BIOJIOI'TSA I BIOMEXAHIKA CIIOPTY
YK 611.018.86:612.824
BBK 75.0 Sergii Popel, Bogdan Mytskan
THE STRUCTURE OF SKELETAL MUSCLE AFTER HYPOKINESIA
AND PHYSICAL TRAINING OF THE AVERAGE AEROBIC CAPACITY

B ymoeax mopgonoziunozo excnepumenmy O00CHONCYSANU CKeNemHi M’A3U 1AOOPAMOPHUX WYPIi6 6
YMO8ax mpuganoi 2inokinesii i no0anbU020 QizuUHO20 HABAHMAICEHHS CEPEOHbOI aePOOHOT NOMYHCHOCTII.

Hocniou nposoounucs na 125 wypax 3 macoro mina 120-220 ep. Bionosiono 0o 3a60anb 00CHONCEHHS
eKCNepUMEHMANbHI MEAPUHY PO3NOOIIAIUCA Ha 2 epynu. 3 Hux 5 meapun Oyau xommponem. B excnepumen-
manvuit epyni (n=120) moodenoeanu mpuseany ecinokiuesiro. /[na yici memu meapunu 6ynu posmiujeni 6 cne-
yianvuux xaimkax-nenanax va 240 0i6. JQna 0ocniodicenHss Crysicunu ckeiemui m’sa3u, aKi 3aoupaiu y aabo-
pamoprux meapur yepes 30, 60, 90, 120 i 240 Ouig 8i0 nouamy MoOeno8anus 2inoKinesii.

Taxooic 6y6 docniddcenutl 6niug Qi3UUHUX HABAHMANCEHb CePeOHbOI NOMYNHCHOCMI aepoda Ha GiOHO6-
JIEHHsL M 'A308UX 80J0KOH NICI8 AMpOiuHO-0ecmpyKMUGHUX 3MIH Nicjil mpusanoi einokinesii. Bcmanoeneno, uwo
cmyninb ampo@ii i 0ecmpyKmuHux 3MiH Y 60JOKOHHUX [ CYOUHHUX KOMNOHEHMAX CKeIemHUX M 83i8 3HAX0-
OUMbCsl 8 NPAMIU 3a1eHCHOCII 8I0 MEPMIHY 00MeICeHHS PYX080i aKmusHocmi. 3acmocyeanhs Kunesiomepanii
nIOCUNIOE penapamueHi npoyecu, 5Ki ICMOMHO CKOPOUYIOMb 4AC GIOHOGIEHHS CMPYKMYPHO-QYHKYIOHATLHUX
61ACMUBOCIETN CKEIeMHUX M A318 NiCIsl MPUBanoi 2inoKinesii.

Knrouosi cnosa: zinokinesis, m’s1306i 80I0KHA, KPOBOHOCHI CYOUHU, (Di3uUyHe HABAHMANCEHHS.

B ycnosusax mopghorocuueckozo sxcnepumenma uccie008anu cKeiemmbie Mbliuybl 1aO0PAMopHbIX KpblC 6
VCIOBUAX ONUMENbHOU 2UNOKAHE3UU U NOCAe0YIowell Qu3UIecKol Hazpy3Ku cpedHell aspoOHOU MOWHOCTIU.

Onwvimbl npousgoounuce na 125 xpvicax ¢ eecom mena 120-220 ep. B coomeemcmeuu ¢ 3adavamu
UCCIe008aHUSL IKCHEPUMEHMATIbHbIE JICUBOMHbIE pacnpedensanucy Ha 2 zpynnol. M3 nux 5 oicueomuuix ObvlLiu
xoumponem (KI'). B sxcnepumenmanvruoti epynne (EI, n=120) modenuposanu onumenvhyto eunokunesuro. /s
MO Yeau JHCU8omHbvie OblIU PAZMeujeHbl 8 CReYUarbHblx Kiemkax-nenanax na 240 cymok. /[na uccreooganus
CYIHCUNU CKeTIemHble Mbluybl, Komopble 831U y 1abopamophsix scusomuuvix yepes 30, 60, 90, 120 u 240 onueii
OM HAYANA MOOENUPOBAHUS CUNOKUHEUU.

