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The aim of the study was to study the structural changes of the intestinal epithelial barrier
in the duodenum in burn injury of skin in rat under experimental streptozotocin-induced
diabetes mellitus. The study was carried out on laboratory white adult rats-males weighing
180-210 9. The control group consisted of 21 animals without somatic pathology, the first
experimental group was 21 rats with burn skin injury, the second experimental group was
21 rats with burn skin and experimental streptozotocin-induced diabetes mellitus. The
experimental diabetes model was reproduced by administering streptozotocin to the rats
intraperitoneally at a single dose of 50 mg/kg. Thermal burn skin damage in rats
correspondedto Il - A-B degrees of dermal surface burn (according to the old classification
1l - A degree) with a total area of 21-23 % of the body surface with the development of burn
shock. Duodenum was selected for morphological studies, fragments of which were
processed by conventional methods of light and electron microscopy. The main criteria
for assessing damage to the duodenal mucosa enterocytes were the results of a study
comparing histological and ultrastructural data in dynamics at 7, 14, and 21 days after
skin burns. The results of the studies showed that the base of damage to the intestinal
epithelial barrier of the duodenum are deep destructive changes, which after 21 days (in
the stage of septicotoxemia), as a rule, are not reverse and develop on the background
of significant intoxication of the body. There was a decrease in the number of tight
junctions in the intestinal epithelial barrier of the duodenum of rats of the first and second
experimental groups and a loss of ordering (acquisition of some chaotic nature) of their
localization as the time after burn injury increased. For the most part, the intestinal
epithelial barrier loses the integrity of the cellular component with partial preservation of
the basement membrane (the first occurs both due to necrosis of the enterocytes with a
brush border and due to complete destruction of goblet cells). In all cases, defects exist
in the intestinal epithelial barrier, which are potential pathways for paracellular translocation
of the pathogenic contents of the duodenum. It is not inconceivable that part of this
intestinal pathogenic content can be translocated also by partially damaged cells. Evidence
of the latter is the presence of microbial bodies in the cytoplasm of cells with partially
destroyed plasmalemma (but preserved organelles and nucleus). An adaptive mechanism
for ensuring the repair of damaged enterocytes is selective autophagy, which acts as a
factor in the recycling of destroyed organelles and the cytoplasmic matrix, aimed primarily
at maintaining cell viability.

Keywords: burn injury, streptozotocin-induced diabetes mellitus, intestinal epithelial
barrier.

Introduction

Nowadays, due to the acceleration of urbanization and  and social challenge of the 21st century [21]. Diabetes
the growth of industrial use of heat energy, severe thermal  mellitus and its related complications are becoming more
burn injury resulting in burn disease is becoming one of the common. The complex of gastrointestinal symptoms
most important problems of practical medicine [26]. associated with diabetes is now known as diabetic

Diabetes has also been recognized as a global health  enteropathy and can manifest as diarrhea, fecal
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incontinence, constipation, dyspepsia, nausea and vomiting
[11]. The ancient theory that autonomic neuropathy is a major
contributor to diabetic enteropathy [17, 18, 25] has recently
been supplemented by new theories of disease development
[2]. In particular, it is now believed [11] that hyperglycemia
and its associated oxidative stress in neural networks,
including nitrergic neurons and interstitial cells of Cajal [2,
23], play a central role in the development of diabetic
enteropathy. The authors of the latest (at the time of
publication) scientific review article "Diabets and the small
intestine” [11] indicate that the latest scientific results are
promising, but there is still a great need for further studies of
the pathogenesis of diabetic enteropathy.

As of today, the leading role of intestinal dysfunction in
the development of complications of diabetes has been
demonstrated [2, 11, 17, 18, 25, 28] and caused by severe
burns of burn disease [9, 10, 21]. However, until now, the
study of structural changes in the intestinal epithelial barrier
of the duodenum in burn skin injury under its association
with diabetes has not been the subject of special studies.

The aim of this work was to study the structural changes
of the intestinal epithelial barrier in the duodenum in burn
injury of skin in rat under experimental streptozotocin-induced
diabetes mellitus.

