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ABSTRACT: In this article, we report a novel route for
the preparation of alginate-hydroxyapatite biocomposite.
Hydroxyapatite has been nucleated on alginate chains by
precipitation method to obtain a biomimetic artificial bone-
like composite. The composite was characterized by pow-
der XRD, FTIR, TGA, DTA, and SEM to ascertain its phase

homogeneity and particle size distribution. Hydroxyapatite
particles on alginate matrix are around 500-1000 nm in
diameter. © 2006 Wiley Periodicals, Inc. ] Appl Polym Sci 102:
5162-5165, 2006
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INTRODUCTION

Bone is a complex and highly specialized form of con-
nective tissue, which provides mechanical support to
the body as well as serves as a reservoir of minerals,
particularly calcium and phosphate. It is a good exam-
ple of dynamic tissue, since it has unique capability of
self-regenerating or remodeling to a certain extent
throughout the life without leaving a scar.' However,
bone degenerates due to polio, osteoporosis, rheuma-
toid arthritis, Vitamin D deficiency, etc. Hence, there is
an increase in the demand for materials that can poten-
tially replace, repair, or regenerate injured or diseased
bone. Bone is, in fact, among the most frequently trans-
planted tissues.>” For the last few decades, the focus of
research has moved toward the synthesis of new mate-
rials that mimic natural bone tissue.*” Both bioactive
ceramics and polymers have been developed for use as
tissue engineering scaffolds. Bioactive ceramics have
chemical composition resembling that of natural bone
but they are inherently brittle and have low biodegra-
dation rates, which limit their clinical uses.®? Biopoly-
mers, on the other hand, have distinct advantages over
the ceramic materials. The mechanical properties and
biodegradation rate of these polymers can be tailored
to a certain extent for specific applications. The low
manufacture cost of the biopolymers, related to their
large agricultural availability and renewability are an
additional advantage. Among the biopolymers, poly-
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saccharides have the widest medical applications due
to their nontoxicity, water solubility, or high swelling
ability induced by simple modification, stability to
pH variation, and a broad variety of chemical struc-
tures.'”'" Alginate, a naturally occurring polysaccha-
ride, is biocompatible, hydrophilic, and biodegradable
under normal physiological conditions.'*"?

Alginates are a family of unbranched binary copoly-
mers consisting of 1-4 glycosidically-linked B-p-man-
nuronic acid (M) and its C-5 epimer a-L-guluronic
acid (G) as shown in Figure 1.'*'® Alginates on binding
with monovalent ions are generally water soluble,
while bivalent cations like Ca** form hydrogels, which
are partially soluble in water.'® Alginate can be cross-
linked with calcium under very mild conditions, such
as at low temperatures and in the absence of any or-
ganic solvents. Calcium crosslinked alginate hydrogels
have been used in drug delivery and cell transplanta-
tions for decades. Moreover, alginate hydrogels have
been widely studied for Cartlla%e and bone regenera-
tion applications as scaffolds.'”'® With the aim of pre-
paring biomimetic composite, the direct nucleation of
hydroxyapatite (HAp) on alginate copolymers was
attempted, which is an excellent example of self-
assembling process. The term self-assembling process
refers to the assembly of building blocks of various
natures, from organic molecules and polymers to inor-
ganic entities in the form of tubes, sheets, and rods.'®
The driving forces behind assembling of such building
blocks are essentially hydrogen-bonding, van der
Waals, electrostatic forces and electron-transfer inter-
actions.”® In bone tissue engineering, deposition of a
matrix and subsequent mineralization are required for
the development of tissue to form the new bone.* In
this work, alginate chains were employed as a template
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Figure 1 Structure of alginate.

for the growth of the inorganic component, HAp, and
Ca ions present in the hydroxyapatite were exploited
to partially crosslink the alginate, which can later be
used as a scaffold for bone growth. There have been
reports of hydroxyapatite/collagen,” hydroxyapatite/
alginate,'® and hydroxyapatite/collagen/alginate®
composites being used as scaffold materials for bone
tissue engineering.

EXPERIMENTAL
Materials

All chemicals used were of analytical reagent grade.
Sodium alginate, liquor NH;, CaCl,, and NazPO, are
purchased from CDH, India. Chemicals were used
without any further purification.

Preparation of HAp-alginate composite

The direct nucleation of an apatite phase on alginate
copolymers was performed by the following precipita-
tion method. Two grams of alginate was taken in 100
mlL distilled water and stirred continuously, and 5 mL
of liquor NH; was added to dissolve the alginate. Once
a clear solution was obtained, 1 g of CaCl, was added.
After 30 min of stirring, 1.547 g of NazPO, was added
keeping Ca/P ratio 1.67. The solution was stirred over-
night at room temperature (25°C). The resultant solu-
tion was aged for a day. The precipitate was filtered
and dried at 50°C before characterization. The product
was characterized using powder X-ray diffraction (XRD),
Fourier transform infrared spectroscopy (FTIR), ther-
mogravimetric analysis (TGA), and scanning electron
microscopy (SEM).

