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This article gives a theoretical substantiation and a new experimental solution of a scientific problem aimed at increasing the

effectiveness of pharmacotherapy on the morphofunctional state of the lungs of rats under conditions of burn shock by using a
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combined colloid-hyperosmolar infusion solution — lacto-protein with sorbitol. The administration of the test solution at a dose of
10 ml/kg for 7 days in rats with modelled bum shock reduced ultrastructural changes in the lungs triggered by bum shock. It has
been proved that in the conditions of shock, colloid-hyperosmolar infusion lacto-protein with sorbitol solution facilitates the
restoration of vascular endothelium and fluid retention in the microcirculatory channel and improves the morphofunctional state of
the aerohematic barrier of the lungs, stimulates the activity of the alveolar macrophages and the secretory function of the type II

anna.ocheretniuk@gmail.com  alveolocytes producing surfactant. At day 7 of burn shock, when 0.9% of NaCl was injected, significant changes were observed in
the respiratory unit: part of the alveoli had considerably enhanced clearance of blood capillaries, which had platelets, neutrophils and
altered forms of erythrocytes. At day 7 of burn shock in the lungs of the rats given an infusion of colloid-hyperosmolar solution —
lactoprotein with sorbitol, the ultrastructure of the components of the ung cells had improved in comparison with 3 days. Luminosity
of the hemocapillary parts was moderate, mainly with erythrocytes. The walls of endothelial cells had elongated nuclei with
invaginations of nuclear membranes and clear contours. Their cytoplasmic regions were not widespread, with moderate electron
densities. In type II alveolocytes, during this experiment, a lower degree of damage to the nucleus and organelles in the cytoplasm
was established, and there were signs of a renewal of the secretory function of these cells. In the cytoplasm, hypertrophied
mitochondria with clear crystals, different sizes of secretory granules, which had a different density, indicating their formation, were
observed. According to the magnitude of the cytoprotective effect on lung cells under conditions of burn shock, the lactoprotein with
sorbitol solution was shown to be superior in comparison with the physical solution (0.9% NaCl). The study of functional,
biochemical and molecular genetic parameters that characterize the state of the aerohematic barrier under the conditions of using
lactoprotein with sorbitol solution in the case of burn injuries of the skin will allow researchers to comprehensively evaluate the
mechanisms of the pulmonary protective effect of this preparation and to experimentally substantiate the expediency of its use in

clinical practice for pharmaco-correction of burn shock.
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Introduction

Bum injuries and the various types of damage to the organs and
systems of the body to which it leads is one of the pressing problems of
modern medicine throughout the world and in Ukraine, in particular
(Fuzaylov et al., 2015; Gamelli et al., 2015). Burn illness is a symptom
complex when there are functional and morphological changes in vital
organs and systems, violation of metabolic and neurohumoral processses,
burn shock (BS) (Snell et al., 2013; Nielson et al., 2017). The develop-
ment of pulmonary complications contributes to an increase in mortality
of up to 50%, which raises the issue of early diagnosis and prevention of
lung injuries in burn shock as an important problem of combustiology
(Cox etal., 2015).

The lungs are a target organ in burn chock, damage to lungs occurs
as a result of the development of several pathogenesis units, which con-
stitute a mosaic picture of severe damage and violation of the whole
homeostasis of the body and require effective pharmacotherapy, in the
first place, adequate correction of disorders in the early stages of bumn
injury (Porter et al., 2016). Pathogenesis of development and cellular
mechanisms of lung damage is the least studied aspect of this problem,
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which, in turn, hinders the development of adequate and sufficiently
effective methods of treatment of this pathology (Kaddoura et al., 2017).
In the literature, morphofunctional changes in the structure of the lungs
are not sufficiently studied, attention is not paid to the dynamics of these
disorders, depending on the period of burn disease, and their relationship,
which requires further research (Jacob et al., 2015; Sousse et al., 2015).

