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ABSTRACT

Synthesisandphysico-chemicalcharacteristicsofβ-Tricalcium

Phosphatefromabaloneshell

치주질환을 비롯한 다양한 원인으로 유도되어지는 골 소실의 치료 시술 방법으

로는 소실된 치조골의 골 결손부를 치은 조직이 덮지 못 하도록 다양한 종류의 골 이

식재를 사용하여 시행되어지는 골 이식술(Bonegrafting) 골유도 재생술(Guided

boneregeneration,GBR)등이 있다.이는 골 이식재가 임 란트와 치주 조직 간의 결

합력을 향상시켜 골 재생 효과를 높여주고,골 이식재로 메워진 골 결손부의 신생골

형성에 효과 이기 때문이다.이러한 골 이식술이 기능 뿐만 아니라 심미 기능으

로 보편화됨에 따라 수술 시술에 앞서 골 결손부의 잔존 골량이 부족한 경우를

비한 다양한 종류의 골 이식재 장단 을 고려하여 자신에게 맞는 골 이식재를 선택

하는 것 한 요한 치료 요소로 꼽히고 있다. 재까지 많은 타입의 합성생체재료로

제작된 이식재가 많이 연구 되고 있다.베타 삼 인산칼슘 (β-TCP)는 휼륭한 생체재
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료로서 골 재생에 좋은 효과를 보이고 있다.

본 연구의 목 은 복 패각에서 효율이 이고 생체안정성이 좋은 β-TCP (beta

Tricalcium Phosphate)를 제조하는 과정 고 순도의 β-TCP를 제작하여 이식재의

합성재료로서의 생체 합성 안정성을 한국 식품 의약품 안 처 (MinistryofFood

andDrugSafety,MFDS)와 한국 식품의약품 안 평가원 (NationalInstituteofFood

andDrugSafetyEvaluation,NiFDS)에서 제공한 의료기기 평가가이드라인에 의거하

여 생물학 ,물리·화학 특성을 분석하여 골 이식 시 견성이 좋고,효율 이며 경

제 인 합성 골 이식재를 합성할수 있는 생체재료로서의 각각의 특성을 평가하고자 하

다.

복 패각을 수거하여 삼차 증류수 과산화수소로 여러번 세척하여 패각에 붙은

이물질을 제거하 다.깨끗이 세척된 복 패각을 950℃에서 소결하여 산화칼슘을 제

작하 고 얻어진 산화칼슘은 물과 반응하여 수산화칼슘용액으로 만들고 이산화탄소 주

입 방법을 이용하여 탄산칼슘 침 용액을 만들었다.탄산칼슘 침 용액은 여과지로

여과하여 70℃에서 10시간 건조하여 고순도의 탄산칼슘 분말을 제조하 다.제조된 탄

산칼슘은 10% 인산용액과 반응하여 침 이 일어나게 한 다음 얻어진 침 물을 수세

여과과정을 거친 후 70℃에서 10시간 건조하여 고순도 인산1수소칼슘 분말을 제조

하 다.제조된 인산1수소칼슘 분은 산화칼슘과 몰 반응을 하여 삼 인산칼슘을 제조하

고 수세,여과 건조과정을 거쳐 고 순도 삼인산칼슘분말을 제조하 다.제조된 삼

인산칼슘분말을 1150℃에서 소결하여 고 순도 베타 삼인산칼슘분말을 제작하 다.

복 패각으로부터 만들어진 고 순도 베타 삼 인산칼슘의 물리화학 특성은 주사

미경을 이용하여 표면분석,Ca/P비율 분석 결정상 분석을 하 으며 비율이 1.91로

확인 되었으며 용출된 고농도의 칼슘이 용출과정에 의해 희석되어짐에 따라 구강 정상

세포(hNOKs)와 인체 조골세포(MG-63)모두에서 높은 세포안정성을 나타내었다.
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Ⅰ.Introduction

Modernsocietyhasbeingrapidlymovedtoagingsocietybytheextensionoflife

expectancyduetoadvancingeconomicdevelopmentandmedicalscience.Forthis

reason,elderlypatientwithrequiringdentalimplantplacementcausedbyvarious

oraldiseasehavebeingexplosivelyincreasedindentistry.However,forincreasing

thesuccessrateofdentalimplantplacement,therecipientsiteneedtosufficient

bone volume and quality [1].Whereas,patientwith requiring dentalimplant

placementusuallyhaveaninsufficientbonevolumeandalow qualitybonecaused

byexelcymosis,boneresorption,periodontaldefectsortrauma.Therefore,guided

boneregeneration(GBR)isperformedclinicallyusingbonegraftingmaterialsfor

increasingthevolumeandqualityofboneattherecipientsite[2-4].

