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concentration of the bad solvent in the subsequent steps. Here, the stable suspension of oleatecoated magnetite

was contacted with specified volumes of acetone and sonicated to homogenize the mixture. After a suitable

settling time, a size-sensitive phase separation became evident. The supernatant, containing suspended particles,
was separated from the sediment by decantation. The corresponding settled particles accounted for the further
classified size fractions. The supernatant was treated again with acetone and phase separation cycle was repeated
for four times. The suspension coming fromthe fourth cycle was the final product of this size selection method.
The obtained magnetic fluid samples are named as follows: NaOH-Fe;O,-TT, NaOH-Fe;0,-TM,
NaOH-Fe;0,-TB, NaOH-Fe;0,-BT, NaOH-Fe;04-BM, NaOH-Fe,0;-BB. Stable suspensions were analyzed

using high-resolution transmission electron microscopy (HRTEM). The representative TEM photographs are

shown in Figs. 2 and 3.
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Fig. 2 Size distribution of NaOH-Fe;0,
a: NaOH-Fe;0, MF, b: NaOH-Fe;0, TT, c: NaOH-Fe;0, TB
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Fig. 3 Size distribution of NH3-Fe;0,
a: NH;-Fe 04 MF, b: NH;-Fe;04 TT, ¢: NH;-Fe;0, BM

5. Summary
We have discussed the potential of magnetic nanoparticles in biomedical applications. Then, the prerequisite
properties of magnetic particles for such applications and specific requisite for magnetic fluid hyperthermia are
explained. Finally the results of the experimental investigation on the synthesis and nanosize classification of

magnetic particles suitable for hyperthermia are also reported,

REFERENCES
1. A.Jordan, R.Scholz et al. Int. J. Hyperthermia, 13 (1997) 83

42



International Symposium of Tissue Response and Biemedical Application of Carbon Nanotubes, Nanofibers, and Nanoparticles

2. AlJordan, R.Scholz et al. J. Magn. Magn. Mat., 201 (1999) 413
3, Ch.Alexion, W.Arnold et al. Cancer Research, 60 (2000} 6641
4. Ch.Alexiou, A.Schmidt et al. J. Magn, Magn. Mat., 252 (2002) 363
5. GPrioult, C.Turcotte et al. Int. Dairy Journal, 10 (2000) 627
6. Peter R. Levison, Stephen E. Badger et al. J. Chromatography A, 816 (1998) 107
7. C.Alexiou, W. Arnold, R. J. Klein et al. Cancer Research, 60 (2000) 6641-6648
8. A.S.Libbe, C. Bergemann, J. Brock, and D. G. McClure, J. Magn. Magn. Mat., 194 (1999) 149-155
9. R.S.Molday and D. Mackenzie, J. Immunol. Methods, 52 (1982) 353-367
10. C. Sangregorio, J. K. Wiemann, C. J. O’ Connor and Z. Rosensweig, J. Appl. Phys., 85 (1999) 5699-5701
11. H. Pardoe, W. Chua-anusorn, T. G. St Pierre and J. Dobson, J. Magn. Magn. Mat., 225 (2001) 4146
12. D. Hégemann, L. Josepson, R, Weissleder and J. P. Basilion, Bioconjugate Chem,, 111 (2000) 941546
13. L. Levy, Y. Sahoo, K. S. Kim, E. J. Bergey, and P. N. Prasad, Chem. Mater., 14 (2002) 3715-3721
14. Y. Zhang, N. Kohler, and M. Zhang, Biomaterials, 23 (2002) 1553-1561
15. Y. Ozu, H. Shouiji, F. Sato, H. Matsuki, Y. Nihei, Y. Kurokawa, T. Sato, Diegest 28‘ Annula Conference on
Magnetics in Japan, (2004) 356
16. Q. A. Pankhurst, J Connolly et al. J. Phys. D, 36 (2003) R167-R181.
17. A.Jordan, P. Wust, H. Fahling, W. Johns, A. Hinz and R. Felix, Int. J. Hyperthermia, 9 (1993) 51-68
18. A.Jordan, R. Scholz, P. Wust, H. Fahling, and R. Felix, J. Magn. Magn. Mat., 201 (1999) 413419
19. R. E. Rosenweig, J. Magn. Magn. Mat.,252 (2002) 370
20. D. C. E Chan, D. B. Kirpotin, and P. A. Bunn Jr., J. Magn. Magn. Mat., 122 (1993) 374-378
21. P. C. Fannin, B. K. P. Scaife and §. W. Charles, J. Magn. Magn. Mat., 122 (1993) 159-163
22. F.A. Tourinho, R.Franck et al., J. Material Science, 25 (1990) 3249-3254
23. O.Perales, H. Sasaki, A. Kasuya, B. Jeyadevan, K. Tohji, T. Hihara, and K. Sumiyama, J. Appl. Phys., 91

