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Abstract
Low-level laser therapy (LLLT) is widely used in clinical practice for treatment of various pathologies. It is assumed that LLLT
impact on microcirculation is among the mechanisms underlying its therapeutic effect. The microcirculation disorder is observed
in the pathogenesis of any inflammatory process and is significantly influenced by red blood cells (RBCs). On this point, studying
the RBCs morphology under the influence of LLLT on alterated organism is of scientific interest and practical importance. The
aim of the present study was to analyze the LLLTeffect onmorphokinetic parameters of RBCs in hyperadrenalinemia. The LLLT
effect was analyzed on rats intraperitoneally injected with adrenaline hydrochloride solution (0.1 mg/kg). As the comparison
groups, the effects of LLLT, adrenaline, or saline injection as well as the parameters of intact animals were studied. LLLT was
applied on the occipital region of rats for 10 min. The light irradiation with pulse frequency 415 Hz at 890 nm wavelength and
average power density in the plane of the output window at 193 μW/cm2 was used. The dynamics of morphological character-
istics of RBCs was studied by phase interference microscopy; the RBC electrophoretic mobility was tested by microelectropho-
resis technique; photometric analyses of the RBCs amount, hemoglobin content, and osmotic fragility were performed. The
adrenaline injection resulted in a significant increase in the amount of RBC pathological forms and a decrease in discocytes and
normocytes by more than 50%. An increase in the optical density of RBC phase portraits, a decline in osmotic resistance, and
electronegativity of RBC membranes and a reduction of their number in peripheral blood were also registered. The revealed
effects persisted for 1 week after the adrenaline administration. LLLT did not significantly impact on the RBC parameters 1 h
after adrenaline injection. However, a day later, LLLT reduced the severity of the adrenaline effect on RBSs, which was
manifested in a decreased amount of the pathological forms of RBCs, restored RBC phase portraits, higher electrophoretic
mobility and osmotic resistance, and RBSs amount in peripheral blood restored up to the level of intact animals. We suppose
that the mechanism of LLLT action is realized both at cellular level through the laser radiation effect on RBC membranes, and at
systemic level through the activation of stress-realizing systems of the organism with subsequent limitation of inflammatory
response.
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Introduction

The effectiveness of low-level laser therapy (LLLT) has been
demonstrated in numerous experimental and clinical studies
for correction of functional disorders, suppression pain, and
anti-inflammatory reactions in patients with cardiological,
neurological, endocrinological, and oncological diseases [1,
2]. However, there is still no generally accepted concept about
mechanisms of LLLT action on biological objects. It was
shown that some clinical and photobiological effects of
LLLT may be manifested more or less intensively and depend
on various factors such as wavelength, power, and type of
irradiation. Moreover, the overall influence on cells, particular
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tissue, and whole organism may be either positive or negative
[3]. It cannot be ruled out that laser irradiation may provoke a
considerable inhomogeneity of a temperature gradient in tis-
sues [4].

The direct effect of LLLT on biochemical processes is me-
diated by photoacceptors. LLLT induces biochemical changes
in cells due to the absorption of photons by cellular photore-
ceptors [5]. The enzyme cytochrome c-oxidase is considered
as an endogenous photoacceptor [6], leading to the induction
of ATP synthesis [7, 8]. The important role is played by LLLT-
induced generation of reactive oxygen species (ROS). The
mediating effect of ROS is associated with the modulation
of nitric oxide synthase (iNOS) [9] and protein kinase C ac-
tivity [10], expression of specific genes associated with a con-
trol of proliferation [11]. An activation of redox-dependent
signaling affects expression of a number of transcription fac-
tors [12] and pro-inflammatory cytokines [13, 14], and in-
creases the activity of heat shock proteins [15].

The revealed variety of cell responses to the action of LLLT
is reflected in the final complex response of organs and sys-
tems of the organism. It should be noted that a pathological
process develops on the background of disadaptation of the
organism, which is often based on sympathetic hyperactivity.
For example, pain syndrome, trauma, and hemodynamic dis-
order are accompanied by transient hyperadrenalinemia.
Activation of sympathoadrenal system exacerbates the prog-
ress of ischemic heart disease. Hyperadrenalinemia can ac-
company the development of tumors, recurrent myocardial
infarction, and sudden death [16, 17].

