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The Effects of HAp and BCP Nano Powders Synthesized by
Microwave-Assisted Synthesis on the Activation of Osteoblast and Osteoclast
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Abstract Hydroxyapatite (HAp) and biphasic calcium phosphate (BCP) nano powders were synthesized using
the microwave-assisted synthesis process dependent on pH and microwave irradiation time. The average size
of a powder was less than 100 nm in diameter. Through in-vitro cytotoxicity tests by an extract dilution
method, the HAp and BCP nano powders have shown to be cytocompatible for L-929 fibroblast cells, osteoblast-
like MG-63 cells and osteoclast-like Raw 264.7 cells. The activation of osteoblast was estimated by alkaline
phosphatase (ALP) activity. When the HAp and BCP were treated to MG-63 cells, alkaline phosphatase
activities increased on day 3, compared with those of the untreated cells. Also, the collagen fibers increased
when the HAp and BCP powders suspension were treated to MG-63 cells, compared to those of the untreated
cells. Quantitative alizarin red S mineralization assays showed a trend toward increasing mineralization in
osteoblast cultured with powder suspension. In conclusion, hydroxyapatite and biphasic calcium phosphate
appeared to be a bone graft substitute material with optimal biocompatibility and could be further applied to
clinical use as an artificial bone graft substitute.
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Aat f1gd/gdo] Slrh. mA RO R FAF oA A
o} fAReE A xshd Zg-AdahA MEd woo] 2
AE oldate WHOR A2 fHES o= gl At
S5 ek

A ] W= 7] RS 3R X9
2 o]Foql Felld B e yHE
Aolth? WE LAk ¥-7] A F 70% °)de] hydro-
xyapatite(HAp)$} Aircalcium phosphate(fTCP)Z 74
o] glom CaP H&S 1681712 B JrHo,
1Al WE Aot T4 7 vlsg §4
oAl R Zg-iHA Aletlo] Irk2) AnkHow 7
F-A2HA MEbe]e AR 218l dolHA A &4 AR
B2 A AxAS AT F e A AR G
B &8 HAp(hydroxyapatite)2t o-TCP(otircalcium
phosphate) 2 ATCP(Atircacium phosphate) 5©] o]
ATE L A 53], HApet BFTCPE &E£§dle] vt
biphasic calcium phosphate(BCP)&= o= %2 Z=E
fA sEA T AiEslEle 540 o] AdE fre
WAL ek W o)A gR A Aot X3
GGl F2 AGEH T Yk

mreba] 2 Ao e AR RS -1k w0
A8 dEELE T4t #s) microwave S
AREsle] W 9] HApel BCP 232 38
53] pHE A3 me} thgst CaP A4S 7
BCPE AT + AUe 7I&g Fr &3t H3 o]
HAp ¥ BCP #-¢5 W o]2xl5 AAlaxe A&
TE AR fIg A GAR ol o] MEAE G
A e &gl ofWl IS WX E=AE HEBATL
2, °o|5 HApSt BCP o] AAAEAY 2 A 24
< Hrksl]l $l8 <A #E 4 (1S0: international
Standard Organization) 10993 321 ‘hiologica evauation
of medicine devicesdll F38le] AXEEA Hr7F 2 AlxX
37 Ase BARHTAM 3 HApet BCPE A3
MG-63 A|XEof|A] W FA] Z7]0 ArtE+= §421 adkdine
phosphataseE 4 ato] Allete] M o] 2 A7} 1 A Z 9]
2o oH Jee mAe AE SR, 717
FE A oA FEl ARl A B 2 A o
B= A&3ste] WA Z2 in vitro minerdization 3 EE
skt
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2.1 Microwave g S8t hydroxyapatite2} biphasic
calcium phosphatee| g

MicrowaveZ ©]&3F HApe} BCPe FAwe 245
GHzo| mlo|aARaE FAFStY] EAH59] 3455
Tabal EARe] ol ok mpzke] SR 53] 7t

GAF)E wp o R Bale] 25 342 343 214
7 4 9 Wek ojje LA MeHEE HA
Aoz 371 Y & e FAelth bk Nz
Awol 9lg Huke y.2oa] T4 HESAT)E AWl
AL x 48N k2o o5t HFAIWH ug] ¥kgA|7lo)
AL o) st olEme] 2ol Caosh e A

2 A nlolARTE o]&dle] e AVE e 7
#0124 (HAp, o<TCP, ATCP) 33HE 2 w4} HAp
HAE Alzehs Wyolrt. o]& M| 7Istd, Ca(OH),
9} HPOsE EREAE sto] rlo|AE9E A8t pH
5 2430 2N el FkslolutelolE 1 ik