Presently,bonegraftmaterialsareclassifiedasfourdivisionsaccordingtothe

itsbasiccompounds:autogenous,allograft,alloplast,andxenograft.Theidealbone

graftmaterials has always been autogenous bone,which is derived from the

individualforwhom thebonegraftisintended.Eventhoughautogenousbonecan

permit the excellent predictability and have osteogenesis,osteoinduction,and

osteoconduction with bio-compatability and biologicalsafety,itneed to harvest

from thesurgicalpatientfrom whom asecondsurgicalwoundsitemustbeused.

[5-7].Althoughautologousbonegrafthaveamajordisadvantage,itoffersthe

promiseofhighlevelsofsuccesswhileavoidingthepossibilitiesofantigenicity

[8-12].Allograftsaretissuestakenfrom individualsofthesamespeciesasthe

hosts.A majoradvantage ofallograftis thatthe materials can withoutthe

requirementofa secondary surgery to harvesttheboneatothersite.While,

disadvantages are thatthe materials prepared from cadaverordonorhave a

culturaltaboos,socialethics,andantigenicity[13-19].Xenograftsarederivedfrom

otherspecies.Itisneedtototallyremovethetheirorganiccomponentstoavoid
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theimmunologicalreactionsbecomesnonexistent.Becausetheinorganicmaterials

maintainsthephysiologicaldimensionoftheaugmentationduringtheremodeling

phases.Therefore,alloplasticbonegraftmaterialsguaranteedwithbiologicalsafety

havebecamenoted[20-22].Alloplastsaresyntheticbonegraftmaterialswhich

contributetotherepairofdefectiveboneandtotheenhancementofboneingrowth

[23,24].Today,with the use ofsynthetic bone graftmaterials composed of

bioceramictricalcium phosphateandhydroxyapatitie,itispossibletoenhancethe

volume,width,and heightofbone in deficientareas to regenerate the bone

supportingimplantreplacement[25-28].

Calcium phosphateshavebeenevaluatedaspotentialmaterialsforbonetissue

engineering.Calcium phosphatematerialsaresimilartoboneincompositionand

havebioactiveandosteocondutiveproperties.Calcium phosphatematerialsshow a

positiveinteractionwithlivingtissue,whichincludesthedifferentiationofimmature

cellstowardsbonecells[29,30].Tricalcium phosphateexistsinmanypolymorphs

(α,β,γ,and super-α)[31].Only two polymorphs (α and β)are used as

biomaterials[32].Thesephaseshaveattractedconsiderableattentionandarangeof

bonegraftmaterialshavebeenmanufacturedandusedwidelyinclinicalpractice.

Theadvantagesofcalcium phosphatesaretheycanbeinjecteddirectlyintoabone

defectandsetinsitu.Inaddition,theyarebiocompatibleandresorbable[33,34].

Amongthesematerials,themostprevalentisovercome.β-TCPhastheproperties

ofhighbiocompatibilityanosteoconductivity[35,36].becauseofthesefeatures,β

-TCPleadstoboneappositionintheareascontactingwiththematerial[37].

Althoughvariouskindsofsyntheticbonegraftingmaterialsbasedonβ-TCPhas

beendevelopedforusingtheGBR,butthesehaveahighlyexpensiveduetothe

complicatedsynthesisprocess.Therefore,aneconomicandefficientsynthesisofβ

-TCPprocessshouldbedeveloped.
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Recently,biocompatibleβ-TCPpowderswassynthesizedfrom naturalmaterials,

suchaseggshells,cuttlefishboneandoystershell[38].But,itisdifficulttobe

recycledandtheseshellscontainmassprotein.Contrary,abaloneshellswereeasy

torecycledbecauseofthevastmajorityofthem arediscaredeasrubbish.And

then,abaloneshellscontainverylittleofprotein.Sothat,itiseasilysynthesisto

highpurityofbiocompatiblesourceasCaCo3 forsynthesizehighpurityofβ-TCP

powders.On the otherhand,many studies used complex process,high level

concentrationandseveralkindofacidtoreactionforsynthesizeβ-TCP.However,

Inthisstudy,duringthesynthesizeβ-TCPbasedontheabaloneshellprocesses

wereonlyusingCO2immitmethod,10% phosphoracidtophosphorreactionand

sinteringprocess.Thesedevelopmentofprocessingtechnologycouldbeincreaseof

biocompatibleandbiologicalsafetyofβ-TCPsynthesizedfrom abaloneshell.

Althoughabaloneshellslargelyconsistofnacrewhichisacompositestructure

conposedofaragoniticcalicum carbonate,butitisregardedasanindustrialwaste

duetoitsexcellentbulkmechanicalpropertiesmorethanothershells.But,abalone

shellisexceptionallystrongandiscomprisedofmicroscopiccalcium carbonatetiles

stackedlikebricks.A largenumberofabalonehadusedinseveralindustries.The

meat(footmuscle)ofabaloneisusedforfood,andtheshellisusedasdecorative

items and as a source ofjewelry,buttons,buckles and inlays,butthe vast

majorityofthem arediscardedasrubbishandareenvironmentalpollutants[39].

