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The use of existing infusion solutions, as well as the development, scientific substantiation
and implementation of the latest nephroprotective detoxification solutions, remain an
urgent problem for combustiologists. The aim of this work is to compare the effects of
various detoxification solutions (0.9 % NaCl solution and complex colloid-hyperosmolar
solutions - lactoprotein with sorbitol and the newly developed HAES-LX-5 % solution) on
the kidney structure in experimental burn disease in rats. The experimental rats were
divided into seven groups (fifteen animals each): the first group was intact rats; the
second, third and fourth groups were rats without reproduction of experimental burn
disease, which had a separate intravenous infusion of 0.9 % NaCl solution, lactoprotein
with sorbitol and HAES-LX-5 % at a dose of 10 mi/kg; the fifth, sixth and seventh groups
were rats with experimental burn disease (by causing burn injury of the skin with an area
of 21-23 % of the body surface), which under the same scheme had an intravenous
infusion of the investigated solutions. All studies and the removal of rats from the experiment
were performed under deep thiopental intraperitoneal anesthesia. Histological preparations
of the renal cortex of the rat were stained with hematoxylin-eosin and examined on an
Olympus BX51 microscope. Using ultramicrotome LKB-3 (Sweden) obtained semi-thin
sections which were stained with toluidine blue and methylene blue - Azur Il; and ultrathin
sections were counterstained with uranyl acetate and lead citrate according to Reynolds
and examined using a PEM-125K electron microscope. Morphometric measurements
(estimation of the area of the vascular glomeruli, the area of the urinary lumen of the
capsule of the renal corpuscles; the area of the renal tubules of the nephrons and the
area of their lumens, the area of the renal corpuscles, the area of cytoplasm and nuclei of
epithelial cells of tubules, and also their nuclear-cytoplasmic ratio) was carried out using
the VideoTest-5.0, KAARA Image Base and Microsoft Excel on a personal computer.
Statistical analysis of the obtained quantitative indicators was performed using the IBM
SPSSv. 22.0. for Windows. Functionally different cells of nephrons have been found to
die by necrosis, apoptosis and anoikis when infused with detoxification solutions during
the development of burn disease; in epithelial cells of nephron tubules, mitophagy and
mitoptosis occur. Mitoptosis in epithelial cells of rat tubules of nephrons with experimental
burn skin injury is carried out in two ways related to: 1) destruction of the outer mitochondrial
membrane; 2) preservation of the outer mitochondrial membrane and involvement of
autophagic (mitophagic) mechanisms to release the cell from degraded mitochondrial
material. In the first case, the mitochondria first condense, after which its matrix swells
and the fragmentation of the cristae occurs due to the destruction of the junction of the
cristae. Finally, the outer mitochondrial membrane breaks and the remnants of the
cristae (in the form of vesicles) go into the cytoplasm. In the second case, the mitochondria
condense, vesicular fragmentation of the cristae occurs, but the rupture of the outer
mitochondrial membrane does not occur and the mitochondria are absorbed by the
autophagosome (or transformed into the autophagosome). Next is the merger of
autophagosomes with lysosomes and the formation of autophagolysosomes, which, under
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the conditions of effective digestion of the contents, are transformed into vacuoles. The
latter are emptied by exocytosis and ensure the release of cells from degraded material.
Only lactoprotein with sorbitol has a membrane-plastic effect on the strengthening
(enhancement of structuring) of the mitochondrial membrane in part of the mitochondria
of epithelial cells of nephron tubules, which is ultrastructurally manifested by an increase
in the electron density and thickness of all components of the mitochondria. The maximum
membrane effect of lactoprotein with sorbitol against mitochondria manifests itself fourteen
days after the experimental burn skin injury and gradually (after twenty-one and thirty
days) disappears, which is correlated with an improvement in the overall clinical condlition
and an improvement in the structural changes in the kidney of animals with burn disease.
There is every reason to believe that increased structuration of mitochondria is a preventer
of the spread of mitoptosis and mitophagy, the excess of which can lead to cell death.

Keywords: burn disease, detoxification solutions, reactive and destructive changes of

the kidneys.

Introduction

Severe and large skin burns cause structural and functional
pathological changes in all organs and systems of burned
persons, which initiates the development of burn disease
[14], a disease that has become increasingly widespread in
recent years [9, 26].

According to researchers [14], burn disease is a disease
that involves a set of clinical, morphological and biochemical,
metabolic and other related disorders in all organs and
systems. One of the leading factors in these disorders is the
direct burn of the local destruction of large tissue arrays, which
becomes a source of endotoxins and a factor in the formation
and distribution of various biologically active substances. A
powerful source of endotoxins and other biologically active
substances are also tissue components of organs that were
not initially subjected to thermal alteration but were in a state
of discirculating hypoxia and histotoxic ischemia for some
time.

It should be noted that thermal damage and gradual
endogenous intoxication cause imbalance of water-salt
homeostasis, increased permeability and destruction of the
hemocapillary wall. In the treatment of burn disease (caused
by severe burn injuries), the main goal of intravenous infusion
therapy is to ensure an adequate level of tissue perfusion at
the initial stages of the burn disease; normalization of tissue
metabolism; prevention of severe toxic, hypoxic and
reperfusion damage of cells and tissues [21, 23, 25].

Therefore, for a long time, scientific justification for the use
of existing infusion solutions for reducing the level of toxins in
the body and for normalizing the function of the kidneys, aimed
at maintaining water-salt metabolism, remains relevant for
combustiologists [3, 5, 6, 8, 15, 17, 18, 25], as well as the
development and implementation of the latest
nephroprotective detoxification solutions.

The aim of this work is to compare the effects of various
detoxification solutions (0.9 % NaCl solution and complex
colloid-hyperosmolar solutions - lactoprotein with sorbitol and
the newly developed HAES-LX-5 % solution) on the kidney
structure in experimental burn disease in rats.

Materials and methods
Comparative analysis of structural changes in rat kidney
after experimental skin burn under the conditions of

intravenous infusion, namely: isotonic sodium chloride
solution (0.9 % NaCl solution) and colloid-hyperosmolar
solutions (lactoprotein with sorbitol and HAES-LX-5 %) was
performed on 105 white male rats weighing 155-160 grams.

Detention in the vivarium and all manipulations with rats
were carried out in full compliance with the provisions of the
"General Ethical Principles for Animal Experiments",
approved by the First National Congress on Bioethics (Kyiv,
2001), with strict adherence to the recommendations of the
"European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes" (Concil of Europe, Strasburg, 1986).

The experimental rats were divided into seven groups
(fifteen animals each): the first group was intact rats; the
second, third and fourth groups were rats without reproduction
of experimental burn disease, which had a separate
intravenous infusion of 0.9 % NaCl solution, lactoprotein with
sorbitol and HAES-LX-5 % at a dose of 10 ml/kg; the fifth, sixth
and seventh groups were rats with experimental burn
disease, which under the same scheme was administered
an intravenous infusion of the test solutions.