IR spectra

The samples of the HAp-alginate composite and pure
alginate were dried in a vacuum oven at 50°C for 24 h,
before they were ground to a suitable size for IR analy-
sis with a Nicolet 5DX spectrophotometer.

XRD analysis

The ground samples of pure alginate and HAp-algi-
nate were characterized by X-ray diffraction (XRD).

The patterns were recorded with a Bruker D8 Advance
diffractometer using Ni-filtered Cu Ko radiation
(A =1.542 A) generated at 40 kV and 30 mA. The sam-
ples were scanned from 10° to 60° in 20 (where 0 is the
Bragg angle) in a continuous mode.

SEM observation

Morphological investigations of the composite and
pure alginate were carried out using Cambridge Ster-
eoscan 360 SEM. Pure alginate and HAp-alginate com-
posite were dried properly and coated with gold before
observing in the microscope. SEM picture has been
taken at different magnifications.

Thermal analysis

Thermogravimetric investigation of pure alginate and
HAp-alginate composite were carried out using Perkin-
Elmer TGA7 and DTA?7 system on well ground sam-
ples in flowing nitrogen atmosphere with a heating
rate of 5°C/min.

RESULTS

Powder XRD pattern of HAp synthesized by precipita-
tion method on alginate is shown in Figure 2(a). The
low degree of crystallinity shows that in situ nucleation
leads to the formation of very small nuclei and interac-
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Figure 2 XRD pattern of (a) HAp-alginate composite (b) com-
posite heated to 800°C.
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(a)
Figure 3 FTIR Spectra of (a) sodium alginate (b) HAp-alginate composite.

tion with the polymer prevents any further crystalliza-
tion of hydroxyapatite. Crystalline phase of hydroxy-
apatite appears when the composite was heated at
800°C as shown in Figure 2(b). The FTIR absorption
spectra, recorded for sodium alginate, and HAp-algi-
nate composite are shown in the Figures 3(a) and 3(b),
respectively. The FTIR spectrum of sodium alginate
shows a broad peak at 3433 cm ' representing the
hydroxyl groups. The peaks at 1621 and 1416 cm '
have been assigned to the asymmetric and symmetric
stretching of carboxyl groups. In Figure 3(b), the band
at 874 and 1639 cm ™! corresponding to the bending of
OH group and stretching of C=O groups of carboxylic
appear to be shifted. This is probably due to the inter-
action with the Ca atoms of the HAp with the oxygen
sites of alginate. In Figure 3(b), the band at 1032 cm ™"
corresponds to phosphate stretching and the bands at
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564 and 604 cm ' correspond to the phosphate-bend-
ing vibrations. TGA of sodium alginate and HAp-algi-
nate composite are shown in Figures 4(a) and 4(b),
respectively. TGA of sodium alginate shows loss of
water below 100°C. The two weight loss at 240°C
(around 35%) and 640°C (around 13%) indicates the
rupture of chains, fragments, and monomers resulting
in 25% residual. The TG curve of composite shows
broad transition, but the relative weight loss is the
same as that of pure alginate. The weight loss at 250°C
(around 10%) and 700°C (around 3%) shows the rup-
ture of alginate chains. SEM of sodium alginate and the
HAp-alginate composite are shown in Figures 5(a) and
5(b), respectively. The hydroxyapatite particles that
grow on the alginate surface are agglomerated as
shown in Figure 5(b). The size of the hydroxyapatite
particles are in the range of 500-1000 nm (1 p).
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Figure 4 TGA of (a) sodium alginate (b) HAp-alginate composite.
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Figure 5 Scanning electron micrographs of (a) alginate and (b) hydroxyapatite grown on alginate.

DISCUSSION

Sodium alginate is soluble in basic medium. Addition
of liquor NHj increases the pH to 9-10. Addition of
CaCl, to the above solution precipitates calcium algi-
nate. Calcium ions being divalent replace the monova-
lent sodium ions of sodium alginate. Na;PO, added to
the calcium alginate precipitates hydroxyapatite on the
alginate surface. A close examination of the PO, peaks
in the 500-600 cm " region of the FTIR and the broad
nature of the XRD pattern suggest that the apatitic
phase has an amorphous nature. The SEM of the com-
posite indicates that in HAp-alginate composite the hy-
droxyapatite particles are in the nanometer range.

CONCLUSIONS

We are able to develop a polymeric composite made
up of nanohydroxyapatite and alginate, which can be
used as scaffold for bone-tissue growth.'®?* HAp-algi-
nate composite was formed as a result of in situ nuclea-
tion of hydroxyapatite on alginate polymeric chain.
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the Department of Chemistry, Indian Institute of Technol-
ogy, New Delhi, India.
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