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Osteoblast Compatibility of Calcium-Incorporated Ti-Zr-
Nb Alloys

Isama K.,! Kawakami T.,! Tsuchiya T.,> and Matsuoka A.}

Division of Environmental Chemisiry, National Institute of Health Sciences, Tokyo 158-8301,
Japan, “Medical Center for Translational Research, Osaka University Hospital, Osaka 565-0871,
Japan, and *Division of Medical Devices, National Institute of Health Sciences, Tokyo 158-8501,
Japan

Summary

Ca was incorporated into the surface of the Ti-Z1-Nb alloys in the CaCl, treat-
ment and Ca(OH), treatment following the NaOH treatment. According to the XRF
analysis, the larger amount of Ca was incorporated in the Ca(OH), treatment than
in the CaCl, treatment. The Ca-incorporated Ti-Zir-Nb alloys were evaluated in the
cytotoxicity and osteoblast compatibility in vifro. The untreated Ti-6A1-4V showed
cytotoxicity, but Ti-Z1-Nb alloys did not show cytotoxicity with or without treatment.
The Ca-incorporated Ti-Z1-Nb alloys showed good osteoblast compatibility. In Ti-Zr.
Ti-Zr-4Nb, pure Ti and Ti-6Al-4V, the Ca(OH), treatment enhanced the osteoblastic
differentiation than the CaCl, treatment.

Introduction

Ti alloys are used as materials of bone fixations and artificial joints in orthopedics.
Ti-6Al1-4V is used generally, but it is known that vanadium ions have strong cytotox-
icity. We reported Nb ions promoted the differentiation of osteoblasts!-* and Ti-Zr-Nb
alloys had good mechanical property and osteocompatibility in vitro and in vivo.®?
On the other hand. the materials with a high apatite-forming ability in a simulated
body fluid are expected to bond directly with the bone in vivo.® Ti alloys which have
been alkali- and heat-treated to improve the apatite-forming ability have been applied
clinically. Furthermore, the Ca incorporation into the alkali-treated Ti alloys have
been attempted to achieve an even higher apatite-forming ability. We examined the
Ca incorporation into the Ti-Zr-Nb alloys and confirmed Ca-incorporated Ti-Z1-Nb
alloys had a high apatite-forming ability. In this study. we evaluated the cytotoxicity
and osteoblast compatibility of the Ca-incorporated Ti-Zr-Nb alloys.

©2011 by MEDIMOND sl N904C0292 57



58 24th European Conference on Biomaterials

2.5

2.0

1.5

1.0

Concentration of Ca (%)

0.5

0.0

=\ A <
{\,’\ﬁ ,b§p al :@@ ﬁ?& > i v ¥

A A < Rag
LT X ,Q;\’ ..(\'45 A
B Untreated @ NaOH-treated B CaClz-treated B Ca(OH)2-treated

Fig. 1 Calcium amount of the surface of the samples by XRF using the fundamental parameter method.

Materials and Methods

Ti-Zx, Ti-Zr-4Nb. Ti-Zr-8Nb, Ti-Zr-16Nb and Ti-Zr-24Nb were used in this experi-
ment. In addition, pure Ti. Zr and Nb were used as structural elements of the Ti-Zr-
Nb alloys and Ti-6Al-4V was used as a comparison. All samples were 14.0 mm in
diameter and 1.0 mm in thickness.

The samples were soaked in NaOH aqueous solution at 60°C for 24 hr (NaOH
treatment). Subsequently, the NaOH-treated samples were soaked in CaCl, aqueous
solution (CaCl, treatment) or Ca(OH), aqueous solution (Ca(OH), treatment) at 60°C for
24 hr. The Ca amount of the CaCl -treated and Ca(OH),-treated surfaces was measured
by X-ray fluorescence spectrometry (XRF) using the fundamental parameter method.

The cytotoxicity of the samples was evaluated by the colony formation assay
with direct contact using Chinese hamster lung fibroblast V79 cells.” The osteoblast
compatibility of the samples was evaluated with normal human osteoblasts (Cambrex
Bio Science Walkersville, Inc.) cultured in o-modified minimum essential medium
supplemented with 10% fetal bovine serum and 5 mM disodium f-glycerophosphate.
The osteoblast proliferation was estimated with the cell number measured by WST-8
assay.” The osteoblastic differentiation was estimated with the alkaline phosphatase
(ALP) activity measured using p-nitrophenylphosphate as a substrate.”

