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Ultrastructural Re-arrangements of Myocardium
of Young and Aged Rats After Extreme Cryotherapy

YV MOJIOIBIX U CTAPBIX KPBIC HCCIICA0BAIIH BIMSIHUE IKCTPEMaTIbHBIX HU3KUX Temiieparyp (—120°C) Ha AMHAMUKY yIBTPacTPYKTYpPHOM
HEepecTPOKN KapJUOMHOLIMTOB U YHIOTEIMOLMTOB KPOBEHOCHBIX KalWUIAPOB MUOKApAa B 3aBUCUMOCTH OT KOJMYECTBA CEAHCOB
oxnaxzaeHus. Ilocie 9 ceancoB oxmnaxaeHUs B KpUOKaMepe y MOJIOJBIX KPBIC BBISBICHO Pa3BUTHE YIbTPACTPYKTYPHBIX IEPECTPOCK,
XapaKTEPHBIX JIS IMOBBIMICHUS aKTUBHOCTU BHYTPHUKIIETOYHBIX METa0O0IMYECKUX IIpOLECCOB, KOTOPOC CTPYKTYPHO BBIPAKACTCS B
HOBBIIICHHH KOJIMYECTBA KPHCT MUTOXOHIPHIA, KOJIMYECTBA JIEKOHJCHCHPOBAHHOTO XPOMAaTHHA, IPaHy/l [NIMKOTeHa, puO0COM U MOJIHCOM.
B APXUTEKTOHUKE KAaPpJUOMUOLUTOB CTAPBIX KPBIC IMOCJIE OXJITAXKACHUS OTMECUCHDI HepeCTpOﬁKM KOMIICHCAaTOPHOT'O TUIIA: YBEJIMYCHUEC
KOJIH4eCcTBa MI/ITOXOHﬂpl/Iﬁ U KPUCT B HUX, YMEHBIICHNUE KOJIUYECTBA O4aroB AC€CTPYKIWHU U IETCHEPpALIUU MMTOXOHﬂpMﬁ. B CapkoIuiasmMe
YBEJIUYNUBACTCA KOJIUYCCTBO pI/I6OCOM U IIOJIUCOM, IIIMKOI'€HA, YTO YyKa3bIBa€T HA ITOBBILICHUE MCTaGOHquCKOﬁ AKTHUBHOCTH
KapAuOMUOLIUTOB. ‘VYMeHbIaeTcs KOJIU4eCTBO MHTOXOH}IpHI\/'I C ACCTPYKUUAMHU MeM6paH. IToBpIlIaeTcst akKTUBHOCTD TPaHCUCIUIIOJIAPHOTO
TpaHCIIOpTa BEUIECTB, O UEM CBUJACTCIILCTBYET YBECIIMUCHUE KOJIUYECTBA MUKPOIIMHOLIUTO3HBIX ITY3bIPHKOB B HUTOIJIa3ME OTPOCTKOB
OHAOTCIMIITUTOB. AHanu3 u3MeHEHUs YABTPACTPYKTYPBI MUOKapAa YKa3bIBA€T Ha BO3MOXXHOCTbH UCIIOJIb30BAHUSI KPUOTEPAIIMU KaK
CTUMYNHpYOLIEero GakTopa, HOBBIMIAOIIET0 (yHKIHOHAIBHYIO aKTHBHOCTh MHOKap/a.

Kniouesvie cnosa: putMudeckue XoI010BbIe BO3ACHCTBYU, TeMaTodHIehanTnuecKil 0apbep, ylIbTPacTPyKTypHBIE IEPECTPOHKH
MUOKapJa, KapaAUOMUOLUTEL, SHAOTCIIMOLUNUTEI KPOBEHOCHBIX KaIllUJIJIAPOB.

V MoJ011X i cTapyX LIypiB JOCIIDKYBAIH BILIUB eKCTPEMalbHUX HU3bKHX TeMieparyp (—120°C) Ha AuHaMIKy yJIbTpacTpyKTypHOL
nepeOyI0BH KapAiOMIOLHUTIB i €HIOTETIOIUTIB, KPOBOHOCHUX KAIIJISIPiB MiOKap/1a B 3aJIC)KHOCTI BiJl KIIBKOCTI CEAHCIB OXOJOMKCHHS.
ITicnst 9 ceaHciB OXOIOPKEHHS Y MOJIOJIMX LY PiB BUSIBICHO PO3BUTOK YJIBTPACTPYKTYPHHUX HEepeOya0B, XapaKTePHUX JUIsl I IBUILICHHSI
AKTUBHOCTI BHYTPILIHBOKIITHHHIX METa0OIIUYHHX ITPOLECIB, 110 CTPYKTYPHO BUSBIISIETHCS Y 30UTBIICHHI KIJIBKOCTI KPICT MiTOXOH/IPIH,
KIJIBKOCTI JIEKOHJICHCOBAHOTO XPOMATHHY, I'PaHyIl DIIKOreHy, pubocoMm i mojicoM. B apXiTeKToHili KapJiOMiOLMTIB cTapuX LIypiB
HICIISL OXOJIOKEHHSI IOMiueHO repeOy10BH KOMIICHCATOPHOTO THITY: 301IbIICHHS KITbKOCTI MITOXOHAPI# 1 KPIiCT B HUX, 3MECHIICHHS
KUJTBKOCTI OYariB ACCTPYKIIIT 1 ereHepariii MiTOXOHIpil. Y capKoruiasmi 301IbIIy€EThCS KiIbKICTh pUOOCOM 1 TTOJIICOM, TIIIKOTCHY, IO
BKa3y€e Ha MiJIBUIICHHS METa00IYHOT aKTHBHOCTI Kap{iOMiOIHUTIB. 3MEHIITYETHCS KUTBKICTh MITOXOHIPIN 3 IECTPYKINSIMA MEMOpPaH.
3pocTae aKTUBHICTh TPAHCMEMOPAaHHOTO TPAHCIIOPTY PEUOBHH, PO IO CBIAYHUTH 301LTBIICHHS KITBKOCTI MiKPOIIIHOLMTO3HHX ITy3HPKIB
y LMTOIUIA3MIi BiIDOCTKIB €HJOTEIIOUUTIB. AHaNi3 3MiHU YJIBTPACTPYKTYpH MioKapja BKazye Ha MOXJIMBICTb BUKOPUCTAHHS
KpioTeparii sk cTUMYJ0I0u0To hakTopa, sskuil miABUINYy€e QyHKIIOHAIBHY aKTUBHICTh MiOKap/a.

Knrwouoei cnosa: putMmidHi X0J0[0BI BIUIMBH, remaroeHIiedaaivauii 6ap’ep, ynbTpacTpyKTypHi nepebynoBu miokapia,
KapIiOMiOIUTH, CHAOTETIONUTH KPOBOHOCHUX KAMJISPIB.

The effect of extreme low temperatures (—120°C) in young and aged rats on dynamics of ultrastructural re-arrangement of
cardiomyocytes and endotheliocytes of myocardium capillaries depending on the number of cooling sessions was studied. After 9
cooling sessions in cryochamber in young rats there was found the development of ultrastructural re-arrangements characteristic for
an increased activity of intracellular metabolic processes, which is structurally expressed in a rise in the number of mitochondria
cristas, amount of decondensated chromatin, glycogen granules, ribosomes and polysomes. In architecture of cardiomyocytes of
aged rats after cooling there were noted the re-arrangements of compensatory type: an increase in the number of mitochondria and
cristas in them, lessening of the number of destruction and degeneration mitochondria foci. In sarcoplasm the number of ribosomes
and polysomes, glycogen, that points to a rise in metabolic activity of cardiomyocytes. The quantity of mitochondria with membrane
destructions decreases. Activity of transcellular transport of substances that is confirmed with the rise in the quantity of micropinocytotic
vesicles in cytoplasm of endotheliocytes of out-growings. Analysis of change in ultrastructure of myocardium emphasizes the possibility
of using cryotherapy as stimulating factor increasing functional activity of myocardium.

Key-words: rhythmic cold effects, blood brain barrier, ultrastructural re-arrangements of myocardium, cardiomyocytes,
endotheliocytes of blood capillaries.
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B coBpemeHHOI Hayke OOIBIION MHTEPEC BBHI3BI-
BaeT UCCIICOBAaHUE NEUCTBUS X0JI0[a HAa OPTaHHU3M
YeloBeKa U JKUBOTHBIX.

VYceranorieHo [3-5], 4To X0J10/10BbIe BO3ECHCTBUS
CUHXPOHM3UPYIOT aKTUBHOCTH psifa (uzuonorunyec-
KHUX IMPOILIECCOB B OPraHU3ME, CUHEPIU3M KOTOPBIX
MPUBOJIUT K aKTUBALIMU PEAKLMI romeocrasa.

