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This scientific work presents a theoretical summary and a new solution of the scientific task to establish pecu-
liarities of the structure and some biochemical parameters of blood and organs of white rat’s myocardium under
normal conditions and under the prolonged effect of an opioid. The experiment was carried out on 53 male white
rats 130-210 gr. body weight. The animals were divided into the 3 groups — experimental group (30 animals), control
group (18 animals) and 5 animals to study the norms before the experiment. Application of the optical and electron
microscopy confirmed, that the white rat’s myocardium is formed by muscle fibers that branch out and intertwine
between themselves thus forming a peculiar reticulum. Myofibrils in their turn consist of a chain of sarcomeres re-
stricted by Z-lines, each containing 2-3 mitochondria of all the 3 types. The first signs of impairment of the myocar-
dium microstructure are noticeable after 7 days of nalbuphine injections to the white rats. During the following 35
days of the experiment pathological changes increase and are manifested through impairment of the well-defined
structure of the myocardium, fragmentation of the muscle fibers, evident perivascular swelling, diffuse sclerosis; the
small caliber vessels are characterized by the evident hyperemia with the “sludge syndrome” observed in the lumens

of microvessels.
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Connection of the study with planned scientific re-
search projects. The results of these studies were ob-
tained by the author during the research project of the
department of normal anatomy and operative surgery
with topographical anatomy of Danylo Halytskyi Lviv Na-
tional Medical University “Morpho-functional features
of organs in the pre- and postnatal periods of ontogen-
esis, under the influence of opioids, food additives, re-
constructive operations and obesity”, state registration
Ne 0120U002129.

Introduction: Nalbuphine hydrochloride is a non-
scheduled potential analgesic, which belongs to the
group of agonist-antagonist opioid receptors, widely
used in different branches of medicine [1]. The increas-
ing popularity of nalbuphine in our country is due not
only to its efficiency as a pain-killer and accessibility as
a nonscheduled drug but because of using with non-
medical purpose too [2]. The data about an abuse po-
tential of nalbuphine and social and medical problems,
related to these questions, were frequently raised up in
the literature. Drug addiction has been widely spread-
ing in Ukraine in the last decade. According to the
WHO there were about 400 000 injection drug users in
Ukraine. Each year the number of drug users in Ukraine
increases by 8-9%. The negative is the fact that 70-75%
of the drug addicts are young people under 25 years of
age [3-5]. The group of opioid analgesics is widely used
these days in cases of chronic pain syndrome. Narcotic
analgesics are traditionally prescribed and produce a
positive effect on the pain syndrome of the wounded
in the battlefield. The wide use of narcotic substances,
their growing distribution and the spread of drug ad-
diction necessitates a detailed study of the effect of
opioids on the human organism. However, most of the
findings are based on the clinical use of the drugs with-
out a sufficient experimental study, especially regarding
the morphological changes, which is totally unaccept-
able. Taking into consideration professional literature
one can come to conclusion, that there is a whole range
of unresolved problems concerning the morphological

restructuring of the myocardium under the effect of the
opioid. Still insufficiently studied remain the issues of
macro-, micro- and ultrastructural peculiarities of the
myocardium microvasculature. This is why the study of
morphological changes in the myocardium and its mi-
crovasculature under the effect of opioids in the experi-
ment remains to be exceptionally topical. On another
hand, numerous data demonstrated different side ef-
fects, caused by a long-term nalbuphine administration,
including morphological changes of different organs
[6-11]. Heart, brain, liver, and kidney, are first organs,
aimed by opioids in a case of a long-term administra-
tion [12-14]. In particular, well-expressed changes in
rats heart microstructure under the routine light mi-
croscopy, as well as changes of biochemical parameters
were revealed in our previous studies [15, 16]. With the
purpose of better understanding the key mechanism of
these changes, the transmission electron microscopy
was planned as the next stage of our project. The distur-
bance of microcirculation and cardiomyocytes dystro-
phy were market previously as are the key moments in
heart pathology as consequences of nalbuphine admin-
istration. But pathophysiology of these changes remains
uncertain. Thus, the current study aimed to evaluate the
long-term effect of nalbuphine hydrochloride on rats
heart ultrastructure, in particular, to obtain a new data
about heart, vessels endotheliocytes and cardiomyo-
cytes changes, using electron microscopy and scanning
electron microscopy.

