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The thyroid gland pathologies occupy one of the 
leading places among endocrine disorders. Metabolic 
changes that occur in hyper- or hypothyroidism lead to 
dysfunction of many organs and systems, first of all, the 
cardiovascular system. Cardiovascular diseases are one 
of the most acute medical and social problems of mod-
ern society. Currently, it has been established that an 
increase in homocysteine levels has a significant role in 
the progression of coronary heart disease and its com-
plications. However, several scientific publications do 
not sufficiently address the impact of hyperhomocyste-
inemia on the functional myocardium condition in thy-
roid pathology, which requires a more detailed study of 
this problem. The study aimed to establish the reorgani-
zation of the structural components of the myocardium 
under the conditions of experimental hyperhomocyste-
inemia on the background of hyper- and hypothyroid-
ism. Histological examination of left ventricle pieces of 
the rat’s heart was conducted in the study. Significant 
microscopic changes of stromal-vascular-parenchymal 
components were found in the myocardium of labora-
tory rats with HHCy, hyper-, and hypothyroidism. More 
pronounced necrotic and degenerative changes of car-
diomyocytes have been established in the conditions 
of combined hyper- and HHCy and hypothyroidism and 
HHCy action.

Key words: hyperthyroidism, hypothyroidism, 
hyperhomocysteinemia, myocardium.

The connection of the publication with planned re-
search works. The study is a fragment of the National 
Pirogov Memorial Medical University research topic 
“Influence of exogenous and endogenous factors on the 
metabolism of hydrogen sulfide and associated meta-
bolic processes in normal and in pathology”, state reg-
istration № 0113U006461.

Introduction. Cardiovascular disease (CVD) is recog-
nized as the leading cause of death and permanent dis-
ability in the world [1, 2, 3, 4]. Several epidemiological 
studies have shown that homocysteine (HCy) is an inde-
pendent risk factor for CVD [5, 6], and hyperhomocyst-
einemia (HHCy) leads to heart attacks and strokes [2, 7].

Myocardial and vascular endothelial tissues have 
receptors for thyroid hormones and are sensitive to 
changes in the concentration of circulating thyroid hor-
mones [8, 9]. It was established that minor changes in 
the concentration of thyroid hormones, that have been 
observed in subclinical hyper- or hypothyroidism affect 
the cardiovascular system negatively [10]. Some of the 
potential mechanisms linking these two conditions are 
dyslipidemia, endothelial dysfunction, changes in blood 
pressure, and the direct effect of thyroid hormones on 
the myocardium. It has been found that the treatment 
of thyroid disease improves the cardiovascular system 

condition, which provides potential benefits to reduce 
the risk of CVD [11]. Experimental studies have also 
shown that thyroid hormones may play an important 
therapeutic role in reducing the heart attack risk and 
improving myocardial function after an acute myocar-
dial infarction.

The aim of the study was to establish the 
reorganization of the structural myocardium 
components under the conditions of experimental 
HHCy on the background of hyper- and hypothyroidism.

Object and methods of research. The experiments 
were conducted on 50 outbred white male rats weigh-
ing 180-200 g. Rats were kept at standard light day on 
a usual diet. All studies were conducted in compliance 
with the requirements of humane treatment of 
experimental animals, regulated by the Law of Ukraine 
«On Protection of Animals from Cruelty» (№ 3447-IV 
of 21.02.2006) and the European Convention for the 
protection of vertebrate animals used for research and 
other scientific goals (Strasbourg, March 18, 1986).

