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국문 록

복 패각 유래한 수산화 인회석의 합성과 물리 화학 특성

본 연구에서는 복 패각으로부터 수산화인회석을 합성하여 이에 한 물리 화학

특성과 생물학 안정성 평가를 통하여 향후 치과 의료용 합성골 이식재 재료를 개발

하는 효용성 분석을 목 으로 한다.이에 따라 복 패각으로부터 합성된 수산화인회

석의 분석을 하여 한국 식품 의약품 안 처 (MinistryofFoodandDrugSafety,

MFDS)와 한국 식품의약품 안 평가원 (NationalInstituteoffoodandDrugSafety

Evaluation,NiFDS)에서 제공한 의료기기 평가가이드라인에 의거하여 생물학 ,물리

ㆍ화학 특성을 분석하 다.

본 연구를 하여 완도에서 수집한 복 패각의 오염물을 제거하기 하여 1차 증류수

속에 넣고, 음 세척기(JAC-4020,KODO,Seoul,RepublicofKorea)에서 60분간

음 세척을 실시하 다.1차 세척된 복 패각을 과산화수소 용액 하에서 90분간

음 세척 실시 후,잔여 과산화수소를 세척하기 하여 60분간 1차 증류수로 음

세척을 실시 한 후 48시간 동안 완 건조하여 사용하 다.산화칼슘 합성을 하여

복 패각을 기로(MF-22G,JEIO TECH,Seoul,RepublicofKorea)에 넣고 1시간 당

100℃ 승온하여,950℃에서 3시간 소결을 실시하 다.소결 되어 합성된 산화칼슘은 53㎛

이하의 분말만을 체 거름하여 실험에 사용하 다.생성된 복 패각 유래 산화칼슘을 1차

증류수에 넣고 0.3M의 인산을 이용하여 인산화를 진행하 다.인산화 과정 후 생성된 슬

강경록

지도교수 :김수

조선 학교 치의생명공학과 석사과정
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러리는 화학 잔기를 제거하기 하여 수차례 3차 증류수를 이용하여 여과한 뒤 50℃에서

24시간 완 건조하 다.건조된 슬러리는 기로에서 시간당 100℃ 승온하여 1230℃에서

3시간 소결하여 수산화인회석을 합성하 다.

복 패각 유래 수산화인회석은 주사 자 미경(SEM,JSM 840-A,JEOLco.,Japan)으

로 합성 후 표면 분석을 실시하 으며,에 지 분 분석기 (Energy-DispersiveSpectroscopy,

EDS,XS-169,Japan)을 사용하여 Ca/P 비율을 측정하 다. 한 X-선 회 분석기

(X-RayDiffraction,XRD.X’pertPRO MRD,PAN alyticalco.TheNetherlands)를 통하

여,구조 결정성을 분석 하 으며, 외선 분 분석기(Fourier transform infrared

spectroscopy,FT-IR;Nicolet6700,ThermoElectron,USA)분석을 통하여 화학 특성을

평가하 다.

세포 배양은 Dulbecco’smodifiedEagle’smedium (DMEM,LifeTechnologies,GRAND

Island,NY,USA)배지에 growth factor를 제공하는 10% (w/v)FetalBovineSerum

(FBS,LifeTechnologies,GrandIsland,USA)을 혼합하여 5% CO2가 공 되는 37℃ CO2

incubator에서 48시간 배양하여 사용하 다.세포독성 평가를 하여 MTT assaycell

live & Dead assay를 수행 하 으며, 조골세포 분화능 평가를 하여 Alkaline

phosphatase(ALP)assay와 AlizarineRedS (Sigma–AldrichCorp.,St.Louis,MO,

USA)staining을 수행하 다.

