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Introduction
Piroxicam (PRX) is a non-steroidal anti-inflammatory drug that 

is most widely used in the treatment of rheumatic conditions like 
inflammation, pain due to injury, menstrual cramps, arthritis, and other 
musculoskeletal conditions and non-rheumatic conditions like biliary 
and ureteric colic, dysmenorrheal inflammation and fever [1]. PRX 
acts by inhibiting two cyclooxygenase isozymes (COX-1 and COX-2) 
which catalysis the prostaglandins (PG) synthesis. PG mediates many 
physiological functions of the body, including control of blood pressure; 
control  of respiratory  and  gastrointestinal tract smooth muscles [2]. 
COX-1 is involved in maintaining the physiological function of the 
gastrointestinal and renal tracts where as COX-2 participates in the pain 
and inflammation [3]. Anti-inflammatory actions of PRX are due to the 
inhibition of COX-2 only whereas the inhibition of COX-1 leads to the 
unwanted side-effects like dyspepsia, heartburn, nausea and vomiting 
[4]. In fact a very low oral bioavaibility of PRX was observed due to its 
poor water solubility nature. Hence, there is a considerable interest in 
developing new formulations of PRX to improve its oral absorption rate 
as well as to target COX-1specific [5].

Nanotechnology has given a path breaking directions to 
pharmaceutical formulations. One of the major features is the synthesis 
of drug delivery systems at nano size, this permits the drug molecule 
easy accessibility into typical anatomical sites by escaping phagocytosis 
and entering tiny capillaries. Formulation of nanometer sized drug 
particles with large surface area and stabilized by polymers arises as an 
attractive and efficient approach to enhance the dissolution rate of poorly 
soluble drugs [6,7]. In this regard biopolymers are more attractive as 
they proven to be biocompatible, biodegradable, non toxic nature and 
non antigenecity [8]. In addition these polymers can effectively deliver 
the drug to target site therefore increasing the therapeutic benefit and 
minimizes the side effects [1,9,10]. 

Recently, protein nanoparticles (NPs) especially albumin nano 
particles have drawn significant attention in the drug delivery as a novel 
drug carrier due to their high drug binding capacity and negligible side 
effects [11-14]. A wide variety of compounds can be entrapped using 
albumin as it carries charged amino acid moieties which allow the 
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Abstract
Protein nanoparticles offer improved delivery of drugs particularly targeted delivery to specific cells by ligand 

attachment, sustained and triggered release. Non steroidal anti-inflammatory drug (NSAID), Piroxicam (PRX) is one 
of the most widely used drug for treating pain and inflammation. But despite its potent analgesic action it has few 
draw backs like low absorption rate due to poor water solubility and side effects due to non specific inhibition of 
Cyclooxygenase enzymes. In this context here, we report a new PRX self-assembled nano sphere delivery system 
developed from bovine serum albumin (BSA) using a very simple, rapid and reliable method, desolvation. Synthesized 
nanoparticles were characterized by particle size distribution, zeta potential, polydispersity index, FTIR, scanning 
electron microscopy and in-vitro release studies. The formulated BSA-PRX nano particles exhibited a uniform spherical 
shape with an average size of 388.7nm. In vitro release behavior of the drug from BSA conjugate suggests that about 
50% of the drug was released during first 3h and 85% after 18h.

electrostatic adsorption of positively and negatively charged molecules 
to its surface. In the blood albumin plays a major role for transporting 
macromolecules to the target organs; perhaps this also makes the 
albumin a potential macromolecular carrier for the target drug delivery 
systems [14]. 

Desolvation technique for amphiphilic macromolecular cross 
linking is commonly used for the preparation of protein drug NPs 
[15]. Desolvation is a thermodynamically driven self-assembly process 
by which drugs get encapsulated into polymers yielding nano sized 
particles [16]. The size of the particle depends on the preparation 
conditions like protein content, pH, ionic strength, concentration of 
cross- linking agent, agitation speed and amount of desolvating agent 
[17]. Cross-linking is the major step in the desolvation step and involves 
three stages: protein dissolution, protein aggregation and protein 
deaggregation. Alcohol, the desolvation agent maintains the aggregate 
size and glutaraldehyde makes the cross linkage. Desolvation technique 
only can give nanospheres as final product as it deaggregates protein 
colloidal suspension into milky white appearance. Both hydrophilic 
and hydrophobic drugs can be encapsulated in to nano spheres or nano 
particles using this technique [18,19].

