disnyHe BUXOBaAHHA i cnopT

DOI: 10.26693/jmbs04.06.384
YOK 612.135:613.73-053.81

TumoweHko K. P., Cudopsik H. "', Po3zoea K. B.*

B3AEMO3B’'A30K 3MIH MIKPOLUPKYNAUII 3 LEAKUMU
NMNOKASHUKAMUA MOP®OO®YHKLIOHAJIBHOIO CTAHY
TKAHUHU JINTKOBOTIO M'sA3Y 3AJIE>KHO BIl CTYTEHSA
TPEHOBAHOCTI OPTAHI3MY
(EKCNEPUMEHTAJIbHE AOCNIA>XEHHA)

lHcTuTyT disionorii im. 0. O. Boromonbusa HAH Ykpainu, Kuis, YkpaiHa

2MeniTononbCbKUi AepXaBHUW neaaroriyHUM yHiBepcuTeT,
TaBpifiCbKuUi arpoTexHONoriYHMn yHiBepcurer,
MixBigomuya nabopartopiss MeanKo—GionoriYHoOoro MoHiTopuHry, YkpaiHa

HocnigxyBanacs HasiBHOCTI KOPENATUBHOMO 3B'A3-
Ky KaninsapHoro KpoBoobiry Ta AesKUx NOKa3HUKIB yrb-
TPacTpPyKTypu M'A30BOI TKaHMHU B 3anexHOCTi Bif
TPEHOBAHOCTI opraHiamy. [okasaHo, Lo y HeTpeHoBa-
HWUX LLYpiB, JO30BaHe (PisnyHE HaBaHTaXXEHHS BUKIU-
Kano y NMTKOBOMY M'A3i BUHWKHEHHS O3HakK rinepTpo-
il Ta poswapyBaHHs Miodibpwn; 3aranbHa KinbKiCTb
MITOXOHAPIN X cepeaHin giameTp Ta nnowia A0CTOoBIp-
HO He 3MiHIoBanacs, ane CyTTEBO 3pOCTaB Bi4COTOK
CTPYKTYPHO 3MiHEHWX MITOXOHApIN: y 2,8 pasiB B cyb-
capkornemanbHin Ta y 2,1 pa3u B iHgpamiodibpunsp-
Hin cybnonynsuisx mitoxoHapivi. BuasneHo, o y Tpe-
HOBaHMX LWYpiB HasiBHUMW Oynu ynbTpacTPyKTYpHi
nposiBu aganTauii M’'Aa3iB 40 (Pi3UYHOro HaBaHTaXeH-
HA, WO BIAPI3HANO 3MiHW, Bi4 BMMMBY OLHOKPaTHOrO
[030BaHOro (isW4HOro HaBaHTaxeHHs. [lo—nepuue,
NPakTUYHO He CroCcTepiranocsa NOPOoXHiX, a TakoX cna-
nMX Kaninsapis, no—gpyre, BUSBNSANOCA 3Ha4yHe 36inb-
LLEHHSA KiNbKOCTI OYHKLIOHYIOYMX Kaninapie Ha OAWHK-
uo nnowi TkaHvHW. Byna BcTaHOBreHa akTuBauis
MopdooreHe3dy MITOXOHAPIA — 3POCTaHHS  KifbKOCTI
opraHen crtaHoBuno 72,8 % y cybcapkonemarnbHin,
Tak 65,6 % y iHApamiodibpunapHin cybnonynsauisx
MITOXOHAPIW; TakoX crnocTepiranocs noMipHe (go 25—
30 % Big cepefHbLOro AiameTpy MITOXOHAPIN Y M'A30-
Bill TKAHMHI KOHTPOMBbHUX LLYpiB) HabyxaHHS opraHen
Ta 3pOCTaHHS BiACOTKY CTPYKTYPHO 3MiHEHMX MIiTOXOH-
Opin. BusBneHo, Wo y HeTpeHOBaHUX TBapwWH 3poc-
TaHHSA KPOBOMOCTa4YaHHS M’A30BOi TKAHWHW MPWU HW3b-
KMX BUXIOHWX 3HAYEHHSAX MOKa3HWUKa MIKpOLMPKYnALil
3abe3nevyeTbcs 30iNbLUEHHAM KiNbKOCTI (PYHKLIOHYO-
YnX Kaninapis — NPMGMN3HO OAHAKOBMM Y TPEHOBaHMNX
Ta HeTpeHoBaHux TBapuH (r=0,793). He 6yno BusaBne-
HO KOpPEensuinHOro B3AaEMO3B'SA3KY MiX MOKa3HMKOM
MIKPOLMPKY AL Ta KinbkicTio mitoxoHapin (r=0,095),
a TaKoX 3 KifbKICTIO CTPYKTYPHO 3MiHEHUX MITOXOHAPIN
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(r=—0,296). Lls 3akoHOMIpHICTb crnocTepiranacsi y He-
TpeHoBaHux wypis | i Il nigrpyn. Mpn BUCOKUX BUXia-
HUX 3HAYEHHAX NOKa3HUKa MIKpOLIMPKYNALii kopensayis
LbOro MoKasHMKa 3 KinbKiCTo PyHKUIOHYOUMX Kaning-
piB € nomipHot HeratuBHot (r=—0,616). HaTomicTb,
BMSIBMIEHA TiCHA MO3UTMBHA KOPENATMBHA 3anexHiCTb
MiX KifbKICTIO OYHKLOHYIOUMX KaninspiB Ta cepegHiMm
KBagpaTUYHUM  BIOXUINEHHAM Y TPEHOBaHWX LUYypiB
panoi nigrpynu (r=0,914). Y HeTpeHOBaHMX TBapWH
Takoi 3aKOHOMIpHOCTI He BusBneHo. BcTaHoBneHa
TakoX TiCHa NO3MTUBHA KOPENSALA MiX KifbKICTIO dyH-
KLIOHYHO4MX Kamingapis i MiTOXOHAPIN Y M'A30Bi TKaHW-
Hi (r=0,809), a TakoX MOMipHa HeraTMBHa Kopensuis
LbOro MoKasHuMKa 3 KifbKICTHO CTPYKTYPHO 3MiHEHUX
miToxoHapin (r=— 0,550).

