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Summary. Diabetes mellitus today is one of the most
common diseases of humankind. One of the risk factors for
heart disease in diabetes is chronic hyperglycemia, which
causes cardiovascular disease and myocardial injury. Ultra-
structural changes of endocrine cardiomyocytes of a heart
in hyperglycemia in the experiment require more detailed
study.

The aim of the study — to establish submicroscopic
changes of atrial myoendocrine cardiomyocytes under the
conditions of modeling of experimental hyperglycemia in
rats of different age groups.

Materials and Methods. The study was performed on
24 outbreeding nonlinear adult male rats. Experimental hy-
perglycemia was simulated by a single intraperitoneal injec-
tion of streptozotocin (Sigma, USA). Animals were divided
into two age groups: of pre-reproductive and reproductive
age. For electron microscopic studies, sections 0.4-0.6 um
thick were made on an ultramicrotome, and were studied
using an electron microscope PEM-125K.

Results. Submicroscopic studies of the right and left
atrial appendages (auricles of the heart) of the studied
groups of animals after one month of experimental per-
sistent hyperglycemia showed changes in the structure
of almost all organelles of endocrine cardiomyocytes.
Changes in secretory cells of the right and left atrial ap-
pendages after two months of experimental persistent hy-
perglycemia showed an increase in destructive changes
in the structural components of cells, which were more
pronounced in the group of animals of pre-reproductive
age. The diffuse collagenization of the stroma was a typi-
cal sign of ultrastructural changes in the atrial append-
ages after three months of experimental persistent hy-
perglycemia.

Conclusions. At experimental steady hyperglycemia
at animals of different age groups stereotypical ultrastruc-
tural reorganization of secretory cardiomyocytes of right
and left atrial appendages with development of compensa-
tory-adaptive and destructive changes is noted. In the dy-
namics of the experiment there is an increase in destructive
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Cy6MiKpOCKONiUHi 3MiHU CEKpeTOPHUX KapaioMiouuTis
3a YMOB eKcrnepuMeHTasIbHOI rinepraikemii y wypis
Pi3HUX BiKOBUX rpyn

C. B. Tpau PoconoBcbka, 3. M. He6ecHa, 1. . BogHap,
B. B. Kynb6iybka

TepHoninbCcbKkul HayioHasibHUU MeduyHUU yHisepcumem
imeHi I. . Nopbayescbkoeo MO3 YkpaiHu

Pestome. Lykposuli diabem Ha cbO200HI € OOHUM i3
HalnowupeHiwux 3axsoptosaHb Jitoocmsa. Halsaxiusi-
wumu ghakmopamu PU3UKY YPaxeHHs cepysi npu yYykpo-
BoMy Oiabemi € XpOHiYHa 2inepasikemisi, Wo CrpuyuHsie
pO3BUMOK cepyeso-CyOUHHOI namosiogii ma Cripusie ywkKo-
OXEHHI0 Miokapoa. Y/ibmpacmpykmypHi 3MiHU €HOOKPUH-
HUX Kapodiomioyumis cepysi npu 2inepksieemii 8 ekcrepu-
MeHmi nompeobyroms 6i/lbW 0emasibHO20 BUBYEHHS.

MeTa gocnimpxeHHs — BcmaHoB8UMU CyOMiKPOCKOMIYHI
3MiHU nepedcepoHUX MIOEHOOKPUHHUX KapdiomMioyumis 3a
YMOB MOOEe/IH0BaHHSI eKCcriepuMeHmasibHoI einepaikemil y
wypis pisHUX BIKOBUX 2pyTl.

Martepianu i metoawu. [Joc/iioxeHHs MpoBeoeHo Ha 24 He-
JUHIGHUX cmameBso3piyiux wypax-camysix. ExkcriepumeHmasisb-
Hy einepasikemito MoOesIroBa/Iu W/ISIXOM OOHOPAa308020 BHY-
MPIWHLOYEPEeBHO20 BBEOEHHST CIMPENMO30MOYUHY («Sigma,
USA). TeapuH po3rodisis/iu Ha 08i BIKOBI 2pynu: wypu oope-
MPOOYKMUBHO20 BIKY ma PernpooyKmusHO20 BIKY. [/1s1 e/lek-
MPOHHO-MIKPOCKOMIHHUX OOC/IIOKEeHb 6pasiu 3pi3u MOBUUHOK
0,4-0,6 MKM, BU20MOB/IEHI Ha Y/IbMPaMiKpomomi, ma susyasiu
3a 00roMo20k0 e/1IEKMPOHHO20 Mikpockona MNMEM-125K.