Materials and methods

This study was conducted on laboratory white adult rats-
males weighing 180-210 g. The control group consisted of
21 animals without somatic pathology, the first experimental
group was 21 rats with burn skin injury, the second
experimental group was 21 rats with skin burn and
experimental streptozotocin-induced diabetes. All studies
and control of the animals were conducted in accordance
with the rules for the use of the animals in the experiments,
adopted by the "European Convention for the Protection of
Vertebrate Animals Used for Experimental and other Scientific
Purposes" (Strasbourg, 1986), "General Ethica Principles
of Animal Experiments", adopted by the First National
Congress On Bioethics (Kyiv, 2001), "Ethical Principles and
Guidelines for Experiments on Animals: 3rd Edition"
(Switzerland 2005) and the Law of Ukraine "On the Protection
of Animals from Cruel Treatment" (2006).

The model of experimental diabetes mellitus [20] was
reproduced by administering streptozotocin to rats
intraperitoneally at a dose of 50 mg/kg, pre-dissolving it in
0.1 M citrate buffer solution (pH-4.5). The duration of the
experiment was 1 month. The control of the development of
hyperglycemia in the second experimental group was blood
glucose level - 24.24+0.79 mmol/L. In the control group
8.03+0.4 mmol/L. In our study, burn injury of skin caused in
accordance with the widespread model of researchers
Regas F.C. and Ehrlich H.P. [24], which was slightly modified
and optimized by Gunas I., Dovgan I. and Masur O. [12]. In
the experimental simulation of skin burns, two copper plates
in the form of an ellipse were kept in water at 100°C for 10
minutes and, under the conditions of ether anesthesia, were

applied simultaneously symmetrically to both exposed rats
with an exposure of 10 seconds. Burning skin damage in
rats was Il -A-B degree of dermal surface burn (according to
the old classification Ill - A degree) with a total area of 21-23
% of the body surface with the development of burn shock.
Many researchers [4, 5, 7, 13, 14] have shown that under the
conditions of using this model of experimental burn, the
development of burn disease with such characteristic
features as endogenous intoxication, generalized catabolic
reaction, systemic inflammatory and apoptotic responses,
polyorganic dysfunction is initiated. Duodenum was selected
for morphological studies, fragments of which were
processed by conventional methods of light and electron
microscopy. Semi-thin and ultrathin sections from epoxy
blocks were obtained on an LKB ultramicrotome (Sweden).
Ultra-thin sections after appropriate contrast were examined
under a PEM-125K electron microscope. Semi-thin sections
were stained with methylene blue and toluidine blue.
Sections of paraffin blocks were stained with hematoxylin-
eosin. The main criteria for assessing damage to the
duodenal mucosa enerocytes were the results of histological
and ultrastructural data in dynamics 7, 14, and 21 days after
skin burn. At that time, rats were given a single
intraperitoneally high dose of sodium thiopental and were
removed from the experiment by decapitation.

Results

In enterocytes of the mucous membrane of the duodenum
of animals of the first experimental group 7 days after burns,
the most characteristic feature of structural changes is the
destruction of microvilli of the brush border of enterocytes,
as well as changes of tight junctions. These contacts are
clearly visualized on electron micrographs at the loci between
the apicolateral surfaces of adjacent enterocytes with a
brush border because the outer hydrophilic layers and the
glycocalyx of adjacent plasmalemma seem to merge at one
point into a public electron-dense layer with electron density
(Fig. 1, 2). Note some chaotic arrangement of tight junctions

s = 5
Fig. 1. Crypt of the mucous membrane of the duodenum of the rat
of the first experimental group 7 days after burn. The arrows
indicate dense contacts between the enterocytes with the brush
border. 1 - crypt lumen. EM, x10000.
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ig. 2. rypt of the duodenal mucosa of the rat under normal
conditions (control group of animals). 1 - crypt lumen; 2 - cytoplasm
of goblet cells. EM, x8000

Fig. 3. Autophagolysosome (1) with heteromorphlc electron-dense
content in the cytoplasm of enterocyte with the remains of the
brush border in the duodenal mucosa of the first experimental
group 7 days after burn. The arrow marked the phagophore. EM,
x25000

Fig. 4. Typlcal autophagolysosome (1) in the cytoplasm of the
enterocyte with a brush border that has lost dense contact with
adjacent enterocytes, in the mucous membrane of the duodenum
of the rat of the first experimental group 21 days after burn. Arrows
marked phagophore. EM, x25000.

in the epithelial monolayer (intestinal epithelial barrier) of
the duodenum in rats of the first experimental group (see
Fig. 1), which deepens with increasing time after burn.

