification of the innate immune system and, more
importantly, a potential activation of oxidative-nitrative stress development as neutrophil
granulocytes can produce a big amount of ROS in response to stimulation.

Table 2. Leukocyte formula of blood, %
Tabnuys 2. NenkouuTtapHa popmyrna KpoBi, %

Groups of animals Control EDM Control + PBM EDM + PBM
Cell types Mm M+m M:m Mm
Band neutrophils 1.00+0.63 1.36+0.26 1.13+0.41 1.65+0.46
Segmented neutrophils 17.90£1.40 15.81%1.77 18.43+2.48 22.03+1.76*
Lymphocytes 73.141£0.82 75.48+1.40  74.82+2.20 69.63+1.56*
Eosinophils 2.40+0.37 3.23+0.46 1.73+0.56 2.20+0.28
Monocytes 5.58+0.69 4.10+0.53 3.20+0.41 4.45+0.56
Basophils 0.00+0.00 0.06+0.06 0.75+0.75 0.05+0.05

*

Comments: * —significant difference compared with the control, P < 0.05; # — significant difference compared

with EDM, P <0.05

Mpumitkn: * — pisHMUSA BiporigHa NopiBHsIHO 3 KoHTponeMm, P < 0,05; # — pisHuua BiporigHa nopisHsHo 3 LI,
P <0,05

In this study, we paied attention to the nitrative part of oxidative-nitrative stress
system, namely NO synthase activity and nitrite content.

As a result of our research, we found that total NOS activity in leukocytes of rats with
EDM was 2.48 times higher compared to healthy animals. Instead, PBM therapy caused
a 2.5-fold decrease in total NOS activity in leukocytes of rats with EDM compared to
nontreated rats with EDM (Fig. 4). Besides, we revealed a 2.02-fold increase in inducible
NOS (iNOS) activity in leukocytes of animals with EDM compared to the control group.
PBM therapy treatment of healthy animals also caused a 1.45-fold increase in iNOS in
leukocytes. PBM therapy had no significant effect on iINOS activity in leukocytes of rats
with EDM but there was a tendency for this index to decrease (Fig. 5).

One of the consequences of oxidative-nitrative stress that develops during diabetes
is an increase in lipid peroxidation (LPO) in cell and mitochondrial membranes leading
to the suppression of active Ca?* transport and to an increase in membrane permeability
to Ca?* [13]. It is known that chronic hyperglycemia leads to an increase in endothelial
NOS expression [5]. Ca?* ions become the reason of endothelial and neuronal NOS
activation by binding of calcium-calmodulin to region (30 amino acid-long) that connects
oxygenase and reductase domains of subunits [23]. One of the reasons for the decrease
in total NOS activity may be an increased activity of antioxidant enzymes that results in
a suppressed production of superoxide-anion radical (‘O%*) and diminished LPO. LPO
suppressing leads to a decreased permeability of membranes to Ca?* ions and restoring
of their active transport in ER and mitochondria. The other reason may be a competition
for the substrate (L-arginine) with iINOS that have an increased activity due to PBM
therapy.
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As mentioned above, the development of oxidative-nitrative stress becomes the
reason for an increased Ca?* concentration in cytoplasm. Ca?* ions activate intracellular
processes, in particular assembling of NADPH oxidase complex on the membrane. This
is caused by an increased production of "O, that, in turn, becomes the reason for an
elevated biosynthesis of NO by iNOS and enhanced LPO leading to an increased per-
meability of membranes to Ca?* [14]. Nitric oxide produced in mitochondria can inhibit
cellular respiration by binding with cytochrome c oxidase and displacing of oxygen. It is
known that PBM therapy can cause releasing of NO from cytochrome c oxidase and, in
such a way, restoring mitochondrial respiration [3].

Availability of NO synthase mechanism ensures endogenous synthesis of NO
which is eventually oxidized to nitrites and nitrates. Thus, the increase in total NOS and
iINOS activity in animals with EDM and in the irradiated control group of rats can be the
reason for an increased nitrite level in leukocytes.
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Indeed, we revealed a 1.92-fold increase in NO, in leukocyte lysates of rats with
EDM compared to control. Under the PBM therapy treatment, NO, content in rats with
EDM was significantly (1.47 times) lower than in nonirradiated animals with EDM (Fig. 6).

