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Pe3iome

Henn. CpaBHUTH MOP(OIOTHIO, MUHEPATbHBINA
W OpraHuueckuil mnpoduib MarHuii-hochaTHbIX
6vonoB (M®B) u Kanbimi-pocdaTHbIx OMOHOB
(K®B) psist ouenku nipurogHoctd M®B kak rpym-
TIbI CPaBHEHWUS C 1Ie/TbI0 TeCTUPOBAHUS CITeL[u(ry-
HOCTH 5H/J0Te/TMOTOKCHYeCKOro AeicTBusi KDB.

MarepuaJibi 1 MeToAbl. MOB 1 KOB 6bin mc-
KyCCTBEHHO CHHTE3MPOBAHbI IT0CPE/ICTBOM TlepeHa-
ChIIIeHUsI IMUTHUPYIOLel COCTaB KPOBU CPeZbI CO-
JISIMWA MarHusi ¥ KasbL{|si COOTBETCTBEHHO. Mopdo-
noruueckue cBoiictBa M®B u KOB 6b1u u3yueHbl
TIPY TIOMOIIM 3/7IEKTPOHHOM ¥ aTOMHO-CHAIOBOM MU-
KPOCKOITHH, 37IeMeHTHBIN COCTaB — TIOCPEACTBOM
5HEProJCIIePCUOHHON PEeHTIeHOBCKOM CIeKTpO-
CKOTTMH, aTOMHO-3MMCCHOHHOW CIIEKTPOCKOTIMK
CHNSO-ananu3a, ¢GyHKIMOHabHbIE FPYIIIbI — H-
(bpakpacHOU CrieKTpocKomnueli ¢ peobpa3oBaHreEM
Dypbe U CIEKTPOCKONHeH KOMOMHALIMOHHOTO pac-

cestHUsI CBeTa, (popMysia BXOJMLMX B COCTaB OHO-
HOB XMMHYECKUX COeJVHEHHN — DeHTTeHOBCKOM
TIOPOLIIKOBOM JippakToMeTpHeil. BeskoBbIi mpo-
b MDB u KOB 6bu1 MccieoBaH METO/IOM 7TeK-
Tpodopesa B MoIMaKPUIaMHUJHOM Tejie C IoC/eay-
IOIIMM OKpAIlIMBAaHKEM HUTPAToM cepebpa.
Pesynbrarel. Kak M®B, Tak 1 KOB nipencras-
Jisi7 cob0¥ chepruecKre YacTULIbI TyOUaTol CTpyK-
Typbl fuaMeTpoM 80-200 HM U cpelHUM JxiaMeTpoM
0k0/10 120 HM, CK/IOHHBbIE K (hOPMHPOBAHUIO K/lacTe-
POB 13 HecKo/bKUX yactull. I MOB, u KOb cocros-
JI U3 yT7Iepojia, KUCI0poza, a30Ta, Boopoaa 1 (oc-
¢opa, oqHako MDB comepkam MarHui U XxapakTe-
PU30Ba/IMCh MUHUMAJTbHBIM COZlepyKaHUeM KaslbLvsl.
M®E u KOF conepykam pocdarHbie, KapOOHATHBIE
Y TWPOKCUIbHBIe Ipymibl, 11pu 3ToM M®b cocros-
Jii U3 Maraust pocdar rujpara U XaHTuTa, a KOb —
W3 TH/IPOKCHATIaTUTa ¥ KapOOHAT-rUIpOKCHAIaThTa.
besnkoBbiii ipoduib MOB 1t KDOB 6bT CXOXKUM.
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3akmouenue. M®b cxoguel ¢ KOb Bo Bcem
(pasmepHOCTb, (hOpMa, CTereHb KpUCTa/NTMUHO-
CTH, 37IeMeHTHBII cOCTaB, (PYHKL[MOHA/IbHbIE [PYII-
MbI), KpOMe KOMIIOHEHTOB HEeOpraHWuecKod Co-
CTaBJ/ISIOLIeH, ¥ I03TOMY MOTYT pacCMaTpHBaThCS
Kak TOAXOZIasi TPyTa CPaBHEHUs il OLeHKH

CreUpUIHOCTH TOKCUYecKoro fieiicTBust KOB Ha
SH/IOTe/UH.

KnroueBble cj10Ba: HAHOYACTHULIbI, OMOHBI, TOK-
CUYHOCTb, SH/IOTEJIMH, aTepoCK/epos3, 3/1eMeHT-
HBI aHajW3, MUHEPA/IbHBIA COCTaB, OpraHUYe-
CKHM COCTaB.

Abstract

Aim. To compare morphological properties,
mineral, and organic pattern of magnesium phos-
phate bions (MPB) and calcium phosphate bions
(CPB) for the assessment of MPB as a control
group for the evaluation of CPB-specific endothe-
lial toxicity.

Materials and Methods. Both MPB and CPB
were artificially synthesized employing blood-mi-
metic medium supersaturated of magnesium and
phosphorus salts, respectively. Morphology of
MPB and CPB was investigated by electron and
atomic force microscopy, elemental analysis was
performed utilizing energy-dispersive X-ray spec-
troscopy, atomic emission spectroscopy, and CHN-
SO analysis, functional groups were examined us-
ing Fourier-transform infrared spectroscopy and
Raman spectroscopy, while chemical formula was
identified by X-ray powder diffraction analysis.
Protein profile of MPB and CPB was screened em-
ploying polyacrylamide gel electrophoresis with
the following silver staining.

Results. Both MPB and CPB represented
spherical spongeous particles of 80-200 nm diam-
eter and mean diameter of around 120 nm, tend-
ing to form clusters of several particles. Both MPB
and CPB contained carbon, oxygen, nitrogen, hy-
drogen, and phosphorus. However, MPB also con-
tained magnesium but had minimum calcium con-
tent while CPB had a significant amount of calci-
um but were devoid of magnesium. Both MPB and
CPB contained phosphate, carbonate, and hydrox-
yl functional groups but MPB consisted of mag-
nesium phosphate hydrate and huntite while CPB
were comprised of hydroxyapatite and carbon-
ate-hydroxyapatite. Protein composition of MPB
and CPB was similar.