복 패각 유래 수산화인회석은 주사 자 미경 찰시, 상형의 형태를 나타내는 것을

확인 할 수 있었다.EDS분석을 통한 원소 분석 결과,소량의 Na이온이 첨가 되어 있는

것을 제외한 모든 성분이 시 되고 있는 수산화인회석과 거의 동일하 으며 시료 내의

Ca/P비율 동안 거의 동일함을 확인 할 수 있었다.X-선 회 분석기를 통한 X선 결정성

분석 평가 결과 시 되고 있는 수산화인회석과의 결정성이 동일함을 확인 하 다. 한 화

학 작용기 확인을 해 실시한 외선 분 분석기 분석 결과 조군과 동일한 화학 작용

기를 확인 할 수 있었다.체내 독성 평가를 하여 실시한 MTT Celllive& Dead

assay분석 결과 복 패각 유래 수산화인회석은 시 되고 있는 수산화인회석에 비해 높은

세포 생존률을 가지며, 조군과 비교 하 을 때에도 높은 세포 생존률을 확인 할 수 있었

다. 복 패각 유래 수산화 인회석에 의한 골형성능을 분석하기 하여 인간유래 조골세포

인 MG-63세포에 14일간 처리 후 ALPassay를 수행한 결과 시 되고 있는 수산화인회

석 조군 수 의 골형성능을 확인하 으며,AlizarineRedSStaining을 통하여 고모세

포의 무기질화 (Mineralization)를 확인 하 을 때 시 되고 있는 수산화 인회석 수 과 동

일함을 확인할 수 있었다.

복 패각 유래 수산화인회석은 비교 상인 시 되고 있는 수산화인회석과 물리 ,화

학 특성이 매우 유사하며,세포 독성 평가에서도 높은 세포 생존률을 확인 할 수 있음에
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따라,향후 치과 의료용 합성골 이식재 개발에서도 우수한 생체 합성을 가진 생체 재료

로서 사용 가능할 것으로 사료된다.
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Ⅰ.Introduction

Bonecomprisesthestructureofthebodyandconsistsofinorganiccompounds.

Eventhoughboneisquiterigidandhasself-healingmechanisms,ititissusceptibleto

damagebytrauma,cancer,ordisease[1].Thebiologicalmechanismsthatprovidea

rationale for bone grafting are oseteoconduction,osteoinduction,and osteogenesis.

Osteoconductionoccurswhenthebonegraftmaterialservesasascaffoldfornew

bonegrowth thatisperpetuated by thenativebone.Osteoinduction involovesthe

stimulationofosteoprogenitorcellstodifferentiateintoosteoblasts,whichthenbegin

new boneformation.Osteogenesisoccurswhenviableosteoblastsoriginatingfrom the

bone graftmaterialcontribute to new bone growth along with the bone growth

generatedviatheothertwomechanisms[2].

Guidedboneregeneration(GBR)isawell-establishedmethodtoexcludesoft-tissue

cellsbymeansofabarriermembrane[3].Whenalargequantityofboneisrequired,

GBR isperformedbeforeimplantplacement.Bonegraftingmaterialsarecurrentlyin

usetotreatpatients.Amongthemanybonegraftingmaterialsavailable,syntheticones

arethemostversatilefordentalsurgery[4].

Autogenous bone grafting involves the use ofbone obtained from the same

individualreceivingthegraft.Autogenousboneismostgenerallypreferredbecause

thereislessriskofgraftrejectionasthegraftoriginatedfrom thepatient’sbody.On

theotherhand,thissurgerycarriesaddedrisks.Forexample,aseparateincisionis

madeandasmallpieceofboneisremovedfrom anareaofthebodywhereitisnot

needed,whichcanbeassociatedwithincreasedmorbidityandwound-siteinfections

[5].

Allograftbone,likeautogenousbone,isderivedfrom humans,thedifferencebeing

thatallograftsareharvestedfrom an individualotherthan therecipient.However,

allograftshavesomepotentialproblemssuchasdiseasetransmission(eitherviralor

bacterial),tumortransplantation,andimmunerejection[6].
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A xenograftbonesubstituteoriginatesfrom aspeciesotherthanhuman,suchas

bovine orporcine,which can be freeze dried ordemineralized and deproteinized.

Xenograftsarenormallydistributedonlyasacalcifiedmatrix[7].

Synthesized bone materials can be produced from ceramics,such as calcium

phosphate,hydroxyapatite(HA),tricalcium phosphate,bioglass,andcalcium sulphate,

allofwhicharebiologicallyactivetodifferentdegreesdependingontheirsolubilityin

thephysiologicalenvironment[8].Thesematerialscanbedopedwithgrowthfactors,

ionssuchasstrontium,ormixedwithbonemarrow aspiratetoincreasetheirbiological

activity.However,some studies have suggested thatthis method is inferior to

autogenousbonegrafting.