An analysis of the clinical picture of ung injury on the background
of burns indicates the diversity of its forms, but more often two of its
main varieties are distinguished (Cox et al., 2015). The first of these is
associated with the effect of high temperatures on the mucous membrane
of the respiratory tract. This form of lung inflammation according to
some authors stands out as "primary burn pneumonia" (Shaver & Bas-
tarache, 2014). One of the targets of these factors is the lung cells in
which there is a decrease in the activity of synthetic processes, a more
active response to apoptotic stimuli, their functioning is disturbed, which
creates the preconditions for the development of clinical manifestations
of lung injury on the background of thermal damage (Herold et al., 2015).

The development of lung injury is also associated with the polyfac-
tor effect of thermal damage and has the character of a chain reaction.
Burn shock causes the destruction of the phospholipid layer of mem-
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branes under the action of histamine and kinins and violations of tissue
respiration, permeability of the alveolar-capillary membranes, edema and
fluid exudation from the vascular bed to the interstitial space and lumen
of the alveoli, lung tissues, vascular spasm, small thrombi and plasmatic
percolation, neutrophil infiltration, diffuse damage to the walls of the
alveoli, hyaline dystrophy (Jacob et al., 2015). Oxygen-metabolic exp-
losion of leukocytes becomes pathological, damaging cells and macro-
molecular compounds. In the pathogenesis of burn shock, the impair-
ment of the hemodynamics of the small circle of blood circulation and
the gas transportation function of the lungs is important. The pronoun-
ced disturbances of peripheral blood flow in certain areas of the lungs
contribute to the formation of infiltrates, and later bronchopneumonia.
In a morphological study of lungs (Sousse et al., 2015), it is possible to
observe in the alveolus a protein-rich fluid with acuminate alveolocytes,
macrophages, red blood cells, and fibrin cones. In cases of burn shock,
functional activity decreases and the alveolar macrophage ultrastructure
changes (Zhang et al., 2018). On the basis of violations of hemodyna-
mics and rheological properties of blood, as well as hypoxia, action of
biogenic amines and bacterial toxins in the lungs, dystrophic changes
take place in the level of necrosis (Shaver & Bastarache, 2014).

The above changes have a certain sequence and at a certain stage of
burn shock develop an irreversible nature, which requires timely correc-
tion or preventive intervention. It is important to use means that reduce
the toxic effects of bum injury, or completely alleviate the negative
factors, this being the goal of modern pathogenetic therapy in burn injury
(Abdullahi & Jeschke, 2014; Snell et al., 2013; Kaddoura et al., 2017).
The pathogenesis of development and cellular mechanisms of damage
are the least studied, especially in the period after the day of injury,
which, in turn, hinders the development of adequate and sufficiently
effective methods of treatment of this pathology.

The high incidence of lung injury as a result of burn injury, the
severity of this pathology, the high percentage of lung injury in this
case, in particular the development of acute respiratory distress syndro-
me, and the known property of infusion solutions based on hyperosmo-
lytic colloidal solutions, along with the correction of hypovolemic shock
and septicemia, to suppress the increase in the amount of fluid in the
lungs, without disturbing the gas exchange in them, gives relevance to
the research and study of new combined colloid-hyperosmolytic infuse-
on solutions (Abdullahi & Jeschke, 2014).

One such drug is a solution of lactoprotein with sorbitol (LPS),
which was created at the Lviv Institute of Blood Pathology and Transfu-
sion Medicine (Covalchuk & Cherkasov, 2014). The results of preclini-
cal study of the drug established its ability to support the vital functions
of the body of rats and provide organoprotective effects in the conditi-
ons of experimental burn injuries of the skin (Cherkasov et al., 2015).
The effect of the drug on ultrastructural changes in the lungs in the period
of burn shock is unknown, which necessitates research in this direction.

The goal of our research was to find out the effect of the solution of
lactoprotein with sorbitol on the ultrastructural organization of pulmona-
ry tissues in rats with burn shock (BS).

Materials and methods

Experimental studies were performed on 256 white male rats weig-
hing 160-180 g in accordance with the requirements of modern stan-
dards, as reflected in the international rules of the "European Conven-
tion for the Protection of Vertebrate Animals", the methodological
recommendations of the Ministry of Health of Ukraine on "Preclinical
Research of Medicinal Products" (Directive 2010/63/EC of the European
Parliament and of the Council of 22 September 2010 on the Protection
of Animals used for Scientific Purposes, 2010).

