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Pecpepat: Y poboTi NnpeacTaBneHo 3aranbHi YABMEHHS MPO rinoTepmito Ta BapiaHTu Ti knacudikauii. MpoaHanizoBaHo pe3ynbratu
AocnigXeHb WOAO BMAMBY FiNOTEPMIi Ha KynbTMBOBAHI KNiTMHU (OCTeobnacTu Ta OCTeoknacTu), a TakoX BMNMvMBY XOrodoBoi Ail Ta
Pi3HNX peXuMiB rinoTepMii Ha CTPYKTYpPHO-MeTabonivHi MOKasHUKN KiCTKW.

Knio4yoBi cnoBsa: xonoposa fis, rinotepmis, KynsTypa OCTEOreHHUX KMiTWH, CTPYKTYpHO-MeTaboniyHi 0cobnmBOCTi KiCTKM.

Pecbepar: B pabote npuBegeHbl obuive nNpeacTaBneHns 0 rMnoTepMuM M BapuaHTel ee knaccudukaumm. MpoaHanManpoBaHbl
pes3ynbTaTbhl UCCrefoBaHUii OTHOCUTENbHO BIIUSIHUSA TUNOTEPMUM Ha KYIbTUBMPYEMbIE KIEeTKM (0cTeobnacTbl U OCTEeOoKNacThl), a
Takke BIUSHUS XONOAOBOrO AEWCTBUS U PasfMYHbIX PEXMMOB MMMNOTEPMUUN HA CTPYKTYPHO-MeTabonmMyeckue rnokasaTenu KOCTu.

KniouyeBble crnoBa: Xonof4oBoe BO3AeWCTBME, TMNOTEPMUS, KYyNbTypa OCTEOreHHbIX KIEeToK, CTPYKTYpHO-meTabonuyeckue

0Cc0BEHHOCTM KOCTMU.

Abstract: The review presents the basic concept of hypothermia and its classifications. The findings of hypothermia effect on
cultured cells (osteoblasts and osteoclasts) as well as the effect of cold stress and different regimens of hypothermia on structural

and metabolic characteristics of bone were analyzed.

Key words: cold exposure, hypothermia, culture of osteogenic cells, structural and metabolic characteristics of bone.

Binomo, mo ¢izionorivni Ta MOpQOIIOTiuHI 3MiHH B
opraHi3mi micis Aii XoogoBoro (akTopa 3ajexarh Bijl
HoTro IHTEeHCHBHOCTI Ta TpuBaiocTi [1, 5, 13, 14, 20, 35,
51]. VY niTeparypi HaBeeHO PE3YIIBTAaTH JOCIIHKCHD
IT0JI0 BILIUBY TIMOTEPMIi, STka BUKJIMKAHA XOJIOIOBOIO
Ji€ro, Ha (QYHKIIIIO TOJIOBHOTO MO3KY, epu()epuIHNX
HEPBiB, IMyHHOI CHCTEMH, a TAKOXK Ha CEPLEBY IisIb-
HIiCTb, KPOBOOOIT, BEHTUIIALIIIO JIETEHIB Ta CTaH ILKIpH
[2, 11, 28, 29, 34, 40], npoTe MUTaHHS LOAO0 BIUIUBY
rinoTepmii Ha KiICTKOBY TKaHWHY BUBUYCHO HEZJOCTATHBO.
VY 3B’513Ky 3 IIM METOI0 poO0TH OyI10 IpoaHali3yBaTH
JaHi 110710 CTPYKTYPHO-(DYHKIIOHAIBHIX OCOOJIMBOCTEH
KICTKOBOI TKaHWHH 3a YMOB TilOTepMii Ha MiJCTaBi
aHaJTi3y HAyKOBOI JIiTeparypy.

INimoTtepmis (Big TpenbK. hypo — «3HU3Y», therme —
«TEIUIO») — MaTOJIOT1YHHUH CTaH OPTaHi3MYy , IPH SIKOMY
BHYTPIIIHA TEMIIEpaTypa Tiia Jis JroauHu csarae 35°C
1 HIK4e, 11 TBapuHU — 32°C 1 HIbKYe BHACTIIOK YOTO
MOPYIIYETHCSI OOMIH PEYOBUH Ta (PYHKLIOHYBaHHS
cHCTEeM Oprasi3my. IcHye unmaino knacudikauii rimo-
Tepmii y mronuaH [ 3, 25, 30, 41, 43, 44, 48]. H.E. Munryk
[15] Ta J. Marx [45] 3a1e:KHO BijJ MOKa3HUKIB TEMIIC-
paTypH Tina po3pi3HAIOTH rimorepmiro: jerky (32...
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It has been known that physiological and mor-
phological changes in body after cold effect depend
on its intensity and duration [6, 18, 29, 30, 46, 50,
53]. In the literature there are presented the findings
of hypothermia influence, associated with cold ef-
fect on function of brain, peripheral nerves, immune
system, as well as heart function, blood circulation
and effect on skin [7-9, 16, 25, 26]. However, im-
pact of hypothermia on bone tissue has been poorly
studied. Herewith, the research aim was to analyze
the data on structural and functional characteristics
of bone tissue under hypothermia effect based on
an analysis of scientific publications.

Hypothermia (from Greek Aypo — ‘below’,
therme — ‘heat’) is a pathological state of an orga-
nism when the internal body temperature in human
reaches 35°C or lower and in animal it is 32°C or
lower, resulting in impaired metabolism and functio-
ning of organism systems. There are many classifi-
cations of human hypothermia [4, 10, 11, 28, 32, 33,
38]. N.E. Mischuk [36] and J. Marx [34] depending
on the indices of body temperature divide hypother-
mia into mild (32...35°C), moderate (28...32°C),
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35°C), nomipny (28...32°C), Tspxky (20...28°C) i oim-
ooky (mermie 20°C). M.C. besyx [3] Buainse noBepx-
HeBy (32...35°C), nomipny (27...32°C) Ta muboky
(amxue 27°C) rinorepmito. K.-R. Lee [41] knacudikye
rimorepMiro Ha ci1adky (33...36°C), momipHy (28...32°C),
mboky (10...20°C), abcomothy (5...10°C) Ta yneTpa-
abcomotHy (0...5°C) M.L. Mallet [43] — Ha nerky
(32...35°C) ta Txky (Hmxue 27...28°C).

s knacudikarii rimorepMii y TBApHH BUKOPHCTO-
BYIOTH iHII TemmeparypHi mapamerpu: 30...32°C —
cnabka , 22...25°C — momipHa, Hmkde 22°C — Tsbkka [ 54].

3a mpuuMHaMH pO3PI3HAIOTH rinoTepMito [42]: nep-
BUHHY — PO3BUBAETHCA Y 3AOPOBUX JIFOIEH ITiJ] BIUTMBOM
(baxTOpiB 30BHIIHBEOIO CEPEAOBHIIIA, CTApiHHS Ta ap-
MaKOJIOTIYHHX IIPEnapaTiB, BTOPUHHY — BUHUKAE SIK
yCKJIaIHEeHHS BHACTIIIOK 3aXBOpIoBaHHs [ 15, 43].

Y nposeaenomy M. Mallet [43] nocmimkeHHi martieH-
TiB 13 JIETKOIO TIMTOTEPMIET0 3a3HAUEHO, 0 85% 13 HUX
Oynu crapimmu 3a 60 pokiB. 3 BIKOM TeMIeparypa Ti-
J1a 3HIKY€ETHCS 3 PI3HUX MPUYHH: 3JaTHOCTI OPTaHi3My
BUPOOIATH TETIOo [24], 3HIKEHHS aKTUBHOCTI TEPMOTe-
He3y B Oypiii JKUPOBIi TKaHHHI, 3By KEHH IEpUPEPUIHIX
cyauH [32, 48], ranbMyBaHHS METa0OIIYHUX MTPOIIECIB
B oprasismi [46]. ¥V drogel moXwiioro BiKy YIOBiJIb-
HIOIOTHCSI 1 POLIECH PEMOJIEITIOBAHHS KICTKOBOI TKaHH-
HHU 3 IEpeBaXaHHIM Pe30pOLii Ha/l KICTKOYTBOPEHHSIM,
IO CYMPOBOIXKYETHCS PO3BUTKOM OCTEONCHIYHUX Ta
OCTEOMOPOTHYHHX TopyIneHb [12, 20]. AHanoriuHi
3aKOHOMIPHOCTI BUSIBIIEHO i y cTapux TBapuH [17, 18].

3a yMOB CTapiHHS YIOBIJIBHIOETHCSI OOMiH PEYOBHH
1 €Heprii, 0 TPU3BOIUTE J0 3HIDKESHHS aanTaIliiHux
MOKJIMBOCTEH opranisMy. B neprry gepry, e o0ymoB-
JICHO 3MiHAMH B TpoIeci cuHTe3y OinkiB. Bimby-
BaIOTHCS IOPYILICHHS i B 0OMiHI BYIVIEBOIB Ta JIMiIiB,
110 [TOB’13aHO 31 3MIHOIO aKTHBHOCTI IEBHUX (DEPMEHTIB
1 OKHCITIOBAJIFHUX MPOLIECIB, & TAKO)K HAKOTTMYEHHSM Y
TKAHWHAX MEPEKHCIB JIIMiIiB.