KnrouyoBi cnoBa: MUWKpOUMPKYRsLis, MNOKa3HUK
MIKpOLMPKYNALUiT, Ao30BaHe (i3nyHEe HaBaHTaXeHHS,
PYHKLIOHYIOYI Kaninspu, MiTOXOHAPIT.

3B’A30K po6OTU 3 HaAyKOBMMWM nporpamamm,
nnadHamu, Temamu. [laHa pobGoTta € hparmMeHTom
HOP «Bo3pacTHble 0COGEHHOCTM peakTUBHOCTU cep-
[E4YHO—COCYANCTON CUCTEMbl U MUKPOLMPKYNALMM
KPOBM Yy CTYAEHTOB M CMOPTCMEHOB Npu OeCTBUU
usnyeckort  Harpyskm»  (Ne  pgepx. peecTpauil
0106U006061) Ta «MexaHiamun 3MiH (OYHKLiOHANBHOTO
CTaHy i CTPYKTYpHOI opraHi3auii MiTOXOHAPIN Npu OkK-
CnaaTUBHOMY CTpecCi pidHoro reHesy» (Ne gepx. pe-
ecTpauii 0112U008232).

Betyn. luTaHHS Npo 3B'A30K MiX CTPYKTYPOIO i
YHKUIE € Haa3BUYanHO akTyanbHUM i CTOCYETbCS
SIK XMBOI, TaK i HEXWBOI MPUPOAM, OCKIMbKM YacTo ca-
Me CTPYKTypHa opraHisauis gocnigXyBaHoro ob'exkta
BM3Ha4yae Moro isnmko—ximiyHi BNacTMBOCTI, iCHyBaH-
HSA | (PYHKUIOHYBaHHA B KOHKPeTHWX ymoBax [1, 2].
Ane SKWO B pasi HeXMBOI NPUPOAN MPOCTEXUTU Taky
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B3aEMO3B'AI30K 4OCUTb NPOCTO, TO AN O0'EKTIB XMBOI
NPUPOAM UEW acnekT CKNagHWi, HEOOHO3HAYHWN i
mMarno BuB4eHuI. MoxHa 3ragatu Teopito . 3. Meep-
COHa NpO HasiBHICTb B OpraHax i TKaHWHax >XUBKX Op-
raHiamMmax Tak 3BaHOro «CTPYKTYPHO—(YHKLiOHaNbHOro
cnigy» [3].

MoyaTkoBUM eTan aganTMBHUX Peakuii BUHUKAE
6e3nocepeaHbO nicns noyatky OyAb—siKOro BMMMBY.
Mpy LbOMY AiANbHICTL OpraHiaMy npoTikae 4acto Ha
MeXi Moro qisionoriyHNX MOXIMBOCTEN, MPU Maixe
noBHi Mo6ini3auii dyHKUioHanbHOro pesepsy 3i 30i-
NbLUEHHAM (i3ioNorivyHOT (PYHKUIT KNITUH npuHanex-
HMX OO0 CWUCTeM, BignoBiganbHMX 3a 3abe3nedyeHHs
opraHiamy kucHem. Take TBepOXeHHA € 0cobnvBo
aKkTyanbHUM Ans YMOB (i3VYHOrO HaBaHTaXKEHHS,
KON 3Ha4yHO 3POCTAE KWUCHEBUW 3anuT OpraHiamy i,
napanenbHO, KUCHEeBWUA 6opr, WO MOXe MpU3BOAUTU
[0 (bopMyBaHHS FNOKCiT HABAHTAXEHHS.

®PopmMyBaHHA CUCTEMHOIO CTPYKTYpPHOro cnigy
3abesneuvye 30inblUEHHA i3i0NOriYHMX MOXITMBOCTEWN
pocnigxyBaHux cuctem [4-7]. OTxe, nigBULLEHHA
CTIIKOCTI opraHiamy go gii 30yaxyumx areHTiB, 30K-
pemMa, [0 [030BaHOro (i3NYHOro HaBaHTaXEHHs
(O®H) — He npocTo isionoriyHmmn, yHKLiOHaNbHUNA
edekT, a pesynbTaTt CTPYKTYpHUX nepebynos B opra-
Hax i TkaHWHax. AfekBaTHa 30BHILLUHIM yMOBaM CTPYK-
TYpHO—(PYHKLiOHanbHa nepebynoBa crnpusie 3abeane-
YEHHIO OMTMMAIbHOrO PiBHA NOro (PYHKLIOHYBAHHSA.
TobTo, CTPYKTYpHI nepebynoBu B GionoriyHMX TKaHW-
Hax opraHiamy 3gaTtHi 6e3nocepenHbO BNMBATM Ha
(OYHKLIt0 OpraHiB i cuctem.

CBOEpIOHICTE  PYHKUIOHYBAHHS  MIKPOCYAMH, iX
BMCOKa peaKTUBHICTb, cneuudpika opraHisadii, Benuka
MOLUMPEHICTb CMPUSIOTE TOMY, LLO BOHWU SBMSATbH CO-
6010 HabinbWw MOBINbHY NaHKy B CepLeBO—CYOUHHIN
cuctemi. MiHNMBICTb KaninsapHOro Kposoobiry € TuMm
POHOM, Ha SAKOMY pPO3ropTalTbCs MPUCTOCYBasbHi
peakuii cuctemmn remoumpkynauii B uinomy. MNpu upo-
My CMCTemMa MIKpPOLMPKYsLii Bi4NOBIiAae BUPaXXeHNMU
MOPdOPYHKLiOHANBHUMWN NEPETBOPEHHAMU, B OCHOBI
SAKUX NEXNTb 30iNbLUEHHs AiameTpa Ta KiNbKOCTi Mik-
POCYAVH, 4YacTO 3HWXKEHHS LLiNbHOCTI CYyAUHHOI CTiHKK
y (PyHKUIOHYtOUMX Kaninspax i noegHaHa 3 uum 3miHa
TpaHcopraHHoi remoguHamiku [8, 9]. Pesynbtatu cy-
YaCHMX TFiCTOMOMYHUX Ta €neKTPOHHOMIKPOCKOMIYHNX
JocrnigxeHb cBigyaTb, WO MOPGOdYHKLIOHaNbHI ne-
PETBOPEHHST CUCTEMU MIKPOLMPKYNALUil, WO BUHWKA-
I0Tb BHACIiAOK M'A30BOI AiSiNbHOCTI, € BaXNBUM KOM-
NMOHEHTOM B MeXxaHi3aMax aganTauii opraniamy [10-12].
Omxe, 3miHM Mmikpoumpkynauii kposi (MLUK) moxyTb
3aBasdyBaTV MopdodyHKUioHansHUM nepebyaosam
M’S130BOT TKaHUHMW.

