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The damage of the muscular system is one of the frequent complications in thyroid
diseases, but today there is no unanimous view on the morphofunctional changes in
masticatory muscules in hypothyroidism. The purpose of this study was to determine the
peculiarities of the structural organization of the masseter and lateral pterygoid muscles
of mature rats in various stages of experimentally modeled hypothyroidism. The study
was performed on the masticatory muscles of mature male rats during the 14", 21, 28"
days of the development of mercazolilum-induced hypothyroidism. The following research
methods were used: injection method of study of the circulatory bed of the masticatory
muscles; histological examination of blood vessels and tissue elements of the masticatory
muscles; electron microscopic examination;, morphometric analysis (mean value of blood
vessels' lumen and thickness of their walls; number of capillaries in 1 ?m? of cross
section of muscular fiber; the quantity of the capillaries at one muscular fiber, the
percentage of oxidative (OMF), oxidative-glycolytic (OGMF), glycolytic (GMF) muscular
fibers, average muscular fiber area, biochemical methods, and statistical analysis
was conducted out using the software RV.3.0. The development of hypothyroidism is
indicated by the reduction of hormones of the thyroid gland in the blood. During the 14"
day of the experiment in the arterial bed in the injection of Parisian blue in the masticatory
muscles there is a deformation of the vascular pattern. The number of hemocapillaries
decreases. The edema of the cytoplasm of endothelial cells is submicroscopically
marked. In muscular fibers, the cross-striation is broken, the area of their cross-
section is enlarged, the dilation and vacuolization are observed in the endomysium. A
change was determined in the quantitative distribution of all types of fibers (the number
of OGMF and OMF decreased, and the amount of GMF increased). At the
ultramicroscopic level, there were observed pronounced changes in all types of
muscular fibers, especially in the GMF and OMF of the masseter muscle. On the 21
day, a significant deformation of the vascular pattern was observed, with a decrease of
the arterial lumen and an increase of the vein lumen. The number of hemocapillaries
continues to decrease. Ultra-structurally, in the endothelial cells of the hemocapillaries
of the masticatory muscles, edema changes progress. In muscular fibers there is a
loss of cross-striation and observed swelling. There is a tendency to decrease of the
number of OGMF and OMF and increase of the amount of GMF. At the ultramicroscopic
level, there are pronounced changes in all types of fibers, especially in the masseter
muscle. During the 28" day of mercazolilum-induced hypothyroidism changes in the
vessels and muscle fibers are progressing. Described morphological changes are
associated with the dynamics of the trace substances’ composition. Thus, in mercazolilum-
induced hypothyroidism in the masticatory muscles there are edematous changes both
inthe vascular bed and in muscular fibers. Moreover, the changes are deepened depending
on the duration of the experiment.

Keywords: hypothyroidism, muscular fiber, ontogenesis, hemomicrocirculatory bed.

Introduction

The study of the morphology of masticatory muscles  scholars [8, 16, 17, 21, 22, 23, 29]. However, there is no
was performed for a long time by many native and foreign  clear and unanimous point of view of the morphology of
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these muscles. The study of masticatory muscles under
the influence of various factors, including the changes of
the thyroid status are of particular relevance. Damage of
the muscular system is one of the most frequent
complications in diseases of the thyroid gland. An overview
of scientific literature showed that 5% of all myopathies are
associated with pathology of the thyroid gland [9, 14, 15,
20, 24, 29, 30]. Deficiency of thyroid hormones results in a
violation of the expression of the heavy chain myosin
genome, redistribution of its isoforms, inhibition of protein
synthesis and, consequently, muscular growth. Besides,
in the deficiency of hormones of the thyroid gland, the
mobilization of free fatty acids from adipose tissue is
disturbed, which leads to the insufficient lipid delivery to
the skeletal muscles and is a possible cause of muscular
weakness and reduced ability to work [1, 6, 31].

Taking into account the topicality of this issue and the
constant increase and spread of morbidity (in Ukraine, as
of January 1, 2012, there were registered 90.884 thousand
patients with hypothyroidism (in 1999 - 53 thousand); the
incidence rate in 2011 was 22.1 per 100.000), the study of
the morphofunctional state of masticatory muscles in
hypothyroidism requires further study.

Thus, the aim of our study is to establish the
peculiarities of the structural organization of the masseter
and lateral pterygoid muscles of the mature rats at various
stages of experimentally modeled hypothyroidism.

Materials and methods

The material for the study was masseter and lateral
pterygoid muscles of the 48 white outbred mature male
rats. The material was taken in clearly defined symmetrical
places of the masseter and lateral pterygoid muscles
during the 14t 21t 28" days of experimentally modeled
hypothyroidism. Animals were divided into groups: group |
- intact (12 animals), which were kept under normal
conditions of vivarium using natural for rodent feeding;
group Il - under the conditions of mercazolilum-induced
hypothyroidism (36 animals).

Maintenance of animals, their nutrition and
manipulations with them were performed in compliance
with ethical and legislative norms and requirements during
the implementation of scientific and morphological studies,
in accordance with the provisions of the "European
Convention for the Protection of Vertebrate Animals used
for the experiments and other scientific purposes”
(Strasbourg, 1986), Appendix 4 to the "Rules for the
performance of the works using experimental animals",
approved by the Order of the Ministry of Health of Ukraine
Ne755 of 12.08.1997, the Helsinki Declaration of the World
Medical Association (2000), "On Measures as to Further
Improvement of the Organization of Forms of Work with the
Use of Experimental Animals" and the provisions of the
"General Principles of Animal Experiments" taken by the
First National Congress on Bioethics (Kyiv, 2001); in
accordance with the Law of Ukraine Ne3447-IV "On the

Protection of Animals from Cruel Treatment" of 21.02.2006
(Expert Opinion of the Bioethics Commission of lvano-
Frankivsk National Medical University, Protocol Ne104/18
dated October 25, 2018).

