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ABSTRACT

Processing parameters and mode of formation significantly influence the properties and
interfacial characteristics of composites. Drug loading and release profiles of two
hydroxyapatite-sodium alginates prepared through different routes were compared using two
anticancer drugs — Doxorubicin (DOX) and Methotrexate (MTX). Drug loading was carried
out at neutral pH, while in vitro drug release study was carried out in synthetic body fluid (SBF)
at pH 7.4 and 37 °C. The major peaks from the FTIR spectra show that the two synthetic routes
yielded composites with similar functional groups. The second synthetic route (2HASA)
presented higher DOX loading efficiency than the first synthetic route (HASA), while for MTX
2HASA loaded higher only at lower sodium alginate contents (HASA-5%and HASA 20%).
The release profiles for all the compared pairs have similarity factor (f2) above 50, indicating
that DOX release from composites prepared following the two synthetic methods have similar
release profiles. The drug loading efficiency showed that the second synthetic route (2HASA)
loaded higher than the first synthetic route (HASA), while the release profiles for the two
synthetic routes are similar.
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INTRODUCTION

Chemotherapy is one of the most important drugs with low therapeutic index (Kakde et
cancer treatments currently available al., 2011).

among the various approaches. The present

status of chemotherapy is far from being The success of chemotherapy depends on
satisfactory. Its efficacy is limited and the selection of an optimum carrier system.
patients suffer from serious side effects, These carriers include nanoparticles,
some of which are life-threatening nanotubes, nanorods, dendrimers,
(Marques et al., 2014). Conventional liposomes, microspheres and so forth
chemotherapy with anticancer drugs has no (Kakde et al., 2011). Polymers are used in
tumour selectivity and is randomly drug delivery because they have the ability
distributed in the body; resulting in severe to successfully encapsulate drugs, avoid
side effects associated with anticancer degradation of the drug, and enhance

specificity to the diseased cell, leading also
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to improved efficacy and reduced toxicity
of the chemotherapeutic agent (Allermann
etal., 1993).

Alginate has been widely exploited in many
controlled drug delivery applications,
protein delivery (Lee and Lee, 2009; Chan
and Neufeld, 2010; Wells and Sheardown,
2009) wound dressing (Murakami et al.,
2010; Balakrishnan et al., 2006) cell culture
(Bidarra et al., 2010; Wang et al., 2003)
tissue engineering and cell delivery (Silva
et al., 2008; Skaugrud et al., 1999;
Thornton et al., 2004). Sodium alginate has
the ability to delay the dissolution of drugs
from tablets, capsules, and aqueous
suspensions, and has been applied in the
preparation of  sustained release
formulations (Priya et al., 2013).

It has been shown that the drug loading
efficiency and controlled release behaviour
can be enhanced because of the synergistic
effect between biopolymer and inorganic

materials (Devanand et al., 2011).
HA/polymer nanocomposites have
attracted much attention since such

nanocomposite lead to improved properties
(Khaled et al.,, 2014) as a result of
improvement in the surface functionality of
the apatite (Venkatesan et al., 2011). Such
improvement has led to wide applications
of HA polymer nanocomposite in many
areas such as in drug delivery system (Raj
etal., 2013).

Processing parameters and mode of
formation significantly influence the
properties and interfacial characteristics of
composites. Therefore, suitable processing
parameters must be carefully selected in
order to yield the optimum composite
products (Ku et al., 2011). The aim of this
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study is to evaluate the effect of changing
the processing route of hydroxyapatite-
sodium alginate composite on its loading
and release profiles of two anticancer drugs
— Doxorubicin and Methotrexate.

MATERIALS AND METHODS

Preparation of sodium alginate (SA)
solutions

SA dissolves slowly in water. To prepare
1%wt of SA (based on the weight of
hydroxyapatite used), 20 mg of SA was
weighed in a 200 cm?® beaker, and 100 cm?
of distilled water was added onto it. The
mixture was stirred vigorously using
magnetic stirrer for about 30 minutes for
complete dissolution of SA. Exactly 110
mg, 520 mg, 1.04 g, and 2.14 g of the
alginate were subsequently measured in
order to prepare approximately 5%wt,
20%wt, 33%wt and 50%wt of the alginate
in the composite.

