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ABSTRACT : Liposomal drug delivery system, a promrsmg lipid-based nanoparticle
technology, was used in the present work to - encapsulate - a lipophilic non-steroidal
anti-inflammatory drug, piroxicam. A simple proliposomes method was optimised for rapid
production of blank and drug-loaded liposomes. Various in-vitro techniques were selected,
modified and validated for the evaluation of drug entrapment and size profiles of
prepared liposomal samples. In the present study, a rapid and specific isocratic High
Performance Liquid Chromatography (HPLC) method was successfully developed
and employed for quantification of piroxicam in prepared liposomal samples.
Dimethylsulfoxide was tested to be the most appropriate solvent system for liposomal
samples preparation. Results showed that Pro-lipo™ Duo allowed higher amount of
piroxicam to be entrapped into liposomes and gave a higher percentage of entrapment
efficiency when compared to Pro-lipo™ C. However, Pro-lipo™ C produced smaller and more
homogenous liposomes samples compared to those using Pro-lipo™ Duo. In conclusion,
current work successfully demonstrated optimised procedures in preparation and
evaluation of liposome-based drug delivery system for piroxicam.
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INTRODUCTION

Piroxicam (trade name: Feldene) is a potent non-steroidal anti-inflammatory drug with long
plasma elimination half-life (Canto et al., 1999; Rasetti-Escargueil & Grange, 2005).
Piroxicam has been prescribed for the treatment of a wide variety of human diseases
including rheumatoid arthritis, osteoarthritis and ankylosing spondylitis (Dalmora et al.,
2001; Martin, 2003). Despite its prominent analgesic, anti-inflammatory and anti-pyretic
properties, piroxicam has been associated with various adverse reactions including
gastrointestinal, hepatic and renal symptoms (Canto et al., 1999; Sweetman, 2007).
Piroxicam has also been reported for its slow absorption and low bioavailability when
administered orally (Tagliati et al., 1999). Due to these clinical drawbacks, a strategy to
reduce toxicity and increase pharmacological effect of piroxicam is deemed highly relevant.
Liposomal drug delivery system appears to be an ideal strategy to provide better therapeutic
efficacy and patient safety over existing drug formulations, mainly through alteration in
biodistribution of the entrapped therapeutic agent (Schilling & Metra, 1990; Story, 1991;
Hens & Romero, 2006). Liposomes are actually spherical nanoparticles comprising one
or more concentric lipid bilayers that fully enclose an aqueous interior (Xiang & Anderson,
2006; Elsayed et al., 2007). These microscopic vesicles are formed spontaneously
when phospholipids are dispersed in aqueous medium due to the hydrophilic interaction
of the lipid head groups with water (Vemuri & Rhodes, 1995).
For the past thirty years, a variety of procedures to load drug molecules into liposome
vesicles have been developed and summarized in several reviews (Vemuri & Rhodes, 1995;
Most of the preparation techniques such as reverse-phase
Sharma & Sharma, 1997).
evaporation, ether injection and freeze-thaw method are tedious in nature and required long
preparation time (Vemuri & Rhodes, 1995). In current work, an attempt has been made to
develop a new liposome-based drug delivery system for piroxicam using a simple technique
known as proliposomes method. The proliposomes method, which is based on conversion of
initial concentrated ethanolic phospholipids mixture into liposomal suspensions by addition
of excess aqueous phase, has been characterised by an extremely high entrapment efficacy
when compared to other methods based on passive entrapment (Perret et al., 1991; Turanek

et al., 1997).

MATERIALS AND METHODS
Materials

Pro-lipo™ Duo and Pro-lipo™ C, which contained 50 % and 40 % unsaturated soybean
phosphatidylcholine respectively and suspended in hydrophilic medium consisting of
glycerol and ethanol, were obtained from Lucas Meyer (France). Piroxicam,
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dimethylsulfoxide, glycerol and Triton X-100 were purchased from Sigma (USA).
Dichloromethane, chloroform, acetonitrile and sodium dihydrogen phosphate 1-hydrate
were from Merck (Germany). Methanol and ethanol are originated from Mallinckrodt
Chemicals (USA). Hydrochloric acid was purchased from J.T. Baker (Thailand). All solvents
and chemicals used were of analytical or HPLC grade.
HPLC method validation

