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Currently, severe thermal injury is becoming one of the most important problems of
practical medicine. Diabetes is also recognized as another global medical and social
challenge of our century. The emergency situation for the treatment and prevention of
the consequences of these pathologies is a consequence of the lack of a reliable
theoretical basis for solving specific clinical problems regarding the course of burns,
diabetes and their complications. The aim of the study is to establish the patterns of
structural changes in the mucous membrane of the duodenum after burn injury of the
Skin of rats under conditions of experimental diabetes mellitus. The study was performed
on 63 laboratory white adult male rats weighing 180-210 g, which were divided into 3
groups: intact animals, rats with skin burns and rats with skin burns on the background
of diabetes. The model of experimental diabetes mellitus was reproduced by
administering Streptozotocin to rats intraperitoneally once at a dose of 50 mg/kg, pre-
dissolved in 0.1 M citrate buffer solution (pH=4.5). The control of the development of
hyperglycemia in the experimental groups was the level of glucose in the blood
24.24+0.79 mmol/l. In the control group this index was 8.03+0.4 mmol/l. Rats with skin
burns revealed destructive manifestations, which are accompanied by an active
inflammatory reaction and corresponding necrotic changes, while rats with skin burns
on the background of diabetes mellitus pathological processes are not just "summed
up", but in some way adaptively modified with the involvement of stress mechanisms of
the endoplasmic reticulum and associated autophagy.
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Introduction

Medium molecular weight proteins, which are products
of proteolytic cleavage of blood plasma and tissue peptides,
various toxins, proteolytic enzymes, mediators of immune
reactions, prostaglandins, and cytokines, play an important
role in the development of burn endogenous intoxication.
The result of the rapid development of endogenous
intoxication is the appearance of other disorders typical of
burns - multiorgan failure syndrome, hypermetabolism
syndrome, systemic inflammatory and apoptotic response.
Thermal burn injury causes structural and functional
changes in the small intestine, the nature and depth of
which in some way correlate with the stage of the burn.
Intestinal dysfunction (based on reactive, compensatory-
adaptive and destructive changes in the cells of the digestive

system) plays an important role in the development of
multiorgan failure typical to burns.

Complications of diabetes mellitus and their symptoms
are caused by abnormal gastrointestinal motility, which is a
consequence of diabetic autonomic neuropathy. Currently,
the most common is the streptozotocin model of
experimental diabetes mellitus [2, 3, 10, 16, 17, 20].
Streptozotocin is an antibiotic (2-deoxy-2-methylnitrosamino-
carbonyl-amino-O-glucopyranose) that is isolated during the
fermentation of a culture of Streptomyces aerotogenes.
Streptozotocin in the chemical sense is N-
acetylglucosamine, which has in the position of acetate a
residue of nitrosourea. According to the peculiarities of
hormonal and metabolic changes, streptozotocin-induced
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diabetes is similar to type 1 diabetes in humans, although
under the conditions of this experimental model absolute
insulin deficiency is a consequence of direct toxic damage to
beta cells and occurs without autoimmune mechanisms,
which is characteristic of their destruction. type 1 diabetes
mellitus in humans.

It is generally accepted that the destructive processes
of various genesis in the mucous membrane of the
gastrointestinal tract not only cause changes in its barrier
function, but also have critical effects on the course of
carbohydrate, protein and lipid metabolism in the body [11,
14, 15, 19, 21]. Therefore, the study of polycaudal reaction
[14] of the mucous membrane of the gastrointestinal tract,
as part of the general maladaptation syndrome in diabetes
mellitus (especially in combination with diabetes and other
pathological conditions) remains relevant [19].

The aim of the study is to establish the patterns of
structural changes in the mucous membrane of the
duodenum after burn injury of the skin of rats under
conditions of experimental diabetes mellitus.