Everyyear,thetipping feesfortheproperdisposalofwasteabaloneshellare

particularlyhigh.Therefore,industriesrelatedwithabalonefarm needtodevelop

theprocessingtechnologyforpreventingthemarinepollutioncausedbythewaste

ofabaloneshelland forcreating thehigh valueadded productbased on the

abaloneshell.
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Theaim ofthisstudywastodeveloptheprocessingtechniquetosynthesisthe

biocompatible bioceramic β-TCP from abalone shell and to evaluate the

physico-chemicalcharacteristicsofβ-TCPsynthesizedfrom abaloneshell.Inthis

study,theexperimentconformedtotheMinistryofFoodandDrugSafety,(MFDS)

and NationalInstituteofFood and Drug Safety Evaluation,(NiFDS)furnished

guidelinesforanevaluationofthebiologicalandphysicochemicalcharacteristics.
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Figure1.Schematicdiagram ofβ-TCPsynthesizedfrom abaloneshell
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Ⅱ.MATERIALSAND METHODS

Ⅱ-A.Materials

Abaloneshells(WD,RepublicofKorea)wasusedinthisstudywerecollected

thenearoceanofwando,RepublicofKorea.Asthecontrolceramics,Calcium

oxide(CaO)werepurchasedfrom DaeJungCo.(DG,RepublicofKorea).Calcium

carbonate(CaCO3)werepurchasedfrom Sigma-aldrichCo.(MO,USA).Dicalcium

phosphate (DCP,CaHPO4)and β-TCP (Ca3(PO4)2, ASSAY min.99.9%)were

purchasedfrom OssGen(GB,RepublicofKorea)andGeorgiachem (Atlanta,GA,

USA),respectively.

Fortheanalysisofcellviabilityandsurvival,HumanMG-63osteosarcomacells

waspurchasedfrom Koreacelllinebank(KCLB,Seoul,RepublicofKorea),and

humannormaloralkeratinocytes(hNOKs)waspurchasedfrom ScienCellReseach

Laboratories (Carlsbad, CA, USA). Fetal bovine serum (FBS), Dulbecco’s

phosphate-bufferedsaline(DPBS),Dulbecco'smodifedEagles'medium (DMEM),

penicillin,andstreptomycinwerepurchasedfrom Gibco(NY,USA).MTT (3-(4,

5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)and dimethylsulfoxide

(DMSO)werepurchased from Sigma-aldrich Co.(MO,USA).4’6’-diamidino-2-

phenylindole dihydrochloride (DAPI)and LIVE/DEAD® Reduced Biohazard Cell

ViabilityKitwerepurchasedfrom Invitrogen(NY,USA).
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Ⅱ-B.Theprocessofβ-TCP synthesized from abalone

shell

Theprocessingstepstosynthesizetheβ-TCPfrom abaloneshellswerebriefly

describedinFig.1.

Ⅱ-B-1. Preparation of abalone shell to synthesize

calcium oxide

Asthewashingsteptosynthesizethecalcium oxide,contaminantsattachedon

the balone shells were removed by distilled waterin Ultrasonicator (KODO,

JAC-4020,RepublicofKorea)for30minatroom temperatureanrepeatedthisstep

five times.Sequentially,abalone shells were incubated in gydrogen peroxied

hydrogenperoxide(Duksan,,RepublicofKorea)inanultrasonicatorfor100minfo

removetheremainedcontaminantsandtosterilze.Theabaloneshellswerewashed

bydistilledwaterusinganultrasonicatorfor100min.Finally,theabaloneshells

weredriedatroom temperaturefor2days.

Ⅱ-B-2.SynthesisofCalcium oxidefrom abaloneshell

Completelydriedabaloneshellswerepulverizedusingapowderinablender.To

synthesizethecalcium oxide,pulverizedabaloneshellsweresinteredbyanelectric

furnaceat950℃ (thetemperaturewasincreased100℃/hr)for3hr.Aftersintering,
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residuewith〉53µm particlesizewerecollectedbyfinesilt.Sequentially,purity

andsyntheticrateofcalcium oxidefrom abaloneshellwereevaluatedbyFT-IR

andXRDanalysis

Ⅱ-B-3.Synthesis ofCalcium carbonate from calcium

oxidederivedfrom abaloneshell

Calcium oxidederivedfrom abaloneshellwasdissolvedindeionizedwaterby

stirring with amagneticbarat250rpm.Aftercalcium oxidewascompletely

safurated as calcium hydroxide (Ca(OH)2),the CO2 gas was infused into the

Ca(OH)2solutionbypH7.4.

