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0 methyl methacrylate/methyl acrylate
copolymer 38.8g, benzoyl peroxide 0.2g, zirco-
nium dioxide 6.0g, chlorophyll 0.001g, LVCO
40g O methyl methacrylate monomer 97.25%,
N, N-dimethyl-p-toluidine 2.75%, hydro-
quinone 75ppm, CMW 30 40g O polymethyl
methacrylate 88%, benzoyl peroxide 2%, bari-
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Table 1. Differences of adriamycin concentrations el uted
from 2.50 of adriamycin-impregnated Palacos
R bone cement between the flat and cylindrical

shape.
. concentration (100 /0)
Time(hrs) flat cylindrical
1 30 20
2 30 30
3 30 30
4 30 20
5 30 20
6 30 20
7 30 30
8 30 30
9 20 20
10 20 10
11 20 6.08
12 20 4.24
13 10 187
14 9.97 3.87
15 10 6.08
16 10 10
18 10 6.08
20 10 8.07
22 9.97 2.37
24 8.72 2.69

OO0 0000 000(GLM-Repeated Measure)
goooo, 0 bboo ooo oooobo.

U U
1. 0000 000000000000 0000

Palacos R 0000 1g 0 O0OOOOO0O 2.57
0 000 0oOoo0ooo 00 ooooo ooo,
O000d O0O((flat shape)d O0O0O(cylinder
shape)l OO0 00O O00O0O0O OO 300 OO
OO0 C0o0oC0C 00,00 O0o00o o020 000
00 0000 OO0 0ObO oo ooOo oo 30,
30, 30, 30, 30, 30, 30, 30, 30, 20, 20, 20,
20, 10, 9.97, 10, 10, 10, 10, 9.97, 8.72(x 10*
o/0)ooo, ooo ooo 20, 30, 30, 20, 20,
20, 30, 30, 20, 10, 6.08, 4.24, 1.87, 3.87,
6.08, 10, 6.08, 8.07, 2.37, 2.69(x 100 /0)0
00 (Table 1).
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Table 2. Differences of adriamycin concentrations elut-
ed from 2.50 adriamycin-impregnated
Palacos R bone cement under the four different
environmental solutions (3%, 0.9%, 0.45%
saline & ddH20, respectively).

concentration (1040 /0)

Hirs ddH20 0450 NS 0.9%NS 3% NS
1 375 20 30 30
2 26 20 30 30
3 15 20 20 20
4 331 20 20 30
5 153 20 20 30
6 159 20 20 20
7 6.53 20 30 30
8 10 20 30 40
9 N/D 10 20 10
10 N/D 10 10 9.64
11 159 10 6.08 20
12 N/D 8.75 4.24 10
13 N/D 8.75 187 10
14 N/D 8.75 3.87 10
15 N/D 8.77 608 933
16 264 10 10 20
18 N/D 7.02 6.08 10
20 N/D 7.02 807 746
22 254 439 024 746
24 N/D 7.01 0.03 10

N/D : not detectable

2.00000 00 OO0 0O ooooooo
oo od

Palacos R 00000 OOOO OO0 00O OO
0 0o@EUooo 100 0 opoooog 2.8 0
0)0 ddH20, 0.45% 000, 0.9% 000, 3% O
ooooo OO0 ooo 0o, ddH2o000 3.75,
2.6, 1.5, 3.31, 1.53, 1.59, 6.53, 10, O, O, 1.59,
0,0,0,0, 264, 0, 0, 2.54, 0(x 10‘0/0)000,
0.45% O00O0O0O 20, 20, 20, 20, 20, 20, 20, 20,
10, 10, 10, 8.75, 8.75, 8.75, 8.77, 10, 7.02,
7.02, 4.39, 7.91(x 10‘0/0)000, 0.9% OO0
goo so, 30, 20, 20, 20, 20, 30, 30, 20, 10,
6.08, 4.24, 1.87, 3.87, 6.08, 10, 6.08, 8.07,
0.24, 0.03(x 10°0/0)000, 3% OOOOOO
30, 30, 20, 30, 30, 20, 30, 40, 10, 9.64, 20, 10,
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Table 3. Differences of adriamycin concentrations el uted
from LVC, CMW 3, Simplex P, Pdacos R

concentration (100 /00)

: 000 00 oooooo booo oooooooboo oo oo —

Table 4. Differences of adriamycin concentrations el uted
from 2.50, 50 or 2500 adriamycin-impregnat-
ed LV C bone cement.