Aim of the study — to establish histological and ul-
tramicroscopic peculiarities of the structure and mi-
crovasculature of the myocardium of the white rat in
physiologically normal state; to determine morphologi-
cal changes in the microvasculature and structural orga-
nization of the white rat’s myocardium under the effect
of an opioid on the microscopic level; investigate mor-
phological changes in the microvasculature and struc-
ture of the white rat’s myocardium under the effect of
an opioid on the ultrastructural level; carry out stereo-
logical analysis of the changes in angioarchitecture and
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guantitative parameters of the white rat’s cardiomyo-
cytes under the effect of an opioid on the micro- and
ultrastructural levels

Object and research methods. The experiment was
carried out on 53 male white rats 130-210 gr. body
weight. The animals were divided into the 3 groups —
experimental group (30 animals), control group (18 ani-
mals) and 5 animals to study the norms before the ex-
periment. The experiment was conducted in accordance
with the provision of the European Convention for the
protection of the vertebrate animals used for the exper-
imental and another scientific purpose from 24.11.1986
and the approved by Ethical Committee or Institutional
Animal Care and Use Committee Approval, protocol Ne3
from 20.03.2015. The animals of the experimental group
were daily injected by nalbuphine hydrochloride accord-
ing to scheme what were proposed by Onysko and co-
authors [16] with weekly dose increasing from 8 mg/kg
body weight to 35 mg/kg body weight. Control group
animals were injected daily by 0,5 ml saline. Heart sam-
ples (less than 1 mm in each direction) were taken at the
end of every week after the intraperitoneal injection of
sodium thiopental (25 mg per 1 kg body weight). After
immediate fixation in 2,5% buffered glutaraldehyde, the
samples were prepared for the electron microscopy fol-
lowing standard procedure [17, 18]. For studying and
photographing of the samples a microscope UEMV —
100K was used at an accelerating voltage of 75 kV and
magnification range x2000- x15000.

Volume fraction (volume density) of mitochondria
was calculated as Vv(m) = V(m)/V(c), were V(m) — vol-
ume of mitochondria, V(c) — volume of cardiomyocyte
cytoplasm. The volume of mitochondria and volume
of cardiomyocyte cytoplasm were estimated using Ste-
panizer stereology tool v.1.0 with points test system.

For the analysis of the sample distribution, the his-
togram analysis, indicators of excess and asymmetry,
as well as g-q plot analysis were performed. Since the
data we obtained were differed from the normal distri-
bution, the results were presented as Me (25%, 75%),
where Me is a median, 25% — 25th percentile, 75% —
75th percentile, in addition to the general table indi-
cates the interquartile range (IQR) of the obtained data.
The Mann-Whitney U-test was used to check the signifi-
cance of the difference between the control and experi-
mental animal groups. The level of significance was set
at p<0.05. LibreOffice Calc v.5.2.2.2 spreadsheets were
used for initial analysis and drawing of data in the form
of tables and graphs. Microsoft Office Excel 2007, the
software InVivoStat ver.3.0 and SofaStat v.1.4.6 were
used for statistical analysis.

Research results. By application of the optical and
electron microscopy confirmed, that the white rat’s
myocardium is formed by muscle fibers that branch
out and intertwine between themselves thus forming
a peculiar reticulum. The myocardium muscle fibers
formed by mono- or binuclear cardiomyocytes that in
their cross-section have a rectangular form are contrac-
tile cardiomyocytes, formed by the bundles of located
in parallel myofibrils restricted by sarcolemma. Myofi-
brils in their turn consist of a chain of sarcomeres re-
stricted by Z-lines, each containing 2-3 mitochondria.
Cardiomyocytes are interconnected with the aid of the
intercalated disks. Fissures between cardiomyocytes are
filled with the loose connective tissue with the nerves

and microvasculature components presented by arteri-
oles, precapillary arteriole, capillaries of somatic, non-
fenestrated type, postcapillary venules and venules.
Aside from the contractile (typical) cardiomyocytes
there is distinguished another type of the myocardium
cells — conductive (atypical) cardiomyocytes, that form
the heart conduction system, and the secretory cardio-
myocytes.

For the first time regularities have been explained
of the morphological changes in the white rat’s myocar-
dium under the prolonged effect of the opioid. In the
course of injecting nalbuphine during 42 days there are
observed ultrastructural changes in the myocardium
and its microvasculature.