CaO+H2O→ Ca(OH)2

Ca(OH)2+CO2→ CaCO3

Producedresiduesproductswererinsedthreetimesbydistilledwatertoremove

theimpurities,filteredthroughfilterpaper,anddriedindryovencontrolledat70℃

for24hr.Sequentially,purityandsyntheticrateofcalcium hydroxidefrom abalone

shellwereevaluatedbyFT-IRandXRDanalysis

Ⅱ-B-4.SynthesisofDicalcium phosphate(DCP)

Calcium carbonatewasdissolvedindeionizedwaterbystirringwithamagnetic

barat200rpm.Afterstirring,a10% phosphoricacidwasaddeddrop-wiselyto

intocalcium carbonatedolutionbypH6.0.
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CaCO3+H3PO4→ CaHPO4+H2O+CO2

Producedresiduesproductswererinsedthreetimesbydistilledwatertoremove

theimpurities,filteredthroughfilterpaper,anddriedindryovencontrolledat70℃

for24hr.Sequentially,purityandsyntheticrateofDCPfrom abaloneshellwere

evaluatedbyFT-IRandXRDanalysis.

Ⅱ-B-5.SynthesistheTCPfrom DCP

SynthesizedDCPwasdissolvedindeionizedwaterbystirredwithamagnetic

barat200rpm.Afterstirring,theCaO wasaddeddrop-wisely intotheDCP

solutiontosynthesizetheTCP.

2CaHPO4+CaO→ Ca3(PO4)2+2H2O

The impurities were removed by filtration and rinsing severaltimes with

deionizedwater.Thesuspensionwasfilteredandthendriedindryovencontrolled

at70℃ for24hr.Remainresiduesweresinteredbyanelectricfurnace(MF-22G,

JEIOTECH) at950℃ ~1100℃ (thetemperaturewasincreasedby100℃/hr)for3

hrtosynthesizetheβ-TCP.Sequentially,purityandsyntheticrateofβ-TCPfrom

abaloneshellwereevaluatedbyFT-IRandXRDanalysis.
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Ⅱ-B-6.PhysicalandChemicalanalysisofsynthesizedβ

-TCPfrom abaloneshell

Themorphology wasobserved by scanning electron microscopy (SEM;JSM

840-A, JEOL co., Japan). The chemical characteristics were measured by

Fourier-transform infrared (FT-IR; Nicolet 6700, Thermo Electron, USA)

spectroscopy.Thecrystalstructureofthematerialswasdetermined by X-ray

diffraction(XRD,X’PertPRO MRD,PAN alyticalco.TheNetherlands)usingCuka

radiationproducedat40kVand30mA.Thepatternswerescannedfrom 10°~60°

2θ atascanrateof2°perminutewithastepsizeof0.05°.TheCa/Pratiowas

examined by energy dispersiveX-ray (EDS,XS-169,Japan)spectrometry.The

physicalandchemicalcharacteristicsofthesynthesizedmaterialswereanalyzed

accordingtotheMFDS(theMinistryofFoodandDrugSafety)guidelines.
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Ⅱ-CThebiologicalsafetyassessment

Ⅱ-C-1.Cellviability(MTT assay)

HumanMG-63osteosarcomacells(KCLB,Koreacelllinebank,Seoul,Republic

ofKorea)andhumannormaloralkeratinocytes(hNOKs)wereculturedinDMEM

medium supplementedwith10% FBSand1% penicillin/streptomycininhumidified

atmospherecontaining5% CO2 at37℃.Thecellviabilitywasassessedusinga

MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)assay.

Thecontrolβ-TCPandabaloneshellβ-TCPwerereleasedin10% FBSsolution

for3timesat72hr.Thereafter,20 μL ofsolutionwasaddedto1mL culture

medium to each welland theincubated at37°C for4 hr.Afterthat,200 μL

dimethylsulfoxide (DMSO)was added aftersupernatantmedium was removed.

Finally,solutionwastransferredintothe96-wellplateandtheabsorbencyvalue

wasrecorded 540nm (Epoch Micro-volumeSpectrophotometerSystem,BioTek,

VT,USA).

Ⅱ-C-2.Cellsurvivalassay

Thecellattachmentofthecontrolβ-TCP andabaloneshellβ-TCP was

assessedusingamodified4’6’-diamidino-2-phenylindoledihydrochloride(DAPI)

stainandliveanddeadcellviabilityassay.25mgofthecontrolβ-TCPand

abaloneshellβ-TCPwereaddtoa24-well,respectively,whichwasfollowed

bytheadditionofhumanMG-63cellsandhumannormaloralkeratinocytes
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(hNOKs).Finally,5×10
5
ofthecellswasaddedtothe24-wellplateina

humidifiedatmospherecontaining5% CO2at37℃.

Forthe DAPIstain experiment,the cells were washed twice with 1X

Dulbecco’sphosphate-buffered saline(DPBS)afterremoving thesupernatant

medium.Thefixationsolutionwas4% paraformaldehydeat15min.Thecell

attachmentmorphology was observed by fluorescence microscopy (Eclipse

TE200;Nikon Instruments,NY,USA)afterwashing twice with a DPBS

solution.