BaxHoi1 0COOEHHOCTBIO IKCTPEMATBHBIX X000~
BBIX BO3JCUCTBUU SBISETCS CIIOCOOHOCTH MOJYIIH-
pOBaTh, IOBHIIATh aKTUBHOCTE ['Ob 1 ocymiecTBIsATh
KOPPEKITUIO HAPYIIICHHBIX (QYHKITHOHATHHBIX CUCTEM
opranmiMa, Korjaa cCOOCTBEHHBIE PEryJsTOpHBIC
CHUCTEMBI TEPSIOT IJIACTUIHOCTD, & YPOBEHb KOMIICH-
CaTOPHBIX PEAKIINK CYIIIECTBEHHO CHUXCH.

[To nabmronenusm [1, 2, 6] HEIPOAOIKUTEINBHOE
JEeUCTBUE HU3KUX TEeMIepaTyp Ha OpraHu3M He
OITYCTOIIAET YHEPTETHUECKUE U APYTUE eT0 PyHKITHO-
HaJIbHBIE PE3€PBBl, AKTUBHO BJIUSS HA BEr€TaTUBHO-
HEPBHYIO CUCTEMY U MOBBIIIAS €€ AKTUBHOCTb.

JaHHble 0 XapaKTepe BIHSIHUS 3KCTPEMalbHOU
KpPUOTEpaNuu Ha CEPIIEYHO-COCYAUCTYIO CUCTEMY
TpeOyIOT MalbHEHWIero yToO4YHeHUSI U MPOBEPKH,
0COOCHHO TIPH W3YUYCHHH CPaBHUTEIBHBIX YJIBTpPa-
CTPYKTYPHBIX MEPECTPOCK MUOKApJa Y KUBOTHBIX
Pa3IMYHBIX BO3PACTHBIX TPYTII.

ens ucciaenoBanusi — U3ydyeHUE AUHAMHUKH
YIBTPACTPYKTYPHBIX IEPECTPOCK KAPJTUOMUOLIUTOB U
SHIIOTEIUOLUUTOB KPOBEHOCHBIX KaMWJISIPOB MHUO-
KapAa MOJIOJBIX U CTapbIX KPBIC, MOABEPKEHHBIX
SKCTPEMAaIbHOU KPUOTEpANUM, B 3aBUCUMOCTH OT
KOJIMYECTBA CEaHCOB MPeOBIBaHUS UX B KaMmepe ¢
temmneparypoit —120°C.

Matepunanbl 1 meToAbl

OMBITHI MPOBOIUIN HA 28 MOJIOIBIX U 28 CTaphIX
KphICax-caMIlax JUHUH Buctap ¢ cobmiogeHuem
NpUHUUNOB EBpONeickod KOHBEHIIUU O 3alIUTE
MMO3BOHOYHBIX )XUBOTHBIX, HUCIOJb3yEMBbIX I
SKCIEPUMEHTANbHBIX M JIPYTUX HAYYHBIX LieJel
(Crpacoypr, 1985 r). X KuBoTHbIE ObLIM pa3/ieiIeHbl HA
4 rpynnsl Mo 7 MOJOABIX U 7 CTaphlX B KaxIoMu.
[IepBast rpymnma ciaykuja KOHTPOJEM, XKHUBOTHBIE
BTOPOW TpyNIBl MOABEPTaAJUCH TPEXKPATHOMY
OXJIXKJCHHUIO, TPEThEH I'PYMIIBI — IECTUKPATHOMY, a
YEeTBEPTONW — JNEBSITHKPATHOMY OXJAXXICHHIO B
KpHokamepe ¢ remreparypoit —120°C. JInmuTenbHOCTb
Ka)KIO0T0 CeaHCa OXJIAXKIEHUS — IBE MUHYTHI.

st mpenBapuTenbHON (PUKCAIIMH KYCOYKH TKAaHH
nomeriau B 3%-i pacTBOp TIIOTAPOBOTO aTbACTHIA
Ha OydepHoM pacTBope Ha 3-4 Haca mpu TemIieparype
4°C, 3aTeM TKaHb OTMBIBAJIN B Oy(epHOM pacTBOpE U
MOMEIaiy JUisi OKOHYarenbHOl (ukcammu B 1%-i
pacTBOp YETBIPEXOKUCH OCMUsI Ha OyepHOM pacTBope
Ha 3-4 gaca nipu temneparype 4°C. Ilocnme storo
KyCOYKH TKaHH 00€3BOXKHMBAJIM B PACTBOPAX 3TaHOJIA
BO3pacTarolleil KOHUEHTPALUY U alleTOHE, TPOIIUTHI-
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For contemporary science the researches in cold
effect on human and animal organisms are of great
interest.

It has been found that cold effects synchronize the
activity of come physiological processes in an orga-
nism, the synergism of those results in activation of
homeostasis reactions.

Peculiarity of extreme cold effects is the capability
of modulating, increasing BBB and correcting the
impaired functional systems of an organism, when own
regulatory systems lose their plasticity and the level
of compensatory reactions is significantly reduced.

According to our observations a short effect of low
temperatures on an organism does not exhaust
energetic and other functional reserves with an active
influence of vegetative and nervous system, enhancing
its activity.

Data on the character of the effect of extreme
cryotherapy on cardio-vascular system requires the
further elucidation and checking, especially when stu-
dying comparative ultrastructural re-arrangements of
myocardium of animals of different age groups.

The research aim is to investigate the dynamics of
ultrastructural re-arrangements of cardiomyocytes and
endotheliocytes of blood capillaries of myocardium
of young and aged rats subjected to extreme cryo-
therapy depending on the number of sessions of their
staying in the chamber with the temperature of —120°C.

Materials and methods

The experiments were performed in 28 young and
28 aged Wistar male rats with keeping the principles
of European Convention on protection of vertebrate
animals used for experimental and other scientific
purposes (Strasbourg, 1985). The groups included 7
young and 7 aged animals. The first session was the
control one, the second one comprised three-fold
cooling, the third one did six-fold cooling and the
fourth one did none-fold with the temperature of
—120°C. Duration of each session is 2 min.

For preliminary fixation the tissue pieces were
placed into 3% buffered solution of glutar aldehyde
for 3-4 hrs at 4°C, then the tissue was washed-out in
buffered solution and placed for final fixation in 1%
buffered solution of osmium quadroxide for 3-4 hrs at
4°C. The tissue pieces were dehydrated in alcohols
with ascending concentrations and acetone, moistened
with the mixture of epoxy resins (epon araldite) and
embedded into the blocks. Polymerization of blocks
was performed in thermostate at 60°C for 48 hrs.

Ultra-thin slices were made of the obtained blocks
with UMTP-6 ultra-microtome (Sumy, Ukraine), then
they were adjusted on electrolytic grids and after
contrasting with lead they were studied with EMB-
100 BR electron microscope with accelerating voltage
75 kV.
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BaJIl B CMECH 3IOKCHIHBIX CMOJ (3MOH-apalIuT) U
nmoMemanu B Omoku. [lonuMmepusamuio OGJI0KOB
MIPOU3BOAMIIN B TepMocTare npu temneparype 60°C
B TEYCHHUE 2-X CYTOK.

U3 nonmydeHHBIX OJIOKOB Ha YJIBTPaMHUKPOTOME
YMTII-6 (YkpanHa) U3rOTaBIMBaIN YIbTPATOHKHUE
Cpe3bl, MOHTHUPOBAJIHM UX Ha BIIEKTPOJIUTHUYECKHUE
CETOYKH H I10CJIC KOHTPACTUPOBAHMS LINTPATOM CBUH-
1a, U3yvaiu MoJa 3JIEeKTPOHHBIM MHKPOCKOIIOM
OMB-100 BP (YkpanHna) mpu yCKOPSIOIIEM Harmpsike-
HuA 75 KB.

Pe3yAbTatbhl M 00Cy)XAeHHe

B rpynme sxcriepuMeHTaNbHBIX MOJIOABIX KUBOT-
HBIX, MOJIBEPTaBIINXCA TPEXKPATHOMY OXJIAXKICHHUIO
B KpHOKamepe npu temmneparype —120°C, aapa
KapJIHOMHOLIUTOB MMENU YAJIHUHEHHYIO OKPYTIYyIO
(hopMy ¢ pe3Ko IPOCBETIIEHHBIM MaTPHUKCOM. XpoMa-
THH spa MPEUMYIIECTBEHHO pacIojaraics B BHIAE
KOITbI[A BJOJb siIepHON MeMOpaHbl. MuOQUOPHILIBI
pacroyiaraiuch napauieIbHbIMH PSIIaMH C YETKOU
MIOTIEPEYHON UCUEPUCHHOCTHIO (puc. 1, a).

