OB30PH U PELEH3UU

YAK 616.71-003.85
KPUTUYECKUU AHANTU3 TEOPUU MEXAHOCTATA.
YACTb Il. CTABUJIbHOCTb MEXAHO-METABOJIMMECKOMU CPELbl CKEJIETA
N TOMEOCTATUYECKUX NAPAMETPOB KATbUWUA OPTAHU3MA

A.C. Aspynun', JLK. llapumn?, B.E. Menbuukon?

'@IBY «Poccutickuti HAYUHO-UCCAE008AMEALCKUL UHCMUMYM MPAEMAMO02UY
u opmoneduu um. P.P. Bpedena» Munadpasa Poccuu -
dupexmop — 0x.n., npogeccop PM. Tuxuios

?Kagedpa conpomusaenus mamepuanos Canxm-Ilemep6ypacxozo 20cyoapcmesennozo
NOIUMEXHUYPCKO20 YHUBEpCUMema,

3060y xa/q‘)eﬁpoﬁ ~ d.m.u., npogpeccop b.E. Memvnuxos

Canxm-Ilemepoypz

Lle1s — Ha OCHOBAHMM COBCTBEHHBIX JAHHBIX M aHATH3A JIMTEPATYPhI ONpeleUTh GHON0rHYeCKyI0 LeaecoobpasHOCThb B3au-
MOJEICTBHSA a/alITHBHLIX MEXaHU3MOB, KOHTPOTHPYIOUIHX A1e(OPMHPYEMOCTh KOCTHBIX CTPYKTYD H MPONMYCKHYIO CTOCOBHOCTh
JIaKyHapHO-KaHa1bUCBOH CUCTCMBL, M HA 3TOH OCHOBE OXaPaKTCPU30BATh CUCTEMY MEXaHU3MOB CTaGUIM3ALMU TOMEOCTaTUHYC-
CKUX NapaMeTPOB KaJIblIMs B OPraHU3Me.

Pesynmamni. TlokazaHO HATHYHE JBYX TPYTINT MEXaHH3MOB PeCTPYKTYPHIALMIT KOCTHOTO MaTPHKCA. MeXaHU3Mbl NepBoit rpymisI
00CCIICMBAIOT MC/LICHHYIO (HECIH, MeCSILIbI, FOBI) NOACTPOMKY 1eOPMUPYEMOCTH KOCTHBIX CTPYKTYD K HpeiesiaM (pU3HooTHIC-
CKMX OporoB. MeXaHu3Mbl BTOPOH IPYIINTBI 00eCTIEYMBAIOT ObICTPhie (MMHYTBI U Yachl) U3MEHEHMS MPOITYCKHOM CIIOCOGHOCTH JaKy-
HapHO-KaHABIIEBOI CHCTEMBI. JTa CHCTEMa A/IAITTHBHBIX MEXAHH3MOB (DYHKIIHOHUPYET CONPSLKEHHO C MEPAPXWYECKH OPraHH30BAHHOI
cueTeMoi 0OMena Kanbimst. Ec 1iepBBIi ypoBetis — HpaMoii o6Men Ca?' MexIy MeKKIETONHOM XUAKOCTBIO KOCTH M KPOBOTOKOM: a) I1a-
paie.LTIoIspHOe ocTyiLTeHne Ca?' B KOCTHYIO Cpefly U3 KPOBOTOKA COOTBETCTBEHHO TPAIMEHTY KOHIIEHTPALIHIL; 6) TPaHCLIE LTIONAPHOE
AHEPrO3aRIiciMoe nocTymleHHe Ca?' B KPOBOTOK H3 MEXKJIETOYHOMH JKUAKOCTH KocTH. BTopoit HepapxitueckHil ypoBeHb — 0CTeoIHTap-
HOC PCMOJC/IMPOBAHMC € (has0i pe3opOLMH NEPHIAKYHAHHOTO MATPUKCA OCTCOLMTAMU U (hasoii ero oraokeus. TpeTuii nepapxudeckuii
YPOBEHb — OCTEOKTACTHO-0CTeob1acTHOe pemMozeIipoBatue: (hasa pe3opbLUMK U (ha3a OTI0MEHHS KOCTHOM TKaHH.

Kouesbie cnoBa: Mexano-MeTabo/IMuecKas cpella CKCETa, TCOPUA MCXalocCTaTa.
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Aim: Basing on own and literature date to characterize biological necessity of modification the ability of bone structures to
be deformed and carrying capacity of lacunar-channel system to provide the basis for interaction between this pathways and
parameters of calcium homeostasis.

Results: There are two ways of bone matrix remodeling. The first group of pathways is responsible for slow adaptation of
bone structures ability to be deformed within physiological range during weeks, months, years. The second group ensures rapid
response of carrying capacity of lacunar-channel system (minutes and ours). This two mechanisms function in conjunction with
hicrarchically organized calcium metabolism. The first level of the latter is direct two-phase exchange of ionized calcium between
extracellular liquid of bone tissue and blood: a) paracellular arrival of ionized calcium from blood into the bone; b) transcellular
arrival of ionized calcium from extracellular liquid of bone into blood. The second hierarchical level is remodeling of perilacunar
matrix by osteocytes. The third hierarchical level is bone remodeling with collaboration both osteoclasts and osteoblasts.

Key words: mechano-metabolic skeleton environment, mechanostat theory.

IIPOYHOCTHBIX CBOWCTB KOCTEH sBJIsleTCS BTOPHY-
HbIM 3ddekToM. [IpyruMy cJI0BaMH, peopraHusa-

B uactu | Hacrosiueit pabotst {13] npoBenex
KPUTHYECKUI1 aHATTU3 TEOPUH MeXaHOCTaTa M IOKa-

3aHO, YTO OUOJIOIMYECKOIi HETbI0 MOAEIMPOBAHUS
U OCTEOKJIACTHO-OCTEOOACTHOTO PEMOIeTHPOBa-
Hust (OOP) sBaseTcs ONTUMMU3alMsA [apaMeTpoB
MEXaHO-MeTad0IMYEeCKO  cpelibl, OKpyxXalolleit
octeouutsl. [Ipoucxonsiiee Npu aToM HU3MEHEHHE

IIUA CTPYKTYp CKe€JI€Ta H3HaYa/lbHO HalIpaBJ€Ha
Ha COXpaHeHHC)KH3H€CHOCO6HOCTH OCTEOLIMTOB B
KaKIOM €ro JIOKYCE, a 3Ha4YHT, JKU3HECTIOCOOHOCTH
KOCTHOU TKaHH U, CJIeJIOBATE/ILHO, CKEJIETA B LIEJIOM,
HO 3a4aCTY10 3a CHET €ro NPpOYHOCTHBIX CBOMCTB.
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KpoMe 3Toro, ycraHoBijieHO, YTO rmpeobpaso-
BaHHe KOCTHBIX CTPYKTYP ITPOMCXOIUT He TOJIBKO
nyteM Mojesanposandsg v OOP. Ha kaknoMm we-
papxuyeckoM YpOBHe OpraHM3alMH CKeJeTa Cy-
LIeCTBYIOT CBOM MeXaHM3Mbl peOpraHHU3aluu, Ko-
TOPBIC 110 Pe3yJIbTUpYIolieMy 3hdeKTy aensarca
Ha aBe rpynimsl [13]. MexaHu3Mbl epBO# TpyMIIbl
MeHS10T 1ed)OpMUPYEMOCTb KOCTHBIX CTPYKTYP U,
TCM CAMBIM, CTCIICHB MHAHMALIMMY KOHBEKIIMOHHOTO
MOTOKA XHUIKOCTH B JJAKYHAPHO-KaHAIbLEBOH CUC-
teme (JIKC). MexaHu3Mbl BTOpOil rpyniisl MOAU-
(HDHIUPYIOT TPOIYCKHYIO CITOCOBHOCTD ATOM CUCTE-
MbI [TOJIOCTEH /U1 JAHHOTO MOTOKA.

Ilenb — Ha OCHOBAHWM COOCTBEHHBIX IaHHBIX U
AHAJIU3A JIMTEPATYPbI ONPEACTUTD GHONOTHYECKYIO
11e/iecO0Opa3HOCTb* B3aUMOEMCTBUSA aIallTUBHBIX
MeXaHU3MOB, KOHTPOJUpYOIIUX JedopMupye-
MOCTh KOCTHBIX CTPYKTYP M HPONYCKHYIO CHOCO0-
HocTh JIKC, ¥ Ha 3T0it OCHOBE OXapaKTepHU30BaTH
CUCTEMY MEXaHU3MOB CTaOUIU3ALUN TOMEOCTATH-
YCCKHUX [TAPAMCTPOB KaJIbIIMS B Opraliu3Me.

