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respiratory system. The pathogenesis of lung tissue damage is complex and
multifactorial, however, it has now been found that homocysteine has a toxic effect on
the vascular system and parenchyma of the organ. The purpose of the study is to
identify the features of microscopic changes in the structure of the lungs of young rats
under conditions of hyperhomocysteinemia. The experimental study was performed on
22 white non-linear young (1-2 months) male rats. During the experiment, the animals
were divided into two groups - control and experimental. Simulation of persistent
hyperhomocysteinemia was achieved by administering to rats of the experimental
group thiolactone homocysteine at a dose of 200 mg/kg body weight intragastrically for
60 days. Histological specimens were examined using an SEO SCAN light microscope
and photo-documented using a Vision CCD Camera with the system output images of
histological preparations. It was found that the introduction of thiolactone homocysteine
to young rats at a dose of 200 mg/kg led to the development of destructive changes in
blood vessels, bronchi, components of the respiratory department with signs of
atelectasis. Hemodynamic disorders and increased vascular permeability led to
perivascular, peribronchial, interstitial, intra-alveolar edema, histo-leukocyte infiltration.
The detected changes are reversible and have a compensatory nature.

Keywords: hyperhomocysteinemia, lungs, aerohematic barrier, macrophages,

neutrophils.

Introduction

Homocysteine (HC) is a non-proteinogenic amino acid
that is formed in the body under normal conditions during
methionine metabolism. A considerable amount of it is
involved in methionine resynthesis by transsulfuration [7].
Also, recycling of HC is carried out through remethylation
and desulfurization reactions. Vitamins B6, B9 and B12
have been found to be extremely important for its
metabolism, since they are involved in the synthesis of
coenzymes, without which the metabolism of this amino
acid is impossible [20]. According to most researchers,
the normal level of HC in the blood is 5-15 ymol/L [22].
However, due to impaired synthesis and recycling
processes, its level may increase, leading to the
development of a health-threatening condition of
hyperhomocysteinemia. To date, many causes for the
development of hyperhomocysteinemia have been proven.
These include: hereditary defects of enzymes
methylenetetrahydrofolate reductase, cystathionine-f3-
synthase, methionine synthase; taking certain medicines

(oral contraceptives, barbiturates, etc.), a diet high in
methionine, kidney disease, drinking lots of coffee,
smoking, alcoholism, a sedentary lifestyle [11, 13, 21].
Careful analysis of the sources of scientific literature has
established that hyperhomocysteinemia is an independent
risk factor for the development of coronary heart disease,
strokes, obliterating atherosclerosis of the lower extremities,
arterial and venous thrombosis, chronic heart failure [3, 4].
Numerous studies have also demonstrated its relationship
to Alzheimer's disease, autism, vascular dementia,
pregnancy miscarriage, non-alcoholic fatty liver disease,
osteoporosis, cancer [9, 16].

In recent years, studies have focused on the relationship
between blood plasma HC and the onset and progression
of lung disease. Patients with chronic obstructive pulmonary
disease record a state of hyperhomocysteinemia, which,
according to the researchers, is evidence of severe disease
[15]. Hypotheses regarding the role of HC in lung and
pleural cancer development are also available [5].

© 2019 National Pirogov Memorial Medical University, Vinnytsya
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HC has a direct toxic effect on the endothelial layer of
the vascular wall, so in the pathogenesis of lung lesions in
hyperhomocysteinemia attach great importance to the
vascular system of the organ. In particular, it has been
proved that HC causes a violation of the reactivity of the
pulmonary artery wall due to the development of oxidative
stress [18]. In addition, the HC is able to exert a direct
damaging effect on the lung parenchyma and extracellular
matrix [17].

Thus, studying the peculiarities of morphological
changes in the structure of the lungs is an extremely
important task, since the data obtained will contribute to a
better understanding of the key links in the pathogenesis
of hyperhomocysteinemia, to improve the diagnosis and
treatment of respiratory diseases.

The purpose of the study is to identify the features of
microscopic changes in the structure of the lungs of young
rats under conditions of hyperhomocysteinemia.

Materials and methods

The experiments were performed on 22 white nonlinear
young (1-2 months) male rats. During the experiment, the
animals were divided into two groups - control and
experimental. Simulation of persistent hyperhomocysteinemia
was achieved by administering rats of the thiolactone HC to
rats of test group at a dose of 200 mg/kg body weight
intragastrically for 60 days. Animals were immobilized by
decapitation under thiopental anesthesia. For microscopic
examination, pieces of lung were collected from pre-weighed
animals of all groups. The pieces were fixed in 10% formalin
solution, the duration of the exposure did not exceed 1-2 days.
The fixing solution used prevents the autolysis process and
stabilizes the cells and tissues for their further processing
and use in staining procedures. Next, the dehydration of the
pieces in alcohols of increasing concentration and poured
into paraffin blocks. The sections, 4-5 um thick, were stained
with hematoxylin and eosin and methylene blue [6].
Histological specimens were examined using an SEO SCAN
light microscope and photo-documented using a Vision CCD
Camera with the system of output of the image from
histological preparations.

Results

Histological studies of the lungs of young rats under
conditions of hyperhomocysteinemia caused by the
introduction of thiolactone HC at a dose of 200 mg/kg,
revealed impaired pulmonary hemodynamics, edema of
the structural components of the respiratory compartment,
vessel walls and bronchi.

Large, medium and especially small bronchial tubes
and bronchioles are characterized by swelling and
thickening of the wall, its deformation. Destruction of the
fibro-cartilage sheath and muscle plate resulted in a
reduction of the mucous folds. In the lumen of the bronchi
revealed serous mucous contents with desquamated
epitheliocytes. Adventitia infiltrated with leukocytes,

- S W B .3' i oy (5
Fig. 1. Microscopic changes in the lungs of young rats under
conditions of hyperhomocysteinemia. Large (1) and medium
diameter (2) bronchus, deformation of the wall (3), serous-mucous
contents in the lumen (4), respiratory department (5). Staining
with hematoxylin and eosin. x100.
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Fig. 2. Histological changes in the lungs of young rats unde
conditions of hyperhomocysteinemia. Large-diameter artery lumen

(1), edema, media (2) and adventitia (3) destruction. Staining with
hematoxylin and eosin. x100.

h & ST,
Fig. 3. Microscopic changes in the lungs of young rats under
conditions of hyperhomocysteinemia. Small-diameter vein lumen
(1), marginal lymphocyte standing near endothelium (2), leukocyte

accumulation in adventitia (3), swelling and infiltration of respiratory
compartment (4). Staining with hematoxylin and eosin. x200.
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Fig. 4. Microscopic changes in the lungs of young rats under conditions
of hyperhomocysteinemia. Venula lumen with blood cells (1), histo-
leukocyte infiltration of the wall (2), destructively altered endothelial
cells (3), alveolar macrophages in the lumen of the alveoli (4), basement

-

Fig. 5. Microscopic changes in the respiratory department of the
lungs of young rats under conditions of hyperhomocysteinemia.
Alveolar sacs (1), sites of atelectasis and histo-leukocyte infiltration
(2). Staining with hematoxylin and eosin. x100.

Fig. 6. Micr scopic changes inthe Iugs of young ats of the respiratory
department under conditions of hyperhomocysteinemia. Blood filled
capillaries (1), alveolar macrophages (2), erythrocytes in the lumen

of the alveoli (3). Semi-thin section. Methylene blue. x400.

macrophages (Fig. 1).

Reorganization of the vascular wall of large and medium
diameter manifested expansion gaps and blood flow,
edema and leukocyte infiltration, predominantly adventitia,
also revealed blood vessels with narrowed lumen (Fig. 2,
Fig. 3).

Microscopic changes in the vessels of the
microcirculatory bed on semi-thin sections were
characterized by heteromorphism. The venous blood flow
was determined, with stasis, erythrocyte coagulation,
platelet accumulation, neutrophils in the lumen, and
leukocyte marginal standing near the endothelium. In the
swollen endothelial cells, vacuoles were found, burning
the nuclei into the lumen of the vessel. The basement
membrane was also swollen, indistinct (Fig. 4).
Microvessels with thickened wall, cramped by a narrow
lumen were also detected. Dystonia of the vessel wall was
also manifested by thinness, uneven thickening, narrow or
collapsed lumen.

Manifestations of inflammatory character were
determined in the migration of leukocytes mainly of
lymphocytes into the intra alveolar septa with the formation
of foci of inflammation.

In the respiratory department of the lungs, the intra
alveolar septa were thickened due to the blood filling of the
hemocapillaries and edema due to the increased
permeability of the walls of the microvessels to the blood
plasma. Histo-leukocyte infiltration of the parenchyma of
the organ was also detected. The gaps of the alveoli
showed an increase in the number of alveolar
macrophages.

Among the unchanged histostructure of the lung tissue,
small areas of dys- and atelectasis were also identified,
with partially or completely absent luminal alveoli (Fig. 5).
In the peripheral, subpleural areas, an emphysematous
altered lung tissue was observed with sophisticated intra
alveolar septa and significantly enlarged gups of the alveoli.
The thinned sections of the aerohematic barrier were
destroyed or ruptured, which led to the formation of
elements and plasma in the lumen of the alveoli (Fig. 6).

Discussion

The data obtained from the experimental study confirm
the already existing results, conducted with the aim of
establishing the role of HC in lung injury. In particular, it was
found that hyperhomocysteinemia, which develops as a
result of cystathionine-B-synthase deficiency, leads to the
development of pulmonary artery thrombosis, characterized
by the presence of pulmonary tissue fibrosis and the
destruction of the aerohematic barrier. The changes are
accompanied by increased expression of collagen type |
and transforming growth factor-g1 [8].

Severe chronic hyperhomocysteinemia causes
activation of lipid peroxidation and inhibition of mechanisms
of antioxidant protection of the lungs. The result of these
changes is the development of oxidative stress, which

Vol. 25, Ne3, Page 5-9
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causes damage to lung tissue, increased production of
macrophages and lymphocytes [2].

It has been established that in severe
hyperhomocysteinemia, HC accumulates in the
mitochondria of the lungs in rats, causing a direct toxic
effect on them. Under these conditions, the metabolism of
NO is impaired and its bioavailability is reduced, however,
the production of reactive oxygen species is enhanced
against the background of inhibition of the reserve-adaptive
potential of lung mitochondria and, as a consequence,
damage to the organ parenchyma [12].

To date, the role of hyperhomocysteinemia in the
development of endothelial dysfunction has been
confirmed. The latter is due to increased production of
reactive oxygen species and reduced synthesis of nitric
oxide. The decrease in the level of nitric oxide under
conditions of hyperhomocysteinemia can also be caused
by inhibition of the enzyme dimethylarginine
dimethylaminohydrolase. Hyperhomocysteinemia-induced
damage to mitochondrial DNA leads to dysfunction of these
organelles and exacerbates bioenergetic processes in
them, leading to the appearance of a closed circle and
increased signs of oxidative stress. In addition,
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OCOBIMBOCTI MIKPOCKOMIYHUX 3MIH CTPYKTYPU JIEFEHb MONOAUX LLYPIB 3A YMOB MNMEPFOMOLUCTEIHEMIT
Camb6opcnka I.A.

linepeomoyucmeinemiss € chakmopom pusuky po3sumky bacambOX 3axeoproeaHb, 8 MOMYy Yucsi i namornoeii opaaHie duxanbHol
cucmemu. lNamozeHe3 ypaxKeHHsI MKaHUHU fleeeHb € cknadHum ma bazamoghakmopHUM, OOHaK Ha CbO200HIWHIl OeHb 8CMaHOB/1EHO,
wo eomMoyucmeiH YUHUMBb MOKCUYHUU 8rue Ha CyOUHHYy cucmeMy ma napeHximy opeaaHy. Memorw OocriidxXeHHs € 8usi8reHHs
ocobnusocmell MIKPOCKOMIYHUX 3MiH CMPyKmMypu fieeeHb Monodux wypie 3a ymos 2inepeomouyucmeiHemii. EkcnepumeHmarbsHe
docnidxeHHs1 MposedeHo Ha 22 binux HemiHituHUX Mornodux (1-2 micsui) wypax-camusx. Y xodi ekcriepumeHmy meapuH 6yno po3rnodineHo
Ha 2 epynu - KoHmpornbHy i docnidHy. ModentosaHHs cmaHy cmilKoi ainepeomoyucmeiHemii docs2anu wsxom e8edeHHs uypam
docnidHoI epynu mionakmoHy 2omouyucmeiHy y 003i 200 ma/ke macu mina iHmpaz2acmpanbHo npomsizom 60 OHig. [NcmonoaidHi
npenapamu sug4yanu 3a 0oriomozoto ceimnogozo mikpockona SEO SCAN ma ¢pomodokymeHmysanu 3a 0ornomozoto sideokamepu
Vision CCD Camera 3 cucmemoto 8ugody 306paxeHHs 3 2icmonoeaidHux npenapamis. bymno ecmaHoeneHo, wo esedeHHs mionakmoHy
2omouyucmeiHy monodum wypam 8 0o3i 200 me/ke npuseeno 00 po3sumKy OecmpyKmueHUX 3MiH CyOuH, 6poHXi8, KOMMIOHEeHMI8
pecniipamopHoz2o 8iddiny 3 o3Hakamu amesiekmasig. [eMoOuHamidHi po3nadu i nocuneHHs cyOUHHOI MPOHUKHOCMI npu3senu 00
repusackyrnsipHo20, NepubpoHxianbHO20, IHMePCMUUYitiHO20, 8HYyMPIWHbOATbBEOISIPHO20 HAabpSsIKy, 2icmonelkoyumapHoi iHgibmpauii.
BusieneHi 3miHuU 360pomHi ma mMaromb MpUCMOocy8anbHO-KOMIeHCamopHUU xapakmep.

KnroyoBi cnoBa: zinepeomoyucmeiHemisi, nezeHi, aepozemamuyHuli bap'ep, makpoghaau, Helimpoinu.

OCOBEHHOCTU MUKPOCKOMUYECKUX UBMEHEHUIW CTPYKTYPbI JIEFKMX MONOAbIX KPbIC B YCNIOBUAX
MNEPFOMOLUUCTEMHEMUU

Camb6opckas U.A.

FunepeomoyucmeuHemus sensemcs akmopoM pucKka pa3eumus MHo2ux 3abonesaHull, 8 MOM yucse U namosio2uu op2aHos
ObixamesibHoU cucmeMbl. [TamozaeHe3 nopaxeHusi MmKaHU Nie2KuX S6e1s1emcsi CrI0XHbIM U MHO20GhaKmOopHbIM, OOHaKO, Ha Ce200HAWHUU
OeHb ycmaHO8/IeHO, YMO 20MOUUCMEUH OKa3bi8aem MmOKcuyeckoe go3delicmeue Ha cocyOucmyto cucmeMy U napeHxumy opeaaHa.
Llenbto uccrnedosgaHus sisriiemcsi 8bisierieHue ocobeHHocmel MUKPOCKOMNUYEeCKUX USMEHEeHUU CmpyKmypbl f1e2KUX MO00biX KpbIC 8
ycrosusix eunepeomMoyucmeuHemMuu. SKcrepuMmeHmarnbHoe uccredogaHue npogedeHo Ha 22 besnbix HenuHelUHbIX MonoobiX (1-2
mecsuya) Kpbicax-camyax. B xode akcriepumeHma xusomHbix pa3denunu Ha 08e 2pynrbl - KOHMPObHYHO U onbimHyto. ModenuposaHue
cocmosHus ycmouyugol aunepeomoyucmeuHemuu docmuaanu nymem eg8edeHusi KpbicaMm OfMbIMHOU 2pynbl muoiakmoHa
eomouyucmeuHa 8 dose 200 me/ke macchbl mena uHmpaeacmparnbHo 8 meyeHuu 60 dHel. [ucmonoaudyeckue npenapamsl Uu3dydanu ¢
rnomouwbto ceemogoeo Mukpockona SEO SCAN u gpomodokymeHmuposanu ¢ nomowibro sudeokamepsi Vision CCD Camera ¢ cucmemol
8bI800a U30bpaxkeHUs C 2ucmoio2U4eCcKUX npenapamos. bbino ycmaHoeneHo, 4mo 8gedeHue muonaKkmoHa 20MoyucmeuHa Mos100biM
Kpbicam 8 0o3e 200 me/ke2 npueesno K pa3sumuio 0eCmpyKMmMUHbIX U3MeHeHul cocy0os8, 6pOHX08, KOMITOHEHITO8 PecrupamopHO20
omdena ¢ npusHakamu amesiekma3sos. [emoOuHamudeckue paccmpolicmea u ycuneHue cocyducmol npoHuyaemocmu rnpusenu K
rnepusackynsapHoMy, nepubpoHxuanbHOMY, UHMepcmuyuaabHOMY, 8HympuanbeeosiipHOMy OmeKy, aucmonelKoyumapHou
UHGunbmpauyuu. BbisigneHHble usmMeHeHUs1 obpamuMbl U UMem fpucnocobumeribHO-KOMIEHCamopHbIl xapakmep.

KntoueBble cnoBa: aunepsomoyucmeuHeMusi, iezkue, aspozemamuyeckuti bapbep, makpogazu, Helmpogurisl.
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The article presents and analyzes data from an experimental study conducted on white
rats in females and males of reproductive age. The purpose of the study to study the
morphometric and histological changes in the parenchyma of the lymph nodes of rats
under the high-calorie diet (HCD) and with the correction of melatonin. The study was
performed on 80 white rats of reproductive age. Microanatomy of the structural
components of lymph nodes of white rats under physiological norms was examined in
10 intact animals. Experimental animals are divided into 5 groups. Statistical processing
of digital data was performed using "Excel" software and "STATISTICA 6.0" using the
parametric method. Eight weeks after HCD, there was a significant decrease in the
relative area of the cortical substance in the parenchyma of lymph nodes of white rats
of males and females by 10.3 % and 8.3 %, respectively, and an increase in the relative
area of the medullary substance by 16.1 % and 13.2 %, respectively, greater than the
intact animal group parameter. Corticomedullary index (CMI) decreased by 22.9 % and
19.0 %. After six weeks of HCD and the next six weeks of standard vivarium diet and
melatonin administration, the relative area of cortical substance in the parenchyma of
lymph nodes of white rats in males and females was 2.0 % and 2.9 %, respectively,
greater than the parameters of the intact group of animals. Accordingly, the relative
area of the medullary substance is 3.1 % and 4.6 % less than the parameters of the
intact group of animals. CMI in both male and male rats was 5.1 % and 7.6 %, respectively,
greater than the intact animal group parameter. Under the conditions of melatonin
correction, it was found that on the histological preparations of lymph nodes the vein
and artery were full-blooded. Empty hemocapillaries with thickened wall are observed.
In the paracortical region, the number of high endothelial capillary venules decreases.
Thus, long-term administration of melatonin improves the morphometric parameters of
the parenchyma of the lymph nodes of rats, restores the morphological structure of the
organ.

Keywords: experiment, lymph node, sodium glutamate, melatonin, correction.

Introduction

Obesity is a risk factor for human health. This is a complex
medico-social problem of today, as most overweight people
do not see this condition as a real threat to health [9, 11, 22].
The current issue is the study of the effect of obesity on
organs and tissues, as well as the possibility of correction
of these changes [1, 14, 15]. Of particular interest are the
organs of the immune system, in particular lymph nodes,
which provide protection of the body against genetically
foreign cells and substances coming exo- or endo-pathways
[6, 7, 13, 18, 20]. They are also called biological "filters".

In most cases, a high-calorie diet is used to develop
experimental obesity. We choose sodium glutamate as a

dietary supplement to the standard vivarium diet. The
monosodium salt of glutamic acid (glutamate sodium),
known as the "flavor enhancer”, is used in most groceries.

Melatonin, a pineal hormone, was selected for correction.
It is an important regulator of sleep and circadian rhythms
[4, 16, 19, 24]. Melatonin (N-acetyl-5methoxytryptamine) is a
hormone synthesized by pinealocytes of the epiphysis under
the control of the suprachiasmatic nucleus of the
hypothalamus (the principal driver of circadian rhythms) [5,
12, 17]. It can also be formed in the heart, kidneys, digestive
canal, genitals and other cells [2]. Interest in the healing
properties of melatonin increased when it was noted that it
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was not only found in humans but also identified in many
foods - olive oil, tomatoes, fish, wine and others [8].

Aim of the study: to study the morphometric and
histological changes of the parenchyma of the lymph nodes
of rats under high-calorie diet and with melatonin correction.

Materials and methods

The study was conducted on 80 white rats females and
males of reproductive age (2.5-6.5 months) weighing 120-
280 g.

The structure of lymph nodes of white rats under normal
conditions was examined in ten intact animals. All
experimental animals were divided into 5 groups: the first
group (10 animals), which were fed HCD for 8 weeks; the
second group (10 animals), which were fed a HCD for 8
weeks and then transferred to a standard vivarium diet (for
8 weeks); a third group (10 animals) fed a HCD for 6 weeks,
then transferred to a standard vivarium diet and
administered melatonin for 2 weeks; the fourth group (10
animals) and the fifth group (10 animals) are similar to the
previous one, but melatonin was administered for 4 and 6
weeks, respectively. Each group consisted of 5 male rats
and 5 female rats. HCD was achieved by adding 0.07 g/kg
of rat body weight to food glutamate. The dose of melatonin
was 10 mg/kg of body weight of the rat. The drug was
administered orally daily in the afternoon at the same time.
The control was served by 20 white rats who received a
standard vivarium diet instead of the high-calorie diet.

All the test animals were in the vivarium of Danylo
Halytsky Lviv National Medical University. The studies were
carried out in accordance with the provisions of the
"European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes" (Strasbourg, 1986), Council of Europe Directive
86/609/EEC (1986), Law of Ukraine No. 3447-1V "On the
protection of animals from ill-treatment", general ethical
principles of animal experiments approved by the First
National Congress of Ukraine on Bioethics (2001).

Morphometric studies were performed on histological
specimens stained with hematoxylin and eosin, as well as
with Heidenhain's azan using Videotest-5.0, KAAPA Image
Base, Stepanizer and Microsoft Exel on a personal
computer.

Statistical processing of digital data was performed
using "Excel" and "STATISTICA 6.0" software using
parametric methods. The numerical values of the
parameters are represented by sample averages (M),
standard deviation (o), standard error of the mean (m),
Student's t test (t). The results of the calculations were
presented in graphical form in histograms using Microsoft
Office, indicating confidence intervals at 95 % confidence
level (p=0.95).

Results
The structure of mesenteric lymph nodes in rats of intact
and control groups corresponded to the species norm, as

evidenced by the results of histological examinations.
Lymph nodes are surrounded externally by the connective
tissue capsule, from which go deep into the parenchyma
numerous cortex and medulla trabeculae. On the cramped
part of the node there is hilum. The parenchyma of the
lymph node consists of located on the periphery cortex,
and closer to the hilum - medulla. Under the capsule
contains the marginal sinus. The primary and secondary
lymph nodes are located in the cortex. Secondary nodes
contain an illumination center - a germinal center or
breeding center. A darker boundary zone is located around
such a center. The medulla consists of medullar cords
and medullar sinuses (Fig. 1).

After 8 weeks of HCD, a significant decrease in the
relative area of the cortex in the parenchyma of lymph nodes
of white rats of males and females was found, by 10.3 %
and 8.3 %, respectively, compared to the intact group of
animals (Tables 1, 2). The relative area of the medulla
increases and exceeds the parameters of the intact group
of animals by 16.1 % and 13.2 %, respectively (see Tables
1, 2). CMI decreases in both male and female rats by
22.9 % and 19.0%, respectively.

In both male rats and female rats, cortical, medullar,
and marginal lymphatic sinuses were dilated and
deformed after 8 weeks of experiment. In their lumen, the
proportion of reticular connective tissue increased, which
was accompanied by a decrease in the proportion of
lymphocytes (Fig. 2). Dense B-lymphocytes, plasmocytes,
and macrophages were observed in the medullar cord.
Empty hemocapillaries with thickened walls were often
noticeable. The number of capillary venules increased,
especially in the paracortical region of the lymph nodes.
The process of migration of lymphocytes from the
bloodstream to the parenchyma of the lymph node was
pronounced, as evidenced by the large number of them in
the lumen of the vessels and the wall. This confirms the

—

Fig. 1. Mesenteric lymph node of an intact white male rat. 1 -
capsule of the lymph node; 2 - cortex; 3 - paracortical region; 4 -
medulla; 5 - medullary cord; 6 - medullary sinus; 7 - hilum of the
lymph node. Hematoxylin-eosin. Objective x10, eyepiece x10.
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Table 1. Dynamics of changes in the relative area of cortex and
medulla and corticomedullary index (CMI) of lymph nodes of white
male rats in control and experimental groups (Mtm).

conex’% Smedulla’% CMI
61.08+1.56 | 38.92+0.78 | 1.569+0.112

Group of animals S

Intact animals

Group 1

(8 weeks of HCD) | 94-80%161

45.20+£0.87* | 1.212+0.211*

Group 2
(8 weeks of HCD,
8 weeks of cancellation)

53.67+1.45* | 46.33+0.81* | 1.158+£0.179*

Group 3
(6 weeks of HCD,
2 weeks of melatonin)

55.05+1.21* | 44.95+0.76* | 1.225+0.119*

Group 4
(6 weeks of HCD,
4 weeks of melatonin)

58.94+1.19* | 41.06+0.83* | 1.435+0.113*

Group 5
(6 weeks of HCD,
6 weeks of melatonin)

Notes: here and in the future, * - values that are statistically significantly
different from those of the intact group of animals (p<0.05).

62.29+1.34 | 37.71£0.71 | 1.652+0.171

Table 2. Dynamics of changes in the relative area of cortex and
medulla and corticomedullary index (CMI) of lymph nodes of white
female rats in control and experimental groups (M+m).

Group of animals S % S % CMI

cortex” medulla’
61.23+1.70 | 38.77+0.76 | 1.579+0.109

Intact animals

Group 1

(8 weeks of HCD) | 96-12£165

43.88+0.78* | 1.279+0.123*

Group 2
(8 weeks of HCD,
8 weeks of cancellation)

55.46+1.55* | 44.54+£0.67* | 1.245+£0.157*

Group 3
(6 weeks of HCD,
2 weeks of melatonin)

57.75+1.45* | 42.25+0.71* | 1.367+0.147*

Group 4
(6 weeks of HCD,
4 weeks of melatonin)

59.05+1.54 | 40.95+0.75* | 1.442+0.211*

Group 5
(6 weeks of HCD,
6 weeks of melatonin)

63.01+1.45 | 36.99+0.81 | 1.703+0.185*

common belief among morphologists that obesity is a
chronic inflammatory process that leads to the continued
activity of the immune protection units. The number of
secondary lymph nodes in the cortex of lymph nodes of
white rats increases, they contain extended centers of
reproduction. The relative area of the paracortex decreases.
The enlarged, full-blooded and deformed arteries and veins
contain platelets and erythrocytes with signs of adhesion
and aggregation in their lumen. Often, vessels of the
hemomicrocirculatory bed with a damaged wall are found,
which leads to bleeding in the parenchyma of the organ.
After 8 weeks of abrogation of HCD, the relative area of
the cortex in the parenchyma of lymph nodes of white rats of
males and females decreased by only 2.1 % and 1.2 %,
which is 12.1 % and 9.4 % less than the parameters of the
intact group of animals (see Tables 1, 2). Accordingly, the
relative area of the medulla increases by 2.5 % and 1.5 %,

which is 19.0 % and 14.9 % higher than the parameters of
the intact group of animals (see Tables 1, 2). CMI decreases
in both male and female rats by 26.1 % and 20.1 %,
respectively. Histologically, both in male rats and female rats,
the structure of the parenchyma of the lymph nodes differed
little from the previous experimental group (Fig. 3). The fat
content was significantly increased around the organ
compared to the control group of animals. Trabeculae
extending from the capsule are clearly expressed, thickened.
Arteries with thickened wall, full-blooded, veins deformed,
enlarged and full-blooded. The marginal sinus is unevenly
expanded and deformed. The medullary sinus is enlarged,
tortuous. The relative area of the paracortex decreases.

Morphometric indices in group 3 of animals (six weeks
of HCD followed by 2 weeks of melatonin administration)
indicate that the relative area of the cortex in the lymph
nodes parenchyma of white rats of males and females
decreased by 9.9 % compared to intact group of animals,
by 9.9 % and 5.7 % (see Tables 1, 2). Accordingly, the relative
area of the medulla increased by 15.5 % and 9.0 %,
respectively, exceeding the similar parameters of the intact
group of animals (see Tables 1, 2). CMI in both male and
female rats was 22.3 % and 13.3 %, respectively, smaller
than the intact animal parameter.

Histologically in the parenchyma of the lymph nodes of
rats revealed that the number of secondary lymph nodes is
slightly reduced compared with the previous group of
animals, decreases the proportion of adipose tissue
around the organ. However, the vessels are full-blooded,
dilated, deformed. B-lymphocytes, plasmocytes and
macrophages are densely located in the medullary cord.
The number of monocytes, plasmocytes and macrophages
increases (Fig. 4). An increase in the proportion of B-
dependent zones and a decrease in T-dependent zones
were detected. Such changes can lead to a redistribution
L 2 LT B O e S ’
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Fig. 2. Fragment of a lymph node of a white rat male after 8 weeks
of HCD. 1 - adipose tissue in the thickness of the capsule and
around the lymph node; 2 - marginal sinus; 3 - cortex sinus;
4 - medullary sinus; 5 - secondary lymph node; 6 - capillary venula;
7 - hemocapillary; 8 - medullary cord; 9 - hilum of the lymph node.
Heidenhain's azan staining. Objective x10, eyepiece x10.
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Fig. 3. Fragment of the Iymph node of the white rat male after 8
weeks of HCD, followed by its cancellation after 8 weeks. 1 -
adipose tissue in the thickness of the capsule and around the
lymph node; 2 - secondary lymph node in the cortex; 3 - enlarged
medullary sinus; 4 - medullary cord; 5 - hilum of the lymph node.

