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ABSTRACT

Water-soluble phosphale glasses containing Ag or Cu ion were prepared through melting process. Then
the powdered glass samples were dissolved m D)1 water at room temperature with changing the dissolution
time. In terms with the glass composition, dissolution characteristics. bactericidal effects and cytotoxicities were
investigated. Dissolved amounts increased uniformly with dissolution time, and the dissclution rale was higher
for lernary glass Lhan for binary glass and with less metal oxide amount. And the dissolution rate of the
glass with Ag jon was higher than that with Cu 1on, and the baclericidal effect of the glass with Ag ion was
alsa greater. Solution with more than 25 ppm of Ag was observed 1o have strong cylotoxicity to 1929, and
solutions of lower Ag concentration or with Cu seemed to have little cytotoxicity
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Fig. 1. Application fields (hy Yamamoto).
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Table 1. Compositions of the Glasses.

Specimen Composition
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Fig. 3. Change of extracted Ag amount with dissolution
time of the glass A, B and C
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Fig. 7. Dissolution parameter change during the disso-
lution of the glass B and C.

9)slw PO, groupd olv]#)7} BalAdsl=mz MOM,O)
/P20 < 1) A% [MOM0)+ H.0l/P.0s] 12 Se, F
7] F¢ FEF 73 E TEHqP-0-P+HO-P-
OH-+HO-Py&) ®r} obAat 3= Ao}l =, ol4t
A frelel ZetE AL e A o] &o] FrHel
ujg} duiale 2 gkabEich
o] 28 FHE F2 F &8 S=01 M w2 B
}d-22] Bal w2 Fig 5ol Xgic) A2
of RlAlsHAl 2+ AESe] A v]g2 Ldake]
FEd Fig 6ol vebdo== 1 &
el = o3a] 2] Alzhel] wlASHA FrlEle
£ '”ﬂr l *P‘jéfllﬁl fele

> do
T N
i} o
T oz o
B 2
! e
j-il". [
_3‘

)

B o T oy
W
N
o
o,
otk
cl

n
o
e,
_w“
rﬂ
j:
w
=1
=
=3
1]
=
=
(a9
-
jut]
[
[w]
=
2
do
Y
_>:
u)
W
e

ol
2
<
_°
m
_>-.

ZE Algle] tiste] oA wlgE &
Z':'HEH:— ’ﬂ-% ‘31 #a  gloh

Fig. 7ell 4= £-sl¢] A gfel] wrg B, C =19 dissolu-
tion parameter”22] HaE tebf ¢lch 7)o A disso-
lution parameter o &9 & vlElde F£ pa-

rameler24] olale) 4le® Jehlle]zlc)
_ Yisolution) Y(glass)

X(bO ution) X(glass)
¢ PPMSi0, )< MWR- ( P, )
*( PPMR* MWSiOg) 1-P,

4 10 % (1995) —1097 —



EE S R

Fiye

30 -

20

Weight loss{g/ml)

a 1 1 1 i 1
¢ 10 20 a0 44 S0

Time{hrs.)

Fig. 8. Change of weight loss with the dissolulion time
of the glass I {calculated),

1214, Y= 5i0:9] & & X= 2 aslge
Ppd 2] e M S bPT—J = 7, MWE —rz}‘“f}
PPM SiOz= & 1)) 5102 T, PPM Rr& & o]
B o8 FEolth FR1Y 244 2t Yrse
vleh Gl 2] 4 JEEe) A7} Feow g 14 Fre
23 A el R w4 D3bEe] e Zaaln
grew (2] zhg :;%{—, thA] Tl Bafel A dade) o
£ 44 E-Zol 450 0d] 7l 7he 24 Bz
total dissolutions) -rﬂﬂﬁ]-“# 1ot 7}7h-2 b2 zba) =)
Fig. 74 & & 3i%°] B f3+& C feld 6 &
e 1ol 233 & 7hed, o] 23 E B fale Cof
s geiepe] B Wk oh Rl &) e =gk w
ﬁ_& 13 /‘~ tﬂ];;]r