OnHoit U3 BaXKHEHIINX XapaKTEPUCTUK 000
aJIaNTUBHOW peakLUH SIBASETCS BPeMEHHOW HH-
TCPBAJI OT MOMCHTA ¢¢ HHUIMAIMH 10 110y4eHus
tpebyeMoro addekta [20, 21, 23]. Knaccuyeckuit
NPUMEp 3TOTO — AJITOPUTM Pa3BUTHS CTPECCOBOH
PCAKLUMH B CHCTEMC T'MHO(HU3 — HAAIIOYCUHHUKH
[23]. IlpoBeneHHbII HAMU aHANU3 PONU BpEMEH-
Horo ¢akTopa MoKasajl, YTO MeXaHHU3MaM INepBoi
I'PYIiIbl, KOHTPOJHMPYIOIIUM AedopMUPYEMOCTD
KOCTHBIX CTPYKTYP, TPeOYeTcsi ¢ MOMEHTa UX UHH-
LMALMH 10 TIOJYUYeHUs JIOKAJILHOTO Pe3yJbTaTa OT
HECKOJIBKUX J[Hei 10 MecsieB U JeT. Y MeXaHU3-
MOB BTOPOM IPYIIIbl, ONIpeAeSI0IHUX NPOMYCKHYIO
criocobHocTh JIKC, 3TOT BpeMeHHOIi HHTepBas Ha-
MHOTO KOpOYe U COCTABJISIeT OT HECKOJIBKUX MUHYT
110 HECKOJIBKUX YaCOB.

[TpuMepoM neficTBUS MeXaHW3MOB, CHUXa-
IOUIMX 1ePOPMUDPYEMOCTbh CUHTE3UPOBaHHOU de
n0vO KOCTHOM TKaHM, AIBSIETCS ee MUHEPATU3aLUs
10 =75% OT MAaKCUMAJIbHO BO3MOXHOI BEJTUUMHBDI,
NPOUCXOAALLAS B TeUeHHe ABYX-Tpex Heaesb [43].
[lanbHeiilIee OTI0XeHNEe MUHEPAJIOB OCYLIECTBJIS-
€Tcsl MeXaHuU3MaMU MeIJIEHHON MHHepaiusauuu
(10 moctvxkeHuss ~95-98%) B TeueHue HeCKOJb-
kux Jet [28]. [IpoTuBONOI0XHBII Npoliecc — yBe-

JIUYeHNe JIOKANbHOU Je(hOPMUPYEMOCTH KOCTHBIX
cTpyKTyp [13] — IPOUCXOAUT C POCTOM UX MUKPO-
MOPUCTOCTH TyTeEM OCTEOKJACTHOH pe3opOouuu
[63]. DopmupoBaHKe pe30pOLMOHHOM JIaKYHBI 3a-
HUMaeT B cpellHeM B rybuaToM BellecTBe 42 CYTOK,
B KOPTUKaJIbHOM — 27 cyTOoK [38].

[IpuMepoM GYHKUMOHMPOBAHUS MEXaHU3MOB
BTOPOM I'PYTIIIbI IBASIETCS peCTPYKTYPHU3ALUA IIPO-
TEMHTTMKAHOBOTO reJist (0007I04KH), OKpYXKAatollle-
ro octeouuTh U ux orpoctku B JIKC. JTta pecTpyk-
TYpHU3alMs TPOUCXOIUT YxKe Yepe3 ~1,5 MUH noc.1e
Hayasla MexaHu4eckoi Harpysk# [64]. B pesysra-
TE€ MEHSIETCsl [IOPUCTOCTD TeJisl U, COOTBETCTBEHHO,
nponyckHas cnocobrocts JIKC ans xuakoctu
pacTBOpEHHBIMU B Hell Moeky1amu [13].

JpyruM npuMepoM aKTHBHOCTH MEXaHU3MOB
BTOPOH TpYHIIbl SIBJIS€TCSI Pe30pOLUs OCTEOLHU-
TaMH KOCTHOTO MAaTpHKCa, (pOPMHUPYIOILETO CTEH-
ku JIKC. B pesysnbrate yBenuuuBaetcs niouiaib
MIONEPEYHOro CeYeHUs! CHCTeMBbl TOJIOCTel U, co-
OTBETCTBEHHO, €€ INPOMYCKHAs CIIOCOOHOCTh A
KOHBEKLIMOHHOTO TOTOKa Xuakoctd. Hampuwmep,
Noc.1e CTUMYJISILIMYA NapaTTOPMOHOM 3TOT NPOLECC
pa3BuBaercs B TedeHHe 24 uyacoB [32]. Tounsix
JaHHBIX O JJIMTEJIBHOCTH BO3HWUKHOBEHHUS IIpO-
THUBONOJIOXHBIX CABUIOB, 2 MMEHHO OTJIOXEHUM
37eMeHTOB MaTpukca Ha creHkax JIKC, B noctyn-
HO¥ JMTepaType MBI He Halau. OZHAaKO KOCBEH-
Hble JaHHble CBUAETEJIbCTBYIOT, YTO 3TO MPOMC-
XOAMT TaKXXe B TedeHHe HeCKOJbKUX yacoB [47].
PesynbraThl cOOCTBEHHBIX HccaenoBaHUi [1-5,
8-11, 17] u nannsie nuTepartypsi [31. 55] no3sons-
IOT YTBEPXIaTh — MEXaHU3MbI KOHTPOJIst [IPOMYCK-
HOM CNOCOOHOCTHM JaKyHapHO-KaJiblleBOH CHCTe-
Mbl TIyTeM OCTEOLMTApHOIO peMoAeJUpOoBaHUSA**
(HYHKIMOHUPYIOT BO BPCMCHHOM PEKHME, COOT-
BETCTBYIOIlEM (PU3MOTIOTUYECKUM [apaMeTpaM
$a3oBBIX COCTOAHUI OCTEOUMTOB (UYaChl, IHU), 3a-
MYPOBAHHBIX B 3TOM 00beMe.

BellleoTMeuyeHHble BpeMeHHbIe Pa3Nyusl 1eii-
CTBHS JIBYX IPVIINT MEXaHU3MOB, VYUTHIBAs Y3]10-
BbIC HOJIOKCHUS TCOPUH atanitaliiu [ 15, 21] v Teo-
puu cucteM [ 16, 25], MO3BOIAIOT pacCMaTPUBATh UX
B KauecTBe B3aHMOCBSI3aHHBIX U (YHKIHOHATLHO
JOTIOTHAIONUX JAPYT Apyra cucTteM. /Ipyrumu cio-
BaMM, MEXaHHU3MBI [IepBOU TPynnsl obecneynBaoOT