Hematoxylin-eosin. Objective x5, eyepiece x10.

Fig. 4. Fragment of the cortex of the whlte rat female Iymph node
after 6 weeks of HCD and subsequent administration of melatonin
for 2 weeks. 1 - macrophages; 2 - cells with signs of apoptosis; 3

Iymphocytes Hematoxylln eosin. Objectlve x100, eyepiece x1 0

4

Flg 5 Afragment of the meduIIa of the Iymph node of the white rat
female after 6 weeks HCD, followed by the introduction of melatonin
for 6 weeks. 1 - medullary cord; 2 - medullary sinus; 3 - arterioles with
thickened wall. Hematoxylin-eosin. Objective x10, eyepiece x10.

of activity toward a humoral immune response.

Morphometric indices in the fourth group of animals (6
weeks of HCD followed by 4 weeks of melatonin
administration) indicate that the relative area of the cortex in
the lymph nodes parenchyma of white rats in male and
female rats increased by 7.1 % and 2.3 %, respectively
compare with the previous group of animals. These figures
are 3.5 % and 3.6 % lower than similar parameters of intact
animals (see Tables 1, 2). Accordingly, the relative area of
the medulla in the parenchyma of lymph nodes of white
rats-males and females decreased by 8.7 % and 3.1 %
compared with the previous group of animals, which is
5.5 % and 5.6 % higher than the same parameter of intact
animals (see Tables 1, 2). CMI in both male and female rats
was 8.3 % and 8.7 %, respectively, smaller than the intact
animal group parameter.

Morphometric indices in the fifth group of animals (6
weeks of HCD followed by 6 weeks of melatonin
administration) indicated that the relative area of the cortex
in the lymph node parenchyma of white rats in males and
females increased by 5.7 % and 6.7 %, respectively compare
with the previous group of animals and is on 2.0 % and 2.9 %
higher similar parameters of the intact group of animals
(see Tables 1, 2). Accordingly, the relative area of the medulla
decreases by 8.2 % and 9.7 % compared to the previous
group of animals and is 3.1 % and 4.6 % less than the
parameters of the intact group of animals (see Tables 1, 2).
CMI in both male and female rats was 5.1 % and 7.6 %,
respectively, greater than the intact animal parameter.
Histologically, both full-blood veins and arteries occur in male
and female rats of the fifth experimental group of animals, the
artery and arterioles wall are thickened (Fig. 5). In the paracortex,
the number of high endothelial capillary venules decreases.
Empty hemocapillaries with thickened wall are found.

Discussion

Obesity reduces the size of inguinal lymph nodes,
impairs lymphatic transport and migration of dendritic cells
to peripheral lymph nodes, and reduces the number of T
lymphocytes in lymph nodes. In general, obesity disrupts
the integrity of the immune system and leads to changes
in the development of leukocytes and lymphocytes, their
migration and diversity [3].

Diet-induced obesity in mice leads to significant
disruption of the lymphatic system, which is reflected by a
decrease in lymph flow, changes in lymph node architecture
and impaired dendritic cell migration. Using different
research methods, it was discovered [23] that obesity leads
to impaired lymphatic transport in the subcutaneous tissue
and drainage it to the lymph nodes.

It has been found that body weight gain has a linear
negative correlation with lymphatic function and that obesity
leads to a decrease in lymphatic vessel density and a
decrease in vascular filling. In addition, it has been found
that increasing body weight and the degree of obesity lead
to the progression of the surrounding lymphatic accumulation

Vol. 25, Ne3, Page 10-15
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of inflammatory cells [14].

Some authors [21] have argued that melatonin can correct
structural and functional changes in the small intestinal wall
that are caused by obesity. They also note that evening
administration of the drug to experimental animals with
obesity is more effective than morning administration.

In experiments on type 2 diabetes mellitus with resistant
hypertension and in rats with metabolic syndrome [17], it
was shown that the administration of melatonin significantly
facilitates the course of hypertension.

Experimentally, [10] it was found that administration of
melatonin leads to a decrease in body weight of rats,
triglyceride levels, LDL, and an increase in plasma
cholesterol and HDL. Ghada M. et al. [10] concluded that
melatonin should be used as a treatment to prevent the
harmful effects of obesity and related metabolic disorders
such as dyslipidemia and insulin resistance.

The prospects for further development are related to the
further study of the morphometric and submicroscopic
changes in the structural organization of the lymph nodes of
rats at different times of experimental obesity and its
correction.
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CTPYKTYPHI 3MIHU NTIM®ATUYHUX BY3JIB 3A YMOB BUCOKOKAIOPIAHOI OIETU TA KOPEKLIT MENTATOHIHOM

lapanko T.B., Mamewyk-Baye6a J1.P., lonoeaybkuli A.C.

B cmammi HasedeHi ma rnipoaHanizoeaHi 0aHi ekcriepumeHmarnbHo20 0ocnidxeHHs, sike nposodunu Ha 80 binux wypax-camuysix i
camysix pernpodykmueHozo eiky. Mema OocnidxeHHs1 - sugqumu MopgoMempuyHi ma eicmoroaiyHi 3MiHU napeHXiMu fiMgbamuyHuUX
8y3nig wypie 3a ymosu sucokokasopitiHoi diemu (BKQ) ma npu kopekuii menamoHiHoMm. MikpoaHamomito cmpyKmypHUX KOMIOHEHMI8
nimgbamuyHux 8y3nie 6inux wypie 3a ymos gpizionoziyHoi Hopmu docnidunu Ha 10 iHmakmHux meapuHax. EkcriepumeHmarnbsHi meapuHu
nodineHi Ha 5 epyn. CmamucmuyHy o6pobkKy yughposux daHux npoeodusnu 3a 00rNoMOo20t0 fpoepamMHo20 3abesneyeHHss "Excel” ma
"STATISTICA 6.0" 3 sukopucmaHHsIM rnapamempuyHo20 memody. Yepe3d 8 muxnie BK/[ crnocmepieanu docmosipHe 3MeHWeHHS
8IOHOCHOI MIOWi KipKOBOI peyosuHU y napeHximi nimgbamuydHux 8ysnie binux wypie-camyie ma camuyb Ha 10,3 % ma 8,3 % ma
8i0r08iOHO, 3b6irbuweHHs1 8iOHOCHOI rowji Mo3koeoi pedosuHu Ha 16,1 % ma 13,2 % y MopieHsHHI 3 IHMAaKMHOK 2PyroK MEapuH.
Kopkoso-moskosuti iHdekc (KMI) ameHwuecsi Ha 22,9 % ma 19,0 %. HYepes 6 muxrie BKL i HacmynHux 6 muxHie cmaHdapmHo20
Xap408020 pauyioHy eigapito ma 88edeHHs MeflamoHiHy 8i0HOCHa rnouwja KOpPKO8Oi peHoBUHU 8 napeHXimi nimgbamuyHux e8y3nie binux
wypis-camyie ma camuuyb cmaHosusna 8idnogioHo Ha 2,0 % ma 2,9 % 6inbwe napamvempis iHMakmHoi epynu meapuH. BidnosioHoO
8iOHOCHa riowa MO3K08oi pedosuHU 3meHwunacs Ha 3,1 % ma 4,6 % ropieHsHO 3 iHMaKMmMHO 2pyror meapuH. Kopkogo-mo3kosuli
iHOekc (KMI) sik e wypie-camuie, mak i 8 ulypie-camuup 36inbuwiugcs, 8idnoeioHo, Ha 5,1 % ma 7,6 % ropi8HAHO 3 IHMAaKMHOK 2pynoto
meapuH. [licrs Kopekyii MernamoHiHOM 8usi8fIeHO, WO Ha 2icmosio2iYHuUX npenapamax aiMgpamuyHux eysrie eeHu ma apmepil
MOBHOKPOBHI. HasigHi "MopoxHI" 2eMokKarinsapu 3 nomosuw,eHo CMIHKOW. Y NpuKopKoeil OinsiHUi KiflbKicmb 3akaminsgpHux 8eHyr 3
8UCOKUM eHOomenieM 3MeHWyembCs. TakuM YUHOM, mpueasnie 88e0eHHs MerlamoHiHy "Mokpawye"” MopghoMempuYHi MOKa3HUKU
napeHximu nimgpbamuydHUX 8y3rig wypis, 8idHo8oe MopghonoeiyHy bydosy opaaHy.

KniouoBi cnoBa: ekcriepumeHm, nimgbamuyHul 8y3011, 2/1ymamMam Hampiro, MenamoHiH, KOPeKuyis.

CTPYKTYPHbIE USMEHEHUA NUM®OATUYECKUX Y3I10B B YCNOBUAX BbICOKOKANOPUAHOW OUETLI U KOPPEKLINU
MENATOHUHOM

lapanko T.B., Mamewyk-Bauye6a J1.P., lonoeauykuii A.C.

B cmambe npusedeHbl U npoaHanu3uposaHbl 0aHHbIE IKCepUMeHmarnbHo20 uccredogaHusi, kKomopoe npogodunock Ha 80 6enbix
Kpbicax camkax U camuyax pernpodykmueHoz2o eo3pacma. Llenb uccrnedogaHusi - udy4ums MOpGhoMempuyecKue U aucmosioaudyecKue
U3MEHEHUS napeHxXuMbl uMgbamuyecKkux Y3108 KpbIC 8 yCri08UsIX 8bICOKOKanopuliHol duems! (BK) u npu Koppekuyuu menamoHUHOM.
MukpoaHamomuro cmpyKkmypHbIX KOMITOHEHMO8 fTuMgamuyecKux y3108 besnbiX KpbiC 8 yCrio8usx hu3uonoeu4yeckol HOpMbi
uccriedosarnu Ha 10 UHMaKMHbIX XUBOMHbIX. IKCriepuMeHmaribHble XU80MHbIe pa3deneHbl Ha b epynn. Cmamucmudeckyo obpabomky
uugposbix OaHHbIX MPOBOOUNU C MOMOWbLIO nMpo2pamMmMHo20 obecrneveHuss "Excel” u "STATISTICA 6.0" ¢ ucnonb3ogaHuem
napamempuyecko2o memoda. Yepes 8 Hedenb BK[ Habnodanu docmosepHoe yMeHbUweHUe omHocumerbHoU raouwadu KopKogo2o
gewjecmea 8 napeHxume fnuMgamuyecKkux y3nos besnbix Kpbic-camyos u camok Ha 10,3 % u 8,3 % u, coomeemcmeeHHo, ygenudyeHue
omHocumernbHoU nnowadu Mo3208020 sewecmea Ha 16,1 % u 13,2 % no cpasHeHuto ¢ UHMaKmMHoU 2pynnol XueomHbix. Kopkogo-
mo3zoeol uHoekc (KMU) ymeHbwuncs Ha 22,9 % u 19,0 %. Yepes 6 Hedenb BK/[] u nocnedyrouwux 6 Hederb cmaHOapmHoe20 nuujeeozo
payuoHa susapusi ¢ NMpUMEHeHUeM MeflamoHUHa OmHocumeribHasi niowadb KOPKOBO20 eeuwjecmsa 8 rnapeHxume fumMgamuyecKux
y3no0e benbix Kpbic camMyos u camok cocmasnsna Ha 2,0 % u 2,9 % 6onbwe napamempo8 UHMAaKMHOU 2pyrbl XUSBOMHbIX.
CoomeemcmeeHHO omHocumerbHas niowadb Mo3208020 geujecmea Ha 3,1 % u 4,6 % MeHbwe napamempos UHMakmHou apynbi
sueomHbix. KMU kak y Kpbic-camyos, mak u 'y Kpbic-camok Ha 5,1 % u 7,6 % coomeemcmeeHHO 6onbwe napamempa UHmMaKmHou
epynrbl XUBOMHbIX. B ycriosusix KoppeKkyuu MesiamoHUHOM 8bIsSI8IEHO, YMO Ha 2UCMOI02UYECKUX fpernapamax fumMgamuydeckux
y3/7108 8€HbI U apmepuu MosTHOKPO8Hble. Habndaromes "nycmelie" eeMokanunspbl ¢ ymonwieHHoU cmeHKou. B okornokopkogom
geujecmee Koru4yecmeo 3akarnusifsipHbIX 8€HYs C 8bICOKUM 3HOomenuem ymeHbwaemcs. Takum obpa3om, dnumernbHoe egedeHue
menamoHuHa "ynydwaem" MopghomMempuyeckue rnokazamenu rnapeHxuMbl TuMgamuyeckux Y3108 KpbiC, occmaHasnueaem
Mopghorio2u4HecKkoe CmpoeHuUe opaaHa.

KnioueBble cnoBa: akcriepumMeHm, fumMgamuyeckull y3en, aflymamam Hampusi, MeamoHUH, KOPPeKyusl.
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Deep, large thermal burns are not limited to local lesions of tissues, they cause
significant disruption of all systems and organs of the organism, change in metabolic
processes. It is revealed that the primary links in the pathogenesis of burn disease are
destruction of the skin, impaired neuroendocrine regulation and significant hemodynamic
disorders. The reorganization of structures and impaired lung function, in response to
a pathological process in the body, is attracting increasing attention of scientists. The
aim of the study was to establish a submicroscopic rearrangement of the alveoli after
a thermal lesion for 1 day after the experimental thermal trauma. Grade Il burns were
applied under ketamine anesthesia with copper plates heated in boiled water to a
temperature of 97-100°C. The size of the lesion area was 18-20 % of the epilated
surface of the body of rats. An experimental study of the structural components of lung
alveoli after burn injury was performed on laboratory white male rats weighing 160-180
g. Euthanasia of rats was performed after ketamine anesthesia by decapitation. In the
experiment, the study of the submicroscopic state of the walls of the alveoli of the lungs
after thermal trauma was done. It is established that in the stage of shock after the
application of burn injury - 1 day, in the alveoli of the respiratory department of the lung,
there are adaptive compensatory and initial destructive changes of all structural
components of the alveoli. Damage to the ultrastructure of the aerohematical barrier is
manifested by intracellular edema and edema of the organelles of the endothelial cells,
respiratory and secretory epitheliocytes, and the amount of heterochromatin increases
in their deformed nuclei. The basement membrane also has signs of edema, sometimes
homogeneous, fuzzy. The decrease in the number of vesicles and micropinocytotic
vesicles in endothelial and respiratory epitheliocytes leads to impaired endothelial and
alveolar metabolism. Numerous actively phagocytic alveolar macrophages with a well-
expressed lysosomal apparatus are found in the alveoli. Initial alternative alterations of
the ultrastructure of the components of the air-barrier barrier lead to disruption of gas
exchange in the respiratory department of the lungs

Keywords: lung alveoli, aerohematic barrier, submicroscopic changes, thermal trauma.

Introduction

Burns are the most common type of injury and are
accompanied by significant changes in the structure and
function of organs and systems of the affected organism
[1, 3, 4, 5, 9, 11, 16]. In the early term after the injury
disturbance of the enzyme homeostasis is caused by the
disintegration of tissues in the lesion area, the subsequent
destruction of the internal organs [10, 12, 18]. The disorders
are directly related to changes in the burned skin as a
source of biologically active substances that enter the
bloodstream. Other sources of biologically active
substances are organs and tissues that are not directly

exposed to thermal effects, but are in a state of ischemia
and circulatory hypoxia [3, 8, 13]. In the area of the lesion,
after a thermal injury, a significant inflammatory reaction
occurs, which is accompanied by the formation of
biologically active substances, tissue breakdown products,
specific and nonspecific toxins, which is the trigger
mechanism of burn intoxication [8, 13, 15].

In the affected organism occurs centralization of
circulation, which is adaptive in nature, but at the same
time leads to significant disorders of regional and peripheral
circulation. Not compensated disorders of microcirculation,
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which accrue in time, lead to disorders of the systemic
circulation and impaired function of all organs and systems
[3, 7]. Hypovolemia is one of the leading factors leading to
impaired lung respiratory function [14, 17, 19]. In a small
circle of circulation the peripheral vascular resistance
increases congestion develops. The decrease in
circulating blood volume occurs mainly due to plasma loss
[2]. Due to the loss of skin barrier function, as well as
increased vascular permeability due to the action of
vasoactive substances (histamine, serotonin, bradykinin,
etc.), there is a pronounced plasma loss.

Given that the components of the respiratory department
of the lungs after thermal trauma are not fully understood,
it is advisable to conduct an in-depth study of the
submicroscopic state of the cells of the alveoli wall of the
respiratory department of the lungs.

Therefore, the purpose of the work was to establish a
submicroscopic rearrangement of alveoli of the lungs of
animals after thermal lesion in the shock stage after the
experimental burn injury.

Materials and methods

The experiments were performed on 15 adult white
male rats. The animals were kept on the standard diet of
the vivarium of Ivan Horbachevsky Ternopil National Medical
University of the Ministry of Health of Ukraine. Animal care
and all manipulations were carried out in accordance with
the provisions of the "European Convention for the
Protection of Vertebrate Animals Used for Experiments and
for Other Scientific Purposes" (Strasbourg, 1986) and in
accordance with the provisions of the "General Ethical
Principles for Experiments on animals", approved by the
First National Congress on Bioethics (Kyiv, 2001). Grade Il
burns were applied under ketamine anesthesia with copper
plates heated in boiled water to a temperature of 97-100°C.
The size of the lesion area was 18-20 % of the epilated
surface of the body of rats. On a daily examination, we
monitored their general condition, the extent of local
changes in the area of the burn wound, body weight, and
mortality. The object of the study was the lungs. To study
submicroscopic changes, animals were decapitated under
ketamine anesthesia for 1 day, which, according to modern
concepts, corresponds to the stage of shock of burn
disease [13].

For ultrastructural studies, lung pieces were collected,
fixed in 2.5 % glutaraldehyde solution, postfixed with 1 %
osmium tetroxide solution on phosphate buffer. Further
processing was carried out according to conventional
methods [5]. Ultra-thin sections made on an LKB-3
ultramicrotome were counterstained with uranyl acetate,
lead citrate according to the Reynolds method, and studied
in an electron microscope PEM-125K.

Results
Electron microscopic studies have shown that the stage
of shock for hemocapillaries is characterized by reactive

Fig. 1. Submicroscopic condition of the hemocapillary of the
respiratory department of the lung animal a day after thermal
trauma. Hemopapillary lumen (1), alveoli lumen (2), aerohematic
barrier (3). x12000.

e

Fig. 2. The ultrastructural state of the hemocapillary of the
respiratory compartment of the animal lung a day after thermal
trauma. Hemocapillary lumen (1), endothelial cell nucleus (2),
endothelial cell cytoplasm swollen (3), alveoli lumen (4), aerohematic
barrier (5). x11000.

changes, which are manifested by the enlargement of the
lumen, significant blood filling and stasis formation. In
endothelial cells, the initial signs of the destructive changes
that are manifested by the disruption of the nucleus and
cytoplasmic organelles are established. The hypertrophied
nuclei have a rounded shape, with some of the invasions
of karyolemma and the indistinct outlines of its membranes.
Perinuclear space in some areas is expanded. The
karyoplasm contains mainly euchromatin, however, in the
part of the nuclei, marginally located tubercles of
heterochromatin are noted. Enlarged tubules of the
endoplasmic reticulum are located in the perinucleus zone,
and the Golgi complex is represented by thickened cisterns
and large vesicles. Peripheral, cytoplasmic areas of the
endothelial cells were characterized by enlightenment and
focal edema and a decrease in the number of pinocytosis
vesicle and caveolae (Fig. 1).

The nuclei of the respiratory alveolocytes have a rounded
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Fig. 3. Ultrastructural state of the secretory alveolocyte of the
respiratory department of the lungs a day after thermal trauma.
Nuclei with nucleolus (1), dilated tubules of the endoplasmic
reticulum (2), emptied lamellar bodies (3), young lamellar bodies
(4). x26000.

- : 5 j
Fig. 4. Ultrastructural condition of alveoli of respiratory department
of lungs a day after thermal trauma. Alveolar macrophage (1), type
Il alveolocytes (2), hemocapillary lumen (3), alveolar lumen (4).
x6000.

i

. Sl e
Fig. 5. Ultrastructural state of alveolar macrophage of respiratory
department of lungs a day after thermal trauma. Plasmalemma
staining (1), nucleus (2), mitochondria (3), primary lysosomes (4),
phagosomes (5). x8000.

shape, fuzzy contours of the cariole membrane and
invaginations. In moderately electron-dense karyoplasm,
euchromatin prevails. The cytoplasm of cells is swollen,
enlightened, especially in the peripheral regions. The integrity
and structural organization of most organelles is partially
impaired, with little pinocytosis vesicles. The basement
membrane of the aerohematic lung barrier is characterized
by swelling, thickening, or some areas of thinning (Fig. 2).

In the stage of burn shock in the secretory alveolocytes
rounded nuclei are observed, membranes of the
karyolemma are fuzzy, form shallow indentations, in the
karyoplasm, euchromatin prevails, nucleolus are found. At
some loci, the perinuclear space is enlarged and few nuclear
pores are detected. In the cytoplasm of the secretory
epitheliocytes, degranulation is observed, which is
accompanied by a decrease in the amount of osmiophilic
material in the lamellar bodies, and young forms are also
present. The tubules of the endoplasmic reticulum are
unevenly expanded, with few ribosomes on their
membranes. The Golgi complex of type Il alveolocytes is
represented by expanded cisterns and a small number of
vesicles and vacuoles. The mitochondria are hypertrophied,
with electron-light matrix and fuzzy crystals. The apical surface
of the cells contains few small microvilli (Fig. 3).

In the lumen of the alveoli, there is an increase in the
number of alveolar macrophages that are in a state of
increased functional activity. A considerable number of
cytoplasmic outgrowths are found on their surface.
Macrophage nuclei have irregularly shaped and invasive
karyolemma. In the karyoplasm prevail euchromatin, there
is one or two nuclei. The cytoplasm contains small,
osmiophilic primary lysosomes and small secondary
lysosomes. Small mitochondria have different shapes and
their matrix is electron-dense. Dictyosomes of the Golgi
complex are located mainly in the paranuclear space of the
cytoplasm and are formed by expanded cisterns, small
vesicles and vacuoles. The tubules of the granular
endoplasmic reticulum are non-stretchable and thickened,
with a moderate number of ribosomes on their membranes
(Fig. 4, Fig. 5).

Discussion

Conducted submicroscopic studies of the components
of the alveoli of the lungs in the stage of burn shock in thermal
trauma revealed that the pathological link is impaired
microcirculation in the walls of the alveoli, and causes the
development of local hypoxia and increased proteolysis,
permeability of the wall of microvessels with access to the
alveoli of plasma components having lipolytic and proteolytic
properties, which is fully consistent with scientific works [7,
13]. The expressed disturbances of microcirculation in the
lungs during burn shock are accompanied by blockage of
the capillary bed, stasis, bypass of blood flow, as well as
violation of the aerohematic barrier. Interstitial edema creates
hypoxia conditions for alveoli cells and, first of all, for large
alveolocytes that produce surfactant.
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In the stage of burn shock in the secretory alveolocytes in
the cytoplasm there is degranulation, which is accompanied
by a decrease in the number of lamellar bodies and
osmiophilic material in them. Submicroscopically, there is
an increase in the number of alveolar macrophages in the
alveolar lumen that are in a state of increased functional
activity.

During the period of shock after skin burns, pulmonary
edema is detected as a violation of vascular permeability.
Significant in this belongs to the segmented leukocytes.
Violation of the permeability of microvessels develops as a
result of the complex action of a number of factors that are in
the blood and released locally by cellular elements during
their degradation. The second component of the system of
phagocytic cells, together with leukocytes, which are subject
to urgent mobilization under conditions of burn shock are
alveolar macrophages. Their increase is an adaptation
reaction, a manifestation of the tension of all protective
systems in a situation critical to the body [14, 17].

In the swollen areas of the lung, in the alveoli there is
perfusion, but there is no aeration, which contributes to the
strengthening of arterial hypoxemia in the period of shock.
Thus, pulmonary edema is one of the links in the
pathogenesis of burn shock.

However, the lungs are the only organ where not only
blood circulation provides the vital function of the organ, but
the organ itself exists for the circulation of the main function
- gas exchange. Therefore, the unity of the functioning of the
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Severe thermal injury leads to disruption of the
ultrastructure of the aerohematic lung barrier. In the stage
of shock during the experimental burns, adaptive-
compensatory processes and signs of destructive changes
of the alveolar epithelium, macrophages and the wall of
the hemocapillaries are established, which leads to
disruption of gas exchange processes in the lungs.

acute lung injury and alveolar-capillary barrier dysfunction.
American Journal of Physiology-Lung Cellular and Molecular
Physiology, 305(10), L665-L681. doi: 10.1152/
ajplung.00232.2013

[8] Janak, J. C., Clemens, M. S., Howard, J. T., Le, T. D., Cancio, L. C.,
Chung, K. K., ... Stewart, I. J. (2018). Using the injury severity
score to adjust for comorbid trauma may be double counting
burns: implications for burn research. Bumns, 44(8), 1920-1929.
doi: 10.1016/j.burns.2018.03.012

[9] Jeschke, M. G., Pinto, R., Kraft, R., Nathens, A. B., Finnerty, C. C.,
Gamelli, R. L., ... Herndon, D. N. (2015). Morbidity and survival
probability in burn patients in modern burn care. Critical care
medicine, 43(4), 808-815. doi: 10.1097/
CCM.0000000000000790

[10] Kallinen, O., Maisniemi, K., Bohling, T., Tukiainen, E., & Koljonen,
V. (2012). Multiple organ failure as a cause of death in patients
with severe burns. Journal of burn care & research, 33(2),
206-211. doi: 10.1097/BCR.0b013e3182331e73

[11] Kearney, L., Francis, E. C., & Clover, A. J. (2018). New
technologies in global burn care-a review of recent advances.
International journal of burns and trauma, 8(4), 77-87. PMID:
30245912

[12] Maievskyi, O. Y., Bobruk, S. V., & Gunas, I. V. (2018). Dynamics
of histochemical changes in the skin of rats within a month
after the burning of 1l-1ll degrees on the background of the
injection first 7 days HAES-LX-5% solution. World of Medicine
and Biology, 4(66), 180-184. doi: 10.26724/2079-8334-2018-
4-66-180-184

[13] Netyukhailo, L. G., Kharchenko, A. G., & Kostenko, S. V. (2011).
Pathogenesis of burn disease (in 2 parts). World of Medicine

Vol. 25, Ne3, Page 16-20

19



Submicroscopic changes of alveoli of respiratory department of lungs a day after experimental thermal trauma

and Biology, 1,127-131. 243. doi: 10.1186/s13054-015-0961-2

[14] Ocheretnyuk, A. O., Palamarchuk, O. V,, Lysenko, D.A., Vashchuk, ~ [17] Sousse, L. E., Herndon, D. N., Andersen, C. R., Zovath, A,,
G. I, & Stepanyuk, G. I. (2018). Influence of solution of Finnerty, C. C., Micak, R. P,, ... & Hawkins, H. K. (2015).
lactoprotein with sorbitol on ultrastructural changes in lungs of Pulmonary histopathologic abnormalities and predictor variables
rats in the condition of burn shock. Regulatory Mechanisms in in autopsies of burned pediatric patients. Burns, 41(3), 519-
Biosystems, 9(3), 440-445. https://doi.org/10.15421/021866 527.doi: 10.1016/j.burns.2014.09.014

[15] Porter, C., Tompkins, R. G., Finnerty, C. C., Sidossis, L. S., Suman, [18] Tiwari, V. K. (2012). Burn wound: How it differs from other
O.E., &Herndon, D. N. (2016). The metabolic stress response wounds? Indian journal of plastic surgery, 45(02), 364-373.
to burn trauma: current understanding and therapies. The doi: 10.4103/0970-0358.101319
Lancet, 388(10052), 1417-1426. doi: 10.1016/S0140-  [19]Zhang, D.,Chang, Y., Han, S, Yang, L., Hu, Q,, Yu, Y., ... & Chai,
6736(16)31469-6 J. (2018). The microRNA expression profile in rat lung tissue

[16] Rowan, M. P., Cancio, L. C., Elster, E.A., Burmeister, D. M., Rose, early after burn injury. Turkish Journal of Trauma and
L.F., Natesan, S., ... & Chung, K. K. (2015). Burn wound healing Emergency Surgery, 24(3), 191-198. doi: 10.5505/
and treatment: review and advancements. Critical care, 19(1), tjtes.2018.98123

CYBMIKPOCKOMMIYHI 3MIHW AlbBEOJ PECMNIPATOPHOIO BIAANY NEFEHb YEPE3 AOBY NICNA EKCNEPUMEHTAIIBbHOI
TEPMIYHOI TPABMU

He6ecHa 3.M., bBawuHcbka O.l., OyepemHa H.I., ManyHko .M., Cnueka O.51.

nuboki, eenuki 3a nnowero MepmidHi Oriku He 0OMEXYMmbCs MIflbKU MICUE8UMU YpaXXeHHAMU MKaHUH, 80HU BUKI/TUKAMb 3Ha4Hi
ropyweHHs1 8Cix cucmeM i opeaHie opaaHi3My, 3MiHIMb 0OMIHHI npouecu. BusierneHo, wo nepeuHHUMU flaHKamu y rnamozeHesi
onikogoi xeopobu € pyliHy8aHHSI WKIPHO20 MOKpU8Y, MOpyuweHHs1 HelpoeHOOKPUHHOI peaynsauyii ma 3Ha4yHi eeMoOuHaMiyHi po3nadu.
PeopezaHisauiss cmpykmyp i nopyweHHs1 chyHKUIl neeeHb, K peakuisi Ha namornoaiyHull npouec 8 opeaHismi, npusepmae sce binbuwy
yeazy Haykosuie. Memotro docnidxeHHs1 byro ecmaHo8neHHs cybMiKkpockoniyHoi nepebydosu anbeeos ricsiss MepMiYHO20 yPaxeHHs
Ha 1 doby nicns ekcnepumeHmanbHoi mepmidyHoi mpasemu. Onik Il cmyneHss HaHOcuAU N0 KemaMiHO8UM HapKO30M MIOHUMU
rnnacmuHamu, Hagpimumu y Kunnsadid eodi 0o memnepamypu 97-100°C. Poamipu OinsHKu ypaxeHHs cknadanu 18-20 % eninbosaHol
rnosepxHi mina wypie. EkcriepumeHmanbHe 8UBYEHHST CMPYKMYPHUX KOMIMOHEHMI8 anb8eos fie2eHb riciisi onikosoi mpasmu 6yro
B8UKOHaHO Ha nabopamopHux binux wypax-camysix macot 160-180 e. EemaHasito wypie nposodunu miciisi KemamiHo8020 HapKo3y,
winssxom Oekariimauii. B ekcriepumeHmi npogedeHo 8UBYEHHST CyOMIKPOCKOMIYHO20 cmaHy CMIHOK anb8eosl f1e2eHb MiC/si mepMidHoi
mpaemu. BcmaHoeneHo, wo 8 cmadii WoKy nicris HaHeceHHs1 ornikosoi mpasemu - 1 0oba, & anbeeonax pecrnipamopHoeo 8i0diny
fle2eHb 8USIBASIIOMbLCS MPUCMOCY8alibHO-KOMIEHCamOpPHi ma no4yamkosi 0ecmpyKmueHi 3MiHU yCiX CmpPyKmMypHUX KOMMOHEHMIe
anbeeor. [TowKodXeHHs1 yrbmpacmpyKkmypu aepo2emMamuyHo20 bap'epy npossnssemscsi iHmpauyentonsapHUM Habpsskom ma HabpsKom
opeaHesn eHAomenioyumis, pecnipamopHUX ma CeKpemopHuUX ernimenioyumis, 8 ix deghopmogaHux siOpax 3pocmae KinnbKicmb
eemepoxpomamuHy. ba3zanbHa MembpaHa makox Mae 03HaKu HabpsiKy, nodeKyOu 20MO2eHHa, HeYimKa. 3MeHWeHHs Jucna ee3uKyrl
ma MIKpOniHOUUMO3HUX Nyxupyie 8 eHOomenianbHUX ma pecrnipamopHux enimenioyumax rnpu3eodums 00 MNOPYWEHHS
eHOomenianbHO20 ma anbeeosisipHo20 0bMiHy. B anbeeonax eusensromscs YucenbHi akKmueHO gha2oyumyroyi anbeeonsipHi Makpoghaau
i3 dobpe supaxeHUM fi3ocomarnibHUM arnapamom. BcmaHoeieHi no4amkosi arnbmepamueHi 3MiHU yribmpacmpyKkmypu KOMIOHEHMI8
aepozemamu4Ho20 bap'epy npu3eo0simp 00 NMOopyweHHs1 2a3006MiHy y pecripamopHomy 8id0irni neaeHs.

