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Diabetes mellitus (DM) is the most acute
medical and social problem of the national
health care system all over the world and it
is associated with the constant growth of the
disease, severe complications and high morta-
lity, especially among the working population
[1, 2]. Skeletal muscle is known to be one of
the major tissues that determines carbohydrate
metabolism in the body, as it is the main tar-
get for insulin action in regulation of blood glu-
cose levels by activating insulin-sensitive glu-
cose transporter-4 (GLUT-4) on the plasma cell
membrane [3]. In diabetes, glucose uptake by
skeletal muscle decreases due to impaired gly-
cogen synthesis and it leads to impaired meta-
bolic changes in skeletal muscles and the body
as a whole [3].

One of the DM complications is diabetic
myopathy, which occurs in 88% of patients [4]

and is often combined with other complications
of diabetes, such as macro- and microangiopa-
thy, cardiovascular disease, nephropathy, reti-
nopathy, neuropathy [2].

In the scientific literature there are works,
describing morphofunctional changes of neuro-
muscular connections (NMC) in experimental
diabetes in the masticatory muscle and tongue
of mature rats [5, 6]. However, we have not
found investigations, that have comprehensive-
ly studied the structural changes in the mas-
ticatory muscles in diabetes in the postnatal
period of ontogenesis.

In view of the above, the purpose of our
study was to establish the age characteristics of
histo-ultrastructural changes in the masticato-
ry muscle of 2-month (immature) and 6-month
(mature) rats with streptozotocin-induced dia-
betes mellitus (SDM).

* In this article the material of the dissertation research, which is performed according to the plan of Ivano-
Frankivsk National Medical University and is a part of the research work of the Department of Human Anatomy «Age
features of pathomorphogenesis of some organs of neuroendocrine, cardiovascular, digestive and respiratory systems
in diabetes» (Ne of state registration 0116U003598) was used.
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MATERIALS AND METHODS

The material for the study were the mas-
ticatory muscles of 10 immature (weighing
65—-95 g) and 10 mature (weighing 160-180 g)
white outbred male rats, which were divided
into 2 groups: control (10 animals) and experi-
mental (10 animals). SDM in the experimental
group was simulated by a single intraperito-
neal injection of streptozotocin (dissolved in
0.1 M citrate buffer solution with a pH of 4.5)
at a dose of 7 mg per 100 g body weight in
immature animals and 6 mg per 100 g body
weight in adult animals. In the control group
of animals, the equal volume of citrate buffer
was injected intraperitoneally. In order to avoid
hypoglycemia (because of the destruction of
B-cells), rats received additional glucose dose
for one day. The level of glucose in the experi-
mental group of animals was measured daily
from the tail vein blood using glucose meter
test strip «Accu-Chec» (Germany). The materi-
al was taken on the 70* day of the experiment.
Histological (hematoxylin and eosin staining,
Masson’s trichrome), histochemical (Shabadash
glycogen detection, Bolshevsky-Gross impreg-
nation), biochemical and electron microscopic
methods were used.

All manipulations performed on animals
during the experiment did not contradict the
European Convention for the Protection of Ver-
tebrate Animals Used for Research and Other
Scientific Purposes (Strasbourg, 1986), Council
of Europe Directive 86/609 / EEC (1986), Law
of Ukraine «Protection of animals from cruel
treatment» of December 15, 2009 and orders
of the Ministry of Health of Ukraine No 690 of
September 23, 2009, No 616 of August 3, 2012.

For morphometric studies, photographs of
histological sections saved in tif format were
used. Morphometry was performed using
Imaged version 1.47t. We have determined
the cross-sectional area of muscle fibers (MF)
and their nuclei, and the area of neuromuscu-
lar junctions (NMdJs). The area of the profile of
arterioles, capillaries, venules, their walls and
lumen was measured. In arterioles and capilla-
ries, the Vogenvort index (iV) was determined
according to the formula [7]. Computer data
processing was performed using the statistical
package STATISTICA (StatSoft, Inc. (2010),
STATISTICA (data analysis software system),
version 10.

