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GISTO-ULTRASTRUCTURAL CHANGES IN THE MUSCLES OF THE ABDOMINAL
IN VENTRAL HERNIA AND AFTER PHYSICAL REHABILITATION
IN THE POSTOPERATIVE PERIOD AFTER ALLOPLASTY

e-mail: popelsergij@gmail.com

The study of histo-ultrastruction changes of different structural components of direct muscle of abdominal of sexually
matured rats — males was a research purpose in the remote terms of ventral hernia and subsequent application of the physical
loading of middle aerobic power. Light opticaly, electronical microscopical (for the exposure of structural transformations of
muscle components) and histochemical (for determination of activity of succinate dehydrogenase after Nahlas — to identify
muscular fibres with different phenotypes) methods at 55 sexually matured rats were studied structural track of adaptation of
muscle compartmently at prolonged (240 days) ventral hernia and after 15-30 multiple physical loading of middle aerobic power
in an ambassador post-operative period at alloplastic. It is shown that above all things, there are the changes of intramuscular
network and morfometric changes blood vessels. These information closely correlate with the making progress changes of
subcellular components of muscle fibers accountable for power and plastic balance. It is set that fast oxygen-glycolytics muscle
fibers and their peripheral nervous vehicle are most sensible to the terms of prolonged ventral hernia. As a result of application of
the physical loading of middle aerobic power the reparative regeneration is intensifyed, that substantially abbreviates the terms of
renewal of structurally-functional properties of skeletal muscles in the conditions of ventral hernia illness. Thus, at ventral hernia
the primary changes touch the sources of blood supply of abdominal muscles, with the secondary paranecrosis processes in muscle
fibers and peripheral nervous vehicle with certain morfometric signs.
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I'ICTO-YJIbTPACTPYKTYPHI 3MIHU M'5131B YEPEBOI CTIHKH TP BEHTPAJIBHIN
I'PUAKI I IIICJIA ®I3UYHOI PEABLIJIITALIIL B IIOCTOIIEPATUBHUMU INIEPIO/ ITICJIA
AJIOIVIACTUKHA

JlocTiDKeHHS TiCTO-yIbTPAaCTPYKTYPHUX 3MIiH PI3HUX CTPYKTYPHHX KOMITOHEHTIB IIPSIMOTO M’si3a TepefHbOI YepeBHOL
CTIHKH CTATE€BO3PIIINX II[ypiB-CaMIiB y BiJTaNeHi TEPMIiHH ITiCIISI MOJEIIOBAHHS BEHTPAIBHOI IPIKI Ta MOAANBIIOT0 3aCTOCYBAaHHS
(GI3MYHOrO0 HABAaHTAKCHHS CEPeNHBOI aepoOHOI MOTYKHOCTI Oylo MeToro naHOi pobotu. Bukopucramm cBiTiaoonTnyHi,
CJIEKTPOHHOMIKPOCKOMIYHI (111 BUBYCHHS CTPYKTYPHHUX MEPETBOPEHb M’ I30BHX KOMIIOHEHTIB) Ta TiCTOXIMIi4HI (17151 BU3HAUYCHHS
aKTHUBHOCTI CyKIIMHATIETiporeHasu 3a Haximacom - st imeHTH(]IKAil M’ S30BUX BOJIOKOH Pi3HHUX (eHOTHHIB) MeTomm. Y 55
CTaTEeBO3PUINX IIyPiB BUBYAIHN CTPYKTYPHUH CNiJ amanTanii M'sI30BHX BOJIOKOH ITpu TpuBaiiil (240 xHIB) BeHTpasbHIN TPHXKi Ta
micist GaratopaszoBux (15-30ceanciB) (hi3nvHUX HaBaHTaXKEHb CEPEIHBOI aePOOHOI MOTYKHOCTI B MiC/sIONEpallifHOMY Tepioi
micns  amoruacthkd. [lokasaHo, IO Tepmn 3a Bce BiOYBAIOTHCS 3MIHM BHYTPIIITHBOM SI30BOI KPOBOHOCHOI CITKH Ta
MopdoMeTpuuHi 3MiHM HEpPBOBHX eleMeHTiB. Taka CTpyKTypHa IepeOyJoBa TICHO KOPEIIOE 3 IMPOTPECYIOUMMH 3MiHaAMU
CYOKJIITHHHMX KOMIIOHEHTIB M’30BHX BOJIOKOH, IO BiJIOBialOTh 32 CHEPreTHYHHH Ta IIacTHYHMN OanaHc. BeraHoBneHo, 1o
MIBU/IKI KMCHEBO-TIIIKOJITHYHI M'sI30B1 BOJIOKHA Ta IX neprdepuIHnil HepBOBHH arapaT HalOUIBII YyTIMBI 1O YMOB iCHYBaHHS
TpUBaJOi BeHTpaibHOI TIprki. B pesymprari 3acTocyBaHHA (DI3MYHOTO HABaHTAXKEHHS CEPEeIHBOI aepoOHOI IMOTY)KHOCTI
MOCHJIIOETBCSI  perapaTMBHA pereHepaiis, [0 ICTOTHO CKOpPOYy€ TEPMIiHM BiIHOBIICHHS CTPYKTYPHO-(QYHKIIOHATBHHX
BJIACTUBOCTEH CKENEeTHHX M'S3IB B AUISHII BEHTpPaNbHOI Iprki. TakuM YMHOM, IIpU BEHTPANBHIM TpHXKi NEpBHHHI 3MiHU
CTOCYIOTBCS JDKEpEIl KPOBOIIOCTaYaHHS M’ SI31B IIepeIHb0] UepEeBHOI CTIHKU 3 BTOPUHHUMH IPOIECaMU apaHEKPO3y B M SI30BHX
BOJIOKHAX Ta Iepr()epuIHOMY HEPBOBOMY arapari 3 IEBHUMU MOP(GOMETPUYHUMHU O3HAKaAMH.