The animals were catheterized and divided into three groups:
1 group — intact animals, II, III groups — rats with BS, which were infu-
sed respectively: 0.9% NaCl solution, lactoprotein with sorbitol. Burn
shock of moderate severity in animals caused thermal burns of the
second degree (21-23%) by method (Regas & Ehrlich, 1992).

Infusion of the investigated solutions in a dose of 10 ml/kg was
carried out in aseptic conditions in the femoral vein for 5 minutes. One
hour after the infliction of burn shock; the following infusions — once a
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day for 7 days. A catheter with a diameter of 1-2 mm, mounted in the
femoral vein, was placed under the skin, and its lumen was filled with
titrated heparin solution (0.1 ml of heparin per 10 ml of 0.9% NaCl
solution) throughout the length after each injection of the solutions
studied. Shaving of the animals, catheterization of major vessels, infliction
of burns and decapitation of the animals were carried out under conditi-
ons of propofol anesthesia at a dose of 60 mg/kg intraperitoneally (Ab-
dullahi etal., 2014).

Two schemes of pharmacological correction of opioid shock were
investigated in this work: 1) 0.9% solution of NaCl (produced by the
Kyiv JSC Biofarma) — control pathology; 2) the investigated drug
lactoprotein with sorbitol — protein and salt complex containing as a
colloidal basis donor albumin — 5.0%, as well as polyatomic sorbitol —
6.0%, sodium lactate — 2.1%, sodium chloride — 0.8%, calcium chloride —
0.01%, potassium chloride — 0.0075%, sodium bicarbonate — 0.01%.
Osmolarity of the drug — 1020 mOsmol/l (Registration certificate
No 464/09-300200000 JSC Biofarma). Lactoprotein with sorbitol be-
longs to the group colloidal hyperosmolar solutions and is the closest in
composition, transfusion potential and pharmacodynamic properties to
blood plasma.

For electron microscopy, tracheotomy was performed in the rats
under propofol anesthesia. After two-sided incisions along the intercos-
tal spaces, the lungs collapsed, and then in the trachea about 1.5 ml of
2.5% glutaraldehyde solution on the phosphate buffer was immediately
administered. After opening of the chest in situ, the right lung was
irrigated with a 2.5% glutaraldehyde solution for 15-20 minutes. Sections
from the lower lobe of the right lung were cut into small blocks and
continued to be fixed in the same solution for an hour. After standard
wiring, the material was poured into an epoch. Ultra-thin sections of the
lung tissue produced on ultramicrotome LKB-3 were prepared with
uranyl acetate and lead citrate by the Reynolds method and the lung
structure studied under the electron microscope PEM-125K (Regas &
Ehrlich, 1992).

Results

The longitudinal nuclei of endothelial cells and respiratory alveolo-
cytes had invaginations, which are formed by the nuclear membranes.
The wall of the aerogematous barrier was uneven due to edema and
illumination of the cytoplasmic part of the respiratory epitheliocytes,
their plasmolemma were wavy. Cell cytoplasm had a small number of
pynocystic bubbles, there were separate vacuoles, and organelles were
numb and destructively altered.

The thickness of the basement membrane was uneven, there were
locally thickened areas. The cytoplasmic part of the endothelial cells had a
different thickness, formed a leak in the lumen of the blood capillary.
In the cytoplasm of the endothelial cells there were destructively altered
organelles — hypertrophied mitochondria had places that were luminous
matrix, damaged crystals, granular endoplasmic mesh channels were
fragmented, thickened, on the surface of their membranes, there were
few ribosomes.