A stges 9l AxdAE AA 4 2717t
100 nm ojskel o] Ze-itA EFEA 2 @3

22l

TAslolulElo| EE Al xaiitt. o) A9 wAlRE S
#2517 28]l SEM(JSM-635F, JEOL)3 TEM(JEM-
2010, JEOL)°l| ©J3fl 41381513, XRD(D/IMAX250, Rigaku,
Japanye ARg-ate] AR #ASATE B o]F Y
S W olXAT A An R AMgE] 9l A
AR o]E HAp 2 BCP Eo] MRA ¥ 2 gZHx
o] ZAdo ol FFFe HAEAE #HEEAT

2.2 HAp2t BCP 20| MROME, HINZ

om=Mze Aol ojxl= g
A EE S, Al E=A kel &3] AREle Aokl

9l L-929 Az} wRAE Fei] MG-63 M2 (KCLB
21427) 9 SFHE {219 Raw 264.7 A2 vk 10%
-3 (FBS, #SH30088, Hyclone)s &34 (antibiotic-
antimycotic solution, #15240-062, Gibco)7} Z§=
DMEM(Gibco, 11965-092) HiA| & A8-81%1S™, 37°C,
5% CO, ujg7]olA FAAIZ

HApet BCP ¢ A& #|=x; microwave o2 A
Z¥ 100 nm ©]8le] HApSt BCP E& I571dqt
HPHO 2 121°Col|A 15% 5% Hwrdted dry-ovenl 24
AZF ol AZ A7l &, 01mg/mle] HE&EZE 10% -8
o] H7t¥l DMEM Hij=|o] HAErA|A ALE-3HA T

AxZ5A 37k 859 BES 01lmgmle] HE=
HiF wix]oll H7F 3k F 37°ColA] 100 rpmo. 2 7247k
Fe A wjekste] Ax AL, olF ME v gulA]
E ARgete] 2 WipE A S|4ty &g dS vt
EQcEY Ao ES) L-929 AEE 24-well ¥jSF 87
o 1.0x10° celswdl®] FE® B33 9 37°C, 5%
CO, HiF710ll A 24717k &<t wi ek et vl e A2
£ PBSE Al o2, 7t wel mlth 48 §E9S
YAl oA 72A)7F F1F wieF shlch o HA wikE Al
Z9] ujkdo] 100ule] MTTE(5mgml)S H7lste]
17+ < we & 1mle] DMSOE Yo A=

&



ulo]FZgo|Hel| oJ3)] Al=E HAp 2 BCP

formazan crystalS& €3] &3l A Zt} gslE MTT &
e 96 well ¥ &71o] &7 595 nmellA ELISA
reader®Z S4=E 4% T &9 IHFE (%)l H
3 7b e anE A AE AEE (%) Fein?

W R Ao A2 4 AF #F; 0.1 mg/mle
H&2 A%9 HAp ¥ BCP ¢ &g fAS ujjok)
A2 10052 gAlste] Azl AR-atiTh. MG-63
AZEL 24wel B9k &719] 50X10° A X2 Yol 24
AIZF For wjkdt ¥ 01M PBS 989 (pH 7.22
2 59 pASE, viduiA 2 10852 84 H (10
~10° HAp 2 BCP 2% el H71st & 39 ot
37°C, 5% CO, Hi%}71NA vifA A iz o s B
o] ZIHA] F2 ujkuA|odA ARE MEMEE ALS
ste] Bl AZSITh Aol A AsS 4719 MTT
Ay 2 SEMe g Faste] Hmst

SEMel| ]gh Al3Ee] ejehd &3 Scanning electron
microscope(SEM)dl| €18t M Z o] Fefsta] M3l A4S
7] 918 HAp ¥ BCP &4} 3 &5 widd MG-63
2 Raw 264.7 Al EZE 2% glutaradehyde® 2A] 7+ &<t
IAG F, 01M QI $hgdo R SME 1% O0,=
1547 &<t & e AAsidith Al252 01 M PBS
(pH 74)E 10% &<t 33] FAgF & 50-100%°] ¥k
2 A AY. AZRA R hexamethy-ldidazene (Sgma)E
AREEIRL, THIE A F 2TERS o83l FY
3 & SEM(JSM-541-LV, JEOL)C. & #&alit).
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2.3 HApe2t BCP =220| tH2AMZ2| alkaline