OpHak poTtenep HedocTaTHbO 3'ACOBaHMM 3anu-
LIAETLCS NMUTaHHS NPO 3MiHM MiKpouMpKynsuii KpoBi (B
TpeHyBanbHOMYy npoueci, abo B ekcnepvMeHTanbHuX
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ymoBax) B Hopwmi i npy O®PH Ta ix B3aEMO3B'A30K 3
yNbTPacTpyKTypHumMn nepebygoBamn B TKaHMHaX,
KIiTUHaX i KNiITMHHUX opraHenax. Taki AOCHiopKEHHS €
aKkTyarnbHUMK, OCKINbKM [03BOMSAITb OLHUTU pOrib
CNiBBiOHOLLIEHHSA MEXaHi3MiB aKTUMBHOI Ta MacUBHOI
MoAynsAuii TKAaHWHHOrO KpoBOoOGIry y cbopmyBaHHi po-
3yMiHHS npoueciB aganTauii Ta/abo posnagis B cucrte-
Mi Mikpoumpkynauii [13, 14].

MeToto gocnigxeHHs 6yno BCTAHOBMEHHS BMM-
BY CTYMEHS TPEHOBAHOCTI OpraHiamy Ha hOpMyBaHHS
KOpPensaTMBHOIO 3B'A3KYy KaminsipHoro Kposoobiry Ta
3MiH yNbTPacTPyKTypU M’s30BOI TKAHVHMW.

Matepian Ta metoam pocnigxeHHA. Ekcnepu-
MeHTarnbHe BWBYEHHSI peakuil TKaHWH opraHiamy Ha
O®H nposBogunn Ha cTaTeBO3pInuMX Lypax—caMusx
ninii Bictap macoto 220-250 r (n=30). Po6oTy 3 nabo-
paTopHMMK TBapuMHaMW Ha ycix eTanax AOCHiOXEeHHs
BMKOHYBanu BignoBigaHo A0 NonoxeHb «EBpONencyKoi
KOHBEHLiT NPO 3axmCT XpebeTHMX TBapWH, LLO BUKOPK-
CTOBYIOTbCS ANs €KCNepUMeHTanbHUX Ta iHWuX Li-
neit» (Ctpacbypr, 1986), Ta NpuHUMNIB [ enbCiHCbKOT
Oeknapauii (2000).

[Ona pocnigkeHHs HaranbHOI CTPYKTYPHOI peakuii
TKaHWH opraHiamy Ha O®H (1 rpyna, n=10) ocTaHHI0
CTBOpIOBanu Mig Yac nnaBaHHS TBapWH y NIAIrpitin go
30-32°C Bogi npotarom 30 XB i BUCOTi BOASAHOIO CTOB-
na npu nnaeaxHi 80 cMm, WO He JO3BOMSANO TBAapUHaM
CTOSATM Ha 3afHix nanax npu 4o4aTKOBOMY BaroBOMY
HaBaHTaXeHHI, sike nigbvpanu iHOMBIAYanbHO TaKUM
YMHOM, LWOB LIBUAKICTE CMOXMBAHHSA KUCHIO CTaHOBMU-
na 70-75 % Bia VOomax. (BU3HaueHHs LUBMAKOCTI crno-
XMBaHHSA KUCHIO MPOBOAUNN 3aranbHOMPUAHATUM MO-
AndiKoBaHUM MaHOMeTpU4HUM metogom [15, 16]).
Bara popaTKkoBOro HaBaHTaXeHHsi CcTaHoBuna
7,0+0,3% Big macu Tina wypa [17, 18]. na Bu3HaveH-
HS aganTUBHUX CTPYKTYPHMX nepebyaoB B TKaHWHaX
opraHiaMy 3acTOCOBYBanu TpuBane (TPbOXTUXHEBE)
isnyHe HaBaHTaxeHHsa (2 rpyna, n=10), dke moae-
noBany WASXOM LWOAEHHOrO NiaBaHHA LWypiB 3a Me-
TOAMKOI, aHanoriYHow 3actocoBaHin y 1 rpyni TBa-
puH. KoHTponbHa rpyna TBapuH cknaganacsa 3 10 iH-
TaKTHUX LLypiB.

Mikpoumpkynsuito KpoBi oOLuiHIOBanu 3a [OMNOMO-
rol nasepHoi gonnnepiscbkoi dnoymetpii (JIAP) i3
3acTtocyBaHHaAM anapaTta JIAKK-01 (Pocis) Ha ocHOBI
XBOCTa TBapWH. AHani3 otpumanux JIAd-rpam BuKo-
HyBanu BignosigHo A0 IHCTpykuii o npunagy [19].
BusHavanu: nokasHuk mikpouupkynauii (MM), sakun e
XapaKTepPUCTMKOK TKaHWMHHOIO KPOBOOOIry B OAMHWLI
06’eMy TKaHVMHK 32 OOUHMLIO Yacy Ha nigcTasi aHanisy
cepedHboro MOTOKY epUTPOLMTIB; MOKa3HUK BUMIPHO-
€TbCs Yy nepdysinHmMx oguHnuax (nepd. on.); cepenHe
kBagpatuyHe BigxuneHHs (CKB), wo xapaktepusye
YacoBY MIHMUBICTb MIKPOLIMPKYMSALii — BUMIPIOETLCS Y
nepd. oa.
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Mo 3aKiHYeHHi ekcnepuMeHTy TBapuH AekaniTyBa-
nm nig cnabkum egipHUM Hapko3om. Y Mopdororiy-
HUX | MOPAOMETPUYHUX [OCNIMKEHHAX BUKOPUCTOBY-
Banu 3paskn NUTKOBOTO M’'A3y eKCrepuMeHTarnbHUX
TBapuH. lMpenapatn Ans eneKTPOHHOMIKPOCKOMIYHMX
AocnifpkeHb BUrOTOBNANM 3a  3ararnbHOMPUAHATO
mMeToaukow [20] 3 BUKOPUCTaHHAM peakTuBiB ipm
Sigma (CLWUA) Ta Fluka (LWUBenuapus) i gocnigxysanu
3a [0MOMOrol eriekTPOHHOro Mikpockona «[MEM—
125K» (YkpaiHa).