Conclusion. MPB are similar to CPB except-
ing the chemical formula; hence, MPB can be con-
sidered as an appropriate control group to evaluate
specificity of CPB-related endothelial toxicity.

Keywords: nanoparticles, bions, toxicity, endo-
thelium, atherosclerosis, elemental analysis, min-
eral profile, organic profile.

<« English

BBegeHue

Kanberuit-docdarteie 6uonsl (KOB) npezacTas-
JIIFOT COOOM SH/IOTeHHbIe HAHOYACTHIBI, (Hop-
MUpyeMble TIpU TepeHachIleHu KPOBU HMOHAMH
Kasiblysl (TurepKaabiiueMun) U gocdopa (rurep-
tdocdaremnn) B KaueCcTBe MexaHW3Ma 3allUThl OT
TIPSIMOM  3KTOTIMUECKON KanbLW(UKaMd TKaHel
[1, 2]. Bmecte ¢ TeM B Hauleill mpezblAyIei pa-
6ote OblI0 OOHapyxeHO, uto KDBb BbifestoTcs
13 TIpUOIM3UTENBbHO 75% aTepoCcK/IepoTHUeCKUX
OMsIIIIeK KPYTIHBIX apTepyid uenoBeKa, OKa3bIBaloT
TOKCHUeCKOe ZIedCTBHe Ha dH/0TeManbHble KIeT-
KM in Vitro ¥ BBI3BIBAIOT TUMEPTPOQUI0 BHYTPEH-
Hell 000/10uKK (MHTUMbI) OPIOIIHON a0PThI KPHIC,
SIBJISIFOLIYIOCSI  XapPAKTePHBIM TPU3HAKOM aTepo-
ckneposa [2]. Takum oOpa3oM, 3aluiiias opra-
HU3M OT «0O0JIbIIIero 3/1a» — ObICTPOM U MaCCUBHOM
KanbLuduKamu cocynos [3, 4], KOB Tem He me-
Hee CIIOCOOHBI SIB/ISITHCST OJHUM M3 TPUTTEPOB aTe-
POCK/Iepo3a — XPOHHUYECKOTO BOCIAINUTETBHOIO
Mpollecca, XapaKTepu3yrollerocsi (opMUpOBaHU-

€M TreTepOreHHbIX OJISIIeK U3 K/IeTOK, BHEK/IETOU-
HOTO MaTpHKCa W JINTIHJ0B BO BHYTpeHHel 000-
JIouKe apTepuii [5, 6]. TIpy KpUTHUECKOM CyKeHU!
apTepuanbHOTO MPOCBETA WM Pa3phiBe OJISIIKH C
TOC/IeYFOI{UM TPOMOO30M MPOUCXOJUT KPUTHUe-
CKOe TajieHre YPOBHSI HeoOXOAMMOro KpOBOTOKA,
YTO TIPUBOJUT K OCTPOMY HECOOTBETCTBUIO 00be-
Ma IOCTYTAMLEro B TKAaHU KUC/I0posia HeoOXou-
MOMY /IJIs TIOZIZIePXKaHUsI UX YKU3HECTOCOOHOCTH
obobemy [5, 6]. KnUHUUeCKU 3TO TIPOSIB/ISIETCS WH-
(apkToM MHOKapza (MpU HapylIeHWUA CepAedHO-
TO KPOBOTOKA), OCTPbIM HapyllleHHeM MO3TOBOTO
KpPOBOOOpAIlleH!sl TI0 WIIeMHUYeCKOMY TuIly (Tpu
HapyIIeHUY MO3TOBOT0 KDOBOTOKA) U 3a00/1eBaHU-
sIMU TTeprdepruecKux apTepui [5, 6].

TToCKO/BKY aTepoCK/Iepo3 TPOZO/KaeT OCTa-
BaThCs BefiyIlell TIPUUMHONW CMepPTH KaK B pa3BU-
TBIX, TaK U B Pa3BUBAIOLIUXCS CTpaHax [7], a mo-
BpeXKJieHe BHYTpeHHel BBICTWU/IKHU apTepuil (9H-
[IOTeJIHsT) SIBJIsieTCs1 00s13aTesIbHBIM YC/IOBUEM [1Ist
ero pasBuTys [8, 9], U3yueHre MeXaHU3MOB H/IO-
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TenuoTokcuueckoro felictusi KOb umeer pocra-
TOYHO OOJBIIYI0 aKTyasbHOCTb. OfHAKO OCTaeT-
Cs1 HEM3BECTHBIM, UeM 00yC/IOB/IEHO TOKCHYEeCKOoe
netictBue KOb Ha sHfoTenuit — ux crieruduye-
CKAM XUMHUYECKUM COCTaBOM WA WX KOPITyCKY-
JISIPHOW TIPUPOJOH, OOl /171 BCeX THIOB H[0-
TeHHBIX HAHOYACTHI] U MHOTHUX BBOJUMBIX B KDOBb
HaHOpa3MepHbIX CPe/ICTB TapreTHOM JOCTaBKH Jie-
KapCTBeHHbIX mpernaparos [10, 11].