OOMiH pedyOoBHH 3HUXKYETHCS B PE3yJIbTaTi mepe-
OXOJIOJKCHHS, SIKE MOXKE MPU3BOIUTH 0 PO3BUTKY
rimorepmii [33, 43]. loBemeHo, 10 3HUKCHHS TEMITe-
patypu Tia Ha 1°C cynpoBOKYETHCS YTIOBITHHEHHSM
3arajJbHOTO MeTaboi3My Ha 6% (BU3HAYEHO 32 TTOKA3HH-
KaMH 3MEHITICHHS CITO’KUBAHH KUCHIO) [ 55 ] BHACTIIOK
criagy O17IKOBOTO, BYTJIEBOIHOTO Ta JIITiTHOTO OOMIHY.
B ymoBax rimotepmii BiMideHO OCIIAOJICHHS 1 OCHOBHO-
ro metabonizmy [33,43]. CriocTepiraerbCs NOpyLICHHS
IuxanbHOI (DYHKIIT KPOBi, OKUCIIOBAILHHX POLIECIB Ta
KHCJIOTHO-TTY>KHO1 piBHOBaru. IloeqHaHHsS BKa3aHUX
(axropiB (Ha GPOHI XPOHIYHOT TiOTEPMil) TPU3BOIUTD
70 3MiH PETyJIITOPHUX MEXaHI3MiB 1 MOKe Oy TH ITPpUYH-
HOIO TIaTOJIOTii OpraHiB i TKaHUH, 30KpeMa 1 TKaHUH
OIIOPHO-PYXOBOI cucTeMHU. Tak, BCTAHOBIICHO, 110 3a-
raJibHa IIHOOKA TirmoTepMis (TrepeOyBaHHS Ty pPiB Y CTIe-
iaTbHIN X0JI00BiH KaMepi 10 3HIKEHHS pEeKTaTbHOT
temriepatypu 10 15°C) npu3BOIuTh 10 BHPAKESHUX
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severe (20...28°C) and deep (below 20°C) ones.
M.S. Bezukh [10] distinguishes surface (32...35°C),
mode-rate (27...32°C) and deep (below 27°C) hypo-
thermia. K.-R. Lee [33] divides hypothermia into
weak (33...36°C), moderate (28...32°C), deep (10...
20°C), absolute (5...10°C) and ultra absolute (O...
5°C). M.L. Mallet [32] classifies mild (32...35°C)
and severe hypothermia (below 27...28°C).

To classify a hypothermia in animals there are
used other temperature parameters: weak (30...
32°C), moderate (22...25°C), severe (below 22°C)
[51].

According to the principles there are primary and
secondary hypothermia [31]. Primary hypothermia
develops in healthy people under the influence of
environmental factors, aging, and pharmacological
agents, secondary one occurs as a result of disease
complications [32, 36].

In clinical study performed by M. Mallet [32] in
the patients with mild hypothermia it has been em-
phasized that 85% of them were older than 60 years.
With age, the body temperature reduces because of
different reasons: an organism’s ability to produce
heat [3], decrease of thermogenesis activity in
brown adipose tissue, peripheral vascular constric-
tion [13, 38], inhibition of metabolic processes in an
organism [37]. In older people the remodeling pro-
cesses of bone tissue are inhibited with a predomi-
nance of resorption over osteogenesis, accompanied
by the development of osteopenic and osteoporotic
disorders [27, 50]. Similar regularities were found
in aged animals [41, 42].

Aging is accompanied with an inhibition of
metabolism and energy exchange, resultung in
reduction of adaptive capabilities of an organism.
This is primarily due to the changes in protein syn-
thesis. There are disorders in metabolism of carbo-
hydrates and lipids, associated with an activity
change of certain enzymes and oxidative processes
as well as the accumulation of lipid peroxides in
tissues.

Metabolism is inhibited due to hypothermia, which
can lead to the development of hypothermia [14,
32]. It has been established that reduction of body
temperature by 1°C is accompanied by 6% slow-
down of general metabolism (it is determined by
reduced indices of oxygen consumption) [55], due
to the decrease of protein, carbohydrate and lipid
metabolism. Under hypothermia it has been noted
the weakening of fasting metabolism [14, 32]. There
is disruption of respiratory function of blood, oxida-
tive processes and acid-base balance. The combina-
tion of these factors (on a background of chronic
hypothermia) leads to the changes in regulatory
mechanisms and can cause pathological changes in
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CTPYKTYpPHO-METabO0JIIYHUX TOPYILEHb SIK Y KIITHHAX
cyro0oBoro xpsiua (MiKHO3 siIep XOHAPOLIUTIB, Ji3HC
OKpEMHX AUISTHOK LUTOIUIA3MH, PEAYKLIs eHIoMIa3-
MaTUYHOI CiTKH, anaparty lonpmxi, pyidHaList KPUCT
MITOXOH/Ipiii), TaK ¥ Y MDKKITITHHHOMY MarpurKci (3MiHa
CKJIaJy IPOTEOTTIKAaHOBUX KOMIUIEKCIB, HAOPSIK Ta Jie-
MacKyBaHHS KOJIar€HOBUX BOJIOKOH) [8, 37].

Ha nanwii wac giro rimorepMii Ha KICTKOBY TKAHUHY
JIOCIIKYIOTh Y IBOX HAIIPSIMKaxX: Ha PiBHI OpraHizmy,
a TaKOX y KyJIBTypi KITITHH (0CTe00MacTiB i ocTeOKIac-
TiB), IO JO3BOJISIE OLIHUTH CTPYKTYPHO-META00MIuHI
0COOJIMBOCTI TOCHIIKYBaHOTO 00’€kTa 0€3 BILTUBY
SHJIOTeHHUX (paKkTOpiB Opranizmy.

Bnume rinorepmii Ha KyJIbTHBOBaHI KJIiTHHH

VY KynbTypi KIITHH MOXIMBO 3MOJEIIOBAaTU IO
TeMIepaTypHHUX MapaMeTpiB, AKi BIAMOBIIAIOTh YMO-
BaM TiOTEPMIii, IO CIOCTEPITAETHCS y JIOACH Ta
TBapUH.

Hiro nerkoi (35,5°C) ta momipHoi (34°C) rimorepmii
JIOCIT1KYBaJIM Ha KyJIFTUBOBAHUX BITPOIOBXK 14—16 1i0
ocreo0acTax, BUAIJICHUX 31 CKJICTIIHHS Yepera HOBO-
HapOPKEHUX LIYPiB, a TAKOK OCTEOKIACTAax, OJeprKa-
HUX y KYJIBTYpi 3 0CTEOKIacTHOPMYIOUMX MOHOLIUTIB/
Makpo(ariB KiICTKOBOTO MO3KY MHUIIIEH 6—8-THKHEBOTO
Biky [48]. BusBneHo npurnidenns npomnidepauii Ta
nudepenmianii ocTeo0n1acTiB IpH BKA3aHUX PEKUMAX
rinotepmii. KiTbKicTh 0CTEOOIACTIB Y KYIBTYPi TICIIS
14 116 KynBTUBYBaHHS B yMOBaX MOMIpHO] TimoTepmii
(34°C) 3smenmmnacek Ha 30%. Kpim Toro, 3am3uBCs 6i0-
CHHTE3 JTy>KHO] (hocharazu, OCTEOKABIMHY Ta KOJIareHy
I Turry. @opmyBaHHS KiICTKOBHX BY3JHKIB OCTe00Iac-
TaMH, KyJIETHBOBAaHUMH 3a Temreparypu 34°C ympo-
noBx 16 ni6 3menmmnocs Ha 95%, a 3a Temneparypu
35,5°C —na 75% y nopiBHSIHHI 3 KOHTPOJIBHOIO KYJIBTY-
poto (37°C). Bimomo, mo mij BIUIMBOM TilOTEPMii
(32°C) y kynbrypi piOpobIacTiB MOPYIIyETHCS MITO-
TUYHUH TUKIT 32 paxyHOK nozxosxeHHs ¢azu G1 [47].
J. Patel i ciiBaBT. [49] mpumyckaroTh, 0 iHIINM MeXa-
HI3MOM TIPUTHIYCHHS TpoJiipepaTnBHOT aKTHBHOCTI
0CTeo0IIacTiB MOke Oy TH MOpyIeHHs QYHKITIT peren-
topiB TRPV (Transient Receptor Potential Vanilloid)
KaHaJiB, 00 came 0cTe00IaCTH EKCIIPECYIOTh Pi3HI pe-
nentopu 1ux karaiiB (TRPV2 ta TRPV4). Moxuso,
o TRPV xaHanm € TeMIiepatypHIMH CEHCOPaMH KITi-
THH [23], IpoTe 11e PpUIyIIeHHS NOTpeOy€ MOAAIBIIOTO
BUBUYCHHSL.

VY kynbrypi ocreobnactis arogunu (1iHii NHOst)
JIOCIIKYBAJIU JIIF0 KOPOTKOYACcHOT (BIIPoAoBXK 12 To-
muH) serkoi (35°C) Ta tsoxkoi (27°C) rimorepmii (3a
knacudikariero M.D. Aisha [25]). Bcranosneno, mo
IiCIIS BIUTABY JIETKOI TiMMOTepMii 0CcTe00acTH 3aiu-
[IAIOTHCS JKUTTE3NATHUMHE Ta O10CHHTETHYHO aKTHBHU-
MH, OJHAK B HUX I IBUIIYETHCS IHTCHCUBHICTH (DITyO-
PECIICHITIT aKTHHOBUX BOJIOKOH ITUTOCKEIIETA, SIKi OepyTh
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organs and tissues, including musculoskeletal tissues.
Thus, it has been found that total deep hypothermia
(exposure of rats to a special cold chamber to re-
duction of rectal temperature down to 15°C) leads
to severe structural and metabolic disorders as in
articular cartilage cells (pyknosis of chondrocytes
nuclei, lysis of separate sections of cytoplasm,
reduction of endoplasmic reticulum, Goldgi appar-
atus, mitochondria cristae destruction), and in the
intercellular matrix (composition change of proteogly-
can complexes, swelling and demasking collagen
fibers) [17, 20].