The intestinal barrier of the duodenum also includes
goblet cells (see Fig. 2), which, under normal conditions,
have a holistic plasmalemma (which, however, does not
form dense contacts with adjacent enterocytes with a brush
border), and numerous secretory vesicles, medium electron
density material.

Widespread phenomenon in this time interval is a variety
of ultrastructural changes of enterocytes against the
background of swelling of their cytoplasm (an indicator of
which is the enlightenment of the cytoplasmic matrix): from
the vacuolation of tubules of the endoplasmic reticulum and
damage to the mitochondria (manifestation is their intense
swelling, fragmentation of the cristae and inner membrane)
to the complete destruction of organelles, the appearance
of defects of plasmalemma and karyolemma.

In sections of cytoplasm of enterocytes with partially lost
brush border are located rounded autophagosomes and
autophagolysosomes of different size with heteromorphic
electron-dense contents (Fig. 3).

Morphological evidence of the initial stage of autophagy
is the grouping of damaged cell organelles in certain loci of
the cytoplasmic matrix and their sequestration by concentric
coverage of the characteristic autophagosome structure -
phagophore (double insulating membrane). In the future,
autophagosomes merge with lysosomes and form
autophagosomes with different electron density and
structure (which is an indicator of the stages and efficiency
of digestion of the sequestered material).

Digestion of the content of autophagolysosomes is
accompanied by destruction of the inner membrane of the
phagophore (under these conditions, the products of
digestion are likely to be absorbed and assimilated by the
cytoplasm of the enterocyte). If part of the material remains
undigested, then the autophagolysosome is transformed
into an autophagic vacuole, which is directed to the
plasmalemma of the apical region of the enterocyte and
releases its contents outside.

In animals of the first experimental group, 14 days after
burn in the duodenum, sections of the epithelial monolayer
of enterocytes with preserved brush border alternated with
areas free of brush border. The enterocytes of the epithelial
monolayer were adjacent to desquamated cells of varying
degrees of conservation. In the apical part of most
enterocytes with partially lost brush border were located
groups of rounded autophagosomes  and
autophagolysosomes of different size and content.

In the cytoplasm of many enterocytes with the presence
of structural site defects of the plasmalemma and
karyolemma in combination with local damage of the
cytoplasmic matrix (which, given their variability, can probably
be repaired) the signs of increase of functional activity of
organelles are revealed (the evidence of which is a moderate
expansion of the tubules of the granular endoplasmic
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Fig. 5. Deformity of the lumen of the crypt of the mucous membrane
of the duodenum of the rat of the second experimental group 7
days after burn. 1 - remnants of goblet cells in crypt lumen; 2 - the
remnants of the b

Fig. 6. Deformed villi and crypts of the mucous membrane of the
duodenum of the rat of the second experimental group 21 days
after burn. 1 - villi of the mucous membrane; 2 - intestinal lumen.
Semi-thin section. Toluidine blue. x100.

Fig. 7. Necrosis of the duodenal mucosa enterocyte of the
duodenum of the rat of the second experimental group 21 days
after burn. The arrows marked the "exposed" basement membrane
of the epithelial monolayer. 1 - intestinal lumen; 2 - the lumen of the
blood capillary. EM, x15000.

reticulum, an increase in the number of ribosomes, the
presence of polysome, the aggregation of intact
mitochondria, the integrity of the nucleus).In other enterocytes,
atthis time, the cytoplasm is vacuolated in the form of various
enlargement of the tubules of the endoplasmic reticulum
with enlightenment of their contents, vacuolar transformation
of mitochondria, which is completed by complete necrotic
destruction and cell fragmentation with the formation of
cellular detritus.

