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CHARACTERISTICS OF MECHANISMS OF THE DISTANT
STIMULATING EFFECT OF SKIN FLAP AUTOGRAFT

ON MICROVASCULAR PERFUSION IN LOCAL AND SYSTEMIC
MICROCIRCULATION DISORDERS

A.N. Ivanov, D.D. Lagutina, T.V. Stepanova
Saratov State Medical University, Saratov, Russian Federation

Objective: to study the characteristics of mechanisms of the distant stimulating effect of full-thickness skin
autograft (FTSG) on microvascular perfusion in local and systemic microcirculation disorders. Materials and
methods. The experiment was carried out on 87 white male rats, divided into 5 groups: 1) control; 2) animals with
local microcirculation disorders induced by sciatic nerve transection and neuroraphy; 3) animals with systemic
microcirculation disorders caused by alloxan-induced diabetes; 4) animals that underwent FTSG after sciatic
nerve transection and neurography; 5) animals that underwent FTSG in alloxan-induced diabetes. Laser Doppler
flowmetry (LDF) was used to study microcirculation of the dorsal skin of the rear paw. Serum concentrations of
vasoactive substances, including catecholamines (CA), histamine, and vasculoendothelial growth factor (VEGF)
in the experimental animals were measured. A morphological study of the tissues of the autograft site was carried
out on day 42 of the experiment. Results. On day 42 of the experiment, FTSG normalized perfusion in local and
systemic microcirculation disorders. FTSG decreases CA level in nerve injury, and to a greater extent in alloxan-
induced diabetes. Serum histamine increase under FTSG was more pronounced in rats with nerve injury. Serum
VEGEF in rats with nerve injury and FTSG increased, which was not observed in alloxan-induced diabetes. Histo-
logical assay of the autograft site revealed degenerative changes in the epidermis and dermis of the autotransplant
in both experimental models of microcirculatory disorders. Eosinophilic infiltration of the autograft site was
more pronounced in nerve injury than in alloxan-induced diabetes. Conclusion. FTSG has a distant stimulating
effect on microcirculation, which manifests itself in the same degree in both local and systemic microcirculation
disorders. The distant stimulating effect of FTSG on microcirculation is multicomponent in nature and includes
a set of regulatory reactions, whose severity differs in local and systemic microcirculatory disorders.
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INTRODUCTION

The physiological basis for maintaining homeostasis
in tissues and organs of living organisms is transcapillary
metabolism in the microcirculatory bloodstream, while
the normal functioning of microcirculation is associa-
ted with the metabolic activity of cells [1]. In addition,
microcirculatory disorders are the main link in the pa-
thogenesis of various pathological processes. They also
play an important role in sanogenesis, providing trophic
support for reparative processes [2]. Systemic and local

a complex of interconnected sequential local and general
reactions of the body, which proceed with involvement
of many regulatory systems with different levels of or-
ganization [6]. However, it should be noted that different
body cells and tissues have different regenerative poten-
tial and intensity of production of bioactive substances
stimulating reparative processes. So, some researchers
have demonstrated the acceleration of regenerative pro-
cesses under the influence of placenta-based drugs [7, 8].
Despite the effectiveness of allotissues, including tissues

metabolic disorders affect the state of the microcirculato-
ry bloodstream, which leads to an even greater aggrava-
tion of dysmetabolism in organs and tissues [3, 4]. Under
normal and disease conditions, the body’s own cells and
tissues are able to influence the state of microcirculation
through synthesis and release of bioactive substances
that regulate microcirculation at the local and systemic
levels [5].

The current level of scientific knowledge determines
the process of regeneration of body tissues and organs as

of the fetoplacental complex, in regenerative medici-
ne, they are associated with the risk of infectious and
immune complications. Therefore, a more promising
method for stimulating regenerative processes is the use
of autogenous tissue, particularly skin. It has been shown
that the subcutaneous adipose tissue is rich in bioactive
substances providing a high regenerative potential [9].
It was experimentally shown that autotransplantation
of adipose tissue stimulates microcirculation, and also
positively influences systemic changes in metabolic
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processes [10, 11]. In addition, skin cell populations
include leukocyte cells that produce various bioactive
substances [12].