* HeobxoaMmo pa3nensTs BUONOTUHECKYIO U MEAMUMHCKYIO LENeCOOBPaIHOCTs PO3BUBAIOWNXCS B OPraFM3ME NPOUECCOB.
C meanumHcKx no3uumii [Kotopsie cyBbekTmaHy, NO CyTH) LeNecoobpaaHs NPOLECTH, BEAYLME K ONTUMU3ALMA MEQNKO-
COUMQNBHBIX YCNOBUI XM3HK UHaMBULYYMO. C BUONOTUHECKIX NO3ULMA PAIBUBAIOLUKECSH NPOUECCH HOCAT QAANTUBHLIA XOPAKTED
M B KOHKPETHBIX YCNOBUSX B KOHKDETHBIA MOMEHT BDEMEHW EAMHCTBEHHO BO3MOXHB, XOTA C KNMHAUECKUX NO3NLMIA OHU MOTYT
NPeacToBASTsCS HEBNAroNPUATHEMM. Hanpumep, COTMACHO TEOPKUM MEXAHOCTATA, NPOLECCH PEOPraHU3ALMM KOCTH HONPABNEHH
HO NOAAEPXAHUE HEOBXOLAMMOrO 30NACA NPO“HOCTA ANS NPEACTBPAWEHUS NEPENOMA B PU3MONOTMHECKUX yenoBusax. M 310
NPQBUALHO, ECAM PACCMATPUBATL NPOBNEMY C MELNUMHCKIX NO3MUMA. ONHOKO HEOBXOAMMO NOMHMTS, 4TO MNOBON OPraHnam
XMBET M PO3BMBAETCS HO OCHOBE BUONOTMYECKO LeNecoobpPasHOCTY.
** TepmiH «OCTEOLMTAPHOE PEMOAENAPOBAHMES NPELNOXEH (4] Ans OTAENEHNA NPOUECCOB Pe3opBUmMM M CUHTE3A CTEHOK
JIKC, ocywecTansemsix 0CTEOLMTAMM, OT NPOLECCOS PE3OPBUMM M CUHTE3A KOCTHOR TKAHW, 06ECNEUMBOEMBIX KOCTHBIMM
PEMONEMMPYIOWIMMIA euHMUGMM (OCTeoBnacTamu u ocTeoknactamm) [45], kotopsie npeanoxero Hassisats OOP [13].
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rpybyio IOJTOCPOYHYIO HACTPOHKY MapaMeTpoB
MEeXaHO-MeTabOINYEeCKOM Cpelbl, OKpyXalolleii
OCTCOIMTBI, 4 MCXAITU3MbBI BTOPOU TPYNIIbI — UX
TOHKYIO TOJICTPOHKY COOTBETCTBEHHO (YHKIM-
OHaJbHBIM TPeOOBaHUSAM KJETOK B KOHKPETHBIH
MOMECHT BPCMCHU W B KWK/IOM JIOKYCE CKCJIeTA.
Buonoeunecxan uenecoobpasmocme 63aumo-
deticmeuss MexamusMos zpy6ou u mouxou noo-
CMpoUKU napamempos Mexano-memaboaumecxou
cpedot cxkenema. OCTEOUUTHI CYIUECTBYIOT B MU-
HepaJHU30BaHHOM Martpukce, B npezenaax JIKC.
HosToMy HOCTYIUICHHC K KJIETKAM [TATATCIbHBIX
BellleCTB U yAaleHHe OT HUX NPOAYKTOB MeTado-
JIU3Ma 3aBUCUT OT KOHBEKUHOHHOIO IBH)KEHUS
KUJKOCTH B 3TOU cUcTeMe TojocTeld. BaxHocTh
JAHHOTO MeXaHW3Ma [/l COXPaHeHUs XKU3HeCIOo-
COOHOCTH OCTEOLIMTOB CBsI3aHa ¢ TeM, YTO MNepu-
HCIUHOJIAPHOE TPOCTPAtCTBO 1py jinddysuonio
TPAHCIOPTHPOBKE NPOHUIIAEMO /17151 MOJIEKYJT Mac-
coii tonsko 10 10 x/la. KoHBeKIIMOHHBIH MeXaHU3M
obecricunBaeT IPOXOXKeHue Mosekya ao 70 k/la
[66]. Apyrumu cioBamu, 1eHOPMHUPYEMOCTb KOCT-
HBIX CTPYKTYP ABJSETCA KPUTHYECKUM (HaKTOPOM,
ONPCICIAIOIUM CICKTP MOJICKYJI, TOCTYHAIONINX
K KJIETKaM U yJaj1sieMbIX OT HUX. BTopbiM KpuTH-
YyeckuM (HaKTOPOM SIBJISIETCS IIPONYCKHAS crocob-
nocts JIKC a1 KOHBCKUMOHHOTO 11I0TOKA KH/L-
KOCTH B KaXKJOM JIOKyCe CKeJeTa, 3aBUCAINAsA OT
MOTIEPEYHOTO ceYeHUsl JaHHOM CHCTEMBI MOJIOCTEH.
CyMMHUPYsl BbIHIEU3JIOKEHHOE, MOXKHO TOBOPUTH
O IPOU3BOJAUTENBHOCTH KOHBEKIIMOHHOTO MEXaHHU3-
Ma KakK 06 MHTErPAIBHOM NapameTpe, JUMMTHPYIO-
HieM B KakJOil TOUKe CKejleTa COOTBETCTBUE MeTa-
BOJIMYECKUX BO3MOXHOCTEN Cpellbl, OKPYXAaIoIei
OCTEOLIMThI, IOTPEOHOCTAM KIIETOK. B 3Tol ¢BsA3M
BO3HUKAET BOIIPOC, KaKast OUOJIOTHYecKast LeJ1ecoo-
Opa3HOCTb B TOM, YTO MEXaHU3MBbI, OTpeeISIoLIne
IehOPMUPVEMOCTb KOCTHBIX CTPYKTYD, (DYHKIIHO-
HUPYIOT CYLIECTBEHHO MeJlJIEHHEH, YeM MEXaHU3MBI,
onpeesIolIye MponyckHyo cnocobrocts JIKC.
[Tpit paccMOTPEHHH 3TOTO BOITPOCA Mbl UCXOIUM
U3 [10.10)KEHUI TEOPUHU eCTECTBEHHOTO OTOOpa, CO-
[JIACHO KOTOPBIM B Tpollecce ¢GUIoreHe3a 3aKpe-
ILIAIOTCA Te afarTalldOHHblE MEXaHU3MbI, KOTOPbIE
MOTYT 00ecredynuTh CBOEBPEMEHHYIO alleKBaTHYIO
MOJCTPOUKY CUCTEM OpraHM3Ma B OTBeT Ha Jeid-
cTBHe (hakTOpoB BHelHel cpenibl. C 3TUX NO3UIUit
OTHOCUTEJNbHO MejsleHHoe  (PYHKUIHOHHPOBaHUe
MeXaHHU3MOB, MEHSIOIIUX 1edOpMHUPYEMOCTb KOCT-
HBIX CTPVKTYP, OHMOJIOTHYECKH OIPaBIaHO TeM, 4YTO
TPeHZIOBblE MapaMeTphbl NOBCEAHEBHBIX MexaHUYe-
CKHX Harpy3oK U 0cOOeHHOCTe! UX pacrpeesieHUs
B CTPYKTYPax CKeJleTa MEHSI0TCA B IIpoLiecce XXKU3HU
Ka’KJIOTO MHAWBUIYYMA CPAaBHUTENbHO MeJIEHHO.
B To e BpeMst nu3aMeHeHHe (Ha30BbIX COCTOSTHUN
MeTaboMu3Ma OCTEOLMTOB B (PU3UOJOTHYECKUX
YCJOBUSX TPOUCXOAUT BO BPEMEHHOM HHTepBa-

Jle, NICUUCISIEMOM YacaMu. A 3TO, B CBOIO OYepefb,
TpebyeT ObICTPOIl MOACTPOMKU MPOMYCKHOW CIO-
cobuocti JIKC cOOTBETCTBEHHO HOBBIM TpeboBa-
HUSIM. [|pyTUMU CI0BaMU, OCTEOLIUTAPHOE PeMo/Ie-
JMUpoBaHHe obecneyrBaeT JOKAIbHOE U3MEHEHUE
aKTHBHOCTH KOHBEKIIHOHHOTO MeXaHH3Ma Ha (hoHe
TeX K€ MEXaHWYeCKUX Harpy3ok U nedopMupye-
MOCTH KOCTHBIX CTPYKTYP.

