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ABSTRACT
Nanoscale fluorescent materials have attracted much interest because of their increasing demand for
biomedical applications. For bioimaging and therapy the major concerns are their biodegradability and toxicity.
Due to these concerns conventional organic dyes and semiconductor quantum dots have limited applications in
biomedical areas. Hydroxyapatite is a calcium phosphate based bioceramic material which shows excellent
biocompatibility with hard tissues. Inorganic compounds doped with lanthanides are used as luminescent materials
for optical applications. In the present study, rare earth doped and co-doped nanohydroxyapatite (Eu: HA, Eu-Yb:
HA) were prepared by wet precipitation method by using CTAB as the organic modifier. The properties of
synthesized samples were characterized by X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-
IR), Scanning electron microscopy (SEM) and Photoluminescence spectra (PL). The cytocompatibility of the
samples were tested with human osteosarcoma cell lines (MG-63) using MTT assay.
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1. INTRODUCTION

The bioprobes that were designed earlier for imaging applications were fluorescent organic dyes. The
reduced quantum yield of the dyes at NIR wavelength and their limited photostability lead to the development of
new class of semiconductor nanocrystals called quantum dots (QD’s) for biological labelling. They posses some
superior optical properties such as size tuneable absorption and emission, high quantum yield in the NIR
wavelength and large two-photon action crosssections. In spite of these advantages they also have limitations like
serious toxicity problem. Major type of QD’s consisted of heavy metals and cannot be used as suitable agent for
cancer diagnostics etc. Hence to overcome these limitations it is necessary to design the biocompatible materials
with suitable luminescent properties for imaging applications.

Hydroxyapatite (HA), a calcium phosphate based ceramic mineral is well known for its biocompatibility
and bioactivity and is widely used for orthopaedic and tissue engineering applications. Another important property
of the apatite matrix is its potential to hold different ionic substitution in its matrix. The similarity between the ionic
radii of Ca?* with that of lanthanide ions can be used to enable luminescence to the inorganic matrix.

In the case of lanthanides the 4f electrons are shielded from the environment by the filled 5s and 5p shells.
As the luminescence properties of lanthanide ions are due to the transition within the 4f shell they are not affected
by the environment when doped into inorganic matrices and shows the similar absorption and emission spectra in
all host materials.

They also show high quantum yield in suitable host inorganic matrices than in organic environment. Thus
rare earth addition is an efficient way to import stable luminescence of long lifetimes ranging from microseconds
up to several milliseconds that can be efficiently used for biolabelling applications. Lanthanide ion shows unique
spectral properties such as large stokes shift and narrow absorption and emission spectra. In the present study
synthesis, characterization, luminescence and biocompatibility studies of rare earth ions doped HA nanoparticles
has been investigated.

2. MATERIALS AND METHODS

Calcium nitrate tetrahydrate (Ca(NOz3)2.4H,O Merck 98%), diammonium hydrogen phosphate ((NH4)2
HPO4, 99% Merck), CTAB (Ci9H42BrN, Loba Chemie 99%), Europium I1I nitrate hexahydrate, (Eu(NO3z)3.6H20,
Alfa Aesar 99.9%), Ytterbium 11 nitrate pentahydrate (Yb(NO3)3.5H,0, Sigma Aldrich 99.9 %) were used without
further purification. Deionized water was used as the solvent.

Rare earth doped HA samples were synthesized by wet precipitation method at room temperature using
CTAB as the organic modifier to control the crystallization. Solution A containing 0.6 M of (NH4).HPO. with
0.235 M of CTAB and solution B containing 0.2 M of rare earth along with 1 M of Ca (NO3)2.4H,0 were separately
brought to pH above 10 using ammonia. Solution B was stirred vigorously at room temperature and solution A was
added dropwise into it. The reaction mixture was stirred for one hour and the resultant suspension was aged for 24
hours. The resultant precipitate was separated from the suspension by centrifuging which was then washed with
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ethanol and water and then dried to yield white powder. In the case of Eu-HA the molar concentration of Eu was
0.02 and for co-doped samples Eu-Yb-HA the molar concentration of Eu and Yb were 0.02 and 0.2 respectively.
2.1. Cytocompatibility: The human osteosarcoma cell line (MG-63) was obtained from National Centre for Cell
Science (NCCS), Pune and grown in Eagles Minimum Essential Medium containing 10% fetal bovine serum (FBS).
The cells were maintained at 37°C in 5% CO,, 95% air and 100% relative humidity. Maintenance cultures were
passaged weekly, and the culture medium was changed twice a week. The monolayer cells were detached with
trypsin-ethylenediaminetetraacetic acid (EDTA) to make single cell suspensions and viable cells were counted
using a hemocytometer and diluted with medium containing 5% FBS to give final density of 1x10° cells/ml. One
hundred microlitres per well of cell suspension were seeded into 96-well plates at plating density of 10,000
cells/well and incubated to allow for cell attachment in 5% CO,, 95% air and 100% relative humidity at 37°C.
After 24 h the cells were treated with serial concentrations of the test samples. They were initially dispersed in
phosphate buffered saline and an aliquot of the sample solution was diluted to twice the desired final maximum
test concentration with serum free medium. Additional four serial dilutions were made to provide a total of five
sample concentrations. Aliquots of 100 pl of these different sample dilutions were added to the appropriate wells
already containing 100 pl of medium with or without cells (blank), resulting in the required final sample
concentrations. The medium without samples served as positive control and triplicate was maintained for all
concentrations. Following sample addition, the plates were incubated for an additional 48 h at 37°C in 5% CO,,
95% air and 100% relative humidity.
2.2. MTT assay: 3-[4,5-dimethylthiazol-2-yl]2,5-diphenyltetrazolium bromide (MTT) is a yellow water soluble
tetrazolium salt. Succinate-dehydrogenase is a mitochondrial enzyme in living cells which cleaves the tetrazolium
ring converting the MTT into an insoluble purple formazan. Therefore, the amount of formazan produced is directly
proportional to the number of viable cells.