All animals were divided into 5 groups: 1st – intact 
rats (n=8-10). This group of animals was injected intra-
gastrically with 1% starch solution; 2-a – animals with 
thiolactone HHCy, which was caused by intragastric ad-
ministration of HCy in the form of thiolactone at a dose 
of 100 mg/kg body weight in 1% starch solution once 
a day for 28 days (n=8-10). The dose, routes and dura-
tion of administration of thiolactone HCy are borrowed 
from the literature and did not cause the death of ani-
mals [12]; 3-a – animals with hyperthyroidism, which 
were administered intragastrically daily for 21 days by 
L-thyroxine at a dose of 200 μg/kg in 1% starch solu-
tion (n=8-10) [12]; 4-a – animals with thiolactone HHCy, 
which were daily administered intragastrically for 21 
days by L-thyroxine at a dose of 200 μg/kg in 1% starch 
solution (n=8-10); 5-a – animals with hypothyroidism, 
which were administered intragastrically daily for 21 
days by mercazolyl at a dose of 10 mg/kg body weight 
in 1% starch solution (n=8-10) [12]; 6-a – animals with 
thiolactone HHCy, which were daily administered intra-
gastrically by mercazolyl at a dose of 10 mg/kg per 1% 
starch solution (n=8-10). Animals were deduced from 
the experiment 24 hours after the last administration of 
the selected substances.

The material was taken according to the generally ac-
cepted method. Pieces of the heart’s left ventricle were 
fixed in 10% formalin solution for histological examina-
tion. Further material processing with next pouring into 
paraffin blocks was conducted by generally accepted 
methods [13]. Sections 4-6 μm thick were obtained on 
a rotary microtome AMR 400 and were stained with he-
matoxylin-eosin. It was studied and documented with 
the help of a light optical microscope with a MICROmed 
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SEO SCAN polarizer (Sumy, Ukraine) and a Vision CCD 
Camera.

Results of the research. Microscopic studies 
have indicated that the heart wall of intact animals is 
formed by three membranes – endocardium, myocar-
dium, and epicardium. The thickest membrane is the 
myocardium, which is formed by striated muscle tis-
sue. The heart muscle has the muscle fibers form that 
branch and anastomose with each other, forming a 
network. Loose fibrous connective tissue with nerves 
and blood vessels lies between them. Muscle fibers are 
formed by contractile (typical) cardiomyocytes that are 
interconnected by intercalated discs. Typical cardiomyo-
cytes are rectangular in the longitudinal section of the 
heart muscle. The central cell part contains an oval, ba-
sophilic nucleus with one or two nucleoli (fig. 1). Myofi-
brils form a transverse striation in the sarcoplasm, which 
indicates the orderly location of actin and myosin myo-
filaments in their composition.

There are moderately blood-filled arteries, veins, 
and vessels of the microcirculatory tract in the myocar-
dium connective tissue. Somatic hemocapillaries are lo-
cated in the tissue of the organ densely (fig. 1).

Microscopic heart studies of II laboratory animals 
group, with simulated HHCy, were revealed myocardial 
vascularization disorders. Erythrocyte stasis and throm-

bosis have been found in many vessels. Increased per-
meability of vascular walls is accompanied by increased 
hydration of connective tissue, increased volume of con-
nective tissue in the perivascular space and interstitium. 
Cardiomyocytes of muscle fibers are characterized by in-
tercellular edema, destruction, and plasmolysis, the cy-
toplasm was moderately oxyphilic, without pronounced 
destructive changes only in some cardiomyocytes. Part 
of the muscle fibers has shown a contractural type of 
damage, which was manifested by increased anisotropy 
of the myofibrils A-disks, which were determined by 
polarization microscopy. Cardiomyocytes with signs of 
myocytolysis were detected sporadically (fig. 2). Small 
infiltrates of lymphocytes, macrophages and fibroblasts 
were detected in the stromal connective tissue (fig. 3).

Microscopic studies of the heart of the III 
experimental group laboratory animals, which 
simulated hyperthyroidism, have revealed signs of 
vascular insufficiency in the organ. There was an uneven 
blood supply to the myocardial vessels, some of which 
were full-blooded with erythrocyte concentrate and 
thrombosis. Perivascular and diapedetic hemorrhages 
were found. The relative volume of connective tissue 
was increased both in the perivascular space and 

Figure 1 – Histological organization of the left ventricular 
myocardium of the intact rat. Longitudinal section of muscle fibers. 