After 7 days of the experiment there were detected
edemas between the bundles of cardiomyocyte myofi-
brils, between the neighboring cardiomyocytes, occa-
sional destructive changes in mitochondria, a moderate
edema in cytoplasm of endotheliocytes; in microvessels
— platelet-erythrocytic sludges, nuclei of endothelio-
cytes with the signs of apoptosis; presence of cardio-
myoblasts which indicates a restorative processes in the
myocardium. After 14 days of the experiment there are
observed growing changes in the myocardium structural
organelles, specifically, there was found a vacuolar de-
generation, separation of sarcolemma and myofibrils,
marginal location of chromatin in the nucleus, invagi-
nation of the nuclear membrane; perivascular edema,
presence of spreading masses of blood plasma in the
vessels’ lumen, deformation of endotheliocyte luminal
surface. After 28 days it was found, that sarcolemma
is disassociated, destroyed in some places, cardiomyo-
cytes’ nuclei translucent, mitochondria partially de-
stroyed, Z-lies and M-lines destroyed, myofibrils frag-
mented, intercalated disks torn; pathologic folds on
the luminal surface of endotheliocytes, erythrocytes
with their change form and size. On the 42-nd day of
the experiment there was found an expansion of the
intercellular space, mosaic damages of cardiomyocytes
where along with the preserved cardiomyocytes there
are present destroyed sarcolemmas with villous defor-
mation, destroyed mitochondria, Z-lines and M-lines,
capillaries’ walls are swollen, delaminated, endothelial
contacts damaged.

By application of the optical and electron micros-
copy confirmed, that 3 types of mitochondria are distin-
guished in sarcoplasm of cardiomyocytes: type 1 mito-
chondria of elongated form that have a relatively large
volume and a well-developed complex of cristae; type 2
mitochondria of round form that, compared with type
I mitochondria have a smaller volume and a smaller
number of cristae; type 3 mitochondria of a very small
volume but with a great number of cristae. On the 7th
day of the experiment rats of the experimental group
showed a tendency towards the increase of the packing
density index of all types of cardiomyocyte mitochondria
(table 1). After 7 days of the experiment the white rats
of the experimental group showed a tendency towards
the increase of the volume fraction of mitochondria to
24.44 (19.75; 27.84)% (the control group showed 17.44
(12.16; 25.00)%) with this index growing mainly owing
to type 1 mitochondria. After 14 days of the experiment
index of the volume fraction of mitochondria grew up to
26.74 (18.18; 31.87)% with the greatest growth, com-
pared with the control group, of type 3 mitochondria
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index. After 28 days of the experiment destruction of
mitochondria had led to a drop of the indices of the vol-
ume fraction of mitochondria to 19.48 (12.74; 28.7)%.
Such a drop occurred mainly owing to the abrupt fall of
the ratio of type 1 mitochondria. After 35 days the vol-
ume fraction of the type 1 and type 2 mitochondria fell
to 12.5 (9.09; 15.58)% and 5.49 (2.34; 8.12)% respec-
tively (table 2, table 3). The volume fraction of type 3
mitochondria attained its maximum during the experi-
ment and made up 5.68 (3.23; 12.7)% (table 4), (fig.).
Table 1 - The volume fraction of the mitochondria
(all types) of the white rat’s heart cardiomyocyte
during 42 days of nalbuphine administration

Groups | Me 25% 75% IQR U test | p value
control | 17.44 | 12.16 25 12.84

7day | 24.44 | 19.75 | 27.84 8.09 140 0.078
14day | 26.74 | 18.18 | 31.87 | 13.69 132 0.029
21day | 21.69 | 15.29 | 36.36 | 21.07 169 0.21
28day | 19.48 | 12.74 28.7 15.96 133 0.58
35day | 16.09 12.5 23.21 | 10.71 157 0.90
42 day | 16.13 7.97 26.82 | 18.85 139 0.72

Notes: Me — median, 25% — 25" percentile, 75% — 75" percentile, IQR
—interquartile range, U-test — Mann-Whitney U test exact value.