Pesynbratu. CyomiKpoCKOMiyHi 00C/IIOXEHHS npasoeo i
J1IB020 BYWOK cepysi OOC/IIOHUX 2pyn mMBapuH rnpu OOHOMI-
CAYHIl ekcriepumeHmasibHit cmilikili einepasikemii mokasasau
3MiHU B8 6YO0BI NpakmMUuY4HO yCix op2aHes1 eHOOKPUHHUX Kap-
diomioyumis. 3MiHU eHOOKPUHHUX KapoiomMioyumis rpasozo
i /1iB020 BYUWIOK cepysi rnpu 0BOMICSIYHIU ekcriepuMeHmasibHil
cmilikili 2inepa/iikemii nokasasau HapocmaHHsi 0ecmpykmus-
HUX 3MIiH CK/1a00B8UX KOMIMOHEHMIB K/IIMUH, siKi 6y/1u Gifibw
BUPAXEHI y 2pyri mBapuH 0opernpooyKmusHO20 BIKy. Busis-
J/ileHa ouqbysHa KosiazeHizayisi cmpomu 6y/s1a muriosor 03Ha-
KOK y/lbmpacmpykmypHUX 3MiH BYWOK cepysi npu mpumi-
CAYHIl ekcriepumeHmasibHit cmilkili einepa/likemir.

BucHoBKW. [pu ekcriepumeHmasibHil cmidkid einep-
2/liKkeMii'y msapuH pi3HUX BIKOBUX 2pyrl BiOMiYaembCsi cme-
peomurHa y/ibmpacmpykmypHa peopaaHizayisi cekpemop-
HUX Kapodiomioyumis mMiokapoa ByWOK cepysi 3 PO3BUMKOM
KOMMeHCamopHO-MPUCMOCYBa/IbHUX | 0ecmpyKmusHUX
3MiH. B duHamiyi ekcriepumMeHmy criocmepizaemscsi Hapoc-
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phenomena, the severity of which is higher in the group of
rats of pre-reproductive age.

Key words: heart; myocardium; secretory cardiomyocytes;
submicroscopic changes; hyperglycemia.

INTRODUCTION

Diabetes mellitus (DM) is currently one of the most
common diseases of humankind, leading to disability
and mortality in many countries around the world.
According to the WHO, the number of patients with
diabetes is growing every year and currently stands at
more than 180 million people, according to experts in
the coming years the number of patients will be about
300 million people [1-3]. One of the most important
risk factors for heart disease in DM is chronic hyper-
glycemia, which causes cardiovascular disease and
contributes to myocardial injury [4-8], and the degree
of structural and functional changes in the components
of the organ depends on various factors, including neu-
rohumoral regulation [9, 10]. It is known that in DM the
renin-angiotensin system is activated, the antagonist
of which is the atrial natriuretic peptide synthesized by
atrial cardiomyocytes, in turn, this interaction affects the
heart [11-15]. The pathomorphology of structural com-
ponents of the organ in experimental hyperglycemia is
described in details in the scientific literature [16, 17],
but more attention has been paid to the structure of the
myocardium, while ultrastructural changes of endocrine
cardiomyocytes in the experimental hyperclycemia re-
quire more detailed study and in the future will predict
the pathogenesis of heart disease in diabetes.

The aim of the study — to establish submicrosco-
pic changes of atrial myoendocrine cardiomyocytes
under the conditions of modeling of experimental hy-
perglycemia in rats of different age groups.

MATERIALS AND METHODS

An experimental study was performed on 24 out-
breeding nonlinear adult male rats. The animals were
kept in a vivarium under natural light and with free ac-
cess to water and food. The research was performed
in accordance with the international principles of the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986) and the General Ethi-
cal Principles for Animal Experiments (Kyiv, 2001).
Manipulations with animals were performed under
thiopental anesthesia. Animals were divided into two
age groups: | — rats of pre-reproductive age (imma-
ture, 1.5-2 months, with a body weight of 90 g+10
0), Il —rats of reproductive age (mature, 5-6 months,
with a body weight of 190 g+10 d). Experimental hy-
perglycemia was simulated by a single intraperitoneal
injection of streptozotocin (Sigma, USA). The injec-
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MaHHs 0eCmMpPyYKMUBHUX 518U, BUPAXKEHHS SIKUX € BUWOH
8 2pyni Wypis 0openpooyKmuBHO20 BIKY.
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tion of the drug was preceded by a 12-hours animals
starvation. Removal of animals from the experiment
was carried out by decapitation on the 1st, 2nd and
3rd month of the experiment. Pieces of heart tissue
were fixed in 2.5-3 % solution of glutaraldehyde with
phosphate buffer (pH 7.2—7.4). Postfixation was per-
formed with 1 % osmium tetroxide solution, followed
by dehydration in ethanol of increasing concentration
and embedded into a mixture of epoxy resins. For
electron microscopic studies, sections 0.4-0.6 ym
thick made on an LKB-3 ultramicrotome were con-
trasted with uranyl acetate and lead citrate according
to the Reynolds method. The sections were studied
using an electron microscope PEM-125K at different
magnifications [18, 19].

