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Physicochemical properties of calcium phosphate cement incorporated with anti-tumor drugs

CHEN Hua-jiang” ., JIA Lian-shun, XIAO Jian-ru, YANG Xing-hai (Department of Orthopeadics, Changzheng Hospital,
Second Military Medical University, Shanghai 200003, China)

[ABSTRACT] Objective: To study the influence of anti-tumor drug incorporation on the physicochemical properties of calcium
phosphate cement(CPC). Methods: Methotrexate (MTX), epirubicin (EPD), hydroxy camptothecin (OH-CPT), and arsenic
trioxide (As, ;) were incorporated, each in a proportion of 2%, 5%, and 8%, into the powder-phase CPC. Untreated CPC
was taken as control. The setting time, compression strength, and the microstructure of the resultant products were evaluated
and tested. Results; Compared with control group, the setting time was significantly prolonged when 2% EPI was incorporated
into CPC (P<0.05), and the maximum compression strength was significantly decreased when 5% OH-CPT and 8% MTX,
EPI were incorporated into CPC (P<C0. 05). Electron microscope showed no significant change in the crystal structure after
incorporation of the drugs. Conclusion: CPC is an ideal anti-tumor drug delivery material. The changes of physicochemical
properties of CPC must be considered when anti-tumor drugs are incorporated into CPC for clinical application.
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Tab 1 Influence of anti-tumor

drugs on setting time of CPC

(n=6,x=%s)
Group Setting time(z/s)
Control 372.67+7.77
Asy O3 2% 350.67+11.72
5% 362.00+7. 21
8% 372,004, 36
EPI 2% 973.67+11.72 "
5% 1191.33+61.16*"
8% 1244.00£28.79" *
MTX 2% 361.67+6. 81
5% 359.00+4. 59
8% 368. 6714, 04
OH-CPT 2% 342.00+1.00
5% 363.33411.02
8% 577.33+9.07"

* P<0.05, " P<0.0l us control group. EPI. Epirubicin;

MTX; Methotrexate; OH-CPT ; Hydroxy-camptothecin
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Tab 2 Influence of anti-tumor drugs
on maximal compression strength of CPC

(x=*£s,p/MPa)

Group Maximal compression strength
Control 39.8141.62
As; O3 2% 40. 641, 35

5% 39.1143.67
8% 36. 2744, 05
EPI 2% 38.30+2.58
5% 35.0043, 24
8% 27.81+2.02"
MTX 2% 39.11+2. 28
5% 39.4843.33
8% 35.83+3.81"
OH-CPT 2% 37.45+1.23
5% 33.73£2.92"
8% 28,0141, 54"~

* P<C0.05,* * P<C0.01 wvs control group
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Fig 1 Ultrastructure of CPC incorporated with anti-tumor drugs under electron microscope( X1 000)
A:CPC mixed with As;Os; B:CPC mixed with EPI;C:CPC mixed with MTX;D:CPC mixed with OH-CPT;E:Control

RIS

CPC h £ Bl B B2 45 20 . 0 45 o 1R 1Y 49
(TECP) | o B 2 = 5 50 B-#E R =5 (o« TCP E B-
TCP) , /K # R 2455 (DCPD) | JE 7K W B2 .45 (DC-
PA) B R A 85 (MCPMD) 45, 16 it AWM 5, & 41
R B 7 Y S I B K A iR (HAP) . B
FER YT CPC h— % ' 2 YN A G T RE 2 52 i
CPC 11 [ 4k S5 I 19 328 A7 18 5 B A & R 14 D B
T T B 7 S50 2% 77 49 1) A S5 I IR ]k Ak 445 g
A 2 A R

[E6 Ak. 52 7 R B] 2 5% 1 AR 9L FH v 1) — A~ T 2L
., il CPC B[] — 8 5~8 min, HMAZY
Yy I, DT R 52w HG [k e D R v 2 0 1 A
R BB E A R S Y T R R Y
25951 CPC B K G . #5 25 W AW T K, W AE 8
HF R - A E R R IR E R, A SR
Az R R0 W B A 2 RN L B AIS B EE  25
Xt WA= A R N . ARBESE T As, Oy JMTX
K OH-CPT ¥ AW 80 T oK, 5256 38 W] X
CPC [ kB ] 5% mi 22718 . AL OH-CPT JnA 8% J& H
4% I ) 3 4 A o A fE (P<<0. 05) , i EPT U A A
2 %6 BV 5| e 856 2 e (] R X % BEA 1 3 S (P <<
0.01),