Hematoxylin and eosin staining. Magnification: x200.

Figure 3 – Microscopic changes of the left ventricular animal 
myocardium under the conditions of the simulated HHCy. 

Swelling of stromal connective tissue, stretching of muscle fibers, 
area of histoleukocyte infiltration. Hematoxylin-eosin staining. 

Magnification: x200.

Figure 2 – Histological section of the left ventricle animal 
myocardium under the conditions of the simulated HHCy. Sporadic 
contractural changes of cardiomyocytes, myocytolysis of individual 

cells. Polarization microscopy. Magnification: x100.

Figure 4 – Microscopic changes of the left ventricle myocardium 
of the animal’s heart under the conditions of simulated 

hyperthyroidism. Myocardial muscle fibers, interstitial edema, and 
full blood vessels. Hematoxylin-eosin staining. Magnification: x200.
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between muscle fibers with myocardial hyperthyroidism 
(fig. 4).

Stratification of myocardial muscle fibers and 
inhomogeneous coloration of cardiomyocytes in their 
composition were detected, the sarcoplasm of these 
cells was compacted and was oxyphilic brightly, which is 
indicated about the presence of the contractile changes 
(fig. 5). Intracellular edema, dystrophic changes, and foci 
of plasmolysis were found in cardiomyocytes (fig. 4).

Studies of the heart structural organization of group 
IV laboratory animals, which were simulated by hypothy-
roidism and HHCy, were revealed an increase of changes 
in muscle, and connective tissue components of organ. 
These changes occurred in the background of impaired 
vascularization of the organ. The dilatation and blood 
filling of vessels, which was accompanied by significant 
hemorrhages, were revealed (fig. 6). Increased inter-
stitial edema was revealed. Lymphocytes, histiocytes, 
fibroblasts are identified in the connective tissue. Strati-
fication of muscle fibers is there, in some of them the 
transverse striation was weak, a significant area of con-
tractile changes and myocytolysis was formed (fig. 7).

Microscopic study of the myocardium of V group lab-
oratory animals, which were simulated by hypothyroid-
ism, was revealed hemodynamic disorders, which were 
manifested by dilatation and blood filling of venous ves-

sels, erythrostasis, perivascular edema, local leukocyte 
infiltration of the interstitium. The relative volume of 
connective tissue has increased due to edema of the 
amorphous component. Cell hypertrophy was found 
in some muscle fibers. Small-droplet and hydropic dys-
trophy and the centers of plasmolysis were defined in 
many cardiomyocytes (fig. 8). Damage of the transverse 
myofibrils striation, moderate contractural changes, 
fiber fragmentation were found (fig. 9).

Microscopic studies of the heart of VI experimental 
group laboratory animals (combined effect of hypothy-
roidism and HHCy) were revealed the development of 
degenerative and atrophic changes in the organ wall in 
the background of significant vascular disorders. Signifi-
cant swelling of the loose fibrous connective tissue was 
found both in the perivascular space and between the 
muscle fibers, which were delaminated and fragment-
ed. Thinning and atrophy of cardiomyocytes, contractur-
al changes, intensified myocytolysis processes are found 
(fig. 10). Histoleukocyte infiltrates and growth of colla-
gen fibers were revealed in the interstitium. Destruction 
of walls of microcirculation vessels with the following 
hemorrhages was observed (fig. 11).

Discussion of research results. The results of our 
study have showed that HHCy was accompanied by 

Figure 5 – Histological section of the animal myocardium left 
ventricle under the conditions of simulated hyperthyroidism. 

Contractural remodeling of cardiomyocytes. Polarization 
microscopy. Magnification: x200

Figure 7 – Histological section of the left ventricular myocardium of 
the animal under the conditions of simulated hyperthyroidism and 
HHCy. Contractural remodeling, myocytolysis of cardiomyocytes. 

Polarization microscopy. Magnification: x 200.