[ns monyueHus OTBeTa Ha JjaHHbIM BOIMpPOC
TIPe/ICTAB/ISIETCS HEOOXOJMMbIM PEILUTh 3a/lauy
WCKyCCTBEHHOTO CHHTe3a «H/eaTbHON T'PYIIIIbI
CpaBHeHHsi» — HaHOYACTHI], KOTOpble Obl He MOT-
71 ObITh CUHTE3MPOBAHbI SHJJOT€HHO B YCJIOBUSX
YeJI0BeueCKOro OpraHmu3ma, Ho KOTopble ObI He OT-
ymuanuck or KOB HuueM, KpoMe COOCTBEHHO CO-
CTaBJISIIOIIUX WX MUHepasnoB. Bbuio rpenmnomnoxe-
HO, UTO B KaueCTBe Mo00HOM IPyNIbl CPABHEHMUS
MOTYT BBICTYNUTh MarHuii-pocdarHbie OUOHbBI
(M®B), nockosnbky: 1) M®B He criocobHbl 06pa-
30BbIBAaTbCS B OpraHM3Me uesioBeKa BCJIE/CTBHE
KpaTHO TIpeBbIIIAONIel eTaabHY0 /103bl MOHOB
MarHusi (Mg2+), HeoOXOAUMOM /sl UX CUHTe3a;
2) mo yUTepaTypHbIM JaHHbIM, M®B Haunbonee
6m3ku K KOB o pasmepHocTu u gopme [1]. TTo-
3TOMY IIeJTbI0 JaHHOTO UCCIeOBaHUSI CTaI0 CPaB-
HUTb MOpP(OIOTHUeCKIe XapaKTePUCTUKU U XUMH-
yeckuit coctaB M®b u KOB.

Llenb nuccnepoBaHuna

[IpoBecTu cpaBHUTeNbHbIN aHamu3 Mopdoso-
TUYECKUX XapPAKTEPUCTUK H XUMHUUYECKUI COCTaB
M®B u KOBb.

Ma‘repuanbl n MmeTopgbl

HckyccmeeHHbili cuHme3 6UOHO8

M®FB ObIIM CMHTE3WPOBAaHbI TIPH TIOMOIIH T10-
cnemoBaresbHoro gobaenmenust 100 mkn  0,2M
MgCl2 (Sigma-Aldrich) u 100 mxn 0,2M Na2HPO4
(Sigma-Aldrich) B 700 M cpezer Wrna, moaudu-
ppoBanHoi o Jynmbbekko (DMEM, Dulbecco’s
Modified Eagle’s Medium, Gibco), copepskarijeit
100 mxi (10% ot obiiero oobeMa) deTanbHOM Te-
Jsiubelt ceiBOpoTKU (Gibco). KOB 6buti cuHTe3U-
POBaHbI TMyTeM TOC/IeJOBATe/IbHOTO /i00aBIeH st
9,9 Mk 0,45M CaCl2 (Sigma-Aldrich) u 22,5 Mk
0,2M Na2HPO4 B 1318 mkn cpegst DMEM, co-
neprkaieii 150 mxi (10% ot obitero oobema) de-
TaAbHOM Tessiubell ChIBOPOTKHU. [loc/ie KpaTKoBpe-
MEHHOTO TIepeMellMBaHus Ha BOpTeKce IpoOup-
ku obbemom 1,5 mn (Eppendorf) ¢ peareHtamu
IU1s1 CMHTe3a OMOHOB MHKyOMpoBanuch npu +37°C
(MCO-18AIC, Sanyo) B TeueHue 24 4 ¢ ganbHel-

umm tenTpudyrvposanvem mpu 200,000 x g u
+4°C B Teuenue 1 u (Optima MAX-XP, Beckman
Coulter). C nensto momyueHusi pabouero pactBo-
pa ocaziok M®b pacrBopsiica B 500 Mk, a oca-
ok KOB — B 300 MK/ OUAMCTUIIMPOBAHHOMN BO-
[Ibl, UTO TIO3BOJISIO /JOCTUYb ONTHYECKOW TIJIOTHO-
ctu (OIT) B 0,5 cranzapra Mak®apnanga (Mk®),
SIBJISTFOLLEHiCST MMHUMAJTbHO U3MEPUMOM 1 TaTo(hu-
310JIOTUUeCKU peieBaHTHOW BeIMUMHOM KOHILIEeH-
Tparuu OMOHOB B pacTBOpe. Bee BhlllleyKa3aHHbIE
TIPOLIeAYPHI MPOBOAWINCH B CTEPUILHBIX YCIOBHUSIX.
M3mepenuve OIT npoBogu/iock HA MUKPOIUIAHILIET-
HOM crnekTpodoTomeTpe «YHurinan» (AUDP-01,
ITukoH) Ha JyHe BoiHBI 650 HM. B ciydae HeoO-
XOAMMOCTH TIOJTYUeHHsT CyXOTO TTOPOILKA /ISt 9KC-
nepuMeHTOB pactBop M®b nmu K®b 3amopaxu-
Bascsi ipu -40°C (Sanyo) U HOGUIH3UPOBAICS B
Teuenre cyTok (FreeZone Plus 2.5 Liter Cascade
Benchtop Freeze Dry System, Labconco).

Bu3zyanuzayus 6uoHos

Busyanusarysi 6MOHOB TIPOBOAM/IACH METOZA-
MU CKaHUDYIOIIeHd 3/1eKTPOHHOM MMKPOCKOTIMH
(COM), mpocBeuMBaroIieil 31eKTPOHHONW MHKPO-
ckormu ([TSM) ¥ aTOMHO-CH/IOBOM MUKPOCKO-
muu (ACM). st COM HecKo/bKO Kariesib pac-
TBopa M®b mm K®B nomerjanucy Ha CTEK/I0
nnst mukpockoruu (Thermo Scientific) u BwICy-
IIMBATUCH B TeueHue 2 u nipu 37°C. lanee obpa-
3el] TIOMeIlasics Ha yriaepoaHslii ckotd (Ted Pella)
u Hanbusicss Au-Pd (SC7640, Emitech) ¢ manb-
HeHIIUM BBITTOJIHEHWeM HerocpecTBeHHO COM
(Hitachi SU8220, Hitachi). [dns I[I3M Heckosb-
KO Kartesib pactsopa M®b nimu KOb nomeranuics
Ha MeJHYIO CEeTOYKY C YT/JIepOHBIM Harlbl/IeHH-
em (Structure Probe, Inc.) c mocieayrommM Tpo-
BeZleHHeM HenocpefctBeHHo I1OM  (JEM-4000
EX, JEOL). Ins ACM HeckoJbKO Karejb pac-
TBOpa M®b nnmu K®b nomewjanuck Ha AUCK U3
cmoppl (Ted Pella), u ganee ocyiectBsiiachk He-
nocpeactBeHHO ACM (Cypher™ Atomic Force
Microscope, Asylum Research).

