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*C and {c) 1800 °C, respectively.



Table | The processing conditions and the physical and mechanical properties of the SWCNT-PCS composites
and binder-free SWCNT solids.

Materials Processing temperature  Bulk density ~ Young's modulus  Fracture strength
(°C) p (Mg/m?) Eb (GPa) ob (MPa)
Binder-free 1000 1.39 20 11.6
Binder-free 1400 1.54 7.5 3438
Binder-free 1800 1.70 196 89.3
SWCNT-PCS 1000 1.56 9.0 28.3
SWCNT-PCS 1400 1.62 A 12.8 56.4
SWCNT-PCS 1800 1.81 28.8 113.9
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Fig. 3 Typical SEM and TEM photographs of the fracture surface for the (a, b) SWCNT solids and (c, d)
SWCNT-PCS composites, respectively.
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The preparation and biocompatibility research on a novel

nano-hydroxyapatite/collagen based composite

Susan Liao*, Fumio Watari, Motohiro Uo, Shoji Ohkawa, Tsukasa Akasaka,
Kazuchika Tamura, Wei Wang, Fuzhai Cui

Introduction

Hydroxyapatite (HA) has been extensively used in medicine for implant fabrication
and is one of the most compatible materials owing to its similarity with mineral
constituents found in hard tissue (i.e. teeth and bones).! Among the variety of HA
based ceramics, carbonated HA (CHA) appears to be an excellent material for
bioresorbable bone substitutes. Many experiments show the high solubility of
carbonated apatite in vitro and in vivo. Since the HA phase present in natural bone,
dentin and enamel, respectively, contains approximately 7.4, 5.6, 3.5 wt% of
carbonate,* CHA materials have excellent biocompatibility and properties, which can
be favorably compared with those of hard tissue. hydroxyapatite and collagen (COL)
are the two mainly components in hard tissue. Then we design one biomimetic
synthesis method of one ideal material (nCHAC) which show some features of natural
hard tissue in both composition and the microstructure. |

Materials and Methods

Type 1 atelocollagen gel (Koken Company, Japan) (1# 2.5g or 2# S5g) was added to
0.5M acetic acid. Then solution of Ca*, PO,*~ (Ca/P=1.66) and CO,%* (mol ratio of
CO,¥/PO,>=0, 1, 3, 5, 6.7, 8.3, 10) were gradually added separately through
respective tube pumps, and titrated at room temperature with sodium hydroxide to
pH9. After aged the solution for 24h, the nCHAC material was harvested by
centrifugation and freeze-dried. The carbonated weight percentage measured by
Rigaku Thermoflex TG8110/TAS100. X-ray diffraction (XRD) analysis was
performed in Rigakuw/Multiflex diffractometer using CuK radiation and analyzed by
the MDI JADES® software.

Combined with PLGA, the nCHAC/PLGA membrane was prepared. Osteoblastic
MC3T3-El cells were cultured in DMEM supplemented with 10% FBS under
standard cell culture conditions. The osteoblasts were seeded into the PLGA,
nCHAC/PLGA and blank control in 24-well dish at a concentration of 0.67 X 10

cells/cm®.

Results and Discussion

Thermogravimetric analysis (TGA) has been successfully pursued for analysis of
different bone samples where water, soft tissue, and mineral phase could be
quantitatively determined as Fig 1 shown. In addition, we use it to quantify the
amount of carbonate in the nCHAC composite. The carbonated percentage gradually



increased with the adding amount in the solution whether high or low collagen
component in the composite, especially on the range from 8™ 10 mol ratio. At the 1#,
the highest carbonated percentage is 14.7%, which is high than that of CHA with
other preparation method. The possible reason is the more nucleation sites during the
collagen mineralization.

The X-ray diffraction results demonstrated that the broadening peaks similar to the
pattern of natural dentine as Fig. 2 referred. Then we used the JADE analysis software
to measure the mineral crystal size by Scherrer equation. The crystal sizes of
nCHAC(2#) with high collagen were all lower than that of 1# with low collagen. Up
to now, there is no report on the relationship between the mineral and the collagen
addition in biomimetic HA/COL based composite. However there is no significant
difference in the crystal sizes among the different carbonate addition. By variation of
the addition rate and the temperature, it was possible to prepare samples with different
crystal parameters, including the crystallization degree and crystal size.

During the one week culture with MC3T3-E1 cells, there is no significant difference
between the nCHAC/PLGA group and PLGA group both in cell account and total

protein assay.
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Fig 1 TGA of the nCHAC composite. Fig 2. XRD of (a) natural human dentine
(b) 1# nCHAC composite
{c) 2## nCHAC composite
Conclusion

On this study, the new mineralized collagen based composite, nCHAC material,
was prepared, which is one of the most promising materials for hard tissue repair. This
composite contained certain carbonated content and nano-HA minerals. Moreover, the
CHA combined with collagen fibrils by self-assembly method, which mimics the
component and microstructure in natural bone. Based on this research, it is possible to
attain the proper type of nCHAC by control the reaction condition, when implanted in
the different defect sites in hard tissue. The cell culture experiments demonstrate that

the nCHAC/PLGA membrane has high biocompatibility.
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