Euthanasia of animals was performed by intraperitoneal
administration of sodium thiopental (2% solution of sodium
thiopental in a dose of 25 mg/kg).

The following research methods were used: modeling
of mercazolilum-induced hypothyroidism [19, 7]; injection
method of study of the circulatory bed of the masticatory
muscles (“Parisian blue”); histological examination of blood
vessels and tissue elements of the masticatory muscles
(coloring with hematoxylin and eosin, fuchsin according to
Hart, trichrome staining according to Masson, hematoxylin-
main fuchsin-picric acid according to Van Gieson; the
histochemical method of masticatory muscles studying
(succinate dehydrogenase (SDG) according to M. Nachlas
method); electron microscopic examination; morphometric
analysis (mean value of blood vessels' lumen and
thickness of their walls; number of capillaries in 1 ym? of
cross section of muscular fiber; the quantity of the
capillaries at one muscular fiber, the percentage of oxidative
(OMF), oxidative-glycolytic (OGMF), glycolytic (GMF)
muscular fibers, average muscular fiber area, biochemical
methods, and statistical analysis.

Variational-statistical processing was carried out using
the software RV.3.0. The data of the descriptive statistics is
given as M + m (selective average + standard deviation).

Results

Thyroid homeostasis in the dynamics of the induced
hypothyroidism during the 14th day was: T, - 2.68 + 0.23
nM/I (p<0.01), T, - 26.86 + 2.80 (p<0.01) nM/I. During the
21t day: TSH-0.08 £ 0.01 ulU/mL (p<0.01), T, - 2.56 £ 0.26
nM/l (p<0.01), T, - 19.89 £ 2.00 (p<0.01) nM/I. During the
28" day of induced hypothyroidism: TSH - 0.07 £ 0.01 ulU/
mL (p<0.01), T, -2.61+£0.25 nM/l (p<0.01), T, - 24.41 £ 3.00
(p<0.01) nM/I.

masseter (a, b) and lateral pterygoid (c, d) muscles of mature rats
during the 14" day of mercazolilum-induced hypothyroidism.
Staining: a, ¢ - injection with Parisian blue with additional coloring
of hematoxylin and eosin; b, d - injection with Parisian blue.
Microphotograph. ocular lens x10, field lens x20.
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Fig. 2. Reduction of the number of hemocapillaries in 1 um? (a) and the amount of hemocapillaries pertaining to one muscular fiber (b) in
the masticatory muscles of mature animals at various stages of the development of mercazolilum-induced hypothyroidism.

During the 14th day of the experiment in the arterial bed
of the mature rats in the injection of Parisian blue both in
the masseter and lateral pterygoid muscles, a change of
the vascular pattern (Fig. 1) is observed. The number of
hemocapillaries decreases in comparison with the norm
(Fig. 2).

In a submicroscopic study, there is observed the edema
of the endothelial cells of the cytoplasm, which leads to the
narrowing of the lumen and, subsequently, to the formation
of erythrocytic sludges (Fig. 3). Hemocapillaries are
surrounded by an electron-transparent basic substance.

In muscular fibers, cross-striation is much disordered.
The nuclei of muscular fibers are enlarged and slightly
lumenized. There is an expansion and vacuolization of
endomysium between muscular fibers. Visually the
perimysium is thickened and loose.

In the study of SDG activity, we have determined a change
in the quantitative distribution of all types of fibers (the
number of OGMF and OMF decreased and the amount of
GMF increased (Fig. 4)). In addition, muscular fibers have
been altered and deformed. SDG was unevenly distributed.

Morphometric study reveals a certain increase in the
cross-sectional area of all types of fibers in comparison
with the norm (Fig. 5). At the ultramicroscopic level, the
pronounced changes were observed in all types of
muscular fibers, especially in the GMF and OMF of the
masseter muscle. A focal loss of cross-striation was noted,
since isotropic disks (strip 1) and anisotropic disks (strip
A), Z-lines are deformed and disorganized. Mitochondria
are enlarged, have a bright matrix and ruined crests (Fig.
6).

During the 21st day of the mercazolilum-induced
hypothyroidism, there were determined a significant uneven
filling of the vessels of the masseter and lateral pterygoid
muscles with the injectable mass, resulting in the vascular
pattern being deformed and mosaic (Fig. 7).