OnpedeneHue pacnpedeneHusi pazmepHocmu U
No8epxXHOCMHO20 3aps0a

PacnipesienieHre pa3MepHOCTH U Ji3eTa-TIOTeH-
nuan M®b u KOB Obliv oripeziesieHbl TIPU T10-
MOIL[ JUHAMUYeCKOTO U 37eKTPo(dopeTruecKoro
paccesiHUsI CBeTa COOTBETCTBEHHO (Zetasizer Nano
7S, Malvern Instruments). [Tepez n3mepeHreM Cy-
crieH3usi OMOHOB TepMocTaTUpoBanachk npu 25°C
B TeueHre 10 MuH. Bce n3mepeHusi mpoBOAWINCH
TpwKAbl (30 mocnenoBaTenbHBIX CKaHUPOBaHUM
Ha M3MepeHHe) C AaJbHeNIINM pacueToM CpefiHe-
TO pacrpe/iesieHusl.
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DnemeHmHbIll aHanu3

[nst onpefieneHNs] XUMHUECKUX 3/1eMEHTOB,
BXOZISIIIMX B COCTaB OMOHOB, MOMeEIL{a/I HeCKOJIb-
KO Kariesib pactBopa M®b umu K®b Ha yrnepog-
HBIW CKOTUY, BBICYIIIMBA/IM B TeueHue 2 u ripu 37°C
Y TIPOBOZI/IY 27IEMEeHTHBIM aHa I3 MeTOZI0M SHep-
TO/JMCTIEPCOHHOM PEHTreHOBCKOM CIIEeKTPOCKO-
muu (XFlash® 4010, Bruker). s kKakgoro o6-
paslia omnpezie/IsICh TPU KBafipaHTa C YeTKO BU-
3yanu3upyeMbIMH OHOHaMH C MIOC/IeYIOLMM pac-
YeTOM Cpe/IHero aTOMHOTO MPOLIeHTa /15l KaXKL0ro
371eMeHTa. ATOMHO-3MHCCHOHHAsI CTIEKTPOCKOMHS
nmuodum3upoBaHHoro mopoinka M®b wi KOb
MpOBOJW/IACh nocse ero pacteopeHus B HNO3 B
TeyeHre 1 u npu 80°C. CHNSO-ananus nposo-
JIAJICS TIOCPe/ICTBOM KaTa/IUTHUeCKOro OKUC/IeHUs
6uonos nipu 1060°C.

OnpedeneHue PyHKYUOHAIbHBIX 2pynn

OyHKUMOHa/IBHBIE TPYIITBI COeAUHEHHUH, U3 KO-
TOPBIX COCTOSIT OMOHBI, OMPEEISTUCE METOLAMHU
uHppakpacHoi crekrpockorvu (MK) ¢ mpeo6pa-
3oBaHueM Pypoe (Mudppamom PT-801, Cumakc,
pasperiienye 4 cM™ Ha AMHAX BojH oT 4,000 cv
mo 500 cM') M CreKTpoCKOnMM KOMOWHAIL[MOH-
Horo paccestnusi cBeta (LabRam HR800, Horiba
Scientific, pa3perienue 0,222 cm™ Ha ot 4,000 cm™!
no 100 cm?). Kakablii mipe/iCTaB/eHHbIM CIEKTP
paccunThIBajACad Kak cpefiHee 25 MocjefoBaTe/lb-
HBIX CKaHUPOBaHWH JIMO(GHUIM3UPOBAHHOTO [10-
poika M®b um KOB.

OnpedeneHue Xumuueckux coeOUHeHull U cme-
neHu KpucmaaiuyHocmu

Co0OCTBeHHO XUMUYeCKHe COeAHeHWsl, BXOAsI-
IIMe B cOCTaB OMOHOB, OTpe/e/Is/TCh MyTeM aHa-
Ju3a oG UIM3UpPOBaHHOTO Mopomka M®PB wiu
K®B MeTo/10M PEeHTreHOBCKOM MOPOIIKOBOH Jud-
paktomeTpun (Bruker D8 ADVANCE, Bruker) c
Me/[HOUM PEeHTTeHOBCKOM TpyOkoii ripu 40 kB. [Tud-
paKTOMeTpUs TPoBoAuMIack 1o 20 yray ot 20 10
120 rpagycoB npu ckopoctu B 0,02 rpagyca B ce-
KyHzy. [TomyueHHbIe CIieKTpbl CPaBHUBAJIHCH C Oa-
3011 OOBeJMHEHHOTO KOMUTETA TIOPOIIKOBBIX JH(-
PaKLMOHHBIX CTaHJAPTOB /I WeHTHU(UKAIN
XUMHUUeCKoU (opMysibl coefiiHeHust. Kpome Toro,
TIpY TIOMOLLM 3TOrO >Ke MeTofia T0CPe/iCTBOM CO-
TIOCTaB/IeHNs] LIMPUHBI TI0/IyYyaeMbIX ITHKOB IIPO-
BOJW/IOCH CpaBHEHHe CTereHW KPUCTalIMYHOCTH
M®5b n KOB.