HPLC method was validated by establishing basic analytical requirements of the system
performance to be appropriate for quantitative determination of piroxicam. Acceptance
criterions were set according to the current US FDA ORA laboratory procedure (2009).
Instrumentation and chromatographic condition

The HPLC system consisted of a Jasco (Japan) PU-980 Intelligent HPLC pump, Rheodyne
7125 (Cotati, USA) sample injector fitted with 50 µI sample loop, Jasco (Japan) UV-975
Intelligent UVNI Detector and Hitachi (Japan) D-2500 Chromato-lntegrator. A Jones
Chromatography Genesis C18 column (4 µm, 150 x 4.6 mm I.D.) (UK), fitted with a
· refillable guard column (Upchurch Scientific, USA) and packed with Perisorb® RP-18
(30-40 µm, pellicular) powder (Upchurch Scientific, USA), was used for the chromatographic
separation. The mobile phase consisted of 0.02 M sodium dihydrogen orthophosphate
1-hydrate and acetonitrile (53:47, v:v) was adjusted to pH 3.2 using 5 M hydrochloric acid,
and was delivered at a flow rate of 1 ml/minute. The detection wavelength was set at 360 nm
with a sensitivity range of 0.005 a.u.f.s. and the amount of piroxicam was quantified
using peak area.
Stock solution and standard preparation

A stock solution of piroxicam at 1 mg/ml was prepared by dissolving accurate amount of
drug in mobile phase and stored in airtight glass tubes protected against light. From stock
solution, the working piroxicam standard solutions at concentrations of 8, 4, 2, 1, 0.5, 0.25,
0.125, 0.0625 and 0.03125 µg/ml were prepared by serial dilutions with mobile phase.
Freshly prepared standard solutions were used to construct the standard curve daily.
System suitability

System suitability was assessed by six replicate analyses of the drug at a concentration
of 0.5 µg/ml. The acceptance criterion was ± 2.0% for the percent coefficient of variation
(% CV) for both peak areas and retention times.
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Detection and quantitation limits

Limits of detection (LOD) and quantitation (LOO) were estimated from the signal-to-noise
ratio. The detection limit was defined as the lowest concentration level resulting in a peak
area of three times the baseline noise. The quantitation limit was defined as the lowest
concentration level that provided a peak area with a signal-to-noise ratio higher than 10, with
precision (% CV) and accuracy (% error) within ± 2.0 %.

Linearity

Calibration curves (n = 6) were constructed by plotting the peak areas versus the
concentration of standard solutions. Linearity of method was assayed by analysing the
calculation of a nine-point linear plot in the range of 0.03125 - 8 µg/ml with six replicates,
based on linear regression analysis. The acceptable criteria set for linear regression
coefficient was :.!: 0.995.

Precision and accuracy

Both intra-day and inter-day validation were carried out. For intra-day precision and accuracy,
six replicates of each of the five selected concentrations (8, 2, 0.5, 0.125 and 0.03125 µgl
ml) were determined in a single day. For inter-day evaluation, analysis was carried out over
six sets of each of the selected concentrations (8, 2, 0.5, 0.125 and 0.03125 µg/ml), with a
calibration curve was constructed for each set of analyses. The acceptance criterion was set
at ± 2.0 % for precision (% CV) and ± 3.0 % for accuracy (% error).

Preparation and in-vitro evaluation of liposomes
Choice of solvent system

Dissolution of piroxicam in various types of organic solvents, namely dimethylsulfoxide,
glycerol, dichloromethane, chloroform, acetonitrile, methanol and ethanol, was
evaluated to select the most suitable solvent system for liposomal samples preparation.
Briefly, accurate amount of piroxicam was initially weighed into test tubes before different
types of solvent were added respectively to form 60 mg/ml drug solution. All duplicate drug
solution samples were mixed well at room temperature (25°C ± 2°C) before centrifugation at
12800 G for 15 minutes (MiniSpin® plus, Eppendorf, Germany) in order to sediment any of
the undissolved drug particle in solution samples (Mugabea et al., 2006).
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Liposomal samples preparation