For the simulation of burn disease, an experimental skin
burn was performed by pressing four heated copper plates
(two plates on each side, an area of each 13.86 cm2) which
were previously kept for six minutes in water at a constant
temperature of 100°C. To determine the extent of damage in
the experimental burn injury, the severity index was used,
which considers the parameters of the area and depth of
burns, as well as the total skin area of the burn. The calculation
data show that the experimental burn injury covered 21-23 %
of the animal's body surface, which is sufficient for the
formation of grade II-lll burns, the development of moderate-
severity burn shock, and the initiation of burn disease.

The infusion of solutions at a dose of 10 ml/kg was carried
out for five minutes in a caudal vena cava after its introduction
of the catheter in aseptic conditions through the femoral
vein. The course of infusion therapy lasted for seven days
(the first intravenous infusion was performed one hour after
the experimental burn injury, the subsequent injections were
carried out once a day).

The experimental burn injury, catheterization of the main
vessels was performed under anesthesia caused by
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intraperitoneal injection of propofol at a dose of 60 mg/kg.

Material was removed from rats for morphological
examination of the kidneys under deep thiopental
intraperitoneal anesthesia fourteen, 21 and 30 days after the
experimental burn skin injury. For histological examination,
the obtained biopsies were treated according to the
conventional procedure and stained with hematoxylin-eosin.
Histological preparations of the rat renal cortex were examined
on an Olympus BX51 microscope.

When receiving material for electron microscopic
examination of rats under deep thiopental intraperitoneal
anesthesia, the opening of the abdominal cavity was
performed. The rat kidney biopsies were crushed into small
blocks and fixed in glutaraldehyde solution. After standard
wiring, the material was poured into an araldite mixture with
epon.

Semi-thin and ultra-thin sections were made using an
ultramicrotome LKB-3 (Sweden). The resulting semi-thin
sections were stained with toluidine blue and methylene
blue - azure IlI. Ultrathin sections were contrasted on copper
support meshes with uranyl acetate and lead citrate
according to Reynolds. Electron microscopic examination
was performed using a PEM-125K electron microscope.

To objectify comparative analysis of the course of reactive
and destructive processes in the renal cortex of burned rats,
a morphometric study was performed. Evaluated: areas of
vascular glomeruli, areas of urinary lumen of the capsule of
the renal corpuscles; the renal tubule area of nephrons and
the area of their lumen, the area of the renal corpuscles, the
area of cytoplasm and nuclei of epithelial tubular cells, as
well as their nuclear-cytoplasmic ratio.

Images from histological specimens stained with
hematoxylin-eosin were taken to a computer monitor using
a MICROmedSEOSCAN microscope and using a Vision
CCD Camera. Morphometric measurements were
performed using VideoTest-5.0, KAAPA Image Base, and
Microsoft Excel on a personal computer.

Statistical analysis of the obtained quantitative indicators
was performed using the IBM SPSS v. 22.0. for Windows.
The values of the arithmetic mean (M), the error of the
arithmetic mean (m) were calculated for all investigated
parameters and the standard deviation (o) was determined.
The significance of the difference of values between the
independent quantitative values was calculated under the
conditions of normal distribution (the estimate of the type of
distribution was verified by the x? - Pearson criterion) by the
Student's t-test (using the Bonferroni correction for more
than two groups), and in other cases the Mann-Whitney U-
test was used. Comparison of qualitative features was
performed using criterion x2. The differences at p<0.05 were
considered significant.

Results

Studies have shown the unconditional positive benefits
of intravenous infusion of colloid-hyperosmolar solutions
over infusion of 0.9 % NaCl solution, which is further

substantiated by statistical analysis of the data obtained
from morphometric measurements. There are also
differences in the influence on the structure of the renal cortex
of burned rats of lactoprotein with sorbitol and HAES-LX-
5%.

The study showed that experimental burn skin injury and
the resulting burn disease lead to significant structural
changes in the components of the kidney after fourteen,
twenty-one and thirty days (in the stages of late toxemia and
septicotoxemia of burn disease, manifestations of which
were manifested by timely infusion therapy). In temporal
terms, the process of destruction and structural restructuring
in the renal cortex of experimental burned rats in the
investigated time of the experiment does not fade, but is
only modified.

Fourteen days (Fig. 1, 2) after experimental burn injury of
the skin with the introduction of 0.9 % NaCl solution, the
destruction of hemocapillaries, edema and hemorrhage in
the interstitium of the renal cortex occurs (this process is
mosaic and widespread). Twenty-one days and thirty days
after, structural changes deepen and become focal, limited
in nature: the necrosis and hemorrhage areas become
larger, but their number decreases. A characteristic feature
of these terms of burn disease is the involvement in the
process of structural damage to the immune component,
which is evidenced by the appearance of foci of lymphocytic
and plasmacytic infiltrates in the renal cortex. The efficacy of
recorded lymphocytic and plasmacytic infiltration of the renal
cortex is questionable, because infiltrate plasmocytes are
substantially structurally altered and subject to apoptotic
transformation.

Summarizing the results of the study of the structural
changes of the renal cortex of rats with skin burns, which
were injected with 0.9 % NaCl solution, we can conclude
that its infusion does not cause pronounced nephroprotective
effects, and the structures of the renal cortex are characterized
by the presence of morphological changes in the
composition of the glomerular and tubular apparatus.
Positive substantially compensatory-adaptive reactions
include structural features of the presence of the functional
potential of podocytes due to the preservation of podocytes
and stabilization of the thickness of the basement membrane.
The reactive manifestations can also be attributed to the
process of eliminating damaged mitochondria by mitoptosis,
but the dualism of this process should be emphasized.
Mitoptosis is able to inhibit apoptosis, but its spread can
lead to macroautophagy and necrotic cell death.

The use of infusion monotherapy alone with the effects
of severe skin burns with 0.9 % NaCl solution has a certain
positive effect on the body of burned rats (by reducing the
level of endogenous intoxication, which is reflected in the
mortality rate recorded in the study). At the same time, the
results of the study indicate the benefits of using combined
colloid-hyperosmolar infusion solutions, endowed with
nephroprotective properties, which improves the
regenerative capacity of kidney cells.
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Fig. 1. Destruction of the wall of the peritubular hemocapillary,
edema and hemorrhage in the interstitium of the renal cortex of the
rat 14 days after the experimental burn injury with the introduction
of 0.9 % NaCl solution. 1 - nucleus of destroyed endothelial cell; 2
- erythrocyte in swollen interstitial space; 3 - basal pole of the
epithelial cell of the distal tubule of the nephron. Electronic
micrograph. x10000.

the formation of sludge erythrocyte conglomerates (1) and with
partial destruction of the vascular wall in the renal cortex of the rat
14 days after the experimental burn injury under the condition of
0.9 % NaCl solution. Photomicrograph. Hematoxylin-eosin staining.
x100.

We have found that due to hyperosmolarity, lactoprotein
with sorbitol and HAES-LX-5 % provide the transfer of excess
fluid (resulting from the inflammatory response to burn injury)
from the intracellular sector to the vascular bed. It optimizes
the hemomicrocirculation and stabilizes the perfusion in the
kidneys, which is morphologically determined and histo-
physiologically justified in the analysis of the results of this
study.