OnpedeneHue 6eak08020 npogus

Benku, BXofsiue B cocTaB OMOHOB, orpefie-
JISUTUCh MeTOZIOM 371eKTpodopesa B MosMaKpu/a-
MHU/IHOM rejle B MPUCYTCTBUM JOJeLMICy/Ibda-
Ta HaTpusl C TIOC/IeZlyIOUIMM OKpalliBaHWeM HU-

Tpatom cepebpa (AgNO3). ANUKBOTBI OIMHAKO-
Boro obbema (20 Mk/1) pactBopa M®B umu KOb
C OINTHUYECKOH IIOTHOCTBIO 0,5 MK® Oblmu cMe-
mianbl ¢ Oydepom JIsmmmu (1,5M Tris-HCI ¢ pH
6,8, Tniepos, -MepKarTo3TaHoI, JOAEeLUICY b
tar Hatpust, 1% OGpombeHOOBbINA CUHUH, AUTH-
OTpenTon) B OTHOLIeHUU 4:1 1 3aTeM 3arpy’KeHbl
Ha 1 MM NuPAGE® Novex® 4-12% Bis-Tris resb
(Life Technologies). B kauecTBe MO/I0KUTEIEHOTO
KOHTPOJISI U MapKepa MOJIEKY/ISIPHOM Maccel Ges-
KOB HCIIO0JIb30BasICs OesiKoBbIM cTaHgapT Precision
Plus (Bio-Rad). bBenxu pa3gensiich 1py oMoy
snekTpodopesa B MOTMAKPH/IaMUAZHOM TeJie B IPU-
CYTCTBUHM JlofeLuicynbdara Harpus ipy 100 B B
TeueHHe 1 u. ['esib OKpalMBaics py MOMOIIU Ha-
6opa SilverQuest (Life Technologies) B cooTBert-
CTBUM C MHCTPYKLUSIMU ripousBoguresns. [1pu no-
SIBJIEHWU TI0/I0C 00aB/s/ICS CTOIM-pacTBop (Au-
HaTpueBass COMb 3TUIEH/ANAMHUHTeTPayKCyCHON
KUC/IOTHl B KOHIeHTpauuu 39 MM). e doTo-
rpadUpoOBa/IUCh C HUCTIO/b30BaHUEM CKaHepa HP
Scanjet Enterprise Flow (Hewlett Packard).

OnpedeneHue AUNUOHO20 npopus

Jlunuzp! Belgensuck U3 pactsopa M®b wmu
K®b no merogy ®osya C MCII0/Ib30BaHMEM Tpa-
JMLIMOHHOTO TIPOTOKO/IA U JIeTEeKTUPOBAaINCh Me-
TOZIOM Tra30BOM Xpomarorpaduu-Macc-CrieKTpo-
MeTpHH, KOTopasi MPOBOAN/IACh B COOTBETCTBUU C
I'OCT 30418-96 «Meton ormpeziefieHUs >KUPHO-
KHUCJIOTHOTO COCTaBa» C MCI0JIb30BaHUEM Karui-
sisipHoM KosmoHKW MDN-1 (TBepoCBsi3aHHBIN Me-
tuncunikod, 30 M x 0,25 MM, Sigma-Aldrich) u
ra3oBoro Xxpomaro-macc-criekrpomerpa GCMS-
QP2010 Ultra (Shimadzu) B cooTBeTcTBUM CO
C/le/[yIOIIMMH TlapameTpamMu: 00beM HH)KeKTopa
1 mkn, Temneparypa unxekropa 200°C, nenenue
notoka 1:10, Temmneparypa uHTepdetica 210°C,
Temrieparypa fetekropa 200°C, cKOpoCTb OTOKa
rasa-Hocurens (He) 0,8 mi/mMuH, TemmneparypHast
nporpamma: 100°C B TeueHuwe 2 MHH, 5°/MHH [0
120°C, 20°/mun no 260°C, 3atem 260°C B Teue-
HUe 2 MUH. VeHTHdUIMPOBaNIMCh Maccel oT 1,5
7o 1,900 m/z (oTHOIIEHHe MacChl K 3apszy).

OnpedeneHue y21e80008

OrnpefenieHre MacCoBOH J0/IU YITIEBOZIOB B pac-
TBOpe M®b nmu KOb npoBoguiocs B COOTBET-
crBuu ¢ 'OCT P 54667-2011 «MoOKO U IPOAYK-
ThI TIepepabOTKU MOJIOKa. MeTopl Orpe/ie/ieHust
MacCOBOM [I0/I caxapoB».

OnpedeneHue HyK/1eUHOBbIX KUCA0M

Boipenienue IHK u PHK u3 pacrBopos M®b
v KOB npoBoannock dheHon-xm1opodhopMHBIM U
TPU30/IbHBIM MEeTOZaM{ T10 KJIaCCHUeCKOMY TIpo-
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PucyHok 1.

CKaHupyioLas 3nek-
TPOHHas MUKPOCKO-
nus marummn-docdar-
HbIX 6MoHOB (MDB) n
Kanbuuin-octaTHbIX
61OHOB (KDB)

Figure 1.

Scanning electron
microscopy of mag-
nesium phosphate
bions (MPB) and cal-
cium phosphate bions
(CcPB)

ToKOsly. KauecTBeHHas oueHka cogep>kanus JHK
n PHK (anukBoTbl 1o 20 MKJI) OCYILeCTB/sIach
MeTozoM 3ekTpodopesa (115 B) B 1% arapos-
HoM rene (1 r arapo3nsl Ha 100 M1 OZJHOKpPAaTHOTO
tpuc-atjeratoro (TAE)-Oydepa, cogepskaiiero
4 Mk 6pomuctoro atuaus (EtBr)). KomuectseH-
Has oueHkKa cogepkanus THK u PHK nposogu-
Jlack Ha cnektpodotomerpe NanoDrop 2000 UV-
Vis (Thermo Scientific).