(2002) 6958

43



BEEHBEEMABREHS
AN REREWHEN REE
FTI/IAT A V9H

>/ Fa—7, F/HEF. 400
WAL F DB IS & N1 A A
(REES : H14-F/-021)

TRk 16 FEEEHH
%5 A RRRAERS

HE : SERX165EF9 A 14H~15H
WP WBKERER - £’



5B 5 EIWHFRARATERZ TV T 4

9A14H (K

13:00~13:30
WA OB |
MAERITDONT
(/) Fa—T, F//%4 0 OHRIT ORBRIGHE &N FIEH |
IR R Bl FR SR R T2
HE Xk

13:30~14:00
F—=R2F 7 Fa—TOBREEENATDILA
_ LB R F R E R F 7R
Otk 8 - HA ML - Bl B0 - 5M #—8F - Bi —5 - FE & - B 0k
FALRFRELRE R F BT
Yoik 3%fe - HEE foss

14:00~14:25
The novel nano-hydroxyapatite/collagen based composite for orthopaedics and dentistry
LB K F R AT R LI
OB H#=-EIE XX - FR 3 - Kl B% - KIg 7 - B —k

14:25~14:55
H—RF I Fa—TOEEREADGHR
RAERFARF R LER AR S BRI R
OXFx 57 - 30 % - @Y HE1 - Lk Bl - RAR |- ML &

14:55~15:20
H—R2F ) Fa—-TICEBHEHOEE
LR E R ERE R
Ok oA - BFHR (4 - B3 30k - 220 E—
RALRFEREBCRR R 2R
MR fnsE



15:20~15:50

GREMOBE L RERZEOXE
(#%) HbF

KH BE

15:50~16:05 &

16:05~16:35
Influence of particlés on Cell function and Proliferation
JbiE R R E B R
OmF —5 - &if RIfT - g 15 - P R

16:35~16:40
H—=RF ) Fa—T2RALEBEER -E4ME scalfold ~NDIEH-
B A1 3 pNe Ne rca e A
ORIGHSE - BENRAITT - B —= - AHfIA - FEER - FF EEXRSB

16:40~17:10

KBHEH—R 2T Fa—TOHHEEZOY 1 XEKFE
RALRFRFRREAFHAR

Ofcik #Hfm - HEE i

17:10~17:45
H—_F I B OEEMEADIEHA—in vivo TOH—RF /) Fa—7, h—RrF/Fa—TH
fCEBEUEH—RF ) T A N—IEHTBRIE— :
JLHBHE R FRER A TR
Ol 38R - LA 15 - T B - A #sk - )l B4 - AR W
HERE S - g B8 - RIK 7] - FE BE5h - BE XX
RIALRFEARFRRER AR
Vel i - EPE s
HIARERERTFHAER
iz |/l - KF 57 - B0 &2