Ocmeoyumapnoe pemodenuposanue Hepas-
PBIBHO CBSI3aHO ¢ (ha3oBbIM M3MeHeHUeM (PYHK-
IIMOHAJIBHOIO COCTOSIHUSI OCTEOIUTOB, MOpPGOJIOo-
rudecky oxapakTtepusoBanHoro C.A. Baud [31].
ABTOp Ha OCHOBAaHMM JAHHBIX 3JEKTPOHHOU MHK-
POCKONMH NPOAEMOHCTPUPOBAJ ABa THUMA JAKYH,
COOTBETCTBYIOUIUX METab0TMYECKOMY COCTOSTHHUIO
OCTeOLUTOB. JIaKyHBI MEPBOTO TUIA WUMEIOT He-
NIpepbIBHBIN U IMaAKUil KOHTYP. OCTeolUThl B HUX
OT/IeJIEHBI OT Kpasi TOMOTEHHOH MJIM MeJIKO3epHU-
cToi obosoukoit toamuuon ot 0,17 p 1o 0,30 .
JlakyHbl BTOpOro THma oOJaaoT IIEPOXOBATHIM
Y HeperyJIIpHbIM KOHTYpoM. KileTku B 3THX JaKy-
HaX OT/eJIeHbl OT UX Kpasi 060JI0UKOIA, JOCTUral0-
et Tosmmubl 0,67 yu M nMeroIen XJI0IbeBUIHYIO
cTpyKTypy. COOTBETCTBEHHO 3THM JABYM THUIaM
JaKyH auddepeHIUpoBaHbl ABA TUIMA OCTEOLMTOB.
[lepBblil xapakTepU3yeTcsl pOBHBIM MJIH CJIeTKa BOJI-
HUCTBIM KOHTYPOM IIUTOILIA3MATHYECKOI MeMOPaHBI
¥ JIOKaJIM3al1eH B [JIAIKHX JIAaKYHaX. ABTOp olipejie-
JWJI 3TU KJIETKU KAK «0Cmeoyumul ocmeobaacmuue-
cxoz0 muna» (des osteocytes ... aspect osteoblastique).
BTopo#l THI pacnosnioxeH B 1IEPOXOBATHIX JIAKYHAX.
Memb6paHa 3TUX KJIETOK UMeeT riybGoKue CKIAIKH
1 MHUKPOBOPCHHKH. OHHM OXapaKTepHU30BaHbl Kak
«ocmeoyumsl ocmeokaacmuueckozo muna» (des
osteocytes ... aspect osteoclastique).

ITH, CTaBLIME KJIACCUYeCKUMH, UCCTeJOBaHUS
C.A. Baud [31] nponeMoHcTpupoBaiu Mopdoo-
ru4yeckiie KpUTEPUU PEMOJIEJHPOBAHUS OCTEOLIU-
tamu BelllectBa cteHok JIKC. (Dase pesopbuuu
COOTBETCTBYeT H300pa’keHUe JaKyH, HMEIOLHUX
IepOXOBaThIil Kpail, U OCTEOLUTOB, CHAGKEHHBIX
MukpoBopcuHkamu. Dasze OTJIOXeHUS — H30-
OpaxeHUsl JaKyH, MMEIOIIUX T[JIaAKUi Kpail U
COIepXKAlMX OCTEOLMUTHI  OCTEOHJIACTHYECKOTO
tuna. OcTeollTapHOE PeMOJIeIMPOBaHHeE, COTJIac-
HO COBpPEMEHHBIM INPEACTABJIEHHUSIM, [O3BOJSET
OCTEOLUTaM, WHKOPMOPUPOBAaHHBIM B MWHepa-
JIU30BaHHbBI MATpPUKC, MONAEPXUBATh pasMepsl
nepuile/LToAsApHOro mpoctpancTBa (50-80 HM),
HeoOXoAUMble 1/ IBMXKEHUS TNOTOKA >KUAKOCTU
U TpaHcropTa MeTaboiutoB [55]. B 30He rubenu
OCTEOIMTOB TPOLIECC OCTEOIUTAPHOTO PEMOAEITH-
poBanus npekpamaetcs u JIKC ucuesaer, Tak Kak
ee TIPOCBEThI 3aMOJHAITCS MUHepanaMu [42, 44].
B 3Toit CBA3M BO3HMKAET BOMPOC, KaK MUIICpATU-
3auus — aemMuHupanusaunus creHok JIKC, npouc-
Xondllas B Npoliecce OCTEOLUTAPHOTO peMoaeIu-
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poBaHM4, CBs3aHa C NOJAEpXaHUeM NapaMeTpOB
MUHepaJbHOTO TOMEOCTa3a B OPraHU3Me B IIEJIOM.
B compeMertnoit ocTeosiorny HeT o0menpuiaToro
OTBeTa Ha 3TOT BoMpoc. TeM He MeHee, Hay4YHbIe
myOJIHKALUY HOCTAEeTHUX AECATUIETUH NO3BOJIAIOT
OTMCTHUTH BXKHYIO POJTb OCTCOIIMTAPHOIO PCMO/IC-
JIUPOBAHUs B TMOJIEP)KAHUHW MapaMeTpPoB 0OMeHa
KaJIbI[US] B TOMEOCTATUYECKUX IPAHUIIAX.

Hanpumep, J.E Whitfield ormeuaer, yto npu
OLIEHKE POJTH OCTEOLMTOB B 0OOMEHE KaTbLUs HEO6XO-
JMMO YYUTBIBATD, YTO 00111ast IIONIA/Ib IIOBEPXHOCTH
JIKC* BO B3pOCHIOM MYXCKOM CKCJICTC JIOCTUrACT
1200 Mm% [l cpaBHeHus obuast IJI01Ia/lb TIOBEPX-
HOCTU TaBEPCOBbIX U (DONBKCMAHOBCKUX KAHAOB
BMCCTC COCTaBJIseT TObKO 3 M2, Tpabekyst — 9 M2 Tlo
MHEHMIO aBTOpa, OCTEOLUTapHAs CeTb — MOUIHBIA
MeXaHU3M peryIupoBKU nBHxkeHus Ca?" Mexay Ko-
CThIO U KPOBBIO [ 68].

Mexanusmot obmena xanvuus mexncoy xo-
cmb10 U Kpo8vio. B HacTosiILee BpeMsT MOXKHO BbI-
JCJUTD CJICYIONIYH CHUCTCMY B3aUMOCBA3AHHBIX
MexaHuaMoB oomeHa Ca?* (puc.):

1. OcTeokIacTHO-0CTEOOIACTHOE peMOIeNTH-
posanwue [37, 38]:

a) ¢asa pe3opOUMM  KOCTHOH  TKaHU
OCTEOKNAaCTaMU;
0) dasa  OTJIOKCHUS  KOCTHOM  TKaHu
ocTeodaacTaMu.

2. OcteouutapHoe pemojennpoBanue [7, 31]:
a) dasza pezopbumu marpukca crenok JIKC
OCTeOLMTaMH;

6) dasa ormoxeHus Mmarpukca creHok JIKC
OCTeOLIUTaMMU.

3. Mecxanusmel nipsimoro obMena Ca®* mexay
MEXKJIeTOYHON >XKMIKOCTBIO KOCTH U KPOBOTOKOM
[51. 62], mpoucxoasniero 6e3 pa3pylleHUss MHHE-
PasbHBIX CTPYKTYP:

a) napauesnoisapuoe nocryenue Ca’ B Mex-
KJIETOYHYIO JKHAKOCTh KOCTH U3 KPOBOTOKR,

6) Ttpancuemonapuoe nocryrienue Ca* B
KPOBOTOK U3 MEXKJIETOYHOH XKMJIKOCTU KOCTHU.

He BbI3bIBaeT COMHEHUs], YTO KaXAbIH U3 mepe-
YHMCJCHHBIX MEXAHU3MOB YYACTBYET B CTaOWIIU-
3alMM TOMEOCTATHYECKUX [apaMeTpPOB KallblUs
opranusma. OnHaKO yXe MHOTO JIeCATHIeTHH oc-
HOBHOHW  BOIPOC  TPOJOJDKAIOUIMXCA  JIMCKYCCUI
octaetcsi 6e3 OTBETa — BO3MOXHA JIU «MTHOBEH-
Hasl» KOPPEKLUMSI YPOBHs KaJblIMA B KPOBU JIBU-
xenrem Ca?™ B KOCTH M M3 KOCTel 63 aKTUBAllUK
OOP [51]. 1o HameMy MHEHUIO, 3TO UCKYCCTBEH-
HO CO3JaHHas NpobyieMa, Tak KaK CyUlecTBYIoUMe
Ha CCTOJHANTHUN JcHb TaHHbIC, Kacallmecs 06-
meHa Ca®", Mo3BOJSIOT YTBEPXKAATh, YTO CUCTEMA
MEXaHH3MOB, OGECIEeYUBAIOIINX 3TOT OOMEH, —
UCPAPXMUYECKU OPraliu30BaHHAA, B3aMMOCBA3aH-
Hasl CTPYKTYpa, U TIO3TOMY BCe MeXaHU3Mbl B Hel
paBHO3HauHbl. Ee 6a30Bblii (MepBbIil) ypoBeHb —
npaMoit ooMen Ca?* MEXIY MEXKKICTOUNOR KUJL-
KOCTbIO KOCTH M KPOBOTOKOM. /laHHBIH THUTT 0OMe-
Ha POUCXOAMT HA JIMHUM Pasfiesla KOCTb — KPOBB,
paccMaTpyMBacMOM  HCKOTOPBIMH  aBTOPaMH  KaK
«MHUMast MeMOpaHa KocT» [51].
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KOHTPOJUPYIOIIUX AeHOPMHUPYEMOCTb KOCTHBIX CTPYKTYP M NMPONycKHY10 criocobHocTs JIKC,
M WX B3aUMOIENCTBUS ¢ MEXaHU3MAaMH 0OMEHA KalbLIUS MEXIY KOCTBIO U KPOBbIO

