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ABSTRACT

The development of phosphate glasses for clinical applications has attracted much interest because their
chemical and physical properties make them suitable for use as bone—graft materials, We prepared various
compositions of CaO—Py0s—CaFy—NasO glass system by conventional melting process. The objective of this work
was to investigate the effect of sodium and fluorine elements on calcium phosphate glasses for bone re—
generation by measuring solubility and biological response, Atomic ratio of (Ca+Na)/P and a content of PyOs
were fixed at 0.6 and 45,45 mol%, respectively, To measure solubility, the pellet was kept into 30 mL of dis—
tilled water, At the same time as the solubility measurements, the pH of the solution was also measured, Ca,
P, and Na ion dissolution were measured by Inductively Coupled Plasma Atomic Emission Spectrophotometer
and the release of F ion was determined using Fluoride Ion Selective Electrode, Biological response of glass ex—
tracts was measured using WST—1 method, Glasses with high content of sodium oxides showed larger solubility
rate, but in case of glasses with F element, there were few changes, The dissolved amount of Ca and P ion was
related to solubility; with high solubility, the dissolved amount was increased, Except for glass with CaFy and
NagO content of each 9 mol%, with increasing added oxides content and time, the pH value tended to be lower,
pH values decreased with P ion content increasing, The viability of MG 63 cell in glass extracts of 2 weeks
showed above 90%,
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97 S3b 2o AR} AEQIckLeGeros, 1998;
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= 7PAoF sfaL, §A9] ke Haslsi HF RESol §f
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(1) Z& ZATOIE 22tA

Table 19| YERH B[R} ZHo] CaO, P05, CaFe, NaxOE -
3} tokel 249] CaO-Py0s—CaFy—NayOA| Z4s EAH0]
E HAE Azt 29 Y8EE CaCOs(Yakuri,
Japan), HsPOs(Duksan, Korea),
NayCOs(Duksan, Korea)S AMESITE P,0s2 RS 45,45
mol%= 1ASHYL, (Ca+Na)/PY] ¢AH]7} 0.60] Hed &
ToAROTE, NaO2] Fgol Z7RIE Ca0S] FFE: 7

CaFo(Junsei, Japan),

Table 1. Sample codes and their compositions prepared in this study

Sample code Ca0 (mol%) CaF, (mol%)
F1Na1 52.55 1
F5Na1 48.55 5
FONa1 44.55 9
F1Na5 48.55 1
F5Na5 44.55 5
FONa5 40.55 9
F1Na9 4455 1
F5Na9 40.55 5
FONa9 36.55 9

P205 (mol%) Na;O (mol%) Ca/P ratio
45.45 1 0.59
45.45 1 0.59
4545 1 0.59
4545 5 0.55
4545 5 0.55
45.45 5 0.55
45.45 9 0.5
45.45 9 0.5
4545 9 0.5
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231t webA NaOE 1, 5, 9 mol% 7134 uff, Ca/P2]
olzprl= 7k2} 0,59, 0.55, 0.50]9IC} CaFy=1, 5, 9 mol%
A7Fsoie), SRRt WiAE Wi =R ol Al 1150~1250T
O] 2IeoflA 2AIRF F2F Bt Rt Foll, e S
AASE) $18l AgstAct, A F10x10 %3 mm’9] 713
St ol

(2) M=

AEZ FAES 2417 ¢85} human osteoblast—like
line®] MG 63 A|Z(KCLB HH& 21427, Korean Cell Line
Bank, Korea)E AMESIGITE 54 MG 63 AlZ27t S0|%=
Y& 40T o] Fol 60327t Al53] =91 £, 4-29] 70%
UFZo] Fol 253130t} ©]F clean benchoflA] 21513
t} DMSO(dimethylsulfoxide)S A|A3}7] ¥Jste] 50 mL &
Hol 10% <QEjo} SH(FBS; Gibco, USA)o| H7}=
Dulbecco's modified eagle medium(DMEM)S- 10 mL -2
2, WE £ Al BRde %711 1,200 rpm O & 387t
il wefste] FSdE AASIEL 5 mLe] HjR|e] cell
pelletS EG5}o], wljokg Zafado 27]al 37C, 5%
COy, 100% HEE SA3k= COp HJF7|(VS—9108MS,
Vision Scientific Co., Korea)ol|A] vjorslsict wijxj= of
2eleiel mABIA,