17:456~18:10
HHAXAFS KK 2EBASREA > 77 > FATAEIC BT 2 2R OIS
JbiE R EMR MR > & —
OB FS
IbEERZE KRBT 5T
B - PR G- R T - Bl B - R OB - B Ok

18:10~18:30
N—=R2F 7T 7AN—EHWEETHEAEORRE LGN
LB RFRFBL TR
OERE EfF
LB R FRE G E TR
®"A XGE
BLbEFthAatt

s B—

18:30~18:40
BEAT A OMBELTOR—R > ) Fa—TOHA
ALME R F R E R
Om A X
JEHRE K ER S 2R
TR - Rk §) - fEE EE - B0h SO0 - M f—ef - B3 ek
FACRFEREBRE R LR
ek i - D fo=E
Bt EF AL
5 E—

18:40~19:15
7 WHTF OER, - YIS X UERICT A BURAMNEE—ED 1 1 2 OTYRF 4 2 AFHI
£ 3 WRIKHT ORBAMORIE,/T0 2 ¥HBEE (/Y1) A3) TOMMBIEEL—
BEEERFELEBHRAT TR
OFE g5 - JIA B
B P S R TR
B EE

19:156~21:00 BEe



9H15H GK)

9:00~9:10
R AR T LERPIIDONT

B Ry e R e
HEE s
9:10~9:35

H—E 2 F ) Fo—T DEEMEAOH—RIREEEEL LTORA 202
3 R E 7 HER O

JEiE R F RN TR
SEn - I A - IR (£
FRIE 7 R HBL - BHE XK
Bl e N A S R

PeE M - MR fus

O#FA s - A 15 - K&l
Rk EfE - Ak E5 -

9:356~10:00
h—Rd ) F o — TEEGONE & EREEE DM
HALKE R TEAER « TRV T —RERTFERAR T Y —
Oui Bl - &4 ¥ - K& - 78 #2

10:00~10:360
BB F 0TI ORIEE R AR T O XSS & XAFS I X DT

Ll R FE R B E W TR
O 33k + Fi4& 7 - Tosif Daniel ROSCA - BIF 3Tk - il B - BA —R - 77 Al '

JtmE kR E A E R T —

e FS
HALRFRERREREVTOR

foEE iy - MEE fuE

10:30~11:00
Sslemion D RE A H =X L & FEE OFES

s B2k F T FERARGERS AT LTFER
OFE &EA - B S



11:00~11:25
MWCNT functionalization
AbHHE K EREB e
Qlosif Daniel ROSCA - EX Xk « FE #H5h - kg 7

11:25~11:55

HAERIT 2 A Wn R EAFE O RO BRES
RALRFRFRRENFHFER

BE R -ONSFY U RI2 Py VFTr - £k % - HE s

HALRFERFRELHFAR
85 Hith
11:55~13:00 N
13:00~13:20 |
H—R T ) Fa—TEELORREE EEEETE
1biEE KR ER M AT IR

OF B¥ - EPE #E - Hb 3UR - Iy &£ - B &5 - K iBis - /g 7 - B8 36k
HALRERERIFMAR - &EMEFER
Rk T

13:20~13:50
A ZXHBA LI —RF ) Fa TR T 71—
HAREMIAI BT DA S AR IC RIS RS
LB RERFEBHE F I 7R
OR%E F4 - @ 158 - % ES - S B7 - HE E—M - Sub 268 - B EA
RILRFRZERFEERFH AR
VeiE Ffw - HES f1%E
BEREXKZFEMHNEGFEHRAR LS Y —p - REREEFREMAR
thz B, - ®BE BEio 2 - IR HE—2