Materials and methods

The study was performed on 63 laboratory white adult
male rats weighing 180-210 g. The control group - 21 intact
rats without signs of somatic pathology, the first experimental
group included 21 rats with experimentally simulated skin
burn injury, the second experimental group included 21
experimental rats simulated skin burn injury and diabetes.
The experimental diabetes mellitus model was replicated
by administering intraperitoneal streptozotocin to rats once
at a dose of 50 mg/kg, pre-dissolved in 0.1 M citrate buffer
solution (pH=4.5). The control of the development of
hyperglycemia in the experimental groups was the level of
glucose in the blood - 24.24+0.79 mmol/l. In the control group
this level was 8.03£0.4 mmol/l.

The department of the duodenum was taken for
morphological examinations, fragments of which were
examined by light and electron microscopy.

Results

Damage to the epitheliocytes of the duodenal mucosa
is based on deep destructive changes (mostly necrotic),
which after 21 days (in the stage of septicotoxemia) are
usually irreversible and develop against the background of
significant intoxication of the body.

The revealed structural changes of epitheliocytes are
evidence of violation of the structural integrity of the intestinal
epithelial barrier (Fig. 1). In animals of the first experimental
group, the damaged epithelium of the duodenal mucosa
critically weakens the adequacy of its interface function
between the mucosa and the intestinal lumen environment
and is structurally unable to provide an effective barrier
against toxins, pathogens and antigenic molecules.

The course of structural changes in the mucous
membrane of rats of the first experimental group in terms
of development over time is staged and it can be divided
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Fig. 1. Destruction of adjacent areas of adjacent epitheliocytes
with a brush border in the duodenal mucosa of the rat of the first
experimental group 7 days after the burn. The arrow marked the
preserved area of intraepithelial contact, preserved in a fragment
of intestinal cellular detritus. Electronic microphotography. x30000.
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Fig. 2. Detachment of fenestrated blood capillary endothelium from
the preserved basement membrane of the blood capillary in the
loose connective tissue of the duodenal mucosa of the rat of the
first experimental group 7 days after the burn. Arrows marked
fenestrae in the endothelial cell. 1 - lumen of the blood capillary.
Electronic microphotography. x30000.

into three stages and two phases. Seven days after the
burn, structural manifestations of the overload stage are
registered (which consists of a combination of total and
subtotal destruction of some cells and with structural
manifestations of the functional stress phase of other
structurally preserved cells) (Fig. 2).

Fourteen days after the burn, a fixed structural picture of
mucosal changes unfolds, which corresponds to the stage
of relative stabilization of hyperfunction. Twenty-one days
after the burn, the structural manifestations of gradual
depletion and the development of decompensation are
registered (Fig. 3).

The structural expression of the overload stage is not
only the destruction of the plasmalemma followed by total
or subtotal cell destruction, but also the changes of the
organelles of the preserved cells detected by us
(characteristic of the functional stress phase).

This is an expansion of the lumen and an increase in
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ig. 3.CeIIuIar dtritus‘(1) inthe iﬁtéstinal space of the duodenum
of rats of the first experimental group 21 days after the burn.
Electronic microphotography. x20000.
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Fig. 4. Loose connective tissue of the duodenal mucosa of the rat
of the third experimental group 21 days after the start of the
experiment. 1 - accumulation of microbial bodies; 2 - plasma cell
nucleus; 3 - leukocyte nucleus. Electronic microphotography.
x10000.

the number of tubules of the granular endoplasmic
reticulum (as well as an increase in the number of
ribosomes attached to the tubular wall); increase in the
number of ribosomes and polysomes; Golgi complex
hypertrophy; increase in the number and variability of
mitochondria (presence of large, old and small "young"
mitochondria). But such intensive functioning, in our
opinion, accelerates the rate of cell depletion, increases
the accumulation in the cytoplasm of substances and
damaged (defective) organelles, which activates
intracellular mechanisms that lead to cell death (excessive
autophagy and necrosis).