B capkonna3zme Habmroganu MHOTOYHCIEHHBIE
rpaHyibl TIHKOTeHa, pUOOCOMBI M TIOJIHCOMBI.
IInacTuHYaTHI UTOIIAa3MaTHUYESCKUN KOMIIJIEKC
lonpaku XOpoIIo pa3sBUT, CTEHKH MapajieibHO
OpUEHTHUPOBAHHBIX MEMOpaH OKPY>KEHBI OOJBIINM
KOJINYECTBOM MEJIKHX BE3HKYJI. MHOTrOYMCIICHHBIE
MHUTOXOHJPHUHU pAaCMoOJarajiuch napaiaielIbHbIMU
pAnamMu Mexay NmydkoB MuopuOpuin. MaTpukc
MUTOXOHJAPUI UMEN MEIKO3EPHUCTYIO CTPYKTYpY U
YMEPEHHYIO AIIEKTPOHHYIO IIIOTHOCTH. LlucTepHBI
CapKOIIa3MaTHYECKOr0 peTHKyIymMa U T-cucTeMbl
WMENN BUJ 3JIEKTPOHHO-TIPO3PAvYHBbIX BaKyoOJIeH.
I'manonnasma xapaIuoMHOIIMTOB oOnanana cpenHen
3JEKTPOHHOM IUIOTHOCTBIO. MUTOXOHAPUHU cOnep-
YaJy 60JIBIIOE KOIMYECTBO YETKO KOHTYPUPOBAHHBIX
KpPHUCT, OPHEHTUPOBAHHBIX MEPIEHIUKYIISIPHO IITHH-
HOW OCH OpraHesl.

SAnpa sHAOTENMHANBHBIX KJIETOK MMEIN HEIpa-
BUJIbHYIO (OPMY M COAEpKajl KOHACHCHPOBAHHBIH
XpOMaTuH. MUTOXOHAPUH SHAOTEIHOLUTOB YMEPEH-
HO HaOyXIIKe ¢ MPOCBETIICHHBIM MaTpuKcoM. I pany-
JIAPHBIN HIONIa3MATHUYECKUNA PETHUKYIYM pa3BHT
XOPOIIO.

Ha mem0paHnax rpaHyiasipHOro »HIOIIa3MaTH-
YECKOTO PETHKYITyMa BBISIBIIEHO MHOXECTBO PHUOOCOM.
JecTpyKiyn BHyTPUKIETOYHBIX MEMOpaH He 00Hapy-
KEHO.

B nurorasme oTpoCcTKOB 3HIOTENTHOLUTOB BUHBI
OBLIM MHOTOYHCICHHBIC MHKPOTHMHOIUTO3HEIC
ITy3BbIPBKH.

B rpynmne monoasIx KpeIc, MOABEPrIIuXcs 6-Kpar-
HOMY OXJaXJCHUIO B KaMepe C TeMIEepaTypou
—120°C, siapa KapIUOMHOIIMTOB UMEITH YETKO KOHTY-
pHUpOBaHHYIO AepHYI0 MeMOpaHy. [lepunykieapHble
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Results and discussion

In the group of experimental young animals
subjected to 3-fold cooling in cryochamber at—120°C,
the nuclei of cardiomyocytes were of elongated
roundish shape with a sharp lightened matrix. Nucleus
chromatin was concentrated predominantly along
nuclear membrane with the formation of a ring.
Myofibrillae were located by parallel rows with
distinct lateral banding (Fig. 1, a).

In sarcoplasm there were found multiple granules
of glycogen, ribosomes and polysomes. Laminar
cytoplasm Golgi complex is well developed, the walls
of the membranes orientated in parallels are
surrounded with a big number of small vesicles.
Multiple mitochondria were located in parallel rows
between the myofibrilla bunches. Mitochondria matrix
had a closed-grained structure and moderate electron
density. Cisterns of carcoplasm reticulum and
T-system had the appearance of electron transparent
vacuoles. Hyaloplasma of cardiomyocytes had an
average electron density. Mitochondria comprised a
big number of the cristas with distinct contours,
orientated athwart to a long axis of organelles.

Nuclei of endothelial cells were of an improper
shape and comprised condensed chromatin. Mitochon-
dria of endotheliocytes were moderately swollen with
enlightened matrix. Granular endoplasmic reticulum
was well developed.

On membranes of granular endoplasmic reticulum
lots of ribosomes observed. No destruction of intra-
cellular membranes was revealed.

In cytoplasma of endotheliocyte out-growings
multiple micropinocytotic vesicles were observed.

In the group of young rats subjected to 6-fold
cooling in the chamber with the temperature of —120°C
the nuclei of cardiomyocytes had distinct contours of
nuclear membrane. Perinuclear spaces were of similar
width. There was found a moderate chromatin con-
densation. Nucleus matrix was of enlighten type (Fig.
1, b). Significant rise in the number of cristas in mito-
chondria was observed. Mitochondria matrix gained
small-granular structure and average electron density.
Outer membranes have distinct contours (Fig 1, ¢).

Many cardiomyocytes contained mitochondria with
osmiophilic outer membrane. Sarcoplasm reticulum
is represented with a big number of vacuole, filled
with soft fibrous substance. Laminar cytoplasm Golgi
complex is moderately hypertrophied. In sarcoplasm
there is observed an increase of glycogen granules,
ribosomes and polysomes. Sarcoplasm membrane has
with not significant changes.

Ultrastructural organization of endotheliocytes of
blood capillaries was not subjected to alterations. No
dystrophic and destructive changes of submicroscopic
architecture of endothelial embedding of blood capil-
laries were revealed.
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Puc. 1. YapTpacTpyKTypa KIeTOK MHO-
Kap/1a MOJIOJIBIX KPbIC, TIOJIBEP)KCHHBIX
KPHOBO3JIEHCTBHIO: a — KapIAHOMHO-
IUTHI TOCJIe 3-KPaTHOTO KPHOBO3-
JIEHCTBHA; NMapaJljieIbHOE PACIIONO0-
xeHne muopubpumt, x32000; 6 —
KapJIUOMHOLUTHI IIOCIe 6-KPaTHOTO
KPHOBO3JEHCTBHS;, YETKO KOHTYPHPO-
BaHHas suepHas MemOpana; x28000;
B — KapAUOMHUOLIUTEI IIOCTIE 6-KPaTHOTO
KPHOBO3JIEHCTBHS; YMEPEHHOE pacIlIu-
peHue MUCTepH capKoIia3MaTHyec-
Koro petukyiayma; x30000; r — kapano-
MHOLHTHI [TOCIIe 9-KpaTHOTO KPHOBO3-
JEUCTBHUS; yBEIMUCHHUE YK CIIa KPHUCT B
MuToxoHIpusix; X29000; o — kapauo-
MHUOLMTHI IOcie 9-KpaTHOTO KpHO-
BO3JICHCTBUS; 3aBUXPEHHBIE KPHCTHI;
x29000.

Fig. 1. Ultrastructure of young rat
myocardium cells after cryoeffect: a —
cardiomyocytes after 3-fold cryoeffect;

parallel location of myofibrillae; x32000; b — cardiomyocytes after 6-fold cryoeffect; nuclear membrane; x29000; ¢ —
ultrastructure of cardiomyocytes after 6-fold cryoeffect; moderate expansion of sarcoplasmic reticulum cisterns; x30000;
d — ultrastructure of cardiomyocytes after 9-fold cryoeffect; increase of crists amount in mitochondria; x29000; e —

ultrastructure of cardiomyocytes after 9-fold cryoeffect; whirled cristas; X2900.

MpOCTpaHCTBa ObUIM ONMHAKOBOM HMIMPUHBEL. OTMe-
yajach yMepeHHas KOHJEHCAIus xpomarnHa. Mart-
PHUKC sapa UMe MPOoCBeTIeHHBIN Bua (puc. 1, 0).
Habmnronanu cyniecTBeHHOE YBEINUYCHUE KOJTHUECTBA
KPUCT B MUTOXOHJPUSIX. MaTpukC MUTOXOHIPUH UMETT
MEJIKOTPaHyIsIPHOE CTPOCHUE U CPETHIOIO AIEKTPOH-
HYIO TIOTHOCTh. HapyxxHbie MeMOpaHBI 4ETKO
KOHTYpHpOBaHHI (puc.l, B).

3HAUYUTENbHOE KOJHYECTBO KapAUOMHOIUTOB
coziepKalii MUTOXOHAPHHU ¢ 0CMO(UITBHON HApYKHOM
MeMmOpaHoH. CapKomina3zMaTH4eCcKuil PeTHKYIYM
MpeAcTaBieH OOJbIIMM KOJUYECTBOM BaKyoJlel C
MEJIKOBOJIOKHHUCTBIM COACPKUMBIM. IlnacTuHUYaThIH
capKoIuia3mMarnueckui Komrieke ['onb1xu ymepeHHO
rureprpodupoBat. B capkoriazmMe oTMEUEHO YBEIu-
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Endotheliocyte nuclei corresponded to typical
ultrastructural organization, their matrix remained
electron-dense one.