MopdoMeTpuyHi  XapakTepUCTUKN  MITOXOHAPIN
(MX: 3aranbHa kinbkicte MX — nMX; KinbkicTb CTpyk-
TypHO 3MiHeHux MX — dMX; cepegHi giametp MX —
d; S — nnowa MX) B1M3Ha4anu 3a JONOMOroK KOMIM'1o-
TepHoi nporpamu Image Tool (CLUA) Ha 130-150 no-
NAX ANt KOXHOT cepii gocnigkeHb. 3aranbHy KinbKiCTb
dyHKuUioHytoumx Kaninapis (PK) BuaHavanu 3rigHo 3
MeToauKo, 3anpornoHoBaHot H. Hoppeler, M. Vogt
[21] Ha ekpaHi enekTpPOHHOro Mikpockona npu Manomy
(" 1600-2000) 36inbLUEHHI.

CtaTncTtnyHy obpobKy pesynbTaTtiB NPOBOAMIN 3
BUKOPUCTAHHSAM  nporpamHoro 3abesneyeHHs
"Microsoft Excel”, pospaxoBytun Mzm, koedilieHT
kopensuii MNipcoHa (r), kputepin CtelogeHTa. Ctatuc-
TUYHY 3HaAYMMICTb KoedilieHTa Kopensuii r 3a Bubip-
KOO 3 N erneMeHTiB BU3Ha4anu LUMSAXOM MOPIBHSAHHS
eMnipynyHoro (t) Ta KpuTu4HOro (t*) 3Ha4YeHb KpUTEpIto
CrtbtogeHTa (Npu t > t* r BUBHAETBCA CTATUCTUYHO 3Ha-
Yywmm). 3HaveHHs KoediuieHTiB < 0,3 3 nokasHnkamm
cnabkoro 3B'A3Ky, abo MOro BiACYTHOCTI; 3HAYEHHsT >
0,4, npoTe < 0,7 — NOKa3HMKaMN MOMIPHOro 3B’AI3Ky, a
3HavyeHHa 2 0,7 — nokasHMKamy BWCOKOro CTyMeHs
3B'A3Ky MiX napameTpamu [22, 23].

Pe3ynbTaTy pocnigkKeHHA Ta iX 06roBopeHHs.
AHnania I0®—rpamu wWwypiB B KOHTPOSbHIM rpyni 403BO-
NB BUSABUTH, LLIO 3a BeENUYMHOW MM TBaprHM NOBUHHI
OyTn po3noaineHi Ha 2 nigrpynu, OCKiNbKX BigMivanu-
ca cytTesi BigmiHHoCcTi Bnnmey O®H Ha MKLU, koTpi
3anexanu He TiNbKX Big CTyneHs TPEHOBaHOCTI opra-
Hi3My, a 1 Big BuxigHoro pisHa MM: B | nigrpyni Benu-
yuHa MM konueanacs B mexax 6 + 12 nepd. oa., a B
Il — B Mmexax 12+23 nepd. oA.

Y tBapwH | nigrpynn O®H cnpasnano goctosip-
HUIA BNNUB Ha BinbLuicTb nokasHukie MUK y HeTpeHo-
BaHUX LWypiB. Y HUX 3pocTaB He Tinbku M (Ha 80 %),
3MeHwyBanaca 4acosa MiHnumeictb MUK, Ha 35 %
30inbLuyBanocs cniBBigHOLEHHSA aKTUBHUX i MACUBHUX
MoAynALUin kpoBoobiry. Jlie BHECOK Ba3OMOTOPHOro
KOMMOHEHTY B MOAynsuii TKaHUHHOrO KpoBOObiry 3a-
nnwasca 6e3 3MiH. TpeHyBaHHsSI 3Ha4YHO HiBENoBano
Taki BnnvBu Ha MLUK: Ha 33,9 % 3pic nokasHuk M;
iHLI BENMYUHWM, o XxapakTepusytoTs MUK, sanuwanu-
€Sl MPaKTUYHO He3MiHHMMK (B yCix Bunagkax p>0,05).

Y tBapwuH Il nigrpynn OPH BnnvBano Ha nokasHu-
kv MUK 5K y HEeTpeHOBaHWX, TaK i y TPEHOBaHUX LLy-
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piB, NpYYoMy LV BNnMB CYTTEBO BiagpisHaBca. OgHoc-
NpsiMOBaHi, MPOTe Pi3HOr0 CTyneHs1 BUPA3HOCTi, Manu
Micue nuwe 3MiHy MM: y HeTpeHoBaHUX — Len nokas-
HUK 3HWXyBaBcad Ha 16,4 %, a y TpeHOBaHuUX —
Ha 49,3 %. lNMpu upOMy YacoBi 3MiHU MOAYNAUIA KpO-
BOODiry 3meHLlyBanucsa 3a BiOCYTHOCTI MmonepenHix
TpeHyBaHb Ha 10,0 %, a y TpeHOoBaHuX LLypiB AaHWI
nokasHuK 3pocTaB y 2,7 pasu, i ue CBig4MTb Mpo
weunaki amiHn MUK y Bignosigb Ha ¢isvyHe HaBaHTa-
XEHHS, Lo NPOosBRSETLCA Ha OHI TpeHyBaHHA. Bea-
XatoTb, Wo nigsuwieHHs MM nos’a3aHo 3i 3pOoCTaHHAM
KOHLEHTpaLii Ta cepeaHbOoil LUBUAKOCTI epUTpOLUTIB B
TKaHWHI, @ TaKOX 3i 3pOCTaHHAM TKAaHUHHOrO KPOBOOOi-
ry. Takmn tun MUK xapaktepusyetbca 3HUXEHUM TO-
HYCOM MIKPOCYAMH Ta NiABULLEHO LWLINbHICTIO po3Ta-
LyBaHHSA Kaninsapis [24].