Histological, electron microscopic and morphometric
studies indicate that (unlike 0.9 % NaCl solution) lactoprotein
with sorbitol and HAES-LX-5 % exert a cytoprotective effect
on the structure of the rat kidney with experimental burn injury,
thus revealing nephroprotective properties. The analysis of

morphometric data indicates statistically significant
(p<0.001) changes in different size of renal corpuscles, which
can be divided into two groups: | - large (hypertrophied) renal
corpuscles; Il - small (atrophied) renal corpuscles. The size
and structural organization of these renal corpuscles indicate
the different degree of their functional load and the potential
for the implementation of the filtration function. Fourteen days
after the experimental burn skin injury, their average area
under infusion of 0.9 % NaCl solution was 8453203 pym?
and 46871128 um?, respectively. Comparison of the range
of oscillations of the sizes of the average area of the large
and small renal corpuscles at different periods of the
experiment after the experimental burn skin injury (after
fourteen, twenty-one and thirty days) shows a significant
increase of the average area of the large renal corpuscles
(p<0.001), the size of the average area of the vascular
glomerulus (p<0.01) and mean area of the urinary space of
the kidney capsule of renal corpuscles (p<0.01) under the
conditions of infusion of lactoprotein with sorbitol and HAES-
LX-5 %, which indicate positive (compared to 0.9 % NaCl
solution) positive effect of colloid-hyperosmolar solutions
on the course of reactive processes in kidney cells of burned
rats.

The influence of lactoprotein with sorbitol on the structural
changes of the kidneys is reflected in the statistically
significant difference of the majority of the investigated
morphometric parameters characterizing the functional
abilities of the filtration and reabsorption apparatus of the
kidneys of burned rats of this experimental group, from the
similar ones that characterize the state of the renal cortex of
burned rats administered 0.9 % NaCl solution.

Only lactoprotein with sorbitol has a membrane-plastic
effect on the strengthening (enhancement of structuring) of
the mitochondrial membrane in part of the mitochondria of
epithelial cells of nephron tubules, which is ultrastructurally
manifested by an increase in the electron density and
thickness of all components of the mitochondria. The
maximum membranoplastic effect of lactoprotein with
sorbitol on mitochondria manifests itself fourteen days after
the experimental burn skin injury and gradually (twenty-one
and thirty days later) disappears, which correlates with an
improvement in overall clinical status and dynamics disease.
There is every reason to believe that increased structuration
of mitochondria is a preventer of the spread of mitoptosis
and mitophagy, the excess of which can lead to cell death.
This effect is not a consequence of the direct action of
lactoprotein with sorbitol, but is a consequence of the action
of lactoprotein with sorbitol under conditions of the
development of burn disease (Fig. 3) and is absent under
normal conditions (Fig. 4).

Summarizing the results of our study of structural
changes in the renal cortex of the rat with experimental burn
skin injury, which was administered lactoprotein with sorbitol,
we can conclude that intravenous infusion of this solution
leads to inhibition of nephrocyte alteration. The kidneys in
rats of this experimental group have less pronounced
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cytoplasm of the epithelial cell of the proximal tubule in the renal
cortex of the rat 14 days after the experimental burn injury under
the conditions of the introduction of lactoprotein with sorbitol. 1 -
basal striations. Electronic micrograph. x40000.

- s

Fig. 4. Ultrastructural structure of mitochondria (marked by arrows)
located in the cytoplasm of the epithelial cell of the proximal tubule
in the renal cortex of the rat without experimental burn skin injury
(normal). Electronic micrograph. x40000.

changes in the structure and, accordingly, more preserved
functionality of the cells of nephrons, compared with those
in the burned rats who were administered 0.9 % NacCl
solution.

The intensification of the regenerative processes in the
vascular component of the nephron tubules and renal
corpuscles leads to an overall improvement in
microcirculation and, consequently, a normalization of their
functions. The protective effect covers not only the organelles
of the epithelial cells of the tubules, but extends to the
organelles of podocytes and endothelial cells of the
hemocapillaries of the vascular glomerulus and to the
common basement membrane, which inhibits the integrity
of the filtration barrier.

Our studies indicate that a number of interrelated

pathological consequences of severe experimental burn skin
injury are capable of producing renal damage at the cellular
level, and the use of infusion of colloid-hyperosmolar
combined solution of lactoprotein with sorbitol, which
intentionally stimulates organelles protein-synthesizing
apparatus and corrects the metabolic substrate of nephron
cells, significantly limiting the gradient morphofunctional
changes in the renal cortex in burned rats.

Like lactoprotein with sorbitol, the influence of HAES-LX-
5 % under the development of burn disease manifests itself
in nephroprotective action. Just as in the case of lactoprotein
infusion with sorbitol, the structural features of HAES-LX-5
% influence are reflected in the statistically significant
difference of the majority of the studied morphometric
parameters characterizing the state of the filtration and
reabsorption apparatus of rats with experimental burn skin
trauma from similar, characterizing condition of the renal
cortex of rats with experimental burn skin injury, which was
administered 0.9 % NaCl solution.

Comparing the effects of the hyperosmolar solutions
applied, it should be noted that the HAES-LX-5 % infusion
provides a more harmonious effect on the renal cortex
structure of the rat with experimental burn skin injury. The
less pronounced manifestations of repair in this case are
associated with a lower degree of destruction in the renal
cortex of experimental animals, which is evidence of the
nephroprotective properties of HAES-LX-5 % (Fig. 5, 6).

We found that mitochondria of epithelial cells are the
most active organelles under normal conditions and the
most vulnerable ones under experimental burn skin injury.
Increased functional load leads to an acceleration of the
aging of their mitochondria, and in worse conditions - to the
destruction of not only old but also defective mature and
young mitochondria. Infusion of HAES-LX-5 % promotes the
ordering and normalization of mitoptosis in epithelial cells
of nephron tubules (see Fig. 6).

In rats with experimental burn skin injury, we observed
mitoptosis of mitochondria of epithelial cells of nephron
tubules. These mitochondria undergo microautophagic
changes, including fusion of lysosomes with small
damaged mitochondria or with small isolated fragments of
branched mitochondria. Autophagolysosomes thus formed
undergo a step-by-step transformation that can be defined
in spatial dimension as the "base apical transformation
sequence". In this sequence, the transformation of the
autophagolysosome occurs in the direction from the electron-
dense autophagolysosome in the basal zone of the
cytoplasm of the epithelial cell to the vacuole with electron-
transparent content in the apical zone of the cytoplasm.
Infusion of HAES-LX-5% leads to the stabilization of this
sequence, which reflects the protective properties of the
solution relative to mitochondria.