RESULTS AND THEIR DISCUSSION

On the 70* day of SDM, the level of glucose
and glycosylated hemoglobin in adult animals
increased to 20.12 + 2.34 mmol/l (control —
4.56 + 0.83 mmol/l, p = 0.0001) and 11.21 +
1.36% (control — 2.46 + 0.59%, p = 0.0001),
while in immature rats these figures were sig-
nificantly lower: 15.32 + 1.53 mmol/l (control —
3.76 £ 0.25 mmol/l, p = 0.0001) and 9.58 +
0.73% (control — 2.29 £ 0.35%, p = 0.0012),
respectively (in all cases, p < 0.05).

In adult rats, the area of MF and their nuc-
lei is likely to decrease to 433.53 + 54.11 pm?
(control — 781.04 + 91.66 pm?2, p = 0.0001) and
9.32 + 2.36 nym? (control — 16.16 + 5.18 pum?,
p = 0.0001), while in immature rats the area of
MF decreases to 431.02 + 49.33 pm? (control —
558.93 + 35.96 pm?, p = 0.0001), while the area
of the nuclei probably does not differ from the
control values of 16.07 + 4.82 pm? (control —
17.84 + 2.43 pm?, p = 0.0801). On histological
specimens of adult animals, edema of endo- and
perimysium is observed. Glycogen granules

in MF may be absent or appear in the form
of small clusters on the periphery (Fig. 1a).
In contrast, in immature rats, perimysium
edema 1s detected only perivascular, and gly-
cogen inclusions vary from insignificant to pro-
nounced in different MF (Fig. 1e). In immature
animals, muscle sequestration and sometimes
aseptic inflammatory cellular infiltrates are
observed (Fig. 1f), while in adult animals,
fibrosis and focal lysis of individual MF, some-
times their necrosis and partial replacement
by connective tissue are detected (Fig. 1 b).

At the ultrastructural level in the mastica-
tory muscle of adult rats, partial necrosis of
MF, karyorexis, subsarcolemic edema, separa-
tion of fibers and lysis of myofibrils, destruction
of mitochondrial cristae are detected (Fig. 2 a).
There is an increasing number of macrophages
and fibroblasts in these areas. The latter pro-
duce collagen, which fills the endo- and perimy-
sium, sometimes replacing the destroyed MF
by foci of sclerosis. Along with destructively
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Fig. 1. Histostructural changes in the masticatory muscle of mature (a-d) and immature (e-h) rats with SDM.
Staining: according to Shabadash (a, e€), Masson’s trichrome (b, c, f, g), impregnation according
to Bilshovsky-Gross (d, h). Microphotographs. Enlarged: a, b, c, e, f; g) 400; d, h) 1000.
Symbols: 1 — inclusion of glycogen in MF, 2 — MF without glycogen, 3 — sclerosis of MF;
4 — MF sequestration, 5 — arteriolovenular anastomosis, 6 — aseptic inflammatory cell infiltrates,
7 — erythrocyte sludges, 8 — terminal branches of the axon, 9 — nerve collaterals,
10 — nuclei of terminal neurolemmocytes.
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Fig. 2. Partial necrosis (a) and focal lysis of myofibrils (b) in MF of adult rats and apoptosis (c)
and intracellular regeneration processes (d) in MF of immature rats on the 70" day of SDM.
Electronic microphotographs. Enlarged: a) 4800, b) 9600, ¢) 8000, d) 16000.
Symbols: 1 — partial necrosis, 2 — myosateliocyte, 3 — lysis of myofibrils, 4 — separation of myofibrils,
5 — normal myofibrils, 6 — apoptosis, 7 — young mitochondria, 8 — destructively altered mitochondria,
9 — fibroblast nucleus, 10 — terminal cistern of sarcoplasmic reticulum.

changed MF, MFs with preserved structural
components are visualized (Fig. 2 b). In cont-
rast to adult animals, karyopyknosis, apopto-
sis, and vacuolar dystrophy of MF are observed
in 2-month-old SDM rats (Fig. 2 c¢). Other MFs
are characterized by the following intracellu-
lar regenerative processes: formation of young
mitochondria with a dense matrix and indis-
tinctly differentiated crystals; the appearance
of numerous granules of glycogen in the sarco-
plasm between myofibrils, a slight expansion
of structural components of the sarcoplasmic
reticulum (Fig. 2 d).

