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Abstract. The actuality of the problem of thermal trauma is determined by its high prevalence. Severe disorders of 

central, regional and peripheral hemodynamics are developing with a predominant violation of microcirculation and 

metabolic processes in the body during burn disease. Promising NO donors suitable for biomedical use are dinitrosyl 

iron complexes (DNIC). The aim of the study was to evaluate the effect of DNIC on the state of microcirculation in 

normal conditions and on the model of combined thermal trauma (CTT). The experiments were carried out on white 

male rats of the Wistar line. CTT (contact burn on the area of 20% of the body surface and thermal inhalation exposure 

to hot air and combustion products for 20-30 seconds) was applied under anesthesia. Animals with CTT were treated 

daily with intraperitoneal injections of a 10% DNIC solution (1 ml; 0.3 micromol/l). Laser Doppler flowmetry was used 

to assess the dynamics of the microcirculation state. The physiological and biochemical mechanisms of microcirculation 

disorders in CTT are revealed in the work. There was an increase in the endothelial, neurogenic and respiratory compo-

nents of microcirculation, microhemodynamics of the border area of the burn, and the index of the microcirculation 

bypass. It was shown that when using 0.3 micromol/l of DNIC in rats under normal conditions, there is a decrease in the 

neurogenic and respiratory components, an increase in perfusion and the myogenic component of the microcirculatory 

channel. The role of 0.3 micromol/l of DNIC in the normalization of microcirculation in CTT was established. 
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NO – nitric oxide 

DNIC – dinitrosyl iron complexes 

CTT – combined thermal trauma 

IM – index of the microcirculation  

LDF – laser Doppler flowmetry 

С – cardiac fluctuations of the microcirculation 

R – respiratory fluctuations of microcirculation 

М – myogenic fluctuations of microcirculation 

N – neurogenic fluctuations of microcirculation 

E – endothelial fluctuations of microcirculation 

IMB – index of the microcirculation bypass  

iNOS – inducible NO-synthase 

Hb – hemoglobin 

 

Introduction 

Currently, burns are one of the global health 

problems (Lekmanov et al., 2018). The actual-

ity of the problem of thermal trauma is deter-

mined by its high prevalence among all age 

groups of the population (Ostrovskij et al., 

2006). Burn stress leads to endogenous intoxi-

cation, catabolic reaction of the body, pro-

nounced metabolic disorders (Shulaeva et al., 

2013). Severe disorders of central, regional and 

peripheral hemodynamics develop during burn 

disease with a predominant violation of micro-

circulation and metabolic processes in the body 

(Gol'dzon & Dolgih, 2011).   

The microcirculation system is the most im-

portant smallest structural and functional unit 

of the circulatory system. Violations in it can be 

the root cause of many diseases, determining 

their outcome in the future. The relevance of 

studying the processes in the microcirculatory 

bed is due to the implementation of the 

transport function of the cardiovascular system 

and transcapillary metabolism in it. This is nec-

essary for tissue homeostasis and normal vital 

activity of the body as a whole. 

One of the key aspects in the treatment of 

thermal damage is the preservation of metabolic 
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processes at the necessary quantitative and 

qualitative levels, as well as predicting the di-

rection of their response to a burn injury in or-

der to achieve optimal adaptation of physiolog-

ical systems to trauma. To date, nitric oxide 

(NO) is widely used in medical practice in the 

treatment of various diseases. NO regulates the 

most important physiological processes in the 

body, participating in maintaining the tone of 

the smooth muscles of blood vessels, the activ-

ity of the central and autonomic nervous system 

(Herbert et al., 2006), tissue differentiation and 

apoptosis, immune response, regulation of the 

expression of a number of genes (Martusevich 

et al., 2014; Kuznecova & Soloveva, 2015).  

A promising type of NO donor is dinitrosyl iron 

complexes (DNIC). They are suitable for bio-

medical applications, and also do not have the 

disadvantages inherent in organic nitrates. 

DNIC can be a form of NO stabilization in both 

normal and pathological conditions of the body, 

a large number of which are associated with 

various disorders in the microcirculatory bed. 

However, at present, NO donors are rarely used 

as medicines, due to the lack of understanding 

of the metabolic pathways of NO in animals and 

humans. And the role of DNIC in the pathogen-

esis of thermal trauma has not been studied. In 

this regard, it is relevant to study their impact 

on the state of microcirculation. The aim of the 

study was to evaluate the effect of dinitrosyl 

iron complexes on the state of microcirculation 

in normal conditions and on the model of com-

bined thermal trauma. 