In animals of the first experimental group after 21 days,
after burns, morphologically focal atrophy of the mucous
membrane was manifested by thickening and shortening
of the villi; in some places they were completely absent. The
erosions that have resulted from necrosis of enterocytes
with a brush border and destruction of goblet cells were
quite often found. In many areas of the intestinal epithelial
barrier (due to loss of tight contacts) adjacent brush-
bordered enterocytes were separated from each other,
forming extended interepithelial spaces. Typical
autophagolysosomes were detected in the cytoplasm of
some of these enterocytes (Fig. 4).

The animals of the second experimental group after 7
days after the burn is common subtotal necrosis of
enterocytes brush border, when the preservation of the
cytoplasm of intact border area of necrotic cells subject to
degeneration and cell detritus formed with microvilli border
enters the intestinal area. Most goblet cells, which completely
collapse after accumulation of secret, are destructive. If this
occurs in crypts (Fig. 5), then the remains of goblet cells are
included in the contents of the crypts and (along with
enterocyte residues) deform their lumen.

14 days after burn in the mucous membrane of the
duodenum of animals of the second experimental group,
enterocytes in certain areas of the epithelial monolayer are
subject to complete necrotic decay. In these areas, the
basement membrane becomes "exposed". It is quite well
preserved and even, it is somewhat thick compared to
normal (in the control group of rats).

The structural changes described above are
accompanied by deformation and destruction of the villi of
the duodenal mucosa. The villi lose their typical leaf-like
shape, often take on a "twisted" appearance, and filamentous
villi appear, surrounded by groups of desquamated
enterocytes and cellular detritus.

21 days after burns in animals of the second experimental
group in some parts of the mucous membrane of the
duodenum of the crypt and villi are clearly deformed. The villi
lose their typical cytoarchitectonics and have the appearance
of clustered (and sometimes mushroom) conglomerates
of enterocytes of varying degrees of structural conservation
(Fig. 6). To a greater extent, the intestinal epithelial barrier
loses (Fig. 7) the integrity of the cellular component with
partial preservation of the basement membrane (the first
occurs both due to necrosis of the enterocytes with the brush
border and due to complete destruction of the goblet cell). In
all cases, defects exist in the intestinal epithelial barrier,
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Fig. 8. Microbial bodies (1) in the cytoplasm of cells of the mucous
membrane of the duodenum of the rat of the second experimental
group 21 days after burn. 2 - the nucleus of the cell. EM, x20000.

which are potential pathways for paracellular translocation
of the pathogenic contents of the duodenum. It is not
inconceivable that part of this intestinal pathogenic content
can be translocated and partially damaged by cells. Evidence
of the latter is the presence of microbial bodies (Fig. 8) in the
cytoplasm of cells with partially destroyed plasmalemma
(but preserved organelles and nucleus).

Discussion

Many unresolved issues remain regarding the role of
structural and functional changes in the small intestine in
the pathogenesis of burn disease, and in particular,
regarding dysfunction in the context of burns of the intestinal
epithelial barrier [15].

The data obtained indicate the structural manifestations
of a barrier violation (destruction of dense interepithelial
contacts, disappearance of interdigitations of cytoplasmic
processes of adjacent enterocytes) in burn skin injury under
experimental streptozotocin-induced diabetes. In addition,
we confirmed the Huang Ya. et al. data [16] regarding the
involvement of autophagic processes in the development of
gradual structural disorganization of the intestinal epithelial
barrier, but unlike these authors, we consider their
manifestation of an adaptive response.