Such changes in the masticatory muscle of
MF are caused by several factors. First, hy-
perglycemia promotes glycosylation of proteins
(actin and myosin), which in turn are chemi-
cally modified [8] and lead to other complica-
tions associated with type 1 diabetes [9]. Some
researchers found an increased content of gly-
cosylation end products in proteins of skeletal
muscle which led to a decrease in the mobility

of actin and myosin, causing a glucose-depen-
dent decrease in myofibril function [10].

There is a narrowing of the lumen of the
afferent and metabolic links in the hemomi-
crocirculatory bed of both age groups of SDM
animals, while the lumen of the capacitive link
is expanded and the wall area of almost all
microvessels increases (Table 1). Such changes
lead to the opening of arteriolovenular anasto-
mosis (Fig. 1 g). In adult animals, perivascular
edema and connective tissue growth are ob-
served (Fig. 1 c¢). Histological specimens show
congestion of capillaries, venules and veins
due to erythrocyte sludges. In the arteries
and arterioles, edema is often found, and in
some places there is a destruction of the in-
ner elastic membrane which is accompanied
by a narrowing of their lumen. iV increases
respectively in arterioles and capillaries up to
874.12 £+ 134.49% (control — 416.43 + 68.75 %,
p = 0.0001) and 369.10 = 86.53% (control —
128.03 + 24.70%, p = 0.0001) in adult animals
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Table 1
Morphometric changes of the hemomicrocirculatory on the 70t day
of the development of experimental diabetes mellitus, n =10 (X £ S,)
Vessels of Group of Area of the vessel | Area of the lumen Area of the
HMCS animals (nm?) (nm?) wall (pm?)
Immature animals
. SDM 305.20 £ 15.78 40.73 + 7.12* 264.47 £ 16.89*
Arterioles
control 301.06 + 16.56 75.30 £ 9.20 225.75 + 14.04
o SDM 16.55 + 2.64 475 + 0.79* 11.80 + 2.26*
Capillaries
control 16.32 +1.94 6.98 +1.24 9.34+0.99
SDM 305.44 + 27.45 169.70 + 23.33* 135.75 = 32.07
Venules
control 304.25 + 333.03 141.27 +£ 20.13 162.97 + 26.01
Mature animals
. SDM 341.82 + 51.37* 35.09 £+ 7.26* 306.73 + 41.24*
Arterioles
control 326.13 + 40.12 63.15 + 8.36 262.98 + 34,71
o SDM 95.05 + 5.12* 5.34 + 0.92% 19.71 + 3.52%
Capillaries
control 19.36 + 2.54 8.49+1.27 10.87 £ 2.23
SDM 418.26 + 59.61* 169.72 £ 25.96 * 248.54 + 33.73*
Venules
control 372.89 + 54.72 149.98 + 31.02 222.91 £ 35.28
Note:

*

up to 669.43 + 42.32% (control — 304.06 +
44.84%, p = 0.0001) and 252.67 + 51.42 % (cont-
rol — 136.66 + 22.89%, p = 0.0001) which in-
dicates a significant decrease in the capacity
of the afferent and exchange links of the he-
momicrocirculatory bed. The bloodstream of
the masticatory muscle of animals of different
age groups with SDM becomes thin, which in-
dicates a decrease in the number of hemoca-
pillaries per 0.1 mm? of masticatory muscle in
adult rats up to 41.3 + 8.42 (control — 83.6 +
6.29, p = 0.0001), in immature rats — up to
70.9 £ 4.02 (control — 87.5 + 4.01, p = 0.0002).
At the ultrastructural level, in the lumen
of vessels of the hemomicrocirculatory bed, the
erythrocyte sludges, adhesion of erythrocytes
and platelets to the lumenal surface of endo-
thelial cells and microthrombi are observed.
Hemorheological disorders of the blood are
associated with hyperglycemia, high levels of
glycated hemoglobin and diproteinemia, which
increase blood viscosity and lead to changes in
the surface charge of erythrocytes with adhe-
sion of fibrinogen and B-lipoproteins to their
surface [11, 12]. Increased platelet aggrega-
tion capacity occurs due to violations of their
functional state which are caused by damage