 

Materials and Methods 

The experiments were carried out on white 

male rats of the Wistar line (body weight 200–

250g) in accordance with the requirements of 

bioethics and the rules of laboratory practice 

(GPL), the Geneva Convention for the Protec-

tion of Animals «International Guiding Princi-

ples for Biomedical Research Involving Ani-

mals» (Geneva, 1990), Order of the Ministry of 

Health of the Russian Federation № 267 of 

19.06.2003 «On approval of the rules of labor-

atory practice». The study was approved by the 

Local Ethics Committee of the Privolzhsky Re-

search Medical University of the Ministry of 

Health of the Russian Federation, in accordance 

with the provisions of the Helsinki Declaration 

of 1975, revised in 2008. The rats were received 

from the «Stolbovaya» branch (Moscow). All 

animals were kept in standard vivarium condi-

tions in cages with free access to food and water 

on a diet, according to GOST standards 

«Maintenance of experimental animals in the 

nurseries of the Research Institute» (Kark-

ishchenko & Gracheva, 2010).  
After a 14 – day adaptation to the conditions 

of the local vivarium and quarantine, 6 groups 
of animals of equal numbers were formed from 
60 rats: 1 – intact group (n = 10) – animals with-
out manipulation; 2 – 1 experimental group 
(n = 10) – animals that received 1 ml of saline 
solution daily intraperitoneally; 3 – 2 experi-
mental group (n = 10) – animals that received 
daily intraperitoneal injections of DNIC (1 ml; 
0.3 micromol/l); 4 – 3 experimental group – an-
imals with combined thermal trauma (CTT) 
without treatment (n=10); 5 – 4 experimental 
group – animals with CTT that received 1 ml of 
saline solution daily intraperitoneally (n = 10); 
6 – 5 experimental group – animals with CTT 
who received daily treatment in the form of in-
traperitoneal injections of a DNIC solution  
(1 ml; 0.3 micromol/l) (n = 10). 

CTT (contact burn on the area of 20% of the 
body surface and thermal inhalation exposure 
to hot air and combustion products in the con-
ditions of the inhalation chamber) was applied 
under anesthesia («Zoletil-100» («VirbacSante-
Animale», France) at a dose of 60 mg/kg and 
«Xylavet» («Interchemie», Netherlands) at a 
dose of 6 mg/kg) (Vorob'ev et al., 2009). DNIC 
with glutathione was obtained by the method of 
A.F. Vanin (2015), mixing 300 millimol 
NaNO2, 200 millimol reduced glutathione and 
a solution of FeSO4. The concentration of 
DNIC was determined by the spectrophotomet-
ric method on a spectrophotometer Power 
Wave XS (Bio-Tek, USA) in the wavelength 
range of 410–700 nm.  

The animals were removed from the experi-
ment on the 10th day after CTT by decapitation 
with preliminary ligation of the carotid artery 
under anesthesia (Zoletil-100 + Xylavet). The 
state of microcirculation was evaluated in ani-
mals before excretion. 
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Laser Doppler flowmetry (LDF) was used to 

assess the dynamics of the microcirculation state 

(Krupatkin & Sidorov, 2013). The laser analyzer 

«LAKK-M» was used. The analyzer probe was 

installed perpendicular to the studied area, the 

recording lasted 3 minutes. In the study of mi-

crocirculation, the index of the microcirculation 

(IM) was evaluated. IM reflects the average level 

of perfusion (the average flow of red blood cells) 

in a unit of tissue volume per unit of time (meas-

ured in perfusion units) and allows us to give an 

integral assessment of the state of microcircula-

tion in the studied tissue area. 

«Wavelet analysis» (amplitude-frequency 

spectrum) was performed using software tools. 

It allowed, after a 3-minute recording of the 

LDF-gram, to calculate slow and high-frequency 

fluctuations of blood flow in order to assess the 

role of passive (cardiac fluctuations – C, respir-

atory fluctuations – R) and active factors (myo-

genic fluctuations – M, neurogenic fluctua-

tions – N, and endothelial fluctuations – E) reg-

ulation of microcirculation, as well as the index 

of the microcirculation bypass (IMB).  