Hrs 250 250 2.50 2.50 Hrs concentration (1040 /0)
LvC CMW3  Simplex  Palacos 250 LvC 50 LvC 250 LVC
1 10 20 20 30 1 10 20 30
2 7.87 20 20 30 2 7.87 10 20
3 9.52 20 20 20 3 9.52 10 10
4 9.52 20 20 20 4 9.52 10 20
5 8.97 20 20 20 5 8.97 10 20
6 10 40 20 20 6 10 10 20
7 10 20 20 30 7 10 10 20
8 10 20 3 30 8 10 20 20
9 10 20 20 20 9 10 10 10
10 8.97 20 20 10 10 8.97 10 20
11 8.97 20 20 6.08 11 8.97 10 10
12 8.97 20 20 424 12 8.97 10 10
13 7.87 20 20 187 13 7.87 10 10
14 8.42 20 20 3.87 14 8.42 10 10
15 7.87 20 20 6.08 15 7.87 10 10
16 10 20 20 10 16 10 10 20
18 8.42 20 20 10 18 8.42 10 10
20 8.97 20 20 6.08 20 8.97 10 10
22 8.97 20 20 6.08 22 8.97 10 10
24 10 20 20 8.07 24 10 10 10

10, 10, 9.33, 20, 10, 7.46, 7.46, 10(x 10°0/0)
000 (Table 2).

3. 0000 0b0b oo obobooboboo oo oon

0000 1g 0O 0000000 2.5 OO0 O
o000, 0000 ooooPalacos R, LVC,
CMW3, Simplex P) 000 OO0 DOOOOO
0 000, Palacos RO 30, 30, 20, 20, 20, 20,
30, 30, 20, 10, 6.08, 4.24, 1.87, 3.87, 6.08,
10, 10, 6.08, 6.08, 8.07(x 10*0/0)00O0O,
Lvcal Ood 10, 7.87, 9.52, 9.52, 8.97, 10, 10,
10, 10, 8.97, 8.97, 8.97, 7.87, 8.42, 7.87, 10,
8.42, 8.97, 8.97, 10(x 10°0/0)000, CMW 3
0 20, 20, 20, 20, 20, 40, 20, 20, 20, 20, 20,
20, 20, 20, 20, 20, 20, 20, 20, 20(x 10‘0/0)
oog, Simplex PO 20, 20, 20, 20, 20, 20,
20, 30, 20, 20, 20, 20, 20, 20, 20, 20, 20, 20,
20, 20(x 10*0/0)0 00 (Table 3).

4. JO0ODODOO ObOOo oo obobbb oo
gooobo oo oo

LvCc 0000 1g0 0000000 2.57, 50,
2500 00 0O,0000 000 0000000 O
00, 2.50 0000 10, 7.87, 9.52, 9.52, 8.97,
10, 10, 10, 10, 8.97, 8.97, 8.97, 7.87, 8.42,
7.87, 10, 8.42, 8.97, 8.97, 10(x 10°‘0/0)0 00,
50 0000 20, 10, 10, 10, 10, 10, 10, 20, 10,
10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10(x 10"
0/0)000, 250 00000 30, 20, 10, 20, 20,
20, 20, 20, 10, 20, 10, 10, 10, 10, 10, 20, 10,
10, 10, 10(x 10°0/0)0 0 O (Table 4).

5.000000 000 oooooooo oo
oo oo

000 OO0 Saos-Z1 McCoy 5a O0O(37 C,
5% CO.,0 00000 OO OO O0OO)yooo
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Tableb5. Cellular viability of Saos-2 at 48 hours after
initial culture.