S 6B K T I 2 0 T e S S i) KU [
R EE R E ., 7€ CPC ‘HKJe DCPA/TECP j&
S BEAS 1 CHER R L 7E pH N R A4 N B
F CPC P ICK B R A 45 (DCPA) ¥ fiff 3 2 A L [7)
B LAE HAP (9% % B2 N AR BT D05 B HAP, ff
FFEELE B ) 2 RS A S i BT Y EPT Ry I IR
I MER R EPL pH MM M. 52 & CPC J5 . &
SEIT R FE A 3 2 A 25 Wy T S B W, R) RR R 2 Wi

it B IR A A R ARG O, B R A
CPC W25 1 b B K, %t F CPC BE4S A 52 2>
Mg, R AYEMARILR 8% 5. H
[E] Ak B[R] 3545 AS [ B o B 4, i — 2P RS0 13X — W
S

T2 58 B R IE M CPC RN B 18 5 MR — 4
FEIEAR, CPC [E1k 4 h 29 0] FE A 35 ) ) KB R 35
JE ., WESEERB CPC [ Ak i 5 3 B gk F £ 5 1 1 A
% Hd CPC #4531 o KA 7= W 1 45 4 g 1L 8L
AR X CPC Ry FL B 5 1 2 T 42 52 i [ 4k 44 1 o
JEMEER R PR A o T A —
K& H, MA CPC Ja ol BE &2 CPC [ b i 72 v 1
IKAGZE 6 BE Ty 3 10 5% e L0 B (W) B B 2 3 2 Y
B4, CPC 1y FLBE A3 K, 1M CPC AL Bt A8 1y 15 Kl
AREARIL Jy 2z g 0 ARSI AR AR N A A
SY LG R 2 N FTRE S CPC FLER R 3 K
AX, Hi OH-CPT M n AX; CPC 5 i 5 K
M OH-CPT Jn At (5 5% B, RIS SO e K0k 5
FE R BT 5T B (P<<0. 05),

2595 CPC A 5 Wl gE51 8 CPC [ 1L i i
SRTE AR AR AP I K SR 25 5
CPCE A G4 SEM ARy E & CPC 55X
CPC A H H: A PR 45 0y 24 52 40 00K 38 9, L R IR O] 1
KERBHB S,

Zi B RTIR , CPC 1B Sl — b B AR 2 1L 5y 348 671 A
02 5 2 ) % R 0 B L BHAR R 1 T g R
IAZIm s As . Sl 2R i L AR B i
A AR T A R )L FE I DR oK s 25 5
CPC 5 & i R 7843 2% 16 31 v 8 Ay 2 1k o ole 22
AU I PR T Al BIF 5T

[Z % x #K]

[1] Ambard A J, Mueninghoff L. Calcium phosphate cement: re-



5530 BRARITAE. BUE 259 S 6 RS K U8 i B4R SR 5T + 253 -

view of mechanical and biological properties[ J]. ] Prosth- [5] IR, R R, A, = Ak R TS R RO I A A

odont, 2006,15:321-328. J& g &2 & R gE [T ], R AR SE 5 AR 443K, 2005, 2. 169-170.
[2] Matsumine A, Kusuzaki K, Matsubara T, et al. Calcium (6] XZL , fhEET . 8  . BERES H KR IT R R[] ]. AR 5

phosphate cement in musculoskeletal tumor surgery[J]. J Surg % ,2005,19.17-19,30.

Oncol, 2006,93:212-220. (7] b TL. X055 46, W IR 85 1 7K e i 7K £ S5 1oz AL 2 AF
[3] Tani T, Okada K, Takahashi S, et al. Doxorubicin-loaded cal- E[J]. ML R2EH . 1996,11.685-690.

cium phosphate cement in the management of bone and soft tis- [8] Grover L M, Gbureck U, Wright A J, et al. Biologically medi-

sue tumors[J]. In Vivo, 2006,20;:55-60. ated resorption of brushite cement in witro[]J]. Biomaterials,
[4] Sasaki T, Ishibashi Y, Katano H, et al. In witro elution of 2006,27.:2178-2185.