It has been previously demonstrated that autologous
transplantation of a full-thickness skin autograft (FTSG)
into the interscapular region has a distant stimulating
effect on microcirculation in the dorsal skin of the rear
paw in intact white rats, in animals with sciatic nerve in-
jury, and also under conditions of experimental alloxan-
induced diabetes [13, 14]. It has been shown that FTSG’s
mechanism of action is multicomponent in nature and
includes a complex of changes in the histology of the
autotransplantation zone, concentrations of vasoactive
substances in the blood, and mechanisms of microcir-
culatory modulation [13, 14]. At the same time, previ-
ous studies did not take into account the dependence of
FTSG’s biostimulating effect on prevalence of microcir-
culatory bloodstream lesions. For instance, differences
in the degree of the effect in local and systemic vascular
bed lesions were not established, which is critically im-
portant for determining the limitations of this method
in systemic microcirculatory disorders. Besides, there
are currently no data on the influence of the etiology of
vascular lesions on this effect, which may contribute to
identifying additional restrictions for practical applica-
tion of the method, since in some cases, changes in me-
tabolic processes that cause microcirculation dysfunction
can quantitatively and qualitatively change the nature of
regulatory reactions in FTSG, including modulation of
inflammatory response, vasomotor activity, and others.
As indicated above, the mechanism of the distant sti-
mulating effect of FTSG is complex and includes many
regulatory reactions, whose interactions and hierarchy
remain unclear. For instance, available data is not enough
to unequivocally determine which regulatory reactions
have a trigger value and which are secondary. It is not
clear which of them are universal, and which are strictly
specific for a certain method of modeling microcirculato-
ry disorders. In this regard, it is of scientific and practical
importance to identify the dependence of the complex of
regulatory reactions during biostimulation by the body’s
own tissues on the nature and extent of damage to the
microcirculatory system, which determined the direction
of this study, the purpose of which was to study the fea-
tures of FTSG’s distant stimulating effect on perfusion
of the skin microcirculation system in local and systemic
microcirculatory disorders.

MATERIALS AND METHODS

The studies were performed on 87 white nonlinear
rats. The experiment was carried out in accordance with
the recommendations of the Ethics Committee of the
Razumovsky Saratov State Medical University (Proto-
col No. 1 dated February 5th, 2019). All manipulations
were carried out under general anesthesia by intramus-
cular injection of xylazine (Interchemie, Netherlands) at
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1 mg/kg dose and zoletil (VirbacSanteAnimale, France)
at 0.1 mL/kg dose. In the course of the experiment,
5 groups of animals were formed: 1) control, which in-
cluded 10 intact rats; 2) comparative group, consisting
of 27 rats with local microcirculatory disorders caused
by sciatic nerve transection and neurorrhaphy; 3) com-
parative group of 20 rats with systemic microcirculatory
disorders caused by alloxan-induced diabetes mellitus;
4) experimental group, which included 20 rats that re-
ceived FTSG in the interscapular region simultaneously
with sciatic nerve neurorrhaphy; 5) experimental group,
consisting of 10 rats, which received FTSG on day 21
after alloxan injection.

As a model of local microcirculation dysfunction,
denervation hypersensitivity, which occurs and develops
during transection and delayed sciatic nerve neurorrha-
phy and is accompanied by microvascular vasospasm
and microcirculation deterioration, was used [15]. Scia-
tic nerve transection was performed at the level of the
middle third of the thigh. Neurorrhaphy was performed
21 days after nerve transection by applying epineural
suturing using atraumatic needles and 7/0 USP suture
material.