During histological examination, unevenness and
deformation of vascular lumen are observed. The arterial

Fig. 3. The ultrastructural organization of the masseter (a) and
lateral pterygoid (b) muscles of the mature rat during the 14th day
of the development of mercazolilum-induced hypothyroidism.
Electronic Microphotograph. 1 - deformed lumen of the
hemocapillary, 2 - nucleus of the endothelial cell hemocapillary
with marginally located heterochromatin and invaginations of the
nuclear membrane, 3 - delaminatability of the basal membrane of
the endothelial cell hemocapillary, 4 - cytoplasmic excrescences
into the hemocapillary lumen, 5 - dilated and vacuolated perivascular
space, 6 - destroyed mitochondria, 7 - violation of cross-striation,
8 - platelet. Magnification: x8000.
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Fig. 4. Change of the quantitative composition of muscular fibers in the masseter (a) and lateral pterygoid (b) muscles of mature animals

in different periods of experimental hypothyroidism.
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Fig. 5. Change of the cross-sectional area of muscular fibers in the masseter (a) and lateral pterygoid (b) muscles of mature animals at

different terms of experimental hypothyroidism.

lumen decreases, compared with control, the venous
lumen increases. The number of hemocapillaries in 1 ym?
of the cross-section of muscular fibers continues to
decrease. One muscular fiber also has a smaller amount
of hemocapillaries, compared with the norm. Ultra-
structurally it is found that there are edematous changes in
endothelial cells of hemocapillaries of masticatory
muscles. One can observe cytoplasmic excrescences into
the lumen of the hemocapillary, indicating the development
of hypoxia and disorder of the transcapillary exchange.

In muscular fibers there is a loss of cross-striation,
edema of their nuclei, dilation, rupture and edematous
changes of endomysium and perimysium with the
formation of vacuoles (Fig. 8). During the morphometric
study, an increase of the cross-sectional area of all types
of fibers is observed (see Fig. 5). During the study of SDG-
activity, there was determined some redistribution in the
number of different types of muscular fibers, as well as
their edematous changes and deformity (see Fig. 4).

At the ultramicroscopic level in the mature animals,
there were marked changes in all types of fibers, especially
in the masseter muscle, which were characterized by the
loss of cross-striation, the destruction of isotropic (strip 1)

and anisotropic (strip A) discs, Z-lines. The nuclei in every
muscular fiber are large, of lowered electron density, and
their membrane forms profound invaginations.
Mitochondria are of a sack-shaped form, have a bright matrix
and destroyed crests (Fig. 9).

During the 28th day of mercazolilum-induced
hypothyroidism in the arterial bed of the masseter and lateral
pterygoid muscles of mature animals, one can observe
the disorders and deformation of the vascular pattern, as a
result of which it looks multiglomerular. In the injection with
Parisian blue, the areas which are well and poorly filled
with staining, are alternating (Fig. 10).

Among the intramuscular small arteries and arterioles
one can find the closed ones, in which the paint does not
fall. Morphometric study shows a significant narrowing of
the arteries and thickening of the arterial wall, as well as
the enlargement of the lumen and thinness of the venous
wall, compared with the control. Significantly decreases
the number of hemocapillaries in 1 pym? of the transverse
section of muscular fiber (see Fig. 2).

During the ultramicroscopic examination of endothelial
cells, an increase of edematous changes is observed. In
muscular fibers, there was observed light-optically cross-
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Fig. 6. Ultramicroscopic changes in the structure of the masseter

: : 2 Wawg
a, b, ¢) and lateral pterygoid (d, e, f) muscles of mature rat during the

14th day of the mercazolilum-induced hypothyroidism. Electronic Microphotography. 1 - loss of cross-striation of muscular fiber, 2 -
expanded and destroyed mitochondria, 3 expanded and destroyed Z-line, 4 - swollen endomysium, 5 - nucleus of the muscular fiber.

Magnification: a - x4800; b, e - x8000; c, f - x6400, d - x12000.

N

Fig. 7. Angioarchitectonics of the masseter (a, b) and lateral
pterygoid (c, d) muscles of mature rats during the 21%t day of
mercazolilum-induced hypothyroidism. Staining: a, ¢ - injection with
Parisian blue; b, d - injection with Parisian blue with additional
coloration of hematoxylin and eosin. Microphotograph. Ocular lens
x10, field lens x20.

Fig. 8. Histostructure of the masseter (a) and lateral pterygoid (b)
muscles of mature rats during the 21st day of experimental
hypothyroidism. Staining: a, b - hematoxylin and eosin; ¢, d -
hematoxylin-main fuchsin-picric acid according to Van Gieson.
Microphotograph. 1 - loss of cross-striation of muscular fibers, 2
- edema of muscular fibers, 3 - nuclei of muscular fibers, 4 -
dilation and edema of the intermuscular layers. Magnification: ocular
lens x10, field lens x40.

Vol. 24, Ne4, Page 5-14
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Fig. 9. Sub-microscopic changes in the structure of the masseter
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(a, b, c) and lateral pterygoid (d, e, f) muscles of mature rat during the

21stday of mercazolilum-induced hypothyroidism. Electronic Microphotograph. 1 - nucleus of the muscular fiber with marginally placed
heterochromatin, 2 - expanded and destroyed mitochondria, 3 - vacuolization of muscular fibers, 4 - swollen and disorganized connective
tissue elements, 5 - hemocapillary. Magnification: a, ¢ - x8000; b, e, f - 6400; d - x9600.

striation loss, their vacuolization, dilation and vacuolization
of endomysium and perimysium with the formation of
vacuoles. In the morphometric study, an increase of the
cross-sectional area of all types of fibers compared with
the norm is noted (see Fig. 5).

In the study of SDG-activity, we have found that the
number of OGMF and OMF decreases with the
simultaneous increase of the amount of GMF (see Fig, 4).
In this case, the fibers appear enlarged and deformed, the
enzyme accumulates unevenly. At the ultramicroscopic level,
marked edematous changes and destruction of structures,
especially mitochondria, were observed in all types of fibers
(Fig. 11).

