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THE STRUCTURE OF SKELETAL MUSCLE AFTER HYPOKINESIA
AND PHYSICAL TRAINING OF THE AVERAGE AEROBIC CAPACITY

B ymogax Mopgonociunoco excnepumenmy O0CHOXCY8ami cKelemui M’a3u J1abopamopHux wypie &
VMOBaxX MPUBANOL 2inoKinesii | NOOAnLUL020 (izUyHO20 HABAHMANICEHHS CePeOHbOT AePOOHOI NOMYNICHOCHI.

Jocniou npogoounucsa Ha 125 wypax 3 macoro mina 120-220 2p. Bionogiono 00 3a80aHb 00CHiONCeHHA
eKcnepuMeHmanvui meapuny posnodiianuca Ha 2 epynu. 3 Hux 5 meapun Oyau xowmposieM. B excnepumen-
maneHiti epyni (m=120) modemoganu mpusany zinoxinesiio. Jna yiel memu meapunu 0yau posMiwyeni ¢ cne-
yianvhux wiimkax-nenaiax Ha 240 0i6. Jna Oocniodcennss caysicumy ckeiemui M’a3u, axi zabupanu y 1abo-
pamopnux meapu yepes 30, 60, 90, 120 i 240 OHig 8i0 nouamxy MoOen08aHHA 2iNOKIiHe3il.

Taxoxc 6y6 Oocriodcenuil enuue QizuuHux HAGAHMANCEHL cepeOHbOi NOMYICHOCH aepoba Ha 6i0H06-
JIeHH: M 'A308UX 0JOKOH NIiCAA amMpoghiuHO-0eCMPYKMUSHUX 3MIH nicia mpuganoi einoxinesii. Bcmanoeaneno, uo
cmynine ampogii i OecmpyKmueHux 3MiH Y 60JOKOHHUX | CYOUHHUX KOMNOHEHMAX CKeJemHUX M 93i8 3Haxo-
OUMbCsL 8 NPAMIT 307eAHCHOCI 810 MePMIHY 0OMeNCeHHS PYXO8OI AKMUSHOCMI. 3acmocy8ants Kuneziomepanii
niocumoe penapamueni npoyecu, AKi iCHOMHO CKOPOYVIOMb 4ac GiOHOGNEHH CMPYKMYPHO-(VHKYIOHATbHUX
BAACMUBOCTNET] CKENCINMHUX M 4316 NiCs MPUsaiol 2inokinesii.

Knrouosi cnosa: zinoxinesii, M’ 1308i 0NOKHA, KPOBOHOCHI CYOUHU, (hi3uyHe HAGAHMACEHHA.

B yenogusax mMopghosio2uteckoeo IKCnepuMeHma uccie008ani CKelemubie Mollybl JA60PAMOPHLIX KPbIC &
VCR08USAX ONUMENbHOT 2UNOKAHesUY U nociedyioueil puauueckoli Haspy3xu cpeoHeti aspoOHOT MOUWHOCHIU.

Onvimul npoussoounicy Ha 125 xpvicax ¢ eecom mena 120-220 zp. B coomeemcmesuy ¢ s3adauamu
UCCTeO08AHUA IKCNEPUMEHMANbHBIE JHCUGOMHbIE DACHpedeNaMucy Ha 2 epynnbl. H3 Hux 5 HcueomHwix Obilu
xoumponem (KI'). B asxcnepumenmanvuoti epynne (EI, n=120) mooenupogany OnumenvHyo eunokuxesur. /s
MO Yeru JHCUGOMHbIE ObLIU PASMEUeHbl 8 CNeYUanbHbIX KiemKax-nenanax Ha 240 cymox. J[na uccredosanus
CIYIHCUNIY CKeJIemHble Mbllilbl, KOMOpble 631U V JabopamopHeix dcugomuvix yepes 30, 60, 90, 120 u 240 oneti
oM HAYaNa MOOCTUPOBSAHUS. SUNOKUHESUH.

Taxowce ObII0 UCCIEO0BAHO GNUAHUE PUSUUECKUX HASPY3OK CPeOHell a3poOHOT MOWHOCU HA 80CCAHO8-
JleHe MbIUbIYHBIX 8OJOKOH NOCAe ampo@uyuHO-0ecmpyKIMUSHbIX USMEHEeHUT nocie OnUmenbHON SUNOKUHe3UH.
Yemanasneno, umo cmenenv ampouu u OeCmpYyKMUGHvIX UMEHEHUH 8 GONOKOHHBIX U COCYOUCIIBIX KOMNO-
HEHMAxX CKeJIeMHbIX MblULl HAXOOUMCS 8 NPAMOTl 3a8UCUMOCIU OM CPOKA 02PAHUYEHUS O8UeaIMeNbHOl aKmua-
Hocmu. Ilpumenenue KuHe3uOmMepanuy YCunugaent penapamuensie Npoyeccyl, KOmopule CYyujecingeHno CoKpa-
warom epems OOHOGNEHUS CMPYKMYPHO-(DYHKYUOHATLHBIX CEOUCME CKeNemHbIX Mblilly Nnocie ONuUmenbHodl
CUNOKUHESUU.