LIVE/DEAD
®
ReducedBiohazardCellViability Kit(Invitrogen,NY,USA)

wasusedaccordingtothemanufacturer’sprotocol.
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Ⅲ.Results

Ⅲ-A.Optimizesintering temperatureto synthesizethe

CaO from abaloneshell

ToidentifytheoptimizesinteringtemperaturetosynthesizetheCaO.TheCaO,

paralitedabalonecellsweresinteredbyanelectricfunaceat900℃,950℃ and100

0℃,respectively.Aftersinteringatdifferenttemperaturesynthesizedresidueswere

performedFT-IRtoverifytheCaOsynthesisfrom abaloneshells.

AsshowninFig.2,FT-IRanalysisoftheresiduessinteredat900℃,950℃ and

1000℃ showedasharpbandat3656cm-¹,twobroadweakbandscenteredat

approximately3822and3388cm
-
¹,amedium doubletcenteredataround1444cm-¹,

andaverystrongabsorptionbelow 600cm-¹.Especially,Fig.2B showsthatall

theabsorptionsdisplayedforCaOaresimilartothoseexhibitedbycommerialCaO.

CaO hasabroadbandbetween250and600cm
-
¹correspondingtothestretching

vibration oftheCa-O group.These data isindicating thatoptimizesintering

conditiontosynthesizeCaOform forabaloneshellissinteredat950℃ for3hr.
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Figure 2.Identification of optimaltemperature to synthesize CaO from

abaloneshell.Eachresiduessynthesizedatdifferenttemperaturewereperformed

the FT-IR analysis to verity the synthesis ofCaO from abalone shell.(a)

commercialCaO,abaloneshellsinteredat(b)900℃,(c)950℃ and(d)1000℃.As

showntheFig.2,sinteredat950℃ seemedtothemostsimilarpeakcompared

with control Cao.Black arrow indicate the matching pick compared with

commercialCaOusedascontrol.
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Ⅲ-B.ThesynthesisofCaCO3from abaloneshell-derived

CaO using CO2immitmethod

ToevaluatethesynthesisofCaCO3 from abaloneshell-derivedCaO,residues

synthesizedbymodifiedCO2 immitmethodwereperformedFT-IR analysis.As

showninFig.3,theintegratedcarbonatebandsbetween2646-2423cm-¹,1833-

782cm-¹and930-730cm-¹.ThefractionofCaCO3presentbyintegratingthe

bandsatvariouswavenumbersrelativetotheintensityinthesameregionofthe

spectrum ofthe commercialCaCO3 used as control.Therefore,this data is

demonstratedthat,CaCO3wassuccessfullysynthesizedfrom abaloneshell-derived

CaObyCO2immitmethod
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Figure3.FT-IR analysistoverifythesynthesisofCaCO3 from abalone

shell-derivedCaO byCO2gas-infusing.Synthesizedresidueswereperformed

FT-IRanalysis,andthencomparedwithcommercial CaCO3usedascontroltoverify

thesynthesisofCaCO3.(a)commercialCaCO3,(b)CaCO3 synthesizedfrom abalone

shell.Asshown theFig.3,two peaksshowed asimilartendency.Black arrow

indicatethematchingpickcomparedwithcommercialCaCO3usedascontrol.
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Ⅲ-C.IdentificationofoptimizepH tosynthesizetheDCP

from abaloneshell-derivedCaCO3

ThesolutionpH isveryimportantforchemicalreactions.Therefore,toidentify

the optimalpH fro synthesis ofDCP from abalone shell-derived CaCO3. The

solution ofcalcium hydroxidewasreactedwithpH 6.02,pH 6.93andpH 7.95

adjustedby10% phosphoricacid.Afterreaction,eachsynthesizedresidueswere

performedFT-IR analysisandcommercialDCP usedascontrolroidentify the

synthesisofDCPfrom abaloneshellderivedCaCO3.AsshowninFig.4,thepick

ofresiduesynthesizedatpH 6.02wascompletelymachwiththatofcommercial

DCPusedascontrol.OurdataaredemonstrativelythathighpurityofDCPwas

synthesizedfrom abaloneshellderivedCaCO3bythereactionwithphosphoricacid

atpH60.2.
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Figure4.FT-IR analysisofDCP obtainedatdifferentpH todeterminea

validpH.(a)commercialDCP,(b)DCPsynthesizedatpH 6.02,(c)DCPatpH

6.93and(d)DCPsynthesizedatpH7.95.
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                                2⍬ (degree)

Figure 5.XRD analysis ofDCP synthesized at6.02 pH compared with

controlDCP.(a),the firstpeak was notobserved in the control.(b),was

observedatsamepositionbutwithdifferentheights.Theotherpeakswerealmost

identical.These peaks indicated low crystallinity,similarto thatofbiological

controlDCP.ThewelldefinedpeakswereassignedtotheDCPsubstrate.
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Ⅲ-D.Synthesis of β-TCP from abalone shell-derived

DCP

  ThemolarnumberofCaO needed toreaction acertain amountofDCP to

becomeTCP,calculatedwiththechemicalreactionformular,andthensinteringat

differenttemperatureforsynthesizedβ-TCPmeasuredbyFT-IRanalysis.