probable difference with control within one age group of animals (p < 0.05).

to cellular structures under the influence of
peroxynitrite [12]. In addition, there is glyco-
sylation of protein elements of the anticoagu-
lant system of the blood, and it is an additional
factor in local thrombosis [13]. In most endo-
thelial cells of microvessels, the karyopyknosis
and increase in electronic density of cytoplasm
are observed; the lumenal surface of a plasmo-
lemma forms protrusions with the subsequent
expressed microclasmatosis. In the lumen of
some vessels of mature animals, macroclasma-
tosis is observed due to partial desquamation of
peripheral parts. Other endotheliocytes retain
their ultrastructural organization, but their pe-
ripheral divisions are significantly thickened.
The destruction of endothelial cells in diabetes
is described by other authors [11, 13]; they re-
late this to a number of factors. First, in dia-
betes, the level of contrainsular hormones is
increased [1], they activate the polyol pathway
of glucose metabolism, which leads to osmo-
tic edema and destruction of endothelial cells
[13]. Second, hyperglycemia and high levels of
glucocorticoids lead to the breakdown of pro-
teins with the formation of antigens and the
development of an autoimmune process in the
vascular endothelium. As a result, autoimmune
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complexes depolymerize the main substance of
vascular walls and lead to the development of
hyalinosis and their thickening [14]. The lead-
ing role belongs to the processes of lipid per-
oxidation, which leads to the formation of free
radicals that damage the endothelium [13, 14].
As a result, endothelial cells do not fully syn-
thesize biologically active substances that af-
fect vascular tone. According to our studies,
in 6-month-old rats, the proliferation of the
basement membrane in the form of individu-
al plates is observed, which is one of the cha-
racteristic features of diabetic microangiopa-
thy. According to the literature, there are three
pathogenetic mechanisms which are the basis
of damage of the basement membrane: metabo-
lic (enzymatic and non-enzymatic glycosylation
of its proteins), hypoxic and immunocomplex
(disruption of relationships between proteogly-
cans and other components of the basement
membrane) [11, 13]. We also noted damage to
pericytes, in the cytoplasm of which small and
large vacuoles, dilated cisterns of the granular
endoplasmic reticulum and partially destroyed
mitochondria were found. At the same time the
number of polysomes and free ribosomes de-
creases. In some hemocapillaries the destruc-
tion of their wall is observed. Around the capil-
laries there is a noticeable swelling and growth
of collagen fibers and connective tissue stroma.

In immature animals, changes in the he-
momicrocirculatory bed were less pronounced
(Fig. 2 ¢). Erythrocyte sludges and microclas-
matosis were observed in the lumen of some
capillaries. Most endothelial cells were elec-
tron-dense with numerous micropinocytic ve-
sicles. Such dark endotheliocytes are attributed
by most authors to young cells [15], which may
indicate the regenerative processes of the inner
lining of micro-hemo-vessels, which are trig-
gered in response to endothelial cell damage.
In the regeneration of endothelial cells, the
leading role is played by endothelial growth
factor, fibroblast and platelet growth factor, an-
giopoietins and others, which activate the fol-
lowing processes of endothelial cell regenera-
tion: migration, proliferation and remodeling
[13].