Cell count %

Normal condition 238x 10* 100

Bone cement 62x 10 26
Bone cement with 2.500 ADR 12.5x 10 5
Bone cement with 500 ADR 5.4x 10 2
Bone cement with 2500 ADR 1.6x 10 1

ADR : adriamycin
Cell count by MTT assay

7.5¢ 10° 00O (Fig. 5A)0 4800 00 0OOO
0000 0000 0000 000 MTT assayl
000 00, Sacs-200 OO0 OO, Saos-20
LvC 000000 00 000 00 00 000
0000 238 10'(Fig. 5B), 62x 10'(Fig. 5C)0
00, Sacs-20 LVC 0000 OO0 0OOOO0O
00 2.50, 50,250 000 0000 00 OO
0 00 00 000 0000 12.5x 10°(Fig.
5D), 5.4x 10'(Fig. 5E), 1.6x 10'(Fig. 5F)0 0
0.000 00 000 Saos-Z 000 OO0 OO
0 0000 100%] O O, LvVvC 00000 OO
0 00 74%, LVC 00(@O000000 2.50 O
0)0 95%, LvC 00(@O0O00000 50 00)
0 98%, LVC 00(@O00000 250 00)O
9991 00 000 00000 (Table 5).

O g

ooog oo bbb 0ooo, 0b ooog oo
o0 o0 obob0ooogoooooobob, oo o
U og,o0ob,d0b00ob ob ob ooo
oooo oo 00 0o oobob 0000 ooo
o0 00 ooobo 0booogo bob ob.bo
U ooog oobo oboobob obo ooooo o
o0 oooo ooooobobb bob booo
o0 oooo ooo oooo o, oo ooo o
o0 oboo0o o000 oobobob 0ob 000 ogod
0000000 oo oo ooo oo

ugb oo ooo oo bob o bbb ood
o0 ooobO 00 00 00 ooobo oooo o
oo0o 0oob bo 0ooo oob oob.bobo

070010 20010 —

00 o0ob0 ooo0o 0o oboodg oo oooo
000 000 00 0000 0ooo oo ooo
0 00000 OoDOO0O0 000 ooo, 00 oo
0 00000 0000 OO o000 ooobo oo
000 000 000 oob0o. 000 oo o o
00 00odo oooooo oo oo, ooo, O
0,00 000000000, 00000 000
0 00 000 0000 00 00O 0oog ooo
0 0000 OO0 000 Oooo ooo oog o
00 00 000 000 00O OobOo oooo o
0oooOo 0ooO. 00 00000 ooo oo oo
000 oboo oobo oood oooodg oo
000 000 OO0 dose intensityDl OO0 O
O 000000000000 oooog.

00000 00 000 o0 oob oooo o
000 ODO0OO0O 00000000 (methotrexate;
8—12g/M0O leukovorin 00 000 50%] OO
O, 00000 (doxorubicin; 900/nt) OO0 30%
0 000, 00000 (cisplating 1200/nf) 00O
20%0 000, ODOOO0000 (ifosfamide;
6—14g/rH) 000 2591 OO0OO0 OOOO, OO0
O 000000 00000000 DOooooo o
00000t oo oo oo ooog.
000000000 D00 000 o0oDooo o
0O OO0 ODO0oooo ooo oog, GM-
CSF(granulocyte macrophage colony stimulating
factor) 00O OO0O0 OO OO0 OO0 O0OOO
000 0000000000 oooo ooo oo
0.0000 000 000 000 o0 obooo o
000 000000000000 ooooooao
00 ooobo ooo boobo, boobo ooooa
0000 D0000 00 00000 0o oooo
0000 oo, 00 0000 OO0 Oooo ooo O
000 000 00 0oooopoooooo oo oo
000000000000 Doooog.