* MNosepxHOCTs OBMEHA KONbUMA MEXAY EMO XNUAKOMN v TREPAOH GA3aMN.
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CaenyommMm (BTOPbIM) UEPAPXUYECKUM YPOB-
HeMm o6MeHa Ca®™ ABJISeTCsl 0CTEOLUTapHOE PEMO-
JICJIMPOBAIMC, TIPOUCXOJISIIICE BHYTPUKOCTHO Ha
TpaHMLe pa3esa MeXAy MUHepPalTbHbIM MAaTPUK-
coM cteHok JIKC u BHYTpUKaHaIbLEBON XUIKO-
CThI0. OCTCOIUTHI, CTUMYJIMPYS PACTBOPCHUC UK
dbopMupoBaHue MUHepasoB B 3TOU 30He, obecrie-
YHUBAIOT JIOKAJIbHOE YBeJHYeHHe WU YMeHblIeHHe
Koneutpaimu oo Ca? BO BHYTPUKOCTHOM
MEeXK/1eTOUHOHU XUAKOH cpele.

OOP saBnseTcs TpeTbUM HEPaPXUYECKHUM YPOB-
HeM 00MeHa KaIbliMs, CBA3AHHBIM C paspylllcHU-
eM U (popMUPOBaHHEM MHKPOKOJHYECTB KOCTHOMH
TKAaHU Ha JIMHUU pa3jiesla KOCTb — KPOBb, HallpH-
Mep npu GOPMUPOBAHUY PE30OPOIIMOHHBIX JIAKYH
Ha [0BepXHOCTH Tpabekysn. B Hacrosulee BpeMs
JNOMUHUPYIOT NIPeACTaBIeHus, YTo HoHbI Ca?*, BbI-
JCJUBIIMCCA B 1IPOTICCCE PE3OPOIHA MUHEPILHO-
ro MaTpUKCa OCTEOKJIACTaMM, NOCTYMAIOT IPSIMO B
KpPOBOTOK. /[pyruMu cjioBaMH, CUMTAETCS, YTO 3TO
OCHOBHOU MCXaHU3M CTAOWJIM3ALMU T1aPAMCTPOR
Ka1bliMs oprauusma [12, 37, 38, 53, 54]. OaHako
pe3yJIbTaThl UCCAeJOBAHUM 110CTeJHUX JIeT CTaBIAT
110J1 COMHCHUC KOPPCKTHOCTD 3TUX IIPC/ICTABJICHUA.

Mexanuzm npamoeo nocmynnenun Ca’* u3
KPOBEHOCHbBIX COCYO08 8 MENCKIEMOUHYIO HCUO-
xocmob xocmu. Mcexjly 1J1a3MOU KPOBU U BHCKJIC-
TOYHON KHUAKOCTbIO KOCTH CYLIECTBYeT OYeHb BbI-
cokWil rpaaveHT koHueHtpauuu Ca* — 1,5 MM/n
u 0,5 MM /21 cOOTBCTCTBEHHO. ITa paslivlia U AB-
JIAeTCS ABIDKYIIEH CUJION, NepeMellarolieil HOHbI
KaJblIMS M3 [JIa3Mbl KPOBH BO BHEKJIETOYHYIO
AWIKOCTh KocTd [51]. Kunetuka atoro nepeme-
IIeHUs TPEICTaBJIsIeT COOOU IMACCHBHYIO, HeHa-
colitaemyo Augdysuo, Nnpoxolsllyo TNapaie-
JHOJIAPHBIM 1IYTEM BJIOTb 3JICKTPOXUMHUUCCKUX U
XUMHUeCKUX rpaguedToB [51, 61]. CxemMaTudecku
3TH IMYTH HUMEIT CJelyIIlyld MopdOCTPYKTYp-
nyio opranuzaimio. Monsr Ca?” nocne auddrysnn
yepe3 CTEHKY KPOBEHOCHOTO COCYZa IepeceKaloT
OKpY’KalolllHe ero CcoeAUHUTEeNTbHOTKAaHHBbIEe 3Jle-
MCHThI U JIOCTUTAIOT CJI0S KJIETOK, BBICTUIAIONINX
kocTh*. [locenHue NOKPBLIBAIOT BCe NIOBEPXHOCTH
KOCTHBIX CTPYKTYP, GOpMUPYS KJIeTOUHBIIt Hapbep
MOKILY HOBEPXHOCTHIO KOCTH, ¢ OIHOW CTOPOHBI, U
COeIMHUTENBHON TKaHbIO U KPOBEHOCHBIMM COCY-
dami, ¢ apyroid. OHAKO MeXIy 3TUMH KJIeTKaMU
UMCIOTCS 1IPOCTPAlCTBA IHMPUHOH =2 1M, 3alloJ-
HeHHble MUKpOGUOPUIIaMU. ITH TPOCTPAHCTBA
nponyckatot Ca?", KOTOpBIi 3aTeM IepecekaeT Tak
HA3bIBACMbIM OCTCOMINBINA CAOU IUPUHOUN 3—4 um,
PacrosIoKeHHbIH MO KJ1eTKaMH, BhICTUIAIOIIMMU
kocTh. [Tocsne atoro Ca?” npoHUKaeT yepes OTKPhI-
THUSA KaHAJIBICB, BRIXOAAHIUX Ha HOBCPXHOCTh MHU-
Hepasn3zoBaHHoro Matpukca, B JIKC. IlnotHocTh

* Bone-lining cells.

OTKDPBITHH cocTaBaser oT 9,4 10 12,6 Ha 100 pum?
[52, 58].

JTa BbIUICONMCAHAA MOPHOCTPYKTYpHAA op-
raHM3alus TPaHUL KOCTHOTO OpraHa MO3BOJIs-
et Ca?" mapale/IIONSPHBIM IIyTEM ABUTATHCSA OT
OOJIBIICH KOHIICHTPALIMU KaTbIIMA B KPOBU B CTO-
POHY MeHblIei KOHIEHTPAlUM B MEXKJIETOYHOMH
XKUIKOCTU KOCTHOI TKaHU. Kak e B aTy cucteMy
Hatpas/cnnoi murpannu Ca?* BKAIOYAIOTCSA HOHBI,
BbIIETMBIIMECS B pe3yJibTaTe pe3opOLUU OCTeo-
KJIaCTaMU KOCTHBbIX cTpykTyp? CorsiacHO Bbilie-
OIIMCAHHOMY MEXaHU3MY, 3TH HOHbI, HOJAYHUHAACDH
JNEUCTBUIO 3JIEKTPOXUMHYECKOH ABHXKYUIEH CUJIBI,
JI0JKHBI BKJIIOYaThcsl B moToku Ca?*, nuddbyHau-
PYIOIIIETO B CTOPOHY KOCTH. /[BMXKCHHUC MOHOB B
CTOPOHY KPOBEHOCHBIX COCYA0B BO3MOXHO TOJIbKO
B TOM CJIy4ae, ecJiv JJOKaJbHas KoHUeHTpauus Ca**
B 00JIACTU OCTEOKIIACTHON PC30pOIIMK BhIIIE, YCM
B kpoBU. OIHaKO BO3HUKHOBEHHE TAKUX YCIOBUMH
COMHUTEJIBHO, TaK KaK IJ1a3Ma KPOBH NPe/ICTaBJIs-
T coDOU NEPECHIIICITHBI PACTBOP Kaibius [22].