KnroyoBi cnoBa: anbeeonu nezeHb, aepocemamuyHuli bap'ep, cybMIKpOCKOMiYHi 3MiHU, mepMiyHa mpasma.

CYBMUKPOCKOIMUYECKUE NU3MEHEHWA AlTbBEOJ1 PECMTUPATOPHOIO OTAENA NNEFKUX YEPE3 CYTKU MOCHE
3KCNEPUMEHTAIIbHOW TEPMUYECKOW TPABMbI

HebecHasi 3.M., bBawuHckas E.N., OyepemnHas H.I., FanyHko A.M., Cnueka O.51.

ny6okue, 6onbwue o niowadu mepmuyecKue 0Xo2u He 02paHu4uaromecs MosibKO MECMHbLIMU NMOPaXeHUsIMU mKaHel, OHU 8bI3bigaom
3HayumersnbHble HapyWeHUs 8CeX CUCMEeM U Op2aHO8 op2aHu3Ma, U3MeHsIlom ObMeHHbIe MPoyecchl. BbisgeneHo, Ymo nepeuyHbIMuU
38eHbAMU 8 1amozeHe3e 002080l 6071e3HU A8/ISI0MCS paspyweHUe KOXXHOZ0 M0Kposa, HapyweHue HeliposHOOKPUHHOU peaynayuu u
3HayumersbHble 2eMoOUHamuyeckue paccmpolicmea. PeopeaHu3ayuss cmpykmyp U HapyweHue ¢hyHKUUl flieekux, Kak peakuyusi Ha
ramorsnoau4yeckuli npoyecc e opaaHu3me, npussekaem ece bonbuiee 8HUMaHUe y4eHbiX. Llenbio uccrnedosaHusi bbi1o ycmaHosneHue
CYOMUKPOCKONUYeCcKol rnepecmpoliKu anbeeos1 rnocie mepMuUYecko2o nopaxeHusi Ha 1 cymku rocrne aKcriepumeHmarnbHolU mepmudeckol
mpaembl. Oxoz Ill cmeneHu HaHocuu o0 KemaMUuHO8bIM HaPKO30M MEeOHbIMU riacmuHamu, HagpembiMu 8 Kurisiuieti o0e 0o memriepamypbi
97-100°C. Pa3mepbl! y4acmka riopaxeHusi cocmasssanu 18-20 % anunuposaHHOU rnosepxHocmu mesia Kpbic. OKCriepuMeHmarbHoe U3y4yeHue
CMPYKMYPHBIX KOMIOHEHITO8 arb8eosT 1e2KUX ocie 002080l mpasMbl bblrlo 8bIMOIHEHO Ha nabopamopHsIX benbiX Kpbicax-camuax
maccou 160-180 e. BemaHa3uto KpbIC nNpo8odusnu rnocsie KemamuHO8020 Hapko3a nymem dekanumauyuu. B skcrnepumeHme rpogedeHo
usy4yeHue CyOMUKPOCKOMUYECKO20 COCITIOSHUSI CMEHOK anbeeosl fIe2kux Mocse mepMudyeckol mpasMbl. YcmaHO8/1eHo, Ymo e cmaduu
WIOKa r10cs1e HaHeCceHUs 0XK02080U mpasMbl - 1 CymKu, 8 anbeeonax pecrupamopHo20 omdena feskux onpedensromcs npucrnocobumesnbHo-
KOMIMeHcamopHbie U HayarbHble 0eCmpyKmueHble U3MEHEeHUS 8CeX CMPYyKmypHbIX KOMIMNOHeHmos anbeeon. [logpexdeHus
ynbmpacmpyKmypbl aspo2emamuyeckoeo bapbepa nposiensemcsi UHMpauesItospHLIM OMEKOM U OMeKOM opa2aHesis1 3HOomenuoyumos,
PecnupamopHbIX U CEKPemOopHbIX 3rUMenuoyumos, 8 ux 0eghopMuposaHHbIX I0pax pacmem Kou4ecmeso 2emepoxpomamuna. basansHas
MembpaHa makxe umeem rpu3HaKu omeka, UH020a 20MO2EHHas!, HeYemKasi. YMeHbWEeHUe Yucr1a 8e3UKYI1 U MUKPOMUHOUUMO3HBIX 1y3bIpbKO8
8 sHOomenuarbHbIX U PecrupamopHbIX Sumenuoyumax npusooum K HapyuweHuto 3H0omenuabHO20 U arlbeeorisipHo20 obmeHa. B anbeeonax
onpeodersrmes MHO20HUCIEHHbIE aKmMUBHO ¢hacouumupyrolue anbeeorsisipHble Makpoghaau C XOPOWO 8bIPaXeHHbIM JSTU30COMasIbHbIM
arnnapamom. YcmaHo8reHHbIe HaqyallbHble anbmepamusHble USMEeHeHUs YbmpacmpyKkmypbl KOMIIOHEHITIO8 aspo2eMamu4ecko20 bapbepa
rpusodsim K HapyuweHuto 2a3006MeHa 8 PecrupamopHoM omaoersie feaKux.

KntoueBble cnoBa: anbeeosisbl 1e2kux, aspoeemamuyeckuli 6apbep, cybMUKPOCKOMUYECKUe U3MEHEeHUs, mepmMudyeckass mpasma.
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Scar strictures that lead to obstruction of the esophagus do not tend to decrease lately,
but on the contrary, the number of such patients is increasing, which is caused by the
use of a large range of chemicals in human life. The results of treatment of scarring
strictures depend on the degree of stenosis. With complete obstruction of the esophagus,
the question arises about conducting surgical treatment. Methods of correction of
esophageal strictures have a considerable number of postoperative complications
and lethal consequences - from 5.0 % to 15.0 %. Therefore, in order to create a unified
pathogenetic tactic for the management and treatment of esophageal strictures, we
were offered to study the ultrastructural changes of the mucous membrane of the
stricture of the second stage during its modeling in the experiment. The purpose of the
work is to investigate the dynamics of ultrastructural changes of the mucous membrane
of the esophagus wall in the normal and second stage of its stricture. The experimental
study was performed on adult white male rats weighing between 250 and 300 g. A total
of 16 animals were operated on, which were divided into 2 groups: a control group (6
rats) and a study group (10 rats). The studies were performed under ketamine
anesthesia. In animals of the control group performed only laparotomy, followed by
layer-by-layer suturing of the anterior abdominal wall. In animals of the study group
created a model of obstruction of the esophagus of the second stage. Electron
microscopic examination was performed on days 3, 4, and 5 of the experiment, eliminating
animals by overdosing on ketamine. As a result of the electron microscopic study of the
ultrastructural organization of basal, spinosum, superficial epitheliocytes of stratified
squamous epithelium without keratin, smooth muscle myocytes of the muscular plate
and contractile elements of the muscular layer of the esophagus of rats with simulated
stricture of the second degree revealed dystrophic and destructive disorders that varied
in depth and severity. It was established that mitochondrial dysfunction leads to a
decrease in the activity of reparative, metabolic and synthetic processes of the cell,
which is indirectly manifested by a decrease in ribosomes and polysomes in the
cytoplasm, loosening and focal lysis of membranes of the granular endoplasmic
reticulum. Stricture of esophagus of the second stage causes activation of catabolic
intracellular processes in all cells, which is morphologically confirmed by the
appearance in the cytoplasm of secondary lysosomes and inclusions of lipids.
Keywords: esophageal cell ultrastructure, esophageal stricture, mitochondrial
dysfunction.

Introduction

Scar strictures that lead to obstruction of the esophagus
do not tend to decrease lately, but on the contrary, the
number of such patients is increasing, which is caused by
the use of a large range of chemicals in human life [4, 8,
10, 24, 27, 30]. The results of treatment of scarring strictures
depend on the degree of stenosis. In the first and second
stage of esophageal obstruction it is possible to carry out

dilatation therapy, with complete obstruction of the
esophagus the question arises about conducting surgical
treatment [2, 3, 5, 11, 16, 17, 25]. However, both dilatation
and operative methods of correcting esophageal strictures
still have a significant number of postoperative
complications and lethal consequences - from 5% to 15%
[1,6,9,12,13, 14, 15, 20, 29].

© 2019 National Pirogov Memorial Medical University, Vinnytsya
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Therefore, in order to create a single pathogenetic tactic
for the management and treatment of esophageal
strictures, we were offered to study the ultrastructural
changes of the mucous membrane of the stage of stricture
of the second degree in its modeling in the experiment,
which is most common in clinical practice [18, 19, 26].

The purpose of the work is to investigate the dynamics
of ultrastructural changes of the mucous membrane of the
esophagus wall in the normal and second stage of its
stricture.

Materials and methods

The experimental study was performed on adult white
rats, males weighing 250 g to 300 g, in accordance with the
general principles of animal experiments approved by the
First National Congress on Bioethics (Kyiv, 2001) and in
accordance with the provisions of the European Convention
for the Protection of Vertebrate Animals used for experimental
and other scientific purposes (Strasbourg, 1986).

A total of 16 animals were operated on, which were divided
into two groups: control (6 rats) and studies (10 rats). Before
the experiment began, animals were observed in the same
conditions in the vivarium for a week. The studies were
performed under ketamine anesthesia. In animals, the
control group performed only laparotomy, followed by layer-
by-layer suturing of the anterior abdominal wall. On days 3,
4, 5 of the experiment, the animals were removed from the
experiment by an overdose of ketamine and performed a
relaparotomy to collect material for electron microscopic
examination - the wall of the unchanged abdominal part of
the esophagus. The animals of the study group created a
model of second-degree esophageal obstruction as follows:
performed a median laparotomy, isolated the abdominal
esophagus, and then took the conductor from the adult
subclavian catheter through the mouth into the stomach and
tied the abdominal esophagus. Electron microscopic
examination was performed on days 3, 4, and 5 of the
experiment, eliminating animals by overdosing on ketamine.
The material for electron microscopic examination was a
section of the simulated stricture of the Il degree of the
esophagus wall of rats.

The method of preparation of the material was that for
pre-fixation pieces of tissue after their collection was
immediately immersed in 2.5 % buffered solution
glutaraldehyde retainer at a temperature of 4°C. After
treatment in the buffer solution, the tissue was transferred
for final fixation in 1 % buffered solution of osmium tetroxide
for 3-4 hours, followed by dehydration in alcohols of
increasing concentration and acetone. The fabric was placed
in a mixture of epoxy resins according to conventional
methods. The polymerization of the blocks was carried out
in a thermostat at 60°C for two days. Sections were made
from the blocks obtained using a UMTP-3M ultramicrotome,
mounted on electrolytic grids and, after contrast with lead
citrate, examined under an electron microscope EMV-100
BR at a voltage of 75 kW. Quality control of histological

processing of the material was performed using pieces of
the mucous membrane of the abdominal esophagus of
intact experimental animals.

Results

The study of the ultrastructural organization of the organs
of cells of the mucous membrane of the esophagus of the
control group of rats indicated the adequacy of the chosen
method of histological tissue processing and met modern
requirements.

In submicroscopic organization of basal cells of the
mucous membrane of the wall of the esophagus of rats on
the site of the second-stage simulated stricture,
degenerative changes of organelles were combined with
the foci of destruction of intracellular membranes. Nuclear
chromatin in the basal epitheliocytes was in a condensed
state, and its clusters were concentrated along the periphery
of the nucleus matrix and evenly distributed along the slice
plane. The nuclear membrane, except for the loosening cells,
had lysis cells. Perinuclear spaces were moderately
expanded. The nuclear matrix was highly enlightened. In the
central region of the matrix were concentrated granules of
decondensed chromatin. Tanks of the granular endoplasmic
reticulum were greatly expanded and presented as vacuoles
of various shapes and sizes, the contents of which were of
low electron density. A small number of ribosomes are
attached to the membranes of the granular endoplasmic
reticulum. When compared with the control group in the
cytoplasm was reduced the number of free ribosomes and
the polysomes. Total destruction of the membranes of the
granular endoplasmic reticulum in some basal epitheliocytes
was observed, secondary lysosomes were detected in the
cytoplasm (Fig. 1).

The mitochondria were of various shapes and sizes,
moderately swollen. Their matrix had a rough structure with

;. & - ; . I A o) s b >
Fig. 1. Ultrastructure of basal epitheliocytes of stratified squamous
epithelium without keratin with simulated second-degree stricture.
Destruction of granular endoplasmic reticulum membranes,
secondary lysosomes and lipid incorporation into the cytoplasm
(arrow). x43000.
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Flg 2. UItrastructure of basal epitheliocytes of stratn" ed squamous
epithelium without keratin with simulated second-degree stricture.
Enlightenment of the matrix of mitochondria and destruction of the
cristae (arrow). x43000.

Flg 3. UItrastructure of basal epitheliocytes of stratifi ed squamous
epithelium without keratin with simulated second-degree stricture.
Inclusion of lipids in the cytoplasm (arrow). x34000.

an average electron density. A small number of cristae in
the mitochondria were disorganized and deformed, the
outer membranes in some mitochondria and the cristae
were lysed. Sometimes in the cytoplasm of basal
epitheliocytes, mitochondria were present whose cristae
were destroyed. Such mitochondria looked like
electronically transparent vacuoles (Fig. 2).

The lamellar cytoplasmic Golgi complex was moderately
reduced. The parallel orientation of the smooth membranes
is impaired. A small number of small vacuoles were found
in the location of the plate cytoplasmic Golgi complex.
Sometimes the inclusion of lipids was detected in the
cytoplasm (Fig. 3).

Violation of the parallel orientation of the tonofibrils was
observed. Intercellular spaces remained enlarged. The
spinosum epitheliocytes of the esophageal mucosa had a
polygonal shape and contained a centrally located nucleus.

The nuclear membrane had deep invaginations, loose

structure, and lysis cells. The nuclear matrix was finely
granular with an average electron density. Nuclear
chromatin was in a decondensed state and its granules
were diffusely distributed along the plane of the nucleus
slice. The mitochondria were swollen, containing an
electron-transparent matrix and single cristae. The outer
membranes and cristae of the mitochondria were loosened
(Fig. 4).

In the cytoplasm there was a large number of parallel-
oriented tonofibrils and glycogen granules. Secondary
lysosomes were sometimes found in the area of the plate
cytoplasmic Golgi complex. Tanks of the granular
endoplasmic reticulum were vacuolated, the membranes
moderately loosened with lysis cells. Spinosum
epitheliocytes with fragmented membranes of the granular
endoplasmic reticulum were encountered. Free ribosomes
and polysomes are extremely rare in the cytoplasm.
Occasions of lipids and secondary lysosomes in the
cytoplasm of the spinosum layer epitheliocytes were
sometimes found. The intercellular spaces were greatly
expanded. Cytoplasmic and intracellular membranes of
superficial epitheliocytes are strongly thickened, loosened
and osmiophilous.

In smooth muscle myocytes of the muscle plate and
the muscle layer of the rat esophagus in the second-degree
stricture, the ultrastructural organization had moderately
pronounced dystrophic changes. Higher number of nuclear
chromatin was in a decondensed state. Separate areas of
the nuclear membrane were loosened. There were almost
no foci of nuclear membrane lysis. Perinuclear spaces
were uniformly expanded. The deformation of the nuclear
membrane was observed in the form of its deep
invaginations. The cytoplasmic membrane was strongly
loosened with areas of lysis (Fig. 5).

The mitochondria had an electron-transparent matrix
and contained a small number of shortened cristae. The

- ‘ o
Fig. 4. UItrastructure of the spmosum epitheliocytes of the stratifi ed
squamous epithelium without keratin with simulated second-degree
stricture. Nuclear membrane invagination, matrix enlightenment and
mitochondrial membrane lysis. x32000.
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Fig. 5. Ultrastructure of smooth rat esophageal myocytes with
modeled second-degree stricture. Nuclear membrane invagination,
loosening and cytoplasmic membrane lysis (arrow). x32000.

sites of outer membrane lysis and mitochondrial cristae
were relatively rare. The lamellar cytoplasmic Golgi complex
was moderately reduced. Single micropinocytotic vesicles
were detected near the cytoplasmic membrane.

In the ultrastructural organization of the endothelial cells
of the blood capillaries, distinct dystrophic changes were
determined in the stricture region. Endotheliocyte nuclei
contained condensed chromatin diffusely scattered across
the matrix. The nuclear membrane had multiple small
invaginations. The mitochondria were small with an
electron-transparent matrix and single cristae. Tanks of
the granular endoplasmic reticulum were filled with
electronically transparent material. In comparison with the
group of intact animals, fewer ribosome-bound ribosomes
were observed on the surface of the granular endoplasmic
reticulum membranes in the animals of the study group.
Free-standing ribosomes and polysomes are very rare. In
the cytoplasm of the processes of endothelial cells of the
blood capillaries were micropinocytotic vesicles.

Discussion

As a result of the electron microscopic study of the
ultrastructural organization of basal, spinosum, superficial
epitheliocytes of stratified squamous epithelium without
keratin, smooth myocytes of the muscular plate and
contractile elements of the muscular layer of the esophagus
of rats with simulated stricture of the second degree revealed
dystrophic and destructive disorders that varied in depth and
severity. Unlike the first-degree stricture, as shown by
Shaprynsky Y. V. et al. in 2013 [21], dystrophic and destructive
disorders were more pronounced.

When the esophagus is completely obstructed, that is,
in animals with a third-degree modeled stricture, destructive
disorders prevail to a greater extent. Stein H. J. et al. (1995)
and Shaprynsky Y. V. in 2016 confirmed the fact that the focal
lysis was subject to a nuclear membrane, mitochondrial
membrane, endoplasmic reticulum and lamellar

cytoplasmic Golgi complex [22, 23].

The leading point in the development of these processes
in the stratified squamous epithelium without keratin is
mitochondrial dysfunction, which morphologically manifests
focal destruction of the outer membranes and the cristae.
Mitochondrial dysfunction leads to a decrease in the activity
of the reparative, metabolic and synthetic processes of the
cell, which is indirectly manifested by a decrease in
ribosomes and polysomes in the cytoplasm, loosening and
focal lysis of membranes of the granular endoplasmic
reticulum. As shown in their works Shaprinsky Y. V. et al. [21]
and Chandrasoma P.T. et al. [7], in animals with first-degree
modeled stricture, there are deformations of the nuclear
membrane, mitochondrial membranes, membranes of the
granular endoplasmic reticulum and the lamellar
cytoplasmic Golgi complex, which is explained by the
inclusion of redundant intracellular mechanisms related to
the phenomena of piezobiosynthesis. Cells under
conditions of insufficient energy supply of metabolic
processes use the piezoelectric energy, which occurs during
deformation of membranes, which are liquid crystals. In the
simulated stricture of the third degree, total lysis of
membranes of the granular endoplasmic reticulum was
sometimes observed [14, 22, 28].

Ultrastructural changes of smooth myocyte organelles
and cross-striated muscle fibers in the region of the second-
degree esophageal stricture indicate a decrease in the
contractile capacity of these cells. Submicroscopic disorders
of the endothelial cells of the capillary bed of the esophagus
are characterized by a decrease in the electron density of
the cytoplasm due to the development of intracellular edema,
the absence in the cytoplasm of appendages of endothelial
cells of micropinocytosis vesicles, which is characteristic
for the decrease in the activity of transcellular transport of
substances, water and electrolytes up to its termination under
the condition of modeling of the third-degree esophageal
stricture [22]. That is, the organelles of smooth myocytes
and skeleton muscles and endothelial cells of the
esophageal capillary are undergoing similar changes.

The esophageal stricture of the second stage causes
activation of catabolic intracellular processes of the mucous
membrane epithelium, which is structurally confirmed by
the appearance of secondary lysosomes in the cytoplasm
and inclusions of lipids. With third-degree stricture, there is
an even greater increase in catabolic processes, and the
changes become irreversible [22]. And disturbances of
submicroscopic architectonics of rat esophagus cells with
simulated first-degree stricture are reversible after
elimination of an external, negative factor [21].

In the future, we also plan to investigate the ultrastructural
changes of esophageal cells in the dynamics after removal
of the stricture.

Conclusions
1. It is established that in the area of the simulated
stricture of the second degree, degenerative and destructive
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disorders of the ultrastructural organization of the epithelial
cells of the stratified squamous epithelium without keratin,
smooth muscle cells of the muscular plate and contractile
elements of the muscular layer of the esophagus, which
vary in degree and depth, develop.

2. Mitochondrial dysfunction is a major element in
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3MIHW YNBTPACTPYKTYPHOI OPFAHISALIT KNITUH CTPABOXOAY LWYPIB NPU MOJENMIOBAHHI CTPUKTYPU CTPABOXOQY
OPYIroro CTyneHs

UanpuHcbkuli €.B.

Pybuesi cmpukmypu, wo rnpu3godsime 00 HenpoxiOHocmi cmpagoxody, ocmaHHiM 4acom He Maromb meHOeHUii 00 3MEeHWEeHHS, a
Haenaku, KifbKicmb makux Xeopux 30innbWyembcsi, W0 3yMOBIIEHO 8UKOPUCMAaHHSIM 8efIUKO20 CMEeKmpy XiMiHHUX peqyosuH y rnobymi
moduHU. Pe3ynbmamu nikysaHHs pybuesux cmpukmyp 3anexamb 6i0 cmyrneHsi cmeHo3yeaHHs. [1pu nosHiti HerpoxiOHocmi cmpagoxody
rocmae numaHHsi rpo nposedeHHsT orepamueHoeo iKyeaHHs. Memodu Kopekuii cmpukmyp cmpagoxody Makomb 3HaqyHy KinbKicmb
nicnsonepauiliHux ycknadHeHb | nemarnbHUX Hacriokie - 8id 5,0 % 0o 15,0 %. Tomy Onsi cmeopeHHsi €OUHOI namo2eHemuyHor
maKmuKku 8e0eHHs i NiKy8aHHs CmpUKmMyp cmpagoxody Hamu byrio 3anpornoHogaHe OOCIOXEeHHS ybmpacmpyKmypHUX 3MiH Criu308071
obonoHku OinsiHKu cmpukmypu |l cmyneHs npu i modentoeaHHi 8 ekcnepumeHmi. Mema pobomu - docnidumu AduHamiky
ynbmpacmpyKmypHUX 3MiH cnu3080i 060/10HKU CMIHKU cmpagoxody 8 HOpMi ma npu OpysoMy cmyneHi ii cmpukmypu.
EkcniepumeHmarnbHe Oocnidx)eHHs1 npoeodurnu Ha cmamegospinux binux wypax-camusx, macot 80 250 do 300 e. Bcbozo byno
rpoornepogaHo 16 meapuH, kKompux po3nodinumnu Ha 2 epynu: KOHmposbHy epyrny (6 wypis) i epyny docnidxerHs (10 wypis). ocnidxeHHs
rpoeoduru nid KemamiHo8UM HapKO30M. Y meapuH KOHMPOIIbLHOI epynu 8UKOHY8anu miflbKu fianapomomito 3 nodasnbwum nowaposum
ywueaHHsIM epedHbOi YepesHoi CMiHKU. Y meapuH epynu AocnidxeHHs cmeoproganu Modesb HernpoxiOHocmi cmpagoxody Opyeoz2o
cmyneHs. 3abip mamepiany 0115 efeKmpOHHO-MIKPOCKOMiYHO20 O0CiOXeHHs1 8UKOHy8anu Ha 3, 4 ma 5 006y ekcriepumeHmy, ugoosiHu
meapuH wnaxoMm rnepedosysaHHs KemamiHy. B pe3ynbmami npogedeHoe0 efieKmpOHHO-MIKPOCKOMiYHO20 O0CIiOXEeHHS
ynbmpacmpyKkmypHoOI opeaHisauyii 6asanbHux, wunysamux, rnogepxHesux ernimenioyumie 6acamowapo8o2o He3P0208irI020 enimenito,
enadeHbKUX Mioyumie M'S3080i NnacmuHKU i CKOpoYyeanbHUX efleMeHmie M's308020 wapy cmpagoxody uwlypie 3 MoOes1b08aHO0
cmpuKkmypoto dpy2oe0 cmyrneHsi gusierieHo ducmpogiyHi ma decmpyKkmueHi NopyweHHs, SiKi eapitosanu 3a 2nubuHo ma cmyrneHem
gupasHocmi. BcmaHosieHo, wo MimoxoHOpianbHa OucyHKyis npu3godums 00 3HUXEHHST akmueHOCMi pernapamugHux, MemabosniyHux
ma CUHMeMUYHUX MPOYecie KIimuHU, Wo ornocepedko8aHo Mposi8rIsiembCsl 3MEHWEHHSIM KirlbKocmi pubocom i nosicom y yumonnasmi,
PO3MyWEHHAM | 802HULLE8UM Ni3UCOM MembpaH 2paHynsapHo20 eHOoMnIaamamu4YHo2o pemukynyma. Cmpukmypa cmpagoxody 0py2020
CMyneHIo BUKIUKAE akmueauito KamabonidyHUuX 8HympiuHbOKTIMUHHUX MPOUECI8 y 8CIX KnimuHax, wo MopghosoaiyHo nidmeepdxyemscsi
10518010 y yumorniasmMi 8MOPUHHUX JTi30COM ma 6KIo4eHb finidie.

KnrouoBi cnoBa: ynbmpacmpykmypa KiimuH cmpagoxody, cmpukmypa cmpasoxody, MimoxoHApianbHa OUCGYHKUIS.

MU3MEHEHUA YNLTPACTPYKTYPHOW OPTAHU3ALIMU KNETOK MULLIEBOAA KPbIC NPU MOAENMPOBAHUN CTPUKTYPbI
MULLEBOAA BTOPOW CTEMNEHU

UanpuHckuli E.B.