On the 70%* day of the SDM, there is
a massive destruction of NMdJs in adult rats,
which leads to a decrease in their area up to

129.84 + 25.27 pm? (control — 395.72 + 21.18 pm?2,
p = 0.0001). It is accompanied by homogeni-
zation and varicose thickenings of the myelin
sheath and axonal atrophy (Fig. 1d). At the
ultrastructural level, the axoplasm is clarified
in neuromuscular synapses, it has no neuro-
filaments and other specific inclusions; there is
a small number of synaptic vesicles, and mito-
chondria have a clarified matrix and destroyed
cristae. Most of the postsynaptic folds are de-
stroyed exposing the postsynaptic membrane.
The postsynaptic folds are destroyed and as
a result the presynaptic pole of neuromuscular
synapses ceases to exist (Fig. 3 a). Remains
of axoplasm are observed in these areas. Such
degenerative changes indicate a significant dis-
turbance in the axonal transport system and
are observed in many pathological conditions
when it comes to hypoxia, and they are caused
primarily by changes in blood microcirculation
[9, 15], and in our case — by the development
of diabetic microangiopathy. According to some
authors [16], in diabetes the function of the
synaptic apparatus of skeletal muscles is im-
paired due to the appearance of autoantibodies
to Ca?'-channel receptors on the presynaptic
membrane of the NMds. Other authors [17] be-
lieve that in diabetes there is a glycosylation
of proteins in muscle fibers due to increased
expression of genes that control the ubiquitin-
dependent proteolytic system, and as a conse-
quence, lead to changes in acetylcholine recep-
tors, which was confirmed by our study at the
ultrastructural level.

In 2-month-old rats with SDM, there was
also a decrease in the branching area of the
axon terminal up to 182.40 + 33.91 um? (cont-
rol — 454.86 + 37.51 uym?, p = 0.0001). However,
in some NMdJs, the reinnervation processes
are observed due to collaterals from neighbor-
ing nerve fibers (Fig. 1 h). Nerve sprouting in
diabetes has been observed by other research-
ers [17, 18] and it is interpreted as compen-
satory-adaptive processes of axons in various
pathological processes to certain abnormal con-
ditions or inactivity of muscle fibers. Besides,
they believe that terminal neurolemmocytes
in the area of damaged NMdJs stimulate the
production of insulin-like growth factor-1, thus
initiating an increase in the number of axon
terminal branches, which was studied in our
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Fig. 3. Ultrastructural changes in the neuromuscular synapse
of the masticatory muscle of mature (a)
and immature (b) rats on the 70 day of SDM. Electronic microphotographs.
Enlarged: a) 12000, b) 16000.
Symbols: 1 — axoplasm with synaptic vesicles, 2 — mitochondria, 3 — synaptic folds,
4 — synaptic cleft, 5 — MF nucleus, 6 — processes of the final neurolemmocyte.

research. Thus, in immature rats, the area of
NMds, compared with control indicators, de-
creases by only 54 %, and in mature rats — by
67 %, which indicates the presence of compen-
satory-restorative processes in NMdJs of im-

mature rats. At the ultrastructural level, in
neuromuscular synapses there is a partial de-
struction of the synaptic folds and an increase
in the distance between them and the width of
the synaptic cleft (Fig. 3 b).

CONCLUSIONS

Thus, taking into account the data of histo-
logical, morphometric and electron-microscopic
studies, we can conclude that there is a dia-
betic myopathy on the 70 day of the SDM in
the masticatory muscle of rats of different ages.
The main pathomorphological mechanisms of
its occurrence are hypoxia due to the develop-

ment of diabetic microangiopathy and periph-
eral neuropathy. At the same time, in adult
animals it leads to atrophy and partial scle-
rosis of the MF of masticatory muscle; and in
immature animals, compensatory-restorative
processes in the NMdJs and MF are revealed.
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BIKOBI OCOBJINBOCTI MOP®OIEHE3Y
OIABETUYHUX MIOMATIN

Kypaxkiecorka 0.4., Komkin O.€., Tkauyk }0.J1.,
Kuasesuu-Yopua T. B., Pygax O. M.