Systemic microcirculation disorders were modeled
by development of alloxan-induced diabetes in animals,
which has a direct B-cytotoxic effect on the pancreatic
islet and causes absolute insulin deficiency that is cha-
racteristic of type 1 diabetes [16]. Alloxan (100 mg/kg
of animal weight) was injected subcutaneously once.
Development of diabetes mellitus was verified by a stati-
stically significant (p < 0.05) increase in glycated hemo-
globin levels by 1.7 times to 9.3% (6.9; 12.1) compared
to the intact animals.

FTSG in the experimental groups was performed on
day 21 from the beginning of the experiment (sciatic ner-
ve transection or alloxan administration, respectively).
A full-layer skin flap, 0.1% of the animal’s body surface
area, was excised in the interscapular region, and treated
alternately in 3% hydrogen peroxide, 70% ethyl alcohol
and 0.9% saline solution. In the wound formed during the
excision of the flap, a subcutaneous pocket was formed
where the processed autograft was placed. The operating
wound was tightly sutured [17].

Microcirculation in the dorsal skin of the posterior
paw using LAKK-OP (NPP “Lazma”, Russia) on day 42
of the experiment in the comparative and experimen-
tal groups. LDF-grams of intact animals were used as
a control. Microcirculation state was assessed by the
value of perfusion index in perfusion units.

Blood was collected from animals on day 42 of the
experiment by puncture of the right heart sections using
VACUETTE blood tubes (Greiner Bio-One, Austria)
with a coagulation activator and a separating polyester
gel to obtain serum, as well as with 3.2% sodium citrate
for obtaining plasma and making smears.



REGENERATIVE MEDICINE AND CELL TECHNOLOGIES

The serum catecholamine (CA) level as the main va-
soconstrictor substances was determined by microscopy
using p-Vizo 101 microvisor (LOMO, Russia) of smears
stained with silver nitrate and eosin by Mardar and Kla-
dienko cytochemical method (1986) with preliminary
exposure in a potassium dichromate solution to obtain
adrenochromes adsorbed on red blood cell. Serum CA
levels were expressed in arbitrary units, defined as the
amount of silver-impregnated adrenochrome granules
adsorbed on 100 red blood cells of a smear.

Blood concentrations of vasodilator substances, in-
cluding histamine and vascular endothelial growth fac-
tor (VEGF), were determined by enzyme immunoassay
using semi-automated readers StatFax4200 (Awareness
Technology, USA) and Epoch (BioTekInstruments,
USA), as well as VEGF Rat reagents (RnDSystems,
USA) and Histamine-ELISA (IBL International, Ger-
many).

The animals were withdrawn from the experiment by
an overdose of anesthesia drugs immediately after blood
sampling. The tissues of the FTSG zone were harvested
and fixed in 10% formalin for histology. Skin samples
from intact animals were used as controls. Sum-thick
histological sections were stained with Mayer’s hema-
toxylin (OOO Biovitrum, Russia) and eosin (Biovitrum,
Russia). Microscopy of the FTSG zone preparations was
performed using the Axiolmager Z2 system (CarlZeiss,
Germany). Quantitative calculation of cell populations
of the autograft dermis was performed at a magnification
of 40x objective lens.

Statistical processing was done using the Statistica
10.0 software package. Most of the data obtained did not
conform to the law of normal distribution. So, they are
presented as median and interquartile range. The groups

were compared using the Mann—Whitney U test and the
certainty index of the difference p, whose critical level
was taken to be 0.05.

RESULTS

A study of microcirculation of the dorsal skin of the
rear paw in the group of animals that underwent transec-
tion and deferred sciatic nerve neurorrhaphy showed
a significant decrease in the perfusion index relative to
the control values on day 42 of the experiment. The ani-
mals that underwent FTSG simultaneously with neuror-
rhaphy showed an improved microcirculation state on
day 42 of the experiment, as evidenced by the significant
increase in perfusion index by 44% compared to its value
in animals in the corresponding comparison group. The
perfusion index in this group did not differ from the
values observed in the control group (Fig.).