The phase of functional stress (and all its above
manifestations) under the condition of favorable for the
maintenance of cell life coincides with the phase of
consolidation of compensatory-adaptive processes (which
precedes the stage of relative stabilization of hyperfunction).
But prolonged compensatory hyperfunction leads to the
destruction of cellular organelles and cytoplasmic matrix,

promotes the transition to the stage of gradual depletion
and the development of decompensation.

Thus, not only the primary direct destruction of intestinal
epithelial cells, but also organelle hyperplasia, probably
leads to a disorder of the intracellular self-regulation system,
disruption of intercellular interactions (including due to the
destruction of dense intraepithelial contacts). It is probable
that in the stage of stabilization of structural bases of function
compensation the development of compensatory
adaptations of intestinal epithelium ends and the point of
dichotomy appears: the process goes towards full
restoration of functions or towards decompensation of
functions (in case of loss of structural support, even partial
restoration of functions).

In contrast to the above changes, in the duodenal mucosa
of rats of the second experimental group, the dynamics of
morphological changes during different periods after burns
(7 days - stage of shock and early toxemia; 14 days - stage
of late toxemia; 21 days - stage of septicotoxicity) differs from
this in animals of the first experimental group. Comparison
of the obtained data with the previously revealed ones gives
grounds to believe that the time intervals and the nature of
the adaptive changes of the duodenal mucosa are
significantly prolonged and worsened.

Significant lesions of the mucous membrane should
lead to disruption of the digestive system, parietal digestion
and absorption, as well as immunological protection (due
to the fact that the mucous membranes are the first zone of
contact with environmental antigens and a leading link in
immune protection) which, no doubt, affects the condition of
the body of the burned and, to a large extent, determines the
development of burns, as well as the course of diabetes.

Evidence of dysfunction of the immune component of
the intestinal barrier is our structural signs of stress function
(adaptation) of various immunocompetent cells
(lymphocytes, plasma cells, macrophages, which provide
the functions of antigen presentation and secretion of local
inflammatory response mediators), and subsequently to their
partial destruction (failure of adaptation). This leads to the
further development of an inflammatory reaction involving
leukocytes, which also undergo a stage of activation and
subsequent depletion (a sign of which is the destruction of
leukocytes). These structural transformations are
accompanied by the appearance in the cytoplasm of
epitheliocytes and in the loose connective tissue of the
duodenal mucosa of microbial bodies, which is a sign of
microbial infiltration and general shifts of the intestinal
microbiota (which, under normal conditions, acts as a
biological intestinal filter) (Fig. 4).

The permeability of the duodenal mucosa barrier is also
impaired in the association of experimental skin burn injury
with streptozocin-induced diabetes mellitus. We have found
structural transformations of goblet cells that produce
intestinal mucus, which forms a layer on the surface of the
intestinal mucosa.

A gradual change in the types of secretion of goblet
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Fig. 5. Destruction of secretory granules with content of different
degrees of electron density in the apical parts of goblet cells in the
duodenal mucosa of rats of the third experimental group 21 days
after the start of the experiment. 1 - lumen, 2 - secretory granules
with content of different degrees of electron density. Electronic
microphotography. x20000.

cells has been registered: from merocrine type (by
exocytosis of mature secretory granules) to apocrine type
(by rejection of the apical part of goblet cells together with
secretory granules and individual organelles due to
clasmatosis), and further - to the holocrine type (by complete
destruction of the apical part of goblet cells and even
complete destruction of these cells) (Fig. 5).

This leads to structural signs of changes in the intestinal
mucosa (which at the electron microscopic level consists
of small globular content of low electron density, secretory
granules with preserved membrane and cell detritus, and
on histological sections stained with hematoxylin and eosin
in the lumen of the intestinal lumen). eosinophilic content).
The structural changes of epitheliocytes detected under
the conditions of the experiment are evidence of violation
of the structural integrity of the intestinal epithelial barrier.