2, G WY

(1) Sz =8

Az A HO] EHAS digital vernier callipersg ©]-8
slo] 243+ & 254> 30 mL7} ©7] conical tubeo] @1
8709] water bathol 4§51 AES Foleich 24 1), 3
o 179 o7 AES o] 12 T, B WSS 27
Silct. A o] A S AR &, ARECR URo]
Sl=s ALttt

(2 pH H O]2 =4

Bl AleE ARt 8% pore 7|7} 0.2 pmQl sy -
ringe filter2 oj1kst T} pHE ZA319tt EsSh ICP—
AES (138 Ultrace, Jobin Yvon, UK)E ©]&3}o] Ca, P W
Na 0]29] 8=k A=3I9tE F 0]2-2 Ionplus fluoride
standard 0.1 MF~ (Orion research Inc,, No, 940906, MA,
USA)E 3481014 0,019, 0,19, 1.9 ppm = -GHS %5}
o] ¥F7FS BASE & Fluoride Ion Selective Electrode
(Orion Model 720A pH/ISE Meter)S o|-838lo] &S =
s,

(3) WST—1 Al

WST-1 A|FHE AoRel= Al£2] mitochondrial de—
hydrogenase®] 2Js] WST—10] ZJ%]o] formazan 20|
AEE Zhe o8t ler, SRR SEEE S
Holo] RO Aolols AESE 2Fal Wlold,
vjoksk MG 63 M|EZZ 0.05% trypsin(Sigma, USA)Z} 0.5
mM EDTA(Sigma, USA)= conical tubeo]] Yil, Hank's
balanced salt solution(HBSS, Sigma, USA) 22 23] A&
Sk 5 1,200 rpmofA 387F LA Eefsio] Ma2E Eeletat
ok EejE AlZS sjoiA(DMEM) 0,18 mL & 5x10°]
A 2935t & 96 well plateo] ZF well 0,18 mLA &
Tk, e AAFO|E ekt 8558 0.02 mLA 47}
8lo] incubatoroflA] 4AIZF HiFSIIT), Za EATo|E &
2k G Al ElfdulA] 0,02 mLe 7Kg Zbe tiat
o= 3} PreMix WST-1(TaKaRa, Japan) -89 0,02

2 7} wellof] Wil 4 AJ7F E<1 vljokst & ELISA read—
er® 450 nm IFO||A ZF well o] SFEE SAst0] A=
X g s vl

2t

1, sl

Fig. 10 AlZlo] w2 §A 25 mg/em’e] B2 ot
BRI}, B /oA ARo] Zaetol] wet A Tt
S/Ike e HEMiIlen, Nao| 7ol S71ers
B3t S7FIAAL, F e Naof ool wet o2 4
e HEMISI T RO Apelle AriEel A Rigt
of 2 FFE AR WekThFig. 1), HiF-Ee] 390l Ca/P
ratio’} e T et SRk A &SIt
B AF ] YollA F5Na97 7 2 f3=S VERS
th Nax07} 9 mol% H7Fel 247} F9NasE 3% o] SHE]
CRE 2AJE 8 A A48 YeiRlaL, weA] 2740
M 1570 3=t 719 visssA| AAlA o= vERa,

15 53E] Zhashe e Uepfgich
2. pH &4

Al e 8E010] pH WSS Fig. 20] Uehilct
CPGE] 79l 15 ol pHY} ok SobEbr} o] wo}
At %S UERHSIE 1 mol%e] Nazh H71EIGkS ), 3
% o} Wb} 15 o]l th] obal HaES Lhehy
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Figure 1, Weight loss of samples containing (4) 1, (B) 5, and (C) 9 moi% of Na:0 at 37C in distilled water.
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Figure 2. Solution pH of samples containing (A) 1. (B) 5, and (C) 9 mol% of Na.0 at 37C in distilled water,
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Figure 3 Dissloved P ion of samples containing (A) 1, (B) 5, and (C) 9 mol% of Na-0O at 37C in distilled water.