Koio4oBi c10Ba: BeHTpanbHa IPHKa, M’ I30B1 BOJIOKHA, CyANHU, HEPBOBO-M ’SI30B1 3aKiHUECHHS, (pi3NdHEe HABAaHTaXKCHHS

The study is a fragment of the research project “Use of non-medicated means and natural factors for improvement of
physical development, functional and physical preparedness of an organism”, state registration No. 0117U601745.

The problem of surgical treatment of inguinal hernia still remains very relevant and far from the
final decision [5]. This is evidenced by the existence of more than four hundred operational techniques.
However, none of them preclude the occurrence of a hernia recurrence in the postoperative period [15]. At
the present stage of development of herniology, an active search for ways to increase the effectiveness of
various methodological approaches to the plasticity of ventral hernias in both experimental and clinical
areas. However, the structural and functional changes of neuromuscular endings (NME) in the area of scar
tissue formation, especially during its reorganization, as well as the condition of microvascular, connective
tissue components and muscle fibers (MF) in the postoperative period remain insufficiently studied [1, 2].

In our opinion, such a number of methods is due to insufficient knowledge of the processes of
restructuring of the peripheral nervous apparatus of the abdominal muscles during inguinal hernias.
Destructive processes in the abdominal muscles often occur on the basis of previously arisen and long-
existing ventral hernia.
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The latter is due to the living conditions, characteristics of the profession, age, various diseases,
hypokinesia, obesity [1, 2, 9, 12]. It is known that under conditions of a long-term ventral hernia, not only
the metabolism of the muscles [3, 4, 9] changes, but also their structure [10, 13]. The search for factors that
enhance the physiological regeneration and resumption of muscle fiber function after alloplasty allowed us
to establish a positive influence on these processes of metered exercise [6, 12].

The purpose of the study was to establish the nature of the structural rearrangement of the rectus
abdominis muscle, which occurs under the influence of the dosed physical load of average acrobic capacity
after the long-term existence of experimentally simulated ventral hernia rats.

Material and methods. The experiment was carried out on 55 adult Wistar male rats. In the first
series of the experiment, a ventral hernia was simulated (240 days) [15]. The structure of the rectus
abdominis muscle was investigated. Material sampling was performed after 90, 180 (5 animals in each
study period) and 240 days (15 animals). The control group consisted of 15 intact animals, which were kept
in standard vivarium conditions and 5 animals were removed from the experiment at the times indicated
above to maintain the purity of the experiment with respect to age-related changes.