Two types of commercially available proliposomes, namely Pro-lipo™ Duo and
Pro-lipo™ C, were used respectively to prepare the liposomal samples. These proliposomes
mixture were used as received and the method of preparation was in accordance to the
manufacturer's recommendation with some modifications. Firstly, a stock piroxicam solution
(60 mg/ml) was freshly prepared by dissolving piroxicam in dimethylsulfoxide. The stock
piroxicam solution was then added into selected proliposomes in a beaker with moderate
stirring (125 ± 25 rpm) for 60 minutes. This proliposomes mixture was then converted to
concentrated piroxicam-loaded liposomal suspension by drop-wise addition of distilled
water. This liposomal suspension was stirred (hydrated) continuously for 60 minutes at room
temperature before further dilution with distilled water. The proportion by weight of
Pro-lipo™: piroxicam solution: distilled water (hydration): distilled water (dilution) was 5: 1:
9: 25. The blank liposomes were prepared according to the same procedure except that
dimethylsulfoxide was used instead of stock piroxicam solution. All formulations were
produced in three batches respectively to ensure their reproducibility.
Drug entrapment analysis

Drug entrapment profile (entrapment capacity and efficiency) of liposomal samples was
evaluated using the following in-vitro techniques. Duplicate samples for analysis were
prepared from each of the three individual batches of liposomal samples (n = 6).
Total piroxicam determination

To determine the concentration of the total piroxicam in prepared liposomal samples, Triton
X-100 (0.2 % in final concentration) was added into the liposome suspensions in order to lyse
the liposome structure and release all entrapped drug (Mugabea et al., 2006). The mixture
was vortexed for 30 seconds (Barnstead!Thermolyne, USA) and diluted with mobile phase
before quantification using the HPLC method described in previous section.
Free undissolved piroxicam determination

Liposomal samples were first centrifuged at 12800 G for 15 minutes (MiniSpin® plus,
Eppendorf, Germany) to precipitate all undissolved and unentrapped hydrophobic drug. In a
separate pre-experiment study, longer duration of centrifugation (up to 60 minutes)
at 12800 G did not cause significant increment of total drug in sediment. This finding
suggested that current centrifugation-condition was sufficient to precipitate all undissolved
drug particle, while retaining blank liposomes, drug-loaded liposomes and dissolved drug in
the supernatant. The supernatant was then discarded and the remaining sediment was
reconstituted with mobile phase before subjected to HPLC analysis.
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Free dissolved piroxicam determination

Complete precipitation of liposomes and free drug particles (undissolved form) could be
achieved by ultracentrifugation method (Song et al., 2005). Liposomal samples were
ultracentrifugated at 300,000 G and 20 °C for 90 minutes using a TLA-110 rotor in Optima™
MAX-XP ultracentrifuge (Beckman Coulter, USA). The supernatant, which contained only the
dissolved drug (confirmed by the absence of appreciable liposomal particles using particle
size analyser), was then collected. These supernatant samples were diluted with mobile
phase before subjected to quantification using similar HPLC method.

Calculation

The drug-loading capacity in liposomal samples and the entrapment efficiency of piroxicam
were calculated using the following formulas.

Entrapment capacity

=

Total drug - Free undissolved drug - Free dissolved drug
Total Pro-lipo™

(µg piroxicam I g Pro-lipo™)

Entrapment efficiency = Total drug - Free undissolved drug - Free dissolved drug x 100
Total drug

(%)
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Particle size analysis
Size profile (particle size and size distribution) of prepared liposomal samples were determined
by photon correlation spectroscopy technique using Zetasizer Nano S (Malvern Instrument,
UK). The procedure for particle size analysis entailed dispersing 10 µI of liposomal samples
with 500 µI distilled water in a low volume disposable sizing cuvette. The particle size and size
distribution were measured by the instrument as ZAve and polydispersity index respectively.
For each formulation, two measurements were taken on two separate samples from three
individual bathes of liposomal samples.
Statistical analysis
Descriptive statistics and standard regression curve analysis (without forcing through zero)
were performed by use of Microsoft®Office Excel 2007 software (Microsoft, USA). Independent
samples t-test for comparison between two groups; and one-way analysis of variance
(ANOVA) followed by Tukey's multiple comparison test among groups were carried out using
SPSS 16.0 (SPSS Inc., Chicago). P values less than 0.05 (P<0.05) were taken as the limit
of significance.