OO0 000 000 00 000 0oog oooo
0000 000 000 0oo0g ooooo oo
00 00oo, 00 0000 00 oooo oo
O hyperthermic perfusion 0000 000 O
o000 D000 000 00O OO0 ooooo
0,00 00000,000000000,00
00 ooo oo ouo oo obood oooo
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000000000 000 00 ooooo oo
00 0000 Buchloz O Engelbrecht(197200
OO0 00O 000 00, Medcraft O Gardner
(1974]) Simplex P 40g0 OO0 O0OO(Fucidin)
25000 00 00000 0000 0o 0ooo oo
00 000 o000, 000 00000 oo o o
000 OO0 000 O 0O00.000 oooo o
000 Simplex P, CMW 3, Palacos R, LVC O
0 00000, 000 D000 00000 poly
merization 0 00O O00O0O0O0 OO OO: 60 C;
100 00O: 107 Q)00 OO0 OO 00D OoOoOd
9] 000000 0000 O00000(gentarA
icin), 0000000 (erythromycin), OOO00O0O
00 (tetracycline), 00 00O (methicillin), OO0
000 (cephalosporin), 00000O0O (clin-
damycin), 00000 (vancomycin) OO 000,
0000 0000 0000 D00 oOooo eocdd
0O 0000 00, 0000 0oooo oo ogo
00 00000 00000 0000 oooog d
0O 00000 000D0.0000 ooooog g
000 D000 DO@matrix) OO0 OO, OO0
000000 oooOo,0000 00000 oo
00 00O 0000 00 0000 00 000
000 0oo oo o0.
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ofgd ooboboob oboob 00 oo
OO0 0000 0oooouoouo ooooo ooo
OO0 oog*x+se=p 00 00, 0000ooo™,
0Ooooo™, 5-Fluorouracil’d 00000 OO0
000 000 OO0 000 oooo oo.ogo
0O 0000 00 0000 00 O0DO0oo0 oo O
O 0000 oo 0o oo oo oo ooo o
O,0000000 0O ODoooo0 oo oo oo
00 000, 0000 OO0 000 000D OO0
0000 000 000 00 oooodooo oo
0000 OO0O0.0000D0D000 anthreyclines
0 ood b0b bob0o bobo oboo bo.
00000000 00O O0(transmembrane
movement) 0000 OO0 (un-ionized drug)d
0o0o00 000 000 oooooo oodo oo
(active efflux) OO0 OO OOO OOOOO
0 00O oboo, 00000 OO0 0o, oog,
0000 ooooooo.oooooodo oo
0O 0ooooo,O0oo,O00,00,0000C0C0
0O 000 ooo,0 000 0000 00,00
00,00 000 oOo oooo.

0000 Palacos R, LVC, CMW 3, Simplex
P OO 4000 0ODO0OLO ODOOD DObOobOo
ooo oo 2.50, 50, 2650, OO OOO
ddH20, 0.45% 000, 0.9% 000, 3% 000
0O 000000 o0 oboooo oooo ooo
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Fig. 1. Differences of adriamycin concentrations eluted from 2.50 of adriamycin-impregnated Palacos R bone

cement between the flat and cylindrical shape.
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0O 0000 oob ooobo.o0ob boo oo 1). 0000 00 000 00 O00opoo og
0O 00000000 OO0 OooDb0 saos-21 O O 000 3% 000, 0.9% 000, 0.45% 000
Ugooooobooooo. U 000 000 000 oobbbo ooooo

ob00o 0obo 00 obobooboo ooo oo 0,ddH20000 OO0 0000 OOO0O oOO0.
U oobO oob obodg ooobo bbb boo 00 00 10000 13000 ddH2a OO0
0 0000000 OO0 O O0B00(@P=0.003)(Fig- 0.9%, 3% 0000 OO0 OO0O0O0O@O

400 1
= sof
L3 |
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S
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Fig. 2. Differences of adriamycin concentrations eluted from 2.500 adriamycin-impregnated Palacos R bone cement
under the four different environmental solutions(3%, 0.9%, 4.5% saline & ddH20, respectively).
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Fig. 3. Differences of adriamycin concentrations eluted from CMW 3, Simplex P, PalacosR or LV C.
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Fig. 4. Differences of adriamycin concentrations eluted from 2.500 , 50 or 257 adriamycin-impregnated L\ C bone cement.

p=0.028, 0.008), OO OO 70OO OOO OOO
O ddH2Q1 OO0 0.45% OO0, 0.9% OO0,
3% 0000 00 000 O0000@ D0 p=0.048,
0.022, 0.009), OO 1300 OO0 ddH2AQ! O
OO0 3% 00000 000 000O00O(p=0.015)
(Fig. 2). 0D0OD 000 OO0 0DOODOOODOO O
OO0 Ooggd CMW 3, Simplex PO Palacos R,
LvCOO OO0 00O OOoOo.0DbO 20000
Lvdl 00 0000 000 000 o0o ooo
O000d(@eZo0.023), 0O 1810 OO Palacos R
O CMW 3, Simplex PO OO0 OO0 OO0 O
ooog(do.on(Fig. 3). OO0 OO0 OO O
Jo0b000 000 0Odd polymethylmethacry
late] OO0 OO0 OO0OO0O OO0 O0ODOO OO0
O 000000 oooooouoo oog,ood
0O 0000 000 oO0.0ooogdevey ooo
Jdoooododg ogo 280, 50, 2500 00O
o00 000 oooooo ooopooo, 0o 17
00000000000 2500 290 0000 O
00 00O0o0d@e0.04), 00O 1990 OOO0O O
oooooo 2.581,50, 2500 000 OOOOO
(OO0 p=0.043, 0.024)(Fig- 4).