Abaloneshellsareusedasdecorativeitemsandasasourceofjewelry,buttons,

buckles and inlays,butthe vastmajority are discarded and are environmental

pollutants.Everyyear,thetippingfeesfortheproperdisposalofwasteabaloneshell

are particularly high.Therefore,the recycling ofwaste materials using low-cost

technologytoproducebiocompatiblematerials,suchasHA from abaloneshell,isan

importantdevelopment.

Theaim ofthisstudywastoverifythephysicochemicalcharacteristicsandcellular

biocompatibilityofabaloneshell-derivedHA foruseasabonegraftingmaterial.This

studyprovidesamethodforobtainingHA from abaloneshell,itscharacterization,and

ademonstrationofitsbiocompatibility.
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Ⅱ.MaterialsandMethods

Ⅱ-A.SynthesisofHydroxyapatite

TheprocessingstepstosynthesizeHA from theshellsofHaliotissp.abaloneare

brieflyillustratedinFig.1.

Ⅱ-A-1.Preparationofabaloneshells

Haliotis sp.shells used in this study were randomly collected from a

commercialseafood marketin Wando,Republic of Korea.The contaminants

attachedtotheabaloneshellwereremovedwithwaterusing an,ultrasonicator

(JAC-4020,KODO,Seoul,RepublicofKorea)for60min atroom temperature,

which wasrepeated threetimes.Theshellswerethen washed with hydrogen

peroxideintheultrasonicatorfor90minatroom temperature,followedbywashing

withwaterintheultrasonicatorfor60minatroom temperaturetoremovethe

hydrogen peroxide.Next,the abalone shells were dried for 48 h at room

temperatureand werethen crushed intopowderin aWonderBlender(WB-1,

Kastech,Japan).
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Figure1.Schematicdiagram ofHA synthesizedfrom abaloneshell.
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Ⅱ-A-2.Thesinteringconditionforpreparingthecalcium

oxidefrom abaloneshells

Toobtaincalcium oxide(CaO),thepowderedabaloneshellwassinteredinan

electronicfurnace(MF-22G,JEIO TECH,Seoul,RepublicofKorea)at950°Cfor3

h.Aftersintering,CaO≤ 53μm insizewascollectedusingameshsieve.Finally,

residueswereinvestigatedbycomparisonwithcommercialCaO (Sigma–Aldrich,

St.Louis,MO,USA).

Ⅱ-A-3.Theconversionalcondition ofHydroxyapaptite

from CaO

TosynthesizeCa(OH)2,CaOsinteredfromabaloneshellswasdissolved in deionized

(DI)waterbystirringwithamagneticbarat300rpm.Afterdissolution,0.3M

phosphoricacidwasaddeddropwiseintotheCaO solutionwhilemaintainingapH

of10.5.ThereactedresidueswerewashedwithDIwatertoremovetheimpurities,

filteredthroughfilterpaper,anddriedinandryingovenat50°Cfor24h.Finally,

the residues were sintered in an electronic furnaceat1230°C for3 h.After

sintering,the residues were investigated by comparison with commercialHA

(Sigma–AldrichCorp.,St.Louis,MO,USA)
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Ⅱ-B.Evaluationofphysicalandchemicalproperties

Ⅱ-B-1.Scanningelectronmicroscopyanalysis

ToobservethemorphologyofthesynthesizedHA,samplesweresputter-coated

(EmitechK550sputtercoater,EmitechLtd,UK)andwereobservedbyscanning

electronmicroscopy(SEM,JSM 840-A,JEOL,Tokyo,Japan)at1,000×,3,000×,and

10,000× magnifications.The Ca/P ratio was examined by energy-dispersive

spectrometry(EDS,XS-169,Japan).

Ⅱ-B-2. X-ray diffraction and Fourier Transform

Infraredspectroscopyanalysis

Thecrystalstructureofthematerialswasdetermined by X-ray diffraction

(XRD, X’pert PRO MRD, PANalytical, Almelo, The Netherlands) using

CuKaradiationproducedat40kV and30mA.Thepatternswerescannedfrom 10

–60°2θ atascanrateof2°perminutewithastepsizeof0.05°.Thechemical

characteristicsweremeasuredbyFourier-transform infrared(FT-IR;Nicolet6700,

ThermoScientific,Waltham,MA,USA)sperctroscopy.
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Ⅱ-C.Invitrocytocompatibility

Ⅱ-C-1.MG-63cellculture

Human MG-63osteosarcomacellswereobtainedfrom theKorean CellLine

Bank(Seoul,RepublicofKorea).MG-63cellswereculturedinDulbecco'smodified

Eagle'smedium (DMEM,LifeTechnologies,GrandIsland,NY,USA)supplemented

with10% fetalbovineserum (FBS,LifeTechnologies,GrandIsland,NY,USA)in

humidifiedatmospherecontaining5% CO2at37°C.