Hypothermia effect on bone tissues has been
currently examined in two ways: at the level of the
body, and in cell culture (osteoblasts and osteo-
clasts) enabling to assess structural and metabolic
peculiarities of investigated object without affecting
endogenous factors of an organism.

Effect of hypothermia on cultured cells

In cell culture it is possible to simulate the effect
of temperature parameters, which satisfy hypother-
mia conditions observed in humans and animals.

The effect of mild (35.5°C) and moderate (34°C)
hypothermia was investigated for 14—-16 days in
cultured osteoblasts isolated from calvaria of new-
born rats, and osteoclasts derived from the culture
of osteoclast-forming monocytes/macrophages of
bone marrow of 6—8 weeks old mice [38]. It was
found an inhibition of proliferation and differentiation
of osteoblasts under given regimens of hypothermia.
The number of osteoblasts in culture after 14 days
of culturing in moderate hypothermia (34°C) decrea-
sed by 30%. In addition, biosynthesis of alka-line
phosphatase, osteocalcin and collagen of type-I de-
creased. Bone nodule formation by osteoblasts
cultured at 34°C during 16 days decreased by 95%
and at 35.5°C reduced by 75% if compared with the
control culture (37°C). It is known that under hy-
pothermia (32°C) in fibroblasts culture a mitotic cycle
is disrupted by lengthening G1 phase [37]. J. Patel
et al. [39] suggest that another mechanism of in-
hibition of osteoblasts’ proliferative activity may be
the dysfunction of TRPV receptors (Transient Re-
ceptor Potential Vanilloid) channels, whereas os-
teoblasts, in particular, express different receptors
of these channels (TRPV2 and TRPV4). It is
possible that TRPV channels are temperature sen-
sors of cells [1], but this hypothesis requires further
study.

In the culture of human osteoblasts (NHOst line)
the effect of short-term (within 12 hours) mild
(35°C) and severe (27°C) hypothermia (according
to the classification of M.D. Aisha [4]) was investi-
gated. It has been established that after exposure

281



y4acTh y PYXOBiH aKTUBHOCTI KIIITHH Ta KIITHHHHUX
oprasred. [licis BIDTMBY Ha KyJIETHBOBaHI OCTEOOIACTH
TSDKKOI TIIoTepMii BigMiueHo Oinbl BUpaXeHi (opiB-
HSTHO 3 Ji€10 IOMIpHOI rinoTepmii) 3MiHH y CTPYKTYPpi
LUTOCKENeTa. AKTHHOBI BOJIOKHA 3 IHTEHCUBHOIO ()ITyO-
PECILEHIII€I0 JTOKaIi3yBallCs HABKOJIO SpPa, a B HOPMI
BOHH PO3TAIIOBYIOTHCS PIBHOMIPHO B IIUTOIUIA3Mi Ta
BUSIBIISTIOTH HE3HAUHY (UTyopeceHLio. 3MiH y TyOyIiHo-
BUX CTPYKTypax (MiKpOTpyOOUKH) MPAKTUYHO HE
BHsABIIeHO. KpiMm TOTO, CriocTepirany 3HWKEHHS aKTHB-
HOCTI Jy>kHO1 pocdarazn Ta OCTEKANBIIUHY, a TAKOXK
ekcripecii CD44 (moBepXHEBOTO KIITUHHOTO ITIKOIPO-
TETHY, IKUH BIAIrpae BaXKINBY pOib y aAresii Ta Mirparii
KJiTHH). Byo BcTaHOBNIEHO, MO 301UIBIICHHS TEPMIHY
Jii 1erkoi rinoTepMii 10 24 rorH NPU3BOIUIIO A0 ITOSBU
aTnoONTOTHYHUX KITITUH, KUTBKICTB KX Oyna Ha 3,54%
OLITBIIIO0 Y TIOPIBHSHHI 3 KOHTPOJIBLHOFO KYJIETYPORO, ITPO-
T€ 0CcTEe00JIaCTH 3aTuIIanncs MeTa0oJiYHO aKTHB-
HuMH [24]. B ymoBax TsKkoi rinorepmii KiIBKICTb
aIoNTOTHYHUX KIIITHH 301nbImiIack Ha 13,2%, Oyio 3a-
(ikcoBaHO 3HIKEHHS Ha 56,7% GlocuHTE3y OcTE00ac-
TaMu O1JIKIB.

301IbIICHHS Yacy KyJIETUBYBaHHS OCTEO0IACTIB 10
5 116 B ymMmoBax TspKKo] rimorepmii (27°C) mpu3BoauIiIo
10 3Ha4HOTO 3HMKeHHs ekcnpecii MPHK, sxa xkoxye
marpukcauii 0110k SPARC (secreted protein acidic
and rich in cysteine). BiH Bilirpae BaXJIHMBYy pOJIb Yy
(hopMyBaHHI MO3aKIITHHHOTO MaTPUKCY, a TAKOXK Y
perymsiuii nposnidepartii, anresii Ta pyxoBiii akKTHBHOCTI
0CTE00JIACTIB, 110 € BAXKJIMBOIO JIAHKOIO OCTETECHE3Y.
3a iioro yuacTio BinOyBaeThcs 30a1aHCyBaHHS IpoLie-
ciB opmyBaHHs KicTKH Ta ii pe3opOuii [26]. 3a ymoB
i1 rimorepMii BimmiueHo 3HIKeHHs ekcripecii SPARC
Ta npouideparii KITiTHH.

VY BuUmagky KyJIbTHBYBaHHS BIPOXOBX 16 mi0
MOHOHYKJICAPHHUX MONIEPETHUKIB OCTEOKIIACTIB Ha INC-
Kax 31 CIIOHOBOI KICTKH 3 /I01aBaHHAM (PaKTOpiB, SKi
CTUMYIIOIOTE ocTeokiactorene3, M-CSF (macrophage
colony-stimulating factor) i RANKL (receptor acti-
vator of nuclear factor kappa-B ligand), BctanoBne-
HO, 110 KiJIBKICTh OCTEOKIJIACTIB 3HAYHO 301IbITYE€THCS
B KyJIbTypax micist aii nerkoi (35,5°C) i, ocobnuso,
nomipHoi (34°C) rinotepMii MOPiBHSIHO 3 KOHTPOJILHOIO
KyabTypoto (37°C) [48]. 30inblryBanack TAKOX IUIOLIA
Ppe30pOLIii IUCKIB, Ha SKUX KYJIBTHBY BT MOHOHYKJIEap-
Hi TIONEPEIHUKY OCTEOKJIACTIB, 1110 CBIMYHUTH PO aude-
PEHIIIAIII0 Ta AKTUBAIII0 0CTeOKIIACTIB. KiNbKicThb oc-
TEOKJIACTIB 1 JJAKYH pe30pOLii miABuImiIach y 1,5 pasu
(3a remnepatypu 35,5°C) iy 2 pasu (3a TeMiieparypu
34°C) nopiBHSAHO 3 KOHTPOIBHOIO KYNIbTyporo. Ha mym-
Ky aBTOpIB, pe3yJIbTaTH, OJiepKaHi B KyJIbTYpi KIITHH,
JIO3BOJISIFOTH IPUITYCTUTH HMOBIpPHHI HEraTUBHUIA BILIHB
rinoTepmii Ha peMOJIETIOBAaHHSA KiICTKH Y JIITHIX JItoed
Yyepe3 aKTUBI3ALIIIO0 ITPOLECY Pe30pOIIii.

Ha BigMiHy Bij BUIIIEHaBEACHUX JAHUX MO0 aKTH-
Bi3allii B yMOBax TilOTepMii OCTEOKJIACTOTCHE3Y
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of mild hypothermia the osteoblasts remain viable
and biosynthetically active, however, the fluorescen-
ce intensity of actin fibers of cytoskeleton, involved
in motor activity of cells and cell organelles increa-
ses. After exposure of severe hypothermia to cultu-
red osteoblasts there were observed more expres-
sed changes (if compared with the effect of modera-
te hypothermia) in the structure of cytoskeleton.
Actin fibers with an intensive fluorescence are loca-
lized around the nucleus, but normally they are
placed homogeneously in the cytoplasm and exhibit
slight fluorescence. There were no changes in tubu-
lin structures (microtubules). Moreover there was
ob-served a decrease in alkaline phosphatase and
os-teocalcin activity as well as expression of CD44
(surface cell glycoprotein playing an important
role in adhesion and cell migration). It was revealed
that increasing the term of mild hypothermia effect
up to 24 hours resulted in the appearance of apop-
totic cells, which number was by 3.54% higher if
compared with the control culture, herewith the os-
teoblasts remained metabolically active [3]. Under
severe hypothermia the number of apoptotic cells
increased by 13.2%, there was also observed a dec-
rease by 56.7% of biosynthesis with osteoblast
proteins.

Extending the culturing of osteoblasts up to 5 days
under severe hypothermia (27°C) resulted in a
significant reduction in mRNA, which encodes the
matrix protein SPARC (secreted protein acidic and
rich in cysteine). It plays an important role in forma-
tion of extracellular matrix, as well as in regulation
of proliferation, adhesion and movement activity of
osteoblasts, that is a significant part of osteogenesis.
With its participation balancing the processes of
bone formation and resorption occurs [2]. During hy-
pothermia there was observed a reduction of
SPARC expression and cell proliferation.