Thus, the permeability of the intestinal mucosal barrier
is altered and these changes can be interpreted as
contributing to microbial invasion. The results of studies
have shown that the basis of damage to the epitheliocytes
of the duodenal mucosa are profound destructive changes,
which after 21 days (in the stage of septicotoxemia) are
usually irreversible and develop against the background of
significant intoxication. In animals of the second
experimental group, the damaged epithelium of the
duodenal mucosa critically weakens the adequacy of its
function of the interface between the mucosa and the
intestinal lumen environment and is structurally unable to
provide an effective barrier against toxins, pathogens and
antigenic molecules.

In particular, it should be noted that the structural
changes of the mucous membrane in rats after burn injury
of the skin associated with diabetes develop over time so
rapidly that the stage of relative stabilization can be
considered significantly unsettled.

The obtained results can be used to develop methods

to prevent the development of negative changes in the
intestinal epithelial barrier of the duodenum and
enterocytes in particular and to effectively treat their possible
consequences.

Discussion

The prevalence of diabetes, its specific complications,
and the presence of other comorbidities that often
accompany diabetes make it one of the major social and
public health problems. The steady increase in information
about the etiology and pathogenesis of diabetes mellitus,
as well as its chronic complications, leads to the need for
timely supplementation and clarification of existing
scientific concepts, accompanied by constant
reassessment of already established pathophysiological
processes and structural mechanisms that provide them.

In the modern scientific literature there is an idea that
"diabetes is predominantly an intestinal disease". It is well
known [9] that the small intestine plays an important role in
both digestion and the endocrine response in regulating
blood glucose levels. Hormones (GLP-1 and GJP) released
from the small intestinal mucosa in response to ingestion
of nutrients modulate the secretory response of insulin
and glucagon to this food.

The data obtained by us may indicate the greatest
contribution to the development of diabetic enteropathy of
structural changes in the mucous membrane of the
duodenum. In addition, it should be noted that the structural
transformation of the duodenal mucosa under the
conditions of the applied model of experimental burns is
deepened in its association with diabetes mellitus.

Also important is the dependence of morphological
changes of the duodenal mucosa on the course characteristic
of [4, 7, 12, 13, 18, 22] for burn disease complexes of
syndromes (endotoxic syndrome, hypermetabolism
syndrome, systemic inflammatory response and their general
manifestation in the form of internal dysfunction). It should be
noted that the excretion of toxins from the body of burnt [13] is
carried out in several ways (skin, kidneys, lungs, liver and
gastrointestinal tract), but these ways in the development of
burn disease are blocked by "actual intraorgan afterburn
pathology”. In addition to the fact that the mucous membrane
of the duodenum is affected by endotoxins of various origins
(from foci of ischemia and necrosis in the burn area and from
initially intact internal organs), It is worth noting the local
pathogenic effects of leukocytes, which we found in large
numbers in the mucous membrane of the duodenum of rats
of the first and especially the third experimental group. It should
be noted that their main foci of toxic products are formed due
to the interaction of leukocytes and their main forms of oxygen
with damaged cells. This phenomenon is called "oxygen-
metabolic, or respiratory explosion” [8]. The chain connection
of this phenomenon is that against the background of
activation of neutrophils occurs almost fifteen times, which in
turn induces the relaxation of smooth muscle. Under the
combination of burn disease with diabetes mellitus, these
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processes are superimposed on the typical for diabetic
enteropathy changes in intestinal motility in the form of
alternating diarrhea with constipation [1, 5, 6, 23-25], which
should generate a vicious circle of temporary intraluminal
intestinal endotoxins accumulation and subsequent intestinal
release from them. In general, this variant of the dynamics of
changes in pathological mechanisms, which increases the
uncertainty and adds instability to the nature of intestinal
motility, should affect the course of diabetic enteropathy in
terms of its association with burn injury. These data obtained
by us and made on the basis of their assumptions are
theoretically plausible, but need to be confirmed in clinical
trials.
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MOPIBHANBHA XAPAKTEPUCTUKA MPOSIBIB MOLUKOMKEHHA TA PENAPATUBHUX MPOLIECIB Y CITU30BIA OBONOHL
OBAHAOUATUMANOI KALLIKU LLYPIB 3A YMOB OMIKOBOI TPABMMU LLKIPU TA OMIKOBOI TPABMU LLKIPU, ACOLIIMOBAHOIO
3 LUYKPOBUM OIABETOM

TumoweHko 1.0., CokypeHko JI.M., SlHyuwuH A.5., [Tacmyxoea B.A.