Figure 6 – Microscopic changes of the left ventricular myocardium 
of the animal in simulated hyperthyroidism and HHCy. Alteration 

and myocytolysis of cardiomyocytes in the composition of 
myocardial fibers, hemorrhage. Hematoxylin-eosin staining. 

Magnification: x200.

Figure 8 – Microscopic changes of the left ventricular myocardium 
under the conditions of simulated hypothyroidism. Alteration of 

myocardial muscle fibers, edema of the interstitium. Hematoxylin-
eosin staining. Magnification: x200.
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changes in the myocardium of rats, in particular, there 
was a damage of blood vessels vascularization, eryth-
rocyte stasis and thrombosis. Intercellular edema, de-
struction, and plasmolysis have been found in muscle 
fiber cardiomyocytes. Our results are consistent with 
the literature, in particular, in [14] it was shown that 
the high prevalence of atherosclerosis and high levels 
of HCy is associated with pronounced changes in the de-
formation properties of the left ventricular myocardium. 
The authors have concluded that the higher the level of 
HCy, is the more pronounced the atherosclerosis course 
and changes in the functional myocardium state. HHCy 
is harmed local contractile function in patients with 
coronary heart disease, which should be considered be-
fore surgery. Yeh, J. K et al. [15] have shown that HCy 
increases oxidative stress and consistently contributes 
to endothelial dysfunction and changes in NO-depen-
dent vasodilation. Relating to coronary blood flow, feed-
back has also been demonstrated between HHCy and 
endothelium-dependent blood flow, especially in young 
patients [16]. It was also revealed a reverse relationship 
between mild HHCy and coronary heart disease, as ath-
erosclerosis is accelerated the decrease in renal func-
tion, thus increasing plasma HCy levels [17].

It is known that hyperthyroidism is associated with 
increased heart rate, tachycardia, exercise intolerance, 
exercise breathlessness. We have found signs of vas-
cular failure in animals with hyperthyroidism. Uneven 
myocardial vascular blood supply was found, some of 
which were full-blooded with erythrocyte sludge and 
thrombosis. Perivascular and diapedetic hemorrhages, 
stratification of myocardial muscle fibers, and heteroge-
neous coloration of cardiomyocytes were observed.

The study [18] has shown that patients with hyper-
thyroidism have an increased risk of atrial arrhythmia 
and heart failure, as prolonged thyroid hormone excess 
affects morphology and heart function negatively due 
to increased left ventricular mass, artery stiffness, and 
left atrial size. Autoimmune hyperthyroidism is often 
associated with autoimmune cardiovascular system 
damage (pulmonary arterial hypertension, myxomatous 
heart valve disease, and autoimmune cardiomyopathy). 
The influence of thyroid hormones on the heart and 
peripheral vascular system includes decreased systemic 
vascular resistance and diastolic blood pressure, as well 
as the increase of heart rate at rest, left ventricular 
contractility, and pulmonary arterial pressure. These 
combined effects increase cardiac output by 50–300% in 
overt hyperthyroidism [18], leading to right ventricular 
failure and left ventricular hypertrophy, increased left 
ventricular contractility, and ejection fraction [19].

A study of the structural organization of the labora-
tory animal`s heart with hyperthyroidism and HHCy has 
shown an increase in destructive changes in the muscu-
lar and connective tissue components of the organ. We 
have found dilatation and blood filling of vessels with 
significant hemorrhage, increased interstitial edema, 
and stratification of muscle fibers. The study [20] was 
shown that thyrotoxic cardiomyopathy, defined as myo-
cardial damage is caused by toxic effects of excessive 
thyroid hormone, it leads to changes in myocyte ener-
gy production, increases intracellular metabolism, and 
contractile function of the myofibrils, and is manifested 
by left ventricular hypertrophy, dilatation of the heart 
chambers, heart failure, and diastolic dysfunction.

Figure 9 – Histological section of the left ventricle myocardium 
of the animal under the conditions of simulated hypothyroidism. 
Areas of contractile changes of cardiomyocytes, myocytolysis of 

some cells. Polarization microscopy. Magnification: x 100.