The prominent aim of this research was to study the entrapment 
phenomenon of a poorly soluble drug PRX into bovine serum albumin 
(BSA) and formulating into nano spheres by a very simple desolvation 
technique. Therefore, BSA-PRX NPS will not selectively target COX-
2 and avoids adverse reactions. The physico chemical parameters and 
morphology of the BSA loaded PRX were characterized. The interaction 
between BSA and PRX was studied by using FT-IR spectroscopy. Particle 
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and [PRX]final is the final concentration of Piroxicam in supernatant. 
Measurements were recorded in triplicate and the mean value ± 
standard deviation was reported.

In- vitro drug release studies

Lyophilized nano particles were accurately weighed and dispersed 
to the original volume in phosphate buffer pH 7.4. Release pattern 
of PRX from BSA-PRX NPs was observed by using Dissolution 
apparatus USP type 1 (Basket). It consists of a cellophane tube tied 
with a dialysis membrane that kept in basket type apparatus and the 
basket contains PBS (pH 7.4). The BSA-PRX NPs were placed inside 
the dialysis membrane and drug release studies were carried at room 
temperature. The samples were withdrawn periodically and measured 
for PRX concentration. The volume of dissolution medium was kept 
constant by the addition of PBS for every sample collection. The same 
procedure was followed for both drug and formulation for about 36h. 
The experiments were carried in triplicate and results are reported as 
the mean ± standard deviation.

The mechanism of the release pattern of the active ingredient from 
the formulation was analyzed by mathematical modeling. Dissolution 
data was investigated with models including zero order, first order, 
Higuchi, Korsemeyer-Peppas, Hixson-Crowell, Hopfenberg, Baker - 
Lonsdale, Makoid-Banakar, Weibull and Gompertz using the software 
DD solver [21].

Results and Discussion
Though Silva et al., reported the preparation and characterization 

of BSA-PRX and HAS- PRX microspheres by sonochemical method 
[1] and other researchers [24-26] demonstrated the feasibility of 
synthesizing PRX NPS but still there is a scope for the development of 
fast, effective and reliable NPs to effectively deliver the PRX at the site 
of action. Therefore in this present work the formulation and evaluation 
of BSA entrapped PRX nanospheres was demonstrated using a very 
simple and rapid method, desolvation in order to achieve therapeutic 
benefits like enhancing the absorption and site specificity of PRX.

Preparation and characterization of BSA PRX NPs

The BSA PRX NPs were prepared by desolvation method and cross 
linked with glutaraldehyde. The average hydrodynamic size of PRX-
loaded BSA NPs was 388.7 nm (Figure 1A). This was larger than the size 
of 27.9 nm measured by SEM, which may be due to the shrinkage of the 
particles during dehydration. The poly dispersity index (pdi) was found 
to be 0.419, indicating the presence of different sized nanoparticles, 
which is consistent with SEM micrographs. The difference between 
SEM and particle size analyzer is consistent with the previous reports. 
The particle size and surface charge of NPs is very important for their 
recognition or non recognition by the defense mechanism of body. 
Therefore, we measured the zeta potential of the BSA-PRX NPs (Figure 
1B). Zeta potential value obtained for BSA NPs and BSA-PRX NPs 
are – 15.4 and – 26.5 mV, respectively. The negative sign indicates the 
alkaline nature of the pH and negative charges on the nano spheres. The 
potential difference suggested an increased stability of BSA NPs due 
to the interaction between PRX and BSA. The stabilty of the collioid 
system is mostly depends on the negatively charged particles and 
prevention of coulombic repulsive forces between the particles from 
agglomerating in the colloid state [21,27]. A minimum zeta potential 
value of – 20 mV is highly desirable in case of combined electrostatic 
and steric stabilization of nanoparticles [28]. 

FTIR spectra of pure PRX, BSA and BSA-PRX and BSA-PRX NPs 

size, polydispersity index (PDl) and zeta potential of nanospheres were 
evaluated by photon correlation spectroscopy (PCS). The scanning 
electron microscopy (SEM) was used to study the morphology of 
microspheres. The entrapment efficiency of PRX in nanospheres was 
assessed and the In-vitro release profile was evaluated. 