Heusxcenue Ca** us xocmu 8 xpogenocHvie
€OCYO0bl NPOUCXOIUT TIPOTUB 3JIEKTPOXUMUYECKUX
M XMMHUYCCKUX TPAJIMEHTOB, ABJISACTCA 3HCPTrO3aBU-
CHUMBIM TPOLECCOM U 0DECMEYNBAETCA CUHLIUTHEM
KOCTHBIX KJIeTOK [51, 62, 67]. OcTeoluTs! noruio-
maiotr Ca?™ M3 MEXKKICTOYHON XKUAKOCTH KOCTH U
TPaHCTIOPTUPYIOT ero Yepe3 lileJieBble COeIUHEHUS
B HalPaBJIeHUH KJIETOK, BBICTHJIAIOUIMX KOCTb [31,
57]. Nocaemiue cexperupyior Ca?* B MeXKJICTOU-
HOE TIPOCTPAHCTBO Ha IPAHHUIE C KPOBEHOCHBIMHU
cocyaaMmu, obecrieyuBasi TeM CaMbIM MOCTYIUIEHHE
MOHOB B cHCTeMy KpoBooOpaiienus. To ecTh cun-
LIMUTHIA KOCTHBIX KJETOK MMeeT 3Hepro3aBUCUMYIO
cucteMy tpaHcrnopta Ca?* co cneuuduyeckoit no-
JIAPHOCTBIO. JKCHCPUMCHTUIBHBIMU  OKA3ATCIb-
CTBaMMU [1PaBOMOYHOCTH 3TOH CXeMbl SIBASAETCA 1O-
naBJieHue in vitro TpancnopTa Ca?’ nMaHUIAMH, a
TAKIXKE €TI0 OTCYTCTBUE B MEPTBOM KOCTH [51].

[lo-BuanMoOMy, TpaHCUeNTIOJAAPHBIE [OTOKH
Ca? M3 KOCTH B KPOBb BKJIIOYAIOT B ce0s HOHBI,
BBUICJSAIONMECS  [IPU PC30POLUUU  OCTCOIUTAMMU
crerok JIKC. JTo BblaeieHUE HOHOB JOCTUTAETCS
pacTBOpeHHeM MUHepala, BbI3BAHHbBIM JIOKAJIbHBIM
cABUroM pH MeXKIIeTOUHOM XKUIKOCTU B KUCAYIO
CTOPOHY MO BJIMSIHAEM OPraHUYECKUX KHUCJIIOT,
BbIZeTsIeMbIX KiaeTkamu [29, 30, 33, 34, 56, 59, 60].

IxcnepumenmansvHvle in vitro doxazamenn-
cmea «<MeH0BeHHOU > Koppekuuu yposua Ca’* 8o
éHexocmnoi cpede npeactapiedbl M. Marenzana
¢ COABTOPAMM, KOTOPBIE UCCJCAOBAINA KOCTh € XU~
BBIMHU KJIETKaMH, MOTPY>KEHHYIO B MOHHBIA pacT-
BOp, AaHAJOTUYHBIA MMJa3Me KPOBHU. ABTOpbI, HC-
10JI1b3Y51 MOHOCEJICKTUBHBIN 3JIEKTPOJL, HAIJIH, YTO
ycToiuuBsii nputok Ca?* B KOCTb peBepCUpYeTCs
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K OTTOKY, KOrZla U3 3TOro pacTBopa yaaneH Ca®.
Taxum obpazom, M. Marenzana ¢ coaBropamu ycTa-
HOBWJIM JIBa BKHCHINWX hakTa. Bo-1epsbix, neob-
XOJUMBIM YCJIOBHEM, MHALIUMPYIOIUUM yTeuky Ca?”
U3 KOCTH, SIBJIIETCSI CHHXXeHUe ypoBHs Ca?* B OKpy-
KAIMICH 3TY KOCTh cpelie. Bo-BTOPBIX, aTa yTeuka
IIPOMCXOIUT «<MTHOBEHHO» Oe3 yuactus OOP [51].

OnHako He0OXOAUMO YUUTHIBATH, YTO B YCIOBU-
AX in vivo xapaktep aBuxenus Ca?* B KOCTh U U3
KOCTH CBsI3aH He TOJIbKO € KOJIeGaHUSMU €10 ypOoB-
Hsl B KPOBM, HO U C JIeHCTBHeM pa3jUYHOro poiaa
PErvIsSTOPOB.

Bauanue pezyaamopos na oomen Ca®* mexncoy
KOCMb10 U KpO6b1o TPOSIBASETCS He TOJIbKO 3d-
(heKTaAMU, BBI3BAHHBIMU JIHCTBUCM BHYTPHUKOCT-
HbIX (AKTOPOB Ha (YHKLMOHAIBHOE COCTOSHUE
ocTeoluToB [26, 27, 35, 36], HO U BHEKOCTHBIX, Ta-
KWUX KaK FOPMOHbBI HAPANIMTOBU/IHBIX XKeJles, Anud-
HUKOB, HaJNIOYeYHHKOB U BUTaMuH /] [32, 46, 48,
50, 59, 69]. Ux MuieHb10 ABIAIOTCS, B TOM YHUCITE,
MCXAHOCCHCOPHDBIC T1TOPOTI'U OCTEOIUTOB, JCTCPMUA-
HUPOBaHHble TeHeTUYeCcKH [46, 65]. M3aMeHeHue
BeJIMYMHBI 3THUX TIOPOTOB, IPOUCXOsLIee MO BIH-
AHUCM  CUCTCMIBIX PCryJSTOPOB, BbI3bIBACT W3-
MeHeHUe BeKTopa MeTaBoaM4YecKOd aKTUBHOCTH
OCTEOLMTOB COOTBETCTBEHHO OANAHCOBLIM Tpe-
OOBANKUAM MUICPAIBHOIO TOMEOCTA3a OPraHnu3Ma
[40, 41}. Tak, ec11 1eficTBUE peryIATOPOB B 11E€JIOM
IPUBOIUT K [10ABEMY HUXKHETO MEXaHOCEHCOPHOTO
HOPOra, MPOUCXOJIT BbIMBIBAHUC MHUHCPIOB W3
KOCTH, a €CJTU K CHUXKEHUIO BEPXHET0 — OTJIOXEHHe
MHUHepaTbLHOTO KOMIIOHeHTa. Korma peryiaatopsl
JCHCTBYIOT B (hU3UOJIOTHYCCKU AOIYCTUMBIX TIPC-
Jles1aX, OHM He OKa3bIBalOT CYLIECTBEHHOTO BJIUSI-
HHsl Ha XU3HEeC[IoCOOHOCTh 0cTeounToB. Ecaun e
MX aKTUBHOCTD ITPCBBINIACT ATH IIPCIEbI, YTO IPO-
UCXOAUT IPH MATONOTMYECKUX WM IKCIIEPUMEH-
TaJIbHBIX YCJIOBUAX, TO COOTBETCTBEHHO BETUUUHE
OTKJIOHCHUH PACTCT PUCK THOCHN OCTCOUMTOB™.

Hanpumep, ucnios1b30BaHMe NapaTropMOHa B Jie-
yeOHbBIX J103aX BbI3bIBAeT aHaboMHYeCKUI 3 deKT,
HPOABJIAIOLIMUACA YBeJIUYeHHUEM TOJIIMHBL Tpabe-
KYJl B pE3YJIbTaTe POCTA AKTUBHOCTH OCTEOOIACTOB
" 1noBbIIeHUs YacToThl akTHBanu OOP [39, 67].
OunHako ero u30bITOK UHUUMUDYET HapylleHWe
OCTeollMTapHOro peMozenupoBanvs. Hampumep,
yepes 3 CYTOK TOcJie BBeJIEHUS] MOJIOABIM cobakaM
600 en. akcTpaKTa NapallMTOBUAHOMN »eje3bl WU
yepes 24 yaca nmocJie BBenenua 1000 ea. atoro akc-
TPAaKTa B KOMIAKTHOH KOCTH NPOMUCXOAUT pe3koe

pacuinpenue JIKC, conpoBoxaamouieecss CJausi-
HHUeM JIaKyH ocTeouuToB. Hapsiny ¢ aTum Habio-
JlaeTcst TUIepTpodUs U THIePPEaKTUBHOCTD 3TUX
KJIETOK C YBeJIMYEHHEM JOJIU AET€HEPUPYIOUIMX U
noru6umx octeouTos [32]. Pe3toMupys Bbilen3-
JIO’KEHHOE, MOXKHO TIPEANIOJIONUTD, YTO AeHCTBUE
napaTropMoHa cJBuraeT papHosecue Mexay OOP
U OCTEOUMTApHBIM peMOJETUPOBaHUEM, TO €CThb
TMOBBINIAET CHHTETHYECKYIO (YHKUMIO OCTeobsa-
CTOB 1 Pe30POTHUBHYIO — OCTEOLIMTOB.