Results and Discussion

All Ti alloys and pure Ti incorporated almost double amount of Ca in the Ca(OH),
treatment compared with the CaCl, treatment. Particularly, Ti-Zr, Ti-Zr-4Nb, pure T1
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Fig. 2 Osteoblastic differentiation on the samples estimated with the ALP activily per cell measured using
p-nitrophenyiphosphate as a substrate.

and Ti-6A1-4V incorporated large amount of Ca. Pure Zr incorporated Ca only in the
Ca(OH), treatment, and pure Nb did not incorporate Ca in both treatments (Fig. 1).

The untreated Ti-6Al-4V showed cytotoxicity, but treated Ti-6Al-4V showed less
cytotoxicity. Other samples did not show cytotoxicity with or without treatment.
Compared with on the untreated Ti-6Al-4V, the cell number of osteoblasts increased
on other samples. This result was supported by the cytotoxicity of the samples (data
not shown).

The ALP activity of osteoblasts cultured on all other samples increased compared
with on the untreated Ti-6Al-4V. Additionally, in Ti-Zr., Ti-Zr-4Nb. pure Ti and Ti-
6Al-4V, the ALP activity of osteoblasts was promoted in order of by the NaOH. CaC
and Ca(OH), treatment (Fig. 2). In the previous study, the apatite-forming ability o
Ti-Zr, Ti-Z1-4Nb, pure Ti and Ti-6A1-4V increased in order of by the NaOH, CaCl,
and Ca(OH), treatment. These results implied the osteoblastic differentiation was
enhanced on the materials with a high apatite-forming ability.®

Conclusions

The Ca-incorporated Ti-Zr-Nb alloys showed good osteoblast compatibility. In Ti-Zr,
Ti-Z1-4Nb, pure Ti and Ti-6Al-4V, the Ca(OH), treatment enhanced the osteoblastic
differentiation than the CaCl, treatment. The large amount of Ca incorporation would
induce good osteoblastic differentiation cultured on the materials.
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Summary

Nano-suspensions of silica, silver and zinc oxide were subjected to the cytotoxicity
test, the chromosomal aberration test, and the 13-week repeated dose test for their
safety evaluation. Silver showed the strongest cytotoxicity among the three. Only zinc
oxide induced chromosome aberrations. In the in vivo test, zinc oxide caused inhi-
bition of the normal body weight increase, increase in the relative lung weight, and
pulmonary fibrosis. We propose the three tests as a candidate of a primary screening
test battery for safety evaluation of nanomaterials (NMs).

Introduction

Development in the field of nanotechnology has brought NMs closer to us day by
day and at the same time toxicological concerns of NMs have been growing. NMs
are expected for a variety of applications not only in industry, but also in the field
of medicine such as drug delivery system, gene transfer vectors, and scaffold for cell
culture in regenerative medicine. NMs are new materials with unknown characteristics
and we need to consider the safety of their use. In the present study, we performed
the in vitro and in vivo toxicological studies of three NMs to evaluate their safety.

Materials and Methods

A silica sol (amorphous SiO, 17.8%, particle size 10-20 nm) and zinc oxide (40%
in water, NanoTek® ZH1121W, Alfa Aesar) were commercially available. Silver powder
(Sigma-Aldrich, particle size <100 nm) was suspended in water by ultrasonics, filtered
through a 0.45 um PVDF filter, and then the concentration of silver in the filtrate was
determined by capillary electrophoresis. Cytotoxicity of the NMs was determined by
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Fig. 1 Zinc oxide; a) Suspensions prepared for the each dose of the in vivo test, b) particle size distribution
of the suspension, and c) the result of the cytotoxicity test in that CHL cells were treated with the suspension
for six days. Values are expressed as mean = SD for four wells.

Table 1. Chromosome aberration test of zinc oxide
Treat- Mass conc. Polyploid Cells with chromosome aberrations (%)*
ment (h) (ug/ml) (%) ctg ctb cte csb cse total

24 0 1
2.5

5

10

20

48 0
2.5
5
10
20 9
*Structural chromosome aberrations: ctg, chromatid gaps; ctb, chromatid breaks; cte,
chromatid exchanges; csb, chromosome breaks; cse, chromosome exchanges.
Red figures indicate positive responses.
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the colony formation assay using a Chinese hamster cell line CHL'. The chromosome
aberrations (CAs) were investigated in CHL cells treated with the NMs for 24 or 48
h'. In the 13-week repeated dose test, six rats per group were intratracheally sprayed
with the NMs in a 0.2 ml portion of test suspensions once a week for 13 weeks. One
week after the last administration, rats were subjected to an autopsy and lungs were
fixed for histopathological examinations. We used ANOVA to test the significance of
differences between treated groups and their controls in data on body weight, relative
organ weight, and hematology with post hoc comparisons made using the Dunnett test.

Results

The mean diameter of silica, silver, and zinc oxide in suspension was 54.2, 159.2,
and 183.8 nm, respectively. The 50% growth inhibition concentra- tion of them was