RESULTS AND DISCUSSION

HPLC method validation
Validation was a basic requirement to ensure the quality and reliability of results obtained
from a particular HPLC method used in quantitative measurement of analyte (Ermer, 2005).
In this study, a newly developed isocratic HPLC-UV method was successfully validated for
the determination of piroxicam in prepared samples. This rapid and specific HPLC method
used a simple mobile phase composition that was easy to prepare with little or no variation.
On top of that, this method had a rapid run time (s 7.5 minutes) and relatively low flow rate
(1 ml/min) which allowed the analysis of large number of samples with less mobile phase that
prove to be cost-effective.
Chromatogram (Figure 1) showed that the piroxicam peak, with a retention time of 5.2 minutes,
was well resolved and free of interference. The % CV of peak area and retention time was
1.9 % and 0.1 % respectively, indicating the suitability of the system for good and reproducible
determination of piroxicam. The LOD was found to be 0.007813 µg/ml, whereas the LOQ,
being lowest concentration used in the construction of calibration curves with % CV and %
error less than 20 %, was determined as 0.03125 µg/ml. Standard calibration curves (n 6)
showed good linearity over the range of concentration used (Table 1). In both intra-day and

=
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inter-day analysis, all validation data obtained, satisfy the requirement of within 2.0 % for %
CV and % error (Table 2), hence ensuring an accurate and precise quantification of piroxicam
in tested solution samples.

Table 1. Results of regression analysis of the linearity data for piroxicam

Analysis

Mean (n =6)

S.D.

%CV

Correlation coefficient

0.9999

0.0001

0.0108

Intercept

0.0012

0.0077

654.0128

Slope

6.5384E·06

2. 78187E-07

4.2546

N

.

"-

Piroxicam

I

I

I

I

I

I

I

I

I

I

I

I

Figure 1. HPLC chromatograms of (A) mobile phase and (B) piroxicam. Retention
times in minutes were shown
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Table 2. Intra-day and inter-day reproducibility data for piroxicam solution

Analysis

Nominal

Measured Concentration

Concentration

(µg/ml)

Precision

Accuracy

(% CV)

(% error)

(µg/ml)

Mean (n = 6)

S.D.

0.03125

0.03072

0.00056

1.83156

-1.69050

0.125

0.12670

0.00230

1.81744

1.36125

0.5

0.50976

0.00920

1.80518

1.95209

2

2.02719

0.03876

1.91200

1.35948

8

7.89640

0.03389

0.42921

-1.29503

0.03125

0.03166

0.00051

1.60536

1.30257

0.125

0.12559

0.00240

1.90833

0.47171

0.5

0.49571

0.004234

0.85419

-0.85817

2

2.00490

0.010627

0.53005

0.24505

8

8.03809

0.039162

0.48720

0.47612

Intraday

Interday

Choice of solvent system

The use of a solvent system was of crucial importance for preparing liposome encapsulated
lipophilic drugs such as piroxicam (Lucchetti et al., 1996). Organic solvents had been
reported for their capability to facilitate uniform and molecular dispersion of lipids and
lipophilic compounds among themselves. Hence, the encapsulation of drugs in liposomes
could be facilitated (Vemuri & Rhodes, 1995; Sharma & Sharma, 1997). However, when
selecting a solvent system for a given process, it was important to keep in mind the purity,
solubility and safety limits of the solvent (Vemuri & Rhodes, 1995).
In this part of study, dimethylsulfoxide, dichloromethane and chloroform were short-listed
based on their effectiveness in dissolving piroxicam. No sediment was observed in the
centrifuged clear yellowish piroxicam solution samples, indicating that drug was completely
dissolved in these organic solvents (confirmed by the absence of sediment even when
duration of centrifugation was prolonged up to 60 minutes). Based on our literature review,
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dimethylsulfoxide was deemed as the most suitable solvent for preparing piroxicamloaded liposomes in the current project. Being one of the strongest aprotic organic solvent,
dimethylsulfoxide was miscible in water and relatively less hazardous when compared to
the halogenated hydrocarbon solvents: dichloromethane and chloroform (Mallinckrodt,
1997, 1998a,b). Literature had also reported that dimethylsulfoxide was particularly useful in
preparation of liposomal sample for compounds which were poorly-soluble in aqueous
solution (Szoka, 1991).

Drug entrapment profile (entrapment capacity and efficiency)

Piroxicam was incorporated within the lipid bilayers of liposomes due to its lipophilic nature
(Lucchetti et al., 1996). Nevertheless, the effectiveness of drug-loading into the
compartmentalized system of liposomes was largely dependent on the type and
compositions of lipid, buffer contents and preparation procedures used (Vemuri & Rhodes,
1995; Basu & Basu, 2002). Data obtained in current study showed that both entrapment
capacity (actual amount of piroxicam which was able to be loaded into liposomes) and
entrapment efficiency (percent fraction of total input piroxicam which successfully been
entrapped in liposomes) for Pro-lipo™ Duo were significantly higher than Pro-lipo™ C
(Table 3).