In the second series of the experiment, 10 animals that had previously withstood the conditions of
an experimental ventral hernia for 240 days exercised the moderate acrobic power exercise in a treadmill
(daily workouts for 15 minutes at a running speed of 20 m/min. After which they were removed from the
experiment after 15 and 30 days (5 animals in each term).

The control was carried out with the results obtained in 5 animals of the previous group, i.e. after
240 days of existence of an experimentally simulated ventral hernia. All studies were carried out in
accordance with the “Rules of work with the use of laboratory animals.”

The material for histological examination was treated with hematoxylin and eosin according to the
standard technique. For the study of muscle tissue according to Bilshovsky-Gross, pieces of 0.5x0.5x0.5
cm in size were fixed in a liquid consisting of equal parts of 96.0 % alcohol, neutral formalin and a saturated
solution of arsenic for 1 hour.

Then it was transferred without washing to 12.0 % neutral formalin for 10 days. After this, the
pieces were rinsed in distilled water and cut in a freezing microtome (MCP-4, PO “HZMT”, Kharkov,
Ukraine).

Slices of 25 um thick were transferred to a 20.0 % silver nitrate solution, where their residence
time was established empirically and the procedure of impregnation was continued on separate sections.
Then the sections were quickly carried out through 4-5 trays filled with 20 % formalin, prepared on tap
water, and placed into ammonia silver solution.

A small part (of a 20.0 % silver nitrate solution) was titrated in a watch glass with a drop of 25.0
% ammonia solution until the precipitate disappears. In this solution, sections were impregnated under the
control of a microscope. At the end of the impregnation, they were placed for 10—15 minutes into ammonia
water, and then for several hours into distilled water for washing. The resulting sections were mounted on
slides and covered with polystyrene.

For electron microscopic examination, the material was prepared by the conventional method [8].
Ultrathin sections were obtained on a UMTP-6M ultramicrotome (SEELMI Ukraine software), contrasted
using the Reynolds technique and viewed with a PEM-125 K electron microscope (PO SELMI Ukraine
software) with an accelerating voltage of 75 kV followed by photography at magnifications from 1200 to
20000 times.

Histological slides were studied under a MS-300 light microscope (TXR, Austria) and
photographed using Digital camera for microscope DCM 900 (TXR, Austria).

Morphometry was performed in all animals on 20 histological slides for each study period using
the NIH USA “Image J” software in automatic or manual mode with magnification resolution. Structural
changes at a certain stage of the study were analyzed in 50 fields of view and the total number of muscle
fibers per 1 mm? of cross-sectional area, the thickness of muscle fibers, the absolute and relative number
of hemocapillaries, as well as the diameter of their lumen, the (fraction of connective and adipose tissue,
the number of fibroblasts and macrophages.

Statistical data processing was performed using the software package “Statistica 6”. Probability
was determined by the criterion for assessing the significance of the difference using the probability factor
(Student's criterion). The difference was considered statistically significant at p<0.05.

Results of the study and their discussion. Data on changes in the morphometric parameters of
muscle fibers in different periods in the simulation of ventral hernia and after exercise of the average
aerobic capacity are presented in table 1.

90 days after the start of modeling of the ventral hernia in the endo- and perimisation, the
phenomena of intense edema are observed, a pronounced proliferative cellular reaction in the tissues that
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surround the neurovascular bundles. In comparison with the animals of the control group, the (fraction of
stromal components increases by 1.5 times (p<0.05). The nuclei of muscle fibers are localized near the
central part of the fiber, the expansion of cisterns of the sarcoplasmic reticulum is noticeable, individual
cristae in mitochondria are reduced. In myofibrils, the correct location of the Z-lines is violated.
Table 1
Dynamics of changes in the morphometric parameters of the rectus abdominis muscle with prolonged ventral
hernia and after dosed physical exertion (M*m, n=55)