Thus, in mercazolilum-induced hypothyroidism, in
muscular fibers there are significant edematous changes

both in the histological and ultrastructural levels. In the
morphometric study, an increase of the diameter of all types
of fibers was determined. Patients mostly suffer from GMF.
Swelling and vacuolation of the connective tissue of the
endomysium and perimysium are also noted. Moreover,
the changes are deepened depending on the duration of
the experiment. During study of the succinate
dehydrogenase activity of muscular fibers, we've
determined that there is a redistribution in the amount of
muscular fibers. There is a tendency to decrease of OGMF
and a significant increase of GMF.

Such morphological changes are associated with the
dynamics of the microelement composition. Thus, the
content of Ca, P, Mg, during the 14" day of the experiment
was 1.94 + 0.19 mM/I (p<0.01); 29.97 £ 3.07 mM/I (p<0.01),
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Fig. 10. Desolation and mosaicity of the vascular pattern of the
masseter (a, b) and lateral pterygoid (c, d) muscles of mature rats
during the 28" day of mercazolilum-induced hypothyroidism.
Staining: a, ¢ - injection with Parisian blue with the addition of
hematoxylin and eosin; b, d - injection with Parisian blue.
Microphotograph. Magnification: ocular lens x10, field lens x20.

1.42 + 0.17 mM/I (p<0.01) respectively. During the 21t day

- 1.82 + 0.19 mM/l (p<0.01); 1.39 + 0.18 mM/I (p<0.01);
during the 28" day - 1.75 + 0.16 mM/I (p<0.01); 22.70 + 2.49

mM/I'1 (p<0.01), 1.37 £ 0.18 mM/I (p<001), respectively.

Discussion

In hypothyroidism in the vascular bed of masticatory
muscles during the 14th day there are significant changes.
Our results are consistent with studies of the vascular bed
in hypothyroidism [2, 3], where it was found that in patients
with hypothyroidism there are sharply expressed violations
in the system of terminal blood flow with the predominance
of intravascular and vascular changes in the form of foci of
microcongestion due to the increased blood viscosity,
hematocrit, perivascular hemorrhages, perivascular edema,
tortuosity of microvessels of all links of the microcirculatory
bed, and "sludge" - a phenomenon in the capillaries. Further
during the 21%t and 28" day of the mercazolilum-induced
hypothyroidism we observe the deepening of changes in
the circulatory bed, which corresponds to studies [28], in
which morphological changes in the circulatory bed of
experimental animals become more significant, with the
prolongation of experiment time.

d -..-
AN,
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Fig. 11. Submicroscopic organization of the masseter muscle of mature rat during the 28th day of mercazolilum-induced hypothyroidism.
Electronic Microphotography. 1 - nucleus of muscular fiber; 2 - mitochondria with uncomplemented crests, 3 - disorganized striation, 4 -
vacuoles, 5 - hemocapillary, 6 - mastocyte. Magnification: a - x9600; b, c, d, e, f - x8000.

Vol. 24, Ne4, Page 5-14
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Multiple studies are devoted to the study of the causes of
changes in the vascular bed in hypothyroidism. Thyroid
hormones have been found to induce 3-hydroxy-3-
methylglutaryl-coenzyme-A-reductase, which is the first step
in the synthesis of cholesterol. Triiodothyronine also
regulates the activity of receptors of low density lipoprotein,
controlling the activity of their responsible genes and protects
them from oxidation [11]. T, regulates the activity of
cholesterol-7a-hydroxylase - key enzyme in the synthesis of
bile acids, which in hypothyroidism conditions slows down
the cholesterol, contributing to its increase in blood [25, 26].
It has been found that in hypothyroidism the concentration
and activity of HDLLp-PLA2, which is associated with the
anti-atherogenic effect of low density lipoprotein, decreases.
Thus, in hypothyroidism, the level of cholesterol increases
and there is a dyslipidemia that has an atherogenic nature
and increases the risk of atherosclerosis [12, 10]. Perhaps,
the development of atherosclerosis leads to further vascular
damage.

Also, the disorders in the vascular bed of masticatory
muscles in hypothyroidism could be attributed to the
development of endothelial dysfunction and violation of
relaxation of smooth muscular cells in vessels, which leads
to an increase in peripheral vascular resistance. Some
studies have described thickening of the intima-media
complex in people with hypothyroidism [16].

In the study of muscular fibers during the 14™, 21t and
especially 28" days of experimental mercazolilum-induced
hypothyroidism, one can note the increasing edematous
changes in all types of muscular fibers, and especially in
glycolytic ones, which confirms the opinion that the severity
of morphological changes in somatic muscles depends on
the duration of hypothyroidism, not on the severity and depth
of the process [28]. Our studies are consistent with others,
which determined that fast muscular fibers are much more
likely to be damaged than slow ones [27]. They believe, that
this is due to the thinner Z- and M-discs. Biochemically, it
was found that in the case of muscular damage, the
concentration of "fast" myosin in the blood is twice that of
"slow" one, which indicates more violations of the structure
of the corresponding muscular fibers [13]. Significant edema
can be observed in the connective tissue components of the
endo- and perimysium, the diffuse accumulation of
glycoproteins, which is the determining factor of exudation.
Initial manifestations of experimental hypothyroidism were
detected during the 14" day, the full picture - during the 28",
and during the 60" day - the day when in studied structure
the severe structural changes with necrosis were
determined. The acuteness of inflammation was

References
[1]Alexander, E. K., Pearce, E. N., Brent, G. A, Brown, R. S., Chen,
H., Dosiou, C., ... Sullivan, S. (2017). Guidelines of the American
Thyroid Association for the Diagnosis and Management of
Thyroid Disease During Pregnancy and the Postpartum.
Thyroid, 27(3), 315-389. doi: 10.1089/thy.2016.0457.
[2] Arslanbekova, A. Ch., Abusuyey, S. A., & Magomedov, M. A.

characterized by inflammatory polymorphic cellular infiltrate
with a high content of neutrophilic granulocytes, as well as
an exudative component that occurs as a result of
accumulation in glycoproteins tissues. At the same time,
chromotropic substances are released from the bonds with
proteins and are accumulated mainly in the intermediate
substance, followed by the replacement of collagenous fibers
with mucus-shaped masses. Infiltrate accumulates in large
quantities in the intermediate substance, as a result there
is a compression of cells, dystrophy, necrobiosis, necrosis
and atrophy.