Statistical processing of the results was 

carried out using a computer program «Statis-

tica 6.0». The Shapiro-Wilk criterion was 

used to test the hypothesis about the nature of 

the distribution. Descriptive statistics are 

given by the mean and mean square deviation 

(М±σ). The comparison of two independent 

groups was performed using the Student's t-

test, depending on the fulfillment of the ap-

plicability conditions. When calculating the 

Student's t-test, we used the Bonferroni cor-

rection, which allows us to eliminate the first-

kind error that occurs when comparing more 

than two samples by this method (Glanc, 

1998). 

 

Results 

Study of the state of microcirculation in 

healthy rats under the influence of DNIC. The 

level of microcirculation on the 10th day of ad-

ministration of saline solution in rats of the 1st 

experimental group did not significantly differ 

from the intact values (Fig. 1). The use of DNIC 

in the 2nd experimental group led to an increase 

in perfusion.  

IMB in 1 experimental group of animals af-

ter a 10-day course of intraperitoneal admin-

istration of saline solution relative to intact ani-

mals increased by 9% (Fig. 2). 

Enrichment of the saline solution with exog-

enous sources of NO after 10 days of use in rats 

contributed to an increase in IMB by 40% and 

29% of the intact and control values (1 experi-

mental group).  

 
Fig. 1. Index of the microcirculation in rats under the influence of DNIC 

Note: * – differences are statistically significant compared to intact group (p < 0.05); 

** – differences are statistically significant compared to rats of 1 experimental group (p < 0.05) 
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The endothelial component in 1 experi-

mental group of animals with saline solution in-

fusions for 10 days did not significantly differ 

from the intact group (Fig. 3). DNIC in the 

composition of the intraperitoneal mixture ad-

ministered by the 10th day contributed to the 

growth of the endothelial component by 8% 

from the intact and control (1 experimental 

group) data. 

Neurogenic fluctuations during intraperito-

neal administration of saline solution to rats of 

the 1st experimental group on the 10th day were 

without significant differences relative to the 

intact data (Fig. 3). The use of DNIC in animals 

of the 2nd experimental group contributed to a 

decrease in the neurogenic component by 17% 

and 20% from the intact and control (1 experi-

mental group) values, respectively. 

The myogenic component in 1 experimental 

group of animals with saline solution infusions 

by the 10th day decreased by 6% relative to the 

intact values (Fig. 3). For the group of rats with 

DNIC, an increase in myogenic fluctuations 

was revealed at the same time. 

Respiratory fluctuations in 1 experimental 

group of animals with saline solution on the 

10th day were without significant differences 

from the intact values (Fig. 4). When using 

DNIC in the composition of the solution admin-

istered to animals for 10 days, the respiratory 

component decreased by 46% and 49% relative 

to the intact and control (1 experimental group) 

results, respectively. 

Fluctuations in the cardiac range in 1 exper-

imental group of animals with infusion support 

on the 10th day increased by 78% relative to the 

intact values (Fig. 4). 

The introduction of DNIC at similar periods 

contributed to the growth of the cardiac compo-

nent by 93% and 9% of the indicators of the in-

tact and 1 experimental groups, respectively. 

 

Assessment of the state of microcirculation in 

rats with combined thermal trauma under the in-

fluence of DNIC. Microhemodynamics of the 

boundary region of thermal trauma on the 10th 

day decreased by 19% compared to the intact data 

(Fig. 5). Saline solution infusions during CTT 

contributed to a decrease in microcirculation by 

54% relative to the group with trauma without 

treatment. The addition of CTT to the treatment 

regimen of DNIC on the 10th day contributed to 

an increase in perfusion by 9%, 34% and 65% rel-

ative to the groups of intact animals, as well as 

with CTT and the use of saline solution for CTT, 

respectively. 