It is worth noting that the role of autophagy in cell death is
now widely regarded by researchers as quite controversial
[16]. According to modern data [1], autophagy is the process
of digestion of its own distorted organelles and sections of
the cytoplasm by lysosomes (thus autophagy is both a type
of programmed cell death and a strategy for cell survival by
recycling cellular material). Thus, the adaptive response of
the duodenal mucosa enterocytes to the destructive effects
of burn disease factors involves the use as part of the plastic
and energy resources of the degraded cellular material to
repair the damaged enterocyte and to maintain its viability.
Under the conditions of our experiment in rats of the first
experimental group, the course of structural changes of
enterocytes of the duodenal mucosa is slow enough to

include the adaptive mechanism of autophagy of distorted
organelles. In the animals of the second experimental group,
destruction of cytoplasmic and organelle enterocyte sites
(due to the summation of the factors of burn disease and
diabetes) is accelerated and cells die by necrosis.

It should be noted separately that Nighot P.K., Hu C.A.,
and Ma T.Y. [22] suggest that autophagy promotes restrictive
tight junction function and enhances the intestinal epithelial
barrier by targeting claudin-2 protein degradation. In the
context of this view, Elshaer D. and Begun G. [8] emphasize
the crucial role of the barrier function of intestinal epithelium,
autophagy and cytokines in providing intestinal
homeostasis.

It is now widely accepted that intact intestinal epithelial
barrier is critical for maintaining homeostasis in human
health and disease, and tight enterocyte contacts are an
integral part of this barrier [27]. It is known [6, 16] that
permeability proteins occludin and zonulin-1 are involved in
ensuring the functioning of tight junctions in the intestinal
epithelial barrier. Severe burns of the skin have been found
to increase the permeability of the intestinal epithelial barrier,
which is accompanied by decreased expression and
localization of occludin and zonulin-1 [6, 16].

We obtained data on structural changes of the intestinal
epithelial barrier of the duodenum of rats in burn skin injury
under experimental streptozotocin-induced diabetes
mellitus, indicating an increase in the paracellular
permeability of the barrier. In animals of the second
experimental group, intestinal microbes were found to
penetrate the defective intestinal epithelial barrier of the
duodenum, which is consistent with the data [3] on the role
of intestinal microbiota translocation in the pathogenesis of
diabetes.

With the development of burn disease, the translocation
of pathogenic microflora from the lumen of the intestine to
other organs leads to deepening of the systemic
inflammatory response syndrome, hypermetabolism,
multiple organ failure, sepsis. Such translocation is a factor
in the worsening of diabetes mellitus [3, 19], which was
once witnessed by Vaarala O. et al. [28], calling the intricate
relationship between gut microbiota, permeability of the
intestinal epithelial barrier and mucosal immunity a "perfect
storm" for diabetes.

Summarizing, in the duodenal mucosa of rats of the
second experimental group, the dynamics of morphological
changes during different periods after burns (7 days - the
stage of shock and early toxemia; 14 days - the stage of late
toxemia; 21 days - the stage of septicotoxemia) differ from
animals of the first experimental group. Comparison of the
data obtained with those previously revealed suggests that
the time intervals and the nature of the adaptive duodenal
intestinal epithelial barrier are largely prolonged and
impaired. Significant lesions of the intestinal epithelial
barrier should lead to disruption of the processes of the
digestive system, parietal digestion and absorption, as well
as immunological protection (considering that the intestinal
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epithelial barrier is the first zone of contact of the organism
with environmental antigens and and the leading element
of the immune system), which undoubtedly affects the
condition of the body with burns and, to a large extent,
determines the development of burn disease, as well as
the course of diabetes. The prospect of further research in
this direction is related to the study of the effects on the
duodenum of drugs that reduce the intoxication of the body
and blood sugar level.

Conclusions

1. In the basis of damage to the enterocytes of the
duodenal mucosa of rats with burn skin injury there are
deep destructive changes, which after 21 days (in the stage
of septicotoxemia), as a rule, are not reverse and develop
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CTPYKTYPHI 3MIHU IHTECTIHANBLHOIO ENITENIANBHOIO EAP'€PA OBAHALUATUMANOI KALLIKU LLYPIB MPU OMIKOBIN
TPABMI LLUKIPU 3A YMOB EKCMEPUMEHTAIIbHOINO CTPENTO30TOLUMHIHOYKOBAHOIO LIYKPOBOI'O OIABETY

TumoweHko 1.0.