Table 2 — The volume fraction of the mitochondria
(type 1) of the white rat’s heart cardiomyocyte
during 42 days of nalbuphine administration

Groups | Me 25% 75% IQR U test | p value
control | 10.94 | 6.94 | 16.30 | 9.36

7day | 16.00 | 10.71 | 19.15 8.44 155 0.17
14 day | 16.28 | 12.79 | 20.45 | 7.66 146 0.068
21day | 19.59 | 10.59 | 33.33 | 22.74 130 0.025
28day | 13.33 | 6.66 | 23.03 | 16.38 130 0.52
35day | 12.50 | 9.09 | 15.58 | 6.49 151 0.75
42 day | 12.50 | 6.71 17.88 | 11.17 149 0.98

Notes: Me — median, 25% — 25" percentile, 75% — 75" percentile, IQR
— interquartile range, U-test — Mann-Whitney U test exact value.

The first signs of the disorders in the myocardium
microstructure are noticeable after 7 days of nalbuphine
injections to the white rats. During the following 35 days
of the experiment pathological changes grow and are
manifested through impairment of the well-defined
structure, fragmentation of the muscle fibers, evident
perivascular edema, diffuse sclerosis; the small caliber
vessels are characterized by the evident hyperemia
with the “sludge syndrome” observed in the lumens of
microvessels. Diffuse polymorphous infiltration is visu-
alized of perivascular spaces by lymphocytes, macro-
phages and neutrophils.

Scanning electron microscopy of the white rat’s
heart in the course of the experiment showed changes
in the relief of the interior surfaces of the heart cham-
bers: shortened microvilli at the initial stages of the ex-

Table 3 — The volume fraction of the mitochondria
(type 11) of the white rat’s heart cardiomyocyte dur-
ing 42 days of nalbuphine administration

Groups | Me 25% 75% IQR U test | p value
control | 5.68 3.49 6.9 3.41

7 day 6.74 3.57 10.59 7.02 118 0.53
l4day | 7.69 4.83 | 10.38 | 5.55 111 0.17
21day | 2.69 2.06 7.35 5.29 55 0.09
28day | 5.02 3.49 7.02 3.53 76 0.51
35day | 5.49 2.34 8.12 5.77 71 0.60
42day | 6.95 2.50 | 10.22 | 7.73 67 0.80

Notes: Me — median, 25% — 25th percentile, 75% — 75th percentile,
IQR — interquartile range, U-test — Mann-Whitney U test exact value.
Table 4 — The volume fraction of the mitochondria
(type lll) of the white rat’s heart cardiomyocyte
during 42 days of nalbuphine administration

Groups| Me 25% 75% IQR U test | p value
control | 1.58 1.28 3.49 2.21

7day | 1.64 1.15 2.05 0.9 72 0.55
l4day | 3.49 2.22 4.55 2.33 54 0.025
21day | 2.94 1.26 3.97 2.71 31 0.74
28day | 4.12 2.49 7.93 5.44 13 0.041
35day | 5.68 3.23 | 12.79 | 9.56 14 0.049
42day | 1.77 1.08 3.96 2.89 22 0.52

Notes: Me — median, 25% — 25" percentile, 75% — 75" percentile, IQR
— interquartile range, U-test — Mann-Whitney U test exact value.
periment and their absence, laminiform formations at
the later stages. Deposits of fibrin strings, various eryth-
rocytic figures and cholesterol crystals have been found
on the interior surfaces of the heart chambers. Endothe-
liocytes are distributed chaotically, their form and sizes
changed, endothelial contacts widened, plasmalemma
of some endothelial cells forms processes with numer-
ous microprocesses and microbubbles on their surfaces,
the entire surface is covered with activated platelets
and accumulations of altered erythrocytes (echinocytes,
spherical, cupola-shaped, annular). Characteristic is the
formation of erythrocytes and microthrombi sludges.

Having made the conclusions based on the results of
our experimental study we can say that in case of drug
intoxication typical is an acute disorder of microcircula-
tion, signs of cardiosclerosis and fibrillation of atriums.
Dystrophic damages of cardiomyocytes occur rather
often. This permits us to speak of the narcogenic car-
diomyopathy.