When modeling a
. Control group When modeling a ventral hernia, days ventral hernia + exercise
Indices _ i
1 n=15 stress, times
90 n=5 180 n=5 240 n=5 15 n=5 30 n=5
The number of muscle fibers per 997.0 345.0 141.0 97.0 374.0 466.0
1 mm? cross-sectional area +36.73 +23.12* +31.24* +10.33* +14.46* +21.37*
The absolute number of
he;ossgiﬁaiielsl p:rel ‘I’nmz eross. 82.0 42.0 21.0 16.0 45.0 52.0
. +4.52 +3.26* +2.51* +1.42* +3.15¢ +4.67
sectional area
The relative number of 12.1 8.2 6.7 6.1 8,3 9.0
hemocapillaries +0.22 +0.46 +0.33* +0,25* +1.07* +1.98
Fraction of connective tissue, % 8.1 14.2 18.3 252 194 8.1
’ +0.15 +0.84* +1.17* +2.74* +0.72 +0.25*
The number of fibroblasts per 1 mm? 5.2 10.1 17.4 26.3 12.5 123
cross-sectional area +0.14 +0.67* +0.72* +3.11%* +1.41* +0.87
The number of macrophages per 1 2.1 5,1 6.4 5.2 153 7.2
mm? cross-sectional area +0.17 +0.33* +1,02* +1.66* +1.81* +0.64*
Fraction of adipose tissue, % 4.4 152 19:6 241 12.2 4.1
’ +0.08 +0.54* +1.74* +1.53* +1.04* +0.17*

Notes: * — p<0.05 — significant difference with the control group; ¢ — p<0.05 — significant difference between the indices of the
previous observation group.

In comparison with animals of CG, the sarcoplasm of most muscle fibers has a low electron-optical
density, contains an increased number of pinocytotic vesicles, an increase in the number of secondary
lysosomes, residual bodies and autophagosomes (fig. 1).

An analysis of electron micrographs revealed that 180 days after the start of modeling of a ventral
hernia compared with the control and the previous group of animals, intracellular edema in the muscle
fibers increased, leading to myofibril fibrillation (fig. 2).
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Fig. 1. Concentration of autophagosomes and residual bodies in the Fig. 2. Ultrastructural organization of muscle fiber 180
area of local destruction of muscle fiber 90 days after the start of days after the start of modeling of the ventral hernia. There is
modeling of the ventral hernia: 1 — mitochondria, 2 — myofibrils, 3 - edema of most mitochondria with shortening and fragmentation
residual bodies, 4 — sarcoplasma. Magnification: x 12,000. of the cristae, which indicates a deep disruption of the processes

of intracellular metabolism: 1 — mitochondria, 2 — myofibrils, 3 —
Z — line. Magnification: x 6000.

A typical phenomenon characteristic of a ventral hernia is the formation of myelin-like bodies and
the vacuolization of sarcoplasm. Mitochondria increase in size, their matrix has a low electron — optical
density, the cristae are disoriented, shortened, fragmented. Lysosomes are concentrated mainly in the areas
of destruction of myofibrils. An increased number of inclusions of various electron-optical density is
observed in the sarcoplasm.

240 days after the start of modeling of the ventral hernia, there is a decrease in edema and an
increase in the specific proportion of the stromal component of the muscles. At the same time, an increased
number of macrophages, fat cells and fibroblasts with a corresponding increase in the number of coarse
collagen fibers, which are detected in the form of large bundles parallel to the muscle fibers and the
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longitudinal axis of the blood vessels, is detected in the connective tissue skeleton of the rectus abdominis
muscle. For most muscle fibers, destructive — atrophic and paranecrotic phenomena are characteristic.
Muscle fibers become thinner, lose cross striation, sometimes form local thickenings. During electron
microscopic examination during this period of the experiment, destructive lesions have a diffuse character.
Muscle fibers decrease in diameter, the phenomena of their lysis are often observed. In such zones, the
number of autophagos and residual bodies increases.

The nuclei of muscle fibers have irregular contours, an illuminated nucleoplasm with chromatin
marginalization phenomena. Mitochondria with an enlightened matrix, fragmented and sharply reduced
cristae, sometimes there is a destruction of the outer membrane, which leads to a decrease in the activity of
succinate dehydrogenase in fast oxidative — glycolytic fibers.