Taxkoice 6b110 UCCIE008AHO GRUAHUE PUUUECKUX HAZPY30K CPeOHell adpOOHOU MOWHOCIU HA B0CCTNAHOG-
JleHue MbIUbIYHBIX 80J0KOH ROCAE AMpOoPuYHO-0eCmMPyKMUBHBIX USMEHEHUL NOCAe ONUMENbHOU SUNOKUHEUU.
Yemanasneno, umo cmenenv ampoguu u decmpyKmuHbIX USMEHEHUU 8 BOJOKOHHBIX U COCYOUCIBIX KOMNO-
HEeHMax CKeaemublX Mblidly HAXOOUMCSL 8 NPSAMOUL 3A8UCUMOCTIU OM CPOKA OZPAHUYEHUS 08UAMENbHOU AKIMUG-
Hocmu. Ilpumenenue KuHe3uOmMepanuu yCuiueaem penapamughvle npoyeccsvl, KOmopbvie CyWecmeeHHo CoKpa-
waiom epemsi 0OHOBNEHUsI CMPYKMYPHO-DYHKYUOHANLHBIX CBOUCME CKENeMHbIX Mblly nocie ONumenbHoll
CUNOKUHE3UU.

Knrouesvie cnosa: cunokunesus, mviuieuHble 60J0KHA, KPOBEHOCHbBIE COCYObl, PUUUECKAs HASPY3KA.

In conditions of experiment morphological research of skeletal muscles and physical loading of middle
aerobic power in rats after long time hypokinesia.

The experiments were conducted on 125 rats by weight of body 120-220 g. In accordance with the tasks
of research experimental animals were distributed on 2 groups. From them 5 animals were a control (KG). In an
experimental group (EG, n=120) designed long time hypokynesia. For this purpose animals were placed in
cages-pencil-cases on 240 days. For research the skeletal muscles which took at experimental animals in 30, 60,
90, 120 and 240 days from the beginning of the hypokynesia design were material.

Influence of the physical loadings of middle aerobic power on the regeneration of muscle fibres after the
atrofic-destructive changes under influencing of long hypokynesia is explored in experimente. It is set that
degree of atrophy and destructive changes in myogenic and vascular components of skeletal muscles is in direct
dependence on the term of limitation of motive activity. Application of kinesiotherapy intensifies the reparative
regeneration, that substantially abbreviates the terms of renewal of structurally-functional properties of skeletal
muscles in the conditions of hypokinesia.

Keywords: hypokinesia, muscle fibers, blood vessels, physical load.

Entry. Dystrophic and the atrophic processes in the skeletal muscles of various genesis
rather often arise up on bedrock of previous of long duration hypokinesia, which by life

conditions, character of work, age, various diseases, immobilization of various parts of a man
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body after the traumas of a locomotorium and so forth [5, 7]. It is known that in conditions of
hypokinesia not only metabolism of muscles varies [1, 4, 8, 10], but also their structure
changes [6, 8]. Search of factors which strengthen the reparative regeneration and renewal of
function of muscular fibers after hypokinesia allowed to set positive influence on these
processes of the dosed physical loading [8 ,9]. Taking into account his powerful stimulant
influence on various organs and fabrics of human organism [6, 10], we put by a purpose our
research to learn character of structural alteration of skeletal muscles, which arises up under
act of the dosed physical loading of middle aerobic power after of long duration hypokinesia.

Materials and methods. Researches are conducted on 60 adult not thoroughbred (1
annual) rats-males. Limitation of motive activity on the method [3] offered by us, term of
hypokinesia 300 days. The physical loadings were designed in tredmile ( daily trainings
during 15 minutes at speed at run 20 m/xB during 30 days). Taking away of material during
experimental hypokinesia was conducted on 7, 180 and 300 days. After the dosed physical
loading animals were destroyed from the experiment in obedience to Rules of humane
conduct with laboratory animals (by overdosing of ether anesthesia). Material for histological
and electronic microscopic research was prepared on the generally accepted method.

Results of research and their discussion. The results of the conducted researches were
witnessed, that in basis of structure of muscle fibers a morpho-functional complex lies to
which enter: myofibriles, blood vesels and nerve-muscle ending. Drawing on complex
morphological research, it is set by us, that distinguish muscular fabers not only after the row
of ultrastructure signs (by an amount and diameter of myofibers, distributing and localization
of kernels and mitochondria, size Z-lines, by the amount of glycogen and lipid including) but
also on hystochemicaly indexes, that enables to divide them into separate phenotipe muscle
fibers. Research of thigh direct to the muscle by hystochemicaly methods allowed to expose
three types muscle fibers: fasts of oxygen-glycolitics (FOG), fasts of glycolitics (FG) and
slow oxidizing (SO) (fig. 1).

Mitochondria of different phenotipe is selected by considerable heterogenity, both after
ultrastructure and localization in a cage and after biochemical properties.