Figure 10 – Histological changes of the left ventricular myocardium 
under the conditions of simulated hypothyroidism and HHCy. 

Fragmentation and myocytolysis of cardiomyocytes in the 
composition of myocardial muscle fibers, leukocyte infiltration. 

Hematoxylin-eosin staining. Magnification: x200.

Figure 11 – Histological section of the left ventricular animal 
myocardium under the conditions of simulated hypothyroidism 

and HHCy. Contractural remodeling of cardiomyocytes, widespread 
myocytolysis of cells. Polarization microscopy. Magnification: x100.
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Hemodynamic disturbances were more apparent 
in the laboratory animal’s myocardium with hypothy-
roidism than in rats with hyperthyroidism. In addition, 
muscle hypertrophy was observed in muscle fibers, and 
small-droplet and hydropic dystrophy were detected. 
The study [21] was found that hypothyroidism can affect 
heart contractility and damage heart muscle relaxation. 
Associated diastolic hypertension and sometimes con-
comitant coronary artery disease also affect myocardial 
diastolic function. Cardiac echocardiography is showed 
relaxation disorders in patients with overt and subclini-
cal hypothyroidism. Damage of relaxation in subclinical 
hypothyroidism was confirmed by prolongation of the 
isovolumetric relaxation time and a decrease in the ratio 
of the transmitral flow rate [22]. This direction of chang-
es leads to low cardiac output with a decrease in heart 
rate and stroke volume. Protein-rich pericardial and/
or pleural effusion often occurs as a result of increased 
vascular permeability in hypothyroidism. The conver-
sion of T4 to T3 decreases with advanced heart failure 
and after myocardial infarction shortly. As T3 is a major 
regulator of gene expression in the myocardial muscle, 
it is thought that its reduction affects myocardial con-
tractility and remodeling [23]. Low levels of free T3 have 
also been linked to increased mortality in patients with 
heart disease [10].

Microscopic study of the rat’s heart under the com-
bined effects of hypothyroidism and HHCy has revealed 
the development of the most pronounced degenerative 
and atrophic changes in the myocardium on the back-
ground of significant vascular disorders in comparison 
with other groups of animals. Thinning and atrophy of 
cardiomyocytes were established.  Histoleukocyte in-
filtrates, growth of collagen fibers, destruction of walls 
of microcirculation vessels with the subsequent hem-
orrhages were found in an interstitium. Muzaffar R. et 
al. [24] have conducted a study to assess the connec-
tion strength of elevated plasma concentrations of HCy 
in plasma as a risk factor for coronary heart disease. 
The average value of the HCy content in the plasma of 

patients with coronary heart disease was 22.33±9.22 
μmol/l, while in the control group it was 12.59±3.73 
μmol/l (p<0.001). The performed logistic regression in-
dicates a strong association of coronary heart disease 
with HHCy (OR 7,45). The authors have concluded that 
elevated plasma HCy level is an independent risk fac-
tor for coronary heart disease, which is independent of 
common risk factors and can be used as an indicator to 
predict the future possibility of CVD.

Conclusions. Significant microscopic changes of 
stromal-vascular-parenchymal components of the organ 
are observed under the conditions of experimental 
HHCy, hyper-, and hypothyroidism in the myocardium of 
laboratory rats. Edema of the amorphous component of 
interstitial and perivascular connective tissue with the 
formation of extravascular histoleukocyte infiltrates has 
occurred in the background of vascular disorders and 
increased permeability of vascular walls. Remodeling 
of cardiomyocyte fibers is manifested by contractural 
changes, fragmentation, and intracellular myocytoly-
sis. In the conditions of combined action of hyperthy-
roidism and HHCy and hypothyroidism and HHCy even 
more pronounced necrotic and degenerative changes 
of cardiomyocytes were occurred in the background of 
vascular insufficiency in the organ: damage to the vas-
cular wall is manifested by hemorrhages and leukocyte 
inflammatory infiltrates; growth of collagen fibers, con-
tractural changes of muscle fibers, significant myocy-
tolysis of cardiomyocytes with stratification and lysis of 
myofibrils are revealed.