Physical exercise of average aerobic capacity after a long — term existing ventral hernia gives a
pronounced and fast recovery effect. So, after 15-fold exercise, the number of loci of muscle tissue
destruction significantly decreases. The degree of manifestation of this destruction also changes:
paranecrotic areas practically do not occur, only refined, spiral — shaped, curved, without transversely
striated fiber are observed.

Compared to the results of the first series of studies, the phenomenon of edema was less
pronounced. At the same time (table 1), the number of macrophages increased by a factor of 3.0, the number
of fibroblasts decreased by a factor of 2.0, and fat inclusions decreased by a factor of 2.2 (p<0.05).

However, the above processes occurred in limited sections of the cross — section of muscle tissue,
did not have a tendency to generalization, and were eliminated in the first 15 days after exercise of moderate
aeroby power. It is noteworthy that an increase in the absolute number of hemocapillaries, which were
detected in an area of 1 mm?2 in the cross section of the rectus muscle (table 1). This caused an increase in
the area of mutual overlap of the blood supply zones between adjacent hemocapillaries.

An increase in the multiplicity of the action of physical activity up to 30 times led to the appearance
of a significant amount of glycogen in the sarcoplasm, the channels of the sarcoplasmic reticulum
expanded. At the same time, the relative proportion of adipose tissue in the endomization significantly
reduceded.

In endothelial cells of intramuscular hemocapillaries, the microrelief of the luminale surface was
smoothed, the number and diameter of micropinocytosis vesicles increased.

The study of the abdominal muscles at different times after the modeling of the ventral hernia
confirmed the opinion of some researchers [2] about the rather high sensitivity of their composite
components to the conditions of modeling the ventral hernia [5].

The revealed changes in muscle fibers already on the 90th day after the start of modeling of the
ventral hernia indicate their non-specificity, since they are often found in some myopathies [3, 4], and also
as a compensatory-adaptive response of muscle fibers to metabolism under anaerobic conditions [11].

It is known that in the conditions of a ventral hernia a narrowing of the hemocapillary lumen occurs,
a delay in metabolic products, oxygen delivery is blocked, leading to tissue hypoxia [6]. It, in turn, is the
cause of the local hydration of cellular and non-cellular components of skeletal muscles.

Such structural changes cause a decrease in the active working surface of mitochondria and create
prerequisites for the occurrence of ATP deficiency [1, 4]. Tanks of the sarcoplasmic reticulum are
narrowed, which indicates the inhibition of synthetic processes on the membranes of these organelles. The
end sections of T-tubules are reduced, the number of autophagosomes and residual organs increase, which
indicates a profound structural reorganization of skeletal muscles in the simulation of ventral hernia [4].

A decrease in the absolute and relative amount of hemocapillaries in modeling a ventral hernia
causes ischemia, as a result of which an increase in the amount of adipose tissue and fibroblasts occurs,
which causes an increase in the (fraction of connective tissue in general).

The combination of morphological changes in the rectus abdominis when modeling a ventral hernia
can be qualified as a paranecrotic process [15]. Since any stimulus at a certain duration of exposure, total
intensity or dose can cause cell death, conditions for modeling a ventral hernia should be considered as a
certain step towards the destruction of muscle fibers in response to functional deprivation.

It is the lack of function that is indicated as the most frequent cause of morpho-functional disorders
of somatic cells in different tissues of animals and humans [4, 5, 6]. From this point of view, paranecrosis
can very quickly turn into necrosis, the morphological signs of which we observed in individual muscle
fibers in the long-term period after the modeling of a ventral hernia.

However, it is known that paranecrosis differs from true necrosis by the reversibility of destructive
processes. Therefore, in some foreign publications, this term is replaced by the concept of “reversible
damage”. Differences in the course of this process depending on the nature or dose of the acting factor have
been studied by many scientists [14, 15].
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They note that reversible damage is characterized by its non — specificity, since the action of
various factors causes a homogeneous complex of structural changes. However, along with such
nonspecificity, a number of specific features are observed. This partial specificity is observed in many
pathological processes [1, 7, 10]. It should be noted that reversible damage after modeling a ventral hernia
occurs on the background of the reduction of intramuscular microcirculation.