Memoto pobomu 6yno sug4yeHHs1 CmpyKmypHUX 3MiH iHmecmiHarbHo20 ernimerianbHo20 bap'epa 0saHadussmunanoi KUWKU npu orikosit
mpaemi WKipu wypa 3a yMo8 eKcriepuMeHmasnbHO020 CMpermo30moyuHiHOyYKogaHo20 uyKposozo Oiabemy. [JocnidxeHHs1 30ilicHeHe
Ha nabopamopHux 6inux cmameeso3pinux wypax-camusx macoro 180-210 a. [pyny koHmponto cknanu 21 meapuHa 6e3 comamuyHoi
rnamornoaii, nepwy ekcriepumeHmarsHy epyry cknanu - 21 wyp 3 oniKogor mpasmoro WKipu, Opyey eKcriepuMeHmarbHy epyrny cKnamu
- 21 wyp 3 orikoM WKipu ma ekcriepumeHmarbHUM cmpernmo3omouyuHiHOykoeaHuUM Giabemom. Modesb ekcriepuMmeHmasnbHO20 UyKpo8o2o
Odiabemy sidmeoprogariu WiisiXoM 88e0eHHS WypamM Cmpernmo30moyuHy 8HympiuHb004Yepe8uUHHO 00HOPa3080 8 003i 50 ma/ke. TepmiyHe
orikose nowKoOXeHHs Wkipu y wypie gidrnosidano Il - A-b cmyneHio depmarnibHO20 N0BEPXHEBO20 OMiKY (3@ cmaporo Krnacugpikaujeto
Il - A cmyniHb) 3a2anbHor nnowero 21-23 % nosepxHi mina 3 po38UMKOM 0r1iKogo2o WoKy. [nsa mopghonozidHux 0ocnioxeHb
sunyyanu 8iddin 0eaHadusamunanoi KUWKU, hpaeMeHmu siKo2o obpobrsanu 3azanbHONpPUUHAMUMU MemodamMu c8immno8oi ma
e51eKmMpPOHHOT Mikpockorii. OCHOBHUMU KpumepisiMu OUIHKU MOWKOOXEHHST eHmepoyumig ciu3080i 060/10HKU deaHadussimunasnol KUWKU
cmanu pesyrnbsmamu 00CiO)eHHs1 Wod0 MOPIBHSHHS 2icmOoo2iYHUX ma yrnbmpacmpykmypHux daHux e OuHamiyj yepes 7, 14, ma 21
006y niicnis oniky wKipu. Pe3ynbmamu nposedeHux 0ocnidxeHb noka3arsnu, Wo 8 0CHO8I MoOWKOOXeHb iHmeCcmiHabHO20 ernimesniaibHo20
bap'epa dsaHadussimunanoi KUWKU fexams 2rnuboki decmpykmueHi 3miHu, siki Yyepe3 21 doby (e cmadii cenmukomokcemii), ik npasurio,
Maromb He380pOMHIll Xxapakmep i po3eusarombCsi Ha ¢hOHIi 3Ha4YHOI iIHMOKCcUKayii opaaHiamy. BiOMiYeHO 3MEeHWEeHHST KilTbKoCmi WirbHUX
KOHmMakmie 8 iHmecmiHanbHoMy enimenianbHoMy b6ap'epi 0saHadusmunanoi KUWKU wlypie nepwoi ma Opyaoi ekcriepumMeHmarsnbHUX
epyn ma empama yrnopsiokogaHocmi (Habymmsi neeHoi xaomu4yHocmi) iXHboI f1oKkanizauii y mipy 36inbweHHs Yacy nicnsi onikogor
mpasmu. Ha 6inbwil ceoili npomsixxHocmi iHmecmiHanbHUU enimenianbHull 6bap'ep empadyae UinicHicme KimuHHOI cknadoeoi npu
yacmkoeil 36epexeHocmi ba3anbHoi membpaHu (nepwe 8i0bysaembcs SK 3a paxyHOK HEKPO3y eHmepoyumie 3 w,imo4YyKkogor
0bs1siMieKoI0, mak i 3a paxyHOK MoeHoi decmpykuii kenuxonodibHUX KimuH). Y ecix eunadkax 6 iHmecmiHarbHOMYy erimeniaribHOMy
6ap'epi 3'asnsrombcsa deghekmu, SKi € MTOMeHUITHUMU Wiisxamu napauenonsapHoi mpaHciokauii namoeeHHo2o emicmy dgaHadusimunanol
KUWwkU. He 8uK4YHO, W0 YacmuHa yb020 iHmecmiHanbHO20 namoaeHHo20 eMicmy Moxe 6ymu mpaHCrioKo8aHa i Yepes 4acmkogo
rowkoOxeHi KrnimuH. Ce8id4eHHsM 0CmaHHb020 € 8USI8IIEHa Hasi8HICMb MIKPOOHUX mirl 8 Yyumoria3smi KimuH 3 4acmKoeo 3pyUHO8aHO
rnnasmosnemoro (ane 3bepexeHumu opzaHenamu ma s0pom). AGarnmueHUM MexaHismMom wWodo 3abesrneyeHHs pernapauii yUKoKeHUX
eHmepouyumie € cenekmusHa asmodghazia, siKka eucmynae YUHHUKOM peyuknizauyii mamepiany 3pyluHo8aHux opaaHen i
yumonnasmamu4Ho20 MampukKcy, CrpsIMOB8aHO20, 8 nepuwy Yyepay, Ha nNidmMpuUMKy Xumme30amHoCmi KITimuH.