Summarizing the results of the study of the structural
changes in the renal cortex of the rat with experimental burn
skin injury, which was injected with HAES-LX-5 %, we can
conclude that the use of infusion of HAES-LX-5 % does not
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Fig. 5.
experimental burn injury with the introduction of HAES-LX-5 %.
Photomicrograph. Hematoxylin-eosin staining. x100.
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Fig. 6. Fusion of mitochondria, as well as their mitoptosis in the
epithelial cell of the proximal tubule of nephron in the renal cortex
of the rat 14 days after the experimental burn injury under the
conditions of administration of HAES-LX-5 %. Arrowheads indicate
zones of accumulation and confluence of mitochondria at different
stages of their degradation. 1 - nucleus of epithelial cell; 2 - brush
border. Electronic micrograph. x25000.

lead to a rapid complete restoration of the structural
organization of the cells of the components of the nephron.
However, the positive effect of such infusion therapy
contributes to the activation of the organelles of the metabolic
plan, improves hemomicrocirculation, and, accordingly,
filtration and reabsorption functions. Such a normalizing
effect makes it possible to recommend the use of a new
colloidal-hyperosmolar HAES-LX-5 % solution to ensure
timely prevention and optimization of complex treatment of
the harmful effects of severe burn injuries to the skin.
Some dynamics and selectivity of cell death in the renal
cortex of burned experimental rats were revealed. We have
found that under the infusion of 0.9 % NaCl solution, part of
all cells of the rat renal cortex perish by necrosis; part of the
epithelial cells of nephron tubules, epithelial cells of the
parietal layer of the glomerular capsule, and endothelial cells
of the blood microvessels perish by anoikis; some
mesangiocytes die by apoptosis; in the epithelial cells of

the tubules of the nephron there is a mitoptosis. The use of
hyperosmolar colloidal solutions inhibits cell necrosis and
modifies the remaining irreversible cell changes. It is worth
noting that in all cases, the most resistant cells to the harmful
effects of burn skin injury are podocytes. Podocytes maintain
the structural integrity of the basement membrane and, as a
result, stabilize the endothelial cells of the hemocapillaries
of the vascular glomeruli, which exhibit a greater degree of
resistance compared to the endothelial cells of the walls of
the blood vessels of the peritubular mesh. The expression
of reactive transformations of podocytes is the variability of
the shape and size of cytotubules, cytopodia and soles of
attachment of cytopodia. Their deformation modulations,
together with changes in the basement membrane, are
combined with an increase in the structure of the
cytoskeleton elements (microfilaments and microtubules)
located in the cytoplasm, which, in the aggregate, causes
changes in the sizes and configurations of filtration slits and
filtration diaphragms, thus changing.

We have noted that in some cells of the renal cortex of rat
with experimental burn skin injury, structural changes of
mitochondria occur by the mechanism of "out membrane
mitoptosis”. In this case, the mitochondria first condense,
after which its matrix swells and the fragmentation of the
cristae occurs due to the destruction of the junction of the
cristae. Finally, the outer mitochondrial membrane breaks
and the remnants of the cristae (in the form of vesicles) are
released into the cytoplasm. As a rule, the mitochondria of
the epithelial cells of the nephron tubules have an elongated
rod-like shape, and when swollen, they fragment and
become rounded (oval or spherical). However, in most
epithelial cells of rat nephron tubules with experimental burn
skin injury, a mixed type of mitoptosis has been reported. In
this case, the mitochondria condense, there is a bubbling
fragmentation of the cristae, but the rupture of the outer
mitochondrial membrane does not occur and the
mitochondria is absorbed by the autophagolysosome (or
transformed into the autophagolysosome). Therefore, the
final step in the transformation of the autophagolysosome
is the formation of a vacuole with a transparent content
(effective digestion of the content of the autophagolysosome),
which by exocytosis releases its contents from the cell
outside. Thus, mitoptosis can be accomplished both with
and without the involvement of autophagic (mitophagic)
mechanisms.

It is recognized that the mitophagy of damaged
mitochondria of epithelial cells of nephron tubules inhibits
the mitochondrial pathway of apoptosis activation. On the
other hand, mitochondrial destruction and intense mitophagy
contribute to cell death by accidental and unregulated or
programmed necrosis involving lysosomal enzymes.
Morphologically, both types of such cell death are
accompanied by cell swelling, destruction of the
plasmalemma, and release of cellular detritus into the
extracellular space.

The stability of the mitochondrial shape in the basal
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divisions of the epithelial cells of the proximal tubules of rat
nephrons with experimental burn skin injury is lost, the basal
streakiness is deformed. In this case, the mitochondria are
snug against each other. This process can be interpreted
as the fusion of mitochondria and the formation of giant
branched or annular mitochondria. It is not excluded that, in
fact, we observe as giant branched mitochondria fragment
and their fragments merge into their ends, forming
mitochondria of the annular shape. That is, "mitochondrial
fission and fusion" and "membrane tethering" [30] ocuur,
result in the formation of separate and united "mitochondrial
complexes".

In rats with experimental skin trauma administered
0.9 % NaCl solution, significant changes in the basal
membrane in all components of the renal cortex were noted:
loosening and local destruction of the basement membrane;
loss of its characteristic structure and electron density. These
structural shifts occur in the basement membrane of the
walls of the blood microvessels, the parietal and visceral
layers of the glomerular capsule, tubules of the nephrons.
The dynamics of these transformations are in accordance
with the severity of the destructive changes of cells for which
the basement membrane is a subordinate extracellular
matrix. In our worst-case scenario, the damaged cells merge
into the corresponding spaces and the basement
membrane becomes exposed.

Against the background of the described changes, the
membrane-plastic effect of the infusion of lactoprotein with
sorbitol, the structural expression of which is to stabilize the
normal structure of the basement membrane, and also to
the hyperplastic repair of the damaged basement
membrane, which has the character of excess and uneven,
is most clearly manifested. The latter, in particular, concerns
the basal membrane in the wall of the tubules of the proximal
divisions (at separate loci, the thickness of the basal
membrane increases 3-6 times). Producer components of
the basement membrane are adjacent cells, which show
the structural features of activation of the protein-synthesizing
apparatus of cells (first of all - the expansion of the tubules of
the granular mesh, which are completely filled with fine-
grained content of average electron density).

The above-mentioned transformation of the basement
membrane (the appearance of local defects and their
inappropriate repair) reflects significant disorders of matrix-
cytoplasmic relationships in the kidney of rats with
experimental burn skin injury. Loss of typical adhesive ties
in the areas of the distorted basement membrane leads to
autophagic (in the worst case, necrotic) or apoptotic (anoikis)
changes of epithelial and endothelial cells and their
attachment to the lumen of the hollow.

Discussion

In accordance with the above, the data obtained by us
about autophagic, necrotic and apoptotic cell changes in
the rat kidney with experimental burn skin injury indicate that
selectively stimulated microautophagy (and, in particular,

mitophagy) allows cells to survive when they have lost normal
levels of extracellular matrix attachment for some time and
then attach to it again. The latter is best manifested in the
epithelial cells of the tubules of the proximal departments of
the nephrons of rats with experimental burn skin injury, when
the cytoplasmic processes (folds) of the basal striations
are deformed, and the renewal of its typical architectonics
(as a manifestation of the positive action of lactoprotein with
sorbitol and HAES-LX-5 %) accompanied by the
establishment of matrix-cytoplasmic contacts
(establishment of a certain number of contacts and renewal
or increase of the area of contact between the plasmalemma
and the basement membrane).

