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Abstract

This research paper tells about sustained delivery of small molecular drug ciprofloxacin using hydroxyapatite hybrid poly
(vinyl alcohol) nanocomposites. Hydroxyapatite - poly (vinyl alcohol) nanocomposites are used as a vehicle to carry drug,
protein, implantable materials etc. In situ synthesized hydroxyapatite hybrid poly (vinyl alcohol) matrix was characterized
using different characterization techniques like XRD, SEM and FTIR. Small molecular drug ciprofloxacin was loaded into
hydroxyapatite hybrid poly (vinyl alcohol) nanocomposites. The morphology of drug free and drug loaded hydroxyapatite
concoction poly (vinyl alcohol) nanocomposites is observed using SEM. In-vitro drug release is quantified using UV/VIS

spectrophotometer.
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1. Introduction

Conventional form of drug delivery is not target specific
and release of drug to the target site is not sustained. Also
conventional drugs cause side effect and alternation in cir-
culating the drug level. Novel drug delivery will give steady
and complete drug release by polymer hybrid hydroxyapa-
tite (HAP) that will follow a membrane diffusion controlled
release mechanism [1]. In the past decade nanocomposites
designing and fabrication form different biodegradable
polymer and bioactive materials is an essential step to engi-
neer bone tissue [2]. Mineral phase of bone and teeth has
the chemical and structural similarity of bioactive ceramic
hydroxyapatite, chemical formula Ca, (PO,)(OH), also
gained much attention because of its biocompatibility, bio-
activity, osteoconductivity and osteoproductivity [3, A. 4].
The Ca** jons in hydroxyapatite (inorganic) hybrid with ~-OH
group of PVA (organic) will give more mechanical strength
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and osteoconductivity [5, 6, 7]. Because of large surface to
volume ratio, will give the properties of porous structure,
bioresorbability and ability to take in drug molecule in
the surface [8, 9, 10]. Ciprofloxacin C_H FN.O,, a small
molecular drug (MW 331.3415) is one of the broad spec-
trum antimicrobial carboxyfluoroquinoline agents which
have been demonstrate excellent in vitro activity against
both gram-positive and gram-negative bacteria [11, 12,
13, 14, 15]. Staphylococcus aureus, staphylococcus epider-
midis, pseudomonas aerrginosa and proteus mirabilis are
the few pathogens that cause osteomyelitis which can be
treated by ciprofloxacin, since the minimal inhibitory con-
centration of ciprofloxacin is low as 0.25-2 pg/ml [16, 17].
Hydroxyapatite hybrid PVA nanocomposites are synthe-
sized using biomimetic approach gives a good microporous
size to carry drug with sustained and pulsatile release [18].

In this paper, the adsorption and release behav-
ior of ciprofloxacin (Figure 1) which could interact with

6/28/2013 2:29:43 PM



6_5_39.indd 4654

®

H

Figure 1.1 Chemical structure of ciprofloxacin.

hydroxyapatite hybrid poly (vinyl alcohol) nanocomposites
was studied. Adsorption and release behavior of the drug
is performed using in vitro study. Characterization of HAP
hybrid PVA nanocomposites is validated using XRD, SEM,
and bonding of chemical compounds are analyzed using
FTIR. In vitro adsorption and release of the drug is vali-
dated using UV- VISIBLE spectrophotometer.

2. Materials

Ca (NO,), . 4H,O (calcium nitrate tertrahydrate) and
(NH,),HPO, (di-ammonium hydrogen phosphate) were
purchased from Merck, India. Polyvinyl alcohol was pro-
cured from Sigma Aldrich, India. Ciprofloxacin obtained
from a pharmacy, deionized water is obtained from Bharath
University, Chennai, India.