It was shown that animals with experimental diabetes
by day 42 after alloxan injection showed a statistically
significant decrease in perfusion of the dorsal skin of
the rear paw compared to the control group, indicating
a reduction in microcirculation. In animals that under-
went FTSG against the background of alloxan-induced
diabetes, a statistically significant increase (by 43%) in
this indicator was observed on day 42 of the experiment
relative to the group of animals with impaired carbohyd-
rate metabolism, indicating improved microcirculation.
For the two experimental groups, it was found that the
level of perfusion was statistically higher in animals that
underwent FTSG against the background of systemic
microcirculatory disorders (Fig.).

In studying the role of changes in the sympathetic
regulation of vascular tone in realization of the distant
stimulating effect of FTSG, it was found that in rats
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Fig. Changes in the perfusion index of the dorsal skin of the rear paw with FTSG autotransplantation in sciatic nerve injury
and alloxan-induced diabetes. Statistically significant differences (p < 0.05) are indicated by: a star (relative to the control),
a triangle (relative to the corresponding comparison group), and a square (comparison of the experimental groups between

each other)
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that underwent neurorrhaphy, there was a statistically
significant increase in blood catecholamine levels on
day 42 after surgery relative to the control. In this group,
we found that FTSG reduced catecholamine levels by
about 1.5 times as compared to the group of animals
that did not receive FTSG against the background of
neurorrhaphy (Table 1).

At the same time, animals with systemic microcircu-
latory disorders induced by alloxan-induced diabetes also
showed a significant increase in serum catecholamine
levels by day 42. FTSG in rats with alloxan-induced
diabetes almost halved the serum catecholamine levels
relative to the corresponding comparison group. Con-
sequently, FTSG limits the activity of the sympathetic
nervous system more pronounced in systemic microcir-
culatory disorders occurring against the background of
impaired carbohydrate metabolism (Table 1).

The study of serum histamine levels revealed that
transection and neurorrhaphy does not cause significant
changes in histamine concentrations relative to the con-
trol. At the same time, in the experimental group, which
underwent FTSG, plasma histamine levels on day 42 of
the experiment exceeded both the control values and the
values of the corresponding comparison group. It was
found that FTSG, performed against the background of
impaired carbohydrate metabolism, increases the blood
histamine levels on day 42 of the experiment, which
exceeds both the control values and the values of the
comparison group by an average of 2.5 times (Table 1).
This being said, blood histamine levels in animals that
underwent FTSG against the background of alloxan-
induced diabetes were significantly lower than in rats
with FTSG against the background of sciatic nerve injury
and neurorrhaphy.

It was found that FTSG, performed simultaneously
with neurorrhaphy of the injured sciatic nerve, increases

serum VEGF concentrations on day 42 of the experi-
ment, which exceeds the control values by 1.8 times
(Table 1). Alloxan was found to cause a significant in-
crease in plasma VEGF levels in rats. Moreover, the
FTSG animals also had increased VEGF levels relative
to the control values, which did not differ significantly
from that in the rats of the corresponding comparison
group (Table 1).

Microscopy of tissue preparations from the autograft
area revealed skin flap thinning accompanied by epi-
dermis degradation. At the same time, there is a change
in the composition of the cellular populations of the
autograft dermis, manifested by increased number of
fibroblasts, lymphocytes and macrophages. A distincti-
ve feature of preparations in this group is the increased
number of eosinophils, averaging up to 6 cells in the
field of view (Table 2).

Morphological analysis of the preparations in animals
with alloxan-induced diabetes revealed that by day 42 of
the experiment, the autograft had thinned. The epidermis
was absent in 20% of rats in this group. The thickness
of the hypodermis was sharply reduced in all animals.
Full-blooded arterial and venous vessels were observed
in the dermis and hypodermis. Degenerating hair follicles
were present in the dermis. The dermis of the autograft
contained a large number of fibroblasts and was mode-
rately infiltrated with leukocytes. Leukocyte infiltration
was dominated by lymphocytes and macrophage cells.
Animals with impaired carbohydrate metabolism had
single eosinophils in the autograft dermis, but they were
significantly less in number than in rats with sciatic nerve
injury (Table 2).