Therefore, selective microautophagy in the form of
mitophagy in the cells of the renal cortex of the rat with
experimental burn skin injury is a manifestation of a
compensatory-adaptive reaction whose balance has certain
limits. If microautophagy is not adequately amplified, it leads
to macroautophagy and may result in necrosis of the
excessively vacuolated cell. If microautophagy is not
adequately inhibited, it can lead to apoptotic changes in the
cell. We found that the infusion solutions used lead to
different variants of the destructive changes in the cells. Under
the conditions of infusion of 0.9 % NaCl solution, mainly
necrotic cell changes occur, which are accompanied by the
development of interstitial edema, hemorrhage and
lymphocytic infiltration. Under conditions of infusion of
lactoprotein with sorbitol and HAES-LX-5 %, the spread of
destructive changes in the renal cortex of burned rats is
inhibited and substantially altered in both temporal and
spatial dimensions. Intravenous infusion of applied colloid-
hyperosmolar solutions provides inhibition of cell necrosis,
thus suppressing the intensity of the inflammatory response,
changing the way of realization of mechanisms of mitoptosis
(the main is "out membrane mitoptosis" or mitoptosis with
wide involvement of autophagic localized processes) and
contributes to the limited, local nature of autophagic and
apoptotic changes. The effects of the components of the
combined colloid-hyperosmolar solutions on the
mitochondria require further study, but there is no doubt that
the regulation of mitoptosis is a "switch" to prevent irreversible
changes in the cells of the kidney of rats that cause disorders
of renal detoxification function and are a consequence of the
effects of burn disease factors in experimental burn skin
injury.

Mitochondria have a leading role in cell function, not only
by providing them various metabolic responses and energy
production, but also by being the main site of reactive oxygen
species formation and a key player in initiating cell death
[20, 30]. Therefore, mitochondrial dysfunction or damage
can have serious consequences. Mitophagy (autophagic
degradation of mitochondria) and mitoptosis (programmed
destruction of mitochondria) are the processes by which
cells are released from damaged mitochondria [2, 11, 13,
19, 22, 24, 27]. The effectiveness of these processes can be
a factor that promotes or inhibits the development of various
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pathological conditions [20, 28].

We have found a specific lactoprotein with sorbitol
membrane-stimulating ultrastructural effect in the
development of burn disease, which is to enhance the
structuring of the mitochondria of epithelial cells of nephron
tubules, which can be regarded as strengthening the
mitochondrial membrane. It is known [24] that, under
conditions of intense functioning, under the influence of
pathogenic factors, mitochondria are particularly vulnerable
to mutations of their own DNA and protein misfolding in the
tubules of the granular endoplasmic reticulum. Under normal
conditions it is in the tubular cavity of the granular
endoplasmic reticulum that the linear chains of amino acids
are subject to post-translational modification and collapse,
acquiring the necessary three-dimensional configuration.
The answer to misfolded proteins is endoplasmic reticulum
stress (endoplasmaticum stress or ER-stress), which
usually involves the involvement of autophagic mechanisms
for the disposal of misfolded proteins. Given that
mitochondria are constructed from proteins encoded by both
the nuclear and mitochondrial genomes, this adds even
more complexity to the coordination of protein synthesis and
import to the mitochondria of proteins encoded by the
nuclear genome. In the study by Tinari A. et al. [27], it has
been proved that several protein molecules can cause such
reconstruction of mitochondrial membranes, leading to
rupture of the mitochondrial membrane and to complete
destruction of mitochondria. In view of the foregoing, we have
noted that the strengthening of the mitochondrial membrane
of mitochondria of epithelial cells is a regulator and a
potential inhibitor of the spread of mitoptosis degradation.

In view of the above literature, the membrane-plastic effect
of lactoprotein with sorbitol, aimed at enhancing the
structuralization of the outer and inner mitochondrial septum,
is a preventer of the spread of mitoptosis and mitophagy.

We have investigated and compared the effects of the
influence of different infusion solutions on the structure of
the renal cortex of burned rats: 1) a typical crystalloid (0.9 %
NaCl solution); 2) hyperosmolar colloidal solutions
(lactoprotein with sorbitol and HAES-LX-5 %). Structural
changes of the filtration and reabsorption apparatus of the
kidneys under these conditions differed in the nature and
temporal parameters of the compensatory-adaptive
reactions, as well as the degree of expressiveness of
destructive and reparative processes (which is a
manifestation of the protective and therapeutic effect of the
solutions). The success of the positive effects of infusion
solutions is largely determined not only by their osmolarity,
but also by the physicochemical characteristics of their
components (which was planned when designing these
drugs by the developers).

The studies have shown the unconditional positive
benefits of intravenous infusion of colloidal-hyperosmolar
solutions over infusion of isotonic solution, which is 0.9 %
NaCl solution, which is confirmed and objectified by the data
of the morphometric study. There are also differences in the

influence on the structure of renal cortex of burned rats of
lactoprotein with sorbitol and HAES-LX-5 % groups.

It should be noted that the scientific literature continues
to discuss the presence or absence of nephrotoxic effects
of infusion colloid-electrolyte-hyperosmolar solutions based
on hydroxyethyl starch of different generation [1, 4, 7, 10, 12,
16, 21, 23, 29]. The data obtained indicate the
nephroprotective properties of a new (created on the basis
of the hydroxyethyl starch of the third generation HES 130/
0.4) balanced plasma substitute HAES-LX-5 %, which exerts
a cytoprotective effect on the structure of the renal cortex of
rats with experimental burn skin. These data are consistent
with those of other researchers [3, 5, 6, 8, 15, 17, 18] regarding
the positive effects of HAES-LX-5 %. All this gives reason to
agree with the statement that colloid-hyperosmolar HAES-
LX-5 % opens new opportunities in the treatment of burn
disease. Prospects for further scientific research in this
direction are to study the effects of different colloid-
hyperosmolar infusion solutions on the structure of the
kidneys in various pathological conditions.

Conclusions

1. Comparative analysis of the effects of intravenous
infusion of 0.9 % NaCl solution and complex colloid-
hyperosmolar solutions (lactoprotein with sorbitol and
HAES-LX-5 %) on the structure of the kidneys under
experimental simulation of burn disease in rats (by causing
burn injury of 21-23 % skin area of the body surface) indicates
that each solution is characterized by the peculiarities of the
action on the course of reactive and destructive processes
in cells. Functionally different cells of nephrons under
conditions of infusion of detoxification solutions in the
development of burn disease die by necrosis, apoptosis
and anoikis; in epithelial cells of nephron tubules, mitophagy
and mitoptosis occur.