Pybuossie cmpukmypbl, Komopbie Mpugodsm K Herpoxoodumocmu nuwiesoda, 8 NocriedHee 8peMsi He UMetom meHOeHUUU K yMEHbUIEHUIO,
a Haobopom, Konu4ecmeo makux 60sbHbIX ygenu4yueaemcs, 4mo obycrioeneHo ucronb3o8aHueM 60bWOo20 crekmpa XUMU4YecKux
seujecms 8 bbimy yesoseka. Pe3ynbmambl niedeHusi pybuoebix CMpUKMmMyp 3asucsam om cmerneHu cmeHo3uposaHus. [lpu nomHou
Henpoxodumocmu nuujeeoda ecmaem 80rpoc O MposedeHUU orepamueHo20 redeHusi. MemoOdbi Koppekyuu cmpukmyp nuujesoda
umeom 3Ha4umerbHoe Komu4ecmeo rnoceonepayUoHHbIX OCITOXHeHUU U emarbHbix nocnedcmeuti - om 5,0 % 8o 15,0 %. lMoamowmy,
0nsi obpa3osaHusi eQUHOU namozeHemu4yeckol makmuku eedeHusl U JfiedeHuUss cmpukmyp nuwesoda Hamu 66110 npedrioxeHo
uccriedosaHue yrnbmpacmpyKmypHbIX U3MeHeHUl Criu3ucmoul 060/104KU yqacmKka cmpukmypsi |l cmeneHu npu ee ModenupoeaHuu 8
akcnepumerHme. Llenb pabomel - uccrnedogamb OUHaMUKY yribmpacmpyKmypHbIX USMeHeHUl criu3ucmol 060/104KU cmeHKU nuuesoda
8 HopMe U rpu emopoll CmerneHu ee CMpUKMmMypbl. SKcriepuMmeHmarnbHbie uccriedosaHusi Mposodusiu Ha os10803perbix benbix Kpbicax-
camuyax, maccol om 250 0o 300 e. Bcezo b6bir1o rpooriepupogaHo 16 Uu8OMHbIX, KOMOPbIX pa3desnunu Ha 2 2pynrbl: KOHMPOIbHYIO
epyny (6 kpbic) u epynny uccnedosarusi (10 Kpbic). MiccredosaHusi npog8odusiu Moo KemamuHO8bIM HaPKO30M. Y XUBOMHbIX KOHMPOIIbHOU
2pynbl 8bIMOHAIU MOSIbKO 11anapomoMui0 ¢ rociedyrouum nociolHbIM yulueaHuem nepedHel OproWHOU cmeHKU. Y XU80MHbIX
epynnbi uccriedosaHusi cosdasanu mModesnb Herpoxodumocmu nuwesoda emopol cmerneHu. 3abop mMamepuana 07151 371eKMPOHHO-
MUKPOCKOMNUYECK020 uccriefosaHuUsi 8bIMOMHANU Ha 3, 4 u 5 cymku akcriepumMeHma, 8bi80051 XUBOMHbIX nMymem rnepedo3uposku
KemamuHa. B pe3ynbmame rnpog8edeHH020 3/1eKMPOHHO-MUKPOCKOMUYEeCcKo20 uccrnedosaHusi yrbmpacmpyKmypHOU op2aHu3auuu
6a3arnbHbIX, WUNo8amsix, MOBEPXHOCMHbLIX 3MUMENUOyUMos8 MHO20C/I0UHO20 HEOPo208e8aroWea0 anumernus, 21adkux MUoyumos
MbIWeYHOU MIacmuHKU U COKpamumeribHbIX 3/1eMeHMOo8 MbILEeYHO20 €105 nuujesoda KpbiC ¢ MOOeIupyemol cmpuKkmypoul emopou
cmeneHuU obHapyxXeHbl ducmpoguyeckue u 0ecmpykmueHble HapyWweHUsi, Komopbkle eapbuposasnu o enybuHe u cmerneHu
8bIpaXeHHOCMU. YcmaHo8/1eHo, Yymo MumoxoHOpuasnbHas OUCYHKUUS Mpugooum K CHUXEHUI akmusHOCMU perapamusHbiX,
Memabonu4ecKux U CUHMemu4ecKuX rMpoueccos KIemku, KOCBeHHO MpOosIeIIemcs yMeHbWeHUeM Konudecmea pubocom u nosucom
8 yumonnasme, paspbixieHUeM U 04a208bIM /TUSUCOM MeMbpaH 2paHyrnsapHo20 3HOoMIasMamu4yecko2o pemukynyma. Cmpukmypa
nuwesoda emopoli cmeneHu akmueu3upyem kamabonudyeckue 8HympuKkiemo4YHble npoyecchl, 4mo Mopgosoaudyecku
rnodmeepxd0aemcsi nosisfieHUeM 8 Yumoriia3me KiemoK 8MmopuYHbIX SIU30COM U 8KIMOYeHUl nunudos.

KnroueBble cnoBa: ynbmpacmpykmypa Knemok nuwesoda, cmpukmypa nuujegoda, MumoxoHopuanbHas OucyHKUUSI.
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Due to the harmful effects of opioid agents in the uncontrolled use of them, it is
impossible to ease the early manifestations of damage to the tissues and organs of the
oral cavity, which is a pressing problem of today. The purpose of this work was to
investigate the features of the sub-microscopic organization of the structural components
of the periodontium under the action of an opioid analgesic for two weeks and its four-

UDC: 611.311-018.73:615.214.24:616- week withdrawal in the experiment. The study was conducted on 22 adult rats-males of

076.4 the Wistar line, weighing 160 g, 4.5-6 months of age. Animals were administered

intramuscularly daily, once a single opioid analgesic nalbuphine for the first two weeks,
CORRESPONDING AUTHOR in terms of the mean therapeutic dose for the rat, as well as for the mean weight of the
e-mail: fikvolodymyr@ukr.net test group (0.212 mg/kg), and subsequent four weeks. The fragments of soft periodontal

Fik V.B. tissue were used for electron microscopic examination. Submicroscopically expressed
destructive changes in periodontal tissues were not observed. However, the positive
dynamics of regeneration of periodontal components at the ultrastructural level were
also not revealed. In the cytoplasm of cells of the epithelium of the free part of the gums,
there is destruction of organelles, partially damaged mitochondrial cristae, poorly
contoured tonofilaments, shallow karyolemma invaginations, thickened areas and
damaged desmosomal contacts. In the surface areas of the periodontium, the collagen
fibers are partially stratified, there is moderate swelling of the intercellular substance
of the connective tissue, part of the fibrocytes invaginating the karyolemma of the
nucleus and placement of heterochromatin in the periphery. Ultrastructurally in the
cytoplasm of the macrophage, lysosomes are detected, phagosomes are scarce,
indicating a slight damage to the structures. In the gaps of the blood capillaries, blood
cells are formed, mainly erythrocytes, in the perinuclear part of the cytoplasm of
organelles are few, mitochondria with electron-light matrix and small cristae, perivascular
edema is insignificant, there are destructively altered mitochondria in the cytoplasm of
endothelial cells of venules, the basement membrane is thickened, the perivascular
spaces are enlarged. Thus, at the end of the sixth week of the experiment, no short-
term irreversible changes in the ultrastructural organization of the periodontal
components were detected in the short-term effect of the opioid for two weeks and its
subsequent four-week cancellation. However, the complete restoration of the structural
components of the periodontium is not observed, there are signs of reactive changes,
reparative processes are slowed.

Keywords: periodontium, opioid, abolition of the opioid, ultrastructure, experiment.

Introduction

The tissues and organs of the oral cavity are especially
responsive to any harmful stimuli in the body [9, 18, 26].
Under the influence of factors of exogenous origin
disturbances of gums resistance arise, which causes
pathological changes in periodontium tissues [14, 19]. It
should be noted that periodontium diseases and gums
bleeding are more common in drug abusers compared to

the general population [10, 20, 21, 25]. Important are the
issues of therapeutic tactics of inflammatory periodontal
diseases in drug addicts, as well as the abolition of the
drug, which is necessary for both local and general action
on the tissues of the periodontal complex [5, 6, 16, 21, 23].
However, the mapping of the pathomorphological pattern
in periodontal tissues is a rather complicated process and
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changes in this case occur over a period of time with the
involvement of different mechanisms of pathogenesis [3,
7]. Therefore, experimental studies related to the study of
the ultrastructural organization of the periodontium and the
correction of pathological changes that occur during the
action of opioids are particularly important today and will
help to develop an adequate scheme of corrective effects
to stabilize the morphofunctional condition of periodontium
tissues.

The aim of the study was to determine the features of
the submicroscopic organization of the structural
components of the periodontium under the action of an
opioid analgesic for two weeks and its four-week withdrawal
in the experiment.

Materials and methods

The study was conducted on 22 adult rats-males of the
Wistar line, weighing 160 g, aged 4.5-6 months. Animals
were divided into 2 groups. The first group included intact
rats (n=10). The second group included 12 animals, which
were administered intramuscularly opioid analgesic
nalbuphine daily for the first two weeks, based on the mean
therapeutic dose for the rat, and considering the mean
weight of the experimental group (0.212 mg/kg) and its
subsequent 4 weeks. Controls were 3 male rats
administered intramuscularly saline. Sampling was
performed after 6 weeks of the experiment.

All animals were kept under standard vivarium
conditions and all experiments were carried out in
accordance with the provisions of the "European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes" (Strasbourg,
1985). Before sampling the biopsy material, the animals
were primed with intraperitoneal administration of sodium
thiopental (25 mg/kg).

For electron microscopic examination, pieces of soft
periodontal tissue were used in the gums papilla. The
tissue fragments were fixed in a 2.5 % solution of
glutaraldehyde and in a 1 % solution of osmium tetroxide
on phosphate buffer pH = 7.2-7.4, dehydrated in alcohols
and propylene oxide and poured into a mixture of epoxy
resins with araldite [24]. Ultra-thin sections were made on
a UMPT3m ultramicrotome, which was counterstained with
uranyl acetate and lead citrate and studied in a PEM-100-01
electron microscope.

Results

Electron microscopic studies have shown that the
structural changes in the epithelium of the different sites
studied were similar in nature, but not as significant as in
the subgroup of animals without opioid withdrawal. The
cells of the basal layer of the epithelial plate of its free part
have an enlarged nucleus area, the karyoplasm of which
includes the osmiophilic regions of heterochromatin, but
they are located mainly near the nuclear envelope. Small,
compact nucleolus are available. The karyolemma has

Fig. 1. The ultrastructure of the free epithelium of the rat gingiva
after six weeks: two weeks of opioid administration and four
weeks after its abolition. 1 - basal layer epitheliocyte nucleus, 2 -
cytoplasm of epitheliocyte, 3 - basement membrane, 4 - connective
tissue. x14000.
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Fig. 2. Ultrastructure of the rat gingival sulcus epithelium after six
weeks: two weeks of opioid administration and four weeks after
its abolition. 1 - nucleus with invagination of karyolemma, 2 -
cytoplasm of epitheliocytes, 3 - desmosomes. x9000.

shallow invaginations, and its perinuclear spaces are
enlarged only in some places. In the cytoplasm there is a
normalization of organelles, damaged ultrastructures are
small in number. Part of the mitochondria has a focal
electron-light matrix and partially damaged cristae. In the
hyaloplasm, areas with poorly contoured tonofilaments
were detected, some of them homogenized. Thick areas
with fuzzy intercellular contacts (Fig. 1) are noted between
plasmalemmas. The epitheliocytes of the spinosum and
granulosum layers are also less altered, the structure of
the nucleus and cytoplasm normalizing.

The nuclei have a shallow invagination of the
karyolemma, euchromatin predominates in the
karyoplasm. There are different sizes of cells in the granular
layer, sometimes large clumps of keratohyalin. The
desmosomal contacts are sometimes damaged. The
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Fig. 3. The ultrastructure of the epithelium of the attached part of
the rat gingiva is six weeks: two weeks of opioid administration
and four weeks after its abolition. 1 - oblong nucleus, 2 -
mitochondria, 3 - plasmolemmas connected by desmosomes.
x12000.

two weeks of opioid administration and four weeks after its
abolition. 1 - fibrocyte nucleus, 2 - fibrocyte cytoplasm, 3 - collagen
fibril bundle, 4 - light amorphous electron component. x14000.

ultrastructural organization of the gums epithelium of this
group is also unchanged. There is no swelling of the
cytoplasm of the epitheliocytes of the basal and spinosum
layers. Only the nuclei of the superficial layers of cells have
karyolemma invaginations, and the cytoplasm is virtually
unchanged. Clear contours of plasmolemma and
desmosomal contacts (Fig. 2). Submicroscopically, the
epithelium of the attached part of the gums of the animals
is found to be unaltered. Epitheliocytes include the oblong-
shaped nucleus with shallow invasions of the karyolemma,
and euchromatin is noted in the karyoplasm. In the
cytoplasm, there are small mitochondria, a few cristae.
The clear contours of the plasmolemma, the intercellular

contacts are osmiophilic, appear enlarged (Fig. 3).

Electron microscopic studies of the periodontium of
animals have found that its structural components are
unchanged. Collagen fibers are characterized by a tufted
arrangement of fibrils, only in the superficial area they are
partially stratified and moderate swelling of the amorphous
component of the intercellular substance of the connective
tissue is present. Fibroblasts of the usual structure, and
some fibrocytes have irregular shape with invaginations of
karyolemma of the nucleus and placement of
heterochromatin on the periphery. The cytoplasm contains
ribosomes, enlarged tubules of the granular endoplasmic
reticulum, part of the mitochondria with the enlightened matrix
(Fig. 4). Lymphocytes, neutrophils and macrophages are
observed in connective tissue surrounding the periodontium.
Ultrastructurally, the cytoplasm of the macrophage reveals
lysosomes, a little phagosome, indicating little damage to
the structures. Plasmolemma forms protrusion in the form
of outgrowths and has the invaginations required for
phagocytosis of damaged structures (Fig. 5).

Submicroscopic studies of the mucous membrane of
the rats gums of this group found that moderate reactive
changes are characteristic of the hemomicrocirculatory bed
of the gums. The lumps of the blood capillaries are small,
in them the formed elements of blood, mainly erythrocytes
are found. The nucleus and cytoplasm of endothelial cells
have their own structural organization. In the wide
cytoplasmic areas of the cells, there are many foam
pinocytosis vesicles, caveolae.

In the perinuclear part of the cytoplasm organelles are
small in number. The tubules of the endoplasmic reticulum
are moderately dilated, mitochondria with electron-light
matrix and small cristae. The elongated nucleus is well
contoured, the perinuclear spaces are small, and

Fig. 5. The ultrastructure of the rat periodontal aft
two weeks of opioid administration and four weeks after its
abolition. 1 - macrophage nucleus, 2 - macrophage cytoplasm, 3 -
collagen fibril bundle. x14000.
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Flg 6. The uItrastructure of the hemocaplllary of the mucous
membrane of the gingival mucosa of the rat after 6 weeks: two
weeks of opioid administration and four weeks after its abolition. 1
- lumen with red blood cells, 2 - nucleus and cytoplasm of endothelial
cells, 3 - basement membrane. x12000.
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Fig. 7. Ultrastructure of the Iamlna proprla venules of the mucous
membrane of the rat gums after six weeks: two weeks opioid use
and four weeks after its withdrawal. 1 - a lumen with erythrocytes,
2 - cytoplasm of endothelial cells. x14000.

euchromatin prevails in the karyoplasm. The basal
membrane is wide, wavy and has clear contours.
Perivascular edema is insignificant; collagen fibers and
an amorphous component are present in the loose
connective tissue of the advent (Fig. 6). Venules have
moderately blood-filled lumps, the cytoplasm of endothelial
cells is preserved, however, here and there destructively
altered mitochondria are present. Separate areas of the
cytoplasm protrude into the lumen, which increases the
area of interaction of endothelial cells with the internal
contents of the vessel. The basal membrane is thickened,
but is well contoured, the perivascular spaces are slightly
enlarged (Fig. 7).

Discussion

In the modern professional literature there are more
and more studies devoted to the study of the effect of opioid
drugs on various organs and systems [1, 8, 12, 17, 22], but
their effect on the structural organization of the of oral cavity
and periodontium remains unknown [6, 10, 20, 21].
Scientific research is mainly aimed at studying the changes
in the internal organs that develop as a result of the
introduction of such classic opioids as morphine, tramadol
and codeine using significantly high doses [4, 5, 8, 15]. In
addition, studies on the effects of the opioid analgesic
nalbuphine on tissues and organs of the oral cavity are
virtually absent in the literature. Preferably, such studies
have been performed to study the characteristics of
pharmacodynamics and pharmacokinetics both in
experiment and in volunteers [2, 11, 13].

As a result of our studies of the experimental effect of
opioid for two weeks and its 4-week cancellation, we found
no significant destructive changes in periodontium.
However, the positive dynamics of regeneration of
periodontal components at the ultrastructural level were
also not observed. Submicroscopically, there are reactive
changes, which are manifested by focal sites of expansion
of perinuclear spaces, fuzzy intercellular contacts, partial
damage of the cristae in the mitochondria of epitheliocytes
and endothelial cells, as well as swelling of the intercellular
substance and minor constituents of periodontium.

In the available medical literature there are no results of
studies of the ultrastructural organization of periodontal
tissues in dynamics at different terms of opioid exposure
and after its abolition, which makes it impossible to perform
a comparative analysis of the data obtained. Given the
relevance of this problem, the study of periodontal tissues
in drug addicts is insufficient and requires further scientific
research [5-7, 16, 21, 25]. Therefore, we believe that the
method of creating a biological experimental model of opioid
exposure will help to find out the peculiarities of
submicroscopic organization in periodontal tissues, which
is relevant and necessary in modern dentistry and
periodontology.

Prospects for further research are to study the features
of ultrastructural reorganization in periodontal tissues when
exposed to opioid, after its abolition, and at the application
of medical correction at an early date.

Conclusions

1. At the end of week 6 of the experiment, no irreversible
changes in the ultrastructural organization of periodontal
components were detected in the short-term effect of the
opioid for two weeks and its subsequent cancellation of.

2. Submicroscopically, it was found that the abolition of
opioid analgesic at longer periods (3-6 weeks) does not
lead to complete restoration of the structural components
of the periodontium, regenerative processes are slow, there
are signs of reactive changes.
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ENEKTPOHHO-MIKPOCKOMIYHI AOCIIMXEHHSA MAPOAOHTY NMPU EKCMEPUMEHTANBHIN OBOTUXXHEBIW Ali onioigy TA

nicns noro BIAMIHU BNPOOOBX YOTUPLOX TUXHIB
@ik B.B., Manbmoe €.B., Kpueko FO.51.

3eaxaroyu Ha wkidnueull 86U OrniocidHUX Pevo8UH MPU HEKOHMPOTbOBAHOMY iX @XUBaHHI, HEMOXIIUBO 1I€2K08aXUumu paHHiMu
rposisaMu yUWKOOXeHb MKaHUH i opaaHie pomoegoi MOPOXHUHU, W0 cknadae akmyarsbHy npobrnemy cb0200eHHs. Memoto uiei pobomu
6yrno docnidumu ocobriueocmi cybMIKpOCKOMiYHOI opaaHisauyii cmpykmypHUX KoMoHeHmie napodoHmy npu Oii ornioidHo20 aHaneemuka
8rpodosx 080X MUXXHI8 ma o200 4-muxHegoi 8iOMiHU & ekcriepumeHmi. [ocnidxeHHs1 npoeedeHo Ha 22 cmamego3pinux wypax-
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camuysx niHii Wistar, macorwo 160 2, sikom 4,5-6 micauyie. TeapuHam npomsieom rnepwux 080X MUXHi8 8800uUNU WOOEHHO
8HYMPIWHHLOM'13080 00HOPa3080 OMioIOHUL aHanzemuk HanbydiH y nepepaxyHKy cepedHboi mepanesmuyHoi 0o3u Onsa wypa, a
makoxX 3 ypaxysaHHsM cepedHboi eaau niddocnidHoi epynu (0,212 ma/k2) ma lioeo nodanbwor 8idMIHOK MPOMs2oM HacmyrnHux 4
muxxHie. [Jnsi enekmpoHHO-MIKPOCKOMiHHO20 OOCIOXEeHHs aukopucmanu gpazmMeHmu M'KUx mxaHuH rnapodoHmy. CybMiKpoCcKoniyHO
supaxeHux decmpyKmueHUX 3MiH y mkaHuHax napodoHmy eusierieHo He b6yrno. Mo3umusHOi duHaMiKu pezeHepauii KOMIOHeHmIg
napodoHmy Ha yrnbmpacmpyKmypHOMY PieHi MaKox He euseurnu. B yumonna3smi knimuH enimernito 8inbHOI YacmuHU siceH criocmepieanu
decmpyKuUito opaaHer, 4acmKo80 yWKOOXKeHI Kpucmu MimoxoHApil, noeaHo KOHMypyeanucb mMoHoginameHmu, 8CmaHoeneHi Heanuboki
iHeaziHaujii kapionemu, MiX nnasmosiemMamu criocmepieanu nomoeuweHi GinsiHKU ma MowkodxeHi 0ecMocomaribHi KoHmakmu. Y
rnosepxHesux 0OinsiHkax nepioOoHMy Korna2eHos8i 80110KHa bynu 4acmkogo po3waposaHumu, criocmepieanu nomipHul Habpsk
MDKKIIMUHHOI pe4o8UHU CrloflyYHOI MKaHUHU, y YacmuHu ¢hibpoyumie ecmaHoerneHi iHeaeiHauii kapionemu si0pa ma po3MiueHHS
2emepoxpomMamuHy o nepugepii. YabmpacmpykmypHO y uyumonna3smi Mmakpoghaza eiOMideHO n1i3ocomu, ¢hazocoM Hebazamo, wo
€8i04yumb Mpo He3Ha4yHe YWKOOXEeHHs1 CmpyKkmyp. Y npoceimax KpOBOHOCHUX Karlinspie susensombcsi (oOPMeEHHI ereMeHmu Kposi,
rnepegaxHo epumpouyumu, 8 nepuHykneapHil YacmuHi yumonnasmu opaaHes Hebazamo, MIMOXOHOPIi 3 efleKMpPOHHO c8imaum
MampuKCOM ma He8ermUKUMU Kpucmamu, repusackynsapHuUll Habpsik He3HayHuU, y yumonia3mi eHdomesioyumie 8eHyr criocmepieanuch
decmpyKmueHO 3MiHeHi MimoxoHdpii, basanbHa mMembpaHa nomosuw,eHa, nepusackynsapHi npocmopu 36inbweHi. Takum YUHOM,
HanpukiHuyi 6 muxHs ekcriepuMeHmy npu kopomkompusarnit Oii onioidy enpodosex 080x muxHie ma lio2o nodanbwil 4-muxHesil
8IOMIHI 2rTUbOKUX HE380POMHIX 3MIiH yNbmpacmpyKmypHOI opaaHizauii KomrnoHeHmie napodoHmy He susieneHo. Crid sidmimumu, wo
M08HO20 8iOHOBIIEHHST CMPYKMYPHUX KOMITOHEHMI8 napodOHMYy He CriocmepiaacmbCsl, Hasi8Hi 03HaKU peakmueHUX 3MiH, pernapamueHi
rnpouyecu CrosifbHeHi.

Knto4voBi cnoBa: napodoHm, onioid, sidmiHa onioidy, ynbmpacmpykmypa, ekcriepumMeHm.

SNEKTPOHHO-MUKPOCKOMNMUYECKUE NCCNEQOBAHUA NAPOOOHTA NPU 3KCNEPUMEHTANbHOM ABYXHEOENBbHOM
BNUAHUX ONMUOUAA U NOCINE EFO OTMEHbI B TEYEHME YETbLIPEX HEQESb

Quk B.B., lNanbmoe E.B., Kpueko FO.51.

Yyumbigasi pedHoe go3delicmeue OnuUOUOHbIX 8eWecms npu HEKOHMPONUPyeMomMm ux yrnompebrieHuu, He803MOXHO rpeHebpezamb
paHHUMU rposieneHuaMuU rnospexoeHuli mkaHel U op2aHoe pomoegol noaocmu, Ymo cocmaersiem akmyarnbHylo npobnemy
cospemeHHocmu. Llenbto pabomsi 6b1710 uccriedogamb 0COb6eHHOCMU CyOMUKPOCKONUYECKOU opa2aHu3ayuu CmpyKmypHbIX
KOMMOHeHMoe rnapodoHma rnpu delicmeuu oruoudHO20 aHarb2emuka 8 meyeHue 08yx Hedeslb U rocre e2o 4-HedenbHOU OMMeHb! 8
akcnepumeHme. ViccriedogaHue nposedeHo Ha 22 roroeo3perbix Kpbicax-camuyax nuHuu Wistar, maccol 160 e, e eo3pacme 4,5-6
mecsyes. XKusomHbiM 8 meqeHue repebix 08yx Hedeslb 8800UMU eXXeOHE8HO 8HYMPUMbIUEYHO OOHOKPAMHO ONUOUOHBIU aHanbaemuk
HanbyghuH e nepepacyeme cpedHeli mepariesemuyeckol 003bl OMis1 KpbIChbl, @ maKxe ¢ y4emom cpedHe20 seca nodorbIimHoU epybl
(0,212 me/ke) u eeo nocnedyrouwjeli ommeHol 8 medeHue criedyrowjux 4 Hedernb. [ns 31eKmpOHHO-MUKPOCKONUYECKO20 Uccriedo8aHusi
ucrnosnb308arnu chpacMeHmbl Msigkux mkaHel napodoHma. CybMUKPOCKONUYECKU 8bIPaXeHHbIX 0eCMPYKMUBHbIX USMEHEHUU 8 MKaHsIX
napodoHma 8bisienieHo He 6bino. [lonoxumernsHoU OUHaMUKU pez2eHepayuu KOMIOHEeHmMoe8 napodoHma Ha ybmpacmpyKmypHOM
ypogHe makxe He 8blsisunu. B yumonnaame krnemok anumenusi ce0600HoU Yacmu 0ecHbl Habrrodarnu decmpyKUur opaaHess, 4acmu4yHO
rnospexx0eHHble Kpucmbl MUMmMOXOHOPUU, M/I0X0 KOHMYypUpoeanucb MOHOMUIaMeHmbl, yemaHo8eHbl Heanybokue uHea2uHauyuu
KapuonemMmsbl, MexQ0y nnasmonemmamu Habnwodanu ymonueHHble y4acmKku U noepexo0eHHble 0ecMocoMalibHble KoHmakmel. B
10BEPXHOCMHbLIX y4acmKkax nepuodoHmMa KoslriazeHo8ble 807I0KHa bbiiu 4acmu4yHO pacCriOeHHbIMU, Habmodanu yMepeHHbIU omek
MEXKIemo4yHo20 geujecmea coeduHuUmernbHol mkaHu, y 4acmu ¢hubpoyumos ycmaHo8/1eHbl UH8a2UHaUUU KapuoneMmbl U Hanu4yue
2emepoxpomamuHa Ha rnepugepuu. YibmpacmpyKmypHO 8 yumornnasme Makpoghasa ommedeHbl 1U30COMbI, ha20CoOM HEMHO20, YMO
ceudemesibCmayem O He3Ha4YUMesIbHOM 1o8pex0eHUU cmpyKkmyp. B npoceemax KpOBeHOCHbIX Karnuisspos 8bIsernstomcesi (hopMeHHbIe
3/1eMeHMbI KPOoBU, MpeuMywecmeeHHO 3puUmpoyumsl, 8 NepuHyKneapHoU Yyacmu yumornaasmbl Op2aHesisi HeMHO20, MUMOXOHOPUU C
3/16KMPOHHO C8EMIIbIM MampuKCoOM U HebonbWuMuU Kpucmamu, nepusacKynsipHbIl omeK He3HayumenbHbll, 8 yumornaasme
sHOomenuoyumos eeHysn Habnwdaomcs decmpyKmu8HO U3MeHeHHble MUmoxoHOpuu, basanbHas mMembpaHa ymornuweHa,
repusackynsipHble npocmpaHcmea yeesudeHnl. Takum obpa3om, 8 KoHue 6 Hederlu 3KkcriepuMmeHma npu KpamxkospemMeHHoOM delicmeuu
onuouda 8 meveHue 08yx Hederb U e20 OanbHeluwel 4-HederbHol ommMmeHe, aryboKux HeobpamuMbIX U3MeHeHUU yribmpacmpyKmypHoU
opeaHu3ayuu KoMrnoHeHmos napodoHma He obHapyxeHo. Credyem ommemumb, YMO OIHO20 80CCMAaHOBIEHUS CMPYKMYPHbIX
KOMIMOHeHMo8 napodoHma He Habnodaemcs, 8 HaIu4uU sI8HbIe MPU3HaKU peakmueHbIX USMEHeHUl U 3amedrieHHbIe pernapamusHbie
rpoyeccsi.