Y wypis | nigrpynu, 9k TpeHOBaHUX Tak i HETPEHO-
BaHUWX, BUSIBMEHO Kopensuito Bucokoro ctyneHs MM Ta
kinekocTti ®K (puc. 1).
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Puc. 1. I'padiyHe npeacTaBneHHs (giarpama poscitoBaHHs)
3B'A3KY NMOKa3HUKa MiKpOLMPKYNAUIT Ta KiNbKOCTi (OYHKLIOHY-
tounx kaninapis npn A®H y | nigrpyni TBapuH

TobT1o, npotarom 30 XB TpPeHyBaHHsi 3pOCTaHHS
KpOBOMOCTa4YaHHs M'A30BOI TKaHWHU NPU HU3bKUX BU-
XigHnx 3HaveHHsx MM 3abesnevyeTbes 36inbLIEHHAM
kinbkocTi ®K — NpMbnNU3HO OgHAKOBUM Yy TPEHOBaHUX
Ta HEeTPEHOBAHNX TBAPUH.

®yHKuioHyBaHHA cuctemun MUK Bumarae Bigno-
BiQHOrO MOro IHTEHCUBHOCTI eHeprosabesaneyeHHs.
OpHak, Hamu He Byrno BUSIBNEHO KOPEnsLUiNHOro B3ae-
M03B's3ky Mixx MM Ta kinbkicTio MX, a Takox, HaBiTb, 3
KINbKICTIO CTPYKTYPHO 3MiHEHUX MX, npoueHT SKknx
3Ha4yHO 3pocTaB. Lia 3akoHOMIpHICTb cnocTepiranacs y
HeTpeHOoBaHMX LypiB 060X [OoChigxeHux nigrpyn
(puc. 2).

MoxHa BWCYHYTM MPUNYLLEHHS, O 3POCTaHHA
kinbkocTi ®K (a came — BiOKPUTTA pe3epBHUX Kanins-
piB) € HaranbHOK KOMMEHCaTOPHOK peakuieo npu
HU3bKNX 3Ha4eHHsAX MM, a 3MiHM eHepreTM4yHoro me-
Taboniamy He HanexaTb A0 LUBMAKOI KOMMNeHcaLji npu
HecdopmoBaHin aganTtadii fo JOH.
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Puc. 2. l'padiyHe npeactaBneHHa (giarpama poscitoBaHHS) 3B’13Ky MOKa3HMKa MiKpOLMPKY AL
Ta KinbkocTi MX Ta KinbKOCTi CTPYKTYPHO 3MiHEHUX MX

Y Bunagky BUCOKMX BUXigHWX 3Ha4veHb 1M kope-
NsALis UbOro nokasHuka 3 kinbkictio ®K € TicHoto Hera-
TmBHOW (puc. 3). OcobnmBo Le CTOCYeETbCA TPEHOBA-
HUX TBApWH, TOMY BUHUKaE AymKa Mpo Te, WO y BU-
nagKy iHTEHCMBHOIO MOCTayaHHA M'SI30BOI TKaHUHU
KpoB'to, HaaTo npu aganTtauii go J®H, Hemae noTtpe-
Ou1 noganbLUOro 3pocTaHHsA abCoNTHMX 3HAaYEHb KPO-
BOHAMOBHEHHS TKAHWHU | HE iCHYE 3HAaYHOI MOXIMBOC-
Ti oro 36inblLUEeHHS.
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Puc. 3. 'padivuHe npeacTaBneHHs (Aiarpama po3citoBaHHS)
3B’A3KY NOKa3HMKa MIKpOLMPKYNALUiT Ta KiNbKOCTi (PYHKLIOHY-
toumx kaninapis npu APH y I nigarpyni TBapuH

[Mpn UbOMY Hammn BUsiBIEHA TiCHA MO3UTWBHA KO-
pendaTMBHa 3anexHictb Mix kKinbkictio ®K ta CKO y
TPEeHOBaHUX LLYypIiB AaHoi nigrpynu (puc. 4).

Y HeTpeHoBaHMX TBApWH Takol 3aKOHOMIPHOCTI He
BusiBNneHo. OCKINbKU Lier NOKa3HUK XapakTepusye 4a-
coBe (LWBMAKICHE) NOCTa4YaHHsi TKAHMHU KPOB't0, MOXHa
BBaXaTu, WO Taka AMHaMika 3MiH XapakTepusye pos-
BUTOK MpUCTOCYBanbHoi peakuii Ha ®H, cnpsamoBaHoi
Ha MOnINLWeHHS HAaCMYEHHST KPOBI KUCHEM 3a paxyHOK
3pOCTaHHs LWBMAKOCTI KpoBoObiry B cuctemi MLIK.

Hamn BusiBneHo we ogHy ocobnuBiCTb B3aEMO3-
B'A3kiB B cuctemi MLIK MiX dpyHKUieto Ta CTpyKTypoto
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Puc. 4. ['paciyHe npeactaBneHHs (giarpaMa poscitoBaHHs)
3B’A3ky CKO Ta KinbKoCTi (OyHKLIOHYUMX Kaninsapis npu
O®H y Il nigrpyni TpeHoBaHUX TBapyH

M'SI30BOi TKAHWHW Yy TPEHOBAHUX TBapuH. Ak Byno no-
kasaHo, Tpuane [O®H cynpoBoaXyeTbCA 3HAYHUM
3poCTaHHSM KinbkocTi PK, o mMu posrnsganm sik Mo-
XNUBY O3HaKy akTusauii aHrioreHesy nig BNAvBOM
TpeHyBaHb. AHrioreHe3 € eHeproBuTpaTHUM MpoLe-
COM i BMMarae aktuBalii eHepreTuyHoro metabonis-
My. Llen npouec mae cynpoBOAXyBaTUCS 3MiHAMMU i
MITOXOHApianbHOMY anapati TKaHuHW. | AikcHO, HaMu
BUSIBNEHa TiCHa MO3WTUBHA Kopensuid MK KifbKiCTio
OK i MX y M'A30Bi TKaHWHI, @ TakoX MOMipHa Hera-
TMBHA KOpensuisi LbOro NoKasHuKa 3 KifbKiCTH CTPYK-
TypHO 3miHeHnx MX (ue ctocyBanocs sik cybcapkone-
manbHoi (CC), Tak i iHgpamiodibpunsapHoi (IMP) cy6-
nonynsauin MX) (puc. 5).