A3, 5 mol%?] Naz} 71 RAlolA= Wolr|l= ke
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ek p7} 7H 9k, 7P A pH wskE deriislct
F= FINa9E A|9fa}al pH Riejo]l #9] FJgke vlAlA] g3k

3. 0|2 8=

AZto| W2 P, Ca, Na ¥ F o]29] 8&3FS Fig. 3-6
off VERAigIct, =E 2AdolA o]0 FRoll TAglo] ARE
o] Zufplol| whet &%l Tk A Urhisle
P, Ca 9 Na 022 Na9| H7lgo] 715 §&750]
S7k8lodet, 1eju F o]0 79 FINa9E AlQjetal F 9

Na®] Z7lgo| S71kE 8&o] S7Isi5irt

P ol29o] 8&5re 8afwrt 7P & F5Na9ollA] 64.6
ppm & XhE YERASIL, FINaloflA] 42,9 ppmOE |
2F UERIGIT Na H7IFo] Z7F=5 P o] 29| 855
2 371Gt e FO] 7fgell i p o] 29| 8&F
2 NapO7} 5 mol% 71|90 o, F o]29] i) Z7t
TE P oo]R9] 8EH 378K, NayOZh 1 EE 9
mol%7} A7 ZAoA= F7F 9 mol%?] FINal¥t FINa9
oA 1 mol%®] F7} 271 2/dHr} W2 825 Ve
UrhFig. 3). Ca 02| 8E%2 FINa97} 50 ppm O = X|
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o} P of2at IR R Na H7Igo] $718=E Ca o]
o] 8= F7IIAARE FY] ¢ FoNalZ AQlstal F
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Flgure 4, Dissloved Ca fon of samples containing (A) 1, (B) 5, and (C) 9 mol% of Na:0 at 37C in distilled water,
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Figure 5, Dissloved Na ion of samples containing (4) 1. (B) 5, and (C) 9 mol% of Na:0 at 37 C in distilled water.
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Figure 6. Dissloved F ion of samples containing (4) 1. (B) 5. and (C) 9 mol% of Na:0 at 37 C in distilled water.
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Figure 7. WST—1 assay of the effect of glass extract on the
viability of MG63 cells,
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Z ollelo|EL AAE ujgke] Na, K, Mg, Zn, Cl, F,

COs & T ©4s50] 0.01~7.0 wi% EART, ek &
T} ZJoe] AHETHA ofueto| B H|SFeIFEAR] 2AS 2
I 9o, 3R] A4 F7]) W Fake deba] AdZat E
3l olulelolEE SHASl= Ao| mi$ Zeksltky dA]
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RS wlRITha AelA UHLeGeros, 1991). wheba] mjek ¢
iA A7t golsh, slska o= wo} fAlsial -gaf/do
S5t Zg EATo|E Fefio] gt At KsEle] gk
t} LeGeros®} Lee(2004) = Zr EAHO|E ZFafA0] E
sl gt AR ol Hsto] HArsiGit), Ca/P HI7} 0,6 o5}
o] W HjAA LZE ZH= 7R TAW0|E ZekAS A2at
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oF fARRE AAo] rlE= A B/ds RIS
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Aol 2 Bt CaOf] FRFoletal  Hsigirh
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ool wet Baiert STkt oA A7 daEel 2
pA0] AR 2Rgsle] 25 o] Ado] o]

rolefal Harsieleh, T1ejal Z47ke) o] 9] =7|7} Li
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