0.4 -
0.3 -

0.2 ] 4 Fig. 6. NO, content in leukocytes lysates,

1 puM. * — significant difference com-
pared with the control, P < 0.05;
# — significant difference compared
with EDM, P < 0.05

Puc. 6. Bmict NO, y nisatax nenkoumTis,
MKMOfb. * — pi3HMUSA BiporigHa
NOpIBHSHO 3 KOHTponewm, P < 0,05;

. . . # — pisHUUS BiporigHa MOPIBHSHO

Control EDM  Control + PBM EDM + PBM 3UA,P<0,05

NOj, uM

It is known that ROS production in leukocytes is accompanied by an increased
consumption of oxygen that is necessary for further conversion of nitrites to nitrates. At
the same time, the interaction of NO with ‘O, leads to the formation of a highly toxic
compound — peroxynitrite, one of the decay products of which are nitrite ion and hydroxyl
radical [17]. It is also known that in conditions of oxygen deficit endothelial NOS can
manifest nitrite reductase activity generating NO [4; 11]. As mentioned above, the con-
sequence of PBM therapy treatment of rats with EDM is the increase in catalase and
superoxide dismutase activity. This results in a decrease in peroxynitrite and ‘O, pro-
duction and also in an increase in O, concentration that causes the decrease in NO and
NO, content.

CONCLUSION

Based on the results of our study, conclusions can be drawn that PBM therapy
has a positive corrective effect on blood system during EDM, in particular it improves
the release of oxygen from hemoglobin molecules and prevents hypoxia. Simultane-
ously with an increase in tissue oxygen saturation, a decrease in NOS activity and
nitrite content along with an increase in catalase activity prevent oxidative-nitrative
stress. We consider appropriate and promising further research on molecular and
biochemical mechanisms of PBM therapy effects on the blood system and the whole
organism and on possibilities of using phototherapeutic devices as non-pharmacolog-
ical and non-invasive methods of treatment (adjuvant therapy) for patients with diabe-
tes mellitus.
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BMNNIMB ®OTOBIOMOAYNALUINHOI TEPANIT HA OKPEMI MOKA3HUKN
®YHKUIOHAIIbHOIO CTAHY KNITUH KPOBI LLYPIB 3A YMOB
EKCNMEPUMEHTAJIIbHOIO LIYKPOBOI'O OIABETY

O. I. Kapmaw, M. 5. Jlloma, H. B. E¢himeHko, H. O. CubipHa
JIbeiecbKuli HayjoHanbHUl yHigepcumem iMeHi leaHa ®paHka
syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa

BcTyn. LlykpoBuii giabeT — Lie XpOoHiYHE eHAOKPUHHO-0OMiIHHE 3aXBOPIOBAHHS, sIKe
3yMoBIieHe abCcomnTHOK abo BiAHOCHOK HEAOCTaTHICTIO iHCYniHY. 3a agiabeTy BUHMKa-
l0Tb ifeanbHi yMOBM AMNS PO3BUTKY OKCMAATMBHOIO CTpecy: 36inbLuyeTbCA BMICT Cy6-
CTpaTiB OKMCHEHHS!, 3MEHLLYETBCS BMICT NPUPOOHNX aHTUOKCUMAAHTIB, @ TaKOX 3HWXKY-
€TbCSl aKTUBHICTb aHTUOKCUOAHTHUX cuctem. Bigomo, wo dpotobiomoaynsuinHa Tepa-
nis Mae aHTUOKCUAAHTHI 11 aHTUrINepriikeMiydHi epekTn, ToMy M1 BUPILLWAM JOCAIANTH
1T BNAMB Ha (PYHKLiOHYBaHHS CUCTEMW KPOBI.