Pe3ynbTtaTtbl M 06CYyXACHNE
VpeHTHUHOCTE MOpPGOIOTUUECKUX CBOUCTB
OVIOHOB SIBJISIETCS OHUM U3 KITIOUeBbIX (haKTOPOB,
T03BOJISIIOLLMX OCYLLeCTB/ISATh aZleKBaTHOe CPaBHe-
HHUEe UX TOKCUYHOCTH, TIOCKO/IBKY paHee GbUIO BbI-
siBjieHo, uto KOB muamerpom 6osee 300 HM 061a-
[aloT Oosbllel [TUTOTOKCUYHOCTBIO B CPaBHEHUH
¢ KOb auametpom menee 300 uMm [12], a B mapas-
JIeJIbHOM CepyHd SKCIIepHMEeHTOB HaMH Oblia Mo-
KasaHa KpaTHO OoJbIiasi SHJOTETUOTOKCHYHOCTD
nronpuateix KOB B cpaBHeHMHU cO cdepruecKu-
MU (cTaThbsl B reuyatu). [ToaTOMy C Lje/Ibl0 OL|eHKH
pa3mepHoCTH U popMbl MPE 1 KOB 66111 npoBe-
JleHbl CKaHMpYHoLLjasi 3/1eKTPOHHasi MUKPOCKOIIHS,
NPOCBeYMBAoLasi 3/1eKTPOHHAs MUKPOCKOIMHUS U
aTOMHO-CHJ/IOBasi MHUKpockomnusi. Bce Tpu Mmeto-
Jla BA3ya/M3aluM MokKasanu, uyTo kak M®b, Tak u
K®b npepacraBnsitor coboii cepryeckre yactu-
bl TyOuaroii cTpyKTyphl Aramerpom 80-200 HM U
CpPeHUM ZMaMeTPOM OKoJI0 120 HM U CIIOCOOHBI
(opMupoBaTh KjlacTepbl U3 HEeCKOJIbKUX YacCTHL]
(pucyHoK 1, pUCYHOK 2, PUCYHOK 3), UTO COOT-
BETCTBYET paHee T0JyuyeHHbIM HaMH IaHHbIM B OT-

HolleHnd K®B, BbilesileHHbIM U3 aTepOoCK/IepOTH-
yecKux O/IAIIEK, a TAKKe TIOTBEP)KaeT pe3ybTa-
Thl TIPOBEJIeHHbIX HaMU paHee 5KCIIepUMEeHTOB 110
nckyccrBeHHOMY cuHTe3sy KB [2].

CTOUT OTMETUTB, UTO, XOTS 3/IeKTPOHHAS ¥l aTOM-
HO-CWJIOBas MUKDOCKOMHUS IIO3BOJISIFOT JleTaslb-
HO OIIeHUTh Pa3MepHOCTb M ()OpPMy HAHOUACTHLI,
OlleHKa pacripejie/ieHusi UX pa3MepHOCTU TIpH I0-
MOIL[ KOJIMUECTBEHHOIO aHa/iu3a H300pakeHui
MOXeT MPUBOJUTE K apTedakTaM BCIe[CTBHE UX
HepaBHOMEPHOI'O pacIipefle/ieHusi M0 IOBEPXHO-
CTY TIOZJIOKKH, UTO B TOM UHCJIE MOXKET BECTH K
M30BITOUHOMY PacCesTHUIO WK arperalyy YacTHL].
IMosToMy HaMu Obl [JOMIOMHUTENBEHO TPUMEHEH
MeTO/, JMHaMHUeCKOro paccesiHusl CBeTa, IO3BO-
JISIIOLUN OLIeHUTh paclipefie/ieHHe pasMepHOCTU
OHOHOB B pacTBOpe (BK/IIOUast OLIeHKY MX KjacTe-
pU3alur), a TakKe MeTof, 371eKTpo(dopeTrueCcKoro
paccesiHUs CBeTa JijIsi U3MepeHHst [TOBepXHOCTHOTO
3apsijia (A3eTa-moTeHLMana) YacTULl, OTpejesito-
111ero UX CKJIOHHOCTB K arperanuu. JJuHaMmuueckoe
paccesiHUe CBeTa MIOATBEPAUIIO JaHHbIe, TIOTy4YeH-
Hble 11pu Busyanuzauu MOb u KOB, npuuem kak
B OTHOLLEHNH JilaMeTpa OTJe/IbHbIX YaCTHL], TaK U
B OTHOIIEHUH (OPMUPOBaHUS Kiactepos 0 1000
HM B Auametpe (PUCYHOK 4A). [I3eTa-noTeHLpan
M®5b u K®b Bapsuposan ot -19 o -24 mB, urto
TIOATBEPANIO CKJIOHHOCTh OWMOHOB K arperanyu
(pucyHok 4b).

[pyrum He MeHee Ba)KHbIM I1TapaMeTPOM CpaB-
Henust MOB u KB sBasieTcs X XuMuueCcKuii co-
cTaB (MUHEpPAIbHBINA M OpraHUYeCKUil MpouIb).
B wnpeane panst ornjeHKH Crieliu()MUHOCTH TOKCH-

Maruwi-thochaTHiie BUoHLI

Kanoumi-chocdatHbie GHOHLI
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Marumi-chocchaTHiie GHoHBI PUCYHOK 2.

. ' ] MNpocseunBatowas
3NEKTPOHHAA Mun-

; KpocKonus mar-

HUM-chocchaTHbIX 61O~

HoB (MDB) 1 Kanb-

unn-cocdaTHbIx 61o-

HoB (KDB)

Figure 2.
s . Transmission electron
s microscopy of mag-
Kanbuwi-thochathbie Gnone! nesium phosphate

4 £ . bions (MPB) and cal-
3 . cium phosphate bions
(cpB)

PucyHok 3.

ATOMHO-CMnoBas
MWUKPOCKONUS Mar-
HUM-chocchaTHbIX 61O-
HoB (MDB) 1 Kanb-
unin-cocdatHbIx 61o-
HoB (KDB)

Figure 3.

Atomic force micros-
copy of magnesium
phosphate bions
(MPB) and calci-

um phosphate bions
(cpB)

PUCYHOK 4.