RESULTS AND DISCUSSION

Submicroscopic studies of the right and left atrial
appendages of the studied groups of animals after
one month of experimental persistent hyperglycemia
showed changes in the structure of almost all orga-
nelles of endocrine cardiomyocytes. In the cytoplasm
of cardiomyocytes of the atrial appendages, a large
number of mature granules and granules in the stage
of formation were noted, the main part of which had
the form of membranous structures. A small number
of nonmembranous forms of granules were observed,
their clusters were located mainly in the perinuclear
region of the cytoplasm. "Immature" granules were also
found, they were located both around the nucleus and
in groups between myofibrils, mitochondria and around
hemocapillaries (Fig. 1).

@
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Fig. 1. Fragment of myoendocrine cell of the right atrial appendage of
a rat of reproductive age after one month of experimental persistent
hyperglycemia. Nucleus (1), vacuolated mitochondria (2), focal homo-
genization and enlightenment of the mitochondrial matrix (3), secretory
granules (4). Electron micrograph. x21 000.
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The karyoplasm of secretory cardiomyocytes of
rats of both groups was electron-light, due to the pre-
dominance of euchromatin, it had one or two nucleoli.
Some nuclei contained shallow invaginations, as a
result of which the karyolema had a wavy contour. Mi-
tochondria underwent significant changes, they were
heteromorphic, densely packed, some of them were
hypertrophied, swollen with an electron-enlightened
matrix and damaged crystae (Fig.2). The contractile
apparatus of endocrine cardiomyocytes was characte-
rized by typical sarcomeres, the myofilaments of which
maintained a parallel orientation. However, there were
also myofibrils with sarcomeres of different lengths
and disruption of myofilament ordering. Most cells had
extended Z-lines (Fig. 3). In some cardiomyocytes
there were changes of the contracture type, there
were also areas of defibering of myofilaments and their
lysis (Fig. 4). Most of cells contained sharply dilated
tubules of the endoplasmic reticulum, elements of the

@

Fig. 2. Fragment of myoendocrine cell of the right atrial appendage
of a pre-reproductive rat after one month of experimental persistent
hyperglycemia. Diffuse arrangement of secretory granules (1),
destruction of mitochondrial crystae (2). Electron micrograph.
x17 000.
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Fig. 3. Fragment of myoendocrine cells of the right atrial appendage
of pre-reproductive rats after one month of experimental persistent hy-
perglycemia. Nucleus with invaginations of karyolemma (1), compact
arrangement of mitochondria (2) between the strands of myofibrils (3),
secretory granules (4). Electron micrograph. x18 000.
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Golgi complex are hyperplastic. There was moderate
intracellular edema, mainly in peripheral areas of cells.
Due to edema, the intercellular lumens were increased,
the structure of the intercalated discs was disrupted.
Submicroscopic changes of endocrine
cardiomyocytes of the right and left atrial appendages
after two months of experimental persistent
hyperglycemia showed an increase in destructive
changes in all cell organelles, which were more
pronounced in the group of animals of pre-reproductive
age. In animals of both age groups in the secretory
apparatus of the cells of the atrial appendages was
visually less granules compared to the previous study
period (Fig. 5). "Immature" and nonmembranous forms
of granules predominated, most of which contained
osmiophilic, dense contents. There are a small number
of mature granules, they did not form clusters but were
evenly distributed in the cytoplasm. Topographically, the
secretory granules were shifted to the subsarcolemmal

Fig. 4. Fragment of myoendocrine cells of the right atrial appendage
of pre-reproductive rats after one month of experimental persistent
hyperglycemia. Enlightenment of the cytoplasm due to lysis of
myofilaments (1), hyperplasia of the Golgi complex (2), expansion of
the perinuclear space (3). Electron micrograph. x.17 000.

