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Abstract: The use of nanotechnology in drug delivery is spreading rapidly. The nanocarriers have been
used for the enhanced delivery of a range of drugs. The present study was aimed at investigating the
application of ceramic nanoparticles called as aquasomes for the delivery of drug, piroxicam. Piroxicam
belongs to oxicam group of NSAID’s, commonly used for the treatment of arthritis. It is a BCS class II
drug, with low solubility. There is a need to improve the dissolution property of piroxicam in order to
enhance its therapeutic efficacy. Ceramic Nanoparticles were prepared by colloidal precipitation method.
The ceramic core was coated with polysaccharide, cellobiose, followed by adsorption of drug. The drug
loaded nanoparticles were evaluated for size, entrapment efficiency and drug release profile. The SEM
studies indicated that the formed particles were with nanometric dimensions (185 nm). 21% drug loading
was observed and more than 95% drug release was observed within 135 min in 0.1N HCl compared with
pure drug which released 89% in 90 mins. In vitro dissolution studies indicated that the piroxicam
ceramic nanoparticles released the drug in a controlled manner. Anti-nociceptive and anti-inflammatory
studies were performed with piroxicam cellobiose aquasomes. Paw edema method was employed for
assessing anti-inflammatory effect. The anti-inflammatory activity of aquasome formulation showed
quicker effect up to 3 h compared to pure piroxicam.
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Introduction:
Advances in drug discovery have led to an increasing number of new drugs great therapeutic potential.
However they are with poor water solubility and thus poor and variable bioavailability, esp via oral
administration. As most of the human body is made up of water, a drug must have certain water solubility and
thus an acceptable bioavailability level. Poorly water soluble drugs tend to be eliminated from the
gastrointestinal tract before they get the opportunity to fully dissolve and be absorbed into the blood circulation,
which results in low bioavailability and poor dose proportionality. Many approaches have been developed to
enhance the dissolution rate as well as bioavailability of poorly water soluble drugs, including modifications to
the drug substance itself and the creation of specific formulations [1].
The most commonly used approach is size reduction to micron level which results in a modest increase
in surface area that may not change the dissolution rate or saturation solubility to significantly impact
bioavailability [2].
Nanoparticle formulation technologies have provided the pharmaceutical industry with options for
addressing solubility and bioavailability issues associated with poorly soluble compounds [3]. One among them
is the aquasome technology, a ceramic based biodegradable nanoparticulate system. Aquasomes are spherical in
shape with 60–300 nm particles size. These are nanoparticulate carrier systems but instead of being simple
nanoparticles these are three layered self assembled structures, comprised of a solid phase nanocrystalline core
coated with oligomeric film to which biochemically active molecules are adsorbed with or without modification.
These structures are self assembled by non covalent and ionic bonds. The solid core provides the structural
stability, while the carbohydrate coating protects against dehydration and stabilizes the biochemically active
molecules. The delivery system has been successfully