Ultrastructure of type II alveolots was noticeably changed — there
were small nuclei with uneven contours of the nuclear membrane. In the
karyoplasm, there were many heterochromatin, they form a cluster and
are located more along the nuclear membrane. In the cytoplasm, small
numbers of mitochondria were hypertrophied, had a homogeneous
matrix, in which the crystals were poorly visible, the channels of the
granular endoplasmic mesh were deformed, uneven, on the surface of
their membranes there were few ribosomes, and the cisternae in the
dictyosomes of the Golgi complex were single. On the apical part of the
plasmalema there were small microvilli, most of which is exposed.
Such a state of secretory alveolocytes indicates their low functional
activity (Fig. 15). In the cytoplasm of the alveolar macrophages, many
primary, small lysosomes and large secondary phagosomes were noted.
The nucleus appeared diminished, the nuclear membranes formed
invaginations, areas of heterochromatin were present in the karyoplasm.
Cytoplasmic germs were present on separate areas of the surface,
plasmolemma in them fuzzy, rippled, indicating a violation of the
functional activity of alveolar macrophages (Fig. 1c).
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(the scale bar was 100 um): @ — alveol: 1 —lumen of hemocapillary with blood cells, 2 — endothelial cell, 3 — aerogemic barrier; b — alveolocytes:
1 —nucleus, 2 — vacuole-shaped lamellar bodies, 3 — single microvilli on the surface of the cell; ¢ — alveolar macrophage:
1 —kernel with invaginations of the cariolomas, 2 — primary lysosomes, 3 — secondary lysosomes, 4 — cytoplasmic growths

> IEE DY
- . e 'S

ol 2y o

Fig. 2. Sub-microscopic changes in the respiratory lung unit on day 3 of burn shock when 0.9% NaCl solution was injected (the scale bar
was 100 um): a — alveoli: / —lumen of haemocapillary with blood cells, 2 — endothelial cell, 3 — acrogemic barrier; b — alveolocytes:
1 —nucleus, 2 — vacuole-shaped lamellar bodies, 3 — single microvilli on the surface of the cell; ¢ — alveolar macrophage:
1 —kernel with invaginations of the karyolemmas, 2 — primary lysosomes, 3 — secondary lysosomes, 4 — cytoplasmic growths

At day 7 of burn shock, with 0.9% NaCl solution, significant changes
were observed in the respiratory unit: part of the alveoli had considerably
expanded blood flow of capillaries, which had platelets, neutrophils and
altered erythrocytes. The wall of these alveoli had substantially thickened
areas due to the of the edema cytoplasm of respiratory alveols and
endothelial cells. In the aerohematic barrier there was a narrow basement
membrane. The cytoplasmic parts of the endothelial cells were of different
thicknesses. The nuclei of the endothelial cells were small, moderately
osmeophilic. Organelles were single and damaged and occupied a small
area. Respiratory epithelial cells had unevenly thickened, electron-trans-
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mitted cytoplasmic areas. Their outer membrane formed protuberance and
invagination, pynocystic bubbles and caveolae were insufficient. Such a
state of the acrohematic barrier, destructive changes in the structure’s
components indicates a significant deterioration of gas exchange in the
respiratory lung (Fig. 2a). The ultrastructure of type II alveolocytes was
significantly altered — there were violations of the karyolemmas, perinuc-
lear space was expanding due to the detachment of the outer nuclear
membrane, and a few nuclear pores in the cariolum. In the cytoplasm, the
destruction of organelles was found: platelets were few, some of them
were large with electron-translucent portions, contained little osmiumophi-
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lic material; in the mitochondria there was an osmiophilic homogenized
matrix in which the crystals were not detected; unevenly expanded and
partially fragmented tubules of a granular endoplasmic net and Golgi
complexes resembling vacuoles; at the apical portion of plasmolem, single
microvilli (Fig. 2b). In the cytoplasm of alveolar macrophages, there
were many different electronic densities of phagos, primary lysosomes
were small, they were small, rounded, osmotic, their plasmolem is
uneven, but cytoplasmic germs were small (Fig. 2¢), which indicates the
accumulation of phagocyte material in them.

At day 3 of bum shock in the background of administration of a
solution of lactobacilli with sorbitol, less damage was done to the struc-
tures of the respiratory lung than in the group of rats which was fed a
0.9% solution of NaCl. The basement membrane looked like a light,
moderate thickness of the tape, but in some areas it was not clearly
contoured (Fig. 3a).

In uneven cytoplasmic areas of respiratory epitheliocytes, there were
more pynocystic bubbles and caveoles, plasmolem formed bubbling
and microvilli. Cytoplasmic areas of endothelial cells were of uneven
thickness, they had few organelles (Fig. 3b).