Prospects for further research. It is advisable to 
study the relationship between the ultrastructural state 
of the liver, kidneys, brain, and heart and changes in 
sulfur-containing amino acid metabolism in these organs 
and the concentration of thyroid hormones in the body, 
as well as and to study the effect of cofactors of enzymes 
of sulfur-containing amino acids (vitamins B6, B9, B12, and 
betaine) on the ultrastructural condition of organs in rats 
in experimental hyper- and hypothyroidism. 
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МОРФОЛОГІЧНІ ОСОБЛИВОСТІ МІОКАРДА ПРИ ГІПЕРГОМОЦИСТЕЇНЕМІЇ НА ФОНІ ПОРУШЕННЯ ФУНКЦІЇ 
ЩИТОПОДІБНОЇ ЗАЛОЗИ

Нечипорук В. М., Пентюк Л. О., Корда М. М.
Резюме. Серцево-судинні захворювання є основною причиною смертності у всьому світі. Відомо, що гор-

мони щитоподібної залози регулюють метаболізм в усіх органах, в тому числі і в міокарді. Гіпергомоцистеїне-
мія добре відома як незалежний предиктор серцево-судинних захворювань. 

Мета – встановити реорганізацію структурних компонентів міокарда за умов змодельованої ГГЦ на фоні  
гіпер- та гіпотиреозу.

Об’єкт і методи дослідження. Тіолактонову ГГЦ моделювали введенням тваринам екзогенного ГЦ у ви-
гляді тіолактону в дозі 100 мг/кг маси тіла один раз на добу протягом 28 діб. Гіпертиреоз моделювали шляхом 
щоденного введення L-тироксину в дозі 200 мкг/кг протягом 21-го дня, гіпотиреоз – щоденного введення 
мерказолілу в дозі 10 мг/кг протягом 21-го дня. Окремим групам тварин вводили L-тироксин і мерказоліл 
паралельно з ГЦ. 

Результати дослідження. ГГЦ супроводжувалася деструктивними змінами у міокарді щурів. Встановле-
но порушення васкуляризації у судинах, виявлено еритроцитарні стази та тромбози. Серед кардіоміоцитів 
м’язових волокон встановлений інтерцелюлярний набряк, деструкція та плазмоліз. У тварин з гіпертиреозом 
були виявлені ознаки розвитку судинної недостатності в органі. Встановлено нерівномірне кровонаповнення 
судин міокарда. Виявлялися периваскулярні і діапедезні крововиливи, розшарування м’язових волокон. У 
тварин з гiпepтиpeoзом тa ГГЦ виявлено наростання деструктивних змін в м’язових та сполучнотканинних 
компонентах органу. Щурі з гіпотиреозом мали гемодинамічні порушення у міокарді, які проявлялись роз-
ширенням та кровонаповненням судин венозного русла, еритростазами, периваскулярним набряком, ло-
кальною лейкоцитарною інфільтрацією інтерстицію та збільшенням відносного об’єму сполучної тканини. 
Пoєднaний вплив гiпoтиpeoзу тa ГГЦ призводив до більш виражених дeгeнepaтивних та атрофічних змін в 
стінці органу нa тлi знaчниx cудинниx пopушeнь.