2. With intravenous infusion of detoxification solutions
applied, the most resistant cells to the harmful effects of
experimental burn skin injury are podocytes. Podocytes
maintain the structural integrity of the basement membrane
and, as a result, stabilize the endothelial cells of the
hemocapillaries of the vascular glomeruli, which exhibit a
greater degree of resistance than the endothelial cells of
the vessel wall of the peritubular mesh. The expression of
reactive transformations of podocytes is the variability of the
shape and size of cytotubules, cytopodia and soles of
attachment of cytopodia. Their deformation modulations,
together with changes in the basement membrane, are
combined with an increase in the structure of the
cytoskeleton elements (microfilaments and microtubules)
located in the cytoplasm, which, in the aggregate, causes
changes in the sizes and configurations of filtration slits and
filtration diaphragms, thus changing.

3. Mitoptosis in rat epithelial tubule cells with
experimental burn skin injury is carried out in two ways related
to: 1) destruction of the outer mitochondrial membrane; 2)
preservation of the outer mitochondrial membrane and
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involvement of autophagic (mitophagic) mechanisms to
release the cell from degraded mitochondrial material. In
the first case, the mitochondria first condense, after which
its matrix swells and the fragmentation of the cristae occurs
due to the destruction of the junction of the cristae. Finally,
the outer mitochondrial membrane breaks and the
remnants of the cristae (in the form of vesicles) go into the
cytoplasm. In the second case, the mitochondria condense,
vesicular fragmentation of the cristae occurs, but the rupture
of the outer mitochondrial membrane does not occur and
the mitochondria are absorbed by the autophagosome (or
transformed into the autophagosome). Next is the merger
of autophagosomes with lysosomes and the formation of
autophagolysosomes, which, under the conditions of
effective digestion of the contents, are transformed into
vacuoles. The latter are emptied by exocytosis and ensure
the release of cells from degraded material.

4. Detoxification solutions used in the study give rise to
different variants of reactive and destructive changes in the
cells of renal cortex of rat with experimental burn skin injury.
Under the conditions of intravenous infusion of 0.9 % NaCl
solution, mainly necrotic changes of the cell occur, which
are accompanied by the development of interstitial edema,
hemorrhage and lymphocytic infiltration. Given the
intravenous infusion of lactoprotein with sorbitol and HAES-
LX-5 %, the spread of destructive changes in the renal cortex
of rats with experimental burn skin injury is inhibited and
substantially altered in both temporal and spatial
dimensions. Intravenous infusion of applied colloid-
hyperosmolar solutions provides inhibition of cell necrosis,
thus suppressing the inflammatory response and
contributing to the limited, local nature of mitoptosis and
apoptotic changes. Limited selective microautophagy in the
form of mitophagy in the cells of the renal cortex of rat with
experimental burn skin injury is a manifestation of a
compensatory-adaptive reaction whose balance has certain
limits. If microautophagy is not adequately propagated, it
leads to macroautophagy and may result in necrosis of the
excessively vacuolated cell. If the spread of microautophagy
is not adequately restricted, it can lead to apoptotic changes
in the cell.

5. In rats without experimental burn skin injury,
unstimulated mitoptosis of individual mitochondria of
nephron epithelial cells occurs. Such mitoptosis can be
considered as a manifestation of basic control of
mitochondrial homeostasis whose effectiveness is
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MOPIBHANBHWUIA AHATI3 BMMUBIB PISHUX OE3IHTOKCUKALIMHUX PO3YMHIB HA CTPYKTYPY HUPOK MPU

EKCMEPUMEHTAIBHIA OMNIKOBIN XBOPOBI Y LLYPIB

Yepkacoe B.I., Jlaxmadup T.B., ®edoHrok J1.51., WuniyuHa O.B.