OpHak, sk BCTAHOBMEHO HaMu paHiwe [25], oTpu-
MaHi pe3ynbTaTh 0BCTEXEHHSI CTYOEHTIB i cnopTcMme-
HiB Ta TPEHOBaHMX | HETPEHOBAHUX LUYPIiB BKa3yloTb
Ha opHocnpsiMoBaHicTb 3miH MUK npu O®PH. Tomy
OTPUMAaHI B EKCMEPUMEHTI KOPENATUBHI 3anexXHOCTi 3
JOCTaTHIM CTyneHem KOPEKTHOCTI MOXHa ekcTparno-
noBaTU Ha 3MiHW, siKi BCTAHOBMNEHI NMpU OOCTEXEHHI
TPEHOBaHMX i HeTpeHoBaHMX ocib. MoxHa npunycTtu-
TW, WO nNepla peakuisd Ha HaBaHTaXeHHS Y M'A30Bil
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Puc. 5. l'pacdbiyHe npeactaBneHHs (giarpama poscitoBaHHs) 3B'a3Ky kinbkocten ®K, MX ta cTpykTypHO 3MiHEHUX MX

HWHI CTOCYETbCS PO3KPUTTS Pe3epBHUX Kaninsapis i
3abes3neuyetbcsa nepebygoBamu B i MiTOXOHAPI-

anbHOMy anapari. TpyuBarne TpeHyBaHHS CpUsiE aKkTu-
BaLii aHrioreHesy, L0, 30Kpema, 3abesnedyeTbca ca-

me
€l

3MiHaMK 9K ynbTpacTpykTypu MX, Tak i akTnsaui-
mopdporeHedy MX. [lMpuyomy, cnig HaronocuTw,

npu pi3Hnx BuxigHux piBHAx M, To6TO kpoBomnocTa-
YaHHSA M'I30BOI TKAHWHW, KOMMEHCATOPHI peakuil Ha

no
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H cdopmyoTbCca no—pisHoMy.

BucHoBku

MokasaHo, WO y HETPEeHOBaHMX LUypiB, A030BaHe
i3nYHE HaBaHTaXEHHHA BUKMNMKaNO Yy FUMTKOBOMY
M'Ai3i BUHWKHEHHS1 O3HaK rinepTpodii Ta posLapy-
BaHHA Miogibpun; 3aranbHa kinbkicte MX ix cepeg-
Hi giameTp Ta nnolla AOCTOBIPHO He 3MiHBana-
Csl, ane CyTTEBO 3pOCTaB BiACOTOK CTPYKTYPHO 3Mi-
HeHux MX:y 2,8 pasie B CC MX iy 2,1 pasu B IM®
MX.

BuaBneHo, Lo y TpeHOBaHWX LypiB HassBHUMKU By-
NN yNbTPacTPYKTYpHI NposiBU aganTauii M'a3iB Ao
DIBNYHOIO HaBaHTaXEHHS, WO BiAPI3HANO 3MiHM,
Bif BMnmBY ogHokpatHoro [O®H. Mo—neplwe, npak-
TUYHO He CrocTepiranocs MOPOXHiX, a TakoX cna-
nMx  Kaninapie, no-—gpyre, BUSBNAMNOCH 3HA4He
36inbLUEHHS KINbKOCTI OYHKLIOHYOUNX Kaninsapis Ha
OAVHULO NnoLli TKaHWHW. Byna BcTaHOBMEHa akTu-
Bauis MopdoreHedy MX — 3pocTaHHS KinbKOCTi op-
raHen craHoBuno 72,8 %y CC MX 1a 65,6 % y IM®
MX; Takox cnoctepiranocs nomipHe (4o 25-30 %
Bif cepeaHboro AiameTpy MX y M’A30Bi TKaHWHI
KOHTPONBHUX LUypiB) HAabyxaHHs opraHen Ta 3poc-
TaHHSA BiACOTKY CTPYKTYPHO 3MiHEeHnX MX.

3. BusBneHo, Wo y HETPEHOBaHWX TBApUH 3POCTaHHS
KPOBOMOCTa4YaHHA M’'I30BOI TKAHWHW MPWU HU3BbKMX
BMXiOHUX 3HAYEHHAX MOKa3HMKa MiKpOLMpKynauii
3abe3neyyeTbcst 36iNbLUEHHAM KinNbKOCTi pyHKLo-
HYIO4YMX Kaninapis — NnpubnuaHo OAHaKoBUM Y Tpe-
HOBaHUX Ta HeTpeHoBaHux TBapuH (r=0,793). He
Oyno BMSIBNEHO KOPEMNsLiNHOro B3aEMO3B'A3KY MK
MOKa3HMKOM  MiKpoUMpKynsauii Ta kinbkicTio MX
(r=0,095), a TakoX 3 KiNnbKiCTIO CTPYKTYPHO 3MiHEHNX
MX (r=-0,296). Lia 3akoHOMIipHiCTb cnocTepiranacs
y HeTpeHoBaHux Wwypis | Ta Il nigrpyn.

4. Tlpn BUCOKUX BUXIOHUX 3HAYEHHSX MOKa3HWKa Mik-
POLMPKYFALIT KOpensauis LbOro NokasHuka 3 Kinbkic-
TIO (DYHKLOHYIOUMX KaninsgpiB € NOMipHOK HeraTue-
Hoto (r=—0,616). HaTomicTb, BusiBNeHa TicHa nosu-
TUBHA KOPENATUBHA 3aNeXHICTb MiXK KiflbKiCTHO (PyH-
KUIOHYIOUMX Kaninspie Ta cepedHiM KBagpaTU4HUM
BIOXMIEHHSIM Yy TPEeHOBaHMX LLYypiB AaHOi nigrpynu
(r=0,914). Y HeTpeHOBaHMX TBApPWH TaKOi 3aKOHOMi-
PHOCTI He BMsABMEeHO. BcraHoBneHa Takox TicHa
NO3NTMBHA KOpensauis MK KinbKiCTio dYHKLIOHYtO-
ynx kaninapis i MX y m'asosin TkaHuHi (r=0,809), a
TaKoX MOMipHa HeraTvBHa KOpensuis LpbOro nokas-
HMKa 3 KIMbKICTIO  CTPYKTYPHO 3MiHeHnx MX
(r=—0,550).