Discussion of research results. Thus, the pathophys-
iology of these changes, caused in the rat’s heart by the
nalbuphine administration, can best be described as a
mitochondrial and microcirculatory distress syndrome
with parenchymal cells apoptosis development. The
key point in the pathophysiology is the changes in mi-
tochondria caused by POL system disturbance because
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heart lipid dystrophy, as one
of the most prominent sign,
whereas nalbuphine caused
swelling and the pattern of dystrophy. The local fat-
storing vacuoles also observed at the ultrastructural
level in a case of nalbuphine administration, but it does
not lead to the well-expressed dystrophy, as in a case of
morphine administration. Thus, these indicate that they
have a different mechanism of POL system disturbance
and pathology development. Moreover, we can suggest,
that nalbuphine has an ability to block the peroxide
because of “scavenger” syndrome, similar to that was
found in morphine in-vitro. It is only one way to explain
why the increase of nalbuphine’s doses does not lead to
dramatic changes any at the microstructural, neither at
the ultrastructural level.

The obtained results of micro- and ultrastructural
study of the myocardium and its microvasculature
under the effect of 6 weeks long injections of the opioid
are important not only for the morphologists, but for
the clinicians as well. The obtained results allow us to
extend the view of and resolve the issue of the effect
of an opioid on the structure of the heart and its micro-
vasculature, which creates the morphological basis for

Figure — The volume fraction of the mitochondria of the white rat’s heart cardiomyocyte
during 42 days of nalbuphine administration.

understanding pathogenesis and, subsequently, for de-
termination of the optimal methods of diagnosing, pre-
vention and treatment of cardiac diseases of patients,
who had to use opioids for the prolonged periods of
time, and that of the drug users.

Conclusions. The nalbuphine administration causes
well-expressed changes on the ultra-structure of the
rat heart. First of all, it’s manifested as changes in the
mitochondria shape, size and cristae design and num-
bers. Besides, there were changes in the nuclei of pa-
renchymal cells — they becoming uneven in shape, with
chromatin margination and fragmentation, what can in-
dicate the beginning of apoptosis. Moreover, changes in
the structure of microvascular flow occur — changes in
the endothelial lining of heart microvessels, occlusion
of the coronary vessels, erythrocytes and platelets ag-
gregation to the luminal surface of endoteliocytes.

Prospects for further research. Materials of our re-
search will serve a morphological basis for further ex-
perimental studies, which will be conducted on experi-
mental animals (white rats).
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3MIHU MITOXOHZPIAIbLHOTO ANAPATY KAPAIOMIOLMTIB MIA BN/JIMBOM ONIOIAY B EKCMEPUMEHTI

Mokotuno M. b., Pegesuu 0. M., fleHuceHKko H. B., Jloraw M. B., leHuk I. .