A damaging factor provokes the development of the in-
flammatory process [18], which passes in its development
through a phase change in the ischemia-reperfusion cycle with
impaired microcirculation. Any influence reducing the
prolonged ischemic stage will have a beneficial effect on the
subsequent development of the disease. It has been reported
that laser irradiation can increase a linear blood flow velocity
and vascular diameter [19]. The significant role of RBCs in
microcirculation must be mentioned. In turn, RBCs are sensi-
tive to the action of adrenaline, which affects their membrane
fluidity and deformability [20]. Thus, issues related to the
LLLT effect on the morphological parameters of RBCs are
of current interest.

The aim of the present work was to study the LLLT effect
on the morphological parameters of rat RBCs in
hyperadrenalinemia conditions.

Materials and methods

Animals and anesthesia conditions

The study was conducted on 50 non-linear white female rats
aged 3.5–4 months weighing 200 ± 20 g. The animals were

housed and the experiment was performed in accordance with
Universal Declaration of animal rights and with the Order of
the Ministry of Health of the Russian Federation No. 199n of
April 1, 2016, BApproval of the good laboratory practice.^

All the operative treatments were accompanied by the use
of zoletil and xylazine anesthesia in the following combina-
tion: zoletil (Virbac, France) 0.3 mg intramuscularly; xylazine
(Nita-Farm, Russia) 0.8 mg intramuscularly; and 0.1% atro-
pine sulfate in 0.01 ml subcutaneously. The dosages were
calculated to 100 g of animal weight. The effect of anesthesia
was verified by disappearance of the reaction to pain stimuli
(paw prick) and inhibition of the corneal reflex.

Treatment groups

Animals were randomly assigned into four treatment groups
(10 rats per group) with the following treatment schemes. The
animals of group 1 (Badrenaline^ group) received a single
intraperitoneal injection of adrenaline hydrochloride solution
(0.1 mg/kg). The animals of group 2 (Badrenaline+LLLT^
group) received an adrenaline hydrochloride injection
(0.1 mg/kg) and in 30 min were exposed to laser irradiation
for LLLT. The animals of group 3 (BLLLT^ group) were treat-
edwith LLLT. The group 4 (Bintact^ group) comprised control
intact animals. The animals of group 5 (Bsaline^ group) re-
ceived a saline solution injection.

LLLT procedure

The time point for LLLT was chosen based on adrenaline
pharmacodynamics: The maximum effect is observed
20 min after subcutaneous injection; the rate of reaction de-
velopment after intraperitoneal administration is variable. The
preliminary determination of the adrenaline concentration in
blood of the rats by ELISA method showed its maximum
increase by 30 min after administration.

For LLLT, the rats placed in an open chamber were ex-
posed to laser irradiation at the occipital region for 10 min
from a distance of 5 mm. The duration of the exposition was
determined according to the time for a standard physiological
procedure. The therapeutic laser apparatus BUspekh^
(Voskhod, Russia) was used as an irradiation source. The
pulsed irradiation with wavelength at 890 nm, pulse frequency
at 415 Hz, and average power density in the plane of the
output window at 193 μW/cm2 was applied.

Blood sampling in adrenaline, adrenaline+LLLT, and con-
trol groups was performed from the sublingual vein 1 h, 1 day,
and 1 week after adrenaline administration. In LLLT group,
the blood was sampled 30 min after the beginning of the
experiment to ensure time compatibility between adrena-
line+LLLT and LLLT groups.
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Study of RBCs morphology

The RBC amount and hemoglobin concentration were ana-
lyzed using an automatic hematology analyzer Abacus
Junior Vet (Diatron, Austria).

The RBC morphology was studied in unwashed samples,
since the previous experiments had shown a positive effect of
the presence of blood plasma components on the preservation
of the cell form. The drop of the cell suspension was placed on
the microscope slide between two plastic cover glasses.
Vaseline oil was applied to seal the perimeter and prevent
liquid flows and drying of the spacemen. RBCs were shown
to preserve the normal discoid form in such the microchamber
during several hours and up to a day.