DISCUSSION

The mechanism of local microcirculatory disorders
in sciatic nerve injury is due to, on one hand, denerva-

Table 1

Changes in serum concentrations of vasoactive substances after FTSG autotransplantation in rats with
sciatic nerve injury and alloxan-induced diabetes

Group Control Comparison group | Experimental group | Comparison group | Experimental group
Indicator (neurorrhaphy) | (neurorrhaphy + FTSG) (diabetes) (diabetes + FTSG)
30 (26; 33)
Serum . 65 (60; 70) . — Ao
catecholamine | 22 (16;25) | 19303 110) p, =0.000176 36 (49; 60) P, =0.001236
levels. units p; =0.000161 ~0.021572 p; = 0.000001 p, =0.000001
: P = U p, = 0.000003
. 2.8(2.2;3.2)
Histamine, 1706 2.0 | 1340L19:2.0) O ey 1.1(0.6;2.2) P, =0.025348
mg/L A p, = 0.885234 Pi ~0.001764 p, = 0.732678 p,=0.021828
P = U p, = 0.023271
83.3 (78.9; 86.3)
16.97 (9.96; 28.5) ’

. 8.6 (4.65;9.96) _ ; 85.2 (79.6; 97.5) p, =0.001033
VEGF, pg/mL | 9.4(7.3;:15.7) |0~ 522082 B ass01 p. = 0.000453 p, = 0.286423
P = U p, = 0.001033

Note. p, — significance of differences relative to the control group; p, — significance of differences relative to the comparison
group; p, — significance of differences when the two experimental groups are compared to each other.
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Table 2

Dynamics of cell populations of the autograft dermis in sciatic nerve injury and alloxan-induced diabetes

Group Control Comparison group Experimental group
Indicator (neurorrhaphy + FTSG) (alloxan-induced diabetes + FTSG)
_ 119 (97; 165)
Fibroblasts 42 (27: 52) A eanes) p, = 0.000028
Pr=y. p, = 0.394742
. 27 (21; 44)
Fibrocytes 18 (13;23) e p, = 0.034962
Pr=1 p,=0.183147
. 0(0; 1)
Neutrophils 0(0: 0) 2 . p, =0.291698
Pr=1 p, = 0.044686
) 1(0;2)
Eosinophils 0(0; 0) :3(520,0%)016 p, =0.010519
P = p, = 0.000292
. 20 (14;27)
Lymphocytes 0(0;2) 13 (550’01)%)3 4 p, =0.000017
Pr=4. p,=0.077135
- 2(0;3)
Monocytes / histiocytes / 1(1;3 ¢
macrop}lllages g 0(0;0) P = é.OO 1)393 p, =0.047679
p, =0.394742

Note. p, — significance of differences relative to the control; p, — significance of differences relative to the comparison group.