During this period, the ultrastructure of type II alveolocytes and
alveolar macrophages was similar to that of a group of animals that was

fed a 0.9% solution of NaCl after infliction of the bumn. Thus, in the
cytoplasm of the secretory epithelial cells there were few platelets, they
were large, electron-transparent, osmiophilic layered material was rarely
observed. Mitochondria were small, osmiophilic, had a homogeneous
matrix, crystals were poorly contoured.

On the apical part of the cells in plasmolomy there were microvilli,
most of it was exposed. Such a state of secretory alveolocytes reflects
their low functional activity. However, the nuclei of the secretory
epitheliocytes had a rounded form, euchromatin predominated in their
karyoplasm, and the kariolemmas were clearly contoured (Fig. 35). This
is a sign of the onset of intracellular regenerative processes. The cytoplasm
of the alveolar macrophages had many primary small lysosomes and
secondary phagos. Plasma cell cultures in selected areas were lacerated,
fuzzy, cytoplasmic germs were present.

At day 7of burn shock in the lungs of rats which were injected with
lactoprotein solution with sorbitol, the ultrastructure of the components
of the aerohematic barrier had improved in comparison with 3 days.
Luminosity of the hemocapillary parts was moderate, mainly with ery-
throcytes. Endothelial cells in their walls had elongated nuclei with inva-
ginations of the nuclear membranes and clear contours. Their cytoplas-
mic regions were not wide-ranging, with moderate electron density.

Fig. 3. Submicroscopic changes in the respiratory lung unit after 3 days of burn shock when lactoprotein and sorbitol were administered
(the scale bar was 100 pm): a —alveoli: / —nucleus, 2 — lumen of hemocapillary, 3 — form elements of blood, 4 — acrohematic barrier;
b — the walls of the alveoli: / —the lumen of the hemocapillary, 2 — red blood cells, 3 — acrohematic barrier; ¢ — type II alveolocyte:

1 —nucleus, 2 — light secretory bodies, 3 — apical section of plasmolomy with microvilli

The basement membrane in the aerohematic barrier was relatively
uniform, not wide, light, and from the side of the stroma was thickened
and uneven. In the respiratory alveolocytes, cytoplasmic areas were of
uneven thickness, plasmolemma, which limits wavelengths (Fig. 4a).
However, the swelling of the cytoplasm and its illumination were not as
significant as in this period when 0.9% solution of NaCl was introdu-
ced. In the part of cytoplasm segments of type I alveolocytes, many
bubbles and caveolae were observed. Part of the blood capillaries re-
mainned with enlarged, blood-filled lumens.

In type II alveolocytes, during this trial, a lower degree of damage
to the nucleus and organelles in the cytoplasm was established and there
were signs of a renewal of the secretory function of these cells. In the
cytoplasm, we observed hypertrophied mitochondria with clear crystals,
components of the Golgi complex, different size of secretory granules,
which showed different densities, indicating their formation (Fig. 4b).

Near the wall of the alveoli, alveolar macrophages with many cyto-
plasmic germs were observed, some of them were branched. In the cyto-
plasm of the alveolar macrophages, there were many mitochondria,
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lysosomes present in small primary and larger secondary form. Such an
ultrastructural organization of alveolar macrophages testifies to their
functional activity and participation in protective reactions (Fig. 4c).

Discussion

Lungs play an important role in causing systemic homeostasis dis-
orders against a background of burn shock (Shaver & Bastarache, 2014;
Nielson et al., 2017); increased permeability of the capillaries, their dila-
tation, a decrease in the volume of circulating blood, deterioration of
rheological properties and the development of microthrombosis, decrea-
sed intrapulmonary blood flow as a result of hypoxic lung injury.
However, further elucidation of the ultrastructural mechanism of ho-
meostasis in the lungs will allow us to assess both early changes in the
body and the effectiveness of the applied therapy. In general, the ultra-
structural changes detected in the application of the physiological solu-
tion on days 3 and 7 indicate an inadequate effect of this type of infusion
therapy in preventing cellular damage in the lungs, this is compared
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with the data regarding the development of pulmonary complications in
the application of 0.9% NaCl solution to burn patients and in experi-
mental studies (Jacob et al., 2015; Sousse et al., 2015). The obtained
data correspond to ultrastructural changes recorded in other experimen-
tal studies regarding cellular lung injury on the background of thermal
burns (Zhang et al., 2018).