The far of the lipid including and plenty of glycogen in all departments muscle fibers
are the electronic-microscopic signs of the muscle fibers SO-type, and also large by volume
closeness of mitochondria of a different size (fig. 1 a), which occupy on the average to a
15,68+1,18% volume muscle fibers. Have myofibers well expressed band H with M-line and
Z-line size 100,0—110,0 nm. Sarcoplasmic network has enough the thick net of canaliculi and
small terminal cisterns are comparative. Kernels which are localized subsarcolemmatic have
well differentiated nucleoly.

FOG muscle fibers is characterized less (a relative volume is 5,75+0,64% only) and
sizes (0,5-0,6 mcm) of mitochondria, which are localized from two sides from a Z-line (fig. 1 b).
In them very rarely there are the lipid including, however marked plenty of glycogen is,
especially in between fibrilary spacious at the level of I-discus, under sarcolemma and near-
by myonucleus (on the average 412,0 +42,61 granules on 10 mcm?).

The sarcoplasmic network elements in FOG muscle fibers lots better are developed,
than in SO muscle fibers.

On longitudinal cuts in between fibrilary intervals at the level of border of A- and
I-discus sarcomers triads (see fig. 1 b) are determined, in which expressly T-tubes
differentiate and densely adjoining to them from two sides terminal cisterns.

Maintenance is the important difference FOG muscle fibers considerably wide myofi-
bers with a narrow Z-line (50,0-55,0 nm). Thus often there are myonucleus longitudinal
sygaro similar forms and quite often with two nucleoly.
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Fig. 1. Ultrastructure organization SO (a), FOG (b) and FG (c) muscle fibers M. rectus femoris of the
rats: 1 — myofibers; 2 — mitochondria; 3 — capillary bed; 4 — blood vessels; 5 — narrow shows triads (b)

and canaliculi sarcoplasmic network (c).
Magn.: a — x 9500; b —x 10000; ¢ —x 12000

FG muscle fibers differ by a few of mitochondria (fig. 1 c), at the relative volume
4,96+0,18% (p<0,05). Sarcoplasmic network elements is developed poorly, his relative
volume is 7,26+0,33%. Have FG muscle fibers the widest Z-line (150,0-180,0 nm).

Already on 7 days after development of hypokinesia in endo- and perimysiums there are
the phenomena of intensive edema, expressed prolipheration cellular reaction in fabrics which
surround vascular-nervous bunches. It is accompanied by the increase at a 1,5 one by volume
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fate of stromal components (fig. 2). Has sarcoplasm most muscular fibers low electron-optical
density, contains the promoted amount of vacuoles, the transversal striped is lost, kernels are
localized near-by central part of fiber. Such phenomenon is unspecific and meets at some
myopathies [2], and also as compensative adaptive reaction of muscular fiber to metabolism
in anaerobic terms [10].

It is known that an ischemic compression syndrome [7, 9] develops in the conditions of
hypokinesia, narrowing of road clearance of bloodvessels, delay of products of exchange and
delivery of oxygen passes as a result, that conduces to tissue hypoxia.

Tissue hypoxia, in the turn, is the reason of local hydratation cellular and noncellular
components. It is set at the analysis of electronic photomicrographs, that in 180 days of
hypokinesia the phenomena of intracellular edema, which conduce to delamination of
miofiber, grow in muscular fibers.

Fig. 2. Destruction near-by nuclear sarcoplasmatics racthyculum of as and result of lysis of
myofibrilar vehicle in and FOG-fiber to the muscle soleus after on 7 day’s of hypokinesia.
Magn.: x 5000.

Formation of mielinlooking parts and vacuolization of a sarcoplasm is the typical
phenomenon. It is multiplied mitochondrions in sizes, their matrix has a low electronoptic
density, crests disoriented, shortened, fragmented (fig. 3).

The such structural changes are the reason of diminishment of active working surface of
mitochondrions and create pre-conditions for the origin of the ATF deficit. The cisterns of
sarcoplasmic net and the Goldgy complex are extended, that testifies to activating of synthetic
processes on membranes these organels. Lizosomes is concentrated mainly in the areas of
destruction of miophibrils. There is the promoted amount of including of various electro-
noptical of density in sarcoplasmic (fig. 4).

There is diminishment of edema and increase of specific fate of stromal component of
muscles in 300 days of hypokinesia.
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Fig. 3. Formations of lamelar little bodies and lipid to including at the sarcoplasma FG- muscular

fiber of muscle soleus after 180 day’s hypokynesia: 1 — myofibriles; 2 — mitochondria,
3 — little T-body; 4 — myoplasma.