Isaro-@pankiscoruti HauloHabHul meduurut yHigepcumem MO3 Vipainu,
M. Isano-Opankiscvk, Yrpaina
zhurakivska.o.ya@gmail.com

Opuum i3 yckaagHeHb 1ykposoro miabery (ILJI) e miaberwmuna miomaris, 1o giarfHoctyerbesa y 88%
xBopux. Tomy meTor0 Hamol po6oTu 0yJI0 BCTAHOBUTH BiKOB1 0COOJIMBOCTI IiCTO-YJIBTPACTPYKTYPHUX 3MiH
JKYBAJIBHOIO M's3a 2-MICAYHUX (HECTATeBO3PiJinX) Ta 6-MiCAYHMUX (CTATEBO3PIJIMX) IMYPIB IIPU CTPEHTO30-
tormHOBOMY IfyKpoBomy miaberi (CIIJI). OcramHiil Mome0BaJM OJHOPA30BUM BHYTPIITHBOOYEPEBUHHUM
BBEJEHHAM CTPEITO30TOINHY B 1031 7 Mr Ha 100 r macu Tija 2-micauaum Ta 6 mr Ha 100 r macu Tiga 6-Mi-
CSIYHUM Iy pPaM.

Berawmosieno, mo ma 70-y m06y mepebiry CIIJ] B skyBasibHOMY M’s131 2-MICAYHUX ILYPIB BiAMIYAKOTHCS
CeKBeCcTpallis M’sI3a Ta BOTHUIIEB] aceITHUYHI 3anaibHI KIITUHHI 1HDIIBTPATH, TOAL AK Y 6-MICIYHUX TBA-
PUH — PO3BOJIOKHEHHS TA BOTHUIIEBUH JI13UC OKpeMux M s130BuX BoJIokoH (MB), momexyau ix Hekpo3 Ta yact-
KOBe 3aMIIIeHH CIIOJIYYHOK TRaHuHO0K. Ha yIbrpacTpykTypHOMY PiBHI B 6-MiC Iy PiB BUABJISAIOTHCSI SBUILA
napiiiajgbHoro HeKpo3y MB, kapiopekcuce, migcapkoieMaIbHUN HAOPSAK, PO3BOJOKHEHH 1 Jizuc Miodibpmi,
py#HYBAHHSI MITOXOHAPIN, y 2-Mic — HasBH1 BHYTPIIIHBOKJIITHHHI pereHepaToOpHi HpOIeCH: YTBOPEHHS
MOJIOJTUX MITOXOH/IPIH; OSIBA YUCEJBHUX I'PAHYJI TVIIKOTEeHY B capKormiasmi mizxk miodiopuiamvu. Taki amian
B1AOYBAIOTHCA HA TJI1 PO3BUTKY AlabeTHUHOI MikpoaHrionarii. ¥ cTaTeBo3piJnx BiaMivyaeThcsa MacUBHE PyIi-
HYBaHHSA HepBOBO-M's130BuUX 3emuanb (HM3), mo Beme 10 3MeHINEHHS MJIONIl CIIPAYTUHTY aKCOHIB Ha 67 %
1 CyIIPOBOIKY€ETHCS YaCTKOBUM PYHUHYBAHHAM HEHPOM SI30BUX CHUHATICIB. Y 2-MiC IYPiB, TAKOK, BIMIYAETh-
ca amenmrenssa miromi HM3 ma 54 %, npu npomy B okpemux HM3 crocTepiramoThes peilHHepBalliiHi Ipoiecn
BHACJIIIOK KoJIJIaTepaJeil Bl cyCiAHIX HepBOBUX BOJIOKOH.

Takum yrHOM, y KyBaJbHOMY M 531 IypiB pidHux BikoBux rpym npu CILJ] miarnocryerbes giaberuuna
MioIaTis, 10 BUHUKAE BHACJIJIOK PO3BUTKY AiabermuynHol MiKpoaHriomarii Ta mepudepiiiHoi He#pomarTii.
IIpu pomy y cTaTeBO3PIINX TBAPUH BOHA IMPU3BOIUTH 10 aTpodii Ta yacTKoBoro ckjaepody MB skyBasbpHOTO
M’s13a, a Y HeCTaTEeBO3PLINX CIIOCTEPIralThCsa KOMIIEHCATOPHO-B1AHOBHI npomecu B HM3 1 MB.