After 48 h of incubation, 15ul of MTT (5mg/ml) in phosphate buffered saline (PBS) was added to each
well and incubated at 37°C for 4h. The medium with MTT was then flicked off and the formed formazan crystals
were solubilized in 100ul of DMSO (dimethyl sulfoxide) and then measured the absorbance at 570 nm using micro
plate reader. The absorbance of the test sample was normalized by subtracting with absorbance of respective
concentration of blank and the percentage cell viability was then calculated with respect to control as follows,

% Cell viability = [OD] Test / [OD] control x 100
Where OD is the optical density values of cells cultured.
2.3. Characterization: The XRD pattern of the samples were recorded using RIGAKU MINIFLEX 1l
diffractometer in the range 20° < 260 < 60° with Cu Ko radiation. The FT-IR spectra were recorded in the 4000-400
cmt region by using KBr pellet technique with the aid of a Perkin Elmer FT-IR spectrometer. The microstructure
of the samples was examined using a Hitachi S-3000H scanning electron microscope. The photoluminescence
spectra of the samples were recorded using Horiba Jobin Yvon Fluorolog3 Spectrofluorometer.

3. RESULTS AND DISCUSSION

3.1. XRD: The XRD patterns of the as-synthesized samples are shown in fig 1. XRD patterns of as-synthesized
samples were in good agreement with the JCPDS data of HA (JCPDS file no. 09-0432). All the three samples
contain HA as unique crystalline phase. The broad diffraction patterns of as-synthesized samples indicate the
nanocrystalline nature of the samples.

The crystalline parameters of the samples are given in Table 1. The lattice parameters (a and ¢) increased
with rare earth doping. The value of average crystallite size was calculated from XRD data using the Debye—
Scherrer approximation as 49, 46 and 23 nm for HA, Eu-HA, Yb-Eu-HA respectively. It was found that the Eu
doping causes reduction in the crystallite size and the degree of crystallinity. Simultaneous doping of both Yb**
and Eu®* further reduces the crystallite size and degree of crystallinity.

3.2. FT-IR: The FT-IR spectra of as-synthesized samples are shown in fig. 2. The FT-IR spectra of all samples
showed typical phosphate vibrational modes (v, vsand v4) of apatites. The band at 3570 cm™ was assigned to the
vibrational modes of hydroxyl groups (OH) in the hydroxyapatite. The band around 870 and 1420 cm™ are
attributed to the presence of carbonate ions. The band at 1630 cm™ in HA and Eu-HA and broad band between
3000-3600 cm™* were due to the presence of lattice water.

3.3. SEM: The SEM images of all samples are given in fig 3. The SEM observation shows the formation of
crystalline apatite particles in nanoscale regime. The uniform distribution of spherical shaped particles in the case
of HA indicates the role of the cationic surfactant CTAB on dispersion and morphology evolution of apatite
particles. Rare earth doping induced significant reduction in particle size and increased aggregation.
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3.4. PL Spectra: Fig 4 shows the PL spectra of pristine and rare earth doped samples. Upon excitation with 350
nm the samples exhibit luminescence in the visible region. Emission peak in HA is due the carbonate related
impurities'®. The peaks observed for sample Eu-HA are assigned to be *Do— F1 (586 nm) and °Do—F2 (616 nm)
characteristic transitions of Eu* ion'. The observed luminescence for sample Yb-Eu-HA is assigned to °Do—'Fo
(574 nm) transition of of Eu®* ion. Rare earth doped samples shows different emission peaks in visible region which
can be useful for imaging applications.
3.5. Cytocompatibility: The cytocompatibility of pristine and rare earth doped samples were tested with MG-63
cell line using MTT assay. Fig 5 shows the cell viability of the samples. Cytocompatibility was found to decrease
with increasing dosage of the sample. The cell viability was more than 85% for all the samples for different dosages
indicating the biocompatibility of the samples with human osteosarcoma cell lines and its suitability for biological
applications.

Table: 1 Crystalline parameters of the samples

Sample Lattice parameters (4) | Crystallite size Degree of Lattice
a c D (nm) crystallinity X. | distortion c/a
HA 9.692 6.844 49 3.0773 0.7061
Eu-HA 9.734 6.885 46 2.4900 0.7073
Yb-Eu-HA 9.788 6.944 23 1.2007 0.7094
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Fig.1.XRD spectra of the samples
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Fig.2.FT-IR spectra of the samples

Fig.3 SEM images of the samples
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Fig.4.PL spectra of the samples Fig.5.Cell viability of the samples with MG-63

using MTT assay

4. CONCLUSION

Biocompatible pristine and rare earth doped nano HA were prepared by wet precipitation method at room
temperature. The observed stable luminescence due to doping of rare earth ion in apatite matrix suggests the
suitability of the samples for bioimaging applications.
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