Perinuclear spaces kept constant width along the
whole section. Cytoplasm membrane was of distinct
structure. Mitochondria comprised outer membrane
and cristas. Grainy endoplasmic reticulum was well
developed. On their membranes there are ribosomes
and cisterns were moderately widened. In cytoplasm
of endothelial out-growings there were observed
multiple micropinocytotic vesicles.

After 9-fold of maintaining young rats in the
chamber with the temperature of —120°C there were
found the changes characteristics for the activation of
intracellular metabolic processes.

PROBLEMS
OF CRYOBIOLOGY
Vol. 16, 2006, N23



YeHHe KOJIMYeCTBa I'paHyil ITIMKOreHa, puOOoCOM H
nonucoM. Capkomiazmariuueckas MeMOpana 0e3 cy-
IIECTBEHHBIX U3MEHEHUH.

YnbTpacTpyKTypHas OpraHu3anus 3HI0TEITHOH-
TOB KPOBEHOCHBIX KaNWISPOB U3MEHEHUAM HeE
noaBepranack. Juctpoduueckux M AeCTPyKTUBHBIX
M3MEHEHUH CyOMHKPOCKOMTUMYECKON apXUTEKTOHUKHU
SHAOTENNAIbHON BBHICTHIIKM KPOBEHOCHBIX KalMJLIs-
POB HE BBISBICHO.

Snpa 3HOOTENMOIUTOB COOTBETCTBOBAIN THUINY-
HOM YNBTPACTPYKTYPHOU OpraHM3aluu, UX MaTPUKC
OCTaBaJICS DIIEKTPOHHO-TNIOTHBIM.

[lepunykaeapHble IPOCTPAHCTBA COXPAHSIN
[TOCTOSIHHYIO IIMPUHY Ha BCEM IPOTSKEHUU Cpesa.
Hurommazmaruueckass MeMOpaHa UMella YeTKYIO
CTPYKTYpY. MUTOXOHAPHUH COZEPIKaIN YETKO KOHTYPH-
PYEMYIO HapyKHYIO MEMOpaHy 1 KPUCThL. 3€PHUCTHII
9HOIUIA3MATUYECKUI PETUKYITYM YMEPEHHO Pa3BHUT.
Ha ero mem0panax mpucyTcTBOBaJM prOOCOMEI, a
LIMCTEPHBI OBUIH YMEPEHHO paciIMpeHHbIMU. B urto-
IJ1a3Me€ OTPOCTKOB 3HAOTEINOLMTOB HAOIIONATUCH
MHOTOYHMCIIEHHBIE MUKPOIIMHOIIUTO3HBIE ITy3bIPBKH.

[Tocne neBsATHKpaTHOTO MPEOBIBAHUS MOJIOABIX
KpBIC B Kamepe ¢ Temrieparypoi —120°C Habmonanuch
W3MEHEHMsI, XapaKTepHbIE IS aKTHBALIMM BHYTpPH-
KJICTOYHBIX METa0OJIMYECKUX MIPOLIECCOB.

Snpa kapAMOMHOLIUTOB CONEPKAINA IPEUMYLIECT-
BEHHO JICKOH/ICHCUPOBaHHbIN XpomaruH. Ero rpany-
76l JudQy3HO pacnpenessuIuch Mo IUIOMAAN cpes3a
sapa. SlnepHas memOpana nproOpena 4eTKO KOHTYpH-
poBaHHYIO CTPYKTYypy. IlepuHykiieapHble mpocT-
paHCTBa COXpaHSAIN MOCTOSHHYIO MHpUHY. MuTo-
XOHIPHU UMENU O0ONbLIOE KOJIUYECTBO KPHUCT.
Marpukc MEUTOXOHAPHUH 0071a1an yMEpEHHON JJIeKT-
POHHOM MJIOTHOCTHIO U MEJIKO3EPHUCTOM CTPYKTYPOH.
HapyxHubsle MeMOpaHbl MUTOXOHAPUH yeTkue, 0e3
o4aroB aecTpykuuu (puc. 1, r). CoxpaHsiaocs yMmepeH-
HO€ MPOCBETIECHHUE CAapKOMIa3Mbl. JHAUYUTEIbHOE
KOJIMUECTBO MUTOXOHPHHL, pacTioyIaralolixcs B BUIE
CKOTUICHUI, UMEJIO0 3aBUXPEHHBIE KPUCTHI (puC. 1, ).
[MuctepHBl capKOmMIa3MaTUYEeCKOr0 PEeTUKyITyMa
HECKOJIBKO YIUIOIIEHBI ¥ 3JIEKTPOHHO-IIpo3payuHsl. Ha
ux MeMmOpaHax BBISBIEHO MHOXeCTBO pubocom. B
CapKoIuIa3Me IIPUCYTCTBOBAIM I'PAHYJIbl ITIMKOTEHA,
pubocomsbl, nojaucomsl. CieayeT OTMETUTh yBEH-
YeHHE TONIMHBI MHO(DUOPUILIL.

Snpa 3HI0TENNOIIMTOB KPOBEHOCHBIX KAITUIIIPOB
MHOKap/1a MOJIOJBIX KPBIC HMENHU BBITSIHYTYIO (JOPMY.
SAnepnas memOpaHa yeTKasi, 0€3 04aroB JeCTPYKLHUH.
[lepunykneapHble TPOCTPAHCTBA HE PACIIHPEHBI.
SInepHbIil XpOMaTHH YaCTUYHO KOHIEHCUPOBAH, €ro
TPaHyJIbl PacMoarajiuch MPEUMYLIIECTBEHHO B IEPU-
(epuuecKux oTAeNax MaTpUKca siipa, KOTOpbIi 00Ma-
JACT YMEPEHHOM 3EKTPOHHOM TIOTHOCTBIO.

IImacTrHYATBHIM HUTOINIA3MATUYECKAA KOMILIEKC
lonpmku cymecTBEHHO THNEPTPO(OUPOBAH, CTONKH
€ro MIAJKUX MapaIeIbHO OPUEHTHUPOBAHHBIX MEM-
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Nuclei of cardiomyocytes contained mainly
decondensed chromatin. Its granules were diffusively
spread along the area of nucleus section. Nuclear
membrane gained a distinct structure. Perinuclear
spaces kept a constant width. Mitochondria had a big
number of cristas. Mitochondria matrix possessed a
moderate electron density and small-grain structure.
Mitochondria outer membranes are sharply defined
with no destruction foci (Fig. 1, d). Moderate
enlightenment of sarcoplasm was observed. Signi-
ficant number of mitochondria located as clusters had
whirling cristas (Fig. 1, f). Cisterns of sarcoplasm
reticulum are somewhat flattened and electron-
transparent. On their membranes there are found lots
of ribosomes. In sarcoplasm there were present the
granules of glycogen, ribosomes, polysomes. Some
increase in microfibrillae width should be noted.

Nuclei of endotheliocytes of myocardium blood
capillaries of young rats were of elongated shape.
Nuclear membrane was distinct with no destruction
foci. Perinuclear spaces were not widened.

Nuclear chromatin was partially condensed, its
granules were partially condensed, its granules were
mainly located in peripheral compartments of nucleus
matrix, which possessed a moderate electron density.

Laminar cytoplasm Golgi complex is considerably
hypertrophied, piles of its smooth parallel oriented
membranes were surrounded with electron-transparent
small vesicles. In localization site of Golgi complex
there were found primary lisosomes. Cytoplasm of
endotheliocytes contained lots of ribosomes and
polysomes and possessed an average electron density.
In nuclei there were 1-2 nucleoli. Endotheliocyte
mitochondria as well as granular endoplasm reticulum
had a typical for these cells structure.

Narrow band of endotheliocyte out-growings of
blood capillaries were filled with multiple micro-
pinocytotic vesicles. Cytoplasm membrane was with
no destruction foci.

In the group of aged rats not subjected to cryoeffect
ultrastructural organization of cardiomyocytes and
endotheliocytes of blood capillaries had vividly
manifested changes in organelles, characteristic for
an ageing organism.

Nuclei of cardiomyocytes of aged rats were of
roundish shape. Chromatin granules were in a conden-
sed state. Nuclear membranes were distinct with no
visible destruction foci. There were observed quite
deep invaginations of nuclear membrane. In perinuc-
lear area of sarcoplasm there was located significantly
reduced laminar Golgi complex, consisting of small
amount of smooth membranes, surrounded with small
electron-transparent vesicles. Between the tracts of
microfibrillae there were widened cisterns of sarco-
plasm reticulum and T-system, filled with electron-
transparent substance. Mitochondria possessed poly-
morphism.
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OpaH OKpY>KE€HBI MHOKECTBOM 3JIEKTPOHHO-TIPO3pad-
HBIX MEJIKHX BE3HKyl. B obiacTu noxanuzanuu
KOMITIeKca ['0abIK1 BUAHBI IEPBUYHBIE JTH30COMBI.
[uTomiazMa 3HIOTETMOLUTOB COfepkKaja MHOTO
pubocom u monucom, obnanana CpeaHed IEeKTPOH-
HOHM MJIOTHOCTHIO. B siape mpucyTtcTBoBanu 1-2 san-
peiIka. MUTOXOHIPUH 3HIOTEIHOLUTOB M 3€pHHC-
TBIH SHAOTIA3MATHYECKUI PETUKYTYM UMEIH TUITNY-
HOE JUISl 3THUX KIJIETOK CTPOCHHE.