MepcnekTMBM noganbwux AocnigkeHb. OTpu-
MaHi pe3ynbTaT¥ MOXYTb 3HAWTW MPaKTUYHE 3acTOCy-
BaHHs i OyTVM Npu NPOAOBXKEHHI AocnigXeHb aganTo-
BaHUMK Ans onTumisauii nigbopy APH gnsa ocib pis-
HOro CTyneHs1 TPEHOBAHOCTI Npu po3pobui TpeHyBarb-
HOro npouecy npu 3aHATTAX aepobHMMKW Buaamu
cropry.
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B3AUMOCBSA3b MU3MEHEHUA MUKPOLIUPKYNALUU C HEKOTOPbLIMU NOKA3ATENAMMU
MOP®O®YHKLUUOHATIBHOIMO COCTOAHUA TKAHN MKPOHOXXHOM MbILULbI

B 3ABUCUMOCTU OT CTENEHU TPEHUPOBAHHOCTU OPTAHU3MA
(S3KCNMEPUMEHTAINIbHOE UCCIEOOBAHMUE)

TumoweHko K. P., CudopsikH. I"., Po3oea E. B.

Pe3tome. ViccnenoBanu Hannyune KOPPENATUBHOWM CBS3WN KanUmsipHOro KpoBOODPaLLEHUSI N HEKOTOPbIX MO-

KasaTenew ynbTpacTPyKTypbl MbILLEYHOM TKaHWN B 3aBMCUMOCTM OT TPEHUPOBaAHHOCTW opraHn3ma. [lokasaHo, 4To
Yy HETPEHWPOBAHHBIX KPbIC AO3MpOBaHHAas huanyeckast Harpyska Bbl3Bana B UKPOHOXHOWM MblLLLe BO3HUKHOBE-
HMe MPWU3HAKOB TMNEPTPOMUM N paccnoeHns Mnondpunn; obLlee KONMYECTBO MUTOXOHAPWUIA UX CPpeaHuA ava-
MeTp U Nrowaab AOCTOBEPHO HE M3MEHSNach, HO CYLLECTBEHHO BO3pacTtas MpPOUEeHT CTPYKTYPHO M3MEHEHHbIX
MUTOXOHZPUI: B 2,8 pa3a B cybcapkonemanbHon u B 2,1 pasa B MHApaMmounbpunsapHom cybnonynsuusx Mnto-
XOHAPUIA. BbISIBNEHO, YTO Y TPEHUPOBAHHBLIX KPbIC Pa3BMBAaNMCb YNbTPACTPYKTYPHbIE MPOSIBREHUs ajanTtauuu

YKpaiHCbKUM XKypHan meguuuHu, 6ionorii Ta cnopty — Tom 4, Ne 6 (22) 389



disnyHe BUXOBaAHHA i cnopT

MbILLIL, K PU3MYECKOW Harpy3Ke, YTO OTIMYano n3mMeHeHns oT BO30ENCTBUS OLHOKPATHON JO3UPpOBaHOW huranye-
CKOW Harpysku. Bo—nepBbIx, nmpakTudeckn He Habnoganocb NycTbiX, @ Takke CNaBLUMXCA Kanunnspos, BO—
BTOPbIX, 3HAYUTENBHO YBEMNYMBANOCh KONMYECTBO (PYHKLMOHMPYIOLWMX Kanuinspos Ha eanH1Ly nnowanm Tka-
HWU. Bbina yctaHoBneHa akTMBaums MopdgoreHesa MUTOXOHOPWUA — POCT YMcna opraHenn cocrtasun 72,8% B
cybcapkonemansHon n 65,6% uHApaMmombpunsapHon cybnonynaumsax MUTOXOHOPWNA; Takke Habnioganoch
ymMepeHHoe (o 25-30% oT cpefHero aguaMmeTpa MUTOXOHAPUIA B MbILLEYHOWN TKaHW KOHTPOSbHBIX KpbIC) Habyxa-
HVWe OpraHens u yBenuyeHve npoueHTa CTPYKTYPHO M3MEHEHHbIX MUTOXOHAPUN. BbISBNEHO, YTO Y HETPEHMPO-
BaHHbIX >XUBOTHbIX POCT KPOBOCHaOXEHMS MbILLEYHOW TKaHW MPU HU3KMX UCXOLHbIX 3HAYEHMAX nokasaTenst MuK-
poumpKynsaumnm obecneunBaeTcs yBenuyeHneM Konmnyectsa yHKLUVOHMPYIOLWMX KanunnsapoB — NPUMEPHO OAu-
HAKOBbIM Y TPEHMPOBAHHbIX U HETPEHUPOBAHHBIX XUBOTHbIX (r=0,793). He GbINoO BbIABNEHO KOPPENALMOHHON
B3aMMOCBSI3M MEXAyY nokasaTernemMm MUKPOLMPKYISLMM U KONnYecTBOM MutoxoHapwun (r=0,095), a Takke ¢ konu-
YECTBOM CTPYKTYPHO M3MEHEHHbIX MUTOXOHAPUIA (r=—0,296). OTa 3akOHOMEPHOCTb Habnganace y HETPEHUpO-
BaHHbIX KpbIC | 1 Il nogrpynn. Mpu BbICOKMX MCXOAHBLIX 3HAYEHWUSIX NoKasaTens MUKPOLMPKYNAUMM KOppensauus
3TOro nokasartens ¢ KonmM4yecTBOM (PYHKLUMOHUPYIOLMX KanuInspoB ABASETCS YyMEPEHHOW oTpuuatensHon (r=—
0,616). 3aTo obHapyxeHa TecHasi MONOXUTENbHAsH KOPPENATUBHAA 3aBUCMMOCTb MeEXAY KONMYecTBOM (yHK-
LMOHUPYIOLWNX KaMUINSPOB U CPEAHUM KBagpPaTUYECKMM OTKITOHEHUEM Y TPEHWPOBAHHbLIX KPbIC AAHHOW noa-
rpynnel (r=0,914). Y HeTpPEeHUPOBaHHbIX XUBOTHbIX TaKOW 3aKOHOMEPHOCTU He OBHapyxeHo He ObIno. YcTaHoB-
INleHa TaKke TecHas NnofoXuTenbHas KOppenauns Mexagy KonmM4ecTBOM (PYHKUMOHMPYIOLMX KanuInsapoB U Mu-
TOXOHAPUN B MbllLeYvHon TkaHu (r=0,809), a Takke ymepeHHas oTpuuaTenbHas Koppensuus 3Toro nokasartens ¢
KONMMYeCTBOM CTPYKTYPHO n3MeHeHHbIx MX (r=—0,550).