phosphatase &40 0O/X= L&
W A E 2 MG-63 Al EE 24-well H S8
x10* cellgwello] S|=5 B35 F, 10% 3
7} DMEM ullR] ol A 24X 7} 53t 37°C, 5% CO, Hl
oF71ell 4 wieFatdTh 0.1 mg/mle] H&= A|Z¥E HAp
2 BCP &% dE ddg wiguiAZ 10MF2 34
(1:1, 107", 10938k 71 ¥ 3, 7, 149 F<t Wi
sttt A4 wjEr k] A & wj X5 ¢S] Al At
I PBS(pH 7.4)Z 29 FAISH & 05% triton x-1008-
250 ulE H7rskaok Al sHA B etr] s
dEH HU& 3 v 3000 rpmel| A 2&-7F <
Al #2 sidth X FE9 50ule 2mg/ml p-NPP
(sigma, P5744)E 50 e H7bste] 3087+ wigst &
100ule] 2N NaOHE 718ttt =1 & ELISA reader
(EL 312e, Bio-tek)E AR8-3ke] 405nme] sdollx 534
EE Ao ALPS s p-NP(sigma N7660)
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24 WMz Zad M7 U { oE TS
&8t in vitro mineralization assay

Alizarin red-S 94& 31 24 A7k Alizarin red-S
cacium salte} ol o= Afeh= HA AlFo R
AlZe] wgellA A 3]sl A=E SAs= WHoR
o]- g5 3 g1tk |n vitro mineralization assayE ¢35l
W EAEZ FElel MG-63 AlEE 10% 8%, A,
50 ug/ml ascorbic acid ¥ 10 mM L-glycerophosphate
7h 3 Ax #3H8 HiAE AREEte] 28 B¢t
37°C, 5% CO, #4714 wlgstdith. & MG-63 A1
24-well ¥joF &7 well & 1X10° Al 24 EFa)
24X 7F < e § wiAE A ASI 0.1 mg/ml
H&s A%% HAp @ BCP 2% 3e fAS u)
P A E (101, 107, 109)3te] H71e 5 28Y &
St v stk Wik 28Y & miAE ks A AL
PBS(pH 7.4)= 281 AlIgE 5 A 2ol A 5% formaldehyde
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21527 2N 28" MEZEE A7k SR
2 24 AT T 40mM AR-S 882 HLo]x 108
ZF A e 9NE AZE AEe SHRFE M S
A g & PBS buffer® 1587 2d4S A Zu AL
o4 100 mM cetylpyriridium chrolide 8942 1A%+ |
g & caciumzt Ze AR-S9| 2 T ZdEe &

S A3k ELISA reeder (EL 312e, Biotek)® 595nm
o] A FHAEE FAs0 o A4 FE= 100
mM cetylpyriridium chrolide €22 4% AR-S9
FTEE V|ELR® Sto] ARt

TEMe &t 2Rl A #3; TEMol &gk w2 A|

ZoMe] FER AFS A7) flEl HAp 2 BCP &
o Felols) S wjokst Aol A% 25% glutaradehyde

-1.5% paraformaldehyde PBS A A& 2ml¥ H71st
T AColA 24| 7F b IATIA A 1% OsO,2 1.54]
7F st & 3L AAERTE oo AlXEL 01M
PBS(pH 7.4)% 108 =<t 33 443 & 50-100%2
AR SpAIFLh MEZES 33t microtubedl] S
71 F 43L3 propylene oxideZ 1:1% £33+ &

=
3} prophylene oxideg 3 71ste] Ad2-0llA 2048 <t A
Z3slc}. prophylene oxide®} araldite mixture(araldite
epoxy resine 502 52ml+DDSA 48 ml + DMP 30 15)
o] 1:1 EFAA 2~17F Tt BAAZ ] AR &
Grelo =z wekato] 124]7F 5t A-2olA BRAIZH Al
IES A FEE &7 ¢ araldite EFAL AY
60°CollA] 2-3Y & F@AIZ F AAAv AL dHS
W=l LKB-V ultratome® 2 1um F7¢] HH
E9] toluidine blueZ FA5te] Fedn|7Hoz A
915 RIS F 60-70nm FAR 2UEAHS TSI

Zke] AHEL AR (JEM 100 CXINe & #A=s13ic),
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3.1 Microwavedg S5t hydroxyapatite2} biphasic
calcium phosphate2| &4
HAp2k BCP2] gl UnbA o ALE-E:= wet-reaction
e AHE-SHE sub-micron =719) 3%4& HApZt
A= Bls) mlo]ARIE o]g-ate] sk i
719l 78 HAp 22 F4E & AUAL 53] pH
A& 249l wet HApel STCPY] BvlE =
Ao, pH7F Sl wet S mAR B
£ 1T 5 UUTH(Fig. 1). mlol=z IS o] &5t
38 HApSt BCP £ XRDd <& £33t} pl
621 7%, HAp, ATCP &3 o TCPe| Ato] 4o 9}
= e 2 T F Ak e pHrE skl w
&9
Z7el