When culturing for 16 days mononuclear precur-
sors of osteoclasts on ivory discs with the addition
of the factors, stimulating osteoclastogenesis such
as M-CSF (macrophage colony-stimulating factor)
and RANKL (receptor activator of nuclear factor
kappa-B ligand), it was established that the number
of osteoclasts significantly increased in the cultures
after exposure of mild (35.5°C) and, in particular,
moderate (34°C) hypothermia if compared with the
control ones (37°C) [38]. There was also increased
the surface of resorption discs on which mononuc-
lear precursors of osteoclasts were cultured, testi-
fying to differentiation and activation of osteoclasts.
The number of osteoclasts and resorption lacunae
increased in 1.5 times (at 35.5°C) and 2 times (at
34°C) if compared with the control culture. The
authors believe that the results obtained in cell cul-
ture suggest a potential negative impact of hypo-
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S. Meghji Ta criBaBT. BCTAHOBHJIHM, 1110 38 YMOB KYJIBTH-
BYBaHH: 0cTe001acTiB (KITITHHHA JIiHIs 0cTeo0nacTiB
MG63) ynponox 106w (3a Temneparypu 33°C) Bigmi-
YeHO MiABUILICHHS O10CUHTE3Y OCTEONPOTETiPHHY, B TOH
yac gk excrupecig perentopiB RANKL 3amumanacs
Ha TOMY X piBHI, TOOTO CTBOPIOBAJINCS YMOBH ISt
MIPUTHIYEHHS aKTUBI3amii octeobactis [45].

Takum YMHOM, Pe3yIIBTaTH 0CTiIKEHb, BAKOHAHUX
Ha KyJIBTYpi KJIITHH, CBiT9aTh PO BIUTUB TiOTepMii pi3-
HO1 IHTEHCHBHOCTI Ha KJIITHHU KiCTKH, SIKi 0€pyTh y4acTh
y il pemozentoBaHHi (0CTE00IaCTH Ta OCTEOKJIACTH).
Po3rnsiHeMo, AKUM YHHOM TiNOTEepMis Ji€ Ha CTaH
KIITHH (TIpoidepaTuBHY aKTHBHICTh, yIBTPACTPYyK-
TYpHY OpraHi3aiito, 0cOOIMBOCTI METa00Mi3MYy) KiCTKH
Ha piBHI OpraHi3My, a TAKOX Ha CTPYKTYpPHY OpraHi3aLiro
MaTPHKCY KiCTKOBOI TKAHUHHU.

Bnaue oxoJiom:keHHs1 Ta rimorepmii Ha cTaH
KiCTKOBOT TKAaHUHU

MexaHi3M [ii TimoTepMii Ta HU3BKUX TEMIEpaTyp
Ha KICTKOBY TKaHWHY Ha CHOTOJHI HE PO3KPUTHH.
IcHyTOTH HaHi Mpo Te, 10 B YMOBAaXx BILIMBY HA OPTaHizM
PI3HHX BUAIB CTpecy, B TOMY YHCIi H XOJI0JO0BOTO,
BiJ10yBa€THCS aKTHBI3aIlis BUTbHOPAIUKAIEHOTO OKUC-
aenHs minigis [19, 21], m1o npu3BoANUTE A0 HOPYIICHD
TOPMOHaJIBHOI peryisanii, 30iIbIIeHHS KOPCTKOCTI
MeMOpaH KIIITHH, 3MEHILIEHHS iX PyXJIMBOCTI, TOCHJICHHS
nabimizanii mizocomanpaux MeMOpan [9]. Lle, y cBoro
4epry, MONIHOIIIOE CTPECOPHE YIIKOHKEHHS 1 MOXKe
OyTH TPUYHHOIO NECTPYKTHUBHUX 3MiH Y KiCTKOBiH
TkaHuHi [6, 10]. CraH KicTKOBOT TKAHMHH BH3HAYAIN
SK 3a YMOB XOJIOZIOBOI fii (0e3 BU3HAUCHHS TeMIIepa-
TypH TiNla), TaK i rinoTepmii pi3HUX peXUMiB (3 BU3HA-
YEHHSIM TeMIIepaTypH Tijia).

Tak, cTpyKTypHO-METabONIYHUI CTaH Ta peMo/ie-
JFOBaHHS KiCTKOBOT TKAHUHHU JJOCIIJKYBalld B yMOBaX
nii caOKkoi rimotepmii, sika Oyna 3MoziennboBaHa rnepely-
BaHHSM 6- Ta 24-MiCSIYHUX LIYPiB y XOJIOHOBiH Kamepi
(=20°C Brpomomx 5 ni6 mo 5 roamn/mody) [17,18].
Bussieno, 1m0 miciis 3aKiHdeHHs il X0JI0mM0BOTo (ak-
TOpa TEMIIEpaTypa Tila y 6-MiCSIHHX IITypiB CTAHOBHUIIA
36,3°C, ay 24-micssunux — 32,2°C (y HOpMI TeMIiepa-
Typa Tina TBapuH — 38,5 ta 39,5°C). Lle cBigunTh IIpO
TIMOTepMIYHHI CTaH OpraHi3My. Pe3ynsrary rictomoriy-
HOTO Ta YNBTPACTPYKTYPHOIO aHaji3y OTpUMAalH Ha
28-y no0y micas aii rimotepmii. loBeneHo, mo rinorep-
Mist HETaTUBHO BIUIMBAJa Ha YIBTPACTPYKTYPHY Opra-
Hi3aIli0 KITITHH KiCTKH K MOJIOJIUX, TaK i CTApUX IIyPiB.
Bynu BUsABIICHI YMCTICHHI OCTEOLUTH 3 MIKHO30M SiApa
Ta aloNTOTUYHI KIiTHHU. B ocTeobnacrax Ta octeonu-
Tax CIIOCTEPIrajay NOPYLIEHHs CTPYKTYPH IPaHy ISIPHOL
€HJIO0TIJIa3MaTHYHOI CITKH (JEeCTPYKIlisA MeMOpaH,
3MEHIIICHHS ILTEHOCTH PHOOCOM), MITOXOHIPIH 1 CTPYK-
TypH siipa. 3HAYHO 301TBITYBAIACH KITBKICTD JII30COM
y ITUTOIIA3MI KIIITHH. BUpakeHi 1eCTpyKTUBHI 3MiHH
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thermia on bone remodeling in older people due to
the activation of resorption.

Contrary to above mentioned data as for activa-
tion of osteoclastogenesis under hypothermia
S. Meghji et al. established that during culturing of
osteoblasts (MG63 osteoblasts cell line) for a day
at 33°C there was observed the increase of osteo-
protegrin biosynthesis, while the expression of
RANKL receptors remained at the same level i.e.
the conditions for inhibiting the activation of osteo-
blasts were created [34].

Thus the results of research carried out in cell
culture indicate hypothermic effect of various inten-
sity on bone cells that are involved in its remodeling
(osteoblasts and osteoclasts). Let us consider how
hypothermia affects bone cells (proliferative activity,
ultrastructural organization, metabolism peculiari-
ties) in organism, on the structure of bone tissue
matrix as well.

Effect of cooling and hypothermia on bone
tissue

Nowadays the mechanism of hypothermia and
low temperatures effects on bone tissue have not
been completely understood. There are the data that
during influence on organism of different types of
stress, including cold, the activation of free radical
oxidation of lipids [44, 49] occurs, resulting in dis-
orders of hormonal regulation, increasing flexibility
of cell membranes, reduction of their mobility, dest-
ruction of lysosomal membranes [23]. This, in turn,
may be the cause of destructive changes in bone
tissue [24, 54]. The bone tissue state was investi-
gated under conditions of cold stress (without
determination of body temperature) and hypothermia
of various regimens (with determination of body
temperature).

Thus, structural and metabolic state and remode-
ling bone tissue were studied under weak hypother-
mia, modeled by keeping 6- and 24-month-old rats
in a cold chamber (—20°C for 5 days, 5 hours/day)
[41, 42]. It was found that after the finish of cold
effect the body temperature in 6-month-old rats was
36.3°C, and in 24-month-old ones it was 32.2°C
(normal body temperature of animals is 38.5 and
39.5°C). This testifies to hypothermic state of an
organism. The results of histological and ultra-struc-
tural analysis were obtained to the 28" day after
hypothermia effect. Hypothermia has been proved
to negatively affect the ultrastructural organization
of bone cells of both young and old rats. There
were revealed numerous osteocytes with nucleus
pyknosis and apoptotic cells. In osteoblasts and os-
teocytes there were observed structure damages of
granular endoplasmic reticulum (destruction of
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BiZIMiY€Hi y MITOXOHZPiAX — HAOyXaHHS Ta Ji3H1C MiTO-
XOHZpiaTbHUX MEMOpaH 1 KPUCT Ha OKPEMUX AUTAHKAX.
i mopyIIeHHS MO3HAYAI0THCS HA €HEPIeTHUYHOMY
3a0e31eueHH] KJIITHH, 10 € OJHHMM 13 MEXaHI3MIB 1X Je-
cTpykmii Ta 3aruberi. JloBeneHo, 1Mo rinorepMis Hera-
THBHO BIUIMBA€E HA CTAaH ME3EHXIMAILHUX CTPOMAITLHUX
KJIITHH KICTKOBOTO MO3KY, IPUTHIYYIOUH iX mpostidepa-
TUBHY aKTUBHICTh B yMOBaX KyJIbTHBYBaHHS 1 31aTHICTh
YTBOPIOBATH KJIITHHHI KOJIOHI].