During electron microscopic examination of the respiratory part of
the lungs on day 3 of burn shock against the background of the use of
0.9% NaCl solution, reactive changes in the alveoli were determined,
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Fig. 4. Submicroscopic changes in respiratory lung part after 7 days of burn shock upon administration of lactobacilli with sorbitol:
a—walls of the alveoli: / — lumen of the hemocapillary, 2 — erythrocyte, 3 — the wall of the alveoli, 4 — macrophage (*9,000); 5 — type II alveolocyte:
1 —rounded nucleus, 2 —secretory granules, 3 — hypertrophied mitochondria, 4 — apical section of plasmolymy with microvilli (*15,000);
¢ —alveolar macrophage: / — fragment of the cytoplasm, 2 — cytoplasmic germs (*9,000)

When studying the corrective effect of lactoprotein with sorbitol
solution after 3 days of burn shock in rats, ultrastructural data did not
differ from the group of rats when 0.9% solution of NaCl was introdu-
ced. However, the nuclei of the secretory epitheliocytes had a rounded
form, euchromatin predominated in their karyoplasma, clearly defined
nuclear membranes, well-expressed nucleoli are signs of the onset of
intracellular regenerative processes. At day 7 under the action of the so-
lution of lactoprotein with sorbitol, changes in the aerohematic barrier
were less pronounced than against the background of 0.9% NaCl solu-
tion. In type II alveolocytes there were signs of a renewal of the secretory
function, the ultrastructural organization of alveolar macrophages testi-
fyed to their functional activity and participation in protective reactions.

Thus, it was found at the subcellular level that the colloidal hyper-
osmolar solution of lactoproteins with sorbitol in the magnitude of the
cytoprotective effect on lung cells with modelled bum shock prevails
over the action of 0.9% NaCl solution, which is consistent with the
literature on the effect of this drug on other organs (Cherkasov et al.,
2015). However, it should be noted that in contrast to other organs,
where changes in organs are recorded from practically the first day of
burmn shock (Guminskiy et al., 2017). In our study, the greatest positive
effect on the cellular structures of lungs of lactoprotein solution with
sorbitol was established 7 days after skin burn. We can explain this by
the fact that the lungs against the background of burn shock are an ef-
fector organ in which an inflammatory reaction with marked cellular
damage develops (Chong et al., 2014), against which apoptosis is acti-
vated in damaged lung cells (Dong et al., 2015; Rose & Chan, 2016).
Therefore, the use of infusion solutions on lung cells is likely to exert its
influence by activating synthetic processes that upgrade the cell popula-
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mainly destructive — necrotic, indicating a significant defeat of the organ
in this period of thermal burn of the skin. We also revealed ultrastructu-
ral changes in alveolocytes which indicate their low functional activity.
The changes observed correspond to the data obtained in other studies
in the period of burn shock (Sousse et al., 2015; Zhang et al., 2018).
Atday 7 of burn shock, using 0.9% of NaCl solution, signs of progres-
sion of destructive changes in the components of the aerohematic
barrier were observed, indicating the weak protective effect of 0.9%
NaCl solution.

tion by replacing apoptotic cells as is established in other organs (Guo
etal,, 2015). It should also be noted that ultrastructural changes in the
lungs with burn shock are noticed before the manifestation of clinical
symptoms (Shaver & Bastarache, 2014), which suggests it is precisely
the effect of lactoprotein solution with sorbitol on lung cells, which in
the long run may improve the results of the therapy of this pathological
condition.

Such results of an experimental study allow us to differentiate the
changes caused by bumn shock from changes caused by the drug itself,
proving the safety of the drug and the possibility of its use in this
pathology. It is known (Perel et al., 2013) that prolonged use of only one
crystalloid solution has a number of undesirable reactions: the need to
increase the volume of infusion, insignificant duration of circulatory
effect, cell dehydration, significant overload of the body with sodium
ions, increased edema in the burn area, deepening systemic acidosis,
decreased blood lactate levels, a sharp drop in potassium ions, and a
negative inotropic effect on the myocardium. Therefore, the feasibility
of their use is questioned because they are not able to align the hemo-
dynamic status.