Toverifytheoptimizesinteringtemperatureforthesynthesisofβ-TCP,abalone

shell-derivedDCPwastinteredatdifferenttemperature(950℃,1000℃,1050℃ and

1100℃)withCaObyanelectricfurnace.

FT-IRspectrum ofresiduescalcinedatdifferenttemperaturewasobtainedinthe

range of400 - 4000 cm
-1
.The FT-IR spectrum forthe powders atvarious

calcinationtemperaturewasshownin(Fig.6).Thepeaksat1030and570cm
-1

whichattributedtoPO₄3-,indicatingthepresenceofβ-TCP phases.TheC-O

vibration in CO₃
2-
vibration band disappeared and the septrum obtained was

charcteristicofβ-TCP.Fig.7,showsXRD patternsofβ-TCP synthesized by

sinteringat1050℃.TheXRDpatternsβ-TCPrevealedthreeunknownpeaksafter

sintering at1050℃.The otherpeaks were almostidentical.The β-TCP was

synthesized successfully at1050℃.Determination of β-TCP synthesized from

abalone shellby the Korea Institute ofCeramic Engineering and Technology

(Seoul,RepublicofKorea)measuredbyXRD(Fig.8).
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Figure6.FT-IR analysisofβ-TCP sintered atdifferenttemperaturesto

determineavalidsinteringtemperature.(a)commercialβ-TCP,(b)calcinedat

950℃,(c)1000℃,(d)1050℃ and(e)calcinedat1100℃.Blackarrow indicatethe

matchingpickcomparedwithcommercialβ-TCPusedascontrol.
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Figure7.XRD analysisofthe β-TCP synthesized from TCP sintered at

1050℃ comparewithcontrolβ-TCP.
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Figure8.Reaffirmedofβ-TCPsynthesizedfrom abaloneshellbytheKorea

InstituteofCeramicEngineeringandTechnology(Seoul,RepublicofKorea)

measuredbyXRD.
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Ⅲ-E.SEM images and EDS analysis ofthe β-TCP

synthesizedfrom abaloneshell

Aftersintering at1050℃,the surface appearance ofa β-TCP sheetafter

sinteringwasobservedbySEM atanaccelerationvoltageof5.5kV (Fig.9).SEM

revealed the β-TCP synthesized from abalone shellto have a flaky sheet

morphologywithasheetsizeintherangeof20-40 μm.EDS wasusedfor

elementalanalysisofthepowderata calcination temperatureof1050℃.EDS

confirmedthepresenceofβ-TCP,asshowninFig.10.Elementalanalysisrevealed

O,PandCaforcalcium phosphatesandconfirmingthepurityofthesheet.EDS

showedsimilarresulttopureβ-TCP,whichwasproducedat1050℃.
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Figrue9.SEM imagesshowing surfaceappearanceofβ-TCP sheets.(A)

1000x,(B)3000x,(C)10000x.Thesynthesizedβ-TCPsheetssizeaveragewas

approximately200µm.
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Figrue10.EDS analysisofβ-TCP synthesizedfrom abaloneshell.Theβ

-TCPsynthesizedform abaloneshell,thecalcium tophosphorusratio(Ca/Pratio)

is1.91.
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Ⅲ-F.Thecellcytotoxicity ofβ-TCP synthesizedfrom

abaloneshell

ThecellviabilityasoneofbiocompatibilityassaybyMTT assay.Theeluents

prepared by each eluents fo abalone shell-derived β-TCP did notaffectthe

viability ofhNOKs cells in presence orabsence ofserum.Furthermore,each

eluentsofabaloneshell-derivedβ-TCPdidnotaffecttheviabilityofMG-63cells.

Theredataaredemonstratedthat,abaloneshell-derivedβ-TCPhaveabilogical

safetyasthebioceramictoimplantintobody.
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Figrue11.Cellviabilityofβ-TCP synthesizedfrom abaloneshell.Effluents

ofthecontrolβ-TCPandabaloneshellβ-TCPformeasuringthecellcytotoxicity

werepreparedaccordingtotheguidelinesprovidedbytheMinistryofFoodand

DrugSafety(MFDS),RepublicofKorea.a,HNOKsculturedinmedium without

10% FBS,bHNOKsculturedinmedium without10% FBS.cMG-63cellculrutred

inmedium without10% FBS,dMG-63cellculturedinmedium without10% FBS.
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Ⅲ-G.Cellsurvivalassay

Toconfirm thecellviabilityofabaloneshell-derivedβ-TCP,weperformedacell

survivalassaytovisualizedbothDAPIstainassay.AsshowninFigure12(a),the

commercialβ-TCP asacontrolandabaloneshell-derivedβ-TCPdidnotaffect

thecellsurvivalontheMG-63cellsandhNOKsusedasthenormalcells.

