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ABSTRACT

Water-soluble phosphate glasses contaming Ag and Cu jon were prepared through melting process. Dis-
solution charactenstics, hactericulal effect and cytoloxicty were mvesligated with composition and fume in
D. L. water using the powdered sample. Surface change were ohserved with increasing dissolution time us-
ing the hulk specimen. Dissolution amount was maximum at the molar Ag:Cu ratio of 1 and 1ncreased with
increasing time. The behavior of dissolution was total dissolulion from the early slage. But no new layer
was observed at the glass surface during dissolution. The bactericidal effect for pseudomonas sp, e. cob, sta-
phylococcus awrens, and salmonella increased with increasing dissolution amount and therefore great bac-
tericidal effect appeared. The result of cytotoxicity experument Lo L929 showed that solution with more
than 10 ppm of Ag ion had strong eylotoxicity.
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Fig. 1. Schematic diagram of experimental procedures.

Table 1. Compositions of the Glasses.

Specimen Compaosition.
ACBOlO SOAEJO' lOCUgO'GOPgO;
AC2515 25Ag.0-15Cu,0-60P,0x
AC2020 30Ag:0-10Cu,0-60P,05
ACl1525 30Ag.0-10Cu0-60P;,04
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Fig. 2. Glass forming region of the system AgfO-Cu0-
P0s(mol %)
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zleton Biologic, Inc,, U.S.A00 1mi% 2.2 mg2] so-
dium hicarbonates 2o hepes buffer® 2E5x7}
10 mMe]l Al Ska 7)<l ©hA] 250 ugs strep-
tomycin® 500 IU2] penicilling: #7}&ke] o] 2 w2
Al8-ets 1, stock cultured WA EE 4~5 g g
W MEElgen, 2% 37.011C, F5 95%, g}
2 e 5%e] 27 (Model 3158, Forma Scientific,
Inc., U.S A=A w)odshsd o).

232 MTT HE A3

L929 HlFe| FA&% dflekol it 49
e AP FH=S 5]'7*] L 7&.’%’1%—.-"4—: 274% con-
trole] A7 ApFA7|e SIEE 28X 104 cells/miE
HEZFE Ao flat hottom, 96-well plate(Corning
Co, US.A)9] Z} wellel] 0.10 miy BFeEct, o & &
5 37E1C, Bl 5 %o d2r)dlA 2447 )
Bt Al ZE FEAF] thE, 4. 24, 4823 B 234
71 AC3010, AC2515, AC2020, AC15259] H3]d9E4
autoclaveAl?] MEM =371 (x2)2 28] FA3- & 0.10
mp B5sie] gh2rleA) 24, 48, 96 AT HldEls
ol controlel= MEM{x1¥IA] 0.10 m{ 95 EF314
T} Zzhe] wjjoke] E1li= Y phosphate-buffered saline
(PBS)ll %1 3-145- Dimethylthiazol-2-v1]-2,5-di-
phenyltetrazolium bromide, CiHy NsSBr(MTT) £<4{5
mg/m/f) 0.05 miZ Z} welle] ¥ 1 44131 v 53 & 7]
g} MTT 84-& el 7o) ©}A] dimethylsulfoxide
(DMSO) 0.05 mi 2+ welldl] @57 d3 o] del 9UR] &

go M
_Ihll
31
ﬂ.

500
® AC3at0
A AGC2020

400+ | v AC1S25
— + AC2515
E
(o'
&
= a0
=
|
o
£
o
E o
g
L]
1
ki

100

° ——A
o) 20 40 60
Time {hrs.)
Fig. 3. Change of dissolved P amount with dissolution

time of the glass AC3010, AC2515, AC2020
and AC1525.
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Table 2. Change of Staphylococcus aurens Attacked by
the Solution after Dissolution of Ag and Cu
Containing Glasses.

. ) Cell Canc.{CFU/ml)
Glass Dissolution at the freatment time
time (hrs.) 2 hrs. 12 hrs. 24 hrs.
Control |} 3.0x10' | 4.4%10" | 25%10'
1 75x10" | 55x10" | 1.4%10'
4 5.0x10' | 1.7%10" | 1.1x10'
AC3010 3 1.6%10' | 21%10' | 2.5%10'
12 44x10° | 31%10° | L1x10°
24 35%10° | 20x10° | 9.7x1¢"
48 21x10° | L7x10° | 5.3%10°
1 53x10° | 35%10° | 1.4%10°
4 5.0x10° | L7x10° | L1x1Q’
8 45%10° | 21%16° | 2.5%1¢°
-
AC2515 12 4£0%10° | LO=10° | 2.5 10"
24 3.2x10° | 7.7 10° | 7810
48 22108 | 14x10° | 1.1x10
1 33%10° | 11x1! 0
4 5.0x10" 0 0
8 0 0 0
202
AC2020 12 0 0 0
24 0 0 0
48 0 0 0
1 55x%10 | 35x10° | 1.5x10°
1 5.0x10° | 1.7x10° | 6.7x10°
8 L6107 | 21x10° | 2.3%107
2
ACL525 12 4.4%10° | 5.5x10" 0
24 35x10° | 1.2x10° 0
48 21x10° | 1.7x10° )
1] o &8 fele] Saf ARt Mg wjek A2k