JlpyruM npuMepoOM TrOpMOHAJIBHON peryJsiiiiy
ABASIOTCS 3h@eKThl, BOZHUKAIOIINe MOA BIUSIHH-
€M IJIIOKOKOPTHKOUIHBIX TOPMOHOB Y 6-MeCSYHbBIX
Mblield-caMioB [50]. ¥ >KUBOTHBIX MPOUCXOAUT
COKpallleHye 06beMa U CHUXeHMe IPOYHOCTH Tpa-
OeKyIApHOM KOCTH C OAHOBPEMEHHBIM MafleHHEM
MOIyJIsl YIIPYTOCTH MaTpPHKCa B MepPUJIaKyHAPHOH
3oHe. Mopdonoruuecku 310 NposiBIseTcs YBeJIH-
YeHUEeM JIAKYH OCTEOLMTOB C «OPEOJOM» TMIIOMH-
HepaiM3alMH NepUJaKyHapHOTO MaTpHKca, HA0-
cturaromwuM ~40%. Kak moxyepkusawot N.E. Lane
C COaBTOpaMM, MOJYYeHHble JaHHbIE JOKa3bIBAIOT
NpsIMOe BJIMSIHHE TJIIOKOKOPTUKOUIHBIX TOPMOHOB
Ha OCTEOLUTHI, KOTOPbIe 0OECTIEYNBAIOT HE TOJBKO
BbIMbIBAaHHE MHUHEPATBHOTO KOMIIOHEHTA U3 Cpefbl
UX MUKPOOKPYXXEHHsI, HO U MEHSIIOT MEXaHUYeCKIe
CBOJICTBa MepHTaKyHapHOTro MaTpHKca [50].

[lonTeepxnennem peitcteusa  1,25(0OH), A,
Ha OCTEOLUTHI SIBJASIOTCS Pe3yJBTaThl in vitro uc-
CJIC/IOBAIMH, COTJIACHO KOTOPBLIM 0KoJio 50% Ca?
OCTEOLIMTOB AKTUBHO OOMEHUBAETCS U OOHAPYXKH-
BaeTcs B MeMOpaHe KJIeTOK. B MUTtoxoHapusx Jo-
KaJms30BaHo 35% Ca?* ¢ neprosiom 1onyobMena 27
qacoB. HecMoTpsi Ha MeZl/IeHHBII MeTaboIU3M, 3Ta
¢dpaxius Ca?* MoxeT ObITh OBICTPO MOOMIU30BAHA
WM YBCIUUCHA TI0JI BIUSHUCM PA3JIUUHBIX Pery-
naropos, B ToM yucse 1,25(0H),/l,. Toabko 15%
Ca?" B ocTeoUMTapHBIX KJETKax MeTaboJHyecKu
nuepTHO [48].

M3MeHeHUe BJIMSHUSA OCTEOLIMTOB Ha OOMeEH
Ca?" MOryT BO3HHUKATh U NIPU JPYTUX COCTOSTHUAX
[49], nanpuMep 1ipu cTapenuy, Kora CyllecTBeH-
HO MEHsIeTCS XapaKTep rTOPMOHAIbHOU PEryIsLUU.
[Ipu 3TOM KpaiiHe BAXXHO OTMETHTb, YTO (pYHKLIHO-
HaJIbHAS AKTHBHOCTb OCTCOIMTOB B PA3HBIX y4yacT-
Kax cKeJieTa cMelleHa o (aze OTHOCUTENBHO APYT
JIpyra COOTBETCTBEHHO 3aKOHY INepeMexxamouleiics
AKTUBHOCTU. ITO 3aKJIOUCHHE CIeJaHo Ha OCHOBA-
HUM PEe3YJIbTATOB XPOHOOHOJIOTHUECKHX HCCIIENO-
BaHuii [1, 3, 4, 8].

* Mo mHenuio H. Frost, uensio KomBUHAUMM BCEX OTBETOB KOCTHOM TKGHW HO AEACTBUE MEXAHUYECKUX U HEMEXTHUHECKIX
dbakTopos senseTcs obecneyeHe HEOBXOAMMOrO 3aNACA NPOHHOCTA CKENETA B KOXOMA €r0 TOYKE ANS NPEAOTBPOLLEHHS
CNOHTARHBIX NEPENOMOB NPU NOBCEAHEBHBIX Harpy3akax. CornacHo AQHHOM KOHLENUMN, OTBETH HO MEXAHUYECKUE GAKTOPS
BO3HUKQAIOT NOCNE OTKNOHEHNA BENNUMHE AeGOPMALMI KOCTHON TKOHM 30 Npedens GU3Monoruieckix noporos. Hemexakmuseckue
$aKTOPs! (KOCTHOMO3TOBHE MEAUATOPS!, FOPMOHBI 1 AP.) MORYNHPYIOT BEMYMHY STX NOPOToB W/ WAK PA3BUTAE NOCNERYIOWMX
PEaKLMit, KOHTPONMPYS, TaKMM OBPA3OM, NPOYHOCTHsE cBOMCTBA KOcTK [ 13, 45].
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3akon  nepemexcarowielics - aKmueHoCcmu
chopmymuposan ['H. KpepkaHoBckuM, KoTopbiit
YCTAaHOBWJ. YTO BO BpeMs BbINOJHEHUA (Hu3uo-
JOPMUCCKON  hYHKIIMM  TIPOUCXOIUT TOCTOAHHOC
BKJIIOYEHHE M BBIKJIIOYeHHE (QYHKLHOHHPYIOUIMX
CTPYKTYP, OCYLIECTBJIsIEeMOe MEXaHH3MaMHU ayTope-
TYJIAIMKY 110 JOCTUXKCHUM KAKOTO-TO KPUTUUCCKO-
ro YpOBHs BHINOJIHEHHOU pabothl [18, 19]. 3akon
uMeeT CYLIECTBEHHOe 3HaueHWe JIJisi COXPaHeHUs
HOPMWIBHOTO COCTOANNA U 1HOUICPXKANUA JIMHaA-
MHYECKOT0 roMeocTasa KJIETOK U OpraHa B LIEJIOM.
Ocoby10 BaKHOCTb OH MPHOOPETaeT B YCIOBUAX
yeusieHuol hyHKIMOHAIBHON Harpysku. Ecau Obl
CTPYKTYPbl He GYHKLHOHUPOBAIH B COOTBETCTBUH
C 3TUM 3aKOHOM, OHU He MOTJH Obl BOCCTAHOBUTD
CBOU INJIACTUHCCKUN Y 3HEPTCTHYCCKUIA TOTCHITMA
MIPM IJIUTEIbHOM MHTEHCUBHOM Harpy3Ke, 4To MpHU-
BOAMJIO OBl K UCTOUIEHHUIO Pe3ePBHBIX BO3MOXHO-
CTCH, K 3HCPICTHYCCKOMY U TUIACTHUYECKOMY Jledhi-
LUTY KJIETOYHBIX CTPYKTYD U, B KOHEYHOM UTOrE,
K IUCTPO(HUU U TPOTPeCCUPYIOIIEMY CHUXEHUIO
ypoBus hyHKIMOHAUIBHOW aKTUBHOCTU TKAHU, OP-
rasa u 1.1. OTHUM U3 pe3yJIbTaTOB 3TOTO SABJISETCS
dheHOMeH acCMMMETPUM pPa3BUTHS GHOIOTHYECKUX
nponeccon, uto, 1o Mucuuin C.U. Crenanopoi,
CBS3aHO C aCUMMeTpUel UX aHABOIUYeCKUX U Ka-
TaboIMYecKUX 371eMeHTOB [24].