)
e
Tom By Bl

il

2}, HAp 72| w7} S718lial BTCP, o TCPY
1

= Wold S g9l & 4 k. 53] pH 129
M IR HAp 228 34 4 AJgkFg. 2).
ol& E CP o] H7} pHE Zd 3l

o
b AofH T Sleg AN 4 sl dwrHoE
= 2719] HApSH BTCP 2] 482 HApst #TCP
BARG 7)AH Aert | Helun Avs) 58 3
AN G JdE Aoz dEA Uk wea o5 o

B0 Algele] W olAAlE AuFehd HApd ©|
H g 243k BTCPY A F ARs) 54 =
FA QA W o4 R me] Aol g
9 ARE /g Aoz AzhErh

3.2 HAp2} BCP 20| MROM=E, =M= 2
oEMEel A0 ojxl= P&

HApel BCPe| AAIA S Flatr] flsf =4 &
= 71420 1SO 10993-5 &= F3le] HApe} BCPe
et AEDAC] 54 37t AFde ST ok
H L-929 Mo 7} wellvttl Ee] 8% s|Adg 4
3L 7277F b vk gk & MTT Aol ofsl] 4o}

o= MEas A S48kt HApst BCP 8-&9<
H7bete] mj e L-929 M x| AEES AsrY &5
HE H7IRE wiRlo = A iRl ol Ak Al 2ot
AR A2 Ase e oY Slsee] &5
o] Z7He Al Ak Ml ZE= tiFtol vls) oF
7yt Al 2AEE JeriITHFg. 3, 4). 2Eu Al
=4 Bt 7]—??_1 C 50(Inhibitor concentration 50) X

A7 A=S e Je] microwave
HApe} BCP:= A
STt ¥4, HAp

929 A3 2] AE&o] BCP

& A dEelM =

v Jelshd dslb & XA
= W= =719 HApSH BCP Hdo] AZ=Ad] ke
NAA e AR Ak,

E 24-well wjokg-7]o] wjorslt =
7% ch— microwave MO R AZE Y= =719 HAp
o} BCPS] o] H7HE wiguiAolA 3d &<t wjk
stk HApsl BCPel %7}

o}ro}
& AR

o oz

e )

[e]
E2R )

8%

HehHA
I = L-
B oM HigE AE B
th =A vERtET 2 712 ofF 43|

¢HH HApel BCP o] MRAXE @ st 3xo] F
él°ﬂ nX= 9gEks dolrr] 918 5x10°%] MG-63 Al
Hjok Azl S A

2rh(Fig. 4).

Fro| wE Az A
Frol AHglo] Alxel =24 oA
th(Fig. 5, Top). ©]
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Fig. 1. The SEM images of HAp and BCP powders according to the pH.
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Fig. 3. Inverted light microscopic findings of L-929 fibroblast treated with HAp extract solution(top) and BCP extract
solution(bottom). a, €); control cells cultured without extract solution: b, f); cells cultured with 25% extract solution: ¢, g); cells

cultured with 50% extract solution: d, h); cells cultured with 100% extract solution (X 200).

120
100 —
e
— =~ ~
X O — .
& 80 - To—————0
2z
.‘5‘
= 60
o
=
5
& 40 4
20 - —eo— Hap
=0= BCP
0 T T T
Control 25% 50% 100%

Extraction solution of powders (0.1g/ml)

Fig. 4. The relative viabilities of L-929 fibroblast cells cultured
with the diluted extract solution of HAp and BCP on day 3.

o] EFHE uiA|ollA widE Raw 264.7 MEe] SEM
ARM = A 2ES E717T —J wawlo] 33 E7]o) ¢

3 AlxEe] Mz AZs] 2

& Ra ggror, TELE A

®o] AEHE Foi7lx )
= A H(Fig. 5, bottom). L&
TEM &7 ] i—t— AlzZ Udoﬂ*ﬂ HAp 1 BCP 4=
worem dx Alxd el AE L7HE
o] &4 mgh AFEA BT ol FAFAETL WA
_,u_g}‘_: r:l—g] EH/\]/H]..L‘/] olzog._ :Li;d o= o] 10
A E2lEle] AR e BAL 7 o) e
o] YA Alzure] &4 glol AIxE 228
I ZAE YAt e AlE W &7 HEY EE
LHA e ZoR AlRErh