Materials and Methods 
Chemicals

 Piroxicam (PRX), fatty acid free bovine serum albumin (BSA), 
ethanol and glutaraldehyde were purchased from Sigma Aldrich, India. 
All of other chemicals and reagents of analytical grade were obtained 
from Merck India.

Preparation of BSA PRX nanoparticles

 PRX loaded BSA nanoparticles were prepared by ethanol 
desolvation method according to Marty et al 1978 [20]. Briefly, in 2 
mL Phosphate buffer (pH 7.4), PRX (20 mg) and BSA (200 mg) were 
incubated overnight at 37oC. Then the pH of the solution was adjusted 
to 8.0 with 1N NaOH and was stirred for 5 minutes. This aqueous phase 
was desolvated by drop wise addition of ethanol at constant stirring till 
the solution turns turbid and opalescent. Glutaraldehyde solution (100 
µl of the 8%) was used to cross link and stabilize the BSA loaded PRX 
NPs. The resultant solution was kept for stirring overnight, centrifuged 
at 15000rpm; the pellet was collected, lyophilized and stored at 4oC 
[21,22].

Characterization of PRX loaded BSA nano particles

 The size and the zeta potential of BSA-PRX NPs were 
measured by Photon Correlation Spectroscopy (PCS) using a Malvern 
Zeta sizer 3000 HS with He-Ne laser (633 nm) at a scattering angle of 
90oC. The interaction between BSA and PRX was studied by using FT-
IR spectroscopy using potassium bromide (KBr) pellet technique. In 
which, samples were mixed in a mortar with KBr (1:100) and pressed 
in a hydraulic press (9 tons) to small tablets and then analyzed by 
transmittance technique with 4 cm-1 resolution. The spectra of free BSA, 
pure PRX, BSA-PRX suspension and BSA-PRX NPs were recorded on 
a Perkin Elmer FT-IR spectrometer (Perkin Elmer, India) in a range of 
about 400– 4000 cm-1. The morphology and size of the PRX loaded BSA 
nanoparticles was studied by Scanning Electron Microscopy (SEM) 
(JEOL JSM 670F-6701) at a voltage of around 3 keV.

Spectroscopic determination of Piroxicam

Quantitative determination of PRX was determined by visible 
spectroscopy according to Azmi et al 2009 [23]. The stock solution of 
PRX (1.6 mg/ml) was prepared in ethanol and stored at 4oC. To the 
aliquots stock solutions of PRX (0.05 to 1.0 mL) 1.0 mL of 0.005 M 
ferric sulphate solution was added and diluted up to 10 mL with ethanol. 
Absorbance was measured at 504 nm using Thermo Evolution 201 UV 
visible spectrophotometer. Calibration graph was plotted, regression 
equation was fitted and correlation coefficient value (R) was calculated. 

Entrapment efficiency of Piroxicam

The amount of PRX entrapped into BSA-PRX nanospheres was 
measured by visible spectrophotometry at 504 nm. The entrapment 
efficiency of PRX was determined as follow:

( ) [ ] [ ]initial final
Entrapment 

initial

PRX PRX  
PRX % X100

[PRX ]
−

=
                 

(1)

Where [PRX]initial is the initial concentration of Piroxicam used 
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are shown in Figure 1C. In the NPs spectrum, the N-H stretching 
can be found at 3462 cm-1, the C=O stretching at 1660 cm-1, the OH 
bending at 1631 cm-1, the C=N stretching at 1530 cm-1, the SO2 
asymmetric stretching at 1334 and 1365 cm-1 and the SO2 symmetric 
stretching at 1174 cm-1. While the NH stretching in bulk PRX and in 
coarse suspension is at 3402 cm-1, in the nanosuspension is at 3462 cm-

1, the C=O stretching shifted from 1681to 1660 cm-1. The spectrum of 
PRX showed strong absorption of –C=O and –CONH between 1550 
– 1750 cm-1. BSA shows –CONH- streching frequency between 1600 
– 1700 cm-1. The spectra of BSA-PRX NPs showed a significant shift in 
the a characterisitic carbonyl (1661 cm-1) streching frequency region, 
suggesting an interaction between the protein and drug. 