The cell morphology was studied using laser interference
microscope MIM-340 (Yekaterinburg, Russia) equipped with
an objective lens × 30 (NA = 0.65). Two modes of image ac-
quisition were applied: the phase contrast mode, sensitive to the
object thickness, and the backscattering mode, sensitive to the
displacement of the object boundaries. The object was scanned
by a laser with 650-nmwavelength. Images were captured with
CCD camera VS-415U (NPK Videoscan, Russia) with resolu-
tion 782 × 582 pixels. The frame size was 195 × 145 μm. The
lateral resolution of the method is up to 15 nm, the axial reso-
lution is 0.1 nm, and the relief depth is up to 600 nm. The time
for an image acquisition was about 10 s. The signal during the
generation of the phase portrait was normalized by the wave-
length. The reconstruction of the phase images was carried out
using the phase stepmethod (WinPhast software, USA); further
image processing was performedwith FIJI andMicrocal Origin
Software (Microcal Inc., USA) [21].

RBC morphometry was performed by integral analysis of
the cell population (100 cells in each treatment group) by
morphological characteristics: the percentage of cell distribu-
tion in shape and diameter.

Analysis of RBCs electrophoretic mobility

The RBCs were washed thrice with 0.85% sodium chloride
solution, being collected each time by centrifuging at
1500 rpm for 10 min (PE-6910, Ekros, Russia). The blood
was stabilized with heparin (5 U/ml). The erythrocytes elec-
trophoretic mobility (EEM) was tested by microelectrophore-
sis technique [22]. The RBC suspension (20 μl) was diluted
with 10 mM Tris-HCl buffer (pH 7.4) and placed in an elec-
trophoresis chamber. The time for RBCs passing 100 μm dis-
tance at 8 mA current was recorded.

The EEM value was defined using the equation:

U ¼ S=T � H;

where S is the distance passed by the cells, T is the time, andH
is the gradient of electric potential.

The gradient of electric potential H was determined from
the equation:

Н ¼ I=gχ;

where I is the amperage, g is the chamber cross section, and χ
is the electrical conductivity of the media.

Measuring of RBCs osmotic fragility

The osmotic fragility (OF) of RBCs was measured using a
series of sodium chloride solutions with concentrations from
0.9 to 0.1% with 0.1% step. The suspension of washed RBCs
(20 μl) was added to 0.5 ml of the sodium chloride solution.
After 30 min incubation, RBCs were removed by centrifuga-
tion. The degree of hemolysis was determined photometrical-
ly by measuring hemoglobin concentration in the supernatant
at 540 nm using KFK 3-01 (Zagorsk Optical-Mechanical
Plant, Russia) [23].

Statistical analysis

Statistical analysis was performed using ANOVA (BIOSTAT
software). A value of p < 0.05 was considered as statistically
significant.

Results

The analysis of interferograms of RBC of intact animals
showed that 86% of the cells were represented by discocytes,
11% by echinocytes, and 2.5% by stomatocytes, and
degeneratively altered cells were not detected (Fig. 1).
Normocytes with a cell diameter of 7.0 to 7.7 μm prevailed
and accounted for 85% of all RBCs (Fig. 2). Phase portraits of
RBCs were represented by typical discocytes with a bicon-
cave cell shape and a uniform distribution of hemoglobin: The
wavelength of phase portraits was in the region of 500–
600 nm (Fig. 3).

After LLLT, the percentage of the RDC morphological
forms did not differ from the intact animals (Fig. 1). The
proportion of normocytes also remained the same (Fig. 2).
However, the phase portraits of the cells 1 h after LLLT expo-
sure were characterized by the appearance of a large number
of convexes and bulges in both discocytes and echinocytes
(Fig. 4A). The wavelength of the RBCs phase portraits in-
creased up to the region of 600–700 nm. One day later, the
cell surfaces became smoother (Fig. 4B), although the phase
portraits wavelength remained in the 600–700 nm region,
which was significantly higher compared to RBCs of the in-
tact animals. The recovery of the RBC phase portraits to that
of the intact group were registered 1 week after the LLLT
treatment.
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The morphological heterogeneity of the RBCs pool was a
characteristic feature under the action of adrenaline: A de-
crease in the number of discocytes with the corresponding
increase in transitional (echinocytes, stomatocytes) and de-
generative forms was significantly expressed at 1 h and
1 day after adrenaline administration (Fig. 1). Phase portraits
of RBCs of the rats with hyperadrenalinemia at 1 h time point
were characterized by the appearance of a large amount of
echinocytes, an increased sphericity of the cells, and the ap-
pearance of degeneratively altered cells (Fig. 5A). In a day, the
morphological modification of the RBCs was preserved: the
diameter of the cells and the thickness in the edge region
decreased, and the size of the central zone increased
(Fig. 5B). One week after adrenaline administration, the
discocytes had a reduced concave depth of the central zone

(Fig. 5C). Long wavelength in the 600–700 nm region
prevailed in the RBC phase portraits. The RBC poikilocytosis
was accompanied by anisocytosis. The normocyte amount
decreased by 60% in 1 h on account of the rise in number of
microcytes by 7 times and macrocytes by 1.5 times compared
to the parameters of the intact group (Fig. 2). The recovery of
the RBCs size to the normal values was not observed until the
end of the experiment.