Pestlome. Y aaHili HayKoBil pobOTi NpeacTaB/ieHi TEOPETUYHI MiACYMKM Ta HOBE BMPIlLEHHSA HayKOBOro 3aBAaH-
HS, WO MOAAraEe y BU3HAYEHHi ocobamsocTel ByaoBU Ta AesKMX BioXiMIYHMX MOKA3HMKIB KPOBiI Ta opraHis cepue-
BOro m’asa 6in0ro wypa 3a HOPMaNbHMX YMOB Ta NPW TPMBANOMY BRAMBI onioiay. EKcnepMmeHT npoBeaeHO Ha
53 6innx wypax-camuyax macoto Tina 130-210 rp. TeapuHu 6ynn posnogineHi Ha 3 rpynu — gocnigHy (30 TBapuH),
KOHTpOANbHY (18 TBapuH) i 5 TBapUH ANs NepeBipKM CTaHAAPTIB Nepen eKCnepumMeHTOM. BUKOPUCTAHHS ONTUYHOI
Ta e/IeKTPOHHOI MiKpocKonii NiaTBepAno, Wo cepuesuii m’as 6inoro wypa yTBOpeHuin M’ A30BMMKN BOIOKHAMMU, AKi
pO3rany}KyrTbca Ta NepenitTatTbeca Mix coboto, yTBOpooUM cneumndidHy CiTky. 3 iHwWoro 60oky, miodibpuan ckna-
[AOTbCA 3 JIAHLUIOXKKA CapKOMEPIB, PO3AiNIEHUX Z-NiHIAMM, KOXKHA 3 AKMX MICTUTb 2-3 MiTOXOHAPII BCiX 3 TMNiB. Y
capKonnasmi KapgiomiouuTis BUAINAOTb 3 TUMNKM MITOXOHAPIM: 1 TMN MITOXOHAPIA BUTATHYTOI GOpPMM, WO MatoTb
BiAHOCHO BenuKui o6’em i fobpe PO3BMHEHUIM KOMMAEKC KPWUCT;, MITOXOHAPII 2-ro TMny OKpyrioi ¢dopmu, AKi
NOPIBHAHO 3 MITOXOHAPIAMM | TUNY MatOTb MEHLLMI 06’EM | MEHLLY KiNbKICTb KPUCT; 3 TUM MITOXOHAPINM AyKe Manoro
06’emy, ane 3 BEIMKOIO KiNIbKiCTIO KpUCT. KapaiomiounTu 3’ eaHYOTbCA MixK COB0H0 3a ONOMOrOH iHTePKabOBAHMX
auckis. WinvHM MiXK KapZiomiouMTamm 3aMOBHEHI MYXKOK CMOMYYHOK TKAHMHOK 3 HEpBaMM Ta KOMMOHEHTaMM
MIKPOLIMPKYNIATOPHOIO pycna, NpeacTtaBNeHMMU apTepiosiaMu, NpeKaniiapHMMKU apTepiosiaMmu, Kaninapamu co-
MaTUYHOro, HedpeHecTPOBaHOro TUNY, MOCTKAMINAPHUMM BEHYIAMM Ta BeHYAaMU. TepLui 03HAKM yparKeHHA MiKpo-
CTPYKTYpU MioKapaa nomiTHi yepes 7 AHiB nicns BBeAeHHsA HanbydiHy 6invm wypam. MpoTtarom HacTynHux 35 aib
eKCNeprMMEeHTY NOCUIOKOTLCA MATONOTIYHI 3MiHM, WO NPOABAAKTLCA MOPYLUIEHHAM YiTKO BUPAXKEHOI CTPYKTYpU cep-
LeBoro m’asa, pparmeHTaLieto M’A30BMX BOJIOKOH, BUPAYXKEHUM NepuUBacKyNApHUM Habpakom Ta Gibposom. CyamHu
Api6HOro Kanibpy BUpPAKeHO rinepemMoBaHi 3 «CNafa CMHAPOMOMY Y NPOCBITI MiKpocyauH. BBegeHHA HanbydiHy
BMKNMKAE [o6pe BUPAXKEHi 3MIHW yAbTPACTPYKTYpKU cepua wypa. MNeplw 3a Bce, Le NPoABASETbCA Y 3MiHI dopmu,
pO3Mipy MITOXOHAPIM, KOHCTPYKLIi Ta KifbKOCTi KpucT. Kpim Toro, Bigbynmnca 3amiHM B Agpax napeHXiMaTo3HuMX
KNITUH — BOHM Habynu HeogHopigHOT dopmn, dparmeHTaLiero XxpomaTuHy. Lie moxe CBiAUMTM NPO NoYaToK anon-
To3y. Kpim Toro, BigbyBatoTbCsA 3MiHM B CTPYKTYPi MIKPOCYANHHOTO KPOBOTOKY — 3MiHU €HA0TeNiaIbHOro NoKpUTTA
MIKPOCYIMH CcepLA, OKM03iA KOPOHAPHMX CYAMH, arperaLis epuTpouuTiB | TPOMBOLUMTIB Ha IHOMIHa/IbHIN NOBEpPXHi
eHaoTenioymnTiB.
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CHANGES IN THE MITOCHONDRIAL APPARATUS OF CARDIOMYOCYTES UNDER THE INFLUENCE OF OPIOID IN
THE EXPERIMENT

Pokotylo P. B., Fedevych Yu. M., Denysenko N. V., Logash M. V., Genyk I. D.