M3 BBINCH3NIOKCHIOTO CHCAYET, 4TO B (hu-
3MOJIOTMYECKUX YCJIOBHUSIX OCTEOLMTbI B PasHbIX
y4yacTKax cKesieTa YHKLMOHHUPYIOT aCUHXPOHHO
110 OTHONICHUIO ApPYT K Apyry. Ecau oana vactb
KJIETOK B KOHKPETHBIH BPEMEHHOI HHTepBal OCy-
IeCTBIAET CHayasa pe30opOlUMIo, a 3aTeM CHHTE3
OKPYAKAIONICIO WX MATPUKCA, TO COCENHNE KIETKH
(YHKUMOHUPYIOT B MPOTHUBOIOJIOXHOM peXUMe
— CHayaJia CUHTE3, a 3aTeM pe3opbOuus [1, 3, 4, 8].
o nameMy MHCHUWIO, pealv3aliuy 3TOro 3aKOHa
B KOCTHBIX CTPYKTypax CMOCOOCTBYIOT IBE OCO-
OGEHHOCTU CTPYKTYpPHO-(GYHKLUMOHAIBHON opra-
HU3AIMK cKeJleTa. Bo-11epBbiX, KOCTHbBIC KJICTKH B
KXX10M KOCTHOM OpraHe OpPraHM30BaHbl B CUHIH-
THit [57]. Bo-BTOpbIX, 3TOT CHHUMTHIA pa3/ieieH Ha
JIOKQJIBHBIC CETH, TAK KAK OCTEOHB! U MTOJYOCTEOHBI
OTTpaHUYEHB! IPYT OT APyra LeMeHTHOU JUHHEH, 1
MO3TOMY CHMHIIMTHII KOCTHBIX KJIETOK NMpeJACTaBs-
¢T cob0i A4CUCTYIO (COTOBYIO) CTPYKTYPY, cdop-
MHPOBAHHYVIO U3 JIOKATbHBIX ceTel [6, 14].

Jlorn4Ho npeanosioXXuThb, YTO B KaXKJIOM OCTEO-
He U 10JIyOCTeOHe KJIeTKH QYHKUHOHUPYIOT CUH-
XPOHHO M MeTaboNMYecKH OJHOHAIpaBaeHHO. B
TO K€ BpeMsl, COIVIACHO 3aKOHY lepeMexaroleics
AKTUBHOCTH, OJJHA YAaCThb JIOKAJIbHBIX KJIETOUHBIX
ceTeil HAXOIUTCS B CUHTeTHUYecKol (ase, npyras —
B pe30pOTUBHOM, TPeTbs XKe YacTb — B COCTOSHUH
CHU)KEHHOTO MeTabo/u3Ma. ITH Tpu MeTabosiuye-
CKMX BapvaHTa TpeGYIOT pasHbIX YCJIOBUI Mexa-
HO-MeTab0JIH4YeCKOi Cpelibl, OKpYXKaloLlel KIETKH,

U, CleJoBaTeJbHO, Pa3HOH MPOHU3BOAMTENBHOCTH
KOHBEKLIMOHHOTO MeXaHu3Ma. OleHKy UHTEeHCHUB-
HOCTH NMOTOKA XHAKOCTH OCYLIECTBISAIOT MEXaHO-
CEHCOPHble PeLeNTOPbl OCTEOLUHMTOB. JTO IMO3BO-
JAeT KJeTKaM INpH HeoOXOAUMOCTH 06ecre4uTh
JIOKQJIbHYIO TOHKYIO TIIOJACTPOMKY IPONMYCKHOMH
cnocobHocT JIKC (1mytem ocTeoMTapHoro peMo-
JeJIMPOBAHMS) COOTBETCTBEHHO CBOUM MeTabOoJH-
YeCKUM TpeOOBaHUSIM.

3akaouyenue

[oMeocTaTtnyeckass cTabMJIBHOCTb MapaMeTPOB
MeXaHO-MeTaboJMYeCKOH Cpefibl, OKpYXaolleH
OCTEOLUTH], 00ecreYuBaeTcss B KaXIOM JIOKyce
CKeJleTa ABYMsI TpYNIaMu MexaHu3MmoB. [lepas
TPyINa KOHTPOJHUpPYET cTeneHb AedopMUpYeMo-
CTM KOCTHOH TKaHH, TO €CTb CMOCOOHOCTb UHHUIIHU-
MPOBaTh KOHBEKI[MOHHBII1 MIOTOK XXUIKOCTU C pac-
TBOPeHHbIMU B Hell MoJiekysaMu B JIKC. Bropas
TPylNIa omnpenessieT IMPONYCKHYIO CIOCOOHOCTD
3TOW CHCTEMBI TIOJIOCTeH, MEHSA IIOIAIb MOTe-
pedHoro ceueHus. BzanmoneiicTBue 3THUX rpytin
MEXAHU3MOB 00€eCTIeYHBAET COOTBETCTBHE MOTOKA
xunkoctu B JIKC MetaboauyeckuM TpeboBaHUAM
OCTEOLIUTOB.

Mexanuambr o6Mena Ca?* Mex 1y KPOBbIO U KO-
CThIO 00pa3ylOT HEPapXUYeCKH OPTraHW30BAHHYIO
cucTteMy. Ee nepBbIM ypOBHEM SIBJISIETCS NPSMOIi
obmeH Ca’?* MexJIy MeXKJIeTOYHOW XHUIKOCTHIO
KOCTHU U KpoBbI0. J{aHHBIH THII 0OMeHa He COMPOBO-
XaeTcsl pa3pylIeHHeM KOCTHBIX CTPYKTYP M Npo-
MCXOINUT Ha JIMHUM pa3jieia KOCTb — KPOBb.

BropeiM nepapxuueckum yposHeM obmena Ca?*
SIBJISIETCS] OCTEOLUTAPHOE PeMOJIENHPOBaHIie, Mpo-
UCXo/Isilllee BHYTPUKOCTHO Ha TpaHHWlle paszena
MeXy MUHepaJibHbIM MaTpuKcoM cteHok JIKC u
BHYTPUKAHATBICBON XUAKOCTBIO. OCTCOIUTHI, JIO-
KaJbHO CTUMYJIMPYS pacTBOpeHHe U HOpMUpO-
BAHMC MUHEPATIOB B 3TOH 30HC, 06CCTICYNBAIOT YBC-
JYeHHe WU YMeHblleHHe koHlleHTpaluu Ca?* Bo
BHYTPHMKOCTHOM JKMIKOIf cpefie.

OOP npencrasisieT coboii TpeTU Hepapxuye-
cKU# ypoBeHb obMeHa Ca?*, BbI3bIBask pa3pylleHHe
w1 $HopMHpPOBaHHE MUKPOKOJMYECTB KOCTHOM
TKAHU Ha TUHUU pa3fiesia KOCTh — KPOBb.

MexaHusMbl nepBoro ypoBHst obMmeHa Ca?” obe-
CIIEYMBAIOT MOCTYIIEHHE 3TOTO MOHA U3 ITIa3MBbl
KPOBH BO BHEKJIETOYHYIO >XMIKOCTb KOCTH Ma-
paresnionsipHo 6e3 3arpat 3Hepruu. KunHeruka
aTOro Tmpoliecca TpeacTaBiasieT coboi MaccuB-
Hylo Henackimaemyio anddysnio BAOIb  3NCK-
TPOXUMHMYECKMX M XHMHUYECKUX TIPaIUeHTOB.
[TpoTuBononoxHbIi npouece Boigeaenus Ca?” u3
KOCTH B HalpaBJIeHUU KPOBEHOCHBIX COCY/AOB SIB-
JISIETCSl DHEPrOo3aBUCUMBIM U BBITNIOJIHAETCS CHH-
LUTHEM KOCTHBIX KJIeTOK. OCTeoUThl NOI/IOILAIOT
Ca®" U3 MEXKJIETOYHOM XXMIKOCTH KOCTH U obecrie-
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YUBAIOT €ro JBWXKEHUE Yepe3 IiejieBble CoeluHe-
HUsi B HATPABJEHUU KJIETOK, BBICTHJIAIONUIUX KOCTb.
Mocaenuve BHIEAAIOT UX B MEXKJIETOUHOE TIPO-
CTPAHCTBO, 0OeCTIeYnBast TEM CAMBIM MOCTYILIEHUE
Ca?" B cucTeMy KpoBooOpallieHus.

UsMencnyue paBHOBECUSE MEXKILY STUMHU JIByMA
NIOTOKAMM JIEXKUT B OCHOBE «MTHOBEHHON» KO-
pexuuu ypoBHa Ca’ BO BHEKOCTHOH cpejie. DTO
PABHOBCCHE PETYJIMPYCTCS HE TOJNBKO BHYTPUKOCT-
HbIMU (AKTOPaMH, HO U BHEKOCTHBIMH, B TTEPBYIO
oqepezlb FOpMOHAMH [1ApalIMTOBUIAHBIX JKE€JIE3,
AUYHUKOB, HAJIIOYEYHUKOB, BATAMHUHOM /],
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