Y KOMIIaKTHi¥ Ta ry0UacTiif KiCTIIl SIK MOJIONX, TaK
1 cTapuXx LIypiB, BUSBICHO 3HA4Hi AECTPYKTUBHI OPY-
LIEHHS: 3MEHILICHHS IIUTBHOCTI OCTEOLMTIB HA TOBEPXHI
KiCTKOBHX TpaOeKyIl, pO3IIUPEHHS JaKyH OCTEOLUTIB,
OCTEOJII3UC, PO3IIAPYBaHHS KiICTKOBOIO MaTPUKCY 3
JeMacCKyBaHHSM KOJIATCHOBUX BOJIOKOH, TPIIIMHU Ta
LIUTMHY. 3Havy11e OUTBIIMME JeCTPYKTUBHI 3MiHK OyIH
y KICTKOBi# TKaHHHI CTapuX I1ypiB. AHaii3 MOphoMeT-
PUYHMX TTOKa3HUKIB PEMOJICITFOBAHHS KICTKOBOT TKAHH-
HU TT0Ka3aB, 11O TITOTepMisi BKa3aHOTO PEKUMY aKTHBI-
3y€ OCTEOKJIACTOTEHE3 i TPUTHITY€E OCTEO0IaCTOTEHES,
10 TIPU3BOINTH JIO TIepeBasKaHHs (0COOIHMBO Yy CTapuX
1ypiB) pe3opouii kicTku [17,18]

HocnixyBanu BIUTMB TPUBAJIOT X0JIOAOBOI Iii
(urypiB npotsirom 14 ta 30 1i0 yTpuMyBaiu B KJIiMaTo-
Kamepi 3 Temneparypoto —15°C no 3 rogusu Ha 100y )
Ha MikpoenemeHTHui (Mg, Ca, Al, P) ckitag Marpukcy
CTErHOBOI KiCTKH, IPH IIbOMY TeMIepaTypy Tijla
TBapHH He KoHTpomoBanu [ 10]. 3a yMoB BkazaHO1 X0JI0-
JOBOT /i1 BCTAaHOBJIEHO MOPYIICHHS MiHEPaIHHOTO
oOMiHy y KicTii: Ha 14-Ty o0y BMicT Mg migBUIITUBCS
Ha 37,6%, a uepe3 30 ni6 3um3uBcs Ha 4,8% Bifg
ITOYaTKOBOTO, piBeHs Ca Ha 14-Ty HOOY ITiABUIIUBCS
Ha 13,7%, agepe3 30 116 3am3MBCS Ha 12,6% BiqHOCHO
KOHTpPOJIbHHX NOKa3HUKIB. KoHrenTpartis Al y 1ieit ctpok
Oyna BULIOIO Ha 3,2% 3a KOHTPOJIBHI TOKA3HUKH, a Yepe3
30 ni6 3um3mnacs Ha 32,3%. Piens P y kicriii Ha 14
i 30-Ty 100y 3HauHO 3HU3MBCA (67,0 168,1% Biamnosia-
HO). By70 3adikcoBano 3MiHYy BMiCTy IPOIYKTiB Nepe-
KHCHOTO OKUCHEHHs JimigiB. Yepe3 14 ni6 micus aii
XOJIOAy Ha OpraHi3M IMypiB BiA3HAYaIW 3HAUYIIE
HakonmaeHHs (B 1,68 pa3a OinbIle MOPiBHIHO 3 KOHT-
poJieM) TiEHOBUX KOH FOTaTiB.

[Toni6ue mocmimkenns 6yio nmposeaeno O.10. 11la-
AITOBHM i CITiBaBT. [22], SIKi BUBYAIIH KUTHKICHI TIOKa3HH-
ku BMicTy MikpoeneMmeHTiB (Fe, Mg, Ca) y KiCTKOBIif
TKaHHHI Yepera U1y piB Micisi TPUBAJIOL XOJIOA0BOI [il.
Hocnigni TBapuHu yriponosx 14 ta 30 1i6 mo 3 roauHu
Ha 100y mepeOyBasu B KiIiMaToKamepi, sika CTBOPIOE
MOCTIHHUH pexxuM oxosomkerHs —1 5°C 3a BomorocTi
HaBKOJIMIIHBOTO NOBiTPs Big 70 1o 80%. ABTOpH, 5K 1
y noriepegHpOMY AociibkerHi [ 10], Takox He BUMIpIO-
BaJIM TEMIIEPATypy Tija TBApHUH.

HoBeneHo, 1110 TpyUBaJIUA X0JI0A0BUIA BIUIUB 3HAYHO
301TBIITy€E KOHIIEHTPAITIFO MiKPOEIEMEHTIB Y KiCTKOBIM
TKaHWHI TOCIITHUX TBAPUH MOPIBHSIHO 3 IHTAKTHOIO
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membranes, reduction of density of ribosomes),
mitochondria and nucleus structure. A number of
lysosomes in cytoplasm was significantly increased.
In mitochondria there were observed expressed
destructive changes such as swelling and lysis of
mitochondrial membranes and cristae in some areas.
These disorders affect the energy supply of cells
that is one of the mechanisms of their destruction
and death. It is proved that hypothermia negatively
affects the state of mesenchymal stromal bone
marrow cells, inhibiting their proliferative activity
during culturing and ability to form cell colonies.

In a compact and spongy bone of both young
and aged rats strong disruptive disorders such as
decrease of osteocytes density on the surface of bo-
ne trabeculae, osteocytes lacunae expand, osteolysis,
fibering of bone matrix with collagen fibers retrieval,
cracks and crevices were revealed. Destructive
changes were significantly higher in bone tissue of
old rats. Analysis of morphometric indices of bone
tissue remodeling showed that hypothermia of the
given regimen activated osteoclastogenesis and
inhibited osteoblastogenesis, leading to the preva-
lence (especially in aged rats) of bone resorption
[41, 42].

There was studied the effect of prolonged cold
effect (the rats were maintained for 14 and 30 days
in climate-chamber at —15°C for 3 hours a day) on
microelement (Mg, Ca, Al, P) composition of thigh
matrix, while the body temperature of animals was
not controlled [24]. Under cold stress there was re-
vealed a disturbance of mineral metabolism in bone:
to the 14" day Mg content increased by 37.6%, and
after 30 days it decreased by 4.8% from the initial
one, Ca level to the 14" day increased by 13.7%,
and after 30 days it decreased by 12.6% if compa-
red with the control indices. The concentration of
Al in this period was by 3.2% higher if compared
with the control indices, and after 30 days the one
decreased by 32.3%. The level of P in bone to the
14" and 30™ day was significantly reduced (by 67.0
and 68.1%, respectively). There was revealed a
change in the content of lipid peroxidation products.
Significant accumulation of diene conjugates (in 1.68
times higher if compared with the control) was
observed 14 days later cold exposure on rats.

A similar study was performed by O.Yu. Shara-
pov et al. [45] who studied the quantitative indices
of microelement content (Fe, Mg, Ca) in bone tis-
sue of rat cranium after long-term cold effect. The
experimental animals during 14 and 30 days for 3 hrs
were kept in climate chamber, which maintained a
constant cooling regimen —15°C at humidity from 70
to 80%. The authors, as in the previous study [24]
also did not measure the body temperature of animals.
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rpymnoro. Tak, Ha 14-Ty o0y xoHueHtpauis Fe Oyna
BHIIOIO 32 TIOKa3HHUKH MOYaTKoBOro piBHs (164,47 £
0,77)% (p < 0,01), a va 30-y noOy mero 3HU3UIACH i
cranoBmia (72,81 +0,32)% y nopiBHSAHHI 3 IHTAKTHUMH
urypamu (p < 0,01). Konnerrparis Mg Ha 14-ty 106y
Oyna Ha (34,54 £ 2,48)% sumioro (p <0,01), ana 30-Ty —
Ha (10,28 + 1,02)% nHuxuoro (p < 0,05) 3a HoKa3HUKH
[IOYaTKOBOTO PiBHA. B 1€l cTpoK criocTepeskeHHs Biji-
3HAYaJIHM JesKe MiABHUINCHHS KoHIeHTpalii Ca Ha
(12,45 £1,66)% Bix Buxinuoi (p <0,05), aua 30-y mo-
Oy — Biporiane ii 3Hmxenns Ha (13,02 +0,28)% y nopis-
HSTHHI 3 TOYaTKOBUMHU Moka3HukamH (p < 0,01).

VY excnepuMeHTaTFHOMY HocIimpkeHHI A. Riesen-
feld [50] BcTaHOBNIEHO 3MCHIIICHHS TOBIUHH KOPTH-
KaJILHOTO IIapy JOBTMX KiCTOK IypiB Ha 7-y 100y micis
o 10 xB mpotsrom 10 1i6). [IpurHideHHs pocTOBHX
MIPOIIECiB y emidizapHOMY XPSIIIi BHACTIIOK 3arubernti
XOH/IPOLIUTIB Ta pyHHYBaHHS emi(i3iB TOBIUX KiCTOK
KPOJIiB TiJT BIUTMBOM XOJIOAOBOI ii (0OXOJIOMKESHHS
KIHITIBKH MOJIOJUX KPOJIIB Y €THIOBOMY cIiHPTi (96°)
1o 20 Ta 15°C) npuzBeno 10 3HAYYIMIOTO 3MEHIEHHS
JIOBYKHHHU KiHITIBKH [30].