KnioueBble cnoBa: MUKPOLMPKYMALUWS, NokasaTenb MUKPOLMPKYNAUMW, A03MpoBaHHAs dusmdeckas Ha-
rpyska, yHKLMOHMPYIOLLME Kanunnsapbl, MUTOXOHOPWN.

UDC 612.135:613.73-053.81

The Relationship of Changes in Blood Microcirculation with

Some Parameters of the Morphofunctional State of the Calf Muscle Tissue

depending on the Level of Body Training

(Experimental Study)

Timoshenko E. R,, Sidoryak N. G., Rozova K. V.

Abstract. The question of the relationship between structure and function is extremely relevant and con-
cerns both wild and inanimate nature, since it is often the structural organization of the object under study which
determines its physicochemical properties, existence and functioning in specific conditions. The initial stage of
adaptive reactions occurs immediately after the onset of any exposure. Such a statement is especially relevant
for physical activity, when the oxygen demand of the body and, in parallel, oxygen debt, which can lead to the
formation of load hypoxia, increases significantly. The variability of capillary blood flow is the background on
which the adaptive reactions of the hemocirculation system as a whole unfold. The peculiarity of the functioning
of microvessels, their high reactivity, the specifics of the organization, the high prevalence contribute to the fact
that they are the most mobile link in the cardiovascular system. Modern histological and electron microscopic
studies show that the morphofunctional transformations of the microcirculation system resulting from muscle
activity are an important component in the mechanisms of adaptation of the organism. Therefore, changes in
blood microcirculation may be due to morphofunctional remodeling of muscle tissue. However, the question of
changes in blood microcirculation in normal and under dosed physical training and their relationship with ultra-
structural rearrangements in tissues, cells and cell organelles remains to be insufficiently clarified.

The purpose of the experimental research was the study of the correlation of capillary blood flow and some
parameters of the muscle tissue ultrastructure depending on the training of the body.

Material and methods. An experimental study of the response of body tissues to dosed physical activity was
performed on the Wistar adult rats males weighing 220-250 g (n= 30). To study the immediate structural re-
sponse of body tissues on dosed physical training (group 1, n= 10), the latter was created while swimming ani-
mals in warmed to 30-32°C water for 30 min and the height of the water column when swimming 80 cm, which
did not allow the animals to stand on their hind legs, under additional weight load, which was selected individu-
ally so that the rate of oxygen consumption was 70-75 % of VO,max. To determine the adaptive structural al-
terations in the tissues of the body we used a long (three—week) physical activity (group 2, n= 10), which was
modeled by daily swimming by the rats in method similar to the 1% group of animals. The control group of ani-
mals consisted of 10 intact rats. Blood microcirculation was evaluated using laser Doppler flowmetry by LACK—
01 apparatus (Russia) on animal tail. We determined the indicator of microcirculation characteristic of tissue
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blood flow per unit volume of tissue per unit time based on the analysis of the average flow of red blood cells;
mean square deviation characterizing the temporal variability of blood microcirculation. Samples for electron
microscopic studies were prepared using conventional methods with reagents from Sigma, USA and Fluka,
Switzerland and examined using an electron microscope "TEM-125K" (Ukraine). The morphometric characteris-
tics of mitochondria were determined using computer program Image Tool (USA) at 130-150 fields for each
series of studies. The total number of functioning capillaries was determined according to the method of H. Hop-
peler et al. at small (x 1600—-2000) magnification of electron microscope. The statistical significance of the corre-
lation coefficient r for a sample of n elements was determined by comparing the empirical (t) and critical (t *)
values of the Student's t test (when t>t * r is considered statistically significant). The coefficients values < 0.3
are the indicators of weak link or lack thereof; values> 0.4, but <0.7 — moderate metrics, and = 0.7 — indicators
of a high degree of communication between parameters.

Results and discussion. The obtained results showed that in untrained rats, the dosed physical training
caused the appearance of signs of hypertrophy and stratification of myofibrils in the calf muscle, the total num-
ber of mitochondria, their average diameter and area did not change significantly, but significantly increased the
percentage of structurally modified mitochondria: 2.8 times in sub—sarcolemmal mitochondria and 2.1 times in
the intra—miofibrillar mitochondria. The trained rats were found to have ultrastructural manifestations of muscle
adaptation to exercise, which distinguished the changes from the effects of single dosed physical training. First,
there were virtually no empty and burnt capillaries, and secondly, there was a significant increase in the number
of functioning capillaries per unit area of tissue. Activation of mitochondria morphogenesis was established in
the growth of organelles amounted to 72.8 % in sub—sarcolemmal mitochondria and 65.6 % in intra—miofibrillar
mitochondria. There was also a moderate (up to 25—-30 % of the average diameter of mitochondria in the muscle
tissue of control rats) organ swelling and an increase in the percentage of structurally altered mitochondria. In
untrained animals, there was an increase in muscle blood supply at low baseline values of microcirculation due
to an increase in the number of functioning capillaries, about the same in trained and untrained animals
(r=0.793). No correlation was found between the indicator of microcirculation and the number of mitochondria
(r=0,095) and the number of structurally modified mitochondria (r=—0,296). This pattern was observed in the
untrained rats of group | and Il. At high output values of the indicator of microcirculation, the correlation of this
parameter with the number of functioning capillaries is moderately negative (r=—0,616). Instead, a close positive
correlation was found between the number of functioning capillaries and the root MSD in trained rats of this sub-
group (r=0.914). In untrained animals, such a pattern was not revealed.

Conclusion. There was also a close positive correlation between the number of functioning capillaries and
mitochondria in muscle tissue (r=0.809), as well as a moderate negative correlation with the number of structur-
ally modified mitochondria (r=—0.550).

Keywords: blood microcirculation, microcirculation index, dosed physical training, functioning capillaries,
mitochondria.
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