SEM of BSA-PRX NPs is shown in Figure 1D, which appeared as 
spherical in shape with smooth surfaces and nearly uniform in size. 
The size of the NPs indicated by SEM was about 30 nm. In general the 
spherical shape of the nanoparticles maintains minimum contact with 
the aqueous environment and offers the longest diffusion pathways due 
to small specific area thus the highest potential for controlled release of 
encapsulated drugs [14].

Entrapment efficiency of Piroxicam

Entrapment efficiency is an important factor that reflects the 
amount of drug that entrapped in nano spheres in relation to the total 
amount of drug used [1]. At the chosen experimental condition, the 
encapsulation efficiency of PRX within BSA NPs was cacluated to be 
94.27 ± 0.62%. The % leakage of PRX due to colaescence and break 
up of emulsion droplets and drug diffusion from aqueous phase to oil 
phase was investigated upon storage at 4oC for 2, 4 and 8 weeks. The 
leakage was found to be less than 1% with neither alteration in physical 
appearance nor aggregation of the NPs. 

In- vitro drug Release studies

For class II drugs (poor solubility, high permeability) like PRX, 
dissolution rate very often controls the rate of oral absorption [29]. Both 
PRX and BSA-PRX NPs dissolution tests were studied and bulk PRX 
dissolution rate was compared with those of BSA-PRX NPs and the 
results depicted in Figure 2. From the figure, a rapid release of PRX at 
initial stages was observed in both pure and nano formulation. This may 

be due to the desorption and diffusion of PRX from the outer surface 
of nano particles [21,30]. It is always prefeered to have intial burst from 
the controlled drug delivery systems to attain threshold dose and elicit 
therapeutic action. After the initial rapid release BSA-PRX NPs shown 
a slow and sustained release continuously and the maximum drug 
was release in 30h. Whereas the pure drug had shown the initial burst 
release and was shown the maximum amount of drug release within 3h. 
The slow release pattern of nanoformulation after initial rapid release 
has been reported earlier and our system is consistent with literature 
and shows slow diffusion of PRX across the albumin matrix of the NPs 
[5,14,19,21,30]. To maintain the therapuetic safe concentrations for a 
stipulated time and to avoid the systemic toxic effects, always a slow and 
sustained release of drug form the formulation is required and highly 
desirable. Therefore, we suggest that the BSA-PRX nano formulations 
will offer an effective controlled delivery system with reduced systemic 
side effects and may also enhance the targeting efficiency to deliver 
drug into the target organ.

In-vitro drug release data was found to best fit Korsmeyer-Peppas 
 

Figure 1: (A) Particle size distribution (inset, appearance of BSA-PRX NPs) 
and (B) zeta potential of BSA-PRX NPs (C) FTIR spectra of bulk PRX, BSA, 
BSA-PRX suspension and BSA-PRX NPS (D) Scanning electron micrograph 
of BSA-PRX NPs.

Figure 2: In vitro drug release profile for bulk PRX and BSA-PRX NPS.

Figure 3: Experimental PRX release Vs predicted PRX release.
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with Tlag Model. It was confirmed with obtained R2 value > 0.99, 
suggesting diffusion as the principal mechanism of drug release. The 
Pareto plot drawn with experimental and predicted values showed a 
satisfactory correlation between both (Figure 3).

Conclusion
Developing protein nanoparticles as drug delivery devices emerged 

as a promising and efficient method for formulating various classes 
of drugs due to their biocompatibility, biodegradability and the slow 
release of drug in blood. In the present work, BSA-PRX nanospheres 
were successfully formulated by a very simple, fast and reliable method, 
desolvation process. The FTIR studies were performed for drug, protein, 
nano formulation, and for drug- protein sample and it was found 
that drug was entrapped in the protein NPs. In-vitro release profiles 
of free drug and nanoparticle suspension confirms that this colloidal 
drug carrier is capable of releasing drug in a controlled manner. The 
nanospheres have shown high stability in repetitive experiments 
carried up to 6 months. However, further studies involving In-vivo 
experiments are required to consider it as a drug delivery system on a 
commercial scale.
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