B. Steinberg i crriBaBT. [ 53] BUBYAIIH BILTHB XOJIOO-
Boro crtpecy uepe3 7, 15, 21, 50 i 90 xi6 Ha cTan
CTETHOBOI KiCTKH XOM sIKiB, 5IKi TepeOyBalTi B XOJIOIOBIH
kamepi ipu 5°C. KoHTponbHUX TBAPHH YTPUMYBAJIH 32
temnepatypu 27°C. I'ictromopdhomMeTpruuHuil aHami3
moKa3as, 110 micist 90 110 X0I00BOTO CTPECyY BinOyBa-
IOTBCS 3MiHH CTPYKTYPHOI OpraHi3allii KiCTKOBOI TKaHH-
HU: 30UTBIIEHHS KITBKOCTI pe30pOiifHNX TOPOKHIH,
3aIOBHEHUX OCTE00IaCTaMU; PO3IIUPEHHS TIPOCBITY
[IEHTPATHHIX KaHAJIIB OCTCHIB; 3MECHITICHHS KUTHKOCTI
OCTEOHIB Ta IO KICTKOBHX Tpabeky:1. 3adikcoBaHi
3MiHH B KICTKOBI TKaHHHI aBTOPH BIHOCSTH JI0 OCTEO-
MOPOTUYHUX TTOPYIICHb.

B ymoBax xoi1010B01 il gociimKyBamu i MmeTabo-
Ji4HI 3MiHHU y KICTKOBiH TKaHuHi. B ekcriepumeHTi,
npoBenenomy P. Patterson-Buckendahl i cniBasr. [49],
Ty piB OXOJIOMKYBaJH (X0J1010Ba kKamepa —8°C) mpoTsi-
rom 3-x TrkHiB (1,5 romquan Ha 100y ), TTiCHIS 90T0 0YII0
3a(ixcoBano 3amKeHHs Ha (21,8 + 1,4)% piBHA ocTeo-
KaJIBIIMHY B TJ1a3Mi KPOB1 HOPIBHSHO 3 KOHTPOJIEM, 1110
BKa3ye Ha MPHUTHIYCHHS O10CHHTETUYHOI aKTHUBHOCTI
0CTE00JIaCTIB Ta YIIOBITHPHEHHS ITepeOyI0BH MAaTPUKCY
KICTKH, OCKIJIbKU CHHTE30BaHUI OCTE00IaCTAMK OCTEO-
KaJbLIWH HAKOMMYYETHCS B OPraHiYHOMY KOMITOHEHTI
MaTPHUKCY KiCTKH.

V excnepumenri T.I1. BaginoBa ta cmiBasr. crioc-
Tepirajan 3HavYylle 3HMKEHHS aKTUBHOCTI JIyKHOI
¢ocdarasu Ta BMiCTy aHeKcHHY V 'y MyJbIIi 3y0a IIypiB,
SIKHX TTiJIaBaJIN XOJI0MOBIM i rutstxoM mmoaerHoro (10-
XBUJIMHHOTO) 3aHypeHHS B XoonHy Boay (4°C) mpotsi-
roM 30 110 y TopiBHSAHHI 3 KOHTPOJIEHUMHU TBApHHAMHU
[4]. ABTOpH TIPHITY CTHIIH, TIIO 3MEHITICHHS BMICTY aHEK-
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Long-term cold effect is established to signifi-
cantly increase the concentration of microelements
in bone tissue of experimental animals if compared
with the intact group. So, to the 14" day Fe concent-
ration was higher than initial indices (164.47 +
0.77)% (p <0.01), and to the 30" day it slightly
decreased and made (72.81+0.32)% if compared
with the intact rats (p < 0.01). The concentration
of Mg to the 14™ day was in (34.54 + 2.48)% higher
(p < 0.01), and to the 30" day it was in (10.28 +
1.02)% lower (p < 0.05) than initial indices. During
observation a slight increase of Ca concentration by
(12.45 £ 1.66)% from initial one (p < 0.05) was
noted and to the 30™ day there was statistically
significant reduction by (13.02 £ 0.28)% if compared
with initial indices (p < 0.01).

In experimental study of A. Riesenfeld [43] the
reduction of cortical layer thickness of rat long
bones to the 7" day after cold effect (swimming ani-
mals in cold water (8°C) for 10 min during 10 days)
was established. Inhibition of growth processes in
epiphysial cartilage due to chondrocytes death and
destruction in epiphysis of long bones of rabbits un-
der cold stress (cooling limbs of young rabbits in
ethanol (96°C) down to 20 and 15°C) resulted in a
significant reduction of limb length [11].

B. Steinberg et al. [48] studied the effect of cold
stress (staying in a cold chamber at 5°C) for 7, 15,
21, 50 and 90 days on a state of hamsters’ thigh.
Control animals were kept at 27°C. Histomorpho-
metrical analysis showed that after 90 days of cold
stress there were changes in structural organization
of bone tissue: increased number of resorption
cavities filled with osteoblasts; expansion of lumen
of the central channels of osteones; decrease of os-
teones number and surface of bone trabeculae. The
observed changes in bone tissue were referred by
the authors to osteoporotic disorders.

Metabolic changes in bone tissue were studied
under cold stress. In the experiment performed by
P. Patterson-Buckendahl et al. [39] the rats were
cooled (cold chamber —8°C) for 3 weeks (1.5 hours
per day), and then there was revealed a decrease
of osteocalcin by (21.8 £ 1.4)% in plasma if com-
pared with the control, indicating the inhibition of
biosynthetic activity of osteoblasts and deceleration
of remodeling bone matrix whereas the synthesized
osteocalcin by osteoblasts was accumulated in the
organic component of bone matrix.

In the experiment T.P. Vavilov ef al. observed a
significant decrease of alkaline phosphatase activity
and the content of V annexin in dental pulp of rats,
which were exposed to cold stress by daily (10 mi-
nutes) immersion into cold water (4°C) for 30 days
if compared with the control animals [52]. The au-
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cuHy V 'y mynsli 3y0a Moyke OyTH MPHYMHOKO PUTHIYEH-
Hsl TpaHCTIOpTy i0HIB Ca?* Ta 3HMKEHHS PiBHS MiHepaTi-
3amii. B mocmimkenni B.C. [likamtoka Ta criBasT. [16]
i ATBEPIKEHO TOM (DaKT, 110 3MEHIIICHHS BMICTY aHEK-
cuHy V Ta my>kHoi pocdarazu mpu3BOIUTH 10 YIIOBUTE-
HEHH: TIPOoIIecy MiHepali3alii OpraHigyHOTO MaTPUKCY
KICTKH.

[Topsix i3 mociimKeHHSIMH, IO BUKOHYBAIHCH HA
TBapuHax 0e3 marToorii, BijoMi po0OTH, Y SKHUX OIli-
HIOBAJTH [0 TIITOTepMii B yMOBax iHIyKOBaHOTO TIOPY-
LIEHHS METa0O0Mi3My KiCTKOBOI TKAHHHH, & CaMe — OC-
TEONopo3y. Y TBapuH i3 eKCIIEPUMEHTAILHIM OCTEOIIO-
po30oM (ILISIXOM OBapioeKTOMii K MOzesi mocTMe-
HOTlay3aJIbHUX MOPYILLIEHB Y ’KiHOK) BUBYAJIH XOJIOIOBY
Jito (MpUMYCOBE TIIaBaHHSA LIy piB Y XonoaHii Boai (8°C)
10 5 XB MPOTATOM 7 JTHIB), Ha 0OMiH KaJIbIIit0 Ta HOro
BHUBeACHHS 13 KicTku [38]. JloBeneHo, mo y mypiB i3
OCTEOIIOPO30M, SIKi 3a3HAJIA XOJIOIOBOI [Iii, 3HAUYIIIE
T ABUIITYE€THCSI BMICT Y TIIa3Mi KPOBI KOPTHKOCTEPOIIiB,
THPOKCUHY i THPEOTPOITHOTO TOPMOHY TTOPIBHSIHO SIK 3
KOHTPOJIHUMH, TaK i ITyPaMH 3 0BapPi0EKTOMIEI0, SIKIX
HE MiIaBaJIA X0I0A0BO1 Ail. BusBieHo 3HMKECHHS (Y
cepennsoMy Ha 31,8% mopiBHsIHO 3i Ilypamu 3 OBa-
pioekTomiero 6e3 xonmonoBoi ail) Tpancmopry Ca?*
yepe3 CIU30By 00OJIOHKY KHMIIEYHHKA, CTATHCTUYHO
3HaAUyIIEe 3HIKEHHS aKTUBHOCTI JTy>KHOI (ocarasu Ta
KautbIii 3ameskHol AT®-a3u (Ca’* -ATd-a3u). Y ria3mi
aKTUBHOCTI Jy>KHOT (pocaraszu Ta koHueHrpariis Ca**
Oyy1 3Ha4yIIle BUIIIMMH Y TOPIBHIHHI 3 KOHTPOJIBHUIMHU
[ypaMH Ta IIIypaMHu 3 OBapioeKTOMIEI0 O€3 X0JI0M0BOT
Iii. ABTOpH pOOIISTh BUCHOBOK ITPO HETATUBHHIA BIUTHB
XOJIOZIOBOI /1ii Ha KICTKOBY TKAHHHY B yMOBax AePiuTy
ectporeHis [38].