13:50~14:20
W TEOLH



H—RF ) Fa—T DL L <A T ~DIH

ALHRE KK FEB A H

OB T, FAME, ML, EmE—K, BR—R, FRIEEL BEEK
AL REZERFEBR T ERH

LS. EEEfE

e

. BHERSRTVAHEO LS —RyF ) Fa—T (OND AFfbh, =vs b
= 7 ZAYEFROL L X — 43I & PO E PRI SET R ThH 5. BEFESVE ZURY R4 AV/EN
ONTDAA A ~DISAFELEBINTE Y, AMOBESH ¥ V0 BOKRE, A AEY
e~ DEARER R EDTND, AFETHA THFCRT NSRBI E AE3& LT,
ONTORSER LR AL AR E BT o2 L & LT

fﬂ%ﬁi%fJy&ﬂw?{Vﬁéﬁ%Lt&wmiéﬁmﬁyf/%n—ioﬁﬁj

1. BFZEE®

HBF ) F T DEMiEE LT, DNASH /57 BOWBIREI X SUINTO R EEHH
QoM X TN B, —F7C. AT TIRATEA LS T OWRY A CaPUHEN b O
kBB T ) F o — T OF LEMEE RS LT E e, SR CaPEEN D OIIHIC LD
O HEAE R IR OIS, BINZEELEORA L,

2. BFEFE
H—K o EE

MWNTs (NanoLabkt. fiEE80%. HEAl, HAELERH)
MWNTs (MTRIL. ffiEE75-85%, FHHM1) ZIiFRRAE

Ca-PEEIEOMER (B F. £ TERMEROEEICEEND)
* Revised Simulated Body Fluid (RTEHER L7=FH)
NaCl (14.4 mM), KC1 (2.0 mM), CaCl; (1.13 mM), MgCl, (0.29 mM), K.HPO, (1.0 mM), KH;PO, (1.0
mM) and/or NaF (1.2 mM). The pH was adjusted to 7.2 using KOH.

 Standard Simulated Body Fluid
NaCl (7.996 g/L), KCI (224 mg/L), CaCl, (278 mg/L), MgCl, 6H;0 (305 mg/L), K:HPO, 3H,0 (228



mg/L), NaHCO; (350 mg/L), Na,S0, (71 mg/L), (CH,OH);CNH, (6.057 g/L), IM-HCI (40 mL) and/or NaF
(1.2 mM). The pH was adjusted to 7.4 using KOH.

- Saliveht (Artificial saliva)
NaCl (844 mg/L), KCI (1.2 g/L), CaCl; (146 mg/L), MgCl, (52 mg/L), K;HPO, (342 mg/L), others
and/or NaF (1.2 mM). The pH is 5.0~6.0. ‘

« Hanks’ Balanced Salt Solution (HBSS)
NaCl (8 g/L), KCl1 (400 mg/L), CaCl; (140 mg/L), MgCl; 6H,0 (100 mg/L), Mg50, 7H;0 (100 mg/L),
KH,PO, (60 mg/L), NaHCO; (350 mg/L), Na,HPO, (48 mg/L), D-Glucose (1 g/L) and/or NaF (1.2 mM).

- Dulbecco’s Phosphate-Buffered Saline (PBS) _
NaCl (8 /L), KCI (200 mg/L), CaCl, (100 mg/L), MgCl, (47 mg/L), KH;PO, (200 mg/L), NaHPO, (1.15
g/L) and/or NaF (1.2 mM). The pH was adjusted to 7.4 using KOH.

KEREAE :
T B0l ¢ HE (100mL) ~MWNTs (NanoLab) 3 7= {XMWNTs (MTR) 21 mgh X, 164RIEE AR LY

SESFR D MINTs 2 M S 8-, 0%, 3TCITTIRMEHE L. ELO8E (4000 rpm, 104) /=it
W 5] SR CMUNTs 2 20 BiESE . A A 2 KIS CHEd Lz, 7B L MINTSRARHE T — R 2 —F 1
ZEAT, RERETIUNES SBD I CRERE AT o

B2 B2 =0 iiEE{k# & L Tbulbecco’s Phosphate-Buffered Saline (PBS) %1%
KLU, R LEOBECTEENREGHE L.

