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An urgent problem in Ukraine is the development of measures that ensure the adaptation of the cardiovascular
system in conditions of hypothyroidism. Nervous, endocrine and cardiovascular systems are the first to react to
electromagnetic radiation . It is known that microwave radiation has an effect on heart cells and, therefore, on its
functioning. The purpose of the study is to study the morphological changes of the myocardium after exposure of
microwave electromagnetic radiation with different duration of exposure both independently and after thyroidec-
tomy. The object of the study was the hearts of sexually mature laboratory rats. In the course of the experiment,
the myocardium of rats with a hypothyroid state was studied under the influence of microwave electromagnetic
radiation of various durations. After exposure of electromagnetic radiation for different periods of exposure — 45 and
120 minutes — morphometric and histological studies were used to establish structural features and changes in the
heart, which made it possible to quantitatively assess the processes of morphological transformations at the organ
and tissue levels. Changes in the myocardium of experimental animals under conditions of a hypothyroid state after
exposure of microwave electromagnetic radiation with an exposure time of 45 and 120 minutes differed in different
experimental groups. A 45-minute exposure period of microwave electromagnetic radiation led to minor changes in
the myocardium of rats, and had a positive effect on the morphology and reparative properties of the heart wall of
experimental animals. Changes of a different nature were observed after exposure of microwave electromagnetic
radiation with an exposure period of 120 minutes: an increase in degenerative and destructive processes in the myo-
cardium was noted, degradation processes were significantly enhanced and prevailed over compensatory-adaptive

processes.
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Connection of the publication with planned re-
search works. Dissertation work of the Doctor of
Philosophy on the topic: «Morphological changes of
the myocardium under the action of electromagnetic
radiation in normal and after thyroidectomy
(anatomical-experimental study)». The research was
carried out within the framework of the scientific topic
of the Department of Clinical Anatomy, Anatomy and
Operative Surgery of the Dnipro State Medical Univer-
sity «Morphofunctional state of organs and tissues of
experimental animals and humans in ontogenesis in
normal and under the influence of external and internal
factors», state registration number 0117U003181.

Introduction. Corrective measures aimed at
protection and adaptation of the cardiovascular system
in conditions of a hypothyroid state are important and
unresolved questions in modern Ukraine [1, 2, 3]. The
problems of the consequences of hypothyroidism, which
occurs after thyroidectomy, on the morphogenesis of the
heart under the influence of electromagnetic radiation
are also relevant, taking into account the fact that the
nervous, endocrine and cardiovascular systems are the
first to react to the action of electromagnetic radiation
[4]. It is known that it is microwave radiation that affects
the cells of the heart and, therefore, its functioning [5].
According to the literature, toxic and therapeutic doses
of some substances, including heavy metals, have been
determined experimentally, but the question of the
consequences of hypothyroidism, which occurs after
thyroidectomy, on the morphogenesis of the heart under
conditions of exposure to electromagnetic radiation
remains unresolved [6, 7, 8]. Such characteristics of
electromagnetic radiation as radiation frequency,

wavelength, and exposure time, which have a significant
impact on heart morphogenesis, remain important
issues [9].

Hypofunction of the thyroid gland as a result of
thyroidectomy leads to the development of hypertrophy
of the myocardium of the left ventricle and an increase
in its mass, which can disrupt the processes of diastolic
relaxation, and the imbalance of thyroid hormones
causes a violation of the contractile function of the
myocardium [10].

With the help of induced experimental models, it
becomes possible to analyze the morphological changes
of the heart after thyroidectomy under the influence
of electromagnetic radiation [11, 12]. Modeling the
pathological condition, identifying the terms, causes
and mechanism of the formation of disturbances in
the morphogenesis of the heart wall and its structural
elements will help determine possible corrective
measures under the influence of electromagnetic
radiation [13]. Thus, an important and relevant direction
of morphological experimental research is the detection
of the spectrum of changes in the structural components
of the heart wall under conditions of hypothyroidism,
prediction of cardiovascular pathologies and
possible compensatory or decompensatory effects
of electromagnetic radiation with different exposure
periods.

The aim of the study. To establish macro- and
microscopic changes in the myocardium of the
heart of experimental animals under the influence
of electromagnetic radiation under the conditions
of modulation of hypothyroidism. To investigate the
morphological changes of the myocardium of rats under
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the conditions of a hypothyroid state at different times
of exposure to electromagnetic radiation.

Object and methods of research. The object of the
study was the hearts of sexually mature laboratory rats
weighing 180-200 g, aged 4-6 months. The study involved
126 animals divided into control and five experimental
groups. This section of the experiment concerned the
observation of the following experimental groups of
rats: control; after thyroidectomy; after thyroidectomy
and after exposure to microwave radiation for 45
minutes; after thyroidectomy and after exposure to
microwave radiation for 120 min.

The method of modeling hypothyroidism was carried
out according to the patented useful model of 2007, No.
54; (19) UA(11)27821(13)U.

The influence of electromagnetic radiation was
studied after irradiation with a high-frequency signal
generator — G4 — 83 (7.5 - 10.5 GHz) with a frequency of
10 GHz, with a wavelength of 3 cm, exposure of 45 and
120 minutes, daily for 10 days on the whole body with a
pyramidal horn—type P 6 —23A with a power flux density
of 1.1*10-3 W/m?2. This experiment was conducted at
the Department of Applied Radiophysics, Electronics
nd Nanomaterials of the Oles Honchar Dnipro National
University, in accordance with the concluded agreement
on scientific and creative cooperation.

Animals were removed from the experiment on

Figure 1 — Myocardium of the heart wall after thyroidectomy.
Staining: water blue. Inc.: x 40. The arrow indicates muscle fibers.

the 11th day in compliance with the requirements of
humane treatment of experimental animals.

Dissection was used after postmortem thoracotomy,
study of cardiac syntopy and isolation of rat hearts from
the chest cavity. Measurements and weight indicators of
rat hearts were taken.

In the process of work, the following were used:
experimental modeling, morphometric and histological
research methods [14], statistical processing of research
materials using biostatistics methodsimplementedin the
program STATISTICA v.6.1 (Statsoft Inc., USA) (licensed
Ne AGAR909E415822FA) and program Microsoft Excel
(Microsoft Office 2016 Professional Plus, Open License
67528927).

Experimental studies were carried out in compliance
with the requirements of humane treatment of
experimental animals, regulated by the Law of Ukraine
«On the Protection of Animals from Cruelty» (No. 3447-

IV dated 21.02.2006) and the European Convention on
the Protection of Vertebrate Animals Used for Research
and Other scientific goals (Strasbourg, March 18, 1986).

Research results and their discussion. Studying the
hearts of rats, we determined changes at the macro
level in weight indicators of rat hearts. In rats of the
control group, after removal of the heart from the chest
cavity, the weight of the heart was on average equal
to: 0.60 £ 0.028 g. The relative weight of the heart in
the control and experimental groups after exposure to
electromagnetic radiation with different duration of
exposure was as follows: after thyroidectomy — 0.35%;
after exposure to electromagnetic radiation for 45
minutes in conditions after thyroidectomy — 0.35%;
and after thyroidectomy and an exposure time of 120
minutes — 0.44%.

Therefore, analyzing the morphometric parameters
in normal conditions and after exposure of microwave
electromagnetic radiation with different duration of
exposure, it can be concluded that after exposure of
microwave electromagnetic radiation in conditions
of a hypothyroid state with an exposure period of 45
minutes, there was a slight fluctuation of the indicators,
which practically did not differ from the indicators
control group. However, after exposure of microwave
electromagnetic radiation in conditions of a hypothyroid
state with an exposure period of 120 minutes, these
indicators changed more clearly compared to the
control group.

Analysis of changes at the level of the organ, that
is, the heart, showed that the weight of the heart
after thyroidectomy and exposure to electromagnetic
radiation with an exposure period of 120 minutes
increases by 1.2 times and is 0.85 + 0.011 g on average.
Such changes were interpreted as a destructive effect of
this term of microwave electromagnetic radiation, which
led to a more pronounced defibrillation of muscle fibers
in the myocardium of rats, and, as a result, swelling of
interstitial spaces and disruption of blood supply at the
microcirculatory level.

During a morphological study under the conditions
of simulating hypothyroidism after thyroidectomy at the
microscopic level, destructive changes are observed in
the myocardium — signs with elements of myocardial
dystrophy, with foci of myocardial dystrophy, up to
microinfarcts with perifocal inflammation, as well as
degeneration processes (appearance of contractile
bands) of muscle fibers and the appearance diffuse
necrosis of cardiomyocytes. At the site of irreversible
damage, the formation of connective tissue scars and
interstitial fibrosis is possible (fig. 1).

After thyroidectomy and exposure of microwave
electromagnetic radiation with exposure for 45
minutes, compensatory remodeling of the unchanged
structural components of the myocardium of the heart
wall and hypertrophy of cardiomyocytes were observed,
which demonstrates the reparative and regenerative
effect of microwave electromagnetic radiation on the
myocardium after 45 minutes of exposure (fig. 2).

After thyroidectomy and exposure of microwave
electromagnetic radiation for 120 minutes, an increase
in degenerative and destructive processes in the
myocardium of the heart wall was observed, which
indicates the suppressive effect of microwave radiation
on cardiomyocytes (fig. 3).
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Figure 2 — Myocardium of the heart wall after thyroidectomy and
microwave electromagnetic radiation with an exposure of 45
minutes. Staining: water blue. Inc.: x 40.

The arrow indicates muscle fibers.

Conclusions. Under the conditions of simulation
of hypothyroidism after thyroidectomy, destructive
changes and processes of degeneration of muscle
fibers were observed in the myocardium, but after
exposure of microwave electromagnetic radiation
on animals in a hypothyroid state for 45 minutes,
regenerative compensatory restructuring of the
structural components of the myocardium of the heart

Figure 3 — Myocardium of the heart wall after thyroidectomy and
microwave electromagnetic radiation with an exposure of 120
minutes. Staining: water blue. Inc.: x 40.

The arrow indicates muscle fibers.

in the myocardium of the heart wall is observed,
which indicates the suppressive effect of microwave
electromagnetic radiation on cardiomyocytes during
exposure for 120 minutes.

Prospects for further research. It is planned to
investigate ultramicroscopic changes in the myocardium
of the heart wall under conditions of simulation of

hypothyroidism after thyroidectomy and exposure to
microwave electromagnetic radiation using the electron
microscopy method.

wall occurs; after thyroidectomy and exposure of
microwave electromagnetic radiation for 120 minutes,
an increase in degenerative and destructive processes
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XAPAKTEPHI MAKPO- TA MIKPOCKONIYHI 3MIHU MIOKAPAA Nig BN/IMBOM HAOBUCOKOYACTOTHOIO
EIEKTPOMATHITHOIO BUNPOMIHIOBAHHA 3A YMOB FNMNOTUPEOIAHOIO CTAHY

KowapHwuii B. B., Hedbogosa O. 0., A6gyn-Orau /1. B., Pytraisep B. I,

Kpamap C. b., KysHeuosa O. B., BenukopogHwii B. I.

Pe3tome. HeBupilleHi NUTaHHA CTOCOBHO BMJIMBY €/IEKTPOMArHiTHOro BUNPOMIHIOBAaHHA Ha MiOKapA, B yMOBax
rinoTMpPeoiAHOro cTaHy NoTpebyoTb NOrMGAEHOro BUBYEHHS LLiET aKTyaIbHOT Ta Ba*K/IMBOI Cy4acHOi npobiemu.
MeToto focniaXKeHHA € BCTAHOBAEHHA MaKpO- Ta MIKPOCKONIYHMX 3MIiH Y MiOKapAi cepLua ekcnepmMmeHTanbHUX
TBAapPWH 332 YMOB MOAENIOBAHHA rinoTMpeosy nig snamsom HBY enekTpomarHiTHOro BUNPOMiHIOBAHHA.

0O6’ekTOM pocnigKeHHs cTanu cepua 126 nabopaTopHUX cTaTeBO3piNMX Wypis, macoto 180 — 200 r Bikom 4-6
MicALiB, PO3NOAiNeHi Ha KOHTPONbHY Ta N’'ATb eKCNepUMeHTanbHUX rpyn. JaHui po3ain eKcnepumeHTy cTocy-

ISSN 2077-4214. Bichuk npo6nem bionorii i megnuunm — 2022 — Bun. 3 (166) / Bulletin of problems in biology and medicine — 2022 - Issue 3 (166) 391



MOP®ONO0rifa / MORPHOLOGY

BaBCA CNOCTEpPEXKEeHHA 3a HACTYNMHUMMK eKCNepUMEHTAZIbHUMM TPYMAaMK LLYPiB: KOHTPO/IbHO; MiCAA TUPEOoieK-
TOMIT; nicna TupeoigekTomii Ta nmicna aii HBY-sunpomiHioBaHHA 45 xB.; nicna TupeoigekTomii Ta nicna aii HBY-
BUNPOMIiHIOBAaHHA 120 xB. EKcnepumeHTabHI TBAapUHKU onpomiHeHi HBY eneKkTpoMarHiTHUM BUNPOMIHIOBAHHAM
3 yacToTtoto 10 [Ty, 3 AOBXKMHOK XBMAI 3 CM NPU  Pi3HUX TepMiHax eKkcno3uuii — 45 Ta 120 XBUAMH — WOAEHHO
npotarom 10 ai6.

Locnigxyoum cepua Wwypis, MM BU3HAYMAM 3MiHM Ha MAaKPOPIBHI y BaroBMx NOKa3HWKax cepaeLb WypiB. AHa-
Ni3 3MiH Ha piBHi opraHy, TO6To cepus, NOKa3aBg, WO HalbiNbLWi 3MiHM LWOAO MacK cepusA CNoCcTepirainca y CTaHi
eKCnepumeHTanbHO OTPMMAHOTO TiNOTMPEeOo3y Ta BN/IMBI HAABMCOKOYACTOTHOIO eN1eKTPOMArHiTHOro BUNPOMIH}O-
BaHHA 3 TepmiHOM eKkcno3uuii 120 xBuaunH. Take 36inblUEHHS MacK cepua y rpyni WwypiB gaHoi rpynu 6yno ouiHeHo
HaMK K AeCTPYKTUBHUIN BNAUB, LLLO NOB’A3aHMI 3 HiNbll BUPArKEHUM PO3BOIOKHEHHAM M’ A30BUX BOIOKOH Y Mi-
OKapai CTiHKM cepuA WAYHOUKIB LLYPIiB, Ta, AK HACNIAOK, HABPAKOM iHTepPCTULiaIbHUX NPOCTOPIB Ta NOPYLUIEHHAM
KPOBOMOCTa4YaHHA Ha MiKPOLIMPKYNATOPHOMY PiBHi.

Mpu mopdonorivHOMy AOCNIAKEHHI 38 YMOB MOAE/OBAHHA rNOTMPeOo3y Micasa TUPeOoigeKToOMIi Ha MiKPOCKO-
nivyHOMYy PiBHi y MioKapAi cnocTepirannca AecTPyKTUBHI 3MiHUM, Npouecu aereHepauii M’a30BUX BOMIOKOH. [ican
TUpeoigeKkTomii Ta Bnamey HBY BMNpOMiHIOBaHHA 3 eKcno3uuieto 45 XBUAMH MU CnoCTepirain KOMNeHCaTopHyY
nepebynoBy HE3MIHHUX CTPYKTYPHUX KOMMOHEHTIB MiOKapAy CTiHKK cepud Ta rinepTpodito KapaiomioyumTis, Wwo
€ CBiAOLTBOM a[anTUBHOI, penapaTMBHO-pereHepaTopHOT Aii Ha Miokapa HBY enekTpomarHiTHOro BUNpPOMiHo-
BaHHA TepmiHOM 45 xB. Y rpyni wypis nicas TmpeoigekTomii Ta Bnamey HBY eneKTpomarHiTHOro BUNpomiHOBaHHA
3 ekcno3suuieto 120 xBUAMH cnoCTepirann NOCUIEHHA AereHepaTUBHO-AECTPYKTUBHMX MPOLECIB Y MiOKapAi 3 Ha-
OpAKOM iHTEPCTULiaIbHUX NPOCTOPIB, LLO CBIAYMUTb MPO MNPUTHIYYOYY Ta AECTPYKTMBHY Aito HBY enekTpomarHit-
HOrO BUMNPOMIHIOBAHHSA AAHOI0 TEPMIiHY Ha KapAaiomiounTu.

Knwouosi cnoBa: cepue, miokapg, TMpeoigeKkTomis, rinoTupeoigHnii ctad, HBY — enekTpomarHiTHe BUNpoMmi-
HIOBAHHSA.

CHARACTERISTIC MACRO- AND MICROSCOPIC CHANGES OF MYOCARDIA UNDER THE INFLUENCE OF
MICROWAVE ELECTROMAGNETIC RADIATION UNDER CONDITIONS OF HYPOTHYROID STATE

Kosharnyi V. V., Nefodova O. O., Abdul-Ogly L. V., Rutgaizer V. G., Kramar S. B.,

Kuznetsova O. V., Velikorodny V. I.

Abstract. Unsolved questions regarding the impact of electromagnetic radiation on the myocardium in
conditions of a hypothyroid state require an in-depth study of this current and important modern problem.
The purpose of the study is to establish macro- and microscopic changes in the myocardium of the heart of
experimental animals under the conditions of modeling hypothyroidism under the influence of microwave
electromagnetic radiation.

The object of the study were the hearts of 126 laboratory sexually mature rats weighing 180-200 g, aged 4-6
months, divided into control and five experimental groups. This section of the experiment concerned the observation
of the following experimental groups of rats: control; after thyroidectomy; after thyroidectomy and after exposure
to microwave radiation for 45 minutes; after thyroidectomy and after exposure to microwave radiation for 120 min.
Experimental animals were irradiated with microwave electromagnetic radiation with a frequency of 10 GHz, with a
wavelength of 3 cm at different exposure times — 45 and 120 minutes — daily for 10 days.

Studying the hearts of rats, we determined changes at the macro level in weight indicators of rat hearts.
Analysis of changes at the level of the organ, i.e. the heart, showed that the greatest changes in heart weight
were observed in the state of experimentally obtained hypothyroidism and the influence of ultra-high-frequency
electromagnetic radiation with an exposure period of 120 minutes. Such an increase in the weight of the heart
in the group of rats of this group was assessed by us as a destructive effect, which is associated with a more
pronounced defibration of muscle fibers in the myocardium of the heart wall of the ventricles of rats, and, as a
result, swelling of the interstitial spaces and disruption of blood supply at the microcirculatory level.

During the morphological study under the conditions of modeling hypothyroidism after thyroidectomy
at the microscopic level, destructive changes and degeneration processes of muscle fibers were observed in
the myocardium. After thyroidectomy and exposure of microwave electromagnetic radiation for 45 minutes,
we observed compensatory remodeling of unchanged structural components of the myocardium of the heart
wall and hypertrophy of cardiomyocytes, which is evidence of the adaptive, reparative-regenerative effect of
microwave electromagnetic radiation on the myocardium for 45 minutes. In a group of rats after thyroidectomy
and exposure to microwave radiation with exposure for 120 minutes, an increase in degenerative-destructive
processes in the myocardium with swelling of interstitial spaces was observed, which indicates the suppressive
and destructive effect of microwave electromagnetic radiation of this term on cardiomyocytes.

Key words: heart, myocardium, thyroidectomy, hypothyroid state, microwave electromagnetic radiation.
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The results of the research at the microscopic level, after the effect of general hypothermia with a duration of
exposure of 10 days, an increase in the size of cardiomyocytes, the interstitial space was found, which indicated the
activation of adaptive processes of the microcirculatory bed and the energy supply apparatus of cells that occur in
cardiomyocytes under the effect of general hypothermia with an early duration of action; with a term of action of
30 days — marked defibrillation of muscle fibers in the myocardium of the heart of the ventricles and the interven-
tricular membrane of rats. The effect of local hypothermia using a cardioplegic solution for cooling the heart allows
you to preserve the typical structure of the myocardium, while protecting the structural organization. Dry cooling
of the heart causes destructive changes in the myocardium with the development of degenerative and destructive
processes in the myocardium of the heart, in places muscle fiber breaks, myofibrils defibration, their destruction and
an increase in intercellular spaces, which indicates the depressing effect and irreversible damage of this method of

local hypothermia (dry cold) on the myocardium of the ventricles and interventricular membrane.
Key words: heart, myocardium, thyroid gland, hypothyroidism, microwave electromagnetic radiation.

Connection of the publication with planned
research works. The research was carried out within
the framework of the scientific topic of the department
of human anatomy, clinical anatomy and operative
surgery «Morphofunctional state of organs and tissues
of experimental animals and humans in ontogenesis in
normal and under the influence of external and internal
factors», Ne state registration 0117U003181.

Introduction. According to the literature, the effects
of some chemicals and hypothermia, in general, have
been experimentally determined. Still, the effects of
local and general hypothermia on the morphogenesis of
the heart, especially under conditions of cooling, remain
unexplored [1]. As for the influence of hypothermia, such
an important question arises as the concepts of local and
general cooling significantly impact the heart’s morpho-
genesis. Direct observation of the effect of hypothermia
on the structures of the heart in humans is impossible;
therefore, with the help of induced experimental mod-
els, it becomes possible to analyze the morphological
changes of the heart after exposure to cooling [2]. Dur-
ing the research, the role of modeling the pathological
state, identifying the terms, causes, and mechanism of
the formation of disturbances in the morphogenesis of
the heart, its wall, and structural elements or compo-
nents is increasing, which makes it possible to develop

a model of hypothermia and will help to determine the
corrective measures of cooling action. In the available lit-
erature, we could not find comprehensive studies using
electrophysiological, general histological methods, im-
munohistochemistry, and electron microscopy of the
myocardium in the pathology mentioned above [3, 4].
This substantiates the relevance of this research and
the expediency of conducting it. According to the litera-
ture, hypothermia is when the internal body tempera-
ture drops below 35 degrees Celsius. Moderate thera-
peutic hypothermia procedures are used in post-cardiac
arrest treatment, while surgical procedures often use
lower core temperatures to provide cerebral protection
[5]. An involuntary decrease in internal body tempera-
ture occurs with accidental hypothermia, and ventricular
arrhythmias are considered the main cause of high mor-
tality in these patients. Hypothermia is a relatively com-
mon clinical condition that is associated with significant
morbidity and mortality, especially if it is not recognized
and treated in time. This condition, associated with ex-
treme changes in the body’s internal temperature, can
be accompanied by a violation of cardiac function, often
with the apparent difference in the electrocardiogram
[6, 7]. Many researchers are engaged in studying the
morphology of organs under therapeutic effects, but
the morphological modifications of these organs under
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