The cross-sectional area in all types of muscular fibers
increases. These changes are described as "pseudo-
hypertrophy" in Kocher-Debre-Semelaigne syndrome in
hypothyroidism in children. It is accompanied by an increase
of muscular fibers, but not of the increase of muscular
strength, but rather a decrease of muscular strength and
the development of muscular hypotonia [5]. Reduction of the
muscular power of skeletal muscles in hypothyroidism may
be due to the unconventional effects of T, at the structural
and functional characteristics of the membranes, including
the membrane of the sarcoplasmic reticulum. In this case,
both lipid and protein component of the "liquid" bilayer is
changing. This reduces the activity of Ca?*ATPase and
decreases the rate of absorption of calcium ions [18].
Changes of muscles in hypothyroid myopathy are
characterized by their increase and induration. Patients often
complain of muscular soreness in the palpation and
movements. The slowing down of the contraction and
relaxation of the muscles is characteristic for
pseudomyotonic syndrome, which is not accompanied by a
violation of electrical conductivity [4].

The performed morphofunctional research is the
theoretical basis for the development and pathogenetic
substantiation of measures aimed at correction and
prevention of the development of iodine deficiency disorders,
which, in turn, will lead to the prevention and reduction of the
level of morbidity, its complications, disability and mortality
caused by them.

Conclusions

In mercazolilum-induced hypothyroidism in the
masticatory muscles there are edematous changes both in
the vascular bed and in muscular fibers. Patients suffer
mostly from GMF. Swelling and vacuolation of the connective
tissue of the endomysium and perimysium are also
observed, which is confirmed by both histological and
submicroscopic studies. Moreover, the changes are
deepened depending on the duration of the experiment.

(2007). Morphofunctional analysis of microcirculation after
complex treatment using interval hypoxytherapy 17of primary
hypothyroidism. Morfologicheskiye vedomosti, 3(4), 85-87.
[3] Arslanbekova, A. Ch., Abusuyey, S. A., & Magomedov, M. A.
(2007). The state of microcirculatory hemodynamics after
complex treatment using interval hypoxytherapy of primary

12

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Sahan N.T.

hypothyroidism. Ural Medical Journal, 12(40), 53.

[4] Bodnar, P. M. (2010). Endocrinology. Vinnitsa: Nova knyha.

[5] Bogova, E. Ya., & Shyriaeva, T. Yu. (2017). Pseudohypertrophic
myopathy in hypothyroidism in a child (Kocher-Debre-
Semelaigne syndrome). Problemy endokrinologii, 63(2), 121-
123. doi: 10.14341/probl2017632121-123.

[6] B?lling, T., Geisenheiser, A., Pape, H., Martini, C., R?be, C.,
Timmermann, B. ... Willich, N. (2011). Hypothyroidism after
Head-and-Neck Radiotherapy in Children and Adolescents:
Preliminary Results of the "Registry for the Evaluation of Side
Effects after Radiotherapy in Childhood and Adolescence"
(RiSK). International Journal of Radiation Oncology Biology
Physics, 81(5), 787-791. doi: 10.1016/).ijrobp.2010.10.037.

[7]Charnosh, S. M. (2007). The comparative characteristic of three
experimental models of hypothyroidism. Visnyk naukovykh
doslidzhen, 2, 113-115.

[8] Ciavarella, D. (2014). Influence of vision on masticatory muscles
function: surface electromyographice valuation. Annalidi
Stomatologia, 2, 61-65.

[9] Dayan, C. M., & Panicker, V. (2013). Thyroid hormones
association with depression. Eur. Thyroid. J., 2, 168-179.
doi: 10.1159/000353777.

[10] Didushko, O. M. (2014). Age-specific peculiarities of lipid
metabolism in patients with manifested hypothyroidism. Archive
of clinical medicine, 20(1), 21-23.

[11] Faure, P., Oziol, L., Artur, Y., & Chomard, P. (2004). Thyroid
hormone (T3) and its acetic derivative (TA3) protect low-
density lipoproteins from oxidation by different mechanisms.
Biochimie, 86, 411-418. doi: 10.1016/j.biochi.2004.04.009.

[12] Goncharov, O. A. (2011). Lipid-lowering and pleiotropic effects
of atorvastatin in women with autoimmune thyroiditis. Liky
Ukrayiny, 6, 96-98.

[13] Guerrero, M., Rialp, J., & Urbano, D. (2008). The Impact of
Desirability and Feasibility on Entrepreneurial Intentions: A
Structural Equation Model. International Entrepreneurship
Management Journal, 4, 35-40. doi: 10.1007/s11365-006-
0032-x.

[14] Jiskra, J. (2001). Changes in muscle tissue in hypothyroidism.
Vhnitr. Lek., 47(9), 609-612.