KntoueBble cnoBa: napodoHm, onuoud, ommeHa onuouda, ynbmpacmpyKmypa, 3KCrepumMeHm.
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Today, the role of the traumatic factor and inflammation in the development and
progression of osteoarthrosis is generally recognized, but the available research
results do not allow to establish the role of impaired biomechanics as a monofactor in
the development of deforming osteoarthrosis of the shoulder joint. Violation of the
function of the bone and bone-cartilage elements of the joint, which is compensated by
soft tissue formations, leads to overloads of the joints, upsets the normal balance of the
load forces in the joint, creates abnormal biomechanics and the resulting pathological
manifestations of deforming osteoarthrosis. The aim of the study is research of the
dynamics of the disturbed biomechanics influence of the shoulder joint on the
development of deformation osteoarthrosis and the features of the development of its
structural changes. The experiments were conducted on guinea pigs weighing 380-420
grams at the age of 5 months. A model of surgical restriction of joint mobility was
reproduced, which caused the formation of contracture. Using the methods of histology
and scanning electron microscopy, we studied the relief of the articular surface, the
topography of degenerative changes, and structural changes in the articular cartilage
and subchondral bone. A statistical evaluation of the obtained data samples was
carried out using Student t-test. The results were considered reliable at p<0.05. The
results of an experimental study demonstrated a decrease in the thickness and structure
of articular cartilage when modeling deforming osteoarthrosis and confirmed the
hypothesis that pathological limitation of the mobility of the shoulder joint and violation
of biomechanics is an independent factor in the formation of osteoarthrosis. After
surgery on day 30, degenerative changes and their progression with the formation of
contracture on day 90 of observation were found in the articular cartilage. The features
ofthe development of articular surface degeneration, the dynamics of the pathological
changes and topography, which can expand the understanding of the pathogenesis of
the disease, were established. The loss of the superficial zone caused the progression
of dystrophic changes in the articular cartilage and sclerosis of the subchondral bone
at 60 and 90 days.

Keywords: osteoarthrosis, humerus, topography, dynamics, lesion area.

Introduction

Deforming osteoarthrosis is a group of diseases of
joints of different etiology with degeneration of hyaline
cartilage and subchondral bone layer, obvious or hidden
synovitis and subsequent loss of joint functionality [2, 16].
Numerous modern methods of treatment of the pathology
of the shoulder joints are often not effective enough, which
may be due to untimely treatment and insufficient
assessment of pathogenetic components in the

appearance and progression of pathological changes [17,
18]. However, the place of biomechanical disorders in the
development of osteoarthritis of the shoulder joint as a
monofactor of the pathological condition remains unknown.
Experimental studies on animals allow us to determine
the pathogenetic links of this complex process on the basis
of reproduction of different models of osteoarthrosis [17,
27].

© 2019 National Pirogov Memorial Medical University, Vinnytsya
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In clinical practice, there is often a correlation between
impaired biomechanics of the shoulder joint and the
development of shoulder-scapula arthrosis [8, 21, 22]. This
may be due to a violation of the balance of forces on the
shoulder, resulting in a change in rotation of the humerus
head and subsequent formation of an abnormal load on
the joint surfaces [13, 17].

Today, the role of traumatic factor and inflammation in
the development and progression of osteoarthritis is
generally recognized [14, 17]. The results of experimental
studies have shown the similarity of the main pathogenetic
units of these processes in animal models with those that
develop in the most common forms of slowly progressing
human arthrosis [4, 18, 24]. However, the available research
results do not allow us to establish the role of impaired
biomechanics as a single factor in the development of
deforming osteoarthrosis of the shoulder joint [6]. In view
of this, it became necessary to develop another
methodological approach in the study of the site of
abnormal loading in the appearance and progression of
osteoarthritis. The shoulder joint is known to be the most
mobile in the human body due to its superiority in the
biomechanics of the soft tissue elements over the bone
[10].

The peculiarities of the morphological structure cause
the possibility of powerful compensation in the case of
pathological changes of one of the joints by other
biomechanical units [7, 19, 28]. However, the violation of
the function of the bone and cartilage elements of the joint,
which is compensated by soft tissue formation, leads to
overload of the latter, disrupts the normal balance of forces
of the joints, creates abnormal biomechanics and caused
by pathological manifestations of deforming osteoarthritis
[3]. Reducing the thickness of the cartilage, its elasticity in
the future becomes a cause of instability of the joint and
the progression of osteoarthritis [18, 24, 25]. The metabolic
flexibility of the joint chondrocytes normally allows to
generate energy and maintain cell viability under the initial
stages of pathology by increasing the regulation of
mitochondrial respiration and reducing the rate of formation
of reactive nitrogen and oxygen [11], however, at later stages
of the disease, chondrocytes lose this metabolic flexibility
[15].

The purpose of the study was to investigate the
dynamics of the impact of disturbed biomechanics of the
shoulder joint on the development of deformity
osteoarthrosis and the features of its structural changes.

Materials and methods

The studies were performed on Guinea pigs (Cavia
porcellus) weighing 380-420 grams at the age of 5 months.
Animals were divided into groups according to the
objectives of the experiment. The control group (n=5) and
the main experimental group (n=19) were formed. The
experimental group included operated animals, which were
withdrawn from the experiment at 30 day (n=5), 60 day

(n=5) and 90 day (n=9). Before operative reproduction of
the model of osteoarthrosis of the shoulder joint of the
animals was anesthetized with sodium thiopental (50-
60 mg/kg, intraperitoneally). The sequence of surgical
procedures was performed according to the technique
described in 2013 by E.J. Kramer et al. [9]. First, the skin
and subcutaneous tissue were cut, and then the interval of
the capsule was separated between the anterior margin of
the supraspinatus muscle and the upper edge of the
subscapularis muscle. On the edge of the foregoing
muscles, the sutures were sutured with vicryl Ne 2.0 and
stitched together to form a capsular contracture. The cavity
of the joint was not opened. The wound was sutured in
layers.

Animals were removed from the experiment at 30, 60
and 90 days after surgery by administering a lethal dose of
sodium thiopental.

Histological examination. The histological material
(humerus) was fixed in 10% formalin solution on 0.1M
phosphate buffer (pH=7.4) for 24 hours at 4°C, then
washed with running water. In order to investigate the
structural changes of the shoulder joint, the test specimens
were decalcified according to the Freiman method in a 5%
aqueous solution of EDTA calibrated with sodium hydroxide
to pH 6.0-6.5. Decalcification in the first 24 hours was
performed at 4°C, then at room temperature for 20-30 days
[20]. The solution was changed every 5 days. From
decalcified specimens of the humerus were made
cryosections 12-15 pm thick (cryostat-microtome MK-25,
USSR). Cryosections were stained with picrofuxin, toluidine
blue, hematoxylin and eosin [26].

Morphometric study. Morphometric analysis consisted
of quantitative assessment of the thickness of the articular
surface of the humerus. To do this, the histological sections
of all experimental animals from the surface to the
subchondral measured its thickness at 20 points.
Microphotographs were obtained on an Olympus BX 51
microscope. Morphometric analysis was performed using
CarlZeiss software (AxioVision SE64 Rel.4.9.1) at
magnification x200 and x400.

Scanning electron microscopy. For the methods of
scanning electron microscopy SEM, the samples
underwent a number of methodological procedures. The
samples were dehydrated with ethanol solution in
increasing concentrations (25%, 50%, 75% and 100%).
The material was then dried in a Samdri-780A installation
at a CO, critical point. The dried samples were coated with
15 nm gold using a Gatan 682 PECS device. SEM studies
were performed on a Tescan Mira 3 LMU microscope in
the electron microscopy laboratory of "NanoMedTech" LLC
under the guidance of M.A. Skoryk.

Criteria for assessing structural changes in the joint:

- capsule changes: inflammatory infiltrate (appearance
of monocytes, macrophages, neutrophils, basophils and
lymphocytes); angiogenesis (increase in microvascular
density); plethora of microvessels in capsule;
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- articular cartilage changes: change in cartilage
thickness (loss of superficial and/or deep cartilage layer),
reduction of cartilage cellular composition;

- subchondral bone changes: the appearance of foci of
bone reorganization or reduction.

Statistical processing. Statistical evaluation of the
obtained data samples was performed using Student's t-
test. Results p<0.05 were considered valid. Data are
presented as mean * standard deviation.

Bioethics. All experimental manipulations were carried
out in accordance with the provisions of the European
Convention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes
(Strasbourg, 1986), Council of Europe Directive 86/609/
EEC (1986), Law of Ukraine No. 3447-IV "On protection of
animals from ill-treatment"”, General Ethical Principles of
Animal Experiments, approved by the First National
Congress of Ukraine on Bioethics (2001).

Results

By surgical limitation of the biomechanics of the
shoulder joint in the experimental animals, an abnormally
altered (disturbed) projection of rotation of the humerus
head in the hollow of the scapula was achieved.

Proliferation changes of the articular capsule and
tendons of the skeletal muscles, as well as the increase of
the microvascular density, were found in the study of the
structural changes of the shoulder joint. These changes
are the result of traumatic damage and reorganization of
the connective tissue of the capsule of the joint (Fig. 1).

The results of histological examination confirmed our
working hypothesis that surgical limitation of the
biomechanics of the shoulder joint is an isolated factor in
the appearance and progression of deforming

Fig. 1. Native preparation of Guinea pig humerus head on 90 day after modeling of deforming osteoarthrosis of the shoulder joint.

(4mm ) - the area of deforming osteoarthritis.

osteoarthrosis.

Morphometric analysis allowed us to quantify the
structural changes of the shoulder joint. The value of the
thickness of the cartilage surface of the humerus in the
group of operated animals was statistically significantly
smaller compared to the control group by an average of
48% (127.9+38.3 ym? versus 255.9+26.7 uym? in control,
p<0.01). In general, the quantitative indicators were lower
in the lower area of the joint surface of the humerus, which
is associated with the formation of non-physiological
(abnormal) load on this area of the joint.

Histogram 1 shows the number of structural change
criteria identified in each comparison group. On the 60th
day most of the samples confirmed the presence of
structural changes in the joint, and on the 90th day
progression or no difference on the 60 day of the
experiment.

However, the histological method made it possible to
establish the appearance and frequent localization of
degenerative changes of hyaline cartilage, but for a more
complete assessment of the topography of the established
changes, a scan of the surface of the humerus was
performed using the SEM method. The application of the
method yielded the following results.

On the 30th day after surgery, focal destructive changes
of the cartilage surface area at the lower or anterior pole
were observed on the articular surface of the humerus
(mean lesion area 8.3% of the articular surface area). The
thickness of the cartilage surface at 60 day decreased
significantly at the anterior lower pole and to a lesser extent
at the posterior lower (lesion area averaged 25.9%, p<0.05).
At 90 day, the deformation zone increased in area (an
average of 54.2%, p<0.05), and deformation changes of
the articular surface progressed from the central zone of
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Fig. 2. Histological sections of the humerus in lateral projection (60 day of observation). Arrows ( €—) indicate areas of thinning or loss
of articular surface: 1 - anterior surface; 2 and 3 - central part of the head; 4 - back surface (x 5) (left side). Positive staining of toluidine
blue hyaline cartilage of the articular surface (4=m) and metaphyseal plate (x 11) (right side).
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M Proliferative dystrophic changes in the joint capsule
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Histogram 1. Histological changes of the shoulder joint at the
level of the cartilage surface (% of animals).

the articular surface to the outer contour, which was
previously described at 60 day. The scan results of the
humerus head are clearly shown in Figure 2.

Figure 2 shows histological sections of the head of the
humerus, reflecting the change in thickness of hyaline
cartilage on different surfaces of the head. Thus, at 60 day
marked dystrophic changes more developed on the anterior
and/or posterior surface of the head. These data should
be confirmed by scanning the articular depression of the
scapula.

In the study of the topography and the degree of
degenerative changes, considerable attention was paid to
the study of the surface area of the articular surface,
because of its localization, the latter experiences the bulk

of the load in anomalous biomechanics and therefore
rapidly loses elasticity, density and degenerates.

Histological picture of the anterior and posterior articular
lower surfaces was characterized by signs of focal or diffuse
destruction of cartilage. A decrease in the thickness of the
articular cartilage over a considerable area of the surface
of the humeral head was noted. The deep area of the
cartilage surface contained newly formed foci of
paravascular ossification. In the resorptive cavities of the
articular cartilage, foci of loose connective tissue were
located next to the vessels, the density of such areas was
increased in calcified cartilage and deep sections of non-
calcified cartilage. The density of chondrocytes was low,
they were unevenly located within the matrix. The expressed
changes were observed in the cellular composition of the
articular cartilage. Most isogenic chondrocyte groups were
in a state of edema and necrosis. The ossification zones
extended from the epiphyseal foci of the subchondral bone
to its surface; in the formed gaps blood vessels with
osteogenic cells grew; surrounding matrix with signs of
compaction and ossification; the contour of the border of
cartilage and bone tissue towards the epiphyseal cartilage
has changed. On the opposite side, that is, the surface of
the epiphysis, the structural changes of the cartilage were
characterized by a sharp change in the relief of the articular
surfaces, as confirmed by SEM studies.

At the ultrastructural level, the loss of the superficial
zone of cartilage was established against the background
of its deformation, matrix and cell structure. Since the 60th
day of observation, there has been a sharp increase in the
degree of degenerative changes of the shoulder joint, which
progressed from the central zone of the articular surface to
the outer contour. On average, reduction of the epiphyseal
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cartilage was 15.9%, 25.3%, and 49.3% (p<0.05) according
to the observation period.

Discussion

The experimental study evaluated the role of
immobilization of the shoulder joint as a monopathogenetic
factor in the development of osteoarthrosis. Today there is a
considerable amount of research on the analysis of the
nature and features of the development of dystrophic
changes in the joint. Researchers focus on the mechanical
and histochemical factors of these disorders [2, 16].
Mechanical factors include traumatic compression,
mechanical overload, etc. [17, 18], and enzymatic dysfunction,
microcirculation, denervation, and metabolic disorders,
including genetically predetermined ones, are quite
conditional on histochemical [3, 6].

The analysis of literary sources revealed quite similar
features of the development of histostructural changes in
the shoulder joint in different models of osteoarthrosis
reproduction in experimental animals [4, 14]. In particular, a
decrease in the content of collagen, proteoglycans and other
polysaccharides and proteins has been observed, providing
strength and resistance to compression and loading [19,
25, 28]. The authors explain this by increasing the activity of
local collagenases and metalloproteinases, ie enzymes of
the catabolic (proteolytic) plan [7]. Together with abnormal
loading and non-physiological biomechanics of the joint, all
these factors cause changes in the cartilage surfaces of the
humerus head and are considered as a prerequisite for
joint instability [21, 22].

The development of osteoarthrosis is accompanied by
increased expression of vascular endothelial growth factor
(VEGF) in articular cartilage [29]. VEGF is an angiogenic
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AHANI3 AUHAMIKU PO3BUTKY CTPYKTYPHUX 3MIH MJIIEYOBOI KICTKM MYPYAKIB MNP MOLOENOBAHHI MOPYLLUEHHSA

BIOMEXAHIKU

CepeieHko P.O., CmpagyH C.C., Casocbko C.l., MakapeHko O.M.

Cb0200Hi ponb mpagMamu4yHO20 YUHHUKA i 3arnaneHHsi y po38UMKY i npozspecysaHHi ocmeoapmpo3y € 3a2allbHO8U3HaHOK, rpome
icHyto4i pe3ynbmamu OocrnidxeHb He 00380JI5II0Mb 8CMAaHO8UMU POJb MOPyweHoi biomexaHiku ik MOHOgakmopa y po38UMKY
Oechopmyto4020 ocmeapmposy r1e4o8o2o cyanoba. opyweHHs1 hyHKUIT KicmKosux ma KiCmKo80o-Xpsu,08ux enemeHmie cyanoba
rpu3sodums 00 iX NepesaHMaxeHHs, Mopywyr4U pieHogazy cusl HasaHmaxxeHb 8 cyanobi, i cmeoproe aHomarsnbHy biomexaHiky. Mema
pobomu: docnidumu duHamiKy ernnusy rnopyweHoi biomexaHiku rnne4osozo cyernoba Ha pPo38UMOK deghopMyoH020 OCMeoapmpo3y ma
ocobnueocmi po3eumKy U020 cmpyKmypHUX 3MiH. ExcriepumeHmu rpoeedeHi Ha MOPCbKUX C8UHKax eaeoto 380-420 zpam y siui 5
micsiyie. Biomeoptosanu modesnb XipypaidHo20 0bMexXeHHs1 pyxiueocmi cyanoba, w0 CripuduHsizio hopmyeaHHs KOHmMpakmypu.
Memodamu eicmornoeaii ma ckaHyto4oi (pacmpoeoi) enekmpoHHOI Mikpockonii docnidxysanu penbeg cyenobosoi mosepxHi, mornozpadito
OezeHepamueHUX 3MiH, CmMpPyKMYypHI 3MiHU cy210608020 xpswa i cybxoHOparnbHOI kKicmku. CmamucmuyHy OUiHKY ompumMaHux eubipok
OdaHux npoeodunu i3 3acmocysaHHsIM t-kpumepito CmbrodeHma. [JocmosipHumu egaxkanuck pesynbmamu 3a ymosu p<0,05. [Mpu
modernogaHHi deghopMyoH020 0CMeoapmpo3y 8CmMaHOBNEHO 3MEHWEHHSI MOBWUHU ma 3MiHy cmpykmypu cyanob08020 xpsuja.
OmpumaHo nidmeepOxeHHs 2irome3u: caMoCcmiliHUM YUHHUKOM y gbopMy8aHHi 0crmeoapmpo3y € ramoriogiyHe 0OMexXeHHs1 pyxomocmi
r1e408020 cyerioba ma nopyuweHHs toeo biomexaHriku. llicns onepamueHo2o empyvaHHs Ha 30 doby 8 cyanobosomy Xpsilui UsierIeHoO
OezeHepamusHi 3MiHU ma ix MpoapecysaHHs 3 hopMy8aHHAM KoHmpakmypu Ha 90 0oby criocmepexeHHs. Takum YUHOM, 8CMaHO8/IeHO
ocobiusocmi pos3gumky OezeHepauii cyarnobosux noeepxoHsb i OuHamiku repebiey mamonoeiyHux 3MiH. Bmpama nogsepxHegoi 30HU
cripusina rpoapecysaHH0 ducmpogiyHUX 3MiH & cyarnobo8omMy xpsuly ma ckrinepody cybxoHOpanbHoi kicmku y mepmiHu 60 ma 90 di6.
KnrouoBi cnoBa: ocmeoapmpo3s, nnedyosa Kicmka, morozpacis, QuHamika, rniow,a ypaxxeHHs.

AHAINU3 AUHAMUKA PA3BUTUA CTPYKTYPHbBIX U3MEHEHUI MSIEYEBOM KOCTU MOPCKUX CBUHOK MNPU
MOAENUPOBAHUU HAPYLLUEHUA BUOMEXAHUKU

CepaueHko P.A., CmpagyH C.C., Casocbko C.U., MakapeHko A.H.

Ce200Hs1 ponib mpasMamu4yecko2o ¢hakmopa U eocrnafieHus 8 pas3gumuu U fpo2peccuposaHuu ocmeoapmposa siensgemcs
obwenpusHaHHOU, 00HaKO uMerowuecs: pesynbmamsl ucciedosaHuli He 10380115I0M yCmaHo8UMb POfb HapyWeHHOU buoMexaHuKu
KaK MOHogbakmopa 8 pasgsumuu OeghopMupyouie20 ocmeapmposa rnie4egoeo cycmaea. HapyweHue yHKUUU KOCMHBIX U KOCMHO-
XpsAwWesbIX 351ieMeHmoes cycmasa rpueooum K ux repezpy3kam, Hapyuwiasi pagHogecue cusl Hazpy3oK 8 cycmase, U co30aem aHOMaslbHyHo
buomexaHuky. Llenb pabombl: uccnedosams OUHaMUKY 61USIHUS HapyweHHOU GuomexaHUKU rie4yeeoeo cycmasa Ha passumue
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deghopmupyrowe2o ocmeoapmpo3sa U 0cObeHHOCMU pa3gumusi €20 CMPYKMYpPHbIX U3MeHeHUU. JKcriepuMeHmbl IPo8edeHb! Ha MOPCKUX
ceuHkax eecom 380-420 epamm e go3pacme 5 mecsyes. Bocripou3godurnu Modesnb XupypaudecKoeo o2paHUuYeHUsi nodeuxHocmu
cycmaesa, Ymo 8bI3bi8asio ¢hopMuposaHue KoHmpakmypbl. Memodamu aucmonozuu u ckaHupyrouwel (pacmpogol) 371eKmpOoHHOU
MUKpockonuu uccredosanu penbeg cycmasHoU nogepxHocmu, moroapaguro 0e2eHepamueHbIX USMEHeHUU, CmMpPYKMYypPHbIE USMEHeHUsI
cycmagHo20 xpsua u cybxoHdparnbHol kocmu. Cmamucmu4ecKyto OUEHKY ronyyYeHHbIX 8b160poK OaHHbIX Mpo8odusiU C UCOMb308aHUEM
t-kpumepusi CmbrodeHma. [JocmosepHbiMu cyumanuck pesyrnsmamsi rnpu ycrosuu p<0,05. [pu modenuposaHuu Oeghopmupyrowe2o
ocmeoapmpo3a yCmaHo8/eHo yMeHbWeHUEe MOWUHbI U USMEHEHUe CMpyKmypbl cycmasHo20 xpswa. lMonydeHo nodmeepxoeHue
a2unomesbl: caMocmosimersibHbIM (hakmopoMm 6 hopMupoO8aHUU OCmeoapmpo3a A8J/SAeMmcs namono2udyeckoe ozpaHuyeHue
nods8uUXXHOCMU rIe4e8020 cycmasa U HapyuweHue e2o buomexaHuku. llocre onepamugHo20 emewamernbcmea Ha 30 cymku 8 cycmagHOM
xpsauwje obHapyxXeHbl 0e2eHepamueHble USMEHEHUs U UX rpozpeccuposaHue ¢ hopMmuposaHueM KOHmpakmypsi Ha 90 cymku
HabnldeHusi. Takum obpa3om, ycmaHos1eHbl 0cobeHHocmu pa3sumusi dezeHepayuu cycmagHbIX mogepxHocmel u QuHaMuKa pa3sumusi
ramosno2uyeckux usmeHeHul. lTomepsi noeepxHoCcmHoU 30HbI criocobecmeoeara Po2peccupos8aHulo dUCMPOpUYECKUX USMEHeHUU 8
cycmasHOM Xpsiwe U ckriepo3dy cybxoHdpanbHoU kocmu 8 cpoku 60 u 90 cymokx.

KntoueBble cnoBa: ocmeoapmpos, riedesas Kocmb, monozgpagus, OuHamuka, naowadb nopaxeHusl.
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To date, pathology of the cardiovascular system is the most common, tends to increase,
most often leads to disability and mortality of the population at a young working age and
is an important medical and social problem. The purpose of the study was to establish
the features of micro organization of the mitral valve in white rat in norm and after opioid
action. The study material is presented by histological samples of a mitral valve of the
white rat. The study was performed on 30 adult white reproductive age rats weighing
160-220 g. The experimental animals were injected intramuscularly 1 time per day for
the same period of 42 days (6 weeks) with the opioid drug analgesic "Nalbuphine".
Using histological methods, 30 mitral valves of white rat were examined. Microscopy of
histological preparations of the valves of the heart was performed sequentially, assessing
the morphological changes in the norm and under the action of the opioid after 6 weeks
of the experiment. Emphasis was placed on the presence or absence of endothelial
layer, as well as the condition of endothelial cells in normal and at the action of the
damaging factor, determining the signs of their dystrophy, desquamation and proliferation.
It is established that the normal mitral valve is represented by endocardial folds. The
rat endocardium consists of three layers: endothelial (endothelial cells rich layer,
attached to the basement membrane), subendothelial (connective tissue rich in
fibroblasts) and a muscular-elastic layer (represented by smooth myocytes, plaited
collagen fibers). After 6 weeks of administration of Nalbuphine, the mitral valve is in a
stage of decompensation, when the outer and inner endothelial layers are destroyed,
the endothelial cells are deformed, the subendothelial layer is represented by single
bundles of different directions. In the musculo-elastic layer, contact between smooth
myocytes and fragmented and thinned, collagen and elastic fibers is lost. This study
allows us to conclude on the destructive effect of opioid agents on the valvular apparatus
ofthe heart.

Keywords: mitral valve, histology, opioid, white rat, norm.

Introduction

This article presents and analyzes data from studies
conducted on white rats of reproductive age. Despite the
fact that the average life expectancy in modern society is
increasing significantly due to the development of
experimental and clinical medicine, cardiovascular
diseases have become the leading cause of death in the
world over the last 10 years, accounting for 30% of all cases
and 45% of all non-communicable causes of death. [1-5,
8]. According to WHO, about 90% of all diseases are
associated with pain, and patients with chronic pain are
five times more likely to seek medical treatment, compared
with the general population [21]. One of the issues remains
the use of opioids in clinical practice, in particular for the

treatment of postoperative and chronic pain [14, 22, 24,
25]. According to epidemiological studies, the prevalence
of chronic pain syndromes is at least 40% of the adult
population and these figures tend to increase steadily [7,
10, 20, 21]. A systematic analysis of original studies of the
prevalence of symptoms in patients at the terminal stage
of the disease, found that 35-96% of cancer patients, 63-
80% of patients with AIDS, 41-77% of patients with
cardiovascular disease, 34-77% of patients with chronic
obstructive pulmonary diseases and 45-70% with kidney
diseases - have a pronounced pain syndrome [19]. There
is an increasing trend in the world of opioid use, which
contributes to the improvement of somatic, visceral and
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neuropathic pain. Not infrequently, the opioid arsenal and
physicians' knowledge is limited by the use of morphine,
which for a long time has been the "gold standard", the
most common drug in its group. According to research,
there are significant differences in the amount of morphine
consumed by high-income countries compared to middle-
and low-income countries [11]. For example, the
International Narcotics Control Committee (INCC) reports
that about 92% of the worldwide use of morphine is
consumed in countries with only 17% of the world's
population (US, Canada, Western Europe, Australia and
New Zealand). About 75% of the world's population in more
than 100 countries do not have or have insufficient access
to proper treatment for severe pain [12]. However, the
biggest problem with using morphine is the lack of a
"marginal effect" and linear dose-response. That is why, at
the moment, it is important to find alternative methods of
analgesia and to study their effects on the human body.

The purpose of the study is to determine the features of
the micro organization of mitral valve white rat in norm and
after opioid.

Materials and methods

The study material is represented by mitral valve
histological samples of the white rat. The study was
performed on 30 adult white reproductive rats weighing
160-220 g. The experimental animals were divided into 3
series of 10 animals. In the first series the features of
angioarchitectonics of the valves of white rats were normal,
in the second series the dynamics of qualitative and
quantitative structural changes of the valves against the
background of prolonged exposure to opioids in the
experiment after 6 weeks, the third series served as a
control. Experimental animals were injected
intramuscularly 1 time per day for the same period of time
for 42 days (6 weeks) by the opioid drug analgesic
"Nalbuphine". Each week, the dose of the drug for injection
was increased in sequence: 1st week - 8 mg/kg, 2nd week
- 15 mg/kg, 3rd week - 20 mg/kg, 4th week - 25 mg/kg, 5th
week - 30 mg/kg, 6th week - 35 mg/kg [16]. Animals were
withdrawn from the experiment 6 weeks after opioid
administration. The sampling of rat heart valves was
performed after euthanasia by intraperitoneal anesthesia
overdose using sodium thiopental (calculated at 25 mg/kg
body weight).

All experimental animals were kept in the vivarium of
Lviv National Medical University named after Danylo
Halytskyi. The studies were conducted in accordance with
the provisions of the European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986), Council of Europe
Directives 86/609/EEC (1986), Law of Ukraine N0.3447-1V,
on the "Protection of Animals from Cruelty behavior", the
general ethical principles of animal experimentation,
approved by the First National Congress of Ukraine on
Bioethics (2001).

Images from histological specimens of the mitral valve
on a computer monitor were taken from a MICROmed SEO
SSCAN microscope and using a Vision CCD Camera. The
studies were performed at certain times of the experiment
in preparations stained with hematoxylin-eosin.

Results

Mitral valve consists of two leaflets. Histologically, the
left atrioventricular valve is represented by endocardial folds
(Fig. 1). The endocardium of the mitral valve consists of 3
layers. Internal and external - endothelial - in the form of a
layer of flat polygonal shape, elongated cells with irregular
wavy edges. On the inner surface (facing the ventricle cavity),
the endothelial cells contain many microvilli. On the outer
surface of the valves (facing the atrial cavity), the endothelial
cells are located much further apart from the layer of the inner
endothelium. The subendothelial layer is represented by a
fibroblast-rich connective tissue. As a part of this connective
tissue base there are superficial fibrous and deep spongy
layers. The superficial fibrous layer is a dense connective
tissue with a small number of cells, thick bundles of collagen
fibers oriented in different directions, which provides durability
under various factors. Collagen fiber bundles are delimited
by thin layers of the basic substance, fibrocyte bodies, and
single elastic fibers. The thin collagen fibers of the
endocardium gradually move into the fibrous plate of the valve
leaf, and at the place of attachment of the mitral and tricuspid
valves into fibrous rings. The deep spongy layer is a loose
connective tissue rich in cells. The musculoelastic layer is
represented by smooth myocytes, braided collagen fibers
with fibroblasts and large number of elastic fibers.