Jo 32 4 m

3.3 HAp2t BCP 20| #zAMZ2| alkaline
phosphatase &40 O|Xl= A&

Alkaline phosphatase™= W 3/ Z7]tA ol WA Z
oA wdete aihE Mz 24 9
g vepdn® 2 ddeMe

£3lo] A=
2x10%°] MG-63 NI &

Fig. 5. The SEM images of osteoblast (g, b, ¢) and osteoclast (d, e, f) cultured with the suspension of HAp (b, €) and BCP (c,

f) nano powders.
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Fig. 6. ALP activities expressed by osteoblast-like MG-63 cells
cultured with the suspension of HAp(a) and BCP(b) powders.

24-well #8710 24A17F St widst & wig A4S
AL A Ast] microwave TFAAHOZ AR

BCPe| #dro] H7Fe uj =] ollA
oFsttl ALPe] EAe B e Wy

Hj st Aol A dA A =4 Ve, 73 149
QF Wi g Al Eol M= HAF ashs o] HEE AT

3] g 3AUA WAL ALP E4S vlas] B
w2 A gE A ZAA el ws] dxfs)
= 3< YElstEd o€ HAp ¢ BCP7} Wi

rlo
gk
v

3.4 wEM=ZEe| 2t Hf Wi o s T
&8t in vitro mineralization assay
o1 w2l A (biominerailzation)> Z-&3 A 52
771 AE S AREe] wel A|Ee] 714 (extracdlular
matrix)ol]l 2 e Aoz ojdl FAe wjudnAe x
Az w A =2 Hutd 93 in vitrool| M= #
e ¢ Qi) whha & ArellA JHEE HAp ¢+ BCP
7h WA o] M3t AAYE FEdteAlE
8 Atk A AR o5 Wi
o] F9oA w3 =%lew, HAp 9 BCP
g iAoy SAE Az Fg dEe 2ok o
B ekl AREe] #F FHth B3 o]5 AlxEuof
A ZER Al 8 B e A
lamallar body”} @#|3] F71E Aol #&EA=H o=
HAp ¢t BCP7| WA o] Zep Ade 71 s
e Aoz AlgHEUHFg. 7). 28y TEM 2744 7
|
]

mjo

0 5199 CaP AR AL WA FHEEx
o w243 Boldos Afehs ARS 94 3

o 433} Aol 5H2l CaPY HHS AFHoR
=439tk HAp 9F BCP o] H7kel wjjodwl=] oA

A8 MR ZAAN tEe) W) e AF FH48S
e A5 A7HE HAp ¢ BCPe] s&7h Eobd =

Rt

Fig. 7. TEM micrographs of osteoblast-like MG-63 cells cultured with osteogenic medium for 28 days. The collagen fibers were
found when the suspension of HAp(b) and BCP(c) powders were treated to MG-63 cells, in contrast to the untreated cells(a).
The morphologic changes of the micro-organelles were observed as vesicles formation (lamallar body) when MG-63 cells were
cultured with the suspensions of HAp(e) and BCP(f) powder; N: nucleus, M: mitochondria, GC : Golgi complex, LM: lamellar

body. Bar =1 um.
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Calcium concentration
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-

"

control 1:3 1:10 1:100

Dilution of powder (0.1mg/ml)

Fig. 8. The calcium concentrations in MG-63 cells cultured
with the suspension of HAp and BCP powders.

Zro] ol F7IEIATHFig. 8). o= X Al® M@
Hol| A 2R A7} o] Ro)H 7] Wil Agoe] =7}
7} 278 HAp 1 BCP 9§ Ao zE EOW A
T Bl A3l ge1S 98 SEM-EDS 52 %3 -3
o] 27H}.
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4. 4 E
ol i o]2]A|e] Y8 Bukm A3 ¢J8] microwave
B 8-5to] HApS} BCP ®HS §HA a6t o

dH S o8
o] AAHEAT MEAEZ 2 alarAze] &
A FFE PA=AE AFsunh

1. Microwave $/JHS ©]8-3fo] 100 nm ©]3ke] HAp
9]_ BCP Ewre ??3—}']0]—93\_7_ H z2A& Zxétﬂ—oi}ﬂ
HApel STCPe] 7o) HE ié g AU

2. 180 71 E3ke] Huket AEsA é 7} éJJr
HApSt BCP &2 Al x5A4e UehlA] e A %
CEIES DER B

3. HApsh BCP =234 37 wibel mimA Lo} sz
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