The fact of the rapid recovery and blood microcirculation activation during exercise [7] is proved.
However, the question of the energy orientation of such a load remains outside the researchers’ attention.
In the scientific literature, especially in the field of physical culture and sports, there are sometimes
diametrically opposite views on the use of physical activity of anaerobic or aerobic nature in various
rehabilitation schemes after injuries, which are accompanied by a forced long bed rest [11, 12, 13].

The abdominal muscles are of separate interest because the further fate of the patient often depends
on the speed of their morpho — functional recovery. Therefore, morphological studies of the patterns of
their regeneration with average aerobic exercise are necessary for the development of modern rehabilitation
techniques. The positive dynamics revealed by us in restoring the structure of microvessels after a 15-fold
exercise of average aerobic power reflects the close nature of the mutual reorganization of the
hemomicrocirculatory network and the components of the abdominal muscles [13, 15].

Being a non-centropic factor, exercise of moderate aerobic power leads to a more rapid reverse
flow of destructive processes after modeling a ventral hernia [5]. This is evidenced by the restoration of
not only the majority of intracellular organelles, but also the number of hemocapillaries, a decrease in the
fraction of connective tissue and fibroblasts. At the same time, there is an increase in the number of
macrophages that accelerate the utilization of the breakdown products of muscle fibers [1, 4].

Thus, the accelerated recovery of skeletal muscle tissue under the influence of physical activity
indicates the stimulation of metabolic processes that are implemented by increasing the number of
hemocapillaries and mitochondria, which provides muscle fiber with energy and plastic material [3, 7, 9].
The more powerful regeneration effect, which is observed under the action of physical exercise of average
aerobic power, can be explained by the effect of active mechanical stretching of dystrophically altered
muscle fibers, against the background of activated blood circulation in muscles during running of animals
in the treadmill, which maintains a high level of metabolic processes [11, 13, 15].

DK

In the field of experimental hernia, the ultrastructural organization of the hemomicrocirculatory
bed of the muscles of the anterior abdominal wall undergoes structural restructuring. This is manifested in
a significant rarefaction of the bloodstream, the desolation of individual hemocapillaries, the unevenness
of their contours, and rupture of capillary loops. Data on a decrease in the total number of hemocapillaries
are confirmed by morphometric indices. They indicate a decrease in energy supply and protein synthesizing
function in muscles with this pathology, which underlies a decrease in the intensity of their blood supply
and reflects a profound transformation of metabolic processes.

Dosed physical exertion of an acrobic nature enhances the reparative regeneration of muscle fibers
after experimental ventral hernia.
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OF LONG TUBULAR BONE OF RATS UNDER EXPERIMENTAL HYPERGLYCAEMIA
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The pathomorphological basis for the development of diabetic disorders in various bones is a relevant subject of modern
experimental research on the modeling of diabetes—associated destructive processes in the skeletal system. They are characterized
by reduced bone density, which leads to an increased risk of fractures. Bone strength mainly depends on the interaction and
concentration of chemical elements such as Ca, P, Mg, and K. Therefore, the purpose of our study was to determine the
interdependence of changes in biomechanical parameters depending on the concentration of chemical elements in long tubular
bones of rats under chronic hyperglycemia. The study was performed on 72 adult white laboratory rats lasting 180 days. It was
found that starting from 30 days of uncontrolled chronic hyperglycemia, the bone mineral density in rats of the experimental group
gradually decreased in comparison with the dynamics of the corresponding indexs in animals of the control group. These changes
were accompanied by pronounced demineralization of both bones, as evidenced by significant losses of macronutrients (Ca, P,
Mg and K). As a result, in chronic hyperglycemia gradually formed a complex violation of the structure and biomechanical
properties of long tubular bones, which is a pathomorphological basis in the corresponding loci of the skeletal system.