MaTepianu Ta metogu. [locnigkeHHs NpoBOAMNN Ha camusx LypiB niHii Wistar.
EkcnepvMeHTanbHUIM LyKpoBUIA AiabeT iHAyKyBanu BHYTPILLHbOOYEPEBUHHUM BBEOEH-
HAM CTpPenTo30ToLUMHY. JlenkoumtapHy copmyny nigpaxoByBanu Ha Maskax UifibHOT
kpoBi, 3acapboBaHux 3a PomaHOBCHKMM-TiM30t0. AKTVBHICTb KaTanasy BU3HaYany
cnekTpooToMeTpU4HUM MeTodoM. CropigHeHICTb reMornobiHy A0 KWCHKO BMBYamnu
CnekTpodPOTOMETPUYHUM METOAOM Yy Moaudikauii IBaHoBa nobygoBOK KPUBMX OKCU-
reHauii. BMict npotonopgipvHy B LiNbHIiN KpOBI BU3Ha4Yanu, aHani3yroum Moro cnekTpm
dontoopecueHLii. BMicT HiTpuT-aHioHiB, cymapHy akTuBHiCTb NO-CUHTa3n 1 akTUBHICTb
iHoyumbenbHoi NO-cnHTasn BM3Havanm cnekTpooToMeTpUYHUM METOAOM.

PesynbraTtu. 3a Bnnuey doTtobiomoaynsauiiHoi Tepanii Ha 300poBUX TBAapWH BiA-
ByBa€eTbCA 3CyB KPMBOI AMcouiaLii okcMreMornobiHy niBopyY i 3MeHLweHHs P, Toai Sk
3a Aii onpoMiHEeHHs Ha TBapWH i3 AiabeTom — 3CyB KpMBOi NpaBopyy Ta 36inblueHHs Py,
MOPIBHSIHO 3i 3HAYEHHAMM Y HEONPOMIHEHMX TBapWH. 3a AiabeTy BMICT npoTonopdipuHy
3HWXKYETLCS MOPIBHAHO 3 KOHTPOMNeM, MpoTe CrocTepiraeTbCs TEeHAEHUis OO0 nigBu-
LLIEHHS1 LbOro NokasHuka 3a aii otobiomoaynsauiviHoi Tepanii. 3a giabety BigOyBaeTbCs
3HWKEHHSA aKTMBHOCTI Katanasu y remonizatax eputpoumntis. OgHak 3a gii gotobiomo-
OynauinHoT Tepanii y WypiB i3 giabeTom cnocTepiraeTbes NiABULLEHHS LIbOro NokKasHuka.
Mwn BUSIBUNM OOCTOBIPHI 3MiHK Y NenkounTapHi doopmMyni 3a aii gpotobiomoaynsauiiHoi
Tepanii. AkTMBHICTb cymapHoi NO-cuHTasn y nenkoumTtax LypiB i3 giabetom Gyna
BUMLLIOKO MOPIBHSIHO 3 IPYMor0 300pOBMX TBApPUH, NPOTe 3HWXKYyBanacs 3a fii gpotobiomo-
aynauiiHoi Tepanii. Mn BUSBUIM NigBULLIEHHST akTUBHOCTI iHAyLUmOenbHoi NO-cnHTasn
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y NnenkounTax TBapuH i3 giabetom i B nerkoumTax 30opoBMX TBApUH 3a aii goTobiomo-
AynauinHoi Tepanii. BctaHosneHo 3poctaHHs BmicTy NO, ™ y nisatax nemkouuTis LypiB
3 giabetom. 3a gii otobiomogynsuinHoi Tepanii BMicT NO, y WwypiB i3 giabeTom gocto-
BipHO 3HWXXyBaBCSl.

BucHoBkK. PoTobioMmoaynsuinHa Tepaniss Mae KOpUrytody Aitd Ha CUCTEMY KPOBI
3a giabeTy, 30KpemMa, NoKpaLLlye BUBINIbHEHHS KMCHIO 3 MOEKYN reMornobiHy i 3anobirae
PO3BMWTKOBI MMNOKCUYHMX CTaHiB. OgHOYaCcHO 3i 36iMbLIEHHAM HAaCUYEHHS TKAHUH KMCHEM
3HWKEHHA akTUBHOCTI NO-CMHTa3m Ta BMICTY HITPUTIB, @ TaKOX NiABULLEHHS] aKTUBHOCTI
KaTanasu 3anobirae po3BMTKOBI OKCMOATUBHO-HITPATUBHOIO CTPECY.

Knroyoei cnnoea: uykpoBuii aiabet; cdoTobiomogynsuinHa Tepanisi, reMornoo6iH,

NO-cuHTasa
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