tion hypersensitivity of the pre-capillary vessels of the
microcirculatory bloodstream, characterized by incre-
ased expression of alpha-1 adrenergic receptors on the
membrane of smooth muscle cells and their sensitivity
to catecholamines [15]. On the other hand, traumatic
injury to the nerve trunk is accompanied by activation
of the sympathetic nervous system and, as evidenced by
obtained data, by increased serum CA levels. Together,
these two factors lead to increased tone of smooth mu-
scle cells of the precapillary vessels and vasoconstric-
tion of small arteries and arterioles, which is manifested
by decreased perfusion of the dorsal skin of the rear
paw of the operated limb. Recent studies indicate that
alloxan administration in mice is also accompanied by
increased expression of alpha-1 adrenergic receptors
in the smooth muscle cells of the skin vessels during
2—4 weeks of development of alloxan-induced diabetes.
Using laser speckle contrast imaging, it was shown that
in these animals, norepinephrine reduces arterial and
venous blood flow in the dorsal skin without subsequent
recovery, which reflects a persistent vasospastic response
caused by vascular hypersensitivity to catecholamines
[18]. Results obtained in the course of this study indicate
that the level of circulating catecholamines increases in
alloxan-induced diabetic rats. Elevated blood catechol-
amine levels in alloxan-induced diabetes may be associ-
ated with the effect of hyperglycemia on the activity of
enzymes providing synthesis and degradation of these
biogenic amines. Thus, under experimental conditions,
it was shown that hyperglycemia in diabetic mice in-
creases the expression of tyrosine hydroxylase in renal
mesangial cells, accompanied by increased consumption
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of tetrahydrobiopterin and increased production of ca-
techolamines. Moreover, there was reduced activity of
monoamine oxidase, which prevented the destruction
of catecholamines [19]. Consequently, in diabetes and
in nerve injury, microcirculatory disorders are caused,
on one hand, by increased levels of circulating catecho-
lamines, and, on the other hand, by increased expressi-
on of alpha-1 adrenergic receptors on the membrane of
smooth muscle cells, causing development of vascular
hypersensitivity to the action of circulating catecholami-
nes. That is, the observed microcirculatory disorders in
rats with traumatic sciatic nerve injury and animals with
alloxan-induced diabetes are not only similar, but also
have homologous developmental mechanisms. However,
in the case of nerve injury, microcirculatory disorders are
predominantly local, while in alloxan-induced diabetes,
they are systemic.

FTSG in the interscapular region against the back-
ground of both nerve injury and alloxan-induced dia-
betes has a distant stimulating effect on the microcir-
culation of the dorsal skin of the rear paw in white rats.
The perfusion index of the foot skin surface in experi-
mental animals of the experimental groups increased on
average by 43—44% relative to the corresponding com-
parison groups, indicating the same degree of severity of
the distant stimulating effect of FTSG both in local and
in systemic microcirculatory disorders. Earlier studies in-
dicate that realization of the distant stimulating effect of
FTSG on microcirculation in intact rats, under conditions
of sciatic nerve injury and in carbohydrate metabolism
disorders, is associated with decreased neurogenic vas-
cular tone [14, 17]. The dynamics of serum catechola-



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXII' N2 4-2020

mine levels presented in this work is consistent with the
previously obtained data and indicates that FTSG in the
interscapular region, against the background of local and
systemic microcirculatory disorders, limits the activity
of the sympathoadrenal system. Limitation of the influ-
ence of the sympathetic system on the microcirculatory
bloodstream vessels under the influence of autologous
transplantation may explain the maintenance of adequate
perfusion in the distal limb in rats of the experimental
groups. The mechanism of limiting the activity of the
sympathoadrenal system under FTSG influence may be
due to the detected degenerative changes in the skin flap,
which may be accompanied by formation of peptide
fragments acting as cytomedines. As peptide regulators,
cytomedines can exert distant effects, including on the
nervous system [20]. A similar mechanism for limiting
the effects of the sympathetic nervous system on the va-
scular bed has been described for peptide drug SEMAX,
whose action was characterized by decreased expression
of alpha-adrenergic receptors under experimental condi-
tions in white rats [21]. The data obtained in the course
of this work indicate that limitation of the influence of
the sympathetic nervous system on microcirculation in
FTSG is more pronounced in systemic microcirculatory
disorders caused by absolute insulin deficiency.

It was noted earlier that FTSG performed against the
background of sciatic nerve neurorrhaphy has an effect
not only on the blood levels of circulating catechola-
mines, but also on the levels of other biogenic amines,
including those with vasodilatory activity. For instance,
it increases plasma histamine levels [13]. The results
of this work demonstrate that FTSG exerts a similar
effect on plasma histamine levels after alloxan injection.
Meanwhile, the average value of the histamine levels in
the group of animals that received FTSG after alloxan
administration was 12% lower than the values in the
experimental group that underwent autotransplantation
against the background of sciatic nerve injury.