Magn.: x 12000

Fig. 4. Multiplied mitochondrions in sizes, their matrix has a low electronoptic density, crests
disoriented, shortened, fragmented of muscle soleus after 180 day’s hypokynesia.
Magn.: x 12000
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Thus the promoted amount of macrophages, lipoblasts and fibroblasts with the proper
increase of number of collagenic and silverness fibers which lie on as large bunches parallel
longitudinal axis of blood vessels appears in connective tissue framework of muscles. For
most muscular fibers the characteristic dystrophic-atrophy and necrotic phenomena.

Muscular fibers are refined, is lost transversal striped, the local bulges are sometimes
formed. It is thus needed to mark that intensity of defeat in a greater measure is shown in oxi-
dizing-glicolitic fibers. This phenomenon it is possible to explain by diminishment of expressed
of compression syndrome, that is instrumental in expansion of blood vessels and strengthening
of their drainage function. As a result of this pH environment changes in an alkaline side. It is
known that oxidizing-glicolitic fibers collapse more intensive in an alkaline environment [7, 9].
At electronic-microscopic research in this period of experiment in the muscular fibers of hearth
the defeats carry diffuse character. Muscular fibers diminish in a diameter, quite often there are
the phenomena of their lysis. In such areas is multiplied the amount of autofogosoms and
remaining little bodies. The kernels of muscular fibers have uneven contours, clarified
nucleoplasm and border chromatin. Mitochondrions with clarified matrix, fragmented and
sharply reduse crests, sometimes there is destruction of external membrane, that conduces to
diminishment of the SDG activity in rapid oxidizing-glicolitic fibers (fig. 5).

The physical loading after 300 day’s hypokinesia gives the expressed and rapid recrea-
tional effect. In short space (15 days) the initial amount of locuses destruction of muscular
fabric goes down considerably. The degree of expressed of this destruction changes also:
necrotic areas do not meet practically, there are the only refined, winded, without transversal
and longitudinal striped of fiber. As compared to the results of I-series researches the
phenomena of edema are shown in a less measure. There is the insignificant increase of
amount of connecting tissue elements. However, foregoing processes take place on the limited
areas of transversal to the cut of muscular fabric, does not have a tendency to generalization
and will be liquidated in the first 10—15 days after the physical loading of middle intensity.

Fig. 5. Activity of ferments reaction on SDG in the muscular fibers of different types through
300 day’s hypokynesia. Serial transversal cuts of muscle soleus: 1 — FOG muscular fiber;
2 — FG muscular fiber; 3 — SO muscular fiber; 4 — defermentive muscular fiber.
Magn.: x 600
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At the increase of multiple of action of the physical loading (16—30 days) the far of the
fatty including appears in sarcoplasm, the channels of sarcoplazmatic net are extended. Pays
on itself attention of increase of absolute number of capillaries, which is on an area 1 mMm’
transversal to the cut to the muscle (fig. 6). At the same time, beginning from the end of the
first week, is multiplied the area of the mutual ceiling of areas of blood suplly between next
gemovessels. Microrelief of luminative surface is smoothed out in endotheliocytes, an amount
and diameter of micropinotic of vacuoles rises.

FoE
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Fig. 6. Edema of cytoplasm of endotheliocytes of the hemocapillar muscle soleus to the muscle on
20 time of period of rehabilitation at the increase of multiple of the physical loading of middle aerobic
power: 1 — muscular fiber; 2 — cytoplasm of endotheliocytes cages; 3 — mitochondria,
4 — neuro-muscular endings, 5 — sprouts of fibroblasts.
Magn.: x 8000

All of it represents close character of mutual alteration of blood vessels net work and
component components of muscles under act of the promoted motive activity.

Consequently, speed-up renewal of muscular fabric under act of the physical loading
testifies to stimulation of metabolic processes which will be realized through strengthening of
function of intracelullar organels, which provide a muscular fiber by energy and plastic
material.

More powerful regenerative effect which is observed at complex action of the physical
loading of middle aerobic power it is possible to explain by influencing of active mechanical
stretch of the dystrophic changed muscular fibers, on a background the activated circulation
of blood in muscles during at run, that supports at them metabolic processes at more high
level, than only at exceptional application of pharmacological preparations.