OO0 OO0 saos-2 McCoy 5a] 4800 OO
OO0 00o0oooUuo oo oooodwvey ogo
00000 o000 oo oooodeveCy oo O
00 00 00 0000 saes-2 00O OO0 OO
0O 1009400 0O, 00000 OO O0OO OO
26%, 00000 0JOoooooo 2.81, 50, 2500
OO0 000 00 5%, 2%, 19000, 00 00 O
000 95%, 98%, 99%0 00000, o000 O
OO0 000000 Ooo0O0o 7499 000 (Fig. 5).
00 00000 OO0 000 methyl methacrylate
monomer] O0O0O0O O0O0OOOO, OOOOO
polymerizatiarld 00 OO0 OOO0OO, OOO
0000 OO0 OD0OUO0O0 oDoOO@Gn vitro 00 O
0O 000 000 Ssacs-2 00 OO0 OO0 OOO
ooooo, 00 oooooooo ooo ooo o
00000000000 ooooo.

g g
goooobbb ooo bobboboo booo

goooooog ooo oooob oog boo
Saos-2] 00O OO0 OOO0OO. 00 OO OO
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Fig. 5-A. Saos-2(7.5% 10° cells) at initial culture

B. Confluent cells of Saos-2(238% 10* cells)

C. Saons-2 with LVC cement(62x 10 cells)

D. Saos-2, cultured with 2.50 of adriamycin-impregnated LV C cement (12.5x 10* cells) and cellular
shrinkage and cell death

E. Saos-2, cultured with 500 of adriamycin-impregnated LV C cement (5.4x 10* cells)

F. Saos-2 with 250 of adriamycin-impregnated LV C cement (1.6x 10 cells) at 48 hours after initial cul-
ture(x 100).
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Cédlular Toxicity of Adriamycin Eluted from
Adriamycin-impregnated Bone Cement

Dong-Wook Jang, M.D., Dongsin Lee-Yoon, Ph.D., Sunsil Choi, Seung-Jun Choi, M.D.,
Soo-lk Awe, M .D., and Byoung-Suck Kim, M.D.

Department of Orthopaedic Surgery, Ajou University School of Medicine, Suwon, Korea

Purpose : To elucidate possibility of local chemotherapy from adraimycin-impregnated bone
cement.

Materials and M ethods : Authors used 4 kinds of bone cements, Palcos R, LVC, CMW 3,
Simplex P for this experimental model, included 2.500 , 500 , 2500 of adriamycin, respectively.
We compared the differences of eluted-adriamycin concentrations between the cylindrical
shape and the flat shape of bone cements, between ddH20, 0.45% saline, 0.9% saline, and 3%
saline as one of environmenta conditions. Osteosarcoma cell line, Saos-2 were cultured under
37LLC, 5% CO: in the humidified incubator with three different concentrations of adriamycin-
impregnated bone cements and cellular toxicity of adriamycin eluted from bone cement was
analysed according to MTT assay.

Results : Authors noticed the flat shape of bone cement eluted more concentrations of adri-
amycin than the cyclindrical shape, bone cement immersed in 3% saline, more than 0.9% or
0.45% saline. Concentrations of adriamycin eluted from CMW 3 or Simplex R were more than
Palacos R or LV C. Saos-2 were cultured with 2.50, 50, 2500 of adriamycin-impregnated
bone cement, respectively, and their cellular toxicity were 95%, 98%, 99%, each.

Conclusion : Adriamycin-impregnated bone cement can be one of anticancer-drug delivery
sytems as possible local chemaotherapy.

Key Words: Adriamycin-impregnated bone cement, Local chemotherapy
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