At the base of the valves, the endocardium is separated
from the myocardium by a connective tissue base containing
thick elastic, collagen and reticular fibers. Blood vessels
and nerves are placed between them. The atrial side of the
valves has a smooth surface. The endothelial layer is more
pronounced and denser than the ventricular side. The

Fig. 1. White rat mitral valve base endocardium. 1 - endothelial
cells on the basement membrane; 2 - tufts of collagen fibers; 3 -
fibroblast bodies; 4 - fibrous ring; 5 - nuclei of smooth muscle cells;
6 - blood capillaries. Hematoxylin-eosin staining. x200.
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Fig. 2. A- atrial side of leaflets of valve; B - ventricle side leaflets
of valve; 1 - layer of endothelial cells on the basement membrane;
2 - tufts of collagen fibers; 3 - elastic fibers; 4 - nuclei of connective
tissue cells. Hematoxylin-eosin staining. x200.
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Fig. 3. White rat mitral valve base endocardium, week 6 of the
experiment. 1 - detachment of endothelial cells in the lumen of the
right ventricle; 2 - single endothelial cells on a thinned basal
membrane; 3 - fragmented collagen fibers; 4 - single bodies of
fibroblasts. Hematoxylin-eosin staining. x100.

ventricular side has an uneven surface because of the
outgrowths from which the tendon filaments begin. In this
area, only a few elastic fibers are located below the
endothelium (Fig. 2).

After 6 weeks of nalbuphine administration, deep
destructive changes are observed: in the inner layer, the
endothelial cells are not attached to the basement membrane,
irregularly shaped and without processes. The single
endothelial cells remaining on the basement membrane lost
their polygonal shape and connections. In the outer layer,
single, irregularly shaped endothelial cells attach to a thin
basal membrane and form valve structures with each other
or lose contact with it. In the subendothelial layer there is a
small amount of multidirectional collagen fibers, a large
amount of basic substance and fibrocytes. Fibroblasts are
presented in small numbers. Collagen fiber bundles have
become thinner and more fragmented. In the musculoelastic

layer, contact between smooth myocytes, thin bundles of
collagen and elastic fibers was lost. The gaps between the
structural components are taken up by the basic substance.
A small amount of collagen fibers and fibroblasts are located
between the main substance (Fig. 3).

Discussion

Depending on the extracardiac and intracardiac factors,
a number of studies by both morphologists-experimenters
and clinicians have been devoted to the study of the adaptive
capacity of the injured heart [23]. It should also be noted that
in recent years, morphometric methods have been widely
used in biomedical research, which allow to study qualitative
and quantitative patterns of physiological and pathological
processes, to adequately objectify and logically interpret them
[6, 13]. However, there are almost no studies that would
comprehensively study heart valves at all levels of structural
organization and under the conditions of action on the body
of opioids. The relevance of this work is that the microscopy
of histological preparations of the heart valves was
performed sequentially, evaluating the morphological
changes in normal and opioid exposure after 6 weeks of the
experiment. Emphasis was placed on the presence or
absence of endothelial layer, as well as the condition of
endothelial cells in normal and at the action of the damaging
factor, determining the signs of their dystrophy,
desquamation and proliferation. There is sufficient
information in the literature regarding the effects of opioid
agents on the sense organs [17], the skin [15], and etc.
There are experimental works describing the
decompensation of the hemomicrocirculatory bed with
prolonged exposure to opioids, when the capillary
component is destroyed, arterioles are twisted and
deformed, venules are enlarged [18]. Fundamental is the
work to formulate a list of macro- and microscopic changes
in heart valve structures that are characteristic of acquired
heart defects of inflammatory and non-inflammatory genesis,
and morphological groups that are typical only of rheumatic
heart disease, infectious endocarditis, and acquired heart
defects of non-inflammatory nature [9]. The novelty of this
study is that there are no data on the effect of opioid agents
on cardiac function, namely the morphological changes of
the valvular apparatus under the influence of opioids, some
studies are observational and the findings are insufficiently
substantiated.

The prospect of further research in this direction is related
to the further study of the histological organization of the
valvular apparatus of the heart under the action of opioid
agents.

Conclusions

1. In the norm, the mitral valve rat is represented by the
folds of the endocardium, consisting of three layers:
endothelial, subendothelial and musculoelastic.

2. After six weeks of administration of nalbuphine, mitral
valve is in the stage of decompensation - the outer and
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inner endothelial layers are destroyed, the endothelial cells
are deformed, the subendothelial layer is represented by
single bundles of multidirectional and destroyed collagen
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rICTONOrYHI OCOBUBOCTI ABOCTYIKOBOIO KINAMAHA CEPLISI B HOPMI TA NPU Ali onioify B EKCMEPUMEHTI
Mamewyk-Baue6a J1.P., Cumiecbka P.P., Benik H.B., llininoHoea B.B.

Ha cboeodHiwHil deHb namosozis cepuyeso-cyOuHHOI cucmemu € Haubinbw po3roecrodXXeHor, Mae meHOeHuito 00 36iNbuWeHHs,
Halyacmiwe npu3godums G0 iHeanidOHOCMi ma cMepmHOCMi HacenieHHs1 y Morodomy npaue3damHoOMy 8ili ma € 8aXugor MeOUYHOI
i couianbHot npobnemoro. Mema docnidxKeHHs1 - cmaHoesneHHs ocobriueocmeli MikpoopeaHidauii 080CMYyIKo8020 KranaHa cepusi
6inoeo wypa e Hopmi ma 3a ymosu Oii onioidy. Mamepian docnidxeHHsi npedcmasneHull 2icmonpenapamamu 080CcmyIko8020 KranaHa
cepus 6inozo wypa. HocnidxeHHsi sukoHaHo Ha 30 cmameso3pinux 6inux wypax pernpodykmueHo20 8iKy macorw 160-220 a.
EkcriepumeHmanbHUM meapuHaMm 8800unu 8HympiuHbom's3080 1 pa3 Ha 006y 8 od0Hakosul MPOMIKOK 4Yacy rpomsicom 42 OHie (6
muKkHi8) onicidHUU Hapkomuy4Hull aHanbeemuk "HanbydiH". 3a donomoeoro eicmonoeidHux memodie bynu susdeHi 30 dsocmyrnkosux
knanaHie 6inozo wypa. Mikpockonito 2icmornoziyHux npernapamis KianaHie cepusi npoesodusu nocido8HO, OUIHIKYU X MOpPghooeio
8 Hopmi ma ripu Oii onioidy Yepes 6 muxHie ekcriepumeHmy. AKUyeHmyeanu yeaay Ha npucymHicmb Yu 8i0cymHicmb eHOomerianibHO20
wapy, a makox cmaH eHéomernioyumie y Hopmi ma ripu Oii MOWKOOXyHH020 ¢hakmopa, eudHadaroyu 03HaKku ix ducmpodpii, deckeamauii
ma niponighepavuii. BcmaHoeneHo, wo, 3a3guyatl, 080cmynkosul KnarnaH cepus wypa npedcmasneHull cknadkamu eHookapda. EHOokapd
wypa cknadaembcsi 3 mpbox wapie: eHoomenianbHo20 (bazamoeo eHOomenioyumamu fpukpinneHumu 0o basanbHoi MemMbpaHu),
nideHOomenianbHO20 (crionlyyHa mkaHuHa, kompa baseama Ha ¢pibpobracmu) ma M'a3080-e1acmuyHo2o wapy (mpedcmasneHul
enadkumu mioyumamu, obrnemeHUMU MyYyKkaMu Kosla2zeHo8UX ma eflaCmuyHUX 80510KOH). [leocmyrnkoeul knanaH cepus nicns 6-
MmuXHee8o20 88e0eHHs HanbygiHy 3Haxodumbcsi Ha cmadii dekomneHcauii, Konu 308HIWHIG ma eHympiwHitl eHOomenianbHi wapu
3pylHosaHi, eHO0omenioyumu OeghopmosaHi, nideHdomenianbHUl wap npedcmasneHuli MOOOUHOKUMU fyyYyKaMu Pi3HOHaNPsMIeHUX
ma 3HUWEeHUX KOrla2geHOo8UX B0SI0KOH, HEBEITUKOIO KiflbKICIMIO KTiMUH, SIKi pO3MILLEHI MiX OCHOBHOIO Pe4O8UHOI. Y M'S3080-e11aCmuyHOMy
wapi empad4aembcsi KOHMakm Mixx a2nadkumu mioyumamu ma gpaeMeHmo8aHUMU i CMOHWEHUMU KOmla2eHo8uMU U enacmuyHUMU
goriokHamu. [aHe docrioxeHHs1 003807159€ 3pobumu 8UCHOBKU W000 OeCcmpyKmMU8HO20 8Mugy OrMioiOHUX CKnadosux Ha KrianaHHUU
anapam cepusi.

KntouoBi cnoBsa: dsocmyrnkosuli knanaH, 2icmosioeis, onioid, 6inud wyp, Hopma.

MCTONOMMMYECKUE OCOBEHHOCTU BYCTBOPYATOIO KNAMNAHA CEPALA B HOPME U NMPU BO3AEWCTBUN ONMUOUOA B
OKCMNMEPUMEHTE

Mameuwyk-Bayeba J1.P., Cumuecbka P.P., benuk H.B., lMununoHoea B.B.

Ha cez2o0HAwHul OeHb namorsnoausi cepdeqHo-cocyoucmoll cucmeMbl sensiemcsi Hauboree pacrpocmpaHeHHoU, umeem meHOeHUUo
K pocmy, 3a4acmyio rpueodum K UH8anudHOCmuU U CMepmHOCMU HacesreHusi 8 MoiodoMm mpydocrnocobHoM so3pacme U sierissemcsi
g8axHoU mMeduyuHckol u coyuanbHol rnpobnemod. Llens uccnedosaHusi - ycmaHosrneHue ocobeHHocmel MuKpoopaaHu3auyuu
dsycmeopyamozo KnanaHa cepdua besnol KpbiCbl 8 HOpMe U rpu go3delicmeuu onuouda. Mamepuan uccrnedosaHusi npedcmasneH
eucmonpernapamamu 08ycmeop4yamoeo KranaHa cepoua 6erol Kpbickl. MiccriedosaHue ebinonHeHo Ha 30 rnonoeosperbix benbix
Kpbicax penpodykmugHo2o so3pacma maccol 160-220 2. SkcnepumeHmarbHbIM XUBOMHbIM 8800uUNU 8HymMpuMbIue4YHo 1 pa3 8
CymKu 8 00UHaKo8bIl MPOMEXYMOK 8peMeHuU 8 meyeHue 42 OHel (6 Hederb) onuoudHbIl Hapkomuyeckull aHanbeemuk "HanbyguH".
C nomouwybto 2ucmornoauyeckux Memodos bbinu udyqeHs! 30 d8ycmeopyambix KnanaHos 6esol KpbiChkl. MUKpPOCKOMUIO 2uCmonoau4yeckux
npenapamos KnamnaHos cepdya nposodusnu rocrnedosamernbHO, ouyeHUsasi ux Mopghosiozuro 8 Hopme u rnpu eo3delicmeuu onuouda
yepe3 6 Hederlb aKcrepuMeHma. AKUeHmMUposasu 8HUMaHUe Ha npucymemeue unu omcymcmeue 3HOoOmesiuanbHo20 Cr0sl, @ makxe
cocmosiHue 3HOomenuoyumos 8 Hopme U npu e8o3delicmeuu rnospexoarweao hakmopa, onpedesnss npusHaku ux oucmpoguu,
deckeamayuu u nponugepayuu. YcmaHoeneHo, 4mo 8 Hopme 0gycmeopydamblil KnanaH cepdua KpbiCbl rnpedcmasrnieH cknadkamu
9HOoKapda. OHOoKapd KpbICbl cocmoum u3 mpex croes: aHoomenuanbHoz2o (bo2amoeo 3HOomenuoyumamu, MPUKPenIeHHbIMU K
6asanbHol mMembpaHe), nodsHOomenuanbHo20 (coeduHumesnbHas mKaHb, Komopasi 6oeama ubpobrnacmamu), U MbILEYHO-
anacmuyeckoeo crosi (npedcmasneH anadkumu Muoyumamu, orfiemeHHbIMU MyYKamMu KO/Ia2eHo8bIX U 3/1acmuyecKuX 80JI0KOH).
Jsycmeopyameili knanaH cepdua rnocne 6-HedernbHo20 8gedeHusi HanbyguHa Haxodumcsi Ha cmaduu deKkomreHcayuu, koeda 8HewHUU
U 8HympeHHuUll 3HOomenuarsbHble Criou pa3pyweHsl, 3HOomenuoyumsl 0eghopmMuposaHbl, ModsHOomenuarnbHbil crol npedcmaesneH
€OUHUYHBLIMU MyYKaMu pa3HOHarnpassieHHbIX U YHUYMOXEHHbIX KO/1a2eH08bIX 80/I0OKOH, HEGOMbWUM KOUYECMBOM K/1eMmOK,
pacronoxXeHHbIX Mex0y OCHOBHbIM 8eU,ECMBOM. B MbIlEYHO-351aCMUYHOM C/10e mepsiemcsi KOHmakm Mexoy enadkumu Muoyumamu
U ¢hpacMeHmMUpPOBaHHbIMU U UCMOHYEHHBIMU KOJI1a2eHo8bIMU U 351laCmUYecKUMU 80510KHamu. [JaHHoe uccriedosaHue ro3eosnsiem
coenamb 8bI800bI OMHOCUMEIbHO OeCmpPyKmMUBHO20 8/USHUSI OMUOUOHbIX COCMAasIsAroWUX Ha KrnanaHHbIl annapam cepoya.
KnroueBble cnoBa: dsycmeopyamnbil KriamnaH, aucmoisoausi, ornuoud, benas Kpbica, HOpma.
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congenital malformations, there is a need to determine the morphometric (histometric)
parameters of the cerebellum at different gestational times. The purpose of the study is
to determine the morphometric parameters of the cerebellum of human embryos for 8-
9 weeks of prenatal development, as well as features of cytoarchitectonics of its
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thick were stained with hematoxylin, eosin, toluidine blue and Van Gieson, and
diagnostic monoclonal antibodies of "DacoCytomation" (Denmark): Vimentin, Ki-67
and Synaptophysin were used for immunohistochemical studies. The results of
measurements of the total thickness of all layers, the density of neural stem cells
(NSC), as well as the area of the right and left hemispheres of the cerebellum were
obtained during the study. In immunohistochemical study, we determined the direction
of NSC migration and cell proliferation of all layers of the cerebellum, as well as the
length of radial glia fibers. In the cerebral hemispheres of embryos of 8-9 weeks there
is a clear division into ventricular, intermediate, molecular and outer granular layers.
The highest density of neural stem cells was observed in the outer granular layer -
151.0+4.1 cells per 0.01 mm?. The lowest cell density was observed in the molecular
layer - 22.0+0.8 cells per 0.01 mm?. The most intense cell proliferation was established
in the ventricular layer and the outer granular layer of the cerebellum, and the least
intense in the intermediate layer. Synaptophysin expression was only slightly expressed
in the ventricular layer of the cerebellum. The radial glial fibers begin from the ventricular
layer and penetrate all layers of the cerebellum, ending in the outer granular layer. The
average length of radial glial fibers was: short - 120.8+5.7 um, long - 195.3+9.4 um. The
exterior granular layer is represented by spherical undifferentiated cells with an average
area size of 641.1+28.9 unm?, the molecular layer - NSC with an area of 472.9+23.7 unv,
the intermediate layer - NSC with an area of 492.2+23.1 un?’, and the ventricular layer is
represented by neuroblasts with an area of 436.1+21.8 un?. Thus, itis established that
there is a clear division of the cerebellum layers into the ventricular layer, which is
represented by neuroblasts, the intermediate layer - NSC, the molecular layer - NSC, and
the outer granular layer is represented by undifferentiated cells; the densest neural stem
cells are located in the outer granular layer and less densely in the molecular layer.

Key words: cerebellum, morphometric parameters, radial glia, prenatal development.

Introduction

Anatomic and physiological integration is evaluated as  of the central nervous system (CNS), as well as those
a unit of a functional system that unites in one adaptive  functions that will be required for the newborn in order to
reaction each specific case and the dynamics of nervous  exercise the basic types of vital activity [4, 9, 19].
processes. In particular, the fetus is characterized by the The process of nerve tube formation begins from 22-23
acceleration and selective development of those structures  days and ends between 25-27 days. It is known that
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abnormalities in the development of the CNS result from
the influence of environmental and genetic factors, but the
mechanisms of pathogenesis of embryonic abnormalities
of human brain development are still unknown [2, 7, 13].

Disruption of CNS formation and localization of
malformation in early gestation depends on the timing and
arrest of the stages of neurulation. The high incidence of
anomalies of the spinal, medulla, and hindbrain is due to
the fact that neurulation in the cranial compartment lasts
the longest period of time. During the closure of the
medullary rollers, the basis of the driving factor of
morphogenesis is the intercellular interaction, which
determines the formation of the brain and in violation of
which irreversible abnormalities of the CNS develop [10,
14,17, 23].

The human brain develops from tubular structures, but
the morphological organization is very complex. During
prenatal development, structural changes occur in the brain
and the basic elements of the definitive brain are formed.
At various stages of prenatal development, a detailed
topographic-histological examination of the human brain
will not only help in understanding the highly ordered
process of its structure, but also help to identify
developmental defects that are related to genetic or
environmental factors [5, 8, 11, 15, 18, 22].

Thus, a detailed study of the cerebellum of the fetus
and human embryos in different periods of prenatal
development makes it possible to establish certain patterns
of restructuring of its structure.

The purpose of the study is to determine the
morphometric parameters of the cerebellum of human
embryos for 8-9 weeks of prenatal development, as well
as features of cytoarchitectonics of its structures, which is
inherent in the given gestation period.

Materials and methods

The work is a fragment of the planned scientific work of
the Department of Human Anatomy, National Pirogov
Memorial Medical University, Vinnytsya "Determination of
morphological changes of the central nervous system of a
person during the prenatal period of ontogeny (macroscopic,
histological, morphometric, immunohistochemical study)",
state registration Ne 0118U001043.

Anatomic-histological, immunohistochemical and
morphometric examination of the cerebellum of 10 human
embryos was performed for 8-9 weeks. The parietal-coccygeal
length was 34.0+1.7 mm, the mass was 5.0+0.7 g. The
materials were obtained as a result of a late abortion at the
Vinnitsa Regional Pathological Office. Defects of the CNS
development in this period were absent. The fixation of the
preparations of the cerebellum was performed according to
own technique [20].

Subsequently, serial sections of cerebellar
preparations 8-10 ym thick were made, stained with
hematoxylin, eosin, toluidine blue and Van Gieson.
Diagnostic monoclonal antibodies from "DacoCytomation”

(Denmark) were used in immunohistochemical studies:
Vimentin, Ki-67 and Synaptophysin. Ki-67 was used to
evaluate the proliferative activity of neural stem cells (NSC),
Vimentin - to investigate the morphology of radial glia and
Synaptophysin - to evaluate the myelination of the fibers of
the leading pathways and to establish their connections.

SIGETA and MBS-10 light microscope was used for
morphometric examination. Magnification x4, x10, x20, x40
and x100 were used. Photographs and morphometry of
the obtained sections were performed using an ETREK
Ucmos camera and a ToupView computer program
(computer histometry).

Statistical processing of digital data was carried out
using the standard software package "Statistica 6.0" by
Statsoft (license number BXXR901E246122FA).

Results

In the course of the study we obtained the following
morphometric parameters of the structures of the
cerebellum: the total thickness of all layers of the right
cerebellum hemisphere was 167579 um, the externally
granular layer - 28.20+£1.20 ym, the molecular layer -
20.62+1.02 um, the intermediate layer - 1590£74 um,
ventricular layer - 36.30+£1.70 um.

In the study of the thickness of all layers of the left
cerebellum hemisphere, the following data were obtained
- 1643176 um, externally granular layer - 28.00+£1.20 um,
molecular layer - 20.10£1.00 pm, intermediate layer -
1559175 ym, ventricular layer - 36.20+1.80 ym (Fig. 1).
The greatest thickness was observed in the intermediate
layer, whereas the molecular layer had the lowest thickness
(Fig. 2).

The density of NSCs in the ventricular layer of all
structures of both hemispheres was 134.0+3.9 cells per
0.01 mm?Z. In the outer granular layer (neurons and gliocytes)
- 151.024.1 cells per 0.01 mm?. In the intermediate layer -
74.00£3.00 cells per 0.01 mm?2. The lowest cell density was
visualized in the molecular layer - 22.00+0.80 cells per
0.01 mm?2. Thus, we found that the lowest cell density was
observed in the molecular layer - 22.00+0.70 cells per
0.01 mm?, whereas the highest cell density was observed
in the outer granular layer - 151.0£4.2 cells per 0.01 mm?
(Fig. 3).

In the outer granular layer are represented by spherical
undifferentiated cells with an area of 641.1+28.9 um?, the
molecular layer is represented by NSC area of 472.9+
23.7 ym?, the intermediate layer of NSC 492.2+23.1 um?,
the ventricular layer is represented by neuroblasts with an
area of 436.1+21.8 ym>.

At 8-9 weeks of gestation NSC migration takes place in
the radial direction and the externally granular layer
tangentially.

Cell proliferation occurs more intensively in the
ventricular layer, as well as in the outer granular layer of the
cerebellum, less intensively in the intermediate layer

(Fig. 4).
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Fig. 3. The density of NSC in the layers of the cerebellum of 8-9
weeks human embryo.

'
Fig. 1. Human fetal cerebellum at 8-9 weeks. A - horizontal cross-
section of the cerebellum: 1 - outer granular layer, 2 - molecular
layer, 3 - intermediate layer. Hematoxylin-eosin; x400. B - horizontal
section of the cerebellum: 1 - ventricular layer, 2 - intermediate
layer. Hematoxylin-eosin, x400.
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weeks human embryo. granular layer, 2 - intermediate layer. Ki-67, x400.
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A
Fig. 5. Horlzontal slice of the cerebellum. A: 1 -
2 - ventricular layer. Vimentin; x400. B - intermediate layer. Vimentin;
x400.

intermediate layer,

We have found that when using Vimentin, radial glial
fibers start from the ventricular layer, penetrate all layers of
the cerebellum in the radial direction and end in the
externally granular layer. The expression of Vimentin in radial
glial fibers was relatively moderate in the intermediate layer
and relatively strong in the ventricular and externally granular
layers. The average length of radial glial fibers was: short -
120.845.7 um, long - 195.3+9.4 um (Fig. 5).

The expression of Synaptophysin in this term is slightly
expressed in all layers of the cerebellum (Fig. 6).

Thus, in the course of the study we established the
features of cytoarchitectonics, morphometric parameters
of the structures of the cerebellum of human cerebellum
embryos at 8-9 weeks of prenatal development.

Discussion

Owing to the expansion of the wall of the cranial end of
the nerve tube in the region of the hindbrain, the cerebellum
is formed [21].

When examining histological sections, we observed

Fig. 6. Horizontal slice of cerebral hemispheres. A: Synaptophysin;
x100. B: 1 - ventricular layer, 2 - intermediate layer. Synaptophysin,
x400.

that during this period from the formed hemisphere of the
cerebellum over the fourth ventricle, the formation of the
cerebellar worm occurs, whereas K. Cho (2011) indicates
that at the end of the embryonic period and at the beginning
of the fetal period, starting from 7-8 weeks, the rhombic lip
and the alar plate expanded to form the cerebellar
hemispheres that began to approach over the fourth
ventricle. The cerebellar worm forms a little later, up to 10
weeks. The cerebellar worm forms a little later, by 10 weeks
the cerebellar hemispheres have already merged along
the median line, forming the cerebellar worm [3].

Thus, we found that the lowest cell density was
observed in the molecular layer - 22.00+0.70 cells per
0.01 mm?, whereas the highest cell density was observed
in the outer granular layer - 151.0+4.2 cells per 0.01 mm?.
In our opinion, this phenomenon is related to the fact that
NSC migrates from the outer granular layer towards the
ventricular layer to form the inner granular layer, whereas
J. Volpe (2009) states that the tabulation of Purkinje nuclei
and cells occurs in the first weeks of development of
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migration of neuroblasts in the ventricular layer. During the
period of 9-10 weeks of prenatal development, neural stem
cells are separated from the ependymal layer of the fourth
ventricle and migrate to the surface of the cerebellum
(primary migration). Thus, they form the outer germinal
layer, and by the 21st week its thickness is 6-9 cell layers.
Hence, cells differentiate into neuroblasts and migrate in
the opposite direction. The movement of cells through the
Purkinje cell layer is directed by radial glia [6, 16, 21].

At 8-9 weeks gestation NSC migration takes place in
the radial direction, and the outer granular layer tangentially,
as J. Volpe points out[21], NSC migration in the fetal period
occurs in the radial direction, and in the embryonic period,
the outward granular layer is formed where the cells go
tangential direction above the surface of the cerebellum.

Cell proliferation occurs more intensely in the ventricular
layer as well as in the outer granular layer of the cerebellum,
however, H. Abraham (2001) found that expression of Ki-67 in
the cerebral cortex of a human fetus for 24 weeks of prenatal
development more intense in the outer granular layer [1].

The expression of Synaptophysin in this term is slightly
expressed in all layers of the cerebellum, whereas A.
Milosevic in 1998 indicates that for 13 weeks, the
expression of Synaptophysin is present in all layers of the
cerebellum [12]. In our view, Synaptophysin expression is
insignificantly expressed in all layers, which may be due to
the fact that in this embryonic period the fetus is not as
active as in 13 weeks of prenatal development.

Prospects for further development are to study the
patterns of development and establishment of structures
of the human cerebellum during the prenatal development,
as well as the subsequent use of immuno-histochemical

References

[1]Abraham, H., Torndczky, T., Kosztolanyi, G., & Seress, L. (2001).
Cell formation in the cortical layers of the developing human
cerebellum. Int. J. Dev. Neurosci, 19, 53-62. doi: 10.1016/
s0736-5748(00)00065-4

[2] Antipkin, Y. G., Kirilova, L. G., Avramenko, T. V., & Shevchenko,
0.A. (2015). Congenital malformations of the CNS: the current
state of the problem, clinical and neurological features and
issues of optimization of prenatal diagnosis. Journal of the
National Academy of Medical Sciences of Ukraine, 21(2),
201-214.

[3] Cho, K. H. (2011). Early fetal development of the human
cerebellum. Surg. Radiol. Anat., 33(6), 523-530. doi: 10.1007/
s00276-011-0796-8.

[4] Dastjerdi, F. V., Consalez, G. G., & Hawkes, R. (2012). Pattern
formation during development of the embryonic cerebellum.
Front. Neuroanat., 10(6). doi: 10.3389/fnana.2012.00010

[5] Fei, L., Zhonghe, Z.,Xiangtao, L., Gaojun, T., Haiwei, M., Taifei,
Y. ... Shuwei, L. (2011). Development of the human fetal
cerebellum in the second trimester: a post mortem magnetic
resonance imaging evaluation. Anat., 219(5), 582-588. doi:
10.1111/j.1469-7580.2011.01418.x

[6] Hassan, M., Marc, R. D. B., Javad, A., Saeid, G., Robby, M. Z., &
Mojgan, R. (2015). Cellular commitment in the developing
cerebellum. Front. Cell. Neurosci. doi.org/10.3389/
fncel.2014.00450

markers to conduct a comprehensive study and
comparative analysis of similar indicators of human
embryos and fetuses.

Conclusions

1. In the cerebellar hemispheres of embryos, 8-9 weeks
of prenatal development, there is a clear division into
ventricular, intermediate, molecular and outer granular
layers. It was found that the densest NSC are located in the
outer granular layer (151.0t4.1 cells per 0.01 mm?) and
less densely in the molecular layer (22.00+£0.80 cells per
0.01 mm?). The greatest thickness had an intermediate layer
of the cerebellum - 1574+83 um, the smallest - molecular
layer 20.30+1.00 um.

2. Relatively most intense cell proliferation was found
in the ventricular layer and the outer granular layer of the
cerebellum and the least intense in the intermediate layer.
Synaptophysin expression is slightly expressed in the
ventricular layer of the cerebellum.

3. It is established that the radial glial fibers start from
the ventricular layer, permeate all layers of the cerebellum
and end in the outer granular layer. The expression of
Vimentin in radial glia fibers is relatively moderate in the
intermediate layer and relatively strong in the ventricular and
external granular layers. The average length of radial glial
fibers was: short - 120.8+5.7 ym, long - 195.3+9.4 um.

4. The exterior granular layer is represented by spherical
undifferentiated cells with an area of 641.1+28.9 um?, the
molecular layer is represented by NSC area 472.9%
23.7 ym?, the intermediate layer - NSC area 492.2+23.1
pm?, the ventricular layer is represented by neuroblasts with
an area of 436.1+21.8 pm?2.

[71Hibi, M., & Shimizu, T. (2012). Development of the cerebellum
and cerebellar neural circuits. Dev. Neurobiol., 72, 282-301.
doi: 10.1002/dneu.20875

[8] Huang, H. (2010). Structure of the fetal brain: what we are
learning from diffusion tensor imaging. The Neuroscientist,
16, 634-649. doi: 10.1177/10738584093567 11

[9] Hutchins, B., Klenke, U., & Wray, S. (2013). Calcium release-
dependent actin flow in the leading process mediatesaxophilic
migration. J. Neurosci., 33, 11361-11371. doi: 10.1523/
JNEUROSCI.3758-12.2013

[10] Marklund, U., Alekseenko, Z., Andersson, E., Falci, S., Westgren,
M., Perlmann, T. ... Ericson, J. (2014). Detailed Expression
Analysis of Regulatory Genes in the Early Developing Human
Neural Tube. Stem Cells Dev., 23(1), 5-15. doi: 10.1089/
s¢d.2013.0309

[11] Martinez, S., Andreu, A., Mecklenburg, N., & Echevarria, D.
(2013). Cellular and molecular basis of cerebellar
development. Neuroanat. doi.org/10.3389/fnana.2013.00018

[12] Milosevic, A. (1998). Developmental changes in human
cerebellum: Expression of intracellular calcium receptors,
calcium binding proteins, and phosphorylated and
nonphosphorylated neurofilament protein. Zecevic Version
of Record online, 10(2), 442-460. doi: 10.1002/(SICI)1096-
9861(19980713)396

[13] Mohammed, H. K., Abubaker, E., Deya, E. A. M., & Khalid, T.