Bimomo, 1o migBHINEHHS PiBHS KaJbIiIO B KPOBI
CYIIPOBODKYETHCS HOTO HAKOMMYEHHSIM Y KIITHHAX
opranismy. 3rigHo 3 rinmore3oto P. Hochachka [36] B
YMOBaXx TinotepMii akTopom, 1o AecTadiizye mera-
00J1i3M KJIITHH 1 TPU3BOANTD A0 MOPYIIEHHS 11 PyHKIIT,
€ ionizoBanuit Ca?*, sIK¥if HAKOITUYYETHCS Y IIUTO30JTi.
BHac1ioK BiIKpuTTs BoIbTaxK-3anexunx Ca’” KaHasiB
Ta MBHUIKOTO HakormuueHHs Ca*, 110 MPU3BOAUTH 10
dhocdomimimHOTO TiAPOIi3y MeMOpaH, BiOyBa€eThCs He-
3BOPOTHE yIIKOKeHHs KmiTuH [31, 52]. Brazanuit
MeXaHi3M JeCTPYKIIii KITITHH MO)Ke OyTH XapaKTepHUM
1 JUTSL KITITHH KICTKH, O/THAK 1€ IPUITYIIeHHS ToTpedye
JOAATKOBHX JOCIiIKEHb.

CTpyKTypHY OpraHizaiiito KiCTKH Ta ii MeTaboIIi3M,
a TaKoX TPAHCIIOPT KaJbLilo 1 hepMEHTIB CIU30BOI
obonoHku kumieyHuka (nyxHa ¢ocdaraza ta Ca?'-
AT®-a3a) BUBYaNHU y IypiB 3 MOJEIUIIO OCTEOIIOPO3Y
[38] B yMOBax X0JI0/10BOi Aii pi3HOT IHTEHCHBHOCTI: TTO-
mipHOi 15°C Ta TspKK0i 4°C (32 BU3HAYEHHSIM aBTOpPA),
3MO/IENBOBAHOI IPUMYCOBUM S-XBUJIMHHUM IJIABAHHAM
LIypiB y XOJIOAHIN BoAi mpotsiroMm 7 aHiB [39]. Betanos-
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thors suggested that the reduction of V annexin in
a tooth pulp might be the cause of inhibition of Ca**
ions transport and decrease of mineralization. In
other study V.S. Pikalyuk et al. [40] confirmed the
fact that reduction of V annexin and alkaline phos-
phatase resulted in bone organic matrix mineraliza-
tion slowing down.

Along with the studies performed in the animals
without pathology there are the reports, wherein the
hypothermia effect under conditions of metabolic
bone disease, namely, osteoporosis has been evalua-
ted. In the animals with experimental osteoporosis
(resulted from ovariectomy as a model of postmeno-
pausal disorders in women) there was studied the
effect of cold (forced swimming of rats in cold
water (8°C) for 5 min during 7 days) on calcium
metabolism and its removal of a bone [21]. It has
been established that in the rats with osteoporosis
exposed to cold stress the content of corticosteroids,
thyroxine and thyroid-stimulating hormone in blood
plasma significantly increased if compared with both
control (intact) rats and the ones with ovariectomy,
not exposed to cold stress. There was revealed a
reduction (in average by 31.8% compared to the rats
with ovariectomy without cold stress) of Ca?* trans-
port through intestinal mucosa and a statistically
significant decrease of alkaline phosphatase activity
and calcium dependent ATPase (Ca*-ATP-ase). In
blood plasma of experimental rats (after cold effect)
the indices of alkaline phosphatase and concentration
of Ca* were significantly higher if compared with
the control rats and the ones with ovariectomy with-
out cold stress. The authors conclude about the
negative impact of cold stress on bone tissue under
conditions of estrogen deficiency [21].

It is known that calcium increase in blood is
accompanied by its accumulation in cells of a body.
According to the hypothesis of P. Hochachka [19]
under hypothermia the factor destabilizing the cell
metabolism and leading to impairment of its function
is ionized Ca?", accumulating in cytosol. Due to the
opening of voltage-dependent Ca?" channels and
rapid accumulation of Ca*" the phospholipid hydrol-
ysis of membranes and irreversible cell dama-ge
occur [12, 47]. The given mechanism of cell destruc-
tion may be characteristic for bone cells, but this
hypothesis requires further research.

The structural organization of bone and its meta-
bolism as well as transport of calcium and enzymes
of intestinal mucosa (alkaline phosphatase and Ca**-
ATP-ase) were studied in the rats with osteoporosis
[21] under cold stress of various intensity: moderate
15°C and severe 4°C (as defined by the author), si-
mulated with forced 5-min swimming of rats in cold
water for 7 days [22]. It has been established that
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JIEHO, 110 TIOMipHA XOJIOIOBA [Iisl CYTTEBO HE BIIMBAE
Ha 3a3Ha4eHi MeTa0OII4HI MOKa3HUKH E€KCIIEPHMEH-
TaIbHUX TBapWH. B yMoBax TskKoi1 X0i070BO1 il
criocTepirajiy 3HauyIie 3MEHIIEHHS aKTHBHOCTI JTyKHOT
docdarazu ra Ca**-ATD-a3u MOPiBHIHO 3 KOHTPOJIEM
(urypu 3 MOJEIITIO OBapioeKTOMil, ajie 6e3 X0I0I0BO-
T'0 CTpPeCy) Ta NOCTIAHUMH IIypaMH MicJisi TOMipHOi XO-
nofoBoi nii. BinmideHo akTuBizauito pe3opOUiitHux
TIPOIIECIB Y KICTKOB1M TKAaHHWHI Ta 3MEHIIIEHHS MIHEPAJTb-
HOI IUTbHOCTI KicTKU. Ha akTHBizatito pe3opOrii KicTku
TaKOX BKa3ye 3HAYHE IiIBUIIICHHS B CeUi TTOKa3HUKIB
exckpetii pochopy Ta Kanpliito, a TAKOXK BITHOIIECHHS
KaJIbIIi0 IO KpeaTHHIHY B IOPIBHAHHI 3 KOHTPOJIEHUMHA
TBapUHAMHU.

[Tin BrtBOM TimOTEpMii BHACIIIOK XOJIOJ0BOT il
PO3BUBAIOTHCS HE TUIBKK MOP(OJIOTivHI Ta MeTabomiy-
Hi IOpYLIEHHS B KJIITHHAX Ta MATPUKCI KICTKOBOI TKaHHU-
HHU, a { L[i)1a HU3Ka HETaTUBHUX 3MiH Y MapaocaibHUX
TKaHMHAaX, 10 MO>KE BIUIMBATH Ha CTaH KiCTKOBOI TKa-
HUHY. Tak, JOCITHKEHHIO MIKPOITUPKYIIITOPHOTO PyClia
M’s130BO{ TKAHMHH Y IIyPiB 32 YMOB TiIIOTEPMIii PUCBSI-
geHa pobora A.C. Imutpenko [7]. ['imoTepmiro Mose-
JIIOBAJTU IIJTSIXOM OIHOPA30BOTO YTPUMAaHHS IIypiB Y
XOJIOJIOB1 KaMepi 10 3HMKEHHS PEKTaJIbHOI TeMIIepa-
Typu o 15°C. Yepes 1, 3 1 7 xi0 micns aii rimotepmii
OyJ10 BCTAaHOBJICHO 3MEHILIEHHS IPOCBITIB MiKPOCYAHH
1 TeMOKamnuIsIpiB M’ 130B01 TKAHMHH BHACTIIOK HAOPSKY
1 BUpa)KeHOI IeCTPYKLLii eHAOTENaIbHUX KIIITHH. ABTO-
Y IPHITY CTHITH, 110 BUSIBJICHI 3MiHHM B MiKPOLIUPKYJISI-
TOPHOMY PYyCJi MOXYTb BIUIMBAaTH HA CTaH KiCTKOBOL
TKaHUHH Yepe3 PO3BUTOK Y Hil TiMOKCIT, OCKITBKH MiKpO-
LUPKYJISITOPHE PYCIIO KiICTKU MiATPUMYE MapLialbHUMA
THUCK KHCHIO Y TKAHWHHIH piInHI Ta BUKOHYE (DYHKIIIFO
JOCTABKH JKUBUJIBHHUX 1 PETYISTOPHUX PEYOBUH JIO
KJIITHH. BioMo, 110 KiCTKOyTBOPEHHS MOXKE BiIOyBa-
THCS TUTBKY 32 HASSBHOCTI KUCHIO, TOOTO IECTPYKTHBHI
3MIHH B MIKPOITUPKYIATOPHOMY PYCITi KICTKH CyTIPOBO-
JUKYIOTBCS TOPYIICHHSIM TIpolecy audepenmianii
KJIITUH-TIONIEPEAHHUKIB Y OCTEOT€HHOMY HaIPSMKY,
MPUTHIYEHHSIM MeTa00Ii3My KIITHH KiCTKHU (OCTEeoLH-
TiB, 0CTE00IACTIB), 3aTPUMKOIO IIPOLIECIB pereHepaii
KICTKH Ta IOPYLIEHHM MPOLECIB PEMOIEIIOBAHHS.

lNnorepmis Moxke OyTH CIpUYMHEHA HE TIJIBKH
XOJIOZOBOIO J1€10 HABKOJIUITHBOT'O CEPEeOBHUINA, alle i
Ji€10 NesIKNX MEIWKaMEHTO3HHUX mpemaparis. [Ipu
rinotepmii (33,5°C), BUKIIMKaHII y MHIIICH BHY TPIITHBO-
YEepEeBHUM BBEJICHHSIM pe3epriHy mpotsarom 4 nio,
BCTAHOBIICHO 30UTbIIICHHS KUTBKOCTI MIKPOHYKJICApHHX
KITITHH (miameTp sinpa < 1/4 miamerpa MUTOIUIa3MH) y
KICTKOBOMY MO3KY [27]. ABTOpH OB’ I3YIOTh 3a3Haue-
HE SIBHIIE 3 TOPYIICHHSAM MEXaHi3MiB MiTO3Y B KIIITH-
Hax. BcTaHOBIIeHi 3MiHH B KITITUHAX KICTKOBOTO MO3KY
MOXYTh CHPUYMHUTH 3MEHLICHHS KUIBKOCTI KIIITHH-
MOTIePETHUKIB OCTE00IaCTIB, 1110, B CBOIO YEPT'Y, MOXKE
MIPU3BECTH JIO IPUTHIYEHHS KiCTKOYy TBOPCHHSI.
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moderate cold effect does not significantly affect
these metabolic indices of experimental animals.
Under severe cold effect there was observed a sig-
nificant decrease of alkaline phosphatase and Ca?*-
ATP-ase activity if compared with the control (rats
with osteoporosis, but without cold stress) and expe-
rimental rats after moderate cold effect. Activation
of resorption processes in bone tissue and reduction
of bone mineral density were revealed. A significant
increase of phosphorus and calcium excretion indi-
ces in urine, as well as the ratio of calcium to crea-
tinine if compared with the control animals indicates
an activation of bone resorption.