KiaoyoBi cmoBa: sKyBaJIbHUHI M'sI3, HEMPOM A30Be 3'€JHAHHS, CTPEIITO30TOIIMHOBHUH I[yKPOBU giaberT.

BO3PACTHbIE OCOBEHHOCTU MOP®OIrEHE3A
OAVNABETUYECKUX MUOMNATUN

HKyparueckasa O. ., Komkun O. E., Tkaayk 0. JI.,
Kusasesuu-Yopua T. B., Pygax O. M.

Hsaro-Pparko8cKuli HAUUOHAILHBLL MeduluHcKull yrusepcumem MO3 Vipaumot,

2. Hsano-Oparnkosck, YVipauna
zhurakivska.o.,ya@gmail.com

Opuum u3 ocioskHeHuit caxapuoro nuabera (CJ]) sensiercsa quabeTnyeckas MUOTIATHS, KOTOpas JHUAT-
HocTHpyeTcs y 88% GonbHBIX. IloaToMy mesnbio Haleil padoThl OBLJIO YCTAHOBUTH BO3PACTHBIE 0COOCHHOCTH
THCTO- YIABTPACTPYKTYPHBIX U3MEHEHUH KeBATEeJbHOM MBINIITHl 2-MeCSIYHBIX (HEI0JIOBO3PEJbIX) U 6-Mecsd-
HBIX (II0JIOBO3PEJIBIX) KPbIC IIpu cTperrTodoTortmuoBoM caxapuom nuabere (CCI). [Mocmemuuit MmogemupoBain
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Erxcnepumenmastvri 0ocaiodiceH s

OJTHOKPATHBIM BHYTPUOPIOIIUHHBIM BBEIEHUEM CTPENTO30ToIHHA B f03e 7 mr Ha 100 r maccer Tesia 2-mecsad-
HBIM 1 6 MT Ha 100 © Macchl TeJia 6-MeCIIYHBIM KPBICAM.

Yeranosiieno, uro Ha 70-e cyTku TedyeHus CCJl B skeBaTeIbHON MBIIIIE 2-MECAYHBIX KPBIC OTMEYAIOTCS
CeKBeCTpAaIUs MBIIIIBl ¥ 0Y4aroBble aCeITUYECKUe BOCIIAJIUTEJIbHBIE KJIETOUYHbIe MH(MPUIBTPATHI, TOrIa KaK
B 6-MEeCAYHBIX KHBOTHBIX — OYATOBBIM JIM3UC OTAEJIBHBIX MBIIIeUHBIX BoJoKOoH (MB), mHorma mx Hexpos
¥ 4aCTHUYHOE 3aMellleHNe COeJUHUTEIbHON TKaHbl. Ha yIbTpacTpyKTypHOM yPOBHE YV 6-MECAYHBIX KPEIC 00-
HapY KUBAOTCSA IBJIEHHUS IMapiiuajJbHoro Hekpo3a MB, kapuopexrcuc, moacapkroieMaaIbHUN 0TEK, pa3pbIxje-
HUE U JIN3UC MUODPUOPUILII, Pa3pyIlIeHUsT MUTOXOHIPHUHA, ¥ 2-MeCAUYHBIX — HAOJI0al0TCA BHY TPUKJIETOYHBIE
pereHepaTopHBIE MPOIECCH: 00pa3oBaHMe MOJIOJBIX MHUTOXOHJIPUM; MOSBJIEHNUE MHOTOYNCIEHHBIX I'DAHYJI
MIIMKOTeHa B CapKoIadMe Me:kay MuopulOpusnaMmu. Takue m3aMeHeHUsa IIPOMCXOOAT HA (PpoHe pPasBUTHUA
nrabeTuYeCKo MHUKPOAHTHUOIIATHH. Y IOJOBO3PEJIBIX KPHIC 0OTMEYaeTCsa MAaCCHBHOE paspyllleHrue HePBHO-
mbrmevnsrx coequaenuit (HMC), uto BemeT K yMeHbBIIEHUIO IIJIOMIA Y CIIPAY TUHTA aKCOHOB Ha 67 % u compo-
BOKJIAETCA YaCTUYHBIM Pa3pyIllleHueM HeHPOMBIIIIEUHBIX CUHATICOB. ¥ 2-MEeCSIYHBIX KPBIC TAKIKE 0TMEYAeTC s
ymenburerue miaomaau HMC ma 54 %, npu atom B otaenbabix HMC mabnomaoTresa penHHepBALMOHHEBIE IIPO-
ITecChl BCJIEICTBIE KoJIjIaTepaJjeil OT COCeTHUX HePBHBIX BOJIOKOH.