 

 
 

Fig. 2. The level of the rat index of the microcirculation bypass under the influence of DNIC 

Note: * – differences are statistically significant compared to intact group (p < 0.05); 

** – differences are statistically significant compared to rats of 1 experimental group (p < 0.05) 
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Fig. 3. Active factors of microcirculation regulation (E – endothelial fluctuations of microcirculation,  

N – neurogenic fluctuations of microcirculation, М – myogenic fluctuations of microcirculation) in rats 

under the influence of DNIC 

Note: * – differences are statistically significant compared to intact group (p < 0.05); ** – differences are 

statistically significant compared to rats of 1 experimental group (p < 0.05) 

 

 

 

 
Fig. 4. Passive factors (R – respiratory fluctuations of microcirculation, С – cardiac fluctuations of the 

microcirculation) of local regulation of microcirculation in rats under the influence of DNIC 

Note: * – differences are statistically significant compared to intact group (p < 0.05); ** – differences are 

statistically significant compared to rats of 1 experimental group (p < 0.05) 
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The involvement of collateral vessels in 

CTT increases. Thus, the IMB in the 3 experi-

mental group with CTT without treatment on 

the 10th day was 20% higher than the intact val-

ues (Fig. 6). 

Infusion therapy of CTT on the 10th day led 

to a decrease in IMB by 9% and 24% in relation 

to the intact and control (3 experimental group) 

values. The use of DNIC as part of the solution 

administered to animals after 10 days of CTT 

treatment allowed to reduce the index of the mi-

crocirculation bypass by 62%, 68% and 57% 

relative to the intact, 3 and 4 experimental 

groups. 

In the 3 experimental group with CTT with-

out treatment, on the 10th day, an increase in 

the endothelial component was observed by 

23% relative to the intact values (Fig. 7).  

Group 4 with infusion support of burned an-

imals for 10 days showed an increase in the en-

dothelial component by 13% of the intact val-

ues, along with a decrease by 9% relative to the 

indicators of the 3 experimental group. 

The use of DNIC in the scheme of 10-day 

treatment of experimental CTT contributed to a 

decrease in endothelial fluctuations to the level 

of intact values, while 19% and 12% lower than 

the indicators of the 3 and 4 experimental 

groups. 

Experimental CTT in the 3rd experimental 

group on the 10th day led to an increase in the 

neurogenic component by 50% relative to the 

intact group (Fig. 7). The introduction of saline 

solution to animals with CTT by the 10th day 

led to a decrease in neurogenic fluctuations by 

17% and 44% of the values of the intact and 3rd 

experimental groups, respectively. The intro-

duction of DNIC 10 days after CTT led to a de-

crease in the parameter by 12% and 40% from 

the indicators of the intact and 3 experimental 

groups, but caused an increase of 6% relative to 

the 4 experimental group. 

In the border area of the burn wound, my-

ogenic fluctuations on the 10th day were 

comparable in level with intact values  

(Fig. 7). The use of infusion support with 

saline solution caused a decrease in the my-

ogenic component by 24% relative to the in-

dicators of the intact and 3 experimental 

groups. The introduction of DNIC to ani-

mals with CTT for 10 days caused the nor-

malization of this indicator. 

 
 

Fig. 5. Index of the microcirculation in rats with CTT under the influence of DNIC. 

Note: * – differences are statistically significant compared to intact group (p < 0.05); ** – differences are 

statistically significant compared to rats of 3 experimental group (p < 0.05) 
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CTT by the 10th day led to an increase in the 

respiratory component by 69% relative to the 

intact values (Fig. 8). In the group with intra-

peritoneal administration of saline solution to 

animals with a burn on the 10th day, respiratory 

fluctuations increased by 116% and 28% of the 

indicator of the intact and 3 experimental 

groups, respectively. The CTT treatment regi-

men with the use of DNIC in similar terms con-

tributed to a high (by 48%) level of the respire-

 
 

Fig. 6. The index of the microcirculation bypass in rats with CTT under the influence of DNIC. 

Note: * – differences are statistically significant compared to intact group (p < 0.05); ** – differences are 

statistically significant compared to rats of 3 experimental group (p < 0.05) 

 

 
 

Fig. 7. Active factors of microcirculation regulation (E – endothelial fluctuations of microcirculation,  

N – neurogenic fluctuations of microcirculation, М – myogenic fluctuations of microcirculation) in rats 

with CTT under the influence of DNIC 

Note: * – differences are statistically significant compared to intact group (p < 0.05); ** – differences are 

statistically significant compared to rats of 3 experimental group (p < 0.05) 
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ory component relative to intact data, and at the 

same time there was a decrease of 12% and 

31% from the parameters of the 3 and 4 experi-

mental groups. 

In the group with CTT without treatment, the 

cardiac component increased almost 3 times 

from the intact level (Fig. 8). 