BacmocyeaHHs iCHy4UX [HQY3ilHUX PO34UHi8, a maKkox po3pobka, Haykoee obrpyHmyeaHHs i 8npoeadxeHHs HO8IMHiIX
HeghpornpomeKmopHUX de3iHmMOoKCcUKaUiliHUX pO34UHI8 3anuwiaembCcsi akmyarnbHor rpobnemoro 0na kombycmionozie. Memotro pobomu
€ r1opi8HANBHUL aHari3 ernnueie piaHux dediHmokcukayitiHux posdyuHis (0,9 % posduHy NaCl ma KOMneKCcHUX KOroiOHO-2inepocMornsipHUX
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PO34YUHie - nakmornpomeiHy i3 copbimonom ma Hew,00a8HoO po3pobreHoz2o po3yuHy HAES-LX-5 %) Ha cmpykmypy HUPOK rpu
ekcrniepumMeHmarbHitl ornikosi xeopobi y wypis. [1iddocnidHi wiypu 6ynu po3nodineHi Ha cim epyn (Mo 15 meapuH y KOXHill): nepwa epyna
- IHmakmHi wypu, dpyza, mpems U Yemeepma 2pyrnu - wypu 6e3 8idmeopeHHs1 ekxcriepuMeHmarnbsHOI 0nikogoi xeopobu, kompum 6yrio
30ilICHEHO OKpeMo 8HympilHb08eHHY iHgby3ito 0,9 % posduHy NaCl, nakmornpomeiHy i3 copbimonom ma HAES-LX-5 % y dosi 10 mn/ke;
n'ama, wocma ma cboMa 2pynu - Wypu 3 eKCcriepuMeHmasbHOK OfiKO8OK X80p0bOoK (WIISIXOM HaHeCeHHs OMiKogoi mpasmu WKipu
nnowero 21-23 % roeepxHi mina), SKUM 3a aHaso2iHHo cxemoro 6yrio 30ilCHEHO 8HYMPIWHBOBEHHY iHQDY3ito OOCIOXKY8aHUX PO3HUHIE.
Yci docnidxeHHs | susedeHHs wypis i3 ekcriepumeHmy rpogodusu nid enuboKuM mioneHmanosum 8HympiluHbOYEPE8HUM HapPKO30M.
licmonoeiyHi npenapamu KipKkogoi peHo8uUHU HUPOK wypie 3abapertosarnu eemamoKCcuniHOM-e03UHOM i eus4yarnu Ha mikpockoni Olympus
BX51. OdepxaHi 3a doromoeor ynbmpamikpomomy LKB-3 (LLigeuisi) HaniemoHkKi 3pisu 3abapesntosanu mosnyiQuHo8UM CUHIM ma
MemurneHo8UM CuHiM - a3yp Il; a ynempamoHki 3pi3u - KOHmpacmysanu ypaHinayemamom i yumpamom ceuHyto 3a PeliHons0com i
sue4anu 3a 00roMo20t0 enieKmpoHHo20 mikpockona MNEM-125K. MopgomempuyHi sumiptogaHHs1 (ouiHka rnrowi cyOUHHUX KilybouKis,
rnowji ceyoeo20 Mpoceimy Karcynu HUPKO8UX mineyb; Miow,i HUPKOBUX KaHarbuie HeghpoHie ma nnowi ixHix npoceimis, raowi
HUpKOo8UX mineub, naowji yumonnasmu ma ssi0ep enimenianbHUX KAIMUH KaHanbuig, a makox ix sdepHo-yumornnadmamu4yHe
criiggioHoweHHs1) 30ilicHosanu 3a doromozoro rpoepam BudeoTecm-5.0, KAAPA Image Base ma Microsoft Excel Ha nepcoHanbHOMy
kommn'tomepi. CmamucmuyHUl aHarni3a ompuMaHUX KiflbKICHUX MOKa3HUKI8 8UKOHaHUl 3 8UKOPUCMAaHHSM cmamucmu4yHo20 rnakemy
IBM SPSS v. 22.0. for Windows. BcmaHoeneHo, wo yHKUiOHanbHO Pi3Hi KIMimuHU HegpoHie 3a yMmoe iHby3ii 0e3iHmoKcuKauitiHux
PO34UHI8 MPU PO38UMKY OriKOBOI X8OPOBU 2UHYMb WIISIXOM HEKPO3y, aronmo3y ma aHoikKicy; 8 enimernianbHuX KrimuHax KaHarnbuie
HegpoHie gidbysaombcs Mimoghaeis ma mimonmo3. Mimonmo3 e enimenianbHUX KAiMUHax KaHanbyie HegpoHie wypis 3
eKkcriepuMmeHmarsbHOK OMiKO8O mpasMor wkipu 30ilicHoembcs dgoma wiisixamu wo nos'sa3axi 3: 1) pylHauieo 308HIWHbBOI
mMimoxoHOpianbHoi membpaHu; 2) 36epexeHHSM 308HiWHbLOI MimOXoHOpianbHOI MeMbpaHu ma 3any4yeHHAM aymogazilHux
(MimogbaeiliHux) mMexaHismie Onsi 38iNbHEHHS KAimuHU 8i0 deepadosaHO020 MimoxoHOpianbHO20 Mamepiana. Y nepwomy sunadky
MimoxoHOpis crio4amky KOHOeHCyembCsi, ricnsi 4oeo e8i0bysaembcsi HabyxaHHS if Mampukcy i chpaemeHmauis Kpucm 3a paxyHoK
pylHauii 3'eOHaHb Kpucm. Hapewmi, 308HiWHS MimoxoHApianbHa membpaHa po3pusaembcs i 3anuwku Kpucm (y euansadi ee3ukyn)
8uxo00smb y yumonna3smy. Y dpyaomy sunadky mMimoxoHOpisi KOHOeHCcyembCsl, 8i0bysacmbCsi 8e3UKynspHa hpaeMeHmauis Kkpucm, ane
po3pusy 308HIWHBLOI MIMOXOHOpianbHOi MembpaHu He 8idbysaembcs i MImMOXOHOPIA Noa2nuHaembcsi aymogacocomor (abo
rnepemeoproembcsi Ha aymocgbazocomy). Hani 8idbysaembcsi 3nummsi aymogha2ocoM 3 J1i30COMaMu i ymeOpPeHHs aymoghazoriisocom,
SKi, 3a yM08 eheKmueHo=20 repempassieHHs1 eMicmy, mpaHcghopMyrombcsi y 8akyori. OcmaHHI 8UNOPOXHIOIOMbCS WITSAXOM €K30U4umosy
i 3abesrneyyomb 8uBINbHEHHS KAimuHU 8i0 deepadosaHoz20 mMamepiany. [lpumamaHHa minbKu nakmornpomeiHy 3 copbimonom
membpaHonnacmu4yHa 0is Wodo yKpirnneHHs1 (MOCUMIeHHs cmpyKkmyparidauii) MimoxoHApianbHOI 060M0HKU Yy YacmuHu MimoxoHOpiIl
enimenianbHUX KIMiMUH KaHanbyie HegpoHie yribmpacmpyKmypHO NPOA8IsembCs Mid8UWEHHSIM efTeKMPOHHOI WinbHOCMi ma mosujuHU
ycix cknadosux mMimoxoHOpianbHOI 060510HKU. MakcumarnbHO 3a3HadyeHul membpaHonnacmuyHul egekm Oii makmornpomeiHy i3
copbimosnom w000 MimoxoHOpil nposensemscsi yepes 14 0i6 nicria ekcriepumeHmMarnbsHOI OMiKogoi mpasmMu WKipu i mocmynogo
(4yepe3s 21 ma yepe3 30 0ib) 3HUKaE, WO KOPEJTHOE 3 MNONINWEeHHSIM 3a2aribHO20 KIiHIHHO20 cmaHy | MOKpauleHHSIM NMoKa3HUKI8 CMpYKMypHUX
3MiH HUPOK meapuH 3 0rikogoto xeopoboro. € yci nidcmasu e8axamu, WO MocuneHHs1 cmpykmyparnisauii MimoxoHApil € 3arnobiXHUKOM
nowupeHHss Mimonmo3y ma mimocbaeii, HadnuwkKosul xapakmep SKUX Moxe rpu3secmu A0 KiimuHHoOI 3azuberi.

Knto4voBi cnoBa: onikosa xeopoba, 0e3iHMOKcUKauyiliHi pO34UHU, peakmueHi ma 0ecmpyKmueHi 3MiHU HUPOK.

CPABHUTENbHbLIN AHANU3 BITUAHUIA PA3HbIX JE3UHTOKCUKALIMOHHbIX PACTBOPOB HA CTPYKTYPY NOYEK NPU
OKCMNEPUMEHTAIIbHOM OXXOrOBOM BEONE3HU Y KPbIC

Yepkacoe B.I., Jlaxmadbip T.B., ®edoHrok J1.51., lunuysiHa A.B.