3. FRARRLEH
BECUAR R DML
BBl E CIC B ~MINTs % BT 5 EMINTsFEE X D Ca-PORRSHTHT 2 L 28 Lt
(R1) , 20%., FEMELHRTI-OBEREToER, BREZZ LY EESHERD & &
LR N E EMNHD (MWINTsRE TRBIRPTHH) | . [K&LTEALT 7 ARG O
2%375§Ef£5J TR, BEE LTMINISEEMNODOHMIEHREICEE S L0255, §iE
U B iR CrIm B 2 T o DR R R R ERLETH DI BB oM. &
#. BT EOLERFTCEERT 2T 2SI RBERENLETH 0T, BEEEFBMR DK
WMEARTTT 5o L & Ui, ik e UCR LRI, AR A Ui (A THERIZIE )
Revised Simulated Body Fluid(R-SBF) . EZIERYZ2HE{I {5’k Standard Simulated Body Fluid, ™ifRA




T o Sativeht (Artificial saliva). £ FISEAE 2575\ #{E] 57Hanks Balanced Salt Solution (HBSS)#3 & U*
Dulbecco’s Phosphate—Buffered Saline (PBS)%i&iR L7,

MWNTs % /i % 238R15HE LSEME R 21T o 2 /51, S1aR L 2 K O CRPBS D4 TH L
REHAEESNE (K2, 3) ., IO LENARTHINITETHITHICBEIOTHRL, &
RHEAEETHE 2R LTWS, $io, AIEEER L RS mfnol W ERRETH S Z
Loh . RS BARE AS ARAE PBS ORI AF AR - o 72 £ B X bh b, —H., PBS~OFI
R A e LT FEEINT 5 EMINT & 21 7 & LTcEHiRiESA & U THTH L. BRI L2320 EMANT
EENETENT 7 RAROEHTHD Z LM ghoiz (K2) .

HREF

I DETONHTE, FONMHEE~SET S EHES B bn 5 2 BAZ A UTHRE
%475 C % =7, ¥&KiZDulbecco’s Phosphate-Buffered Saline (PBS) M\ TRRRFE{L& Bt L1,
ZOREE. PRSOATIL1 BEOBANLE T ELT v AROITHHBRBE SN0l L, FEZHM
+5 EHERBBESNE (H4) , ZOZ L XY, FORMIERREOHAMEIZHEE LT
WBZEBEZ LI, HHREROTHOEDICHFRNAEETH D Z LB T 2T,

1.
BIEME A L B URMIRE 2 R 5 EMINTs B i & LICEHREERSITIH T D 2 & 6 Th -

F=REBRMEIZ Ldvofs (MINTsHRE TR < P CFr . 8 & 7 e 7 7 AT O HED
B5) . S0, W or0EPRR TR L & 25, EGhREME OV PBRSIZ THH S
BA L. SHAKSE D7 HICIAPBS~FARINT 5 L35 1 R OBEA XL VT 5 2 & B4 otz, B
FOREX Y. BELEMME (W1 ALTHHT3) 2o RELIRESES TH Y. EHRE M
DI=DIZBFERMBENTH D LRSI D,

HTE, MINTsLIAOIE (5774 b, SINTs, A—RV 77 A3~ RFAL RHTAR, FF»
B) #BVT., FETHAMINISIZS G LB 8r R THh D,



st ¥ -

SBF+F (2w) |

o

e .
@92a42 5.8 kV X15.@K 2

M1 R-SBF (FiEMEMA) ¥R L7=MWNTs (NanoLab) i TOHTH (SEMIZ)

o b

-

eBeB1l 5.8 kV X1S5.