VY3kas mojiocka OTPOCTKOB 3HAOTEIHOIUTOB
KPOBEHOCHBIX KalWJUISIPOB OblIa 3alojHeHa MHO-
YKECTBOM MHUKPOITHHOLIUTO3HBIX ITy3bIPbKOB. B nrto-
IUTa3MaTHYECKONl MeMOpaHe 04aroB ACCTPYKLUHU He
oOHapyXeHO.

B rpynme crapsix KpbICc, HE MOABEPraBIINXCS
KPHOBO3ICUCTBUIO, YIBTPACTPYKTYpHAsl OpraHu3alys
KapIUOMHUOLIUTOB ¥ 3HAOTEIHOLHUTOB KPOBEHOCHBIX
KallWUISIpOB MMeJia SIPKO BBIPaKCHHbIE M3MEHEHHUS
OpraHesul, XapaKTepHbIE IJIS CTApEIOIEr0 OpraHu3Ma
(puc. 2, a).

SAnpa KapAUOMUOLMTOB CTapblX KPBIC MMEIU
okpyrIyto ¢popmy. [ paHynel XxpoMaTuHa HaXOAMIIHMCH
B KOHJICHCHPOBaHHOM COCTOSIHUU. S nepHast MeMOpa-
Ha 4yeTkasd, 0€3 BUAUMBIX OYaroB AECTPYKIIUH.
HaGnronanuce m0BONIBHO ITyOOKHE WHBAarvMHALMH
simepHoil MeMOpaHbl. B mepunykiieapHO oOnactu
CapKOIUIa3Mbl PacIioiarajcs CyIeCTBEHHO PeayIpo-
BaHHBIN ILIACTHHYATHIN KOMILIEKC I 016 1K1, COCTOS -
MK U3 HEOOJBIIOr0 KOJIMYEeCTBA IIIAAKUX MEMOpaH,
OKPY>KEHHBIX MEJIKHUMH 3JIEKTPOHHO-IIPO3PAuHBIMH
Be3UKyJIaMH. MexXy mydkaMu MHOPHOPHIUT HaXo-
JIUIINCh pacIIMpEeHHbIE HUCTEPHBI capKoIla3Mma-
THYECKOTO PETUKYTyMa U T-CHCTeMBbl, 3aII0JIHEHHbIE
ANIEKTPOHHO-TIPO3paYHON cyOcTaHIel. MHUTOXOH/-
puH 00IagaIIH TTOIUMOPPUIMOM.

B xapauomuonuTax OTMEYalHUCh pa3ndYHbIE 110
CTPYKTYpE MUTOXOHAPHUH: OAHU C MPOCBETICHHBIM,
MOYTH 3JIEKTPOHHO-NPO3PAaYHbIM MaTPUKCOM H
MHOTOYHCJIEHHBIMU KPUCTaMHU; APYTHE — UMENHU
HEpaBHOMEPHO OKpAaIlEHHBI MaTpUKC ¢ HEOONb-
MMM OOJIACTSMU TOJHON 3JIEKTPOHHOW Mpo3pady-
HocTH. OTAenbHBIE MUTOXOHAPHHU COIEPKAIH B
MaTPUKCE MUEIIMHOIIOAO0HBIE CTPYKTYPHI (puc. 2, a).

B capkomnnasMe OTAeNbHBIX KapAHOMHOIIUTOB
o0HapyXeHBl TPYNIbl MUTOXOHAPUM C OCMHUO-
(hnpHON HapYKHON MeMOpaHoOii, 0e3 NeCTpyKIni 1
¢ OoJiee TUIOTHBIM MEJKOTPAHYISIPHBIM MaTPHUKCOM.
YacTh TaKMX MHTOXOHJIpUH ObLIIa 3aII0JIHEHa MHOTO-
YUCJICHHBIMH KPUCTaMHM; B APYTrod KPHUCTHI ObLIH
paspylleHbl, a B MAaTPUKCE MPUCYTCTBOBAIM JIEKT-
POHHO-TIPO3PAYHBIE MOIOCTH, OKPY>KEHHBIE dJIEMEH-
TapHO# MeMOpaHoii (puc. 2, 6).

Hapsiny ¢ MUTOXOHAPHAME, UMEBILIUMHU JIETeHEPa-
TUBHbIC U3MEHEHHS, YaCTO HAOIMIOAAIN MUTOXOHAPUH
C 3aBHXPEHHBIMU KPUCTaMH, OCMUO(HIBLHBIM MaT-
PHUKCOM ¥ pa3pylIeHHBIMHA Hapy>KHBIMU MeMOpaHaMu
(puc. 2, B). YnpTpacTpyKTypHas opTraHHU3alUs
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In one cardiomyocyte there were various on
structure mitochondria: some of then were with
enlightened, almost electron-transparent matrix,
multiple cristas were found in them; others had
unevenly stained matrix, in its structure small areas
of complete electron transparency. Some mitochondria
comprised myelin-like structures in matrix (Fig 2, a).

In sarcoplasm of some cardiomyocytes there were
found the groups of mitochondria, possessing
osmiophil outer membrane with no destruction and
denser small granular matrix. Some of these mito-
chondria were filled with multiple cristas, another part
contained cristas in a destroyed state. In their matrix
there were formed electron-transparent cavities
surrounded with elementary membrane (Fig. 2, b).

In accumulation of mitochondria along with
degenerative changes the ones with whirling cristas,
osmiophilic matrix and lysis of outer membranes were
quite often revealed (Fig. 2, ¢). Ultrastructural orga-
nization of endotheliocytes had the features of
dystrophic disorders as swelling of mitochondria with
matrix enlightenment, loosening of intracellular
membranes and plasmolemma.

Lysis foci of cytoplasm membrane were observed.
In cytoplasm of out-growings of endothelial cells there
were found small number of micropinocytotic vesicles.

In some endotheliocytes micropinocytotic vesicles
were practically absent and hyaloplasm became an
electron-transparent.

After 3 cooling sessions for aged rats in cryo-
chamber with —120°C an ultrastructural architecture
in general remained the same as in the group of control
animals.

Nuclei of cardiomyocytes were of elongated shape.
Nuclear membrane was distinct. Perinuclear spaces
were unevenly widened.

Rate of chromatin condensation was somewhat
reduced. Nucleus matrix was moderately enlightened.
It should be noted that a rise in the number of cristas
in mitochondria, decrease in the quantity of dege-
neration foci of membrane structures as well as
inclusions of lipofuscin if compared with the control
group.

Endotheliocytes of blood capillaries contained
elongated nuclei with distinct contours of nuclear
membrane and small granular matrix. Significant part
of chromatin was in a condensed state. In cytoplasm
of out-growings the number of micropinocytotic
vesicles increased (Fig. 2, d). Endotheliocyte
mitochondria contained small granular matrix and
quite big amount of cristas. Granular endoplasm
reticulum was well-developed on its membranes
multiple ribosomes were found.

After 6 cooling sessions for aged rats in cryo-
chamber with —120°C in submicroscopic structure of
cardiomyocytes the compensatory-adaptation changes
were observed.
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Puc. 2. YasrpacTpyKTypa KJIETOK MHOKap/ia CTapbIX KPbIC: @ — KapJUOMHOLIUTHI
CTaphIX KPBIC, HE TOABEPTaBIINXCS KPUOBO3ACHCTBUIO, MUCITHHOIIONOOHBIC
CTPYKTYpBI B MUTOXOHIpUsX; X3200; 6 — KapAMOMHUOLMTHI CTAPbIX KPBIC, HE
MOABEPTABIINXCA KPHUOBO3IECHCTBHUIO; ANEKTPOHHO-NIPO3PAYHBIE TOTOCTH B
MUTOXOHAPHSAX; X36000; B — KapJMOMHOLIUTBI CTAPBIX KPBIC, HE TOJBEPTaBIIUXCS
KPHOBO3/ICHCTBUIO; JIU3UC HAPYXKHBIX MEMOpaH M 3aBUXPEHHBIX KPUCT
mutoxoHapuit; X30000; T — SHIOTETUOIUTH KPOBEHOCHBIX KaNMJUISIPOB MOCIE
3-KpaTHOTO KPUOBO3ICHCTBH; MUKPOITUHOIIUTO3HBIC ITy3bIPHKU B IIUTOTLIA3ME.
%x33000; 1 — KapAMOMHUOIUTHI CTAPBIX KPBIC MOCJHe 6-KPaTHOTO KPHO-
BO3/ICHCTBUS; YIUIOTHEHHE MaTpukca MUTOXoHApui; X31000; e — xapauo-
MHOITUTHL CTAPBIX KPBIC MOCIEe 9-KPaTHOTO KPUOBO3ACHCTBUS; YBEIUUCHUE
KOJINYECTBA KPUCT, MUTOXOHIPHH C TiepeTsikkamu; X27000; 5 — 3HIOTETUOIUTHI
KPOBEHOCHBIX KaIIISIPOB MOCIE 9-KpaTHOTO KPHOBO3ACHCTBUS; MUKPOIIUHO-
LIUTO3HBIE BE3UKYJIBI B UTOIIazme; X37000.