Ⅱ-C-2.Cellviability

The cell viability was assessed using 3-(4, 5-dimethylthiazol-2-yl)-2,

5-diphenyltetrazolium bromide(MTT,LifeTechnologies,GrandIsland,NY,USA).

TheMG-63cellswereseededatadensityof1×10
5
cellsperwellin96-wellplates

andallowedtoattachtothewellsovernight.Afterincubation,culturedcellswere

treatedwitheffluentofthehydroxyapatiteinDMEM with10% FBS for24,48,

and72hat37°C.Afterincubationunderthedefinedconditions,20μLof5mg/mL

MTT wereaddedandwereincubatedfor4h.Thesupernatantwassubsequently

removed,andMTT crystalsweredissolvedin200μL/welldimethylsulfoxide.This

solutionwastransferredintoa96-wellplateandtheopticaldensitywasmeasured

at540nm usingaspectrometer(EpochMicro-volumeSpectrophotometerSystem,

BioTek,Winooski,VT,USA).Experimentswereperformedatleastthreetimes.
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Ⅱ-C-3.Cellattachment

Cellattachmentwasmeasured,aspreviouslydescribed,withaLIVE/DEADCell

Viability Assay, using green calcein-AM and ethidium homodimer-1 (Life

Technologies,GrandIsland,NY,USA)tostainliveanddeadcells,respectively.

MG-63cellsweretreatedwithHA effluentonchamberslides,stimulatedfor24h,

andthenstainedwithgreencalcein-AM andethidium homodimer-1accordingto

the manufacturer's protocol.Cellimages were obtained with a fluorescence

microscope(EclipseTE200,NikonInstruments,Melville,NY,USA).Forstaining

withmodified4′6-diamino-2-phenylindoledihydrochloride(DAPI),thecellswere

washedtwicewith1×Dulbecco’sphosphate-bufferedsaline(DPBS)afterremoving

themedium,andfixedwith4% paraformaldehydefor15min.Thecellattachment

morphologywasobservedbyfluorescencemicroscopywiththeEclipseTE200after

washingtwicewithDPBS.

Ⅱ-C-4.AlkalinePhosphataseAssay

MG-63cellswereseededataninitialdensityof5×10
4
cellsperwellin0.5mL

ofDMEM.After168h ofculture,thealkalinephosphatase(ALP)activity was

measuredsimilarlytothemethoddescribedinourpreviousstudies.Briefly,after

cultivation,cellswerecollectedandlysedin200μLPBScontaining0.2% Triton

X-100,whichfacilitatesdestructionoftheplasmamembrane,andthenhomogenized

bysonication.Thetotalproteincontentincelllysateswasdeterminedusingathe

Micro/MacroBCA assay(PierceChemical,Rockford,IL,USA).TheALPactivity

wasassayedusingtheconversionofthecolorlessp-nitrophenylphosphatetothe

colored p-nitrophenolaccording to the manufacturer’s protocol(Sigma–Aldrich

Corp., St. Louis, MO, USA). The color changes were measured

spectrophotometrically at405 nm.The amountofp-nitrophenolproduced was

quantifiedbycomparisonwithastandardcurveandnormalizedtothetotalprotein
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contentinthecelllysate.ALPactivityexperimentswererepeatedthreetimes.

Ⅱ-C-5.AlizarineRedstaining

  Formineralizationassays,MG-63cellsat4,7,and10daysofculturewere

fixedwith70% ethanolfor20minandstainedwith1% alizarinredS(Sigma–

AldrichCorp.,St.Louis,MO,USA)in0.1% NH4OH atpH4.2–4.4.Toquantifythe

intensity of mineralization,we measured the density of stained nodules by

colorimetricspectrophotometry.Thestainedcellswerecollectedbycentrifugationat

13,000rpm for10minat4°C.Celllysatesweresolubilizedwith0.5mL of5%

SDSin0.5N HClfor30minatroom temperature.Solubilizedstain(0.1mL)was

transferredtowellsofa96-wellplate,andabsorbancewasmeasuredat405nm.