Knrouespie cnosa: cunoxunesus, Mbiuiednsle 0J0KHA, KPOGEHOCHbIE COCYObL, UIUYECKAS HACPY3KA.

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; c —x 12000

FG muscle fibers differ by a few of mitochondria (fig. 1 ¢), 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.
L . » X ey WL

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 1015 days after the physical loading of middle intensity.

L3

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 mm
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.

2

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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E®EKTUBHICTb BUKOPUCTAHHA 3ACOBIB KAPIIOTPEHYBAHHSA HA
PIBEHb ®I3UYHOI IPATIE3JIATHOCTI TA ®YHKIIOHAJBHOI
NIATOTOBJEHOCTI J3F010ICTIB 7-17 POKIB

Pigenv gizuunol ma ¢pyHxyioHanbHoI nio20moaneHocmi cnopmcemeria y 031000 @ SHAUHI Mipi 3anedcums
8I0 NOMOYHO20 CIMAHY Cepyedo-cyOUHHOI | OUXAnbHOI cucmem opeawismy. Y 38 43Ky 3 yum, OOCUMb nepcrnex-
MUGHUM HANPAMKOM YOOCKOHANEHHS NIO20MOGNIEHOCHI 031000icmie Ha pi3Hux emanax 6a2amopiyHol cnopmue-
HOI ni02omosKy Modice OYmu 6NPOGAONCEHHS 6 MPEeHYEANbHUIl npoyec 30co0ie KapOiompeHY8aHHs, OCHOGHUM
3MiCmOoM AKOI € SUKOPUCHIAHHA (QI3UYHUX enpag aepoOHol cnpamosanocmi. Po3pobka, excnepumenmanvHa
anpobayis ma npakmuyHe eNpoGAONCEHHS 8 MPEHY8ANbHUT npoyec 031000icmia 7—17 pokie npozpamu mpeHy-
BATILHUX 3AHAMb, WO GKIIOYAE 3aC00U KAPOIOMPEHYBAHHA, Ke CNPUE NiOgUIeHHIO pigHa ix hisuunol ma QyHK-
YIOHANBHOI NiO20MOGNEHOCMI, eheKMUBHOCI MPEHYBAILHO20 NPOYEC) GUSHAYUNO AKMYATLHICHb O0CTIONCEHH.

Knrouosi cnosa: 031000, xapoiompenyganHi, @isuyna npayezoamuicms, QYHKYIOHATLHA Ni020M06-
JIeHicmb.

Vposenv ghusuueckoil u QyHKYUOHANLHOI NOO20MOBNEHHOCHIU CHOPWICMEH08 8 031000 8 SHAUUMENbHO
CHIeneH U 3a8UCUNT OM TNEKYIe20 COCMOAHUS CePOeYHO-COCYOUCMOT U ObIXAMeNbHO cucmeMm opeanusma. B cas-
3U ¢ IMUM, QOCAMOYHO NEPCNEKMUBHBIM HANPAGTIEHUEM COGEPULEHCIBOBANHUS NOO20MOGTEHHOCMU O31000UC-
MO8 HA PAIUYHBIX SMANAX MHO20NEMHel CNOPMUGHON NOO2OMOGKU Modcem Ovimb GHeOpeHue 8 MpeHUpo-
BOUHUILIl NpoYecc cpeocma KApOUOMPEHUPOSKU, OCHOGHVIM COOePICAHUEM KOMOPOU A8NAeMcs UCNONb308aHUe
usuveckux ynpaxrcHenuii aspobHoll HanpagieHHocmuy. Paspabomxa, sxcnepumenmanvHas anpobayus u npax-
muvecKoe GHeOpeHue & MPeHUPOGOUHBI npoyecc O31000Ucmog 7—17 Jem npospamMmel MpPeHUPOGOUHbIX
SaHAmUL, GKIOYAIOUe CpeoCcmea KapoUOmpeHUPOsKU, cHoco6CmayIoueti NOgbIEHUIO YPOSHA UX U3U4ecKoll u
DYHKYUOHATLHOU  NOO20MOGNIEHHOCIY, IPPeKMUBHOCHYU MPEHUPOGOUHOLO NPOYECCd ONPeoenuso aKmyaib-
HOCHIb UCCNIeO0BAHUA.

Knwuesvle cosa: 031000, KapOuompeHuposxa, Gusuueckas pabomocnocobHocmy, (DYHKYUOHANLHASA
NOO20MOBGNIEHOCHTb.

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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