Preparation of hydroxyapatite-sodium
alginate composite (HASA) (first
synthetic route)

The in-situ preparation of HA in the
presence of SA was done according to the
method by (Rajkumar et al., 2010) with
some modifications. The calcium solution
(200 cm® was added in drops to a
separately prepared 100 cm?® of SA solution
(1%wt) while stirring vigorously. This
mixture was set on a magnetic stirrer, and
200 cm?® of 0.06M diammonium hydrogen
phosphate solution ((NH4)2;HPO4) was
added into it drop by drop with continuous
stirring. The stirring was continued for 24
h. The pH was maintained at approximately
10.5 throughout the experiment using 1 M
sodium hydroxide. The suspension was



then stored for another 24h at room
temperature for aging, after which the
precipitate was separated by centrifugation,
and subsequently washed with distilled
water thrice. The resulting gel-like paste
was dried at 60 °C for 24 h and then ground
using agate mortar to obtain fine powder.

The same procedure was repeated using
varying quantities of SA (5%wt, 20%wt,
33%wt, and 50%wt).

Preparation of hydroxyapatite-sodium
alginate composite (2HASA) (second
synthetic route)

To investigate the effect of order of
polymer addition, the procedure in the
preparation of HASA was repeated but with
first adding SA to the phosphate solution
before drop-wise addition to the calcium
solution. The prepared phosphate solution
(200 cm?® of 0.06 M) was added in drop-
wise manner to a 100 cm® separately
prepared SA solution (1%wt) while stirring
vigorously. The mixture was added drop by
drop to 200 cm® aqueous solution of
calcium nitrate tetrahydrate
(Ca(NO3)2.4H,0) (0.1 M) prepared earlier
with continuous stirring for 24 h. The pH
was maintained at approximately 10.5
throughout the experiment using 1M
sodium hydroxide solution. The suspension
was then stored for another 24h at room
temperature for aging, after which the
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precipitate was separated by centrifugation,
and subsequently washed with distilled
water thrice. The resulting gel-like paste
was dried at 60°C for 24 h and then ground
using agate mortar to obtain fine powders.
The procedure was repeated using varying
quantities of SA (5% wt, 20% wt, 33% wt,
and 50% wt).

Drug loading and In-vitro drug release
study

Drug loading was done according to the
method by (Raj et al., 2013). In-vitro drug
release study was done in a freshly prepared
synthetic body fluid (Kokubo et al., 1990)
at room temperature and pH 7. The
procedure and calculations were as
previously reported in our earlier work
(Onoyima et al., 2017).

RESULTS AND DISCUSSION

Comparison of Nanocomposites
Prepared by the two synthetic routes

The two synthetic routes involved changing
the order of addition of SA as described
earlier. The first synthetic route was
designated HASA, while the second
synthetic route was designated 2HASA.
Presented in Figure 1 are the FTIR spectra
of composite prepared by the first synthetic
route (HASA), and that of composite
prepared by the second synthetic route
(2HASA).
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Figure 1: FTIR Spectra of HASA composite prepared by first synthetic route (HASA) and
HASA composite prepared by the second synthetic route (2HASA)

From the FTIR spectra, it was observed that
the major peaks, which includes the O-H
stretching peak (3220.4 cm®), the C=0 and
C — O stretching peaks (1602.8 cm™ and
1401.5 cm™), the O-Ca absorption peak
(1341.8 cm™) (replacement of sodium ion
in sodium alginate by a divalent metal
(Azami et al., 2010) and the peak due to
PO4* stretching (1025.0 cm™) were present
in both formulations. This shows that the
two synthetic routes yielded two
nanocomposites with similar functional
groups. In other words, the composites
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Synthesized from both routes can be said to
be chemically the same.