[15] Kerimoyv, E. E. (2009). The metabolic and structural changes in
periodontal tissue in patients with hypothyroidism. Georgian
Med. News, 177, 23-27.

[16] Kim, S. K., Kim, S. H., & Park, K. S. (2009). Regression of the
increased common carotid artery-intima media thickness in
subclinical hypothyroidism after thyroid hormone replacement.
Endocr. J., 56(6), 753-758.

[17]1Konnoy, V. V,, Lepilin, A. V., Bagarjan, E. A., & Arushanjan, A.
R. (2011). Funkcionalnoe sostojanie zhevatelnyh myshc u
pacientov s perelomami nizhnej cheljusti po dannym
elektromiografii. Abstracts are presented in materials XV
Mezhdunar. nauch. konf. "Zdorovesemi - XXI| vek",
Torremolinos (pp. 11-13). Torremolinos, Ispanija: Perm': OT i
DO.

[18] Kotelnikov, A. I., Tatiyanenko, L. V., Vystorop, I. V.,
Dobrokhotova, O. V., & Pikhtelev, I. Yu. (2016). The effect of

cyclic hydroxamic acids on the activity of Ca?*ATPase of the
sarcoplasmic reticulum and cyclic guanosine monophosphate
phosphodiesterase. Rossiyskiy bioterapevticheskiy zhurnal,
3,23-27.

[19] Kulimbetov, M. T., Rashitov, M. M., & Saatov, T. S. (2009).
Simulation of experimental hypothyroidism due to natural
chronic iodine deficiency in the diet. International
Endocrinological Journal, 2(20), 22-27.

[20] McCarthy, H. D. (2013). Skeletal muscle mass reference curves
for children and adolescents. Pediatr. Obes., 18, 45-58. doi:
10.1111/j.2047-6310.2013.00168 ..

[21] McNeil, C. J. (2013). Testing the excitability of human
motoneurons. Front. Hum. Neurosci., 7, 1-9. doi: 10.3389/
fnhum.2013.00152

[22] Mi, Y. F., Li, X. Y., Tang, L. J. Lu, X. C., Fu, Z. Q., & Ye, W. H.
(2009). Improvement in cardiac function after sarcoplasmic
reticulum Ca?-ATPase gene transfer in a beagle heart failure
model. Chin. Med. J. (Engl), 122(12), 1423-1428.

[23] Obata, H. (2014). Modulation between bilateral legs and within
unilateral muscle synergists of postural muscle activity
changes with development and aging. Exp. Brain. Res., 232(1),
1-11. doi: 10.1007/s00221-013-3702-2.

[24] Onigata, K. (2014). Thyroid hormone and skeletal metabolism.
Clin. Calcium, 24(6), 821-827. doi: CliCa1406821827.

[25] Rush, J. M., Danzi, S., &Klein, I. (2006). Role of thyroid disease
in the development of statin-induced myopathy.
Endocrinologist., 16, 279-285. Doi: 10.1097/
01.ten.0000240960.40281.2b

[26] Salman, R. (2008). The influence of age on the relationship
between subclinical hypothyroidism and ischemic heart
disease: a metaanalisis. J. Clin. Endocrinol. Metabol., 93(8),
59-67. doi: 10.1210/jc.2008-0167.

[27] Samsonova, L. N., & Kasatkina, E. P. (2007). Standards for the
level of thyroid-stimulating hormone in the blood: modern state
of the problem. Endocrinology problems, 539(6), 40-43.

[28] Sorokina, N. D., Gioeva, Yu.A., Selitsky, G. V., & Markovtseva,
M. A. (2016). Neurophysiological aspects of the study of
functional disorders in the maxillofacial area. Rossiyskiy
meditsinskiy zhurnal, 22(2), 98-104.

[29] Strongin, L. G., Nekrasova, T. A., Ledentsova, O. W., Kasakova
L. V., & Lukushkina, A. Y. (2012). Dyslipidemia and endothelial
dysfunction in patients with the mildest hypothyroidism:
relationship to TSH values and levothyroxine treatment.
Abstracts are presented in book of Abstracts 36-th annual
meeting of the European Thyroid Association (ETA), Pisa (p.
80). Pisa: [2012].

[30] Tambovseva, R. V. (2010). Growth and development of skeletal
muscles boys. Int. Abstracts are presented in materials
symposium "Biological Motility from Fundamental Achievements
to Nanotechnologies", Pushchino (pp. 276-278). Pushchino:
[w.p.].

[31] Zahid, T. M., Wang, B. Y., & Cohen, R. E. (2011). The effects of
thyroid hormone abnormalities on periodontal disease status.
J. Int. Acad. Periodontol., 13(3), 80-85.

MOP®O®YHKUIOHAIIbHI 3MIHU CTPYKTYPHUX KOMIMOHEHTIB XKYBAJIbHUX M'A3IB CTATEBO3PUTUX TBAPUH NPU

MEPKA3OMNINIHOYKOBAHOMY TMOTUPEO3I
CazaH H.T.