Takum o6pasom, B sKeBaTEJIbHOM MBIIIIE KPbIC pa3HbiX Bo3pacTHBIX rpynn nupu CCJI muarnocrupyercs
guabeTUUeCcKass MUOIIATHS, BOSHUKAIOIIAS BCIEACTBHE PA3BUTUA TUA0ETUUYECKOM MUKPOAHTHOIIATHH U IIe-
pudepuueckoit HefiponaTuu. [Ipy oTOM y II0JI0BO3pEIBIX JKUBOTHBIX OHA IIPHUBOAUT K ATPOMPUU U YaCTHUIHOMY
ckJepo3y MB sxeBaTeIbHOM MBIIIIEL, 4 Y HEIOJ0BO3PEJIbIX HAGIIIAI0TCA KOMIIEHCATOPHO-BOCCTAHOBUTEIb-
uble nporeccsl B HMC u MB.

Knmouesbie cimoBa: meBaTe/IbHAS MBIIIIA, HEHPOMBINIEYHOE COeNUMHEHNS, CTPEITO30TOIIMHOBEIMA ca-
XapHBIA quader.
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One of the complications of diabetes mellitus (DM) is diabetic myopathy, which is diagnosed in 88% of
patients. Therefore, the purpose of our study was to establish the age characteristics of histo-ultrastructu-
ral changes in the masticatory muscle of 2-month (immature) and 6-month (mature) rats with streptozoto-
cin-induced diabetes mellitus (STD). It was induced by a single intraperitoneal injection of streptozotocin
7 mg/100 g body weight in 2-month animals, and 6 mg/100 g body weight in 6-month-old rats.

It was found that on the 70th day of STD there was a muscle sequestration and focal aseptic inflammatory
cell infiltrates in the masticatory muscle of 2-month-old rats, while in 6-month-old animals the fibrosis and focal
lysis of individual muscle fibers (MF), sometimes their necrosis and partial replacement by connective tissue
were noticed. Sonography revealed in 6-month-old rats partial necrosis of M F, karyorexis, subsarcolemic edema,
fibrosis and lysis of myofibrils, destruction of mitochondria; 2-month animals had intracellular regenerative
processes: formation of young mitochondria, appearance of numerous granules of glycogen in the sarcoplasm
between myofibrils. Such changes occur against the background of the diabetic microangiopathy. Adult animals
had a massive destruction of neuromuscular junctions (NMdJs) and it leads to a decrease in the area of axon
sprouting by 67 % and is accompanied by partial destruction of neuromuscular synapses. In 2-month-old rats,
there was also a decrease in the area of NMds by 54 %, while in some NMdJs the reinnervation processes were
noted due to collaterals from neighboring nerve fibers.

Thus, diabetic myopathy is diagnosed in the masticatory muscle of SDM rats of different ages, which results
from the development of diabetic microangiopathy and peripheral neuropathy. In adult animals, it leads to atro-
phy and partial sclerosis of MF of the masticatory muscle, and in immature animals, compensatory-restorative
processes are observed in the NMdJs and MF.

Key words: masticatory muscle, neuromuscular junction, streptozotocin-induced diabetes mellitus.
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