Ⅱ-C-6.Statisticalanalysis

Statisticalanalysis was performed by Student’s t-testusing StatView 5.0

software(SASInstitute,Cary,NC,USA),withp-valueslessthan0.05considered

tobestatisticallysignificant.
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Ⅲ.Results

Ⅲ-A.SEM analysisandEDS mappinganalysisofthe

HA synthesizedfrom abaloneshell

Abalone shellwas converted to HA,and SEM ofthe surface morphology

showedtheformationofstructuresatanaccelerationvoltageof5.5kV.Asshown

inFig.2,abaloneshell-derivedHA hasaflat-sheetmorphologywithaparticle

sizein therangeof25–50 μm.EDS wasused forelementalanalysisofthe

powderatasinteringtemperatureof1230°C.ElementalanalysisrevealedO,P,and

Caforcalcium phosphates,asshowninFig.3;however,abaloneshell-derivedHA

has little Na.EDS analysis showed that the commercialHA and abalone

shell-derivedHA havesimilarelementalcompositions.
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Figure2.SEM imagesshowingsurfaceappearanceofHA sheet.thesurface

appearanceofaHAsheetaftersinteringwasobservedbySEM atanacceleration

voltageof5.5kV(A)1000x,(B)3000x,(C)10000X.
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Figure3.. EDS analysis of HA synthesized from abalone shell, which shows that 

the calcium to phosphorous ratio (Ca/P ratio) is 1.83.
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Ⅲ-B.CharacterizationofsynthesizedHA bysinteringat

1230℃ temperatures

ThemolaramountofCaOneededtoproduceacertainamountofHA wasfirst

calculatedusingthereactionformula,andthensinteringat1230°C wasusedto

synthesizeHA,which wasmeasured by FT-IR analysis.FT-IR spectra were

obtainedintherangeof500–4000cm
−1
.TheFT-IR spectraforthepowdersis

showninFig.4.Thepeaksat1030and570cm
−1
,whichareattributedtoPO₄

3−
,

indicatethepresenceofHA phases.TheC-O vibrationintheCO₃
2−
vibration

banddisappearedandthespectrum obtainedwascharacteristicofHA.Furthermore,

Fig.5showstheXRD patternsofHA synthesizedbysinteringat1230°C,which

revealedoneunknownpeakaftersintering.Theotherpeakswerenearlyidentical.

Theseresultsshow thatHA wassuccessfullysynthesizedat1230°C.
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Figure 4. FT-IR analysis of HA obtained at 1230℃. The chemical

characteristicsweremeasuredbyFT-IR (a)HA synthesizedfrom abaloneshell,

(b)HAControl
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Figure5.XRD analysisofHA obtainedat1230℃.Thecrystalstructuresof

thematerialsweredeterminedbyXRD usingCuKaradationproducedat40kV

and30mA.Thepatternswerescannedfrom 10–60°,2θ atascanrateof2°per

minutewith astep sizeof0.05°.(a)HA synthesized from abaloneshell,(b)

commercialHA(control).
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Ⅲ-C.Invitrocytocompatibilityofabaloneshell-derived

HA

Ⅲ-C-1.Cytotoxicity ofabalone shell-derived HA in

MG-63cells

TodeterminewhetherthesynthesizedHA iscytotoxic,weperformedanMTT

assay.Human MG-63 osteosarcoma cells were cultured in DMEM medium

supplemented with 10% FBS and 1% penicillin/streptomycin in a humidified

atmospherecontaining5% CO2at37°C.ThecontrolHA andabaloneshell-derived

HA werereleased3timesina10% FBSsolutionfor72heach.AsshowninFig.

6,thecellsexposedtotheabaloneshell-derivedHA exhibitedhighercellviability

thanthecontrolHA.Therefore,thesedatasuggestthatthesynthesizedHA is

relativelynontoxictoMG-63cells.
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Figure6.MTT assay ofviabilityofMG-63osteoblasticcellsgrownwith

synthesizedHA.EffluentsofHA werepreparedbytheguidelinesprovidedfrom

theKoreanMinistryofFoodandDrugSafetyforthemeasurementofcytotoxicity.