YpaxkeHHs1 M'A30801 cucmemu € 00HUM 3 Yacmux ycknaOHeHb Mpu 3axeopto8aHHSIX wumornodibHoI 3ano3u, 00HaK Ha Cb0200Hi HeMae
o0HocmatiHoeo noensdy Ha MopghOohyHKUIOHaNbHI 3MiHU XyeanbHUX M'a3ie npu eginomupeosi. Memor O0aHoz20 docnioxeHHs1 6yno
8cmaHosumu ocobrnueocmi cmpyKkmypHOI opeaHi3auii enacHe XyeanbHo20 ma b6i4H020 KpusonodibHo20 M'A3ie cmamego3pinux wypis
Ha pi3HUX emanax eKcriepuMmeHmarbHO 3M00efIb08aHOZ0 2inomupeosy. [JocnidxeHHs1 BUKOHy8anu Ha Xye8anbHUX M'a3ax crmameeo3pinux
wypie-camujie Ha 14, 21, 28 doby po3sumky mepka3osiniHOykosaHo20 ainomupeoady. Bukopucmosysanu HacmyrHi Memodu G0CiOKeHHS:
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iH'ekyitiHUtG mMemod OocrideHHsI KPOBOHOCHO20 pycira XyealbHUX M'3ig; 2icmonozidyHe 00CMiOXEeHHs KPOBOHOCHUX CyOUH ma
MKaHUHHUX e/1eMeHMmi8 XyearbHUX M'A3i8; efeKmpOHHO-MIKPOCKOMiYHe O0CiOXeHHS; MOPGhOMEMPUYHUU aHasi3: cepedHE 3HaYeHHs
rpoceimy KpoBOHOCHUX CyOUH ma moswjuHa ix cmiHKu, Kifbkicmb kaninspie 8 1 MKM? rnonepeyHoeo repepizy M'si308020 80/I0KHA,
KinbKicmb Kaninspie, siki npunadaromb Ha 0OHe M'S308€ B0J/I0KHO, MPOUEHMHE Crig8iOHOWEHHSI OKUCHUX M'a308ux eosiokoH (OMB),
oKucHo-enikonimu4yHux (OFMB), enikonimuyHux (FTMB), cepedHsi niowa M'i308020 80710KHa; 6ioXiMiY4HI Memodu; cmamucmuyHuUl
aHania nposodunu 3a AoromMoeoto npozpamHozo 3abesneqyeHHs RV.3.0. [lpo po3sumok 2inomupeosy ceiduump 3MEeHWEHHS 20PMOHI8
wumonodibHoi 3ano3u 8 kposi. Ha 14 doby ekcriepumeHmy 8 apmepianbHOMy PYyCrli npu iH'€KUii Mapu3bKOoK CUHBOK Y Xy8arbHUX
m'azax eiOMivaembcsi Oechopmayisi cyOuHHo20 pucyHka. Kinbkicmb 2emokaninspie 3ameHwyembcs. CyOMiKpOCKOMiyHO eiOMiYyaembcsi
Habpsik yumonnasmu eHoomernioyumis. Y M'A308UX 80/I0KHax MornepeyHa rnocmyaoeaHicms nopyuweHa, 36inbwyeanack naowa ix
rornepe4yHo20 rnepepisy, 8 eHOOMI3ii crrocmepieaembcsi PO3WUPEHHS ma 8aKyornisauyisi. byno ecmaHoerneHo 3MiHy 8 KinbKicHoMy po3rnodini
8Cix muriie 80/10KOH (3MeHwysanacs Kinbkicmb OFMB i OMB ma 36inbwysanacs kinbkicms TMB). Ha ynbmpamikpocKoniyHoMy pigHi
criocmepieanucs supaxeHi 3MiHU 8 yCix murnax M'308UX 80/10KOH, ocobnueo 8 TMB ma OMB enacHe xXysanbHoeo m's3a. Ha 21 doby
8cmaHoer1eHo 3Ha4dHy 0eghopmauito CyOUHHO20 PUCYHKY 3i BMEHWEeHHSIM rpocsimy apmepili ma 36inbweHHsM rpocesimy eeH. [podoexye
3MeHWys8amucs KiflbKicmb 2eMoKaninsapie. YnbmpacmpykmypHo 8 eHOomerioyumax 2eMOKanifnspie XyeanbHuUx M'sa3ie rnpoepecyoms
Habpsikosi 3MiHU. Y M'A308UX B0/10KHax criocmepieaembCsi empama nonepeqyHoli nocMyaoeaHocmi ma ix Habpsik. 36epicaembcsi
meHOeHyiss 0o 3meHweHHs Kinbkocmi OFMB i OMB ma 36inbweHHs kinbkocmi TMB. Ha ynbmpamikpocKomniqHOMYy pieHi supaxeHi
3MIHU 8 yCiX murax 80II0KOH, 0CObnugo y enacHe XysanbHOMy M'ssi. Ha 28 006y mepka3oniniHOykogaHo20 2irnomupeo3y 3MiHU 8
cyOUHHOMY pycili ma y M'A308uUX 80510KHax rnpoepecytoms. OnucaHi MopghoroziyHi 3MiHU acouyitoroms i3 QUHaMIKOK MIKpoeneMeHmHo20
cknady. Takum YUHOM, rpu MepKa3osiniHOyKoeaHoOMy 2iromupeosi y xyealbHUX M'A3ax criocmepiealombcsi HabpsKosi 3MiHU 5K 8
cyOuUHHOMY pycni mak i 8 M'308ux 80510KHax. [lpuyoMy 3MiHU Mo2nubMbCs 8 3anexXHOCmi 8i0 MepMiHy eKcriepuMeHmy.
KnroyoBi cnoBa: 2inomupeos, M'a308e 805I0KHO, OHIMO2EeHE3, 2eMOMIKPOUUPKYISIMOPHE PYyCrio.