[HHAMWYECKOE PACCEAHHE CBETA B OnexTpodiopeTvHecKoe PACCEAHME CBETA  AHanu3 pacnpese-
L L T neHna pasmepHo-

- l-1 — ﬁml 1E- 7 CTWU U NOBEPXHOCT-

: HOTO 3apsaa mar-
j- Kob Huin-chocdaTHbIx
T 6voHoB (MOB) n
Kanbuun-gocdaTHbIx
610HOB (KDB) Ha aHa-
e Nn3aTope HaHouacTuL,
Zetasizer Nano ZS

>

3110.]; e s s EET A e

h-‘n.la...............

MuTeHcHBHOCTS (%)
Hmnynbeil

L | e Figure 4.

: Particle-size distri-
o . bution and surface

=100 -50 50 100 charge of magne-
sium phosphate bi-
ons (MPB) and calci-
um phosphate bions
(CcPB)

AnameTp (Hm)
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PucyHoK 5. A OveprogucnepcHOHHAN PEHTTEHOBCKAN CIEKTROCKONMA CHNSO-ananma
AHanu3 MuHepanb- & le At . e & e
HOro npochuns mar- | = -
- -
Huin-hocaTHbix 61O~ 104 B mes [
HoB (MDB) 1 Kanb- } B KTE i
unn-cocdatHbIx 6ro- E LB i
HOB (KDB) 1 i h 10
] " & [] MuieyT
Figure 5. g 4
¥ | £
Mineral profiling of 4 ;
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yeckoro gelictBus K®b ux sneMeHTHBbIN COCTaB,
(yHKLIMOHABHBIE TPYIIBI ¥ MPOGUIb BXOISIINAX
B MX COCTaB OPraHUYeCKUX KOMIIOHEHTOB [O/DK-
HbI OBITh MaKCMMAaJIbHO CXO)KUMH C TaKOBBIMU Y
M®B. C uenbto CpaBHUTE/LHOIO aHau3a 3jle-
MeHTHOro coctaBa M®b u KOB 6butu BhInosHe-
Hbl 3HEproAMCIIepCUOHHAsT PEeHTIeHOBCKasl CIleK-
TPOCKOIUS, aTOMHO-3MHCCHUOHHAsT CIIEKTPOCKOMUS
1 CHNSO-ananus. /laHHbIe MeTOABI [TOKa3aan Co-
MOCTaBUMbIe Pe3y/bTaThl U TMO3BOIMIN OOHapy-
uTb, uTo KOB cocrosT u3 yrepoza, KUC/I0po-
Ila, BOIOPO/a, a30Ta, Kasiblus u hocdopa, a MOB
— U3 TeX >Ke CcaMbIX 37IeMeHTOB M MarHus (pucy-
HOK 5A). Bosee Toro, KonuuecTBeHHOe CofieprKa-
HUe BCeX BbllIeyKa3aHHbIX 3/IEMEHTOB, 3a UCKJ/IIO-
yeHreM Kasblyst, B M®B 6bu10 cxoxum ¢ KOb
(pucynok 5A). TakuM 00pa3oMm, IO 371€MeHTHO-
My coctaBy M®b otmnuanuce ot KOb e mu-
HUMaJIbHBIM CO/lep>KaHHeM KasbLiusl U HaJuuriemM
Maraus. CrefyroluM 3TarioM H3ydeHHsi MUHe-
pasibHoro nipoduiss M®B u KOb crana njgeHTu-
¢bukaims QyHKIMOHAMBHBIX rpynm. [Ipu momo-

1M WH(paKpacHOW CMEKTPOCKONUU C Tipeobpa-
3oBaHMeM Dypbe U CIEKTPOCKONMH KOMOWHa-
L[MOHHOTO pacCesiHusi CBeTa ObUI0 OOHApY’KeHO,
uyTo Kak M®B, Tak 1 K®B cozmepkar docdarHbie
(PO,*), xapboHathble (CO,*) ¥ I'MPOKCU/IbHBIE
(OH") rpynns! (pucynok 5b). Hakoner, nocpeg-
CTBOM DEHTTeHOBCKOM TOPOIIKOBOW JudpakToMe-
Tpuu ObLIO BbIsIBNIEHO, uTo M®B cocTosT U3 mar-
Hus Qocdar ruapara (Mg, (P,0,)H,0) n xanTu-
ta (Mg,Ca(CO,),), a KPb — 13 rujipokc1anarura
(Ca,(PO,)(OH),) u xapboHaT-rH/pOKCHANaTH-
ta (Ca,,(PO,),(CO,),(OH),) (pucynok 5B). Co-
Bla/leHe WIMPUHBI MMUKOB COeJUHeHWH yKa3aso
Ha CXOJHYIO CTeleHb KpUcTa/uInuHOCTU MPDB u
K®F (pucynok 5B). CTOUT OTMETHUTD, UTO OCHOB-
Hble UK M®b cooTBeTcTBYIOT MarHusi dpocdar
ruzpary, a KOb — ruipokcuanarury, [o3ToMy [t
HaIVIsiIHOCTH Ha PUCYHKe 6 Tpe/iCTaB/ieHbl CUTHA-
TYPbI IMEHHO JIaHHBIX COeJJMHEHNH.

Bce nprMeHeHHble MeTO[bl XHUMHUYECKOTO aHa-
JIM3a M03BOJIUIN CAieniaTh BbIBOJ, uTo M®b 1 KOb
(moMuMO pa3muuii B COZiep>KaHUU MarHusl U Kajib-