Fig. 2. Ultrastructure of aged rats cells: a— cardiomyocytes of rats non-subjected
to cryoeffect; myelin-like structures in mitochondria; x32000; b — cardiomyocytes
of animals non-subjected to cryoeffect; electron-transparent cavity in
mitochondria; x36000; ¢ — cardiomyocytes of animals non-subjected to cryoeffect;
external membrane lysis and whirled cristas of mitochondria; x30000; d —
endotheliocytes of circulatory capillary after 3-fold cryoeffect; micropinocytic
bubbles in cytoplasm; x33000; e — cardiomyocytes of animals after 6-fold
cryoeffect; mitochondria matrix condensation; X31000; f— cardiomyocytes of animals after 9-fold cryoeffect; increasing
of crista’s amount, mitochondria with constriction; X27000; g — endotheliocytes of circulatory capillary in animals after 3-
fold cryoeffect; micropinocytic vesicle in cytoplasm; x37000.
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SHJIOTEIIMOLUTOB MMeNa YePThl TUCTPOPUUECKUX
HapyleHuil B BUAE HaOyXaHWUS MUTOXOHAPHUU C
MIPOCBETICHUEM MAaTPHKCa, Pa3phIXJIEHUEM BHYTpPH-
KJIETOYHBIX MEMOpaH U MJ1a3MOJIEMMBI.

Habnronanu ouaru nm3nca nyTOIIIa3MAaTHYECKOM
MeMOpaHnbl. B uTomniasme oTpoCTKOB SHAOTEIHAIb-
HBIX KJIETOK OOHapY>KHBAJI0Ch HEOOBIIOE KOTNIECT-
BO MUKPOIMHOLIUTO3HBIX BE3UKYI.

B oTnenbHBIX SHIOTEIHOUTaX MUKPOITUHOIIUTO3-
HBI€ ITy3BIPHKH MPAKTHYECKH OTCYTCTBOBAJIH, @ THAJIO-
1J1a3Ma CTAHOBUJIACH AIEKTPOHHO-IPO3PAYHOM.

[Tocne 3-x ceaHCOB OXJaXXKIEHHS CTaphIX KPBIC B
KpHOKamepe ¢ Temreparypoit —120°C ynbTpacTpyk-
TypHas apXUTEKTOHWKA B OOIINX YepTax OCTaBalach
TaKoM ke, Kak ¥ B IPyIIE KOHTPOIBHBIX KUBOTHBIX.

SAnpa kKapAMOMHOLIMTOB UMENH BEITSHYTYIO (opMy.
Anepuas memOpana uetkas. [lepunykieapHsbie
MIPOCTPAHCTBA HEPABHOMEPHO PACLINPEHBI.

Heckonbko cHMXanack CTeNEHb KOHAEHCALUHT XPO-
MaThHA. MaTpHKc g1pa yMepeHHO npocsenieH. Cie-
IyeT OTMETUTh yBEJIWYEHHE KOJIWYECTBAa KPUCT B
MHUTOXOHJPHUSAX, YMEHBIICHHE KOJUYECTBAa 04YaroB
JereHepanui MeMOPaHHBIX CTPYKTYP, a TAKXKe BKITFO-
yeHuil nunodyciHa B CPAaBHEHWU C KOHTPOJIHHOU
IpyIIoi.

OHJIOTENNOUTH KPOBEHOCHBIX KaMILISIPOB CO-
JepKay BBITAHYTHIE Apa C YETKO KOHTYpHUPYEMOH
SAEPHON MEMOPaHOH M MEJIKO3EPHUCTBIM MaTPHKCOM.
3HauuTeNbHAs YaCcTh XpOMaTHHA HAXOAMUJIACh B
KOHJIEHCUPOBAaHHOM COCTOSIHMHU. B nmuromnnasme
OTPOCTKOB YBEIHYHUBAIIOCH KOTMYECTBO MUKPOIIMHO-
LUTO3HBIX MY3BIPbKOB (puc. 2, ). MUTOXOHApUH
SHAOTEJINOLUTOB COAEPIKATN MEIKO3EPHUCTBIN MaT-
PHKC ¥ JOBOJILHO OOJIBIIOE KOJTMYECTBO KPUCT. | pany-
JISIPHBIN 3HJOIIA3MaTHYECKUN PETUKYIIYM XOPOIIIO
Pa3BUT, HA eT0 MeMOpaHaxX BBISBIISUIICH MHOTOYHC-
JICHHBIE PUOOCOMBI.

[Tocne mectr ceaHCcoOB OXITaXKICHHS CTAPBIX KPBIC
B KpHoKkamepe ¢ Temreparypoit —120°C B cyOMukpo-
CKOIIMYECKOM CTPOEHHUH KapIUOMHOLIMTOB HAaOII0qa-
JIUCh KOMIIEHCATOPHO-aAaNnTallMOHHbIE U3MEHEHNUS
(puc. 2, n).

MuTOXOHAPUH B KApAHMOMHOLUTAX PACIIONIAraIiCh
PaBHOMEPHBIMH PsiIaMH BAOJIb MHOGHOPHILI, HA HX
HapyXHbIX MeMOpaHaX oO4YaroB ACCTPYKLHH HE
HaOIIoManock. Marpuke MUTOXOHAPUN MpuoOpeTan
CPEIHIOI0 3JEKTPOHHYIO IJIOTHOCTh U COAEPIKAI
HEe0OJbII0Ee KOMUYECTBO JIM3UPOBAHHBIX KPHUCT
(puc. 2, e). LluctepHsl 3HIOIUIA3MATHIECKOTO PETH-
KyJIyMa MEHEe PacIIUpeHbI 10 CPABHEHHIO C KOHT-
POIBHBIMHU CTapbIMU KpbicamMu. B capkomazme Hab-
JIIOJAJIU TPYIIIBI PUOOCOM U OTHCOM. YMEHBIIHIOCH
KOJIMYECTBO BKJIIOYEHUH JIMo(ycLrHa.

B sapax sHooTenuanbHBIX KJIETOK HAOIIOAanach
JNeKOHJeHcalusl XpomaTuHa. SnepHas memOpana
00pa3oBBIBaJIa TOBOJBHO IITYOOKHE WHBAarMHAIIMH.
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Mitochondria in cardiomyocytes were located by
even rows along microfibrillae. Their outer membra-
nes did not practically change the destruction foci.
Mitochondria matrix gained an average electron
density and contained small number of the cristas
under lysis (Fig. 2, e). Cisterns of endoplasm reticulum
became less widened. In sarcoplasm the groups of
ribosomes and polysome were revealed. The number
of lipofuscin inclusions decreased.

In nuclei of endothelial cells there was observed
chromatin decondensation. Nuclear membrane formed
quite deep invaginations. Mitochondria gained mode-
rately enlightened small granular matrix with unchan-
ged cristas. Endoplasm reticulum was well developed.

The number of ribosomes of both membrane bound
endoplasm reticulum and free-laying in cytoplasm
sharply increased. The concentration of micro-
pinocytotic vesicles in cytoplasm of endotheliocytes
out-growings considerably enhanced.

After 9 cooling sessions in cryochamber at —120°C
in aged rats along with dystrophic processes the
adaptation-compensatory and reparative ones
developed.

Cardiomyocyte nuclei gain an incorrect shape.
Nuclear membrane had deep invaginations. In
perinuclear sarcoplasm zone there were present
multiple organelles and membranes of sarcoplasm
reticulum with adhered to them ribosomes. There was
noted a decrease in the rate of condensed chromatin.

Mitochondria possessed small granular matrix,
average electron density and had quite a big number
of cristas.

It should be emphasised that in this group of
animals there have been appeared mitochondria with
strangulation having a dumbbell shape (Fig. 2, f)

Some mitochondria were subjected to generative
changes. In a whole the number of destructions of
cardiomyocytes organelles was significantly less than
in the group of intact aged rats.