3. Synthesis of Polyvinyl Alcohol -
Hydroxyapatite Nanocomposites

Solution of 0.4M calcium nitrate tetrahydrate (Ca (NO,),
.4H,0) was added in deionized water (200 ml). The pH
of the solution (200 ml 0.4M calcium nitrate tetrahydrate)
should be maintained above 10. To maintain above >10 pH
add ammonia and water in the ratio 1:2. Prepare 200 ml
of 0.5% poly (vinyl alcohol) (MW 31,000-50,000 Da) solu-
tion at temperature 40 - 50°C. The prepared 200 ml 0.4M
calcium nitrate tetrahydrate (Ca (NO,),.4H,0) is added
to 0.5% 200 ml PVA solution drop wise with stirring. After
complete addition, stir both the solution calcium nitrate
tetrahydrate (Ca (NO,),.4H,0) and poly (vinyl alcohol)
for about 24hr at 30+£2°C. 24hr stirring will allow the bind-
ing of ~-OH groups of PVA with the Ca** ions. Solution of
0.156M di-ammonium hydrogen phosphate (NH,),HPO,
was added in 200 ml deionized water. The pH of the solu-
tion (200 ml 0.156M di-ammonium hydrogen phosphate)
should be maintained above 210.5. To maintain above
>10.5 add ammonia and water in the ratio 1:1. Completely
dissolved 200 ml 0.156M (NH,),HPO, was added to (Ca
(NO,), .4H,0) hybrid PVA solution at about 30+2°C with
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constant stirring. Complete addition of (NH,), HPO, to
(Ca (NO,),.4H,0) hybrid PVA solution the mixture was
washed with deionized water to remove most of the impuri-
ties, water soluble salts and to neutralize the pH. After three
days of washing the final product is kept at hot air oven for
a overnight at about 75-80°C. The oven dried mixture (Ca
(NO,),.4H,0) - PVA - (NH,),HPO, ) are characterized by
using XRD, SEM and FTIR characterization techniques.

4. Preparation Methodology for
0.15M NaCl

To prepare 0.15M NaCl solution,

Mass = required morality x required volume x molecular
weight of the compound / 1000

M =0.15x 1000 x 58.44 / 1000

M = 8.766 g in 1000 ml.

Take a 1000 ml beaker and mix 8.766 g of NaCl into
1000 ml double distilled water. This will give 0.15M NaCl
solution

5. Preparation of SBF (Synthetic
Body Fluid)

5.1 Materials Required

Sodium chloride (NaCl), sodium bicarbonate (NaHCO,),
potassium chloride (KCl), disodium hydrogen phos-
phate dehydrate (Na,HPO,)2H,O, magnesium chloride
(MgCl,) 6H,0, calcium chloride dehydrate (CaCl,) 2H,0,
sodium sulfate (Na,SO,), were from Merck, India and tris
(hydroxymethyl) aminomethane (TRIS) ((CH,0OH),CNH,
were purchased from HiMedia Laboratories Pvt. Ltd.

6. Preparation Methodology for
SBF (Synthetic Body Fluid)

For preparing 1 litter of SBF (Synthetic Body Fluid), first
add 700 ml deionized water in 1 liter beaker. 40 ml of 1M
HCI is required to prepare 1 liter of SBE Add first five
reagents according to the order given in the tabular col-
umn Table 1 to 700 ml deionized water. Before the addition
of sixth reagent add 15 ml of 1M HCI to 700 ml deionized
water. Sixth, seventh and eight reagent are added subse-
quently and raise the temperature to 37 °C. The remaining
25 ml 1M HCI solution is added to subsequent titration to
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maintain the pH of about 7.4 at 37 °C. Add another 300 ml
of deionized water to make it to 1000 ml during the titra-
tion process. This 1 liter of prepared SBF is stored in 5 °C
for about a month without degradation.

7. Adsorption of Ciprofloxacin
onto Hydroxyapatite - Poly
(Vinyl Alcohol) Nanocomposites

0.5 g of hydroxyapatite PVA nanocomposites powder is
mixed with 0.10% ciprofloxacin solution to investigate the
adsorption kinetics. The mixed combination of 0.10% drug
(ciprofloxacin) and 0.5 g of HAP-PVA is agitated at 120
rpm/min in a shaker and incubated at 25°C for 24 hours.
This is done to achieve the adsorption equilibrium. Time
intervals, samples were withdrawn from the suspension
and centrifuged at 2000 rpm for 10 min and the super-
natant is measured at 277 nm to find the amount of drug
adsorbed by the nanocomposites.

8. In vitro Drug Release

To achieve in vitro sustained delivery of drug (ciprofloxa-
cin) is performed using 0.15M NaCl as the release media
or SBF (Synthetic Body Fluid) as the release media. Here
we use 0.15M NaCl as the release media, because long
period in vitro drug release study is performed in 0.15M
NaCl medium. 100 mg of CFX-HAP-PVA is loaded into
test tube and then 4 ml of 0.15M NaCl is added. Then use
the shaker to shake the test tube at 25°C. After certain time
intervals, the test tube is centrifuged at 2000rpm/min for
about 10 min. After centrifugation the 3 ml of supernatant
was withdrawn for the validation by U-V VISIBLE spec-
trophotometer, wavelength of 277 nm to find the amount
of ciprofloxacin (CFX) released. Every 3 ml of withdrawal
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of supernatant, add new 3 ml of 0.15M NaCl fresh release
media.