LLLTon the background of hyperadrenalinemia resulted in
RBC characteristics similar to that after adrenaline adminis-
tration at 1 h time point: An increase in the amount of the RBC
modified forms with a decrease in discocytes (Fig. 1). In the
adrenaline+LLLT group, the number of dysocytes reduced by
67% due to an increase of echinocytes amount by five times,
and stomatocytes by six times compared to the intact group.

Fig. 1 Changes in RBC morphology induced by hyperadrenalinemia and LLLT an hour, a day, and a week after the treatment. The percentage of the
RBC morphological forms is presented. Asterisk indicates values that differ from the value in the intact animals group at p < 0.05

Fig. 2 Changes in RBCs size distribution induced by hyperadrenalinemia and LLLTan hour, a day, and a week after the treatment. The percentage of the
RBC size groups is presented. Asterisk indicates values that differ from the value in the intact animals group at p < 0.05
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Of note, the percentage of echinocytes in adrenaline+LLLT
group was higher than in adrenaline group 1 h after treatment
(Fig. 1). However, 1 day later, the dynamics of morphometric
parameters in the studied groups changed, which was
expressed in the prevalence of echinocytes and stomatocytes
under the action of adrenaline compared to adrenaline+LLLT
group. The total percentage of the pathologically changed
RBCs remained elevated in both groups compared to the in-
tact group. In a week, the morphological characteristics of
RBCs were recovered under the action of LLLT on the

background of adrenaline to the values of the intact group.
The phase portraits of RBCs revealed the growth of cell sphe-
ricity by 1 h after treatment (Fig. 6A) followed with a gradual
decrease in sphericity and an increase in echinocytes percent-
age by 1 day (Fig. 6B). The RBC membrane had a heteroge-
neous phase height around the cell perimeter. LLLT on the
background of adrenaline caused shortening of the wave-
length in the RBC phase portraits to 600–650 nm by 1 day
after treatment. By this time, an increase in the amount of
normocytes by 13% and a decrease in the microcytes by
17% were registered compared with the adrenaline group.
By 1 week, the percentage of RBCs size distribution recov-
ered to normal values (Fig. 2).

Changes in the RBCs morphology were accompanied by
changes in the RBC amount and hemoglobin concentration, as
well as RBC electrokinetic parameters and osmotic fragility.

The adrenaline administration led to the reduced amount of
RBCs and hemoglobin with the lowest values registered after
1 day of the observation (Table 1). LLLT caused a decrease of
the RBC amount and hemoglobin at 1 h time point followed
by recovery of the parameters by 1 day after treatment. LLLT
was able to correct the adrenaline-induced reduction in the
RBC amount and hemoglobin; in this case, the values of the
parameters recovered during 1 week after treatment.

Adrenaline and LLLTwere shown to have opposite effects
on EEM. The adrenaline administration led to EEM decrease
to 80–90% of the intact group values. On the contrary, LLLT

Fig. 4 3D phase portrait of RBCs in the BLLLT^ animals group.A RBCs at 1 h after treatment; images of a discocyte (A-a) and an echinocyte (A-b) are
presented. B A discocyte at 1 day after treatment.

Fig. 3 3D phase portrait of a discocyte in the intact animals group.
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induced EEM increase of 10–30%. In adrenaline+LLLT
group, the initially reduced EEM value recovered during
1 day to the level of the intact animals (Table 1).

The osmotic fragility of RBCs was not affected by LLLT;
no difference between intact and LLLT treated rats was regis-
tered (Fig. 7). On the contrary, the adrenaline administration
caused a decline in the osmotic resistance observed through-
out the course of the experiment. The significant change in the
OF was observed already at 0.8% NaCl: The RBC resistance
drops to 68% in 1 h and did not exceed 80% of the intact group
values in a week.