12
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L¥sT) OTVIMUAIOTCST JIULIB (DOPMYJIOHN BXOASIIMX B UX
COCTaB XMMUYeCKUX coefuHeHuid. OfHaKo B Ha-
11eif paHHeil paboTe U B psifie APYTHUX UCCIIe/0Ba-
HUI ObLTO yOeuTebHO TIoKa3aHo, uto KOB coaep-
KT psifi CbIBOPOTOUHBIX OesikoB [1, 2, 13, 14], koTo-
pbI€e UTPAIOT MPOTEKTUBHYFO POJib, 0C/1a0JIsIs TOBpe-
kparotpe 3ddexTsl rugpokcranaruTa [15]. Kpome
TOTO, [JPYTHe KIacChl OMONOrHUeCKUX MaKpoOMoJie-
Ky/l (JIMU/B], YIVIEBOAbI, HYK/IeUHOBbIe KHCJIOTHI)
TaK)Ke TEOPeTUUeCKW MOTYT OIpefe/sTh [aToreH-
Hble 3¢ deKkTbl 6MOHOB. [T03TOMY, TOMUMO aHa/M3a
MHHepasbHOTO TIpOouIsi, O6BUIO peleHo MPOBECTH
aHanm3 opranndeckoro rpogusst KOb u MOb.
Vcronb3yst snektpodope3 B arapo3HOM Tejie B
TIPUCYTCTBUM JI0AeLM/ICY/Ib(aTa HaTpusi C TOC/Ie-
JYIOLIMM OKpallliBaHWeM HUTpatoM cepebpa, Obl-
J10 BbIsiB/IeHO, uT0 M®b 1 K®b xapakrepusyroT-
CsI IPUCYTCTBHEM OEJIKOB C OZMHAKOBBIMU MOJIEKY-
JISIPHBIMH MaCCaMH M He3HAUMTeTbHbIMU Pas/riyu-
SIMH B KOJTMUECTBEHHOM COJIep’KaHUM OffHUX M TeX
e 6enkoB (pucyHOK 6A). IpuHHMasi BO BHUMa-
HHe, UTO BCe MJEeHTU(ULMPOBAHHbLIE OETKM MOTYT
TIPOUMCXO/IUTh JIMIIL U3 (heTaJbHOW ObIUbel CHIBO-
POTKH, HEOOXOAUMOH [JIsT UCKYCCTBEHHOTO CHHTe-
3a OHMOHOB, ObUT MPOBE/IEH SMITUPUYECKUN aHAIU3
COOTBETCTBHUSI MOJIEKY/ISIPHBIX MacC CbIBOPOTOYHBIM

A 3Inextpodopes + oxpawmeanne AgND; |

6esikam. TakuM Criocobom, a TakKe Ha OCHOBaHUM
TIPOBEZIEHHOr0 B Halllel mpeplayield pabote uM-
MyHOOM0TTHHTa [2] OBIIO TpeAIIoNoXKeHO, UTO B
coctaB Kak M®B, Tak u KOB Bxoaunu anb0ymuH
(66,5 x/1a) u deryun-A (48,4 k/la), sBrsroImecs,
T0 ZIaHHBIM JIUTEPATyPbl, 0CHOBHBIMH Oe/IKamH, Xa-
pakTepHbIMU 17is1 OuoHOB [1, 13, 14]. Ins 6onee
nozipobHoro aHanm3a 6enkoBoro npoduns M®B u
K®B HeoOXomuMo TPOBe/IEHHE >KUAKOCTHOM Xpo-
MaTo-Macc-CreKTpOMeTPUH, KOTopasi, OfIHaKO, siB-
JISIeTCSI I0CTaTOYHO ZIOPOTOCTOSILIM U TEXHUUEeCKU
CJIO’KHBIM METOJOM, TPeOYIOIM [JIUTebHOW Orl-
THMM3aLUX TPOOOTOATOTOBKH 00pasLoB.

3a uckmouenreM 6ekos, HU M®B, uu KOB He
cofiepyKasii HUKaKuX JIPyTHUX KJaccoB Orosoruye-
CKMX MaKpOMOJIeKy/I: He ObUIO BBISIB/IEHO HU JIW-
nuzoB (pucyHoK 6B), Hu yrieBo0B (He TTOKa3aHO
Ha PUCYHKe BC/IeZICTBHE TOTO, UTO METOJ, UX OTIpe-
JleJleHVsl He TI0Zjpa3yMeBaeT Kakoro-anbo rpadu-
Ka), HU HYK/IeNHOBBIX KUC/I0T (PUCYHOK 6B), uto
SIBJISIETCS] JIOTUYHBIM BCJIE[ICTBHE OTCYTCTBUS JlaH-
HBIX K/IaCCOB MOJIEKY/ B (eTasbHON ObIYbel ChI-
BOPOTKe W/ MHBIX KOMIIOHEHTaX Cpefibl JJIsl UC-
KyCCTBEHHOTO cHHTe3a 6uoHOB. TakuM oOpasom,
MOYKHO 3aK/I0unTh, uT0 M®B n K®B ob61agaroT
CXOZIHBIM OpraHUueCcKUM MpopuIeM.

Fa308an XPOMATO-MACC-CNEKTPOMETPHA
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3aknouyeHue IUIS OLIeHKH CIeLM(MIHOCTH TOKCUUYECKOIO feli-

Nwmest npentrunble ¢ KOB Mopdonornyeckne
CBOMCTBa, Oe/KOBBIM M MHUHEpa/bHbIA coCTaB (3a
WCK/IIOUEHWeM pa3/uuvii B COJep>KaHWU MarHus
Y KasbLysl, a TakkKe cOOCTBeHHO (hOPMY/ COCTaB-
JISIOIIMX XUMHUUeCKUX coefrHeHu), M®b moryT
MPUMEHSIThCSA B OMOJIOTUUECKUX JKCIIePUMEHTaX

ctBug KDb in vitro u in vivo.

Hcrounnk ¢puHAHCHPOBaHUA

ViccnepoBaHue BBINOJIHEHO TIpU (MHAHCOBOI
noAsep>kke Poccuiickoro donzga ¢yHAaMeHTab-
HBIX uccnegoBanuil (POPU) B paMkax HaydHOTO

PucyHoK 6.

AHanu3 opraHuye-
cKkoro npocunsa mar-
HUM-chocchaTHbIX 6UO-
HoB (MDB) 1 Kanb-
unmn-cocdatHbIx 61o-
HoB (KDB)

Figure 6.

Organic profiling of
magnesium phos-
phate bions (MPB)
and calcium phos-
phate bions (CPB)
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