lMpumeHeHue cyujecmesyouux UHQY3UOHHbIX pacmeopos, a makxe pa3pabomka, HayyHoe obocHo8aHUe U gHedpeHue Hoselwux
HeghpornpomeKmMopHbIx 0e3UHMOKCUKaUyUOHHbIX pacmeopoe ocmaemcsi akmyarnbHol rnpobremol 05151 kombycmuornozos. Llenbto pabomsi
sensaemcsi cpasHUMesbHbIU aHanu3 eusHUsl pasnuyHbix 0e3uHmMoKcUKayuoHHbIx pacmeopos (0,9 % pacmeopa NaCl u KOMMIeKCHbIX
KOJ1710UGHO-2UrnepoCMOJISIPHbIX Pacmeopos - 1akmornpomeuHa ¢ copbumoriom u HedasHo pa3pabomaHHo2o pacmeopa HAES-LX-5 %)
Ha cmpyKkmypy MoyYek rpu aKcrnepuMmeHmarsibHoU 0020800 6071e3HU y Kpbic. Mcribimyemble Kpbichbl bbinu pa3desieHbl Ha ceMb 2pyni (o
15 )ueomHbix 8 KaxxdoU): nepeasi 2pyrina - UHMaKkmHble KpbICbI; 8mopasi, mpembs U Yyemeepmasi epynibl - Kpbicbl 6€3 8ocrpouseedeHus
3KcrepuMeHmarbHol 002080l 6051e3HU, KOmopbIM bbina ocywecmesneHa omdoernbHo uHgpy3us 0,9 % pacmeopa NaCl, nakmornpomeuHa
¢ copbumornom u HAES-LX-5 % e do3e 10 mn/ke nsamas; wecmasi u ceObMasi 2pyrrbl - KPbICbl C 3KCrepuMeHmarbHOU 0X02080U
bone3Hbio (Mymem HaHeceHuUs1 002080l mpasMbi Koxu riouwadsto 21-23 % nosepxHocmu mesa), KOMOPbIM 10 aHano2uyHol cxeme
bbina ocywjecmerneHa uHgy3usi uccredyeMbix pacmeopos. Bce uccrnedosaHus u 8bi800 KpbIC U3 IKCriepuMeHma nposoousnu rnood
eny6oKkuM muoreHmanosbiM 8HympubpoWHbLIM Hapko3oM. [ucmonoaudyeckue npenapamsl KOPbl MOYEK KPbIC OKpawusanu
2eMamoKCUIIUH-303UHOM U u3dyyanu Ha mukpockorne Olympus BX51. [MonyyeHHbie ¢ nomowbto yribmpamukpomoma LKB-3 (Lliseyus)
M0/1YMOHKUE CPEe3bl OKpawusanu mosyuouHO8bIM CUHUM U MEMUIIEHOBLIM CUHUM - a3yp Il; a yribmpamoHKue cpesbl - KoHmpacmuposanu
ypaHunayemamoM U yumpamom ceuHya rno PelHonbdcy u u3yyanu ¢ MOMOWbLIO 3/1€KMPOHHO20 MuKpockona MOM-125K.
Mopghomempuyeckue usmepeHusi (oyeHka now,adu cocyducmbix Krnyboykos, rnnoujadu Mo4yego20 fnpoceema Karcyrbl MOYeYHbIX
meneu; nnow,adu noYeyHbIX KaHarbyee HehpoHO8 U pa3mepbl UX 1poceemos, niouw,adu noYeyHbIx mesneu, niaouwadu yumonnasmbi u
A0ep anumernuanbHbIX KIIEMOK KaHalbUes, a makxe ux ss0epHO-4umonia3mamuyecKkoeo COOMHOWEHUS]) OCyUW,ecmensifiu ¢ MoMoUWbo
npoepamm BudeoTecm-5.0, KAAPA Image Base u Microsoft Excel Ha nepcoHanbHOM Komrbomepe. Cmamucmuveckul aHanu3
roy4eHHbIX KOUYECMBEHHbIX rokasamesiel 8bIMNOfIHEH C UCMOb308aHUeM cmamucmu4yeckoeo nakema IBM SPSS v. 22.0. for
Windows. YcmaHoeneHo, 4mo gbyHKUUOHabHO pa3sHbie KIemkKu HeGghpoHO8 rpu UHY3uu 0e3UHMOKCUKaUUOHHbIX Pacimeopos 8 yCriosusix
passumusi oxozo8ou 6one3HuU nozubarom rymem HeKpo3a, arornmo3a U aHoOUKUCa; 8 3rumeriuasnbHbIX KemkKax KaHanbyes HeghpoHos
npoucxodsm mumoghbaausi u Mumonmo3s. Mumonmo3 e anumeruarnbHbIX KIlemkax KaHanbuyee HeghpoOHO8 KpPbIC C 3KCIIEpUMEHMarnbsHOU
0020800 mpasMol KOXU ocyuecmernsemcsi 08yMsi nymsiMu, KOmopble cesi3aHbl C: | - paspywieHuem HapyXHoU MumoxoHopuanbHoU
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membpatbl; Il - coxpaHeHUeM HapyXHOU MUMOXOHOpUabHOU MembpaHbl U MpucoeduHeHUeM aymoghacudeckux (Mumoghacuyeckux)
MexaHu3moe Oris1 0c8ob0x0eHUs Kremku om 0e2padupo8aHHO20 MUMOXOHOpUanbHo20 Mamepuana. B nepeom cryyae MumoxoHOpusi
CHavana KoHOeHcupyemcs, rocre yea2o rpoucxodum HabyxaHue ee Mampukca U ¢hpaeMeHmauyusi Kpucm 3a cyem paspyweHusi
coeduHeHul Kpucm. HakoHey HapyxHasi MUMOXOHOpuanbHass MemMbpaHa pa3pbieaemcsi U 0OCmamku Kpucm (8 gude 8e3uKyI1) 8bIX00sm
8 yumonna3my. Bo emopom criydae MmumoxoHApusi KoHOeHcupyemcsi, npoucxodum 8e3uKyrnspHas chpaeMeHmauyusi Kpucm, HO HapyXKHasi
MumoxoHOpuarnbHas mMembpaHa coxpaHsiem €80l UesloCMHOCMb U MUMOXOHOPUs roanouwaemcs aymogacocomoul (unu
npespawjaemcsi 8 aymoghazocomy). danee npoucxodum crnusiHue aymoghazocom ¢ fu3ocomamu U obpasosaHue aymoghaz2oriu3ocom,
Komopble, rpu ycrosuu 3ghghekmueHoU rnepepabomku co0epxumMo20, mpaHcghopmupyomces 8 8akyonu. [locrnedHue ornopoXHsMCS
nymem 3k3ouyumo3a u obecriedusarom oceoboxdeHue Kiemku om AezpaduposaHHO20 Mamepuana. [lpucyuwie monbKo 1akmonpomeuHy
¢ copbumosniom membpaHonnacmuyeckoe Oelicmeue, HarnpaesieHHOe Ha yKkpenseHue (ycurneHHas cmpyKkmypanu3ayus)
MumoxoHOpuanbHol 060/04YKU y Yacmu MUmMoOXoHOpul anumernuarnbHbIX KIemoK KaHanbuee HeghpoHa yrnbmpacmpyKmypHo
rposensiemcs MogblWeHUeM 3/1eKMPOHHOU MNAOMHOCMU U MOIWUHbI 8CeX COCMasasaouux MUmoxoHopuansHol 06004KU.
MakcumarnbHo membpaHonnacmuyeckuli aghghekm Oelicmeusi nakmornpomeuHa ¢ copbumosnioM Ha MUmoxXoHAPUU MPOosIBSAEMcs Yyepes
14 cymok nocne akcriepuMeHmarsnbHOU 0X02080U mMpasMbl KOXU U rocmeneHHo (Yepe3 21 u yepe3 30 cymok) ucyesaem, 4mo
coenadaem c yny4uieHuem obuje2o KIUHUYEeCKO20 COCMOSIHUSI U rokasamerel CmpyKmypHbIX UBMEHEeHUU 8 MoYykax XU8OMHbIX C
002080l 60s1€3HbI0. ECMb 8Ce OCHO8aHUS cyUmams, Ymo ycuneHue cmpyKmypanusayuu MumoxoHOpul sensemcs npedoxpaHumernem
pacripocmpaHeHuUsi Mumornmo3a u Mumocgbaauu, Ype3mMepHbIl Xxapakmep KOmopbiX MOXem rpugsecmu K Kiemo4yHou eubenu.
KntoueBble cnoBa: oxozosas 601e3Hb, 0e3UHIMOKCUKaUUOHHbIE pacmeopsbl, peakmueHsie U 0ecmpyKmueHble U3MEHEHUST MOYex.
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