Vol. 25, Ne3, Page 45-51

49



Histostructural organization of the cerebellum of human fetuses for 8-9 weeks of prenatal development

(2015). Sonographic Evaluation of Normal Anatomy of Fetal
Central Nervous System in Mid-Trimester. Forensic Medicine
and Anatomy Research., 3(1) 32-38. doi.org/10.4236/
fmar.2015.31007

[14] Nowakowska-Kotas, M., Kedzia, A., & Dudek, K. (2014).
Development of external surfaces of human cerebellar lobes
in the fetal period. Cerebellum., 13, 541-548. doi: 10.1007/
5$12311-014-0566-3

[15] Ostrem, B. E., Lui, J. H., Gertz, C. C., &Kriegstein, A. R. (2014).
Control of outer radial glial stem cell mitosis in the human brain.
Cell. Rep., 7, 8(3), 656-664. doi: 10.1016/j.celrep.2014.06.058

[16] Rakic, P., & Sidman, L. (1970). Histogenesis of cortical layers
in human cerebellum, particularly the lamina dissecans. Comp.
Neurol., 139(4), 473-500. doi: 10.1002/cne.901390407

[17] Saveliey, S. V. (2012). Pathology of embryonic morphogenesis
of the human brain. Bulletin of the Russian Academy of
Medical Sciences, 8, 40-46.

116-118. doi: 10.1016/j.dib.2015.05.001

[19] Shkolnikov, V. S. (2015). Macro- and microstructure of the
spinal cord of human fetuses with teratomas. Reports of
Morphology, 21(1), 117-127.

[20] Shkolnikov, V. S., Zalevsky, L. L., Stelmashchuk, P. A., Tikholaz,
V. O., Gryshchenko, Y. V. (2017). Patent of Ukraine Ne 115849
MIKA61B 17/00,A61B 17/06 (2006.01)

[21] Volpe, J. (2009). Cerebellum of the premature infant: rapidly
developing, vulnerable, clinically important. Child. Neurol.,
24(9), 1085-1104. doi: 10.1177/0883073809338067

[22] Williams, J., Mai, C., Mulinare, J., Isenburg, J., Flood, T. J.,
Ethen, M. ... Kirby, R. S. (2015). Updated estimates of neural
tube defects prevented by mandatory folic Acid fortification -
United States, 1995-2011. MMWR Morb. Mortal. Wkly Rep.,
64(1), 1-5.

[23] Xu, H., Yang, Y., Tang, X., Zhao, M., Liang, F., Xu, P. ... Fan, X.
(2013). Bergmann glia function in granule cell migration during

[18] Shiraishi, N., Katayama, A., Nakashima, T., Yamada, S., Uwabe,
C., Kose, K., & Takakuwa, T. (2015). Three-dimensional
morphology of the human embryonic brain. Data Brief., 4,

FICTOCTPYKTYPHA OPrAHI3ALIA MO30O4YKA EMBPIOHIB NIOAWHU 8-9 TUXXHIB BHYTPILLHBOYTPOBHOIO PO3BUTKY
3aneecnkuli J1.J1., WkonbHikoe B.C., lpuxodbko C.O.

Bucoka 4yacmoma po3mnoscto0xeHocmi aHomaril 3a0Hb020 MO3Ky 0bymosrieHa muM, Wo Helpyrsauis y KpaHiarnbHoMy 8iddini mpusae
Halbinbwul npomixok Yacy. Tomy, s 6inbw 0emarnbHo20 0CniOXeHHs] eMbpio2eHe3y, pO3yMIHHSI MEXaHi3Mi8 NamoaeHesy ma 8UHUKHEeHHS
8podxeHUX 8ad Po3BUMKY BUHUKAE HeObXIOHICMb y 8U3HaYeHHi MOPGHOMEmPUYHUX (2iCMOMempuUYHUX) napamMempie Mo304Ka y PisHi
mepmiHu 2ecmauii. Mema docnidxeHHsi - ecmaHo8umMuU MopgoMempuyHi napamempu Mo304ka eMbpioHie moduHU 8-9 mux.
8HymMPpIiWHBbOYMpPObHO20 PO3BUMKY, @ MaKoX 0cobrIueocmi UUMoapXimeKmoHiku 020 cmpyKkmyp, sika npumamaHHa 01 0aHo20 mepMiHy
eecmavuii. lMpoeedeHo aHamomo-zicmonoeidHe, iMyHoegicmoximiyHe ma mopghomempuyHe AociidxeHHsT mMo3oyka 10 embpioHie MOOUHU.
Bueomosnisinu cepiliHi 3pi3u npenapamie Mo304Ky moswjuHor 8-10 MKM, siKi 3abaperosanu 2emMamoKCUsliHOM, e03UHOM, MmosyiouHO8UM
CUHIM ma 3a BaH-li30H. [ns imyHozicmoximiyHo2o 0ocnidxeHHs1 bynu eukopucmaHi GiagzHOCMUYHi MOHOKITOHarbHI aHmumina gipmu
"DacoCytomation" (Harisi): eimeHmuH, Ki-67 ma cuHanmogbi3uH. Y xodi 0ocnidxeHHs1 ompuMaHi pe3yribmamu 8uMipie 3a2anbHOI MosWUHU
yCix wapis, WjinbHicms HeliparbHUx cmoebyposux kiimuH (HCK), a makox nnow,i npagoi ma nieoi nigKyib Mo3o4ka. [pu iMyHo2icmoximidHomy
docnidxeHHi susHaqunu Hanpsamok miepauii HCK ma niponichepauiro KnimuH ycix wapie Mo304ka, a makox OO8XUHY 80SI0KOH padiarbHol
ernii. Y nieKyrnsix Mo3o4ka embpioHie 8-9 muxHs 8idbysaembcsi YimKuli nodinl Ha 8eHMPUKYISAPHUU, MPOMDKHUU, MOMEeKYNspHUU i 308HIWHIU
3epHUcmul wapu. Halbinbwy winsHicme HeliparbHUX cmoebyposux KimuH criocmepizanu y 308HIWHBbOMY 3epHUCmoMy wapi - 151,0+
4,1 knimuH Ha 0,01 mm2. HalMeHwy winbHicms KimuH criocmepizanu y MonekyrnspHoMmy wapi - 22,0+0,8 knimuH Ha 0,01 mm?. BiOHOCHO
Halbinbw iHMeHcusHy rnponicghepauito KIimuH 8cmaHo8uriu y 8eHMPUKYISPHOMY wWapi ma 308HiWHbOMY 3€PHUCTOMY Wapi MO304Ka,
HalMeHW IHMeHCUBHY - y MPOMIKHOMY wapi. Excripecisi cuHanmodgbisuHy byna supaxeHa He3Ha4yHO y 8eHMPUKYIISIPHOMY Wapi MO304Ka.
BoriokHa padianbHoi enii moYuHaomscsi 8i0 8@HMPUKYISAPHO20 wapy ma MPOHU3YIoMb YCi Wapu MO304Ka, 3aKiHYYHYUCh Yy 308HIUWHbOMY
3epHucmomy wapi. CepedHsi oexxuHa 80/10KOH padiarnibHoi enlii cmaHosura: kopomkux - 120,8+5,7 mMkm, dosaux - 195,3+9,4 Mkm. 308HIWHBO
3epHucmuti wap npedcmasneHul Kynsicmumu HedugbepeHuyitiosaHumu KimuHamu cepedHim po3mipom rinowi 641,1+28,9 Mkm?, MorneKynsipHUl
wap - HCK nnoweto 472,9+23,7 mkm?, npomikHul wap - HCK nnoweto 492,2+23,1 MKM?, 8eHMPUKYsipHUl wap rnpedcmasneHul
Helipobrnacmamu nnouwjeto 436,1+21,8 mkm?. Takum YUHOM, 8CMaHOBIEHO, WO 8i06ysaembCsi Yimkul po3nodin wapie Mo3o4yka Ha
8eHMPUKYNAPHUL wap, KUl npedcmaesneHuli Hetipobracmamu, npomixHUl wap - HCK, monekynspHuli wap - HCK, a 308HiwHIl 3epHUcmut
wap npedcmasrieHull HedughepeHUitiogaHUMU KiimuHamu; HaltwinbHiwe HelparbHi cmoebyposi KimuHU po3maliosyromsCs Y 308HIUHbOMY
3epHUCMOMY Wapi, @ MeHW WirIbHO - Y MOMEKYsiPHOMY wWapi.

KnioyoBi cnoBa: Mo3040K, MopghoMempuyHi napamempu, padianbHa 21isi, 8HympiwHb0ympobHUL pO38UIMOK.

cerebellum development. Mol. Neurobiol, 47, 833-844. doi:
10.1007/s12035-013-8405-y

FTMCTOCTPYKTYPHASA OPFTAHU3ALINA MO3XXEYKA SMBEPUOHA YENOBEKA 8-9 HEOAENNIbHOIO BHYTPUYTPOBHOIO
PA3BUTUA

3aneeckuti J1.J1., lWkonsHukoe B.C., [puxodbko C.A.

Bbicokasi yacmoma pacrpocmpaHeHHocmu aHomarul 3adHe2o Mo32a obycrioerneHa meM, Ymo Helpyrnsayusi 8 KpaHuarbHoM omoerse
npodomkaemcs OnumenbHbIU nepuod epemeHu. [Toamomy, 0nss 6onee nodpobHozo uccrnedosaHusi IMbpuozeHe3a, NoHUMaHUs
MexaHU3MO08 famoz2eHe3a U 803HUKHOBEHUSI 8POXOEHHbIX MOPOKO8 pa3gumusi 803HUKaem Heobxodumocmb 8 onpedeneHuu
MOpPghoOMempPUYECKUX (2UCmMOMempuUYeCKUX) Mnapamempos MO3Xe4YKa 8 pasHble CPOKU eecmayuu. Llenb uccnedosaHusi - ycmaHo8ums
Mopghomempuyeckue rnapamempbl MOKedka 3MOPUOHO8 Yeriogeka 8-9 Hed. 8HympuympobHo20 pa3gumusi, @ makKxe ocobeHHocmu
yumoapxumeKmMOoOHUKU e20 CmpyKmyp, Komopasi xapakmepHa 0rs daHHO20 cpoka eecmauyuu. [TposedeHo aHamoMo-2ucmorio2u4yeckoe,
UMMYHO2UCMOXUMUYecKoe U mMopgomempuyeckoe uccriedosaHuss modxedyka 10 aMbpuoHo8 4eroseka. M3zomaenueanu cepuliHble
cpesbl rpernapamos Mo3xedyka monujuHou 8-10 MKM, Komopble OKpawuganu 2eMamoKCUTUHOM, 303UHOM, MOosyuOUHOBbIM CUHUM U 10
BaH-lusoHy. [ns umMmyHO2UCMOXUMUYECKo20 uccredosaHusi bbinu ucrnonb308aHbl OUagHOCMUYECKUEe MOHOK/IOHalbHbIe aHmumerna
¢upmbi "DacoCytomation"” (JaHus): eumenmuH, Ku-67 u cuHanmocgpu3suH. B npoyecce uccredosaHusi Hamu 6b1u MomyYeHbl pesynbmamai
usmepeHuli obweli monuuHbl 8cex cri0es, NIoMHOCMb HelpanbHbiX cmeonosbix knemok (HCK), a makxe nnowadb npagozo u
neeoeo nonywapuli Mosxeyka. [lpu uMMyHo2ucmoxumMu4eckom uccredoeaHuu onpedenunu HanpaeneHue muepayuu HCK u
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rpornughepayuro KemokK 8cex C/10e8 Mo3xedka, a makxe OflUHy 80/10KOH paduasnbHol enuu. B nonywapusx Moxedka aMbpuoHos 8-
9 Hedenu npoucxodum Yemkoe pa3dernieHue Ha 8eHMPUKYSAPHBIU, MPOMEXYMOYHbIU, MOMEKYMAPHbIU U 8HeWHUU 3epHUCMbIl Crou.
Haubonbwyto nnomHocme HelipasbHbIX CMB0sI08bIX KIemok Habmodanu 80 sHewHeM 3epHucmom crioe - 151,0+4,1 knemok Ha 0,01
MM?. HaumeHbLWyto nnomHocms Kriemok Habrooasnu 8 MorneKynsipHoM crioe - 22,0+0,8 knemok Ha 0,01 mm2. OmHocumernbHO Haubornee
UHMEHCUBHYI0 nponughepayuro KIiemok ycmaHo8uiu 8 8eHMPUKYJ/ISPHOM C/I0€ U 8HEWHEM 3E€PHUCITIOM C/I0€ MO3XeYKa, a HauMeHee
UHMEHCUBHYIO - 8 MIPOMEXYMOYHOM Crioe. JKcrpeccusi cuHanmogusuHa bbina He3Ha4yumeribHO 8bipaXeHa 8 8eHMPUKYIISPHOM crioe
Mo3zxeyka. BonokHa paduarnbHol 2nuu Ha4uHarmesi Om 8eHMPUKYIISIPHO20 Cr10s1 U MPOHU3bIBaom 8ce CII0U MO3Xe4YKa, 3aKaH4ueasiCb
80 B8HeWHeM 3epHuUcmom crioe. CpedHsisi dnuHa B80JI0KOH padualnibHoU 2nuu cocmasuna: Kopomkux - 120,8+5,7 MKkM, OnMUHHbIX -
195,319,4 mkm. BHewHul 3epHUcmbIl crioli npedcmasneH waposudHbIMU HeOughhepeHUUpo8aHbIMU KiiemKamu CpedHUM pasmMepom
nnowadu 641,1+28,9 mkm?, mornekynsipHbil crioli - HCK nnowadbio 472,9+23,7 MKM?, mpomexxymoyHbiti crioli HCK nnowadsio 492,2+23,1
MKM?, 8eHMPUKYNsIPHbIU criol npedcmasneH Helipobrnacmamu nnouwjadbto 436,1+21,8 mkm?. Takum o6pa3om, ycmaHO8MeHo, Ymo
npoucxodum 4Yemkoe pa3desileHUe C/I0e8 MO3XeYyKa Ha 8eHMPUKYMApHUU crol, komopbll npedcmasneH Helipobnacmamu,
rnpomexxymouyHblli crol - HCK, monekynspHbil criol - HCK, a eHewHul 3epHUcmbIt crioli npedcmasneH HedughgepeHyupo8aHHbIMU
Krnemkamu; boree niIomHo HelparbHble CMEos08ble KIEMKU pacriona2armcsi 80 6HEWHEM 3€PHUCITIOM crioe, a MeHee MI0mHO - 8
MOJIEKYISIPHOM CJ10€.

KnioueBble cnoBa: MO3xe4oK, MopghoMempuyeckue rnapamempsl, paduanbHas aus, eHympuympobHoe pa3sumue.
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Systemic damage of the organs, including the thyroid gland, is one of the key factors in
the pathogenesis of burn disease due to thermal skin burns. The aim of this study was
to investigate the indices of the cell cycle and DNA fragmentation of thyroid gland cells
in rats with the use of infusion of 0.9% NaCl solution against the background of thermal
skin burns. Experimental studies were conducted on 60 white male rats weighing 160-
180 g, which was subjected to thermal burns of the skin of 2-3 degrees with a total area
of 21-23% of the body surface. The first 7 days rats were infused with 0.9% NaCl
solution into the inferior vena cava. Animals were removed from the experiment by
decapitation (after 1, 3, 7, 14, 21, and 30 days). DNA content in the nuclei of the cells of
the thyroid gland of rats was determined by flow cytometry. The statistical processing of
the obtained results was carried out in the license package "STATISTICA 6.1" using
nonparametric estimation methods. After 1 day after thermal skin damage and using
0.9% NaCl solution, lower (p<0.05) values of the S-phase index (0.234+0.094) were
found compared to the control group without burn (0.652+0.134). The maximum decrease
(p<0.01) of S-phase indicators (0.622+0.110 and 0.214+0.105, respectively) and a
significant increase (p<0.01) of the SUB-GOG1 interval (5.288+0.840) compared to
similar control group values (2.594+0.628) is observed after 3 days. The S-phase
against the background of the introduction of 0.9% NaCl solution and thermal skin burn
remained significantly lower than those of the similar control groups at 7 (p<0.01), 14
(p<0.05) and 21 days (p<0.05). At 14 days after thermal skin injury, the SUB-GOG1
interval (p<0.05) was lower than in the control group of rats. After 30 days, the GOG1
phase parameters were significantly lower (p<0.01), and the G2+M phase values were
significantly (p<0.01) higher than those in the control group at the same time. Thus, it
was found that 0.9% NaCl solution was not effective enough to correct cell division
disorders during the entire observation period after skin burns.

Keywords: thyroid gland, thermal burns of the skin, DNA cytometry, 0.9% NaCl solution.

Introduction

The urgency of the problem of therapy of thermal burns
of the skin and burn disease (BD) is caused by the increase
in the number of burn injuries in modern society, the lack of
efficiency of existing methods of therapy, the high frequency
of development of complications of a systemic nature [14].
The inefficiency of the proposed methods of treatment is not
least due to the complex pathogenesis of this damage, the
numerous factors responsible for the cascade of pathological
processes in thermal burns [13]. For this reason, the
worldwide study of the mechanisms and pathogenetic factors
of BD at the tissue, cell, subcellular and molecular levels
perform, which deepens knowledge about this process and

identifies potential targets of therapy [3].

One of the key factors in the pathogenesis of burn disease
due to thermal burns of the skin, many researchers [6, 10,
18] are considering systemic damage to the organs of the
endocrine system, which manifests itself both functionally
and at the cellular and subcellular level. A special role in the
pathogenesis of BD according to modern data [18] is given
to the interaction of the triangle pituitary gland - adrenal cortex,
pituitary gland - thyroid gland.

It is known [8] that patients with severe thermal burns of
the skin have decreased plasma triiodothyronine
concentrations, low thyroxine and normal range, or slightly
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decreased thyrotropic hormone concentrations. This
ensemble of change is collectively known as the "non-
thyroid disease" syndrome [1]. The degree of manifestation
of this disease is associated with the prognosis of the
disease, but there is no evidence for the causality of this
association. It is assumed [18] that the development of
this condition is a consequence of the acute phase
response to systemic irritation and microelement
constraints. Thyroid injury pathogenetically is associated
with the level of endogenous intoxication and the
development of general inflammatory response,
established a clear link between changes in thyroid
hormone metabolism and activation of various
proinflammatory cytokines [15].

Today, it is believed [7] that the problem of correction of
thyroid gland damage remains an open question in the
treatment of BD, and a problem that requires an urgent
solution, given the important role of the functioning of this
gland in the metabolism of the skin and other vital tissues
(bone, connective tissue) that provide the restoration of
homeostasis in the body. However, the most accurate
method for assessing cell division is the DNA cytometry
method, which is nowadays defined as a reference for the
establishment of apoptosis markers, and such that allows
dividing the cell phases into separate components [2]. We
did not find any data on studies of thyroid cell division by
DNA cytometry against the background of burn skin
damage.

The aim of the study was to investigate the indices of
the cell cycle and DNA fragmentation of the thyroid gland in
rats using infusion of 0.9% NaCl solution against the
background of thermal skin burns.

Materials and methods

Experimental studies were conducted on 60 white male
rats weighing 160-180 g, conducted at the Research
Laboratory of Functional Morphology and Genetics
Research Center National Pirogov Memorial Medical
University, Vinnytsya. The keeping and manipulation of
animals was carried out in accordance with the "General
Ethical Principles of Animal Experiments" (Kyiv, 2001), also
guided by the recommendations of the "European
Convention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes"
(Strasbourg, 1985), guidelines of the State Pharmacological
Center of the Ministry of Health of Ukraine on "Preclinical
studies of medicinal products" (2001), as well as the rules
of humane treatment for experimental animals and
conditions approved the Committee on Bioethics of
National Pirogov Memorial Medical University, Vinnytsya
(Minutes No. 1 of 14.01.2010).

Thermal burns of the skin of 2-3 degrees were carried
out by applying to the pre-shaved lateral surfaces of the
trunk of rats four copper plates (each with a surface area of
13.86 cm2) for 10 seconds, which were pre-heated for 6
minutes in water with a temperature of 100?7C [9]. The total

area of skin lesions was 21-23%. The first 7 days of rats
were infused with 0.9% NaCl solution into the inferior vena
cava. Animals were removed from the experiment by
decapitation (after 1, 3, 7, 14, 21, and 30 days). Shaving,
catheterization of veins, staging of skin burns, and
decapitation of rats were performed under the conditions
of intravenous propofol anesthesia (calculated at 60 mg/
kg animal weight).

Within the framework of the agreement on scientific
cooperation between the Research Center of National
Pirogov Memorial Medical University, Vinnytsya and the
Department of Histology, Cytology and Embryology of the
Odessa National Medical University, DNA content in the nuclei
of thyroid cells of rats was determined by flow DNA cytometry
on a multifunction flow cytometer "Partec PAS" (Partec,
Germany) [17]. Determined: GOG1 is the percentage of GOG1
phase cells to all cells in the cell cycle (DNA content = 2¢); S
is the percentage of the phase of DNA synthesis to all cells
of the cell cycle (DNA content > 2¢ and < 4c); G2+M is the
percentage ratio of the G2+M phase to all cells in the cell
cycle (DNA = 4c). Determination of DNA fragmentation (SUB-
GO0G1, apoptosis) was performed by isolating the RN2
regions on DNA histograms before the GOG1 peak, indicating
nuclei of cells with a DNA content < 2c.

The statistical processing of the obtained results was
carried out in the license package "STATISTICA 6.1" using
nonparametric estimation methods. The significance of
the difference in values between the independent
quantitative values was determined using the Mann-
Whitney U test.

Results

It is established that the background of the introduction
of 0.9% NaCl solution 1 day after thermal burns of the skin
marked changes in the cell cycle indices of the thyroid gland
- statistically significant decrease in the number of cells in
phase S (p<0.01), which indicates insufficient restoration
of the damaged cell population. Other indicators of the cell
cycle have no significant or trending differences with those
of the group without skin burn (Table 1). No significant or
trending differences for GOG1, G2+M, and SUB-G0G1 were
identified (see Table 1).

On the presented DNA-histogram (Fig. 1) of thyroid cells
1 day after skin burn on the background of the introduction
of 0.9% NaCl solution, the level of DNA fragmentation in
the interval SUB-G0G1 was 3.32%, and phase S - 0.19%,
indicating expressed inhibition of DNA synthesis.

The maximum reduction in the percentage of thyroid
cells in phase S (p<0.01) and, at the same time, a peak
increase in the average level of SUB-G0G1 interval (p<0.01)
was established after 3 days of observation from the start
of thermal skin burn on the background of 0.9% NaCl
solution introduction (see Table 1). No significant or
trending differences were found for GOG1 and G2+M
indicators (see Table 1).

In the presented DNA histogram (Fig. 2) of nuclear
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Table 1. Indicators of the cell cycle in the cells of the thyroid gland
of rats after skin burn with the use of infusion therapy 0.9% NaCl

solution according to flow cytometry DNA (M+0).
Growp Indicators of the cell cycle (%)
s |sucost| coet | coem
1 day
0.9% NaCl 0.652+0.134 | 2.462+0.800 | 91.16+2.41 | 8.192+2.368
Bum + 0.9% NaCl | 0.2340.094 | 2.732+1.141| 91.90+2.65 | 7.868+2.678
P0.9% NaGl - bum0.9% NaG) <0.01 >0.05 >0.05 >0.05
3 day
0.9% NaCl 0.622+0.110 | 2.594+0.628 | 90.99+2.48 | 8.392+2.375
Bumn + 0.9% NaCl | 0.214+0.105 | 5.288+0.840 | 91.46+2.80 | 8.328+2.711
Poswnac-mmosunacy| <001 <0.01 >0.05 >0.05
7 day
0.9% NaCl 0.650+0.139 | 2.632+0.724 | 90.90+2.17 | 8.448+2.113
Bumn + 0.9% NaCl | 0.350+0.088 | 3.994+1.204 | 88.70+3.13 | 10.95+3.14
Plossnci-bumosunacy | <0-01 =0.076 >0.05 >0.05
14 day
0.9% NaCl 0.562+0.153 | 2.30440.835 | 91.29+1.49 | 8.146+1.520
Bum + 0.9% NaCl | 0.322+0.043 | 3.664+0.239 | 89.15£3.56 | 10.53+3.54
P 0996 NaC - e 0.9% NaC <0.05 <0.05 >0.05 >0.05
21 day
0.9% NaCl 0.522+0.075 | 2.622+0.677 | 90.60+2.48 | 8.986+2.370
Bum + 0.9% NaCl | 0.3640.092 | 3.250+0.755 | 87.98+3.30 | 11.66+3.27
Posnaci-mmosnacy | <005 >0.05 >0.05 >0.05
30 day
0.9% NaCl 0.592+0.193 | 2.630+0.717 | 91.16+1.82 | 8.252+1.851
Bumn + 0.9% NaCl | 0.408+0.063 | 2.900+1.078 | 83.11+2.14 | 16.50+2.18
P(09% NaCi- burm#0.9% NaC) =0.060 >0.05 <0.01 <0.01

suspension of cells of the thyroid gland of rats 3 days after
skin burn on the background of the introduction of 0.9%
NaCl solution, SUB-G0G1 (RN2, DNA fragmentation) was
5.33%, indicating the presence of a significant group of cells
who are in the state of apoptosis activation.

After 7 days after thermal skin burns and 0.9% NaCl
solution, a significantly lower (S<0.01) value of S-phase was
observed and a slight tendency (p=0.076) to greater values
of SUB-GOG1 interval compared to the group without skin
burn (see Table 1). No significant or trending differences for
G0G1 and G2+M indicators were detected (see Table 1).

After 14 days after thermal skin burn, significantly lower
(p<0.05) values of the number of cells in the S-phase and
higher (p<0.05) values of the level of the DNA fragmentation
index in the interval SUB-G0G1 against the background of
the introduction of the first seven days of 0.9% NaCl solution
and compared to similar indicators in animals without burns
(see Table 1). No significant or trending differences were
found for GOG1 and G2+M.

At day 21 after thermal skin burn, significantly lower
(p<0.05) cell counts in the S-phase were observed against
the background of administration of the first seven days of

0.9% NaCl solution and compared with similar indices in
animals without burns (see Table 1). No significant or
trending differences for GOG1, G2+M, and SUB-G0G1 were
identified (see Table 1).

30 days after skin burns, against the background of the
introduction of the first seven days 0.9% NaCl solution tended
(p=0.060) to lower values of the number of cells in the S-
phase, significantly (p<0.01) less than the value of the GOG1
phase and higher (p<0.01) value of the G2+M phase

counts

Fig. 1. DNA histogram of nuclear suspension of thyroid cells 1 day
after burn injury on the background of the introduction of 0.9%
NaCl solution. RN2 (SUB-G0G1, DNA fragmentation) = 3.32%.
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Fig. 2. DNA histogram of nuclear suspension of thyroid cells 3
days after burn injury on the background of the introduction of
0.9% NaCl solution. RN2 (SUB-G0G1, DNA fragmentation) = 5.33%.
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Fig. 3. DNA histogram of thyroid gland cell suspension 30 days
after burn injury on the background of 0.9% NaCl solution
administration. RN2 (SUB-G0G1, DNA fragmentation) = 3.60%.
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compared with similar values in animals without burns (see
Table 1). No significant or trending differences were
observed for the SUB-GOG1 interval (see Table 1).

In the presented DNA histogram (Fig. 3) of a nuclear
suspension of the cells of the thyroid gland of rats 30 days
after skin burn on the background of the introduction of 0.9%
solution of NaCl indicator SUB-G0G1 (RN2, DNA
fragmentation) was 3.60%.

When analyzing the dynamics of changes in the cell cycle
of the thyroid gland within 30 days after skin burns against
the background of the introduction of 0.9% NaCl solution -
GO0G1 phase indicators have significantly (p<0.05-0.01)
smaller values between 1 and 30, 3 and 21, 3 and 30, 7 and
30, 14 and 30, 21 and 30 days, as well as minor trends
(p=0.076 in both cases) to smaller values between 1 and
21, 3 and 7 days of the experiment; phase S indicators have
significantly (p<0.05 in all cases) greater values between 1
and 30, 3 and 21, 3 and 30, 14 and 30 days, as well as
trends (p=0.060-0.076) to larger values between 1 and 21, 3
and 7, 3 and 14 days of experiment; G2+M phase indices
have significantly (p<0.05-0.01) greater values between 1
and 30, 3 and 30, 7 and 30, 14 and 30, 21 and 30 days, and
a slight tendency (p=0.076) to larger values between 1 and
21 days of the experiment; the SUB-G0G1 interval values
had significantly (p<0.01) greater values between 1 and 3
days, and significantly (p<0.05-0.01) smaller values between
3 and 14, 3 and 21, 3 and 30 days of the experiment.