Fig 84 1 219 &8 3 F79) 2aps ey

%3, Fig. 914 o] 5=l &4 A|2tat 22 ks
log gto= Fsled T A5 7ejrt, 7)o 4] To] zlepe

ICPE &A% 4 H¥Ee $2288 Cuk Cwl=,
Na= NayO=, P= P02 7H2F ghil9gke] o] B2) 3he

T Frete] Alslstgdch Fig 8o wrldl= oiz] 4
71@4] vl sre] falleke) Alhmee 2ial Zo)
oA Rk g8l A7k R Deke logE 2E) Fig 9o
A of 05904 18 7]-87]7) wstals, ofr] 2 £
sjate] A7k Hubze] wlelsbs Bale] A Ao 4
Aol wH s FHA A2 o) el Ao)ale 2
3] BolFEoh ot Y Alzkdla] 29 aske 4

- HA G - AES - A
N stope = 1
E
g ~
® 10l
[72)
=]
=
o
P
=
o
0
-4 slope = 0.49
1 1
1 10
LOG t(hrs.)
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Table 2. Change of Staphylococcus aurens Attacked by
the Solution After Dissolution of Ag Contai-

ning Glasses.

Leaching Cell Conc. (CFU/mb)
Glass lime
(hrs.) 2 hr 12 hr 24 hr
Control 15X10% | 9.9x107 | 1.9x10%
1 4.0 10° 0 0
4 32108 0 0
B 8 0 ] 0
12 0 0 0
24 D 0 0
48 0 0 0
1 2.6X107 | 51107 | 1.3x10°
4 14X10° | 96%10° | 2.0% 108
3 0 0 0
C
12 Q 0 0
24 (] Q 0
48 0 0 0
Zolrh Table 2~4a)4 2 5 gl5s] & o125 Pid
g gele] Lsiale o 4712 AFel Hale] B
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Table 3. Change of Pseudomonas sp. Attacked by the
Solution After Dissolution of Ag Containing
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Table 5. Change of Staphyiecoccus aureus Attacked by

the Solution After Dissolution of Cu Contai-

Glasses. ning Glasses.
Leaching Cell Conc. (CFU/mi) Leaching Cell Cone. (CFU/m)
Glass time Glass time
(hrs.) 2 hr 12 hr 24 hr (hrs.) 2 hr 12 hr 24 br
Control 1.6%10% | L1X108 | 9.7X107 Control 15%10° | 9.9%107 | 1L9x108
1 54107 0 O 1 86X10° | 93107 | 84x107
4 0 0 ) 4 87107 | 61107 | 52107
B 8 0 0 0 I 8 81x107 | 8OX107 | 4.8X107
12 1] ] i 12 62107 | 85X 107 | 56X 107
24 0 4] 0 24 63x107 | 28x1F | 28107
48 0 ] 0 48 38X 107 x 8 8:X10°
1 L1x10° | 92X | 48x10° 1 24108 | L7 10 X
4 BAX Y | AEX107 | 3610 4 268X108 | 24X 10 | Lax108
8 4] 0 0 8 19108 | L5108 X
¢ 12 Q 0 i} ! 12 22x10° | 15X 108 X
24 1] 0 4] 24 X 1.2 10° X
48 ] U] Q 48 23%10* | 3.0x10% X

Table 4. Change of E. coli Attacked by the Solution
After Dissolution of Ag Comtaining (Glasses.

Leaching Cell Conc. (CFU/mi}
Glass time
(hI'S.) 2 hr 12 hr 24 hr
Control | L1X10° | 85X10° | 7.0 107
1 69X 107 | 96> 10° 0
1 9.6 10° 0 0
B 8 0 0 0
12 0 0 0
24 0 0 0
48 0 ) 0
1 BOX107 | 28X107 | 44107
TOXIF | 44X107 | 30X 107
8 26X 1Y X ]
¢ 12 43107 | 16X 10° ¢
24 45310 0 0
48 0 0 0
BT Bt ARE weFa gk w@ 2 o)pg] %
=7b e Bl £ AT o] B4E 47

EIE el 2 gled, Staphviococcus qureus'l Psendo-
mongs sp.o] WA= 23 Azl 8Al7) o] akal i)
dE J2AZE ool Al FEE BE AlEAACk E coliel
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Table 6. Change of Pseudomonas sp. Attacked by the
Solulion Atter Dissolubion of Cu Containing

Glasses.
Leaching Cell Conc. (CFU/mi)
Glass time
(hrs.) 2 hr 12 hr 24 hr
Coutrol L6X10" | 1.1x10% | 9.7x107
1 L1 | 1.2X10% | 7.1x10°7
4 7.3%107 | 1.8x10° X
I 8 L2x16° | 12108 | 23»10°
12 L3x10° | 46107 | 5410
24 L4X10% | 4.8x10° | 49x107
48 1.1x1%7 X 242107
1 20x10" | 52X107 | 46X10°
12x10% | 52107 | 5.0>107
18x10% | 49x107 X
! 12 12108 x X
24 L7x10% | 47107 | 25x107
43 LIX10% | 3.2x007 X