Abstract. This scientific work presents theoretical conclusions and a new solution to the scientific task, which
consists in determining the features of the structure and some biochemical parameters of the blood and organs of
the cardiac muscle of a white rat under normal conditions and under long-term opioid exposure. The experiment
was conducted on 53 white male rats with a body weight of 130-210 g. Animals were divided into 3 groups —
experimental (30 animals), control (18 animals) and 5 animals to check the standards before the experiment. The
use of optical and electron microscopy confirmed that the heart muscle of the white rat is composed of muscle
fibers that branch and intertwine to form a specific mesh. Myofibrils, on the other hand, consist of a chain of
sarcomeres separated by Z-lines, each containing 2-3 mitochondria of all 3 types. There are 3 types of mitochondria
in the sarcoplasm of cardiomyocytes: 1 type of elongated mitochondria, which have a relatively large volume and
a well-developed complex of cristae; mitochondria of the 2nd type have a rounded shape, which, compared to
the mitochondria of the | type, have a smaller volume and a smaller number of cristae; 3 type of mitochondria
of very small volume, but with a large number of crystals. Cardiomyocytes are connected to each other with the
help of intercalated disks. The gaps between cardiomyocytes are filled with loose connective tissue with nerves
and components of the microcirculatory bed represented by arterioles, precapillary arterioles, capillaries of the
somatic, unfenestrated type, postcapillary venules and venules. The first signs of damage to the microstructure of
the myocardium are visible 7 days after the administration of nalbuphine to white rats. During the next 35 days of
the experiment, the pathological changes manifested by the violation of the well-defined structure of the heart
muscle, fragmentation of muscle fibers, pronounced perivascular edema and fibrosis increase. Small-caliber vessels
are markedly hyperemic with “sludge syndrome” in the lumen of microvessels. Administration of nalbuphine causes
well-defined changes in the ultrastructure of the rat heart. First of all, it is manifested in a change in the shape, size
of mitochondria, structure and number of cristae. In addition, there were changes in the nuclei of parenchymal cells
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—they acquired a non-uniform shape due to chromatin fragmentation. This may indicate the beginning of apoptosis.
In addition, there are changes in the structure of microvascular blood flow — changes in the endothelial coating of
microvessels of the heart, occlusion of coronary vessels, aggregation of erythrocytes and platelets on the luminal
surface of endotheliocytes.
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MICROSCOPIC AND SUBMICROSCOPIC CHANGES IN THE HEMOMICROCIRCULATORY

BED OF THE LUNGS IN THE CONDITIONS OF EXPERIMENTAL ALLERGIC INFLAMMATION
Zaporizhzhia State Medical University (Zaporizhzhia, Ukraine)
kluchkosv@gmail.com

Currently, there is a constant increase in the incidence of bronchial asthma in Ukraine, which is motivated by
environmental pollution, an increase in the population's allergies, and the deterioration of the nation's gene pool.
One of the insufficiently researched phenomena in the study of morphological changes in chronic allergic diseases of
the respiratory system is the participation of components of the hemomicrocirculatory bed of the lungs. The above
information indicates the relevance of establishing the ultramicroscopic features of the wall of the microvessels of
the lungs in the context of the development of an allergic inflammatory process. Our work aimed to determine the
microscopic and submicroscopic features of the hemomicrocirculatory bed of the lungs during the experimental al-
lergic inflammatory process. We used 48 male guinea pigs: intact, control, and four experimental groups to achieve
the goal. Ovalbumin-induced allergic airway inflammation was simulated for the experimental groups. The study of
ultrastructural features was carried out on the study's 23rd, 30th, 36th, and 44th days using the histological method
and electron microscopy. It was established that the most significant changes occur during the early period of the
development of allergic inflammation in blood capillaries and post-capillary venules. The swelling of the endothelio-
cytes of the vessels of the hemomicrocirculatory bed led to the formation of microgrowths, resulting in the changed
shape of the vascular lumen. At the same time, disorganization and loss of the order of microfilaments, as well as
separation of endothelial contacts with the formation of gaps, were determined in endotheliocytes. The signs of dys-
function of the endothelium of the links of the microcirculatory bed and histochemical changes of the surrounding
microvessel of the connective tissue in the wall of the respiratory tract and lungs in the animals of the experimental
groups are caused by the increased functional activity of perivascular mast cells.

Key words: hemomicrocirculatory bed, experimental allergic inflammation, ovalbumin, guinea pig, electron mi-
croscopy.

Connection of the publication with planned re- Introduction. In recent years, there has been an in-
search works. The study was conducted within the sci-  crease in the number of chronic allergic diseases of the
ence topic of the Zaporizhzhya State Medical Univer-  respiratory organs, among which bronchial asthma (BA)
sity “Immunomorphological features of internal organs  occupies a special place that represents a significant
under the action of endo- and exogenous factors on the  medical and social problem [1]. The prevalence of BA
body.” State registration number 0118U004250. is increasing worldwide. In Ukraine, the incidence rate
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