Cellliveanddeadassaywasperformedtovisualizethelive(stainedbygreen

fluorescence)and dead cells (stained by red fluorescence)stained with green

calceinAM andetidium bromidehomodimer1,respectively.AsshowninFigure12

(b),BoththeMG-63cellsandhNOKsstimulatedwiththecommercialβ-TCPand

abalone shell-derived β-TCP were stained green through the cleavage ofthe

membrane permeable calcein AM by the cytosolic esterase in living cells.

Otherwise,boththepopulationsofMG-63cellsandhNOKsdidnotobservedto

stainedredbyethidum bromidehomodimer.Thesedatademonstratedthatabalone

shellβ-TCP wasused in themanufactureasbiocompatiblematerialforbone

grafting.
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Figure12.Comparisonofcellsurvivalbetweencommercialβ-TCPusedas

controlβ-TCPsynthesizedfrom abaloneshell.Cellsurvivalwasperformedby

nuclearstaining using DAPI(a)andCellLIVE & DEAD assay (b).Lifecells

stainingasgreencolor,deadcellsstainingasredcolor.
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Ⅳ.DISCUSSION

Thebiologicalmechanismsthatprovidea rationaleforbonegrafting are

osteoconduction,osteoinductionandosteogenesis.Osteoconductionoccurswhen

thebonegraftmaterialservesasascaffoldfornew bonegrowth thatis

perpetuated by the native bone.Osteoinduction involves the stimulation of

osteoprogenitorcellstodifferentiateintoosteoblasts,which then begin new

boneformation.Osteogenesisoccurswhenvitalosteoblastsoriginatingfrom the

bonegraftmaterialcontributetonew bonegrowthalongwiththebonegrowth

generatedviatheothertwomechanisms[40].

In thermaldecomposition,amorphous calcium phosphate (ACP) or calcium

deficientHA,which is obtained underneutraloracid conditions,is used for

preparation.Inthephosphorylatedprocess,controlbyrigorousaddphosphoricacid

and thecorrectpotentialofhydrogen isused to synthesizepureTCP.Three

polymorphs ofTCP can be produced according to the sintering temperature:

low-temperatureβ-TCP,andtwohigh-temperatureforms,α-TCPandά-TCP.The

lastonehasnopracticalusebecauseitonlyexistsattemperatures>1430℃ and

reverts almost instantaneously to α-TCP upon cooling below the transition

temperature.In contrast,β-TCP isstableatroom temperatureand transforms

irreversiblytoα-TCPat~1125℃,whichcanberetainedduringcoolingtoroom

temperature[41-45].Therefore,strictcontrolofthesinteringtemperatureisneeded.

Throughoutthesynthesisprocesses,eachprocesstodetermineavalidsintering

temperature.Asresults,avalidsinteringtemperatureofCaO andβ-TCPwere95

0℃ and1050℃.

Bonegraftmaterialssuchasβ-TCP hasbeenshowntoconductosteoblastic
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differentiation and proliferation ofbone marrow mesenchymalstem cells [44].

Calcium phosphatematerialshavebeenusedincreasinglyinthepast40yearsas

bonegraftsubstitutesin thedentaland orthopedicfields.β-TCP powderwas

synthesizedbyusingnaturalmaterialssuchaseggshells,cuttlefishboneandlyster

shellhadalreadystudied.But,itisdifficulttoberecycledandtheseshellscontain

massprotein.Contrary,abaloneshellswereeasytorecycledbecauseofthevast

majorityofthem arediscardedasrubbish.Andthen,abaloneshellscontainvery

littleofprotein.Sothat,itiseasilysynthesistohighpurityofbiocompatiblesorce

asCaCo3.

Inthisstudy,thesynthesisbehaviorwasdependentonthephosophoricacid,and

thetemperatureforsynthesis.TheabaloneshellpowderwaseasilyturnedtoCaO

by sintering at950℃ temperature.There are two major distinctphases of

tricalcium phophatecrystals:α-TCPandβ-TCP.Inspiteoftheirsimilarchemical

composition,theirdifferetcrystallographicfeatures resultin differentresorption

patterns.Theα-TCPisobtainedbyheatingabove1170℃ andismoresolublethan

β-TCP.Inaddition,β-TCP ismorestableatroom temperaturethan α-TCP,it

presentshighersolubilitythanHA and,consequently,canbedegradedfasterinthe

body,allowingadesirablegradualreplacementbythenewlyformedbone[46-48].

Studiesconcerningβ-TCPefficiencyasabonegraftwerealreadyconducted.In

vivostudieswithβ-TCPimplantedintheratfemoralcondylewereconductedby

Kondo,etal.,arerepoted thatβ-TCP hasa good biocompatibility,sincboth

bioresorptionandboneformationstartedatanearlyphaseafterimplantation[49].