Discussion

Analyzing the obtained data of thyroid cell cycle indexes
against the background of thermal burns of the skin and
infusion of 0.9% NaCl solution and comparing the results
with the data of other similar studies [12, 16] we can make
some generalizations. The most pronounced cell cycle
abnormalities were observed 3 days after thermal skin
damage, although the first signs of these disorders in the
form of a significant decrease in DNA synthesis (p<0.01)
were observed after 1 day. However, established changes
after 1 day are only the initiation of further damage to the
thyroid gland, as changes at the subcellular level precede
changes at the tissue and cellular levels, with subsequent
disruption of the functioning of the organ. There are several
factors that can be explained by the increase in the negative
effect of burn injury due to increased toxicity of products,
the stress of organ depletion and the potential activation of
protective mechanisms, which is known to be often
observed in burn skin damage [1, 11]. The thyroid gland in
this case is included in the systemic damage of the organs
of the endocrine system against the background of burn
injury, which is manifested both functionally and at the
cellular and subcellular levels and has been established
in many studies [16, 18].
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Conclusions

1. 1 day after thermal skin damage and use of 0.9%
NaCl solution, lower (p<0.05) values of the S-phase
indicator were found compared to the control group of rats
(0.9% NaCl solution without burn), reflecting a significant
disturbance of the thyroid cell cycle.

2. The maximum decrease (p<0.01) of S-phase
indicators and a significant increase (p<0.01) of the SUB-
GO0G1 interval compared to the same control group was
observed after 3 days. The S-phase indicators against the
background of the introduction of 0.9% NaCl solution and
thermal skin burn remained significantly lower than those
of the similar control groups at 7 (p<0.01), 14 (p<0.05) and
21 days (p<0.05). At 14 days after thermal skin injury, the
SUB-GO0GH1 interval (p<0.05) was lower than in the control
group of rats.

3. After 30 days, the GOG1 phase indicators were
significantly lower (p<0.01) and the G2+M phase indicators
were significantly (p<0.01) higher than those established
in the control group at the same time.
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MOKA3HUKU KNITUHHOIO LUMKNY B LUMTOMOAIGHIW 3AN031 Y LWYPIB MPU 3ACTOCYBAHHI IH®Y3Ii 0,9% PO34YMHY NACL

HA ®OHI TEPMIYHOIO ONIKY LUKIPU
Tipox O.1

OOdHuM i3 KITo4YoBUX ¢hakmopig namozeHe3y 0Mnikogoi X80pobu 8HacnidoK MepPMiHHO20 OrMiKy WKIpU € CUCMEMHE YWKOOXKEHHST Op2aHis,
30kpema wjumonodibHoi 3ano3u. Mema pobomu - docridumu noKa3HUKU KTimuHHo20 yukity ma gppaemenmauii JHK knimuH wumonodibHoi
3an03u y wypie npu 3acmocysarHi iHysii 0,9% posquHy NaCl Ha ¢oHi mepmidHO20 oriKy wKipu. ExcriepumeHmarnbsHi 00CniOxXeHHs
rnpoeedeHi Ha 60 binux wypax-camusix macoto 160-180 e, kompum byro HaHeceHO mepMiyHUU OriK WKipu 2-3 cmyrneHsi 3a2afbHo
nnoweto 21-23% nosepxHi mina. MNepwi 7 0i6 wypam rpogodunu iHgysito 0,9% posduHy NaCl y HUXHIO nopoxHucmy eeHy. TeapuH
8uBo0uUsIU 3 eKcriepuMeHmy wiisixom Oekanimauii (4epe3 1, 3, 7, 14, 21 ma 30 8i6). Bmicm [JHK e sidpax knimuH wumornodibHoi 3ano3u
wypie eusHadanu mMemodoM npomoyYHoi yumomempii. CmamucmuyHa obpobka ompumaHux pe3ynbmamig 6yna nposedeHa 8
niyeHsitiHomy nakemi "STATISTICA 6.1" i3 3acmocysaHHAM Henapamempu4HUx Memodie ouiHku. Yepes 1 0oby nmicriss mepmidHO20
ywkodxeHHs1 wkipu i sukopucmarHs 0,9% posduHy NaCl ecmaHosneHo meHwi (p<0,05) 3HayeHHs roka3Huka S-gpasu (0,234+0,094)
MopigHSIHO 3 KOHMpPoOsbHO 2pyroto 6e3 oniky (0,652+0,134). MakcumansHe 3HuxeHHs1 (p<0,01) nokasHukie S-ghasu (0,622+0,110 ma
0,214+0,105 8idnosidHo) ma cymmesge nidsuuieHHs (p<0,01) nokasHuky iHmepsany SUB-GOG1 (5,288+0,840), nopigHsHO 3 aHanoaidyHuMu
rokasHuKamMmu KoHmposbHoi epynu (2,594+0,628), cnocmepizanu yepes 3 0obu. Noka3Huku S-gha3u Ha oHi esedeHHs1 0,9% po3dHuHYy
NaCl i mepmiyHO20 OniKy WKipu 3anuwanucb 3Ha4HO MEHWUMU 8i0 aHano2i4HUX rMoKa3HUKig 8i0rno8iOHUX KOHMPOIbHUX 2pyrn Yepes 7
(p<0,01), 14 (p<0,05) ma 21 0oby (p<0,05). Yepe3 14 0i6 nicnsi mepmi4HO20 YWKOOXEHHS WKipu ecmaHoeneHo mMeHwi (p<0,05)
3Ha4YeHHs nokasHuka inmepearny SUB-GOG1 nopigHsIHO 3 KOHMPOIbHO 2pyroto wypie. HYepes 30 8i6 nokasHuku ¢pasu GOG1 suseunucs
cymmeeo meHwumu (p<0,01), a nokasHuku ¢asu G2+M 3HayHO (p<0,01) Ginbwumu 8i0 NMOKa3HUKI8, 8CMaHOBNEHUX 8 aHaro2iyHul
mepMmiH y epyni KoHmposo. TakuMm YUHOM, 8CmaHoerieHa HedocmamHsi egpekmusHicmb gukopucmaHHs 0,9% posduHy NaCl 3 memoro
KOpeKyii nopyweHb KnimuHHo20 rodiny rMpomsi2oM 68Cb020 MepPMiHy CrIOCMEPEXEeHHS MiC/s OniKy WKipu.

KnrouoBi cnoBa: wumonodibHa 3ano3a, mepmiyHul onik wekipu, JHK-yumomempis, 0,9% pos4yuH NaCl.

MOKA3ATENW KNETOYHOIO LIMKNA B LUMTOBUAHOW XENES3E Y KPbIC MPU MPUMEHEHUU UHOY3WUU 0,9% PACTBOPA
NACL HA ®OHE TEPMUYECKOI'O OXKOIA KOXXU

TupoH O.U.

OOHUM U3 KIro4eabIx (hakmopos namoeeHesa 0xo2080l 60ne3HU 8 pe3ynbmame MepMUYECKO20 0X02a KOXU SI8/ISIemcsi cucmeMHoe
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rnospexdoeHue opeaHo8, 8 MoM yucne wumosudHoU xenesbl. Lenb pabomsi uccriedogams rokasamesnu K/iemoyHo20 yukia u
paemenmayuu [JHK knemok wumoeudHoU xene3sbl y Kpbic rnpu npumeHeHuu uHgy3uu 0,9% pacmeopa NaCl Ha ¢hoHe mepmuyecko2o
0OXoea Koxu. OKkcriepumeHmaribHble uccriedosaHus rnposedeHbl Ha 60 benbix Kpbicax-camuax maccol 160-180 e, komopbim bbin
HaHeceH mepMuYecKull 0xoe Koxu 2-3 cmeneHu obwel nnowadsto 21-23% nosepxHocmu mena. Nepebie 7 OHeli Kpbicam rposoousiu
uHepy3suro 0,9% pacmeopa NaCl e HUXHIO0 ronyto 8eHy. KusomHbix 8bi800UnIU U3 3KCriepuMeHma nymem dexkanumayuu (d4epes 1, 3,
7, 14, 21 u 30 cymok). Codepxarue [JHK e a0pax krnemok uumosudHoU xesne3bl Kpbic onpedensnu MemodoM rpomoYyHoU yumomempuu.
Cmamucmuyeckass obpabomka nosny4yeHHbIX pe3dynbmamos Obina rnpogedeHa 8 nuyeH3uoHHom nakeme "STATISTICA 6.1" ¢
MpUMeHeHUeM HernapamMempu4yeckux Memodo8 OueHKU pesyribmamos. Yepes 1 cymku nocrne mepmuyecko2o rnoepexo0eHust Koxu u
ucrionb3osaHusi 0,9% pacmeopa NaCl ycmaHoerneHo docmosepHo meHbwee (p<0,05) 3HayeHue rokazamers S-¢hasbl (0,234+0,094)
Mo cpasHeHuto ¢ KoHmpornbHoU epynnou 6e3 oxoea (0,652+0,134). MakcumanbHoe cHuxeHue (p<0,01) nokasamenel S-gha3sbi
(0,622+0,110 u 0,214+0,105 coomeemcmeeHHO) u cyuwecmeeHHoe nosbiweHue (p<0,01) nokazamens uHmepesana SUB-GOG1
(5,288+0,840), no cpasHeHur ¢ aHaro2UYHbIMU rOKa3amesnsMu KOHmposibHou 2pynnbi (2,594+0,628), Habnodanu yepe3 3 cymok.
lNokasamenu S-¢hasbl Ha poHe esedeHusi 0,9% pacmeopa NaCl u mepmuyecko2o oxoea KOXuU ocmasasnuch 3Ha4umeribHO MeHbWUMU,
YeM aHaroc2uyHble rokazamesiu Coomeemcmeywux KOHmMPObHbIX 2pyrn Yyepe3 7 (p<0,01), 14 (p<0,05) u 21 deHb (p<0,05). Hepes 14
CymOK 1ocrie mepMu4ecKko20 nospex0eHuUs1 KOXU ycmaHoeneHo mMeHbuwee (p<0,05) 3HayeHue nokasamensi uHmepsana SUB-GOG1 no
CpasHeHUI ¢ KOHmporibHoU epyrnnol Kpbic. Yepe3 30 cymok nokaszamernu ¢hadsl GOG1 oka3anuck cyujecmeeHHo meHbwe (p<0,01), a
rnokasamernu ¢pa3sbl G2+M 3HayumenbHo (p<0,01) 6onbwe nokasamernel, ycmaHOB/EHHbIX 8 aHano2u4HbIU CPOK 8 2pyrine KOHMpPOIs.
Takum obpa3om, ycmaHosrneHa HedocmamoyHas aghgpekmusHocmb ucronb3osaHus 0,9% pacmeopa NaCl ¢ yenbio Koppekyuu
HapyweHul Kriemo4YHo20 OefleHUs1 8 meYeHue 8ce2o cpoka HabmoOeHUs ocre 0xo2a KOXuU.

KnroueBble cnoBa: wumoesudHas xene3da, mepmuyeckul oxoe koxu, JHK-yumomempusi, 0,9% pacmeop NaCl.
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One of the most effective anticancer drugs for breast cancer, lymphoma, soft tissue
sarcoma, leukemia, some solid tumors is Doxorubicin. However, its antitumor effect
directly correlates with the dose-dependent manifestation of toxicity to healthy tissues
and body systems. The purpose of the study is to study the dynamics of ultrastructural
changes of the hemomicrocirculatory bed under the influence of Doxorubicin. Animals
were divided into 3 groups: | - intact rats (n=10); Il - control (n=20); Il - rats with
Doxorubicin model (n=40). Doxorubicin was administered intraperitoneally at a dose
of 5 mg/kg body weight once a week for 4 weeks. An animal control group was
intraperitoneally injected with an equivalent volume of saline. Pulmonary tissue sampling
for electron microscopic examination was performed under thiopental anesthesia 7,
14, 21, 28 days after the start of the experiment. Pieces of pulmonary tissue were fixed
in 2.5% glutaraldehyde followed by fixation in 1% osmium tetroxide. After dehydration,
the material was poured into araldite-epon. The sections obtained on a "Tesla BS-490"
ultramicrotome were examined in an electron microscope "PEM-125K". It is established
that within 7 days after the first injection of Doxorubicin in the lungs changes in the
structural organization of the hemomicrocapillary bed and the disturbance of blood
rheological properties are determined, as evidenced by the excessive accumulation of
neutrophils in the hemocapillaries, their adhesion and aggregation. With the extension
of the study period (14-28 days) there is a progressive disturbance of the submicroscopic
structure of hemocapillaries of the alveolar wall and marked changes in the rheological
properties of blood. In endothelial cells, swelling phenomena with organelle
disorganization are determined, and in some areas there is a desquamation of
endothelial cells into the lumen of the hemocapillaries with basal membrane exposures.
In the lumen of the microvessels, red blood cells and leuco-platelet aggregates are
noted. Thus, the introduction of Doxorubicin leads to pronounced submicroscopic
changes in the hemomicrocirculatory bed. Violation of the ultrastructural organization
of the hemomicrocirculatory bed of the lungs is determined after 7 days after the start
of the study.

Keywords: lungs, hemomicrocirculatory bed, Doxorubicin.

Introduction

Today, cancer is among the most common causes of
death. Cancer ranks second after cardiovascular disease
in the structure of mortality in Ukraine [17].

The analysis of the literature shows that chemotherapy
occupies a significant place among the methods of treatment
of malignant tumors [6, 14, 18]. The use of cytostatic therapy
leads to improved immediate and long-term results of
treatment of patients [19-21]. Most often in the treatment of
cancer, anthracycline antibiotics are used, which are
included in many cancer treatment regimens. To date, it has

been proven that among the anthracycline antibiotics,
Doxorubicin is one of the most effective anticancer drugs for
the treatment of breast cancer, lymphomas, soft tissue
sarcomas, leukemia, and some solid tumors [1, 4, 7, 20].
However, the antitumor effect of Doxorubicin directly
correlates with the dose-dependent manifestation of toxicity
to healthy tissues and body systems, which causes its
adverse reactions [15, 22]. Most of the lethal cases in cancer
patients do not occur due to the disease itself, but due to the
side effects of anticancer drugs [9, 16].
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It is known that the use of anthracycline antibiotic
Doxorubicin in the treatment of malignant tumors in patients
develops heart failure, which leads to the formation of
Doxorubicin cardiomyopathy [2, 6, 18].

But, in addition to cardiac injuries, there are also
pronounced extra-cardiac changes of organs and systems.
Pathological changes in the lungs, kidneys, liver, spleen
and impaired function of the reproductive organs are most
often observed [1, 3, 5, 8, 10].

The aim of this study was to study the dynamics of
ultrastructural changes in the hemomicrocirculatory bed of
the lungs under the influence of Doxorubicin.

Materials and methods

The experiments were performed on 70 white male
rats weighing 180-220 g. Animals were divided into 3 groups:
| - intact group of animals (n=10); Il - control (n=20); Ill -
animals with Doxorubicin model (n=40).

Doxorubicin was administered intraperitoneally at a dose
of 5 mg/kg body weight once a week for 4 weeks. An animal
control group was intraperitoneally injected with an equivalent
volume of saline.

Pulmonary tissue sampling for electron microscopic
examination was performed under thiopental anesthesia 7,
14, 21, 28 days after the start of the experiment. Pieces of
pulmonary tissue were fixed in 2.5 % glutaraldehyde followed
by fixation in 1 % osmium tetroxide. After dehydration, the
material was poured into araldite-epon. The sections
obtained on a "Tesla BS-490" ultramicrotome were examined
in an electron microscope "PEM-125K".

Retention, manipulation and withdrawal from the
experiment were carried out in accordance with the
requirements of the European Convention for the Protection
of Vertebrate Animals Used for Research Purposes
(Strasbourg, 1986), Council of Europe Directive 86/609/EEC
(1986), the provisions of the Law of Ukraine "On the
protection of animals from ill-treatment" dated 15.12.2009
and orders of the Ministry of Health of Ukraine Ne 690 dated
September 23, 2009, Ne 616 dated August 3, 2012.

The Commission on Bioethics of the Ivano-Frankivsk
National Medical University found that scientific research
did not contradict basic bioethical standards (protocol
Ne 96/17 of 24.05.2017).

Results

Conducted submicroscopic analysis after 7 days after
the first injection of Doxorubicin showed that the nuclei of
individual endothelial cells with a matrix of low electron-
optical density and marginal placement of chromatin
granules. The nuclear envelope has tortuous contours and
produces shallow invaginations. Some mitochondria are
enlarged in size with single crystae. Tanks and tubules of
the Golgi apparatus and granular endoplasmic reticulum
are moderately expanded. The basement membrane is
locally thickened. In the peripheral departments of the
endothelial cells there is a large number of micropinocytotic

vesicles. In the lumen of some hemocapillaries, an
increased amount of leukocytes with adhesion and
aggregation is determined (Fig. 1).

With the increase of the study period (14 days after the
firstinjection of Doxorubicin), the nucleus of many endothelial
cells with nucleoplasm of low electron-optical density.
Chromatin granules are placed along the inner surface of
the nuclear envelope. Perinuclear region is moderately
expanded. Mitochondria swollen with single short crystae.
The Golgi apparatus consists of expanded tanks, various
sizes of bubbles and vacuoles. In individual cells,
fragmentation of membranes of the granular endoplasmic
reticulum with a reduced number of ribosomes on their outer
surface is noted. On the luminal surface of the plasmalemma
of some endothelial cells, its sail projections are observed.
The basement membrane is thickened in many places. In
the lumen of the hemocapillaries, the aggregation and
adhesion of leukocytes and platelets are noted.

Electron microscopic data from the 21st day indicate that
the severity and prevalence of edema in endothelial cells is
much greater than at the previous stage of the experiment.
The nuclei of many endothelial cells with enlightened
nucleoplasm. Mitochondria enlarged in volume with single
fragmented crystae. At the same time, mitochondria with
complete lysis of the crystae are noted, but without tearing of
the outer membrane. The Golgi apparatus is represented
by single extended tanks and vacuoles. Tanks of granular
endoplasmic reticulum are expanded and vacuolated. The
number of ribosomes on their outer surface is greatly
reduced. Fragmentation of the membranes of the granular
endoplasmic reticulum is also observed. In some
hemocapillaries, the areas of lysis of the luminal
plasmalemma of the endothelial cells are determined,
accompanied by the release of intracellular contents into
the lumen of the microvessels. In the lumen of many
hemocapillaries, erythrocyte sludge, adhesion, and platelet

aggregation are noted (Fig. 2).
[

B
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Fig. 1. Ultrastructural organization of the hemocapillaries of the
alveoli wall 7 days after the start of the experiment. 1 - the lumen
of the hemocapillary; 2 - leukocyte; 3 - erythrocyte; 4 - peripheral
part of the endothelial cell; 5 - the lumen of the alveoli. Electronic
micrograph. x6400.
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Fig. 2. Platelet adhesion and aggregation and erythrocyte sludge
in the hemocapillaries of the alveolar wall 21 days after the start of
the experiment. 1 - the lumen of the hemocapillary; 2 - erythrocyte;
3 - platelet; 4 - peripheral part of the endothelial cell; 5 -the lumen
of the alveoli. Electronic micrograph. x9600.

The expressed disturbances of ultrastructural
organization of hemocapillaries are determined after 28 days
after the beginning of the experiment. Endothelial cell nuclei
are enlarged in size with low electron-optical density
nucleoplasm. Chromatin granules are placed along the inner
surface of the nuclear membrane or grouped into separate
tubercles. Perinuclear region is expanded. Mitochondria are
swollen in various sizes and shapes with disoriented crystae.
Focal destruction of the crystae, fragmentation and
destruction of both the inner and outer membranes of the
mitochondria are often noted. The components of the Golgi
apparatus and the granular endoplasmic reticulum are
enlarged, fragmented. In some areas, the desquamation of
endothelial cells in the lumen of the hemocapillary with the
basal membrane exposure is determined. Erythrocyte
sludge and platelet aggregates are observed in the lumen
of the hemocapillaries.

Discussion

Thus, studies have shown that within 7 days after the
first injection of Doxorubicin in the lungs are determined
changes in the structural organization of the
hemomicrocapillary bed and impaired blood rheological
properties, as evidenced by the excessive accumulation of
neutrophils in the hemocapillaries, their adhesion and
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YNBbTPACTPYKTYPHA OPrAHI3ALIA TEEMOMIKPOUUPKYNATOPHOIO PYCIA NEFEHb Nig BNJIMBOM OOKCOPYBILUUHY
3aayb J1.M., Aukie O.0., lNyHac I.B., lWanoean O.M., WuniyuHa O.B.

OO0HuM i3 HaliegheKmuHIWUX MPOoMuUMyX/aAUuHHUX fpernapamie, KOmpuM fiKylomb pak MOJIOYHOI 3aio3u, niMghoMu, capKoMu M'aKuUx
mKaHUH, neukemii, 0esiki coniOHi nyxnuHu € 0okcopybiyuH. Pa3om i3 mum, Uo20 npomumnyxnuHHUU egeKkm rpsMo KOpese 3
00303anexxHUM rposi8OM MOKCUYHOCMI 8i0HOCHO 300pPO8UX MKaHUH i cucmem opaaHiamy. Mema pobomu - sugdyumu 8 duHamiui
ynbmpacmpyKmypHi 3MiHU 2eMOMIKPOUUPKYISIMOPHO20 pycra nez2eHb rid ernnueom dokcopybiyuHy. TeapuHu bynu po3dineHi Ha 3
epynu: | - iHmakmti wypu (n=10); Il - koHmpornsHa (n=20); Il - wypu 3 dokcopybiyuHosoto modenmo (n=40). [JokcopybiyuH esodunu
8HYMPIWHBbOOYEPEBUHHO ¥ 003i 5 Ma/ke macu mina meapuHu 1 pa3 Ha muxOeHb 8rnpodoex 4 muxHie. KoHmpornbHit epyrni meapuH
B8HYyMpPIiWHbOOYEepPEe8UHHO 8800UMU eKeigarieHmMHuUl 06'em ¢pizionoziyHo2o po3duHy. 3abip neeeHe8ol mKaHUHU O €eKMpPOHHO-
MIKpOCKomniyHo20 O0cnidxeHHs npoeodusnu nid miorneHmanoguM Hapko3om yepes 7, 14, 21, 28 9i6 nicns moyamky eKkcriepumMeHmy.
LlImamoyku neeeHesoi mkaHUHU ¢bikcysanu y 2,5% posduHi ermomaparnsdezidy 3 nodansbworo dogikcauieto 8 1% po3HUHi YHomupuoKuUCy
ocwmiro. lMicnsi deegidOpamauii mamepian 3anueanu e ernoH-apandim. 3pi3u, ompumaHri Ha yrnbmpamikpomowmi "Tesla BS-490", susyanu &
ennekmpoHHoMy Mmikpockori "TIEM-125K". BcmaHoeneHo, wo exe 4depe3 7 0i6 nicrisi nepuwio2o egedeHHs OOKCOpyOiyUHy 8 rie2eHsix
8U3Ha4armbCs 3MIHU CMPYKMYPHOI opaaHi3auji 2eMOMIKpOKaninsgpHo20 pycrna i MopyweHHs peosiozivHux enacmusocmel Kposi, rnpo
wo ceid4ump HadMipHa aKyMynsuis Heumpoagbirnie y eemokaninspax, ix adzesiss ma azpeaauis. 13 MpodosxeHHsIM mepMiHy 00CHIOKEHHS
(14-28 0i6) criocmepieanu npoepecyroye nopyweHHs1 cybmikpockoniyHoi 6ydoeu 2emMoKaninsapie anbeeosnsspHOI CMIHKU ma 8UpaXeHi
3MiHU peoroaidHuX erracmusocmeli Kposi. B eHdomenianbHUX KrnimuHax eu3Ha4arombscsi Habpsikosi ssieuuia 3 de3opaaHizauicto opaaHer,
a 8 okpemux dinsiHKax criocmepizaembcs Oeckeamauisi eHOomesioyumie 0o npoceimy 2eMokarninsapie 3 o20/1eHHsIM ba3asibHol
membpaHu. Y nipoceimi mikpocyduH sidMmidarombcsi epumpoyumapHi crnadxi U nelkompomboyumapHi agpeeamu. TakumM YUHOM,
88edeHHs1 OokcopybiyuHy Mpu3eodums A0 8UPaKEHUX CyOMIKPOCKOMIYHUX 3MiH 2eMOMIKPOUUPKYSIMOPHO20 pycra feeeHb. [opyweHHs
ynbmpacmpyKkmypHoi opaaHizayil 2eMOMIKPOUUPKYISIMOPHO20 pycra /ie2eHb eu3HadYaembcsl exe dyepes 7 0i6 nicrissi moyamky
00cCidXKeHHs.

KnrouoBi cnoBa: siezeHi, 2eMOMIKPOUUPKYISIMOpHe pycrio, oKcopybiyuH.

YNbTPACTPYKTYPHAS OPFAHU3ALINS TEMOMUKPOLIMPKYNATOPHOIO PYCINA NEMKUX Noa BO3OENCTBUEM
OOKCOPYBULIMHA

3asay JI1.M., Slukue E.O., l'yHac U.B., llanoean E.H., lunuyuHa A.B.

OOdHUM u3 Haubonee 3ghghekmuBHbIX MPOMUBOOIYXO/EBbIX MPerapamos, KOmopbIM siedam pak MOSTOYHOU Xere3bl, TUMGOMbI, CapKOMb!
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MsigKuX mkaHel, nelkemMuu, HeKomopble cOudOHble Onyxonu siensiemcsi OOKCopybuyuH. Bmecme ¢ mem, e20 rpomueoorlyxonesbil
aghghexm rpsamo koppenupyem ¢ 00303a8UCUMbIM POSI8IIEHUEM MOKCUYHOCMU OMHOCUME bHO 300p08bIX MKaHel U cucmeM op2aHu3Ma.
Llenb pabombl - usyyums 8 OUHaMUKe yribmpacmpykmypHbIe USMEHEHUs] 2eMOMUKPOUUPKYISIMOPHO20 pycna fieekux nod enusHuem
dokcopybuyuHa. XueomHbie bbinu pa3deneHbl Ha 3 epynnbl: | - uHmakmHbie Kpbicbl (n=10); Il - koHmponsHas (n=20); Ill - Kpbickl ¢
dokcopybuyuHosoli modernbio (n=40). HokcopybuyuH egodunu eHympubprowuHHO 8 do3e 5 me/ke macckbl mena xueomHozo 1 pa3 8
Hedermo 8 meyeHue 4 Hederb. KOHMpOonbHOU epyrine XXU8OomHbIX 8HyMPUBPHOWUHHO 8800UIIU 3K8UBaNIEHMHbIU 06beM ¢hu3uo102u4ecKo20
pacmeopa. 3abop rie2o4Hol mKaHu 05151 31eKMPOHHO-MUKPOCKOMUYECKO20 uccriedosaHusi nposodusiu nod muorneHmarsnogbiM HapKo30M
yepe3s 7, 14, 21, 28 cymok nocrne Hadarna aKkcriepumeHma. Kycodku ne2o4Hol mkaHu ¢hukcuposanu e 2,5% pacmeope entomaparnsoeauda
¢ nocnedyrwetli dogpukcayueli 8 1% pacmeope Yyembipexokucu ocmus. lNocne deaudpamayuu Mamepuar 3anusasnu 8 3roH-apandum.
Cpesbl, rony4yeHHble Ha yrnbmpamukpomome "Tesla BS-490" usyvanu e anekmpoHHoM mukpockore "TTOM-125K". YemaroeneHo, ymo
yXe yepes 7 cymok rocrie nepgoeo egedeHusi OoKcopybuyuHa 8 rieakux ornpedenisiomess USMEHeHUs CmpyKmypHoOU opeaHu3auyuu
2eMOMUKPOKaINUIIISPHO20 pycna U HapyuweHue peosioeudecKkux ceolicms Kpoeu, 0 Yyem ceudemeribcmeayem Ype3mepHas akkymynayus
Helimpocghuriog 8 cemokanunnspax, ux adeesus u azpezayusi. C npodneHuem cpoka uccnedosaHusi (14-28 cymok) Habnrodanu
rpozpeccupyrowjee HapyuieHue cybMUKPOCKOMUYECKOU CMPOeHUSs 2eMOKaruisapos anbeeospHOU CMeHKU U 8bipaXeHHbIe USMEeHeHUs
peoroaudeckux ceolicme Kposu. B aHdomenuarnbHbIX Kiemkax onpedesisitomcsi omeyHble sisrieHusi ¢ 0e3opaaHu3ayueli opaaHerss, a 8
omoersbHbIX ydacmkax Habmodaemcs deckeamauyus 3HOOMETUOYUMO8 8 Mpoceem 2eMoKanuisapos ¢ obHaxeHuem 6asanbHol
membpaHbl. B ipoceeme Mukpococydoe ommedaromcsi apumpouyumapHble cradxbel U nelikompomboyumapHbsie agpezamsl. Takum
obpasom, seedeHue OokcopybuyuHa npusooum K 8blpaXeHHbIM CyOMUKPOCKOMUYECKUM USMEHEHUSM 2eMOMUKPOUUPKYISMOPHO20
pycna neaskux. HapyweHue yrnbmpacmpykmypHoU opaaHu3ayuu 2eMOMUKPOUUPKYISIMOPHO20 pycra fieekux onpedensiemcs yxe yepes
7 cymok rnocre Hayana uccriedo8aHus.

KnroueBble cnoBa: siezkue, 2eMOMUKPOUUPKYISIMOPHOE pycrio, OOKCOPYOULUH.
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