Key words: rats, hyperglycemia, tubular bones, bone mineral density, macronutrient bone composition.
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BIOMEXAHIUYHI BTACTABOCTI TA MAKPOEJIEMEHTHHMI CKJIAJ] JIOBI'UX
TPYBUACTHUX KICTOK IIYPIB 3A YMOB EKCIIEPUMEHTAJIbHOI I'IEPIIIKEMIT

IMaromopdosoriuae miArpyHTS pO3BUTKY [1a0ETHIHUX MOPYIIEHb Y PI3HUX KiCTKaX € aKTyaJIbHUM IIPEIMETOM CyJacHUX
CKCIIEPUMEHTAIBHUX JOCII/PKEHb 3 MOJICIIOBAHHS 1iabeT-acoLifi0OBaHUX JCCTPYKTUBHHUX IIPOLECIB y CUCTEMI ckeseTy. st HuX
XapakTepHa 3HIKEHA LIJIBHICTh KICTOK, IO MPU3BOAUTH A0 MiABHILSHHS PU3HUKY MepenoMiB. MilHICTh KiCTOK HEepeBaKHO
3aJIeKHUTH BiJl B3a€MO/IIT Ta KOHLEHTpAlii XiMiYHUX elneMeHTiB, TakuXx sik Ca, P, Mg ta K. Tomy MeToro Harroro nociimkeHHs 6ymno
BH3HAYCHHS B3a€EMO3AJICKHOCTI 3MiHHM OiOMEXaHIYHUX MOKAa3HUKIB B 3aJIEKHOCTI Bifl piBHS KOHIIEHTpALil XIMIYHUX €JIEMEHTIB y
JOBruX TPyOUacTHX KicTKax LIypiB 3a YMOB XpOHI4HOI rinepriikemii. JlocmimkeHHs Oya0 npoBeaeHo Ha 72 cTaTeBO3piiuX OLIHx
naboparopHux mrypax Tpusaiictio 180 1i6. BeranosieHo, 1o, nounHarou 3 30 1061 HEKOHTPOILOBAHOT XPOHIYHOI rinepriikemil
MiHepanbHa IIUIBHICT KICTOK IIypiB E€KCIEepPHMEHTAIbHOI IPylH MOCTYNIOBO 3MEHIIyBajacsi y IOPIBHSHHI 3 JHUHAMIKOIO
BIATIOBIAHMX MOKa3HUKIB y TBAPUH KOHTPOJIbHOT Ipynu. 3a3HaueHi 3MiHH CyTIPOBOHKBAIIICH BUPAKCHOIO IeMiHepaJIi3aiieio 000x
KICTOK, MpO IO CBiA4YaTh 3HauHi Brpath MakpoenemeHriB: Ca, P, Mg ta K. ¥V mincymky, B ymMoBaX XpOHIUHOI rimepriikemil
MOCTYNOBO (DOPMY€ETHCSI KOMIUICKCHE MOPYIICHHS CTPYKTYypH Ta 0iOMEXaHIYHHX BIACTHBOCTEH JOBIUX TPyOYacTHX KiCTOK, sSKe
SIBIIsIE COO0I0 NaTOMOP(OJIOTiYHY OCHOBY PO3BUTKY Aia0CTUUHMX 3MiH Y BiIIOBIIHHX JIOKyCaX CHCTEMH CKEIIETY.

KurouoBi cioBa: miypu, rinepriiikemis, TpyOo4acTi KiCTKH, MiHepaJibHa IIUIBHICTh KICTKM, MAaKPOEIEMEHTHHUH CKIIaj
KICTOK.

The study is a fragment of the research project “Morphofunctional aspects of homeostasis ", state registration No. 0118U006611.

Hyperglycemia is a pathognomonic symptom of diabetes mellitus (DM) — a disease that occurs due
to insulin deficiency or insulin resistance and is accompanied by metabolic disorders and the development
of pathological changes in bone tissue, resulting in an increased risk of fractures and inhibition of healing
[4, 5, 12].

Morphological basis and pathological mechanisms of relationship between diabetes and skeletal
health is the subject of debate for a long time, since it is known that glucose metabolism is closely associated
with bone metabolism through regulated insulin secretion by the pancreas and adipose tissue [9, 14].
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