One of the possible mechanisms for realization of
the distant stimulating effect of FTSG on microcircu-
lation under normal carbohydrate metabolism with im-
paired innervation of the limb is the ability to prolong
the production of growth factors, particularly VEGF and
neurotrophin 3 [13, 22]. The sources of growth factors
can be fibroblasts [23] and leukocyte infiltration cells
of the autograft. For example, eosinophils [24], mast
cells [25], and macrophages [26] secrete VEGF, which
stimulates angiogenesis, causing vascular dilatation and
an increase in their permeability. However, this study
found that FTSG does not implement this mechanism of
action in conditions of alloxan-induced diabetes in rats.
The blood levels of this factor in the experimental group
significantly exceeds the control values, but does not
differ from the comparative group of rats with alloxan-
induced diabetes. In systemic microcirculatory disorders
caused by experimental diabetes, high plasma VEGF

levels are associated with systemic endothelial alteration
by hyperglycemia, which is a compensatory mechanism
for vascular wall repair [27]. In this regard, the initially
high level of VEGF in rats with alloxan-induced diabetes
is likely to block its production by autograft cells through
a negative feedback mechanism.

The above described biochemical mechanisms of
realization of the distant stimulating effect of FTSG
on microcirculation are closely interrelated with histo-
morphological restructuring of the autograft. Histomor-
phological changes in the autograft are stereotypic and
include degradation of the epidermis, thinning of the
dermis and hypodermis, and mild leukocyte infiltration.
Minor differences between the experimental groups lie
in the number of eosinophils in the composition of cell
populations of the autograft dermis. Their presence in
autograft tissues is associated with the release of hista-
mine by mast cells, which is involved in distant vasodi-
lating effect [28]. In animals, against the background of
impaired carbohydrate metabolism, there was a lower
number of eosinophils in the autograft region compared
to animals with neurorrhaphy. These histological exa-
mination results are consistent with biochemical data
reflecting a less pronounced increase in plasma histamine
levels under FTSG influence in animals with alloxan-
induced diabetes. The authors in [29] have shown that
alloxan in rats significantly reduces the content of mast
cells in the skin. Given the less pronounced increase in
plasma histamine levels in FTSG under carbohydrate
metabolism disorders, the small number of eosinophils
in the autograft composition in rats with alloxan-induced
diabetes is probably due to decreased intensity of mast
cell degranulation.

CONCLUSION

FTSG has a distant stimulating effect on microcircu-
lation, which manifests itself to the same extent under
conditions of both local and systemic microcirculatory
disorders, and does not have an obvious dependence
on the etiological factor inducing them. The data obtai-
ned from comparative analysis of FTSG effects on two
models of vascular alteration in white rats indicate that
local structural and functional changes in the autograft
are stereotypic. Therefore, they can be considered trigge-
ring, while biochemical changes in the concentrations of
regulatory substances have an unequal degree of severity
depending on the etiology and prevalence of microcircu-
latory disorders. Differences in the blood levels of bioac-
tive substances allow to isolate universal and variable
responses in the complex of FTSG regulatory mecha-
nisms. Universal reactions include changes in the balance
of biogenic amines in the blood, in particular, changes
in the blood levels of catecholamines and histamine. It
should also be noted that correction of vasoconstrictor
activity using FTSG is more pronounced in systemic
microcirculatory disorders induced by alloxan-induced
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diabetes. In contrast, realization of the FTSG effect on
production of vasodilator substances, in particular hista-
mine, is more pronounced in local microcirculatory dis-
orders in the denervated limb. Variable responses depend
on the etiology of simulated microcirculatory disorders;
in particular, changes in the production of growth factors,
including VEGF, are specific for the microcirculatory
effects of FTSG in limb denervation.

Thus, the relationship between structural and func-
tional tissue changes in the field of autotransplantation
and microcirculation regulation factors circulating in
systemic blood flow determine a compensatory change
in the balance of regulatory mechanisms, which provides
a stable implementation of the distant stimulating effect
of FTSG on microcirculation, regardless of the preva-
lence and etiology of its injury.

The authors declare no conflict of interest.
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