= Haka A7 —7e§ 3te] Table 25 vhehfalct, o
7)ol A

control e|@ & T delall A " A ZHEh

ol-gl Al o= P AT d)okaid & e A
T 42 4% Aelth Tables]H HolF o] 23 F
25 dEros dRe #Mé fi e qoﬂ r-Hd Eel

8= Al
7E AEe "‘HOT'Cﬁ EE 5 ]”’ }‘LL%E HoFa
3, & o]&e} 7o o] AslFo] 71 Wekd
AC2020 f=]2] Adee] 7 Aolvivl=s A& ¢
et 2T staphylococeus aurensd| A BT}
= I 24 AT pseudomonas sprt, e coli FF sal-
monellad] 3] v E A4S HAFE dig dg

% YAk,
33. Balele) MESH B}
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Table 3. Change of Pseudemonas sp. Attacked by the
Solution after Dissolution of Ag and Cu Con-

oAl

Table 4. Change of E. coll Attacked by the Solution
after Dissolution of Ag and Cu Contaming

taining Glasses. Glasses.
_ Cell Cone.(CFU/m]) ) Cell Cone.{CFU/ml)
Glass Dissalution al Lhe trealment time Glass Dissolution at the treatment time
time: (hrs) T T 12 s, | 24 hrs., time Chrs. )™= T2 s, | 24 hrs,
Control | 1.5x%10" | 1.7%10" | 6.8%10° Conlrel | 8.4%10' | 6.0x10" | 1.1%10°
1 55%10° | 6.4%10° | 3.2x10" 1 65x10° | 3.2x10° | 1.1x10°
4 4.8%10° | 1.2x10° 0 4 5.4%10° | 6.4x10° 0
AC3010 8 3.2%10° 0 0 AC3010 8 7.8%10" | 5.1x=10° 0
12 0 0 0 12 a 0 0
24 0 0 0 24 0 0 0
48 0 0 0 48 0 0 0
1 74x10° | 1.2x10° | 3.3x10" 1 7.2x10° | 3.3%10° | 16x10
4 21%10° | 4.5x 10 0 4 13x10' | 7.9x10" | 4.1x10
a 15%1¢ 0 0 8 5.6X10° | 1.3x10" 0
AC2515 12 0 0 0 AC2515 1 0 0 0
24 0 0 0 24 0 0 0
18 0 0 0 48 0 0 0
1 0 0 0 1 0 0 0
4 0 0 0 4 0 0 0
3 0 0 0 8 0 0 0
£ 202
AL2020 12 0 0 0 AC2020 12 0 a 0
24 0 0 0 24 0 Q 0
48 0 0 0 48 0 0 0
1 5.0x10 0 0 1 1.1x10° | 2.4x107 0
4 6.8x10" | 32x1¢° 0 4 5.0%10° 0 0
. 8 L.5%1¢ 0 0 8 1.4x10° 0 0
AC1525 12 a 0 0 AC1525 o o 0 0
24 0 0 0 24 0 0 0
48 0 0 0 48 0 0 0
z} gala] R gZe] A vale 45 B o] &M% o] Ael AC2020 F21¢] &l ujcka|Tte|

7] 2 BAEL dier S84 deka 9o
ol FElgt Mg ALY 4 gi2l7] w2 MTT &
HHer AEzde Frieidch AfEde dme
relative growth rate{R.G.R)Z %715k Table ¢ 1}
ehfigich. ojwf, R.GR{%) #-Z conlrol®] #4354} 4
W z7sleAe] FRwe NEER oY oz
effef Ak
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mean value n control

* 100
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Table 5. Change of Safwmonella Attacked by the Solu-
tion after Duissolution of Ag and Cu Con-

taining Glasses.

Table 7. Cylotoxicity Scores Based on  Relalive

Growth Rate (R.G.R).

. Cell Cone.(CFU/ml)
Glass Dissolution at the treatment tune
time (hrs.) 2 hrs. 12 hrs 24 hrs.
Control | 35x10° | 7.5%x10° | 8.0x 10"
1 31x10° | 2.4%10' 0
4 8.9%10° | 1.1x10" 0
AC3010 3 0 0 0
12 0 0 0
24 0 0 0
48 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
-
AC2515 0 q 0 0
0 0 0 0
0 0 0’ 0
1 0 0 0
4 0 0 0
, E 0 0 0
AC2020 12 0 0 o
24 0 0 0
48 0 0 0
1 Llx10¢ 0 0
q 0 0 0
3 0 0 0
AC1525 12 0 o 0
24 0 0 0
48 0 0 0

Dnssolution time (hrs.)
Glass Incubation 1 a4 18
time Chrs.)

24 0 1 1

AC3010 48 0 1 1
96 1 1 2

24 ] 1 0

AC2515 48 i 1 1
96 1 1 2

24 4 4 4

AC2020 43 4 4 4
06 4 4 4

24 0 1 4

AC1520 48 1 1 4
96 1 2 4

Table 6. Defimtion and Classification of Cvlotoxicity
Scores Based on Relative Growth Rate (R.G.R).

Classification Score R.G.R(%)
Noe 0 =100
Weak 1 75~09
Moderate 2 B0~74
Markerd 3 25~49
Strong 4 1~24
Extreme 5 0
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