2 PBS (F7-i3FHM) CHIE L7-MINTsHE CTONTH (SEMER) | ##iE 2 BH

*

¥ Standard SBF(2w)|

IEE A ERmEBL L
3 FOMOERE CME L -MINTsFE TONMH (SEME) | #iE 28MH



i

gBBB8l 5.8 kV X15,0K:2.00sm .. "p908PBI:5:8 kY X15.0K

R4 PBS (7 HFIRN) G LAMINTRE O (SEME) SR



The novel nano-hydroxyapatite/collagen based composite for

orthopaedics and dentistry

Susan Liao*, Fumio Watari, Motohiro Uo, Shoji Ohkawa, Tsukasa Akasaka,
Kazuchika Tamura

Introduction

Biomimetic nano-hydroxyapatite collagen composite is a promising biomaterial for
bone tissue engineering. However, the low mechanical property and poor shaping
property limited its application. We had prepared a three-dimensional scaffold
material using a mineralized collagen and a degradable polymer, named as
nHAC/PLA (nano-hydroxyapatite collagen/poly lactic acid), which satisfied both the
high biocompatibility and enough mechanical properties. In this paper, we used the
neutrophils and osteoblasts to investigate the cell reaction to this novel biomaterial.
We also prepared the novel degraded GTR membrane for periodontal therapy:

nHAC/PLGA.

Materials and Methods
The nHAC powder was added to the PLA or PLGA solution, ultrasonicated the

solution, and poured into a mould and freezing-dry overnight, to prepare the
nHAC/PLA or nHAC/PLGA. We select the different ratio of nHAC with PLGA to
fabricate the three-graded layers membrane.

Human peripheral blood was obtained from the normal volunteers in our laboratory.
Neutrophils . were separated from the blood using the standard procedure. The
nHAC/PLA material was immersed in HBSS for 1, 3, §, 6, 7 days and 2, 4, 8 weeks
(37°C), which as the testing solution. Neutrophils mixed with testing solution were
incubated at 37°C for 1 hour. To measure the cell survival rate, LDH, and TNF-a
value in different groups respectively by using Thomas hemacytometer, the Lactate
Dehydrogenase CII-Test (Wako Pure Chemistry Industries, Osaka, Japan) and ELISA
kits (Endogen Inc. USA).

Osteoblasts were isolated via sequential digestions of neonatal rat calvaria according
to established procedures, and cultured in DMEM supplemented with 10% FBS under
standard cell culture conditions. The composite was cut into a 1-2mm disc, sterilized
by 7 -ray irradiation (2.5 Mrad). The osteoblasts were seeded into the composite in
3.5cm dish at a concentration of 5X 10°cells/cm®.

Results and Discussion
The material is porous scaffold, the pore size ranged in 50-300 O . Fig.1 is shown the

microstructure of the nHAC/PLA. This three-dimensional scaffold provides the
tunnels to carry the nutrient and cell for the new bone tissue formation. The porous
surface of the implant material could provide a suitable environment for collagen and



bone mineral deposition, as well as osteoblast attachment.

Fig.1 SEM of nHAC/PLA Fig.2 The threeJdayered membrane of nHAC/PLGA

Neutrophil survival rates did not significantly differ among the different testing
solution and the blank control (pure HBSS solution). In LDH activity, the 1 day, 2
weeks and 4 weeks samples were significantly lower than that of control. TNF-a
value is almost lower than that of control, while a little higher at the 6 days sample. It
also demonstrated, when this material was implanted into the bone defect, the
biodegrading procedure was affinity to cell without significant inflammation.

It was shown by OM and CLSM observation that the cells could spread and
proliferate throughout the inner-pores of the scaffold material in Fig 3. In 12-day
culture, the cells had grown into the matrix throughout about 200um to 400um depth

of the composite.

Fig.3 Osteoblasts cultured on the nHAC/PLA for 12 days by OM (a) and the model
(b).

Conclusion

We had developed three-dimensional osteoblasts/ composite of mineralized collagen
based constructs in vitro. The initial excellent interaction of the neutrophils or
osteoblasts and nHAC/PLA was demonstrated in this study. This novel mineralized
collagen material should be a promising candidate for bone tissue engineering.
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