KniouoBi cnoBa: onikoga mpasma, cmpenmo3omoyuHiHOykosaHul yykposul diabem, iHmecmiHanbHul enimenianbHull 6ap'ep.

CTPYKTYPHbIE UBMEHEHUSA MUHTECTUHANBHOIO 3NMUTENUAIIBHOIO BAPLEPA ABEHALOUATUNEPCTHOW KULLKU KPbIC
MPU 0XXOrOBOW TPABME KOXW B YCITOBUAX 3KCMEPUMEHTAJIbHOMO CTPENTO30TOLUMHUHOYLMPOBAHHOIO
CAXAPHOIO OAMABETA

TumoweHko U.A.

Llenbto pabomb! 6b1710 U3yYeHUE CMPYKMYPHbIX USMEHeHUl UHmMecmuHaibHo20 anumenuanbHo2o bapbepa dseHaduyamunepcmHou
KUWKU 1pU 0X02080U mMpasMe KOXU KPbICbl 8 YC/I08USX SKCMepUMeHMmasnbH020 cmpernmo3omoyuHuHOyyupo8aHHO20 caxapHo20
duabema. VccnedosaHue ocywecmeneHo Ha nabopamopHbix 6eribix 1070803perbIX Kpbicax-camuyax maccol 180-210 e. pynny
KoHmponsa cocmasunu 21 xueomHoe 6e3 comamuyeckol namosoauu, nepsyro KCcrepuMeHmarbsHyo 2pynny cocmasunu - 21 Kpbica
C 0020800 mMpasMoli KOXU, 8MOpYyr 3KCrepuMeHmarnbHy 2pynny cocmasusnu - 21 Kpbica C 0XXK020M KOXU U 3KCrepuMeHmasbHbIM
cmpenmo3omoyuHUHOyyuposaHHbiM duabemom. Modenb 3KkcriepumMeHmanbHo20 caxapHoeo duabema eocrnpou3sodusnu nymem
88edeHUsI KpbICaM CmMpernmo3omouyuHa 8HympubprowuHHO 0OHokpamHo 8 dose 50 me/ke. TepMuYecKoe 0X02080€ M08PEXOEHUE KOXU
y Kpbic coomeemcmeosaro Il - A-b cmeneHu depmarnibHO20 MO8EPXHOCMHO20 OXxoea (Mo cmapou knaccugukayuu Il - A cmeneHb)
obuwjel nnowadsio 21-23 % nosepxHocmu mena ¢ pa3sumuem 00208020 wWoka. [ns mopgonozudeckux uccrnedogaHull usbimanu
omoden dseHaduamurnepcmHoU KUWKU, chpazMeHmbl Komopo20 0bpabambigarnu obwenpuHsmsIiMuU Memodamu ceemosoll U 311eKMPOHHOU
mukpockornuu. OCHOBHbLIMU KpUMePUSIMU OUEHKU rospex0eHusi aHmepoyumos crnusucmot obonoyku deeHaduyamunepcmHoU KUWKU
cmanu pesynbmaimbl CpasHeHUs 2UCMOIo2UYEeCKUX U yribmpacmpyKmypHbIX 0aHHbIX 8 OuHamuke yepes 7, 14 u 21 cymku nocne
0Xx02a Koxu. Pe3aynbmamai pogedeHHbIX uccredosaHuli nokasasu, 4mo 8 0CHO8e ogpex9oeHul UHMeCmuHaabHo20 3rnumenuanbHo20