The particle size and crystallite size of the
composites prepared by the two routes are
also shown in Figure 2. The crystallite size
and particle size decreased with increase in
the composition of SA for both synthetic
routes. The addition of the polymer leads to
inhibition on HA aggregation which leads
to decrease in particles size. The decrease
in the crystallite size of HA with addition of
polymer has also been reported for
HA/PVA (Rajkumar et al., 2010).
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Figure 2: Comparison of the effect of synthetic route on particle size and crystallite size of

Composites

The values ranged from 9.47 nm to 32.36
nm. There was also significant reduction in
particle yield as particle size decreased.
Materials with low crystallinity are
preferred for biomaterial purposes due to
their high in-vivo resorbability (Kucherov
et al., 2003)

Both crystallite size and particle size of
2HASA were consistently higher than those
of HASA. However, the difference
becomes less significant at higher sodium
alginate (SA) composition (HASA-33%wt
and HASA-50%wt). As was observed in
HASA, morphological characterizations
for all the formulations in 2HASA are
similar. In addition, the wvariation in
crystallinity and microstrain for both
methods are similar. Microstrain was the
dominant factor governing the solubility of
carbonated apatite (Baig et al,. 1999). From
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these results, both methods vyielded
nanocomposites with similar chemical and
physical characteristics except for slight
variation in sizes.

The comparison of loading efficiencies for
the two synthetic routes is shown in Figure
3 for DOX. For composites prepared with
5%wt of SA, the loading efficiency for the
first synthetic route was 63.42%% while
the second synthetic route was 69.39%; for
composites prepared with 20%wt of SA,
the loading efficiency for the first synthetic
route was 74.92%, while the second
synthetic route was 88.9%; with 33%wt of
SA, the loading efficiency for the first
synthetic route was 87.69%, while the
second synthetic route was 92.63%, and
with 50%wt of SA the first synthetic route
was 92.03% while the second synthetic
route was 94.74%.
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Figure 4: Comparison of loading efficiency of MTX in HA and the composites prepared by

the two synthetic routes

For MTX (Figure 4), the loading efficiency
for the first synthetic route using 5%wt SA
was 23.15% while the second synthetic
route was 24.89%; for composites prepared
with 20%wt of SA, the loading efficiency
for the first synthetic route was 17.09%,
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while the second synthetic route was
21.57%; with 33%wt of SA, the loading
efficiency for the first synthetic route was
17.01%, while the second synthetic route
was 15.02%, and with 50%wt of SA the



first synthetic route was 17.01% while the
second synthetic route was 12.01%.

The second synthetic route (2HASA)
presented higher DOX loading efficiency
than the first synthetic route (HASA).
However, for MTX (Figure 4) 2HASA
recorded higher loading efficiencies at
lower amount of SA (HASA-5%wt and

HASA-20%wt), but as the quantity of SA
was increased to HASA-33%wt and
HASA-50%wt, HASA was found to load
MTX more than 2HASA. DOX and MTX-
loaded composites from both routes also
displayed similar functional groups (Figure
5). This implies that both DOX and MTX
interacted with the composites synthesized
through both routes in similar manner
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Figure 6: Comparison of the release profiles doxorubicin from hydroxyapatite-sodium
alginate composites prepared from the two different methods.
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MTX has burst release from the composite,
hence only DOX release profile was
presented. DOX release profiles from
composites synthesized from the first
synthetic route (HASA) and second
synthetic route (2HASA) are presented in
Figure 6. The comparison was carried out
for composites when the same quantities of
precursors were used following the two
different routes. Each pair of these profiles
was subjected to similarity test (Zhang, et
al., 2010), in order to ascertain the
statistical equivalence or otherwise of the
profiles. The result presented in Figure 7
shows that the release profiles for all the
compared pairs have similarity factor (f2)
above 50, indicating that DOX release from
composites prepared following the two
synthetic methods have similar release
profiles. Two release profiles are similar if
50<F»<100 (Zuo et al., 2014). It has been
reported that the similarity or otherwise of
a HA-polymer composite depends of the
percent weight of the polymer in the
composite (Onoyima et al., 2017).

CONCLUSION

Comparison of composites synthesized
from both synthetic routes using FTIR
shows that they are chemically the same,
while method 1 had particles with larger
sizes. The drug loading efficiency also
showed that the second synthetic route
(2HASA) loaded higher than the first
synthetic route (HASA), while the release
profiles for the two synthetic routes are
similar.
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