The thus dosed physical loading of aerobic character strengthens the reparative
regeneration of muscular fibers after of long duration hypokinesia.
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BBK 75.0 Onekcanop Bepimoes
E®EKTUBHICTHD BUKOPUCTAHHS 3ACOBIB KAPJIIOTPEHYBAHHS HA
PIBEHb ®I3UYHOI MPAIIE3JATHOCTI TA ®YHKIIIOHAJIBHOI
NIJIrOTOBJEHOCTI JI3I0JIOICTIB 7-17 POKIB

Pigenv ¢izuunoi ma ¢ynxyionanoHoi nio2omoeneHocmi cCnopmcemenia y 031000 8 3HAUHI MIPI 3a1eiHCums
8i0 NOMOYHO20 CMAHY Cepyeso-CYOUHHOI I OUXANbHOI cucmem opeawismy. Y 36’a3ky 3 yum, 0ocums nepcnex-
MUBHUM HANPAMKOM YOOCKOHANEHHS Ni020MOBNIeHOCMI 031000icmie Ha pisHUX emanax 6azamopiuHoi cnopmus-
HOI' ni020moeKu Modice Oymu 6RPOBAOINCEHHA 6 MPEHYBANbHUL Npoyec 3acobié KapOiompeHy8anHs, OCHOGHUM
3MiCTOM AIKOT € BUKOpUcmaHHa Qisuunux 6npag aepobnoi cnpamosanocmi. Pospobka, excnepumeHmanvHa
anpobayis ma npaKmuuHe NpoAONHCEHH 8 MpeHy8albHull npoyec 03to0oicmie 7—17 pokie npocpamu mpemy-
BANLHUX 3AHAMb, WO BKIIOUAE 3ACO0U KAPOIOMPEHYBANHS, SKe CHPUSE NIOBUWEHHIO pieHs IX (izuunoi ma ghyHK-
YIOHANBHOI NIO20MOGIEHOCHI, eqheKMUBHOCINT MPEHYBAILHO20 NPOYEC) BUSHAYULO AKMYATbHICHb O0CTIONCEHHS.

Knrouosi cnoea: 031000, xapoiompenygarnHs, @isuuna npaye30amuicms, QYHKYIOHATbHA Ni020moe-
JleHicmb.

Yposenov gusuuecrkou u @ynxyuonanbrol no02omMoeIeHHOCMU CHOPIMCMEHO8 6 031000 8 3HAUUMENbHOU
CMeneHu 3a8Ucum om meKyue2o COCOoAHUS CepOedHO-COCYOUCMOU U ObIXAMeNbHOU cucmem opeanusma. B ces-
3U ¢ IMUM, OOCMAMOYHO NEPCEKMUBHBIM HANPABIEHUEM COBEPUIEHCIBOBAHUSL NOOSOMOGIEHHOCU O3H000UC-
MO8 HA PA3IUYHBIX DMANAX MHO2OJEMHEl CNOPMUBHOU NOO20MOBKU MOJcem Oblmb GHeOpeHUue 6 MmpeHupo-
B0UHDBILL NpOYecc cpedcms KapOUoOmpeHUPOSKY, OCHOBHBIM COOEPIHCAHUEM KOMOPOU ABNAEMC UCHOTb30BAHUE
Qusuueckux ynpaxcHeHul aspoOHoll HanpaeieHHocmu. Paspabomka, sxcnepumeHmanvras anpobayus u npax-
muueckoe 6HeOpeHue 8 MPEeHUPOBOUHbLL npoyecc 03t000ucmos 7—17 nem npozpammvl MpeHUPOBOUHBIX
3aHAMUI, 8KIOYarOWel cpedCcmsead KapoOuompeHuposKu, cnocoocmeayrowell NOSbIUEHUIO YPOBHS UX (U3UYECKOL U
@DYHKYUOHATLHOU NOO20MOBIEHHOCNY, IPDEKMUBHOCIIU MPEHUPOBOUHO20 NpoYecca ONpedelulo aKmydib-
HOCMb UCCIeO08AHUA.

Knrouegvle cnosa: 031000, KapouompeHuposka, Qusuyeckas pabdomocnocoOHOCMy, QYHKYUOHANbHAA
HOO20MOBNEHOCHIb.

The physical and functional training judokas is largely dependent on the current state of the car-
diovascular and respiratory systems. In this regard, quite promising way to improve the readiness of wrestlers at
various stages of long-term sports training may be the implementation of a training process means cardio, the
main content of which is the use of aerobic exercise orientation. Development, experimental testing and
practical implementation in the training process judokas 7—17 years old program of training sessions, including
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