MOP®O®YHKLUUOHAJbHbLIE U3BMEHEHUA CTPYKTYPHBLIX KOMNOHEHTOB XXEBATEJIbHbIX MbILLL, MOJIOBO3PENbIX
XUBOTHbLIX NPU MEPKA3ONUITUHAYLUUPOBAHHOM N’MNOTUPEO3E

CazaH H.T.

lMopaxeHusi MblweYHoU cucmeMbl A8MAMCA 00HUM U3 YacmbiX OCIOXHEeHUU npu 3abonesaHusix WumogudHOU xenesbl, 00HaKo
ce200HA Hem eduHOOywHo20 83ensida Ha MopOYHKUUOHaNbHbIE U3MEHEHUSs xesamesbHbIX MbIWY, rpu sunomupeose. Llenbio
daHHo20 uccredosaHusi bbl0 ycmaHo8UMbL 0COBEHHOCMU CMPYKMypHOU opaaHu3ayuu cobcmeeHHO xegamenbHoU U 6okoeol
Kpb1r108UGHOU MbIUUbI [10510803PESIbIX KPbIC Ha PasHbIX amarax 3KcrepumMeHmarnbHO cModerupos8aHHO20 euriomupeosa. MccriedosaHue
8bIMOIHANU Ha XesamerlbHbIX MbllWyax rosi0803perbiX Kpbic-camuyos Ha 14, 21, 28 cymku passumusi MepKa3onunuHOyyupos8aHHO20
euriomupeo3sa. Ucnonb3osanu crnedyrouue memoods! ucciedosaHusi: UHbEKYUOHHbIU Memod uccriefosaHusi KPOBEHOCHO20 pycna
)KeesamesbHbIX MbIUWU, 2UCmO102U4ecKoe uccriedogaHue KpOBEHOCHLIX COCy008 U MKaHEeebiX 3/1eMEeHMO8 XeeamesibHbIX MbIUWU;
371eKMPOHHO-MUKPOCKONuUYeckoe uccredogaHue; MopghomempuyecKkuli aHanu3: cpedHee 3HayeHue npoceema KpOBEHOCHbIX CcOCyd08
U monwuHa Ux CMeHKU, KOIu4ecmeo Kanusnispos 8 1 MKM? MonepeqHo20 CeYeHUs MbILEYHO20 80JI0KHA, KOUYEeCmeo Kanusispos,
npuxodsawuxcsi Ha 00HO MbIWEYHOE B80J/I0KHO, MPOUEHMHOE COOMHOWEHUE OKUCIUMEerbHbIX MblueYHbiXx 80510k0H (OMB),
okucnumenbHo-anukonumu4yeckux (OFMB) u enukonumudeckux (FMB), cpedHuli paamep Mbile4YHO20 80/I0KHA; BuOXUMUYECKUe
mMemoObl; cmamucmudecKkull aHanu3 npoeodunu ¢ MOMoWbio rnpoepammHoz2o obecrieyeHuss RV.3.0. O pazsumuu eunomupeo3a
ceudemernibcmsyem ymeHbWeHUe 20PMOHO8 WUmosUOHOU Xesnesbl 8 Kposu. Ha 14 cymku akcriepumeHma 6 apmepuarnbHOM pycrie
pu UHBbEKUUU napuxckol cuHel 8 XeeameJslbHbIX Mbilyax ommedyaemcsi decpopmauyusi cocyducmoao pucyHka. Konudecmeo
2emMoKanunnapoe ymeHbwaemcs. CybMUKpPOCKOMUYEeCKU ommeqaemces omeK yumoniasmbl 3HOOMenuoyumos. B MbiweyHbIX 80/10KHaxX
rornepeyHasi UCYepYeHHOCMb HapyweHa, ysenuqueanachb nnowadb UX MornepeyHo20 cedeHusi, Habrmodaemces pacwupeHue u
8aKyonu3ayusi 3H0oMuU3Us. Bbino ycmaHo8neHo USMEHeHUe 8 KOIUYecmeeHHOM pacrpedenieHuu 8Cex muroe 80/10KOH (YMeHbWanoch
konuyecmeo OFMB u OMB u ysenuyusanock konudecmso 'MB). Ha ynbmpamMukpocKonu4eckom yposHe Habrodanuch ebipaxKeHHbIe
U3SMEeHEeHUs 60 6Cex murax MbiWeYyHbIX 80/I0OKOH, 0CObeHHO 8 cobcmeeHHO xeeamenbHolU Mblwuye. Ha 28 cymku
MepKa301unuHOYUpPO8aHHO20 2urnomupeo3a UMEeHeHUs1 8 COCyOUCMOM Pycrie U 8 MbIWEYHbIX 80MI0KHax npoepeccupyrom. OnucaHHble
Mopghosioeudeckue U3IMeHeHUs accoyuupyrom ¢ OUHaMuKkolU MUKPO3SIeMeHmMHo20 cocmasa. Takum obpasom, npu
MepKa30nunuHAyLyupos8aHOM 2Urnomupeo3e 8 XxeeamesbHbIX Mbiliyax Habnodaomesi OmeyHble USMEHEHUs Kak 8 cocyducmom pycrie,
mak U 8 MblWeYHbIX 80M10KHax. [puyem usmeHeHus ycyaybnsomcs 8 3a8UCUMOCMU Om CPoKa 3KCrepumeHma.

KnioueBble cnoBa: 2urnomupeos, MbILEYHOE B0MTOKHO, OHIMO2EHE3, 2eMOMUKPOUUPKYIISIMOPHOE PYCrIo.
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