The use of saline solution in the 4 experi-

mental group with CTT contributed to a de-

crease in the fluctuations of the cardiac spec-

trum by 14% relative to the values of the 3 ex-

perimental group, but the indicator remained 

high (by 150%) relative to the intact data. 

When adding DNIC to the CTT therapy reg-

imen on the 10th day, cardiac fluctuations de-

creased by 47% and 39% compared to the 3 and 

4 experimental groups, along with this, the in-

dicator in the group with DNIC was higher than 

the intact values by 54%. 

 

Discussion  

It is scientifically proven that NO is one of 

the main regulators of renal hemodynamics and 

glomerular filtration, an inhibitor of sodium 

transport (Lewandowska et al., 2010). NO par-

ticipates in the formation of S-nitrosothiols, af-

fects Fe/S-groups in the catalytic centers of pro-

teins (Shumaev et al., 2007; 2008; 2021). 

DNIC, according to the literature data, practi-

cally do not change the gas composition of the 

blood and the indicators of the acid-base state 

of the body (Selivanov et al., 2012). 

When exposed to DNIC, it was noted that 

changes in regulatory factors in groups of 

healthy animals are multidirectional. Thus, 1 

experimental group with saline solution is close 

to intact levels in terms of indicators. The endo-

thelial component in the 2 experimental group 

of animals with DNIC was increased. This may 

be due to the effect of exogenous NO on the en-

dothelium of microvessels. The neurogenic 

component in the 2 experimental group with 

DNIC was lower than the intact values. This in-

dicates a decrease in the influence of the sym-

pathetic nervous system. The growth of the my-

ogenic component in healthy animals under the 

influence of DNIC was revealed, which indi-

cates the onset of vasodilation processes. The 

use of DNIC contributed to a decrease in the 

respiratory amplitude. This is probably due to 

the improvement of blood outflow processes. 

According to the literature, in case of a burn, 

structural and functional changes of liver cells 

are noted, depending on the severity of the in-

jury, which are aggravated by circulatory disor-

ders, hypoxia, which, in the absence of compen-

 
Fig. 8. Passive factors (R – respiratory fluctuations of microcirculation, С – cardiac fluctuations of the 

microcirculation) of local regulation of microcirculation in rats with CTT under the influence of DNIC 

Note: * – differences are statistically significant compared to intact group (p < 0.05); ** – differences are 

statistically significant compared to rats of 3 experimental group (p < 0.05) 
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sation mechanisms, can lead to damage to the 

function of the organ (Marusyanov et al., 1995). 

A direct relationship between the content of 

stable products of the metabolism of NO and 

markers of the activity of the inflammatory pro-

cess (C-reactive protein and circulating im-

mune complexes), due to the activation of in-

ducible NO-synthase (iNOS), is proved. The 

literature shows that after the action of the im-

mune stimulus, iNOS is localized in the glomer-

ular cells and a small amount of it is located in 

the tubules. NO is of great importance in the 

regulation of renal blood flow, excretory func-

tion of the kidneys, tubulo-glomerular balance. 

NO is constantly synthesized in endothelial and 

smooth muscle cells of renal vessels, epithelial 

and mesangial tubular cells, as well as as a re-

sult of the interaction of NO with the renin-an-

giotensin system and other bioregulators of the 

functions of this organ (Markov, 2000). Angio-

tensin-converting enzyme is a physiological 

regulator of angiotensin II and bradykinin. An-

giotensin II is a stimulator of the formation of 

free radicals, in particular, superoxide anions 

that inactivate nitric oxide, promote the for-

mation of peroxynitrite and reduce the effec-

tiveness of NO-mediated vascular dilation (Bel-

ous et al., 2011). 

Overexcitation of the central nervous system 

during a burn leads to increased vascular per-

meability and plasma loss. As a result, hypopro-

teinemia develops, the cellular and mineral 

composition of the blood changes, the volume 

of circulating blood decreases, hemoconcentra-

tion decreases, the shaped elements of the blood 

are destroyed. The excitation of the sympa-

thetic-adrenal system, the release of catechola-

mines and corticosteroids play a leading role in 

vasoconstriction in burns. Corticosteroids po-

tentiate the action of pressor substances, cate-

cholamines cause and maintain generalized 

spasm of arterial vessels, which is a character-

istic early sign of microcirculation disorders. 