LLLTwas shown to abrogate the adrenaline effect onOF of
erythrocytes to a large extent as early as 1 h after treatment.
The reduced RBC resistance was registered at 0.7% NaCl (by
17% relative to the values of the intact group). One day later,

the negative effect was observed only at 0.5–0.6% NaCl (by
20 and 25%, respectively). After a week, the OF of the cells in
adrenaline+LLLT group did not differ from that in the intact
group. Of note, in adrenaline group, the RBC osmotic resis-
tance was significantly reduced in the range of NaCl concen-
trations from 0.4 to 0.8%.

Discussion

The obtained results indicate the modifying potential of LLLT
on the adrenaline-induced alterations in the morphological
parameters of RBCs. Analysis of the RBCs morphology in
adrenaline+LLLT group revealed a gradual recovery of the
RBCs form starting 1 day after the alteration compared to

Fig. 5 3D phase portrait of RBCs in the Badrenaline^ animals group.A RBCs at 1 h after treatment; images of an echinocyte (A-a), a spherocyte (A-b),
and a degeneratively altered RBC (A-c) are presented.BRBCs at 1 day after treatment; images of an echinocyte (B-a), a spherocyte, and a degeneratively
altered RBC (B-b) are presented. C A discocyte at 1 week after treatment.
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adrenaline group, in which recovery of the parameters was not
observed within 1 week. At the same time, it must be
underlined that more pathologically changed RBC forms were
detected in adrenaline+LLLT group 1 h after treatment as
compared with adrenaline group, mostly due to the growth
of a number of echinocytes and stomatocytes. The increase
in the RBC pathological forms in both the groups at the initial
stage of the study can be apparently explained by the devel-
opment of a stress reaction. Discussing the results obtained, it
should be noted that an enhancement of lipid peroxidation is
commonly considered as a universal mechanism of cell dam-
age under stressing conditions. Under LLLT, the light

absorption by porphyrins can cause the additional ROS gen-
eration [24], thus promoting the adrenaline-induced oxidative
stress. The enhancement of lipid peroxidation initiates a cas-
cade of events that manifests in a change in the morphological
structure of the cells. The presumable sequence of events may
be as follows: (i) Na,K-ATPase is a lipid-dependent enzyme
whose activity decreases with the development of a stress
reaction and is consistent with a lowered surface charge of
RBCs; (ii) the inhibition of Na,K-ATPase activity leads to an
increase in the intracellular concentration of Ca2+ due to an
activation of Na+ / Ca2+ exchange mechanism [25]; (iii) the
rise in intracellular Ca2+ activates Ca2+-dependent K+-

Fig. 6 3D phase portrait of RBCs in the Badrenaline+LLLT^ animals group. A RBCs at 1 h after treatment; images of a spherocyte (A-a) and an
echinocyte (A-b) are presented. B An echinocyte at 1 day after treatment.

Table 1 The dynamics of the hemoglobin concentration, RBC amount, and electrophoretic mobility in animal groups with various treatments

Parameter Time after adrenaline administration Treatment group

Intact LLLT Adrenaline Adrenaline+LLLT Saline

RBC amount (×1012 cell/l) 1 h 6.8 ± 1.4 4.2 ± 0.3* 4.8 ± 0.2* 4.5 ± 0.7* 6.4 ± 0.9

1 day 6.5 ± 0.4 6.6 ± 0.9 4.4 ± 0.6* 5.4 ± 0.1* 6.6 ± 0.8

1 week 6.1 ± 0.6 6.2 ± 0.9 3.9 ± 0.4* 5.9 ± 0.7# 6.3 ± 0.7

Hemoglobin concentration (g/l) 1 h 113.0 ± 2.4 77.2 ± 4.5* 84.0 ± 3.1* 76.0 ± 10.8* 109.2 ± 1.2

1 day 106.0 ± 2.8 108.1 ± 5.7 80.0 ± 5.0* 93.5 ± 3.5* 111.3 ± 1.3

1 week 104.2 ± 7.2 95.5 ± 3.3 86.0 ± 4.8* 97.8 ± 5.3# 108.4 ± 1.9

EEM (μm×cm/V/s) 1 h 1.23 ± 0.06 1.59 ± 0.08*# 1.12 ± 0.04* 1.15 ± 0.08 1.15 ± 0.05