vancomycin from calcium phosphate cement[J]. J Arthroplas- [WFBEHE] 2007-01-23 [f&E EH#] 2007-02-12

ty, 2005,20:1055-1059. [AxHE] N =

DAEMEREEM(ERSFEHIRL)EZINERE

TR R IR S G T AR A PO A O T A A M B B e I AR, b T AR R R I
TR (1 et A Tl v A R R KT, Y TR (R A EEAE 5 2 N L T B 58 R A S T A= 2 Bt A 4 FF R i B A O BRI 48 4
Y 25 4% A 4 B 2 B30T 3R A5 FH L 2 00 A ) SR BB 9 A UE 5 . AH DG 0 T 2 38 A3 A A http: //www. 21wecan. com/yjck/
zyjd/jkgls/index. htm

— HBEIME

BE 24 LA 2R 48 v DA S Sl o o DA S (i B2 7 SR S TPl 1y X B TR L 5% S 4 SRS £ BRI IS DAl A B B80S i B4 2 A ¢
YA XA R IR A LUT BRI,

—HREH

1 AR I =R (AT &M Z—F) 180 ), (DEABENA AL KFLRL L#IES ; (O FEEZ T A Ll
KFLRLL B DTEAS % 2 N A B A D& B T4 2 48 DL, 28 i B A5 BRI = 2% TE M0 15 1) 35 B 5 A o 2% 15 850, 5 A &5
AP AEF 5 (3) BA B2 A i LR DL b2 Pl 45, % 2 A Ol AR SC Ol TAF 3 4R DL b, 2 (@ B 4 JHLW = 0 0E L 3E I3k
FE bR I E RS A5 e, BEIIAE 0% A 2x o BUR L 2% 3850 T, Sy A AT A A R R R 55 9% 400 JT,

2. (g R ROW — 2 CRAR LUN A2 —38) 0130 20, (1) A fedt 487 S0 = R MRl B3 4 IE 13 /5, i 22 SR AS UL T4 5
AL b ok g AR IR TAE 4 48 DL b H 28 4 R A5 B — 9% TF B0 K5 1 35 B0 bn o 28 i B0, R IO S5 iE B s (O B EZ
TR ARZHUES , WS F S BT =0 FARIE RS, B8 NE AR TAE 4 0 B SES NEARR TAE 3 F£LL E
L2 {8 5 4 B R T R 11 3K 0 s o 2 BB S U G5 R A 5 () HoA R 2 TAE Ll P R s DL bl 5 R R 55 AT R
W5 o 2 f B A PR 2 0E B8 I 38 B RE A o 2 i B, R B 45 VAR B 3 () B R 25 PA Lolb B A 5 AR K DL B 2E TR,
B NF AW TAESAH G TAE 2 4E DL b3, 35124 9% AR 25 45 BUOR B 3% 3350 JT, 00 I AR B A A o HOR IR 55 2% 300 JT .

ZEIRB

e B A FILABE 18 , £t 2 IR TPty R0 DRI A7 i 2 R 6 15 e A L, I PR IS 5 SR ik J0 3, 3 8 P A A% e M 2 0 A 1 6 el
W AEIE P& 2% T B2 27, JAT G 27 R0 S 2 e 2 B AR R AR R R SRR o, h e 2 R 5 B I & 5B I O B R
A A PR A R T IR 55 A L R A IR R

M #RE ik

FFPERE] . 2007 4F 3 H BV HE iR B 3 A H . et 1a] . A JE 000 R0 JE S 4 K, M . U RS K AR R R B A
KX,

M4 i P TARIC XL 139 %5 = MK 6B I 1 oy 4d JE A BRAF 90 &5 (8 U B ARUMK B L S TR I EE B L,
% :021-61026908, 021-61027593 ;4% H.:021-23019951 ; M it . www. shhealth. org

Fris e 1 AR N B IE S Z B 2. 2 D e 45 52 B 5 3. & ol WURRUE 5 &2 B0 44 5 4. A1 5C TR 48 BRIE BH (i 4 44 A B 4
TERAL SR T D 55, MR AR A (2 5 3 9.1 °F 2 ), MHCRE W7 LG 17 4 B 5% & W3 . www. shhealth.
org, LT DA TAEEDS MY . www. shwsxh. com, FIEBIEE M . www. 91985, com I 2%, H ¢4~ A B £ fig %5 € HiF &)
TN 35 BT AR B A TE (B AL