The MG-63 cellswere cultured in eitherDMEM with 10% FBS ortheHA

effluent,followed by theMTT assay.Datashown arethemeans± standard

deviation(SD)ofthreesamples(*p<0.01).
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Ⅲ-C-2.Cellattachmentontheabaloneshell-derivedHA

Cellattachmentto the commercialHA and abalone shell-drived HA was

assessedusingmodifiedDAPIstainandacellviabilityassay.Fig.7aandbshow

thatcellattachmentwasverifiedbyDAPIandcellviabilityassay,respectively.

MG-63cells(5×10
5
)wereplatedwitheitherHA andabaloneshell-derivedHA

on24-wellplatesfor24h.TheattachedMG-63cellsontheabaloneshell-derived

HA werevisualizedbynuclearstainingusingDAPIunderaninvertedfluorescence

microscope.AsshowninFig.7a,bothcommercialandabaloneshell-derivedHA

didnotaffecttheattachmentofMG-63cells.

Thecellviabilityassaywasperformedtodeterminethenumbersofliveand

deadcellsattachedtothecommercialHA orabaloneshell-derivedHA.Livecells,

stainedgreenbycalceinAM anddeadcellsstainedredbyethidium homodimer-1

werevisualizedandcountedunderaninvertedfluorescencemicroscope.Asshown

in Fig.7b,MG-63 cells grown in the presence of commercialor abalone

shell-derived HA were positively stained via the cleavage of the

membrane-permeant calcein AM by the cytosolic esterases in living cells.

Furthermore,dead cellsstained red by ethidium bromidesuggestthatabalone

shell-derivedHA hasexcellentbiocompatibilityasamaterialforbonegrafting.
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Figure7.ComparisonofcellsurvivalbetweencommercialHA (control)and

HA synthesized from abalone shell.Cellsurvivalwasevaluated by nuclear

staining using DAPI(a),andaLIVE/DEAD cellviability assay (b).Livecells

werestainedgreenbycalceinAM anddeadcellswerestainedredbyethidium

homodimer-1.
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Ⅲ-C-3.Osteoinductivity ofabalone shell-derived HA

inMG-63cells

Toverifytheosteoinductivityofabaloneshell-derivedHA,MG-63cellswere

culturedwitheithercommercialorabaloneshell-derivedHA for14daysandwere

evaluatedforALPactivity.AsshowninFig.8,ALPactivityintheMG-63cells

cultured with abaloneshell-derived HA was higherthan in cellsgrown with

commercialHA.At14days,ALPactivitywasverifiedas100.49±10.56,108.67±

8.60,and117.0±8.90intheMG-63cellsculturedwithcontrol,commercialHA,

andabaloneshell-derivedHA effluents,respectively.Theseresultssuggestthat

abaloneshell-derived HA exhibitssufficientosteoinductivity foruseasabone

graftingbioceramicmaterial.
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Figure 8.Osteoinductivity ofabalone shell-derived HA in MG-63 cells.

MG-63cellswereculturedwitheffluentscollectedfrom commercialandabalone

shell-derivedHA for14days.At14days,anALPactivityassaywasperformedto

verifytheosteoinductivity.
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Ⅲ-C-4.Osteoconductivity ofabaloneshell-derived HA

inMG-63cells

Toverifytheosteoconductivityofabaloneshell-derivedHA,MG-63cellswere

cultured with abalone shell-derived HA for4 and 7 days and evaluated for

mineralization using alizarin red S staining.As shown in Fig.9,mineralized

noduleswereobservedinMG-63cellsculturedwithbothcommercialandabalone

shell-derivedHA for7days.AlthoughthelevelofmineralizationinMG-63cells

culturedwithabaloneshell-derivedHA wassimilartothatofcommercialHA,

theseresultssuggestthatosteoconductivityofabaloneshell-derivedHA isatleast

similartothatofthecommercialone.
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Figure 9.Osteoconductivity ofabalone shell-derived HA in MG-63 cells.

MG-63cellswereculturedwithcommercialandabaloneshell-derivedHA for4

and 7 days.Osteoconductivity was verified by alizarin red staining and was

visualizedbyopticalmicroscopyat40×and100×magnification.(a)4days,40×,

(b)4days,100×,(c)7days,40×,(d)7days,100×.
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Ⅳ.Discussion

GBR isfrequently performed toregenerateboneforimplantreplacementin

dentalsugeryandusuallyrequiresabarriermembranewithbonegraftingmaterials

topromotebonehealing[9].TheimportanceofbonegraftingmaterialsinGBRhas

beenreportedinnumerousstudies.Bonegraftingmaterialsareroutinelyusedto

reconstuctbone defects caused by trauma,accident,orinfection in oraland

orthopedicsurgery.Althoughautologousbonegraftingmaterialshavebeenusedas

agoldstandard,thisapproachisassociatedwithdonor-sitemorbidityandquantity

limitations[10].Toovercomesuchdisadvantages,severalbiomaterialshavebeen

developed asbonesubstitutes,such ascalcium phosphatebioceramics,alumina,

zirconia,andbio-glass[11-13].