Endotheliocytes of myocardium blood capillaries
gained typical ultrastructural organization. In
cytoplasm of endothelial cell out-growings there were
present multiple micropinocytotic vesicles (Fig. 2, g).

Performed electron-microscopic study of the
dynamics of the changes in ultrastructural organization
of cardiomyocytes and endotheliocytes of blood
capillaries of young rat’s myocardium after 3-9 cooling
sessions in cryochamber —120°C revealed the
development of submicroscopic re-arrangements
characteristics for activation of intracellular metabolic
processes.

It has been after 3-fold cryoeffect the ultrastructure
of capillaries and cardiomyocytes did not undergo
dystrophic and destructive changes. Moderately
manifested alterations in ultrastructure should be likely
referred to stress reactions. Described changes are laid
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MuTtoxoHapHuH TpUOOpeTaIn yMEpPEHHO IPOCBETICH-
HBIH MEJIKO3EPHUCTHI MaTPUKC C HEM3MEHHBIMH
KpUCTaMH. DHIOMJIa3MaTHYECKUH PETUKYITYM Pa3BUT
XOPOLLIO.

Pe3ko yBeHunBaIoCh 9uciio puOOCOM Kak CBSI3aH-
HBIX ¢ MeMOpaHaMH JHJIOTIA3MATHYECKOTO PETHKY-
JIyMa, Tak ¥ CBOOOJHO JIKAIIUX B IHTOIIA3ME.
3HAYUTENFHO YBEIHYNBANIACh KOHIICHTPAIIUS MUKPO-
MUHOIIUTO3HBIX MY3bIPHKOB B IIUTOIIA3ME OTPOCTKOB
9HJIOTEITHOIIMTOB.

ITocne 9 ceancoB oxnaxaeHUs B KpHOKaMepe y
CTapbIX KPBIC HAPALY C AUCTPOPUUECKUMH MPOLEeC-
caMH pa3BUBAINCH a/IalTAllHOHHO-KOMIICHCATOPHBIE
U penapaTvuBHBIC.

SAnpa KapIUOMHOLIMTOB IPHOOPETAIIN HEMTPAaBUIIb-
Hyto dhopmy. SnepHas memOpana uMena riayOokue
WHBarvHanuu. B nepuHykieapHOl 30He capKorias-
MBI TIPUCYTCTBOBAJIM MHOTOYHCIICHHBIE OPTaHEeIITbI 1
MeMOpaHbl CapKOIIa3MaTHIeCKOT0 PETHKYIyMa C
MPUKPEIICHHBIMU K HUM pubocomamu. CTeneHb
KOHJICHCAITUH XPOMAaTHHA YMEHbBIITUIIACH.

MuTtoxoHApHN 00JIalalli MEIKOTPaHYISIPHBIM
MaTPUKCOM, CPEAHEH 3IEKTPOHHON IIOTHOCTBIO H
“MeH OOJBIIOE KOMHYECTBO KpUCT. CiemyeT 0cobo
MOJYEPKHYTH, YTO B 3TOH IpyMIle KUBOTHBIX MOSB-
JSIOTCS MUTOXOHAPHUH TAHTEJIEBUIHONH (OPMBI C
nepeTsbKKaMu (puc. 2, e).

HabGmtonanu otnensHple MUTOXOHIIPUH C IETEHEPa-
THBHBIMU U3MCHEHHSMHU. B 1eI0M KOIUYecTBO
BBISIBIICHHBIX HAPYIICHUI B OpraHeuiax KapJuoMHo-
IUTOB TON I'PYIIIEI )KUBOTHBIX OBLIO CYIIECTBEHHO
MEHBIITUM, YeM B TPYIIEC HHTAKTHBIX CTAPBIX KPBIC.

OHIOTETHOIMTHI KPOBEHOCHBIX KAITWIIISIPOB MHO-
KapJia npuoOpeTany THIHYHYIO YIBTPACTPYKTYPHYIO
opraHuzanuoo. B muTomiazmMe OTPOCTKOB 3HIOTE-
JIMAJIbHBIX KIETOK MPUCYTCTBOBAIM MHOTOYHCIICHHEIE
MHUKPONMHOLMTO3HBIE MMy3bIPbKH (PHC. 2, K).

[IpoBeneHHoe 3MEKTPOHHO-MUKPOCKOITUYECKOE
uccliefoBaHUE AMHAMHUKH M3MEHEHUH ynbTpa-
CTPYKTYpHOH OpraHM3aluyu KapIHOMHUOIIUTOB U
SHIOTEITUOLMTOB KPOBEHO CHBIX KaMJUISIPOB MHOKap-
Jla MOJIOABIX KpBIC TIocie 3, 6 1 9 ceaHCOB OXJIax-
IeHUs B KpHOKamepe ¢ Ttemmeparypoud —120°C
BBIBUIIO PA3BUTHE CYOMHUKPOCKOMHMYECKUX Iepe-
CTpPOEK, XapaKTEePHBIX JIJIsl aKTHBAIINY BHYTPUKIIETOU-
HBIX METabOINYECKHUX MPOLIECCOB.

YcraHoBIEHO, YTO MOcie 3-KpaTHOTO KPHUOBO3-
JNEeHCTBUS yABTPACTPYKTYpa KaWUISIPOB U Kapauo-
MHOLHUTOB HE MpeTepreBana AUCTPOPUUECKUX H
JNECTPYKTUBHBIX W3MEHEHUH. YMEPEHHO BBIpaKCH-
HBIE I3MEHEHHUS YIBTPACTPYKTYPbL, BEPOSTHO, CIIETYET
OTHECTH K cTpeccopHOW peakunu. OnucaHHBIE
W3MEHEHHS JIeKaT B PU3NOJIOTHIECKUX Tpeesax u
CBUETEIHCTBYIOT O MPOTEKAHUH IPOIIECCOB KOMITEH-
CaTOpHOM afanTaluH.

NMPOBJIEMbI
KPUMOBMOJIOIrUM
T. 16, 2006, N23

300

within physiological limits and testify to the pro-
ceeding of compensatory adaptation processes.

With an increase in the number of cryoeffect
sessions there was observed activation of metabolic
intracellular processes that structurally was expressed
in a rise of the number of mitochondria cristas, amount
of decondensed chromatin, glycogen granules,
ribosomes and polysomes as well as nucleoli in
nucleus matrix.

Investigations of myocardium of intact aged
animals revealed the presence of dystrophic and
destructive impairments of organelles, characteristic
for an ageing organism. Cardiomyocyte mitochondria
has a great polymorphism. Part of mitochondria was
very swollen with enlightened matrix. There were
found mitochondria of various degeneration stages
accompanying the cristas lysis and formation of
myelin-like structures testifying to a degree of hypoxic
damages. In cardiomyocytes there was observed quite
a high activity of catabolic processes that structurally
manifested in the presence in sarcoplasm of lipid
inclusions and secondary lysosomes, filled with
lipofuscin. Endotheliocytes of myocardium blood
capillaries as well are subjected to the same changes

Depicted ultrastructural architecture of cardio-
myocytes of aged rats after 9-fold placing them into
the chamber with the temperature of —120°C the re-
arrangements of compensatory type are observed: an
increase in the quantity of mitochondria and cristas in
them, decrease of the number of destruction foci and
mitochondria degeneration, pointing to a rise in the
rate of redox reactions. Mitochondria renewal
processes activated, that structurally was manifested
in appearance of organelles with strangulation,
testifying to their division. In sarcoplasm there have
been appeared ribosomes, polysomes and glycogen
granules, pointing to a rise in metabolic activity of
cardiomyocytes. The number of lipofuscin and
mitochondria with membrane destruction was reduced.

In ultrastructural organization of endotheliocytes
of blood capillaries compensatory and regenerative
processes activated, that indirectly is confirmed with
an increase of the number of granular endoplasm
reticulum and ribosomes.

The activity of transcellular transport of substances
and electrolytes increases, this is supported by a rise
in the number of micropinocytotic vesicles in
cytoplasm of endotheliocytes out-growings.

Conclusions

Ultrastructural changes of cardiomycocytes and
endotheliocytes of young rats’ myocardium after
3-fold cooling in cryochamber at —120°C testify to a
compensatory-adaptation re-arrangement, the manifes-
tation rate of which is within physiological limits.
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C yBemWYEeHHEM KOJIMYECTBA CEAHCOB KPHUOBO3-
NEUCTBUA HAOIIOHAIach AKTUBAIINA META00INYECKUX
BHYTPUKJIETOYHBIX MPOLECCOB, KOTOPasi MOITBEPK-
JAeTCs YBEIMYCHUEM KOJIMYECTBA KPUCT MUTOXOHI-
puUi, KOIHYeCcTBa JEKOHIEHCUPOBAHHOTO XPOMATHHA,
rpaHyd TJTUKOTeHa, PUOOCOM M TMOJIMCOM, a TaKXKe
SIAPBIIIEK B MaTPUKCE SAPA.