bapbepa 0seHaduyamunepcmHoU KUWKU f1exam eanybokue decmpyKkmueHbie U3MEHeHUs, Komopbie Yyepe3 21 deHb (8 cmaduu
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CernmuKOmoKceMuuU), Kak rnpasusio, umerom Heobpamumbll xapakmep U pasgusaromcsi Ha ¢hoHe 3Ha4yumesibHOU UHMOKCcUKauuu
opeaaHu3ma. OmmeyeHO yMeHbWeHUe Konuyecmea niomHbIX KOHMakmos 8 UHmeCcmuHabHOM 3rumesnuansHom bapbepe
dseHaduyamurnepCmHoU KUWKU KpbIC nepsol u 8mopol IKCrepuMeHmarsbHbIX epyrn U nomepsi yrnopsdodyeHHocmu (npuobpemeHue
onpedenieHHOU Xaomu4YHOCMU) UX JioKanu3ayuu rno Mepe yeerludeHusi 8peMeHU rocsie oxoeoeoll mpasmbl. Ha 6onbwel Yacmu ceoel
npomsiXXeHHoCmu UHmMecmuHarbHbIl anumenuasnbHbll bapbep mepsem yernocmHOCMb KIemoyHol cocmasrnsowel rnpu 4yacmu4yHou
coxpaHHocmu 6a3anbHol MembpaHbi (Mepgoe npoucxodum Kak 3a cHem HeKpo3a SHMepoyumos c WwemoyHou KaliMol, mak u 3a cyem
rosnHol decmpykyuu 60kanosudHbIX Knemok). Bo ecex criyyasix 8 uHmecmuHaibHOM sriumenuarnbHom 6apbepe rnosensromces deghekmel,
Komopble SA8MANMCA NOMeHyuanbHbIMU MymsamMu napauyennioasapHol mpaHcaoKayuu rnamo2eHHo20 c00epxumozo
dseHadyamurnepcmHol KUWKU. Yacmb 3mo20 UHMecmuHaabHO20 Namo2eHHO020 codepxaHusi Moxem bbimb mpaHcioyuposaHa u
yepe3 YacmuyHoO rospexoeHHble Knemku. CeudemesibCmeomM rnocredHe20 S6M9emcs 8biA8IeHHOe Hanu4yue MUKPOBHbLIX men 8
yumonnasme KremoK C Y4aCcmu4yHO paspyweHHoU nna3mMoneMmol (HO coXpaHUsWUMUCS op2aHesnnamu u si0pom). AdanmueHbiM
MexaHU3MOM Mo obecrieyeHuIo penapayuu nospexo0eHHbIX 3HMEPOUUIMOe Ae1semcs cenekmueHas aymogazusi, Komopas ebicmynaem
hakmopom peyuknulayuu Mamepuana paspyweHHbIX opaaHes U YumorniasmMamu4yeckoeo Mampukca, HarnpaerneHHo20, 8 nepeyto
oyepedb, Ha noddepxxaHue Xu3HecrrocobHOCMuU K1emox.

KnroueBble cnoBa: oxozos8asi mpasma, Cmpernmo30moyuHUHOYUUpo8aHHbIl caxapHbil duabem, UHmMecmuHasbHbIl snumenuanbHbll
b6apbep.
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