A= 2447E ool AHEL 7*191 LT A"
T 9 Holud 2 AS Holi ¢r) whH, Table
5~7d 4 B 4 5] 7o 1%% ek el &

dlefe] == 9] al7}A] A)rell of skod controldclE
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Table 7. Change of E. coli Allacked by the Solution Table 9. Cyiotoxicity Scores Based on Relalive Gro-

After Dissolution of Cu Containing Glasses. wth Rate (R.GR).

Lezfchmg Cell Conc. (CFU/mi) sample Ilncubatiol'l N a4 48
Glass time time (hrs.}
(hrs.) 2 hr 12 hr 24 hr 21 0 1 1
Comirol | L1X10% | 85X10° | 7.0x107 A 48 ] 1 1
1 96X 107 | 37 X107 | 57107 | 96 1 1 0
4 LOXI0® [ 41x107 | 54X107 24 0 4 4
I 3 THX107 | 74X | 52x107 B 48 0 4 4
12 T3X107 | 44107 | 67107 9§ 0 4 4
24 53X107 | 52X10° | 39107 24 0 1 1
48 48X10°7 | 96X 10F | 7.2x108 C 48 0 1 0
X X 99107 96 1 1 0
55X 107 X bd 24 0 1 0
7.5x 107 % 5.5 107 E 48 1 0 0
J 12 TBXI107 | 7THXI07 | 44x107 96 1 1 1
24 7.6 17 X X 24 0 1 0
48 10X 108 | 67X 107 X 1 48 \] 1 1
96 1 1 1
24 0 1 ]
Tahle 8 Definition and Classification of Cytoloxicily
Scores Based on Relative Growth Rate ] 13 ! 0 0
{(R.G.R). 96 1 1 1
Classification Score RGR (%)
None ] 2100
Weak 1 7599 Fa5 gkl | mAslel e Faw ghe] HisE
Moderale 2 5074 olgfle] Ala @ vlehfeiAlc)
Marked 3 25~49 .
Strong 4 1~24 ei})iarri]mgllﬁj clgnrtiki]t?on
Extreme 5 0 RGR= mean value in control X100

I 2By AE 54 A=E RGR ghg 7[Eo=
ef7be] Algy PaE Helrle dlon), 5w Zrp @lvisle] Table ol vlehiglvl 43171 00} 1ew
wiafAlgle] A&l FPekn ] & 4y ZTES 5S4 BA S g Axskn g o, Sala)7ke] sF
Bealale ghgheh ole] 2 e]2e) Aap Falr) Fa] e olakl Be] Lalfp wlapa)zhe] BF o] Fe|x
w9 Akt Avbeet g4 FAoks A W g og)l SAde) FE:Egh 24470 B4 £sl42 B Rl
vl el = 2e Ferl o 25ppme)sli, HEH] AR

wl Sl & 2ohFed 2o Fwmeh ake 4847

33 Edfjode| MESY HI) S £#42l C f=le B F 22| FErb of g
Ll Fol 4A el v B40-8 e o] 94 ppme| H=dl o] Ae] FAe] div AR FyEHglo
95 2e5te] 2g8 HEL ez SA4493L 5] 2=, 28 sl 10ppm o]4e] = A £4S
st 3l2t ebz] ek AmbE AFD 4 gigdr) o nd 7hsAle] e wWeE A £ oqldh @9, 2
ol MTT AW es 25498 @78kl AxE o]#e] o a7 o]2& g feide]de A
e Azt relative growth rate(R.GRYE 5 7)5}a Ta- Al vt FA4e] As glEr] olyE A FAG 5 gl

ble 8¢ ]2 vlelgdc) olaf, R.GR(%) 72 controlel e E4dute] HEEQCL
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3. Staphylococcus aureus, Psewdomonas sp, E. colt®]
3% 4 % 4 AR dske & cles g
Ak 2 47

FrelE Awx 2 e]doMm 7}
AAE WA=l e oles 4% e 4w A
e 3w 27 g2 ZleR FHasEginh

4. 1929 A= gk F4 A% Fs3}, 2e] 25ppm
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24 ehiel o] ¢jsle] & FEolA #3xre
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