1 day 1.32 ± 0.06 1.46 ± 0.07# 1.10 ± 0.06* 1.41 ± 0.02# 1.26 ± 0.04

1 week 1.22 ± 0.07 1.54 ± 0.05*# 1.07 ± 0.05* 1.36 ± 0.09# 1.24 ± 0.03

*Statistically significant difference from Bintact^ group, р < 0.05

#Statistically significant difference from Badrenaline^ group, р < 0.05
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channels, which increases the outflux of potassium caused by
Na,K-ATPase inhibition and leads to a cell volume compres-
sion [26, 27]; (iv) the increase in intracellular Ca2+ in RBCs
leads to an activation of a scramblase, which causes an expo-
sure of phosphatidylserine to the external surface of RBCs
[28, 29]; and (v) the phosphatidylserine exposure to the
RBCs external surface induces changes in a cell shape with
the formation of echinocytes and stomatocytes [30].

To summarize the results, the registered alterations in the
RBCs morphofunctional characteristics under the action of
adrenaline are typical for stress. The oxidative processes re-
sulted in a decreased cell charge and an elevated number of the
pathologically changed RBCs forms, which is accompanied
by a decrease in the osmotic resistance of the cells. A high
osmotic fragility is an undesirable effect, since RBCs become
more sensitive to changes in blood plasma composition and
are easily destroyed. In turn, the reduction of the negative
charge of erythrocytes leads to a decreased suspension stabil-
ity and oxygen transport function of blood [31]. The RBC
aggregates can clog the microvasculature and cause blood
flow slowdown, which ultimately lead to an adverse changes
in the blood macro-rheological parameters [32].

LLLT stimulated the development of adaptation processes,
which was expressed in a growth of the RBC membrane elec-
tronegativity and recovering of the RBCs osmotic resistance.
The normalization of the RBCs osmotic fragility was

accompanied by an increase in the RBC amount in peripheral
blood. The elevated electronegativity of the RBCsmembranes
is of high importance, since it leads to improving the rheolog-
ical properties of blood and microcirculation. It has been re-
ported that LLLT increases oxygen delivery to tissues [33].

It can be assumed that the LLLT action in the experiment
conditions can be realized directly through the influence on
blood cells flowing through the irradiated area of the head, and
through an adaptive effect of the laser irradiation on the neu-
roendocrine structures of the brain. The direct LLLT action is
mediated by chromophores such as hemoglobin, myoglobin,
cytochrome oxidase, other cytochromes, flavin, flavoproteins,
and porphyrins [34], as well as by changes in the cell redox
potential through an increased ROS generation [35, 36]. As a
result, the protein-lipid membrane structure of RBCs changes
[37]. Lipid composition and bilayer asymmetry have been
shown to affect the overall RBCs shape, as well as the
deformability of the cells.

Changes in cytoskeletal proteins that connect the bilayer and
spectrin network affect the integrity of the RBC membrane
under tangential stresses [38]. Probably, LLLT can induce the
recovery of the stress-induced alterations of the RBC protein-
lipid membrane, which is manifested in the restoring shape,
membrane surface electronegativity, and osmotic stability of
RBCs. It is important to note that the optical density of the
RBC phase portraits is also restored under LLLT in addition

Fig. 7 The dynamics of the RBCs
osmotic fragility in the animal
groups at 1 h, 1 day, and 1 week
after treatment. The percentage of
RBC resistance to hemolysis is
presented. Asterisk indicates
values that differ from the value in
the intact animals group at
p < 0.05

1610 Lasers Med Sci (2019) 34:1603–1612



to the recovering processes of the RBC membrane architecton-
ics. This observation indicates a decrease in the oxidative pro-
cesses caused by adrenaline, and the restoration of the hemo-
globin structure [39]. At the same time, we have recently re-
ported that EEM can serve as an indicator of a stress-reaction
and its elevation indicates the development of adaptation pro-
cesses in the body through the activation of the pituitary-adrenal
system [40]. The registered increase in EEM under the LLLT
actionmay reflect the development of general regularities of the
homeostasis of the body associated with the restriction of the
stress response and activation of the pituitary-adrenal system.

Thus, LLLTcauses the mitigation of the stress response and
can accelerate the development of adaptation processes. The
obtained results can be used for the development of the pro-
tocols of LLLT application for correction of microcirculation
of organs and tissues under inflammation accompanied with
ischemic processes.
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