Furthermore,shiratori,etal.,are reportthatalso β-TCP an osteoconductive

biomaterial,based on the histologicaland molecular fidings of bone tissue

withdrawn from bonedefectsin ratfemurspreviously implanted with β-TCP
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granules[50,51].Inthiscontext,thepresentworkshowedthesynthesisβ-TCP

from naturalmaterialsuchasabaloneshell.A biomaterialaimingtoassociatethe

osteoconductivityofβ-TCP.

However,beforeperforminginvivostudiesontheimpactofsuchmaterialin

bonetissuetherapy,aninvitroevalutionofcytocompatibilityshouldbeconduted.

TheFT-IRspectraexhibitthecharacteristicbandsofCaO,CaCO3andDCPandβ

-TCP,attestingtheaccuracyofthebiomaterialsynthesis[52-54].Lima,etal.,are

reportthat,assessedthenumberofbiablebalb/c3T3fibroblastsafterexposureto

severalmetal-modifiedapatiteextractsfor24hrandconcludedthecellsrespondto

themetalthatsubstitutesCaorphosphateionsinthecrystallatticeofHA.For

thatreson,solublebiomaterialssuchasmetallicion-substitutedcalcium phospates

mustbeevaluatedintermsoftheircytocompatibilitybeforeclinicaluse.TheCaO,

CaCO3,DCPandβ-TCPsynthesizedfrom abaloneshellofanalysisthestructure

andmorphologymeasuredbySEM andXRDtodetermine.TheMTT assayresult

shows that β-TCP are cytocompatible.Concerning the MTT assay result,

considerablecelldensity wasobserved in thecellscultivated with effluentsof

controlβ-TCPandabaloneshellβ-TCP.

Comparisonofcellsurvival culturedincontrolβ-TCPandabaloneshellβ-TCP

medium confirmedbyDAPIstainingandCellLive& Deadassay.Assessmentof

cellsurvivalinthesamplesusedMG-63andhNOKscells.DAPIisafluorescent

stainthatbindsstrongtoA-T richregionsinDNA.Itisusedextensivelyin

fluorescencemicroscopy.DAPIcanpassthroughanintactcellmembranetherfore

itcanbeusedtostainbothliveandfixedcells,thoughitpassedthroughthe

membtanelessefficientlyinlivecellsandthereforetheeffectivenessofthestainis
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lower.Astheresult,amajorityofMG-63andhNOKscellswereobservedwith

blue-fluorescent.TheLive& Deadassaystainsolutionisamixtureoftwohighly

fluorescentdyesthatdifferentiallylabelliveanddeadcells.Thelivecelldyelabels

intact,viablecellsgreen.Thedyeismembranepermeantandnon-fluorescent

untilubiquitousintracellularesterasesremovetheestergroupsandrenderthe

moleculefluorescent.Thedeadcelldyelabelsthecellswithacompromised

plasmamembranered.Thisismembrane-mpermeantandbindstoDNA with

highaffinity.

Asshown in Fig.12a,when cellsdie,theirnucleisizedecreases,which is

shownasahigherintensityofDAPIfrom deadcells.Viablecellshaveveryround

andclearnuclei,whereasdeadcellshavesmaller,condensed,cutorchoppednuclei.

Thecontrolβ-TCPandabaloneshellβ-TCPwerethesameasthecontrolgroup.

Thelive& deadviability/cytotoxicityassayprovidedatwo-colorfluorescencecell

viabilityassaybasedonthesimultaneousdeterminationofliveanddeadcellswith

twoprobesthatmeasuretherecognizedparametersofcellviabilityintracellular

esteraseactivityandplasmamembraneintegrity.AsshowninFig.12b,theMG-63

andhNOKscellsineachgroupexhibitedhighcellviabilityandsurvival.Mostof

thecellswerealivewithalmostnodeadcellsobserved.

Atpresent,manyotherstudieshaveconfirmedthatbiocompatibleβ-TCP was

successfullysynthesizedbyusingnaturalmaterialssuchaseggshellandcuttlefish

boneandoystershell[55,56].However,manystudiesusedcomplexprocess,high

levelconcentrationandseveralkindofacidtoreaction.Inthisstudy,thebasic

raw materialwasusednaturalmaterialasabaloneshellforsynthesizedβ-TCP.

Afterwards,the abalone shellpowderwas easily turned to CaO By sintering

process.ThesynthesisCaCO3 wasusingCO2 immitmethod.A phosphoricacid
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wasusedassourceofphosphorforthesynthesisprocess.Therefore,themethod

ofsynthesized β-TCP from abaloneshellwasonly using phosphoricacid and

sintering process.As the FT-IR and XRD analysis results,the materials

compositionandcrystallinewereconfirmed.

Finally,thebetatricalcium phosphate(β-TCP)synthesizedbyabaloneshellare

expectedtoabiocompatiblematerialandmassproductmaybepossibleinthelow

costandsimpleprocess.
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