Unlike hypertonic solutions of sodium chloride, combined hyperos-
molar solutions have a number of benefits that provide a comprehensive
pharmacological action: detoxification, intestinal, energy, moderate
dehydration, and are characterized by a lower risk of side effects:
pulmonary edema, hypocoagulation, impaired filtration ability of the
kidneys (Abdullahi & Jeschke, 2014). Their effect is sufficiently studied
(Perel et al., 2013), it is found that these solutions, which simultaneously
affect the various parts of the burn shock, have a number of advantages
over monotherapy: they can be used from the first hours of burn shock,
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minimizing the negative effects inherent in the early application of col-
loids, they include solutions for the correction of metabolic acidosis,
which is an important factor in the overall damage to thermal skin burns
(Shaver & Bastarache, 2014; Nielson et al., 2017).

According to the results of an ultrastructural study, it was found in
rats without burns which were injected a 0.9% solution of NaCl for
7 days and a lacto-protein with sorbitol that the structure of the aerohe-
matic barrier remained unchanged: most of the lung cuts occupy the
alveoli that formed alveolar strokes and alveolar sacs. In the cytoplasm
of type II alveolocytes, a well-developed Golgi complex, elements of a
granular endoplasmic net, numerous mitochondria, free ribosomes and
polysomes, as well as lamellar bodies with surfactant, alveolar macro-
phages were introduced in the intervertebral septa, in their cytoplasm
developed cisterns and electron-transparent vesicles of the Golgi complex,
numerous mitochondria, primary and secondary lysosomes and vacuoles.

In contrast, the use of lactoprotein with sorbitol positively influen-
ced the processes of renewal of cells in the lungs against the background
of bum shock and intracellular structures more clearly from 7 days,
which proves the advantage of this type of solution in the treatment of
bumn injury for tread effect on the lungs, which can and should be
recommended for use according to modern guidelines (Snell et al.,
2013; Abdullahi & Jeschke, 2014; Kaddoura et al., 2017) requiring the
use of solutions with rapid recovery of circulating blood volume and
positive effect on microcirculation and tissue oxygenation. The use of
such solutions optimizes the functioning of organs. The data we obtain-
ned allow us to confirm the positive effect of the solution of lactobacil-
lus with sorbitol on the ultrastructure of the lungs with thermal damage
to the skin and the development of burn shock.

Conclusions

As a result of the study of the influence of the solution of lactopro-
tein with sorbitol on the ultrastructure of the tissues of the lungs in rats
with burn shock, we can state the advantage of this preparation over the
use of physiological (0.9% NaCl) solution. In conditions of burn shock,
the use of a solution of lactoprotein with sorbitol for 7 days is accompa-
nied by a maximum pulmonoprotective action (as evidenced by ultra-
structural changes in the lungs) in comparison with the control group
using 0.9% NaCl solution.

The positive effect of the solution of lactoprotein with sorbitol on
the ultrastructure of the lungs in the event of burn injuries of the skin is
realized through the restoration of the endothelium of blood vessels,
hemocapillaries, basement membrane, fluid retention in the microcircu-
latory channel, improvement of the acrohematic barrier, stimulation of
the activity of alveolar macrophages and the secretory function of type
Il alveolocytes. The most distinct changes were observed at 7 days after
induction of burn shock in the lungs of the rats which were injected with
a solution of lactoprotein with sorbitol, the ultrastructure of the compo-
nents of the aerohematic barrier improved compared with the first
3 days of the experiment using a similar solution.

The study of functional, biochemical and molecular genetic para-
meters that characterize the state of the acrohematic barrier following
the use of a solution of lactoprotein with sorbitol in patients with a burn
injury to the skin will allow a comprehensive assessment of the mecha-
nisms of the pulmonary protective effect of this drug and experiment-
tally substantiate the feasibility of its use in clinical practice for pharmaco-
correction of burn shock.
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