Ha daHul 4ac eaxka mepmMmiyHa mpasma cmae OOHi€o 3 Haligaxknusiwux npobaem npakmuyHoi MeduyuHu. Llle oOHUM 2nobanbHUM
MeOuKo-coyianbHUM BUKITUKOM Hawo20 cmosimms 8U3HaHO makox uykpoeull Oiabem. Had3euyvaliHa cumyauis w000 npoginakmuku,
niiKkyeaHHs1 ma riorniepedxXeHHs1 Hacniokie yux namornoeaili € Hacriokom gidcymHocmi HadiliIHo20 meopemuy4Ho20 Mid2pyHMs y 8UPILUEHHI
KOHKpemHux KniHidHux rpobnem wjo0o nepebiey onikoeoi xeopobu, uyykposozo diabemy ma ix ycknadHeHb. Memoto GocrnidxeHHs €
8CMaHOBIIEHHSI 3aKOHOMIPHOCMeEU CmpyKmypHUX 3MiH 8 ¢/1u308ili 0600Hui 08aHadussmunanol KUWKU nicsisi OniKogoi mpasmu WKipu
wypie 3a ymos ekcriepumeHmarnbHo20 Uykpogoeo Oiabemy. [ocnidxeHHs 30ilicHeHo Ha 63 nabopamopHux 6inux cmamesospinux
wypax-camusix macoto 180-210 e, kompi 6ynu po3nodineHi Ha 3 epynu: iHMaKmHi meapuHu, Wypi 3 ONiKO8OH MPasMoK0 WKipU ma wypi
3 OMiKo8OK MPasMoro WKipU Ha mii yykpoeozo diabemy. Modenb ekcriepumeHmarnbHO20 UyKpogoeo Oiabemy gidmeoproganu Wisixom
88€0€HHS WypamM cmpernmo30moyuHy 8HympiuHboo4epeseHHO 00Hopa3080 8 903i 50 ma/ke, nonepedHbo posduHuswu tozo 6 0,1 M
yumpamHomy 6ygpepHomy posduHi (pH=4,5). KoHmponem po3sumky einepanikemii 8 eknepumeHmarbHUX epynax 6ye pieeHb erroKo3u
8 Kposi 24,24+0,79 mmorib/n. B koHmponbHil epyni yel nokasHuk cmaHosug 8,03+0,4 mmoris/n. Y ulypie 3 onikogow mpasmor WKipu
8usieneHi 0ecmpyKmu8Hi rposieuU, Kompi Cyrnpo8ooXymbCsi aKmuUBHO 3arnasbHOK peakuyieto i 8i0Mo8IOHUMU HEKPOMUYHUMU 3MiHaMU,
8 mol Yac fiK y wypie 3 OniKogo mpasMoro WKipu Ha mii uykpoeozo diabemy namorsoaidHi npoyecu He npocmo "cymyrombscs”, a
neeHUM YUHOM adanmueHo MOOUIKYOMbCS i3 3ary4eHHSIM MexaHi3mie crmpecy eHOomnna3MamuYyHo20 pemuKyymMma ma acoyitiogsaHoi
3 HUM asmocpaaii.

KntovoBi cnoBa: deaHaduysmunana Kuwka, mepmidyHa mpasma, Giabem.