Fig. 5. Fragment of the myoendocrine cell of the right atrial appendage
of a rat of reproductive age after two months of experimental persistent
hyperglycemia. Abnormal intensive contraction of several sarcomeres
of myofibrils (1), accumulation of mitochondria (2), secretory granules
(3). Electron micrograph. x12 000.
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area in comparison with the previous term of the
experiment. The nuclei of endocrine cardiomyocytes
underwent significant ultrastructural changes. Thus,
the karyolemma of the nuclei produced a significant
number of invaginations, the karyoplasm was
dominated by heterochromatin, which was located
mainly in the areas under the karyolemma. Some
nuclei have been pyknotically altered, with areas of
karyolemma stratification, especially in cardiomyocytes
changes with contracture type (Fig. 6).

Myofibrils were characterized by pronounced
destructive changes, in particular, there were zones
of myofibril overextension, areas of defibering,
lysis and homogenization of myofilaments, Z-lines
had a fragmented appearance due to splitting and
displacement of myofibrils relative to each other.
Sarcomeres in the area of the intercalated discs
were destructively altered, poorly contoured (Fig. 7).
Elements of the energy apparatus of cells were also with
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Fig. 6. Fragment of the myoendocrine cell of the right atrial appendage
of pre-reproductive rats after two months of experimental persistent
hyperglycemia. Pycnomorphic nucleus with a predominant content of
heterochromatin in the karyoplasm (1) secretory granules (2), clusters
of mitochondria (3). Electron micrograph. x15 000.

©)

Fig. 7. Fragment of myoendocrine cell of the right atrial appendage of a
pre-reproductive rat after two months of experimental persistent hyper-
glycemia. Intercalated disk (1), secretory granules (2), bands of myofibril
with abnormal intensive contraction (3). Electron micrograph. x15 000.
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signs of pronounced destructive changes. Mitochondria
were significantly swollen, with damage to the outer
membrane, reduction of cristae, and an enlightened
matrix. Mitochondria with electron-dense myelin-like
inclusions were present between myofibrils (Fig. 8). The
structural components of the Golgi complex, located
both around the nucleus and under the sarcolemma,
were hyperplastic. The tubules of the endoplasmic
reticulum were dilated, sometimes fragmented.

The diffuse collagenization of the stroma was a typi-
cal sign of ultrastructural changes in the right and left
atrial appendages after three months of experimental
persistent hyperglycemia (Fig. 9). A large number of
synthetically active fibroblasts with hypertrophied nuclei
was observed, in which euchromatin predominated,
and karyolemma formed numerous intussusception.

In the cytoplasm of secretory cardiomyocytes,
mostly small granules were present, which were
located irregularly in the swollen cytoplasm. Mature

I

Fig. 8. Fragment of myoendocrine cell of the right atrial appendage of a
pre-reproductive rat after two months of experimental persistent hyper-
glycemia. Myelin-like structures (1), myofibrils (2), secretory granules
(3). Electron micrograph. x45 000.

Fig. 9. Fragments of myoendocrine cells of the right atrial appendage
of pre-reproductive rats after three months of experimental persistent
hyperglycemia. Nucleus (1), layers of collagen fibers (2). Electron mi-
crograph. x15 000.

4(10),2021

91



9

OpuriHanbHi JOCTiIKeHHA

Original research

forms of granules are more numerous in comparison
with the content of such granules in the previous terms
of research, and nonmembranous organelles were
practically absent. During this period of the experiment,
the increasing of destructive changes in the nuclei,
contractile and energy apparatus of endocrine cardio-
myocytes, as well as in the hemomicrocirculatory bed
were also revealed. Endotheliocytes were in a state
of significant edema, the number of organelles and
micropinocytic vesicles was reduced, the basement
membrane was thickened, damaged in some areas,
the lumens of most hemocapillaries were narrowed.
The nuclei of cardiomyocytes had significant enlight-
enment of the karyoplasm. Mitochondria were sharply
swollen, there was a complete leaching of their matrix
and the destruction of the outer membrane. Reduction
and fragmentation of endoplasmic reticulum tubules
were noted. In some cardiomyocytes, mitochondria,
myofibrils, and other organelles were represented by
heterogeneous mass without structural organization
(Fig. 10).

CONCLUSIONS

1. At experimental persistent hyperglycemia
in animals of different age groups stereotypical
ultrastructural reorganization of contractile, nuclear
and energy apparatus of secretory cardiomyocytes
of myocardium of the right and left atrial appendages
with development of compensatory-adaptive and
destructive changes is noted. In the dynamics of
the experiment there is an increase in destructive
phenomena, the severity of which is higher in the group
of rats of pre-reproductive age;

2. In hyperglycemia lasting one month in animals
of both groups in myoendocrine cells there is an
increase in the number of secretory granules mainly
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