9. Results and Discussion

9.1 XRD Studies

In Figure 1.2, a broad diffraction peak at 2 theta value
shows the conformation of HAP-PVA composites. The dif-
fraction peak analysis was carried out using Debye Sehere’s
equation: Average crystallite size (Xs) = 0.9A/FWHMcos0,
where 0.9 is the constant related with crystalline shape, A is
the wave length of the radiation, FWHM (Full width half
maximum) peak width in radians at half of the intensity
maximum. By calculating different peaks of (002), (211),
and (310), the average crystalline size is about 30-34 nm.

9.2 SEM and EDX Studies

Figure 1.3 shows the SEM (Scanning electron microscope)
image of oven dried hydroxyapatite hybrid poly (vinyl
alcohol). The image shows a thick film like structure,
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Figure 1.2 XRD of oven dried PVA-HAP composite.

Table 1. The composition of the reagent required to prepare SBF

Order Reagent Amount (gpl)
1. Sodium chloride (NaCl), 6.546 g

2. Sodium bicarbonate (NaHCO,), 2268 g

3. Potassium chloride (KCI) 0373 g

4. Disodium hydrogen phosphate dehydrate (Na,HPO,)2H,0 0.178 g

5. magnesium chloride (MgCl,) 6H,0 0.305¢g

6. Calcium chloride dehydrate (CaCl,) 2H,0 0.368 g

7. Sodium sulfate (Na,SO,), 0.071g

8. Tris(hydroxymethyl)aminomethane (CH,OH),CNH, 6.057 g
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exhibiting particle size of about (100-200 nm) in poly-
meric matrix.

9.3 EDX Analysis

In the given EDX (Energy dispersive X-ray spectroscopy)
Figure 1.4 shows the presence of Ca and P in the precipi-
tated PVA-HAP composite. The given HAP-PVA composite

20kV  X30,000 0.5pm

11 29 SEI

Figure 1.3 SEM image of oven dried PVA-HAP composite.
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gives the stochiometric ratio of about Ca: P + 1.62 shows in
the elemental analysis.

9.4 SEM Image with Microsphere

Figure 1.5 (a), (b), shows the SEM studies of the oven-dried
HAP-PVA composite powder that confirmed with micro-
spheres having diameter of about the range of 1-2 pm.

9.5 FTIR Studies

Figure 1.6 reveals the FTIR (Fourier transform infra-
red spectroscopy) spectra of oven dried hydroxyapatite
hybrid poly (vinyl alcohol). The spectra shows the absor-
bance bands at 3415.93 cm™ correspond to the presence
of hydroxyl groups in the system. Absorbance bands at
1647.21 and 1382.96 cm™ reveals the presence of C=0
and CH, asymmetric bending and bands at 1099.43 and
565.14 cm™ shows the presence of phosphate group in the
hydroxyapatite hybrid PVA nanocomposites system.

Element App Intensity Weight% Weight% Atomic%
Conc. Corrn. Sigma

OK 18.33  0.5891 60.74 1.16 77.28

PK 12.63  1.3255 18.61 0.73 12.23

CaK 10.39  0.9828 20.65 0.74 10.49

Totals 100.00

L
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Figure 1.4 Shows the EDX of as precipitated PVA-HAP composite.
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Figure 1.5 (a), (b), SEM images shows the HAP-PVA microsphere.
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9.6 In vitro Ciprofloxacin Release

Carrying and delivery of active drugs to the infection site
was frequently extended to resorbable and even to soluble
biomedical polymer. HAP and PVA has the ability to absorb
and release the drug ciprofloxacin also has the biocompat-
ible and nanocomposites which gives more advantage [19].
The given Figure 1.7 shows the release kinetics of cipro-
floxacin from HAP-PVA oven dried nanocomposites using
0.15M NaCl. Normal hydroxyapatite will show a burst
release in the initial stage. Coating of HAP by PVA shows
the sustained release of about 70% drug in 7days and 12
hours. This shows that bioceramic material hydroxyapa-
tite hybrid with biopolymer PVA nanocomposites help to
adsorb small molecular drug and gives shows a sustained
release in in-vitro analysis.

10. Conclusion

Novel drug loaded hydroxyapatite (HAP) coated poly
(vinyl alcohol) (PVA) microsphere have been synthesized
by biomimetic method and adsorption - release proper-
ties of drug ciprofloxacin was investigated. Interaction
of drug between ciprofloxacin and hydroxyapatite
hybrid poly (vinyl alcohol) surface and the release pro-
file obtained from UV analyses. Further this work can be
carried out by in vitro anti bacterial testing and coating
of CFX-HAP-PVA in to materials like titanium alloy for
controlled and targeted drug release by in vivo study can
be done.
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