HccnenoBanust MuoKapia UHTaKTHBIX CTAPBIX KU-
BOTHBIX BBISIBUJIN HATMIUE TUCTPOPUICCKHUX U JECT-
PYKTUBHBIX HAPYIICHIH OpraHeIll, XapaKTePHBIX IS
cTaperomiero opranu3Ma. boiasmumm noaumoppuzmMom
OTJIIMYATICh MUTOXOHJIAPHH KapAuOMHUOIUTOB. OT-
JIeNIbHBIC MUTOXOHIPHH OBbLIIM YBEIUYCHBI B pa3Mepax,
WX MaTpUKC OBUT MEHee IJIOTHBIM. BcTpedanuch
MHUTOXOHIPUH PA3IUYHBIX CTAaAUll AereHepaluu,
COTIPOBOXKIABIIEICS JIM3UCOM KPHUCT U (POpMHUPOBa-
HUEM MUEIMHOTIOAOOHBIX CTPYKTYP, YTO CBUACTEILCT-
BOBAJO O CTENEHU T'MIOKCHUYECKUX MOBPEKICHUH.
Hanuuue B capkorazme KapauOMUOIIUTOB JIUITHIHBIX
BKJIIOUEHUM JTUMIU0B U BTOPUYHBIX JIU30COM, 3aI0JI-
HEHHBIX JTUMO(YCIIMHOM, YKa3bIBaET Ha BHICOKYIO
AKTUBHOCTP KaTaDOJIMIECKHX MTPOIIECCOB I3TUX KIIETOK.
AHaorn4HbIe N3MEHEHU HAOIFOMAIN U B DHIIOTEIHO-
[IATaX KPOBEHOCHBIX KAMIJIISIPOB MUOKap/a.

OnrcaHHyI0 YIBTPACTPYKTYPHYIO apXUTEKTOHUKY
MHOKap/a CTapbIX KPBIC U €€ OTKIIOHEHUE OT THUITAY-
HOM MOYKHO OOBSICHUTB BO3PaCTHBIMU H3MEHEHUSMU.

B ynbTpacTpyKTypHOH apXUTEKTOHUKE KapAHO-
MHOLIMTOB CTApPBIX KpPbIC MOCJTE 9 CEaHCOB OXJIaXK-
JICHHS HAOIIONAIOTCSI TIEPECTPONKH KOMIIEHCATOPHOTO
THUIIA: YBEIUUYCHUE KOIMYECTBA MUTOXOHAPUHN U KPUCT
B HUX, YMEHBIICHUE KOJIMYECTBA 0YaroB AECTPYKIIUU
U JIeTeHepalii MUTOXOHIPUM, YTO YKa3bIBAET HA POCT
CKOPOCTH OKHCITUTEIHHO-BOCCTAHOBUTEIBHEBIX PeaK-
uuil. IlosgBlIeHNE MUTOXOHJAPUNA C MEPETIKKAMU
CBHJICTEILCTBYET O MPOIECCE UX JIECICHUS U aKTHBA-
[IAY TIPOIIeCCOB OOHOBIEHM. B capkoriazme oOHapy-
JKE€HBI PHOOCOMBI, TIOJTMCOMBI M TPaHYJIbI TJIUKOTCHA,
YTO yKa3hIBA€T Ha IMOBBIIICHHE METa0OIUIECKOM
AKTUBHOCTH KapJIUOMHUOLIMTOB. YMEHBIINIOCH KOJIU-
4eCTBO TUNO(YCIIMHA U MUTOXOHPUH C AECTPYKIIHSI-
MU MeMOpaH.

VYBenuueHue KoJIMYeCcTBa rpaHyIsIpHON SHIO0TLIIA3-
MaTU9YeCKOW CETH U pHOOCOM KOCBEHHO IMOJTBEPIKIAET
AKTUBHU3ALHUI0O KOMIEHCATOPHO-PEreHEPATOPHBIX
MPOTIECCOB B ITHX KIJIETKAX.

Bo3spacrana akTHBHOCTH TPaHCIEIUIIONSIPHOTO
TpaHCIOpTa BEMIECTB M DJICKTPOJUTOB, HA UTO
YKa3bIBaCT YBCIMYCHHUE KOJIUYECCTBA MHUKPOITHHO-
[IATO3HBIX MTy3BIPHKOB B IIUTOILIA3ME OTPOCTKOB DHO-
TEJIMOIUTOB.

BbiBOABI

VnbTpacTpyKTypHbIE U3MEHEHUS KapAHUOMHUOLUTOB
Y SHOTEIHUOIMTOB MUOKap/a MOJIOABIX KPBIC MTOCIIE
3-KpaTHOTO OXJIAX/ICHUS B KpUOKaMepe IPH TeMIlepa-
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With a rise in the number of cryotherapy sessions
the amount of micropinocytotic vesicles in cytoplasm
of endotheliocytes out-growings of blood capillaries
increases, intracellular metabolic reactions activate
with simultaneous strengthening of transcellular
transport of substances and electrolytes via capillary
wall.

In ultrastructural organization of aged rats’
myocardium there were found dystrophic and
destructive impairments of subcellular structures as
the destruction of membranes and degeneratively
altered organelles as well as the presence of a big
number of lipofuscin.

Nine-fold cooling of aged rats in cryochamber with
the temperature of —120°C decreases the number of
membrane destructions of degeneratively changed
organelles and lipofuscin inclusions. There is observed
the activation of reparative intracellular processes and
transcellular transport of substances via capillary wall.
There is observed the activation of reparative
intracellular processes and transcellular transport
substances via capillary wall. Activity of bioenergetic
providing of metabolic processes enhances.

Positive effect of cryotherapy on aged rats has been
revealed and it is not accompanied with a complete
recovery of submicroscopic architecture of cardio-
myocytes and endotheliocytes of blood capillaries.

Analysis of the change in myocardium ultrastruc-
tures points to the possibility of cryotherapy use as a
powerful stimulating factor increasing myocardium
activity.
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type —120°C BbI3bIBaET KOMIIEHCATOPHO-a 1A TAIlIHOH-
HYIO IIEPECTPOUKY, CTENIEHb BBIPAKEHHOCTU KOTOPOI
HaXOAMUTCS B PU3UOIOTUIECKHX TpEeax.

OxJaxieHue KUBOTHBIX B KpHOKaMepe MPUBOIUT
K YBEJIWYEHHIO KOJIMYECTBA MUKPOIMHHOLHUTO3HBIX
BE3UKYJ B LIUTOIMJIA3ME€ OTPOCTKOB SHIOTEIHOLUTOB
KPOBEHOCHBIX KallWJUISIPOB, YTO MOYKET CBUAETEICT-
BOBATh 00 aKTUBHUPOBAHUH BHYTPUKIETOUHBIX METa-
0ONMMYECKUX peaKlIHil, YyCUIIEHUH TPAHCIIOpPTa Be-
IIECTB U JIEKTPOIUTOB Yepe3 KAMUIAPHYIO CTEHKY.

B Muokape cTapbIX KpbIC BBIABICHBI J€CTPYKIIUU
MeMOpaH 1 JIeT€HepaTiBHO N3MEHEHHBIE OPTraHeIbI,
a TaKKe HaIW4He OONBIIOrO KOJIMYeCTBa JIHIOQYC-
LMHA.

JleBATHKpaTHOE OXJIaXJECHUE CTapblX KPBIC B
Kpuokamepe ¢ temmneparypoir —120°C npuBomuT K
YMEHBIIEHUIO KOJTMYECTBA CTPYKTYPHBIX HApyIIEHUI
B MeMOpaHax, a TaKKe KOJIMYEeCTBa JETeHePaTHBHO
HW3MEHEHHBIX OpTraHeNJI U BKIIOUEHHH TnnodyclunHa.
BospacraeT akTuBHOCTH OMO3HEPrHYECKOro odecrie-
YeHUS MEeTa0OIMIECKUX MPOIECCOB.

X0J1010BO€ BO3JEHCTBUE HAa CTAPBIX KPBIC HE
MMOJIHOCTHIO BOCCTAHaBINWBAaET CYOMHUKPOCKOMH-
YECKYI0 apXUTEKTOHHKY KapIHOMHOLHUTOB U JHIO-
TEJTMOIUTOB KPOBEHOCHBIX KallMJIJISIPOB.

AHanmu3 U3MeHEeHHUs! YNbTPaCTPYKTYp MHOKapaa
yKa3blBaeT Ha BO3MO)KHOCTb MCIIOJIB30BAHMS KPHO-
TEpaniy Kak MOIIHOTO CTUMYIIMPYIOIIEro (akropa,
MOBBIIIAIOIIETO aKTUBHOCTh MUOKApAA.
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