Calcium phosphate-basedbiomaterialssuchasHA andβ-tricalcium phosphate

have been successfully used formore than 20 years as basic materials for

replacingandpromotingthereconstructionofdamagedordefectivehardtissue.HA

haschemicalandcrystallographicsimilaritytothecarbonatedapatiteofhuman

teethandbones,andisthussuitableforapplicationinhardtissuereplacement.

However,despiteitsexcellentbiocompatibilityandosteoinductivity,theapplication

ofHA islimitedtonon-load-bearingimplantsandindentistrybecauseithaspoor

mechanicalproperties[14-18].

Inthisstudy,thesynthesiswasdependentonthephosphoricacidandabalone

shell-derivedcalcium oxidesinteredat1230°C for3hinanelectronicfurnace.

Aftersintering,HA formationwasobservedbySEM.AsshowninFig.2,the

abaloneshell-derivedHA hadaflakysheetmorphologywithasheetsizeinthe

range of 25–50 µm.These data show that the particle size of abalone

shell-derivedHA islargerthancommercialHA.AsshowninFig.3,EDSanalysis

revealed that abalone shell-derived HA contains Na.This is likely due to

incompletewashingoftheabaloneshell-derivedHA.However,Fig.3showsthe
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EDSresults,whichconfirm thepresenceofabaloneshell-derivedHA withaCa/P

ratioaround1.8,similartothatofthecommercialHA.FT-IR andXRD analyses

confirmedthecompositionandcrystallinemorphologyoftheHA (Figs.4and5).

TheseresultssuggestthatHA wassuccessfully synthesized successfully from

abaloneshellat1230°C.

TheMTT assayiscommonlyusedtoassesscellviabilityandthecytotoxicity

ofbone graftmaterials.The data in Fig.6 confirm the lack ofdetectable

cytotoxicity in abalone shell-derived HA effluents,while the commercialHA

exhibitedsomecytotoxicity.Comparison ofcellsurvivalin commercialHA and

abalone shell-derived HA medium was conducted by DAPI staining and

LIVE/DEAD cellviabilityassay.AsshownFig.7a,themajorityofMG-63cells

werestainedblue,indicating intactnuclei.In addition,Fig.7b showsthatthe

majorityofcellswerestainedgreen,indicatingviability.AsshowninFigs.6and

7,theMG-63cellsinallsamplesexhibitedhighcellviabilityandsurvival.These

dataindicatethatboth abaloneshell-derivedHA andcommercialHA displayed

highlevelsofbiocompatibility.

ALPactivityisoneofthemostimportantindicatorsoffunctionalosteoblasts,

asdifferentiatedosteoblastsshow muchhigherALPactivitythanundifferentiated

mesenchymalcells[19,20].Inthisstudy,theALPactivityofcellsculturedwith

abaloneshell-derivedHA andcommercialHA effluentswasassessedforupto14

days,asshowninFig.8.MG-63cellsculturedwithablaoneshell-derivedHA

effluentsindicatedasignificantincreaseinALPactivityat14daysascomparedto

thosecultured with commercialHA.Futhermore,asshown by alizarinered S

staininginFig.9,abaloneshell-derivedHA inducedacceleratedmineralizationin

MG-63cells.Theseresultsdemonstratethatabaloneshell-derivedHA inducescell

differentiation.

Inthisstudy,wedemonstratedthepossibilityoftransformingabaloneshellinto

HA foruseasabonegraftingmaterial.Weverifiedthatabaloneshell-derivedHA
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canbeeasilyobtainedfrom raw abaloneshellbyasinteringreaction.Theabalone

shell-derivedHA indicatedbetterbiocompatibilitythancommercialHA.Futhermore,

abaloneshell-derivedHA inducedhighlevelofALPactivityinMG-63cells.These

datasuggestthatabaloneshell-derivedHA maybeausefulbonegraftingmaterial

forinducingbonehealing.
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