CPABHUTEIbHAS XAPAKTEPUCTUKA NPOSAABNEHWA MNOBPEXOEHUA U PENAPATUBHbIX MPOLIECCOB B CITU3UCTOM
OBOJIOYKE OBEHAOLATUNEPCTHOW KULLKU KPbIC B YCNIOBUAX 0XXOrOBOW TPABMbI KOXWU U 0OXKOrOBOW TPABMbI
KO>W, ACCOLIMUMPOBAHHOMN C CAXAPHBLIM OUAEETOM

TumoweHko U.0., CokypeHko JI.M., AHyuwuH A.A., lTacmyxoea B.A.

B daHHOe spemsi msxenas mepMmudeckasi mpagma cmaHosumcsi 0OHoU u3 Hauboriee 8axHbiX rpobrem npakmuyeckol MeOuUUHbI.
Ewe o0Hum enobarnbHbiM MeOUKO-coyuanibHbIM 8bI3080M Haliea2o Cmonemus Mpu3HaH makxe caxapHbil Ouabem. YpessbiyalHas
cumyauyusi o npoghunakmuke, edeHuro u npedynpexdeHuto nocnedcmeull amux namoroaull sensemcsi cnedcmeueM omcymcemeusi
HadexXHo20 Mmeopemu4YecKo20 OCHOBaHUSI 8 pelleHUU KOHKPEeMHbIX KITUHUYeCKuUx rnpobrem o xode oxoeosol 60se3Hu, caxapHo20
Ouabema u ux ocrioxHeHul. Lenbto uccnedosaHusi f8/s1emcs ycmaHo8/1eHue 3aKkoHOMepHocmel CmpYKMmMypHbIX U3MeHeHul 8
cnusucmoli obonoyke 0gseHadyamunepCcmHOU KUWKU 10C/1e 0020800 mpasMbl KOXU KPbIC 8 yCII08USIX 3KCMepuMeHmarnbsHo20
caxapHoeo duabema. VccnedosaHue riposedeHo Ha 63 nabopamopHbix 6esibix M0/10803perbiX Kpbicax-camuyax maccol 180-210 e,
Komopble bbinu pasdernieHbl Ha 3 epynbl: UHMaKMHbIE XUBOMHbIE, KPbIChbI C 0XK02080U mpasMol KOXU U KPbICbl C 05020800 mpasmoll
KOXU Ha ¢hoHe caxapHoeo Ouabema. Modesnb sKcrepumeHmasnbHo20 caxapHo2o Quabema gocripousgodusnu nymem 88edeHuUsi Kpbicam
cmpernmo3omouyuHa 8HympubprowuHHO 0OHoKpamHo & o3se 50 me/ke, npedsapumernbHo pacmeopus ezo 8 0,1 M yumpam+Hom 6ychepHom
pacmeope (pH=4,5). KoHmponem pasgumus aunepanukemMuu 8 eknepuMmeHmarbHbIxX 2pyrnax Obii ypo8eHb 2/1t0K03bl 8 Kposu 24,24+0,79
mmonb/n. B epynne koHmpons 8,03+0,4 Mmornb/n. Y KpbiC ¢ 002080l mpasmMol KOXU ObHapyXeHbl ecmpyKmueHbie MposienieHusl,
Komopble conposoxoarmcsi akmusHoU eocrnanumenbHoU peakyuell U coomeemcmeayuUMU HEKPOMUYECKUMU U3MEHEHUSIMU, 8 MO
8peMsi KaK y KpbIC C 002080l mpasMoU KOXU Ha ¢hoHe caxapHo20 duabema namoisio2uyecKue rMpoyecchl He Npocmo "cymmupyromcsi”,
a onpedeneHHbIM obpa3omM adanmueHO MOOUUUUPYOMCS C rpus/iedeHUeM MexaHu3Mos8 cmpecca 3HAonnasmamuyeckoeo
pemukynyma u accoyuuposaHHol ¢ HUM aemodghazuu.

KnroueBble cnoBa: dgeHaduyamunepcmHasi Kuwka, mepmuyeckass mpasma, Ouabem.
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