There are stagnant phenomena in the postcapil-

lary venular vessels and the intensity of blood 

flow in the nutritive link of the capillary bed de-

creases. The termination of active vasomotion 

in the part of the capillary bed in which the re-

sistance to blood flow is higher leads to a de-

crease in volumetric blood flow, and, as a re-

sult, to the appearance of signs of stasis, as well 

as the predominance of anaerobic metabolism 

in the tissues themselves. The loss of vasomo-

tion leads to shunting of the blood flow. Most 

of the blood entering the microcirculatory bed 

moves along a smaller part of the capillaries. 

The subtle mechanisms that regulate transcapil-

lary mass transfer and volumetric processes in 

tissues suffer. In case of thermal trauma, the 

amplitude of the regulatory components in-

creases in comparison with healthy animals. 

However, there is a decrease in active and pas-

sive regulatory factors in relation to animals 

with a burn without treatment in the group with 

DNIC. This fact may indicate the processes of 

restoring endothelial function, reducing sympa-

thetic hyperregulation, reducing congestion in 

the venous microvascular bed, optimizing the 

processes of filling the arteries and arterioles of 

the microcirculatory link. 

A decrease in the vascular tone of arterioles 

(removal of spasm) due to a decrease in neuro-

genic activity increases the heart rate in the mi-

crocirculatory bed due to an increase in the flow 

of arterial blood, which brings a pulse wave 

(Krupatkin & Sidorov, 2013). The HbNO com-

plex is a stable compound and, therefore, can-

not control the supply of oxygen to tissues, un-

like the nitrosated form of hemoglobin, in 

which NO interacts with the cysteine amino 

acid residue contained in the b-subunit of the 

globin part of the molecule (bCys93 for human 

Hb) (Doctor et al., 2005). 

NO-Hb undergoes conformational changes 

that lead to the release of NO from the Hb-

bCys93 complex and its diffusion into the sur-

rounding tissues Against the background of a 

decrease in the O2 voltage and an increase in 

the concentration of hydrogen ions in the blood. 

This has a local vasodilating effect on the 

smooth muscles of the vessels (Gross & Lane, 

1999). 

In the microcirculation system, NO prevents 

the adhesion of white blood cells on the surface 

of microvessels, aggregation of blood plates, 

inhibits the release of biologically active sub-

tances from platelets that can damage the small-

est vessels (Gladwin et al., 2004). 
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It was revealed that the index of the micro-
circulation of the border region in the 3 and 4 
experimental groups with CTT was lower than 
the intact values. However, in the 5 experi-
mental group with DNIC, an intensification of 
microhemodynamics is observed, possibly due 
to the predominance of nutritive blood flow 
(IMB < 1). In case of thermal trauma, the am-
plitude of the regulatory components increases 
in comparison with healthy animals. However, 
there is a decrease in active and passive regula-
tory factors in the group with DNIC in relation 
to animals with CTT without treatment. This 
fact may indicate the processes of restoring en-
dothelial function, reducing sympathetic hyper-
regulation, reducing congestion in the venous 
microvascular bed, optimizing the processes of 
filling the arteries and arterioles of the micro-
circulatory link. 

The possibility of the existence of the de-
scribed mechanism of action of the deposited 
form of NO in the mammalian body is also 
conf-irmed by the studies of A.F. Vanin, who 

showed that DNIC have a hypotensive effect, 
realized due to the release of NO by these com-
pounds (Vlasova et al., 2003). 

Consequently, there is a decrease in the neu-
rogenic and respiratory components, an in-
crease in perfusion and the myogenic compo-
nent of the microcirculatory bed with a course 
application of 0.3 micromol/l DNIC in rats un-
der normal conditions. The work reveals the 
physiological and biochemical mechanisms of 
disorders in CTT, including the growth of en-
dothelial, neurogenic and respiratory compo-
nents of microcirculation, microhemodynamics 
of the border area of the burn, IMB. The role of 
0.3 micromol/l of DNIC in the normalization of 
microcirculation in CTT was established. 

Thus, DNIC have an activating effect on the 
state of microcirculation, in conditions of rela-
tive norm. For the first time, using an integrated 
research approach, it was found that the use of 
DNIC in experimental CTT normalizes the 
state of microcirculation, increasing the adap-
tive potential of the body. 
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