Table 3. Drug entrapment profiles for Pro-lipo™ Duo and Pro-lipo™ C (n=6 ± S.E.M.)

Entrapment capacity

Entrapment efficiency

()Jg piroxicam lg Pro-lipo™)

(%)

Duo

728.7 ± 41 .9 a

14.1 ± 0.9 8

c

490.0 ± 85.1 D

8.7 ± 1.4°

Type of Pro-lipo™

Values with different alphabetical superscripts differ significantly at p<0.05 between each
other for the same entrapment profile (Independent samples t-test)
These findings indicated that Pro-lipo™ Duo was relatively more effective in preparing
piroxicam-loaded liposomes. Better entrapment profiles of Pro-lipo™ Duo could be
attributed by its relatively higher unsaturated soybean phosphatidylcholine content, as
suggested by Turanek et al. , (1997). This higher amount of phosphatidylcholine in the
proliposomes mixture resulted in a larger surface area for drug interaction during the stirring
and hydration process. In addition, the presence of a larger drug-loading volume in lamellar
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phase of liposomes prepared using Pro-lipoTM Duo would in turn lead to a proportionally
higher amount of piroxicam to be successfully entrapped.

Liposome size profile (particle size and size distribution)
Another critical parameter in preparation of liposomes for drug delivery was the particle size
profile. The vesicles size would influence the extent of drug encapsulation in liposomes (Sharma
& Sharma, 1997). It had also been reported that the size of liposomes would affect the
effectiveness of entrapped drug interaction with cells, as well as its circulation half life and
bioavailability (Elorza et al., 1993; Chen & Langer, 1998). Results for particle size analysis
were presented in Table 4.
Table 4. Particle size profiles for Pro-lipo™ Duo and Pro-lipo™ C (n

=12 ± S.E.M.)

Piroxicam

ZAve

(mg/ml)

(nm)

0

389.6 ±3.6 a

0.483 ± 0.008 a

1.5

355.9 ±8.0 D

0.454 ± 0.012 80

0

303.0 ± 5.2 c

0.429 ± 0.007 °

1.5

291.9±11.4c

0.417 ± 0.024 D

Type of Pro-IipoTM

Polydispersity index

Duo

c

Values with different alphabetical superscripts differ significantly at p<0.05 between each
other for the same particle profile (ANOVA followed by Tukey's test)

In general, all samples (blank and drug-loaded liposomes) prepared in the current work
using both types of Pro-lipo™ posed sufficiently small particle size in the nanometer range
and relatively narrow size distribution. However, data showed that liposomes formed
using Pro-lipo™ Duo was significantly bigger in particle size and size distribution compared to
those prepared using Pro-lipo™ C. This discrepancy could be attributed to the differences of
phosphatidylcholine and hydrophilic medium content in these two proliposome mixtures.
Higher concentration of phosphatidylcholine in Pro-lipo™ Duo allowed an increased number
of lipid bilayers formed during preparation of these multilamellar vesicles. On top of that,
liposomes prepared using Pro-lipo™ Duo could be subjected to relatively less vigorous shear
force during stirring and hydration period due to its more viscous drug-proliposomes mixture.
As a result.the final liposomal samples prepared using Pro-lipo™ Duo had bigger particle
size and were less homogenous.
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This study also revealed that the encapsulation of piroxicam in liposomes caused
decrement in particle size and polydispersity index. As drug particles were
incorporated within lipid bilayers of liposomes, the bonds that held successive bilayers
decreased. In turn, the vesicle which had a looser packing would caused the liposomes to
have a smaller particle size and a relatively more homogenous sample (Fa et al., 2007).

CONCLUSION

Current work successfully demonstrated optimised procedures which were simple and
practical for the preparation and in-vitro evaluation of piroxicam-loaded liposomes. In
summary, preparation of liposomes using Pro-lipo™ Duo was able to yield liposomal samples
with better drug entrapment profile. On the other hand, Pro-lipo™ C yielded smaller and more
homogenous blank and piroxicam-loaded liposomes.
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