Under hypothermia caused by cold effect, not
only morphological and metabolic abnormalities in
cells and matrix of bone tissue, but also a series of
negative changes in paraosseous tissues develop,
that can affect the bone tissue. Thus, the research
of A.S. Dmitrenko is devoted to the study of micro-
vasculature of muscle tissue in rats under hypo-
thermia [15]. Hypothermia was modelled by a single
maintenance of rats in chamber while decrease of
rectal temperature down to 15°C. After 1, 3 and 7
days of hypothermia exposure there were found
luminal occlusion of microcirculation vessels and
hemocapillaries of muscle tissue due to swelling and
expressed destruction of endothelial cells. The
authors suggested that the found changes in micro-
vasculature might affect the bone tissue state due
to development of hypoxia in it, whereas micro-
circulatory bloodstream of bone maintained the
partial pressure of oxygen in tissue fluid and supp-
lied cells with nutrient and regulatory substances. It
is known that bone formation may occur only in the
presence of oxygen, i.e. destructive changes in
microvasculature of bone are accompanied by disor-
dered differentiation of precursor cells in osteogenic
direction, inhibition of bone cell metabolism (osteo-
cytes, osteoblasts) and delay of bone regeneration
processes and defect of remodelling.

Hypothermia may be caused not only by environ-
mental cold stress, but also effect of some medicines.
When hypothermia (33.5°C) induced in mice by
intraperitoneal administration of reserpine for 4 days
there was found an increase of micronuclear cells
number (nucleus diameter < 1/4 of cytoplasm diame-
ter) in a bone marrow [27]. The authors associate
these facts with the defect of mitosis mechanisms
in cells. The found changes in bone marrow cells
can lead to reduction in the number of osteoblast
precursor cells that, in turn, results in inhibiting the
bone formation.

Thus, on the basis of the results of the presented
studies of hypothermia effect on bone performed
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Takum yMHOM, Ha TiACTaB1 PE3yNBTaTiB y IPEICTaB-
JICHUX AOCIIIKESHHSIX IOAO i TinoTepMii Ha KiCTKOBY
TKaHHHY, BAKOHAHHX SIK Y KyJIbTYpi KJIITHH, TaK i Ha piBHI
OpraHi3My, BCTAaHOBJICHO, 1110 MeXaHi3M Jii rimoTepmii
cKIaaHui. ['imoTepMis BIUTHBAE sIK O€3MTOCepeTHRO Ha
KICTKY — HOPYUIYE 11 CTPyKTYpHO-METa00 1 4HiI XapaK-
TEPUCTUKH, 3MIHIOE MIKPOEIEeMEHTHHH CKJIaf 1 MiHe-
paibHY MITBHICTE, TAK 1 OTIOCEPEIKOBAHO — TPOBOKYE
CUCTEMHI MOPYIIEHHS B OPTaHi3Mi (AaHTHOKCHIAHTHOT
cucTeMH, 6aaHCcy TOPMOHIB, KPOBOIIOCTaYaHHS Ta iH.).

[Tin giero rinotepmii y KicTKOBiH TKaHHHI 3aikcoBaHi
3HAYHI NOPYLICHHS YNbTPAaCTPyKTYPHOI opranizamii
ocTeo0acTiB, MiABUIICHHS OCTEOKIIACTOreHE3Y Ta 3HHU-
JKECHHS 0CTE00JIaCTOTEHE3Y, 1110 CIIPHSIE aKTHBI3AIlii pe-
30pOwii KicTKU. 3HMKEHHS 0CTE00I1acTOreHe3y MOXKe
OyTH HOB'S13aHO 31 3MEHIIEHHSM KUTBKOCT] CTPOMAaIbHHX
KJIITHH KiCTKOBOTO MO3KY, SIKIi MOXKYTh TU(MEPECHITII0-
BaTHCSl Y OCTEOTCHHOMY HAIPSIMKY, Ta MOPYIICHHSIM
(a3 miTo3y B ocreobnacTax. Y KITHHAX KiCTKH II0-
pyuIyroTbes i MetabouivHi mporecu. Y ocrteodmacrax
3HIKYETHCS O10CHHTE3 ITy>KHOI (hochaTazm Ta OCTEO-
KaJIbIUHY, SIKUH € CKITaJI0BOO YACTHHOIO OPTaHIvHOTO
MaTPUKCY KiCTKU. 3MIHIOETHCS piBEHb MEMOPaHHUX
DIIKONPOTEI/iB, IO BiAMIOBIAAIOTH 3a are3ir0 KIIITHH,
3HWKYEThCS BMicT Ca*'-AT®d-a3u, o npu3BOIUTH J10
HaKOMMYEHHS KAIBLIIO y KIIITHHAX Ta CIIPHSE iX 3aru0ei.
JloBeieHo iTKui 3B’ 130K MiXK 3HIDKEHHSM 010CHHTE3Y
OCTEONPOTErePUHY KIIITUHAMY Ta i JBUIICHHIM aKTHUB-
HOCTi octeoknacTiB. [IpoTe y miTepaTypi mpakTHIHO
HEe IpelcTaBieHa 1HPpOpMaIlis 00 0COOIMBOCTEH
CTPYKTYPHHX 3MiH KOMITAKTHOI Ta Ty0uacToi KiCTKH,
0co0IMBOCTEH TIepeOymOBH KiCTKOBOTO MaTPHUKCY,
YABTPACTPYKTYpPHOI OpraHi3allii 0CTeOLHTIB Ta OCTEO-
KJIACTiB, MIKPOLUPKYJSTOPHOTO PyCia KiCTKH, KIITHH
KICTKOBOTO MO3Ky. He BUSIBIEHO MaHMX MO0 Mii Ti-
MoTepMii Ha KICTKOBY TKAaHUHY TBapHH Pi3HOTO BIiKYy Ta
il pemonemoBaHHs. Taki TOCTiAKEHHS MOXYTb OyTH
KOPUCHHUMH JUJIS1 IOTIEPEKEHHS PO3BUTKY OCTEOIIOPO3Y
y JIF0fel OXMIIOTO BIKY.

OTxe, MepCIEeKTUBHUM HAyKOBUM HAIPSIMKOM €
MIPOOBKEHHS JOCII/KEHb BIUTUBY TIiMOTEPMii pi3HUX
PEXHMIB Ha CTPYKTYypPHO-MeTa0OII9HI MTOKa3HUKHU
KICTKH Ta PO3KPHUTTA MEXaHI3MIB IMOPYIIEHHS PEMO-
JICTFOBAHHS KOMITAKTHOI Ta Ty09acToi KiCTKH 3a X
YMOB.
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both in cell culture, and at an organism level it has
been found that the mechanism of hypothermia
effect is complicated. Hypothermia affects both di-
rectly the bone, i.e. impairing structural and meta-
bolic characteristics, changes the microelement
composi-tion and mineral density, and indirectly does
by triggering systemic disorders in a body: antioxi-
dant system, balance of hormones, blood supply, efc.

Under hypothermia in bone tissue there were re-
vealed significant disorders of ultrastructural or-
ganization of osteoblasts, increase of osteoclasto-
genesis and decrease of osteoblastogenesis promo-
ting activation of bone resorption. Reduction of
osteoblastogenesis may be associated with a decrea-
se in a number of bone marrow stromal cells which
can differentiate towards osteogenesis and disorde-
red mitosis phases in osteoblasts. Metabolic proces-
ses in bone cells are impaired. In osteoblasts the bio-
synthesis of alkaline phosphatase and osteocalcin,
being a part of organic matrix of bone, reduces. The
level of membrane glycoproteins responsible for cell
adhesion changes, the content of Ca?'-ATP-ase
decreases, resulting in accumulation of calcium in
cells and contributes to their death. A distinct link
between osteoprotegrin biosynthesis decrease with
cells and increase of osteoclasts’ activity has been
established. However, the literature does not provide
an information on peculiarities of structural changes
of compact and spongy bone, remodelling bone
matrix, ultrastructural organization of osteocytes and
osteoclasts, microvasculature of bone, bone marrow
cells. There were no studies about hypo-thermia
effect on bone tissue of animals of all the ages and
its remodelling. There studies may be useful for pre-
venting the development of osteoporosis in aged
people.

Further study of hypothermia effect of different
regimens on structural and metabolic indices of bone
and revealing the defect mechanisms of the remo-
delling of compact and spongy bone under these
conditions is a prospective research direction.
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