Висновки. В умовах експериментальної ГГЦ, гіпер- та гіпотиреозу в міокарді лабораторних щурів спостері-
гаються значні мікроскопічні зміни стромально-судинно-паренхіматозних компонентів органу. На тлі судин-
них розладів та підвищення проникності стінок судин відбувається набряк аморфного компоненту інтерсти-
ційної та периваскулярної сполучної тканини з утворенням екстравазальних гістолейкоцитарних інфільтратів. 
Ремоделювання волокон кардіоміоцитів проявляється контрактурними змінами, їх фрагментацією та вну-
трішньоклітинним міоцитолізом. В умовах поєднаної дії гіпертиреозу і ГГЦ та гіпотиреозу і ГГЦ встановлені 
ще більш виражені некротичні та дегенеративні зміни кардіоміоцитів, що відбуваються на тлі судинної недо-
статності в органі: пошкодження судинної стінки проявляється крововиливами та лейкоцитарними запаль-
ними інфільтратами, виявляються розростання колагенових волокон, контрактурні зміни м’язових волокон, 
значний міоцитоліз кардіоміоцитів з розшаруванням та лізисом міофібрил.

Ключові слова: гіпертиреоз, гіпотиреоз, гіпергомоцистеїнемія, міокард.

MORPHOLOGICAL FEATURES OF THE MYOCARDIUM IN HYPERHOMOCYSTHINEMIA ON THE BACKGROUND OF 
THYROID DISORDERS

Nechiporuk V. M., Pentyuk L. O., Korda M. M.
Abstract. Cardiovascular diseases are the leading cause of death worldwide. It is known that thyroid hormones 

regulate metabolism in all organs, including the myocardium. Hyperhomocysteinemia (HHCy) is well known as an 
independent predictor of cardiovascular disease.

The aim – to define the reorganization of the structural components of the myocardium under conditions influ-
ence of HHCy against the background of hyper- and hypothyroidism.

Object and methods. HHCy was modeled by administering exogenous HCy to animals in the form of thiolactone 
at a dose of 100 mg/kg of body weight once a day for 28 days. Hyperthyroidism (intragastric L-thyroxine for 21 days 
200 µg/ kg*day), hypothyroidism (thiamazole 10 kg*day) for 21 days. Separate groups of animals were injected with 
L-thyroxine and thiamazole in parallel with HCy.
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Study results. HHCy was accompanied by destructive changes in the myocardium of rats. Violations of vascular-
ization in the vessels were established, erythrocyte stasis and thrombosis were detected. Among the cardiomyo-
cytes of muscle fibers, intercellular edema, destruction and plasmolysis were established. Animals with hyperthy-
roidism showed signs of vascular insufficiency in the organ. Established uneven blood supply to the vessels of the 
myocardium. Perivascular and diapedetic hemorrhages, stratification of muscle fibers was detected. Animals with 
hypertypiosis and HHCy showed an increase in destructive changes in the muscle and connective tissue components 
of the organ. Rats with hypothyroidism had hemodynamic disturbances in the myocardium, which were manifested 
by the expansion and blood filling of the vessels of the venous bed, erythrostasis, perivascular edema, local leuko-
cyte infiltration of the interstitium, and an increase in the relative volume of the connective tissue. The combined 
effect of hypothyroidism and HHCy led to more pronounced degenerative and atrophic changes in the organ wall 
against the background of significant vascular disorders.

Conclusions. Experimental HHCy, hyper- and hypothyroidism in the myocardium of rats, significant microscopic 
changes in the stromal-vascular-parenchymal components of the organ are observed. Against the background of 
vascular disorders and increased permeability of the walls of blood vessels, edema of the amorphous component of 
the interstitial and perivascular connective tissue occurs with the formation of extravasal histoleukocytic infiltrates. 
Remodeling of cardiomyocyte fibers is manifested by contracture changes, their fragmentation, and intracellular 
myocytolysis. Under conditions of the combined action of hyperthyroidism and HHCy and hypothyroidism and HHCy, 
even more pronounced necrotic and degenerative changes in cardiomyocytes occurring against the background of 
vascular insufficiency in the organ were established: damage to the vascular wall is manifested by hemorrhages and 
leukocyte inflammatory infiltrates. fibers, significant myocytolysis of cardiomyocytes with stratification and lysis of 
myofibrils.

Key words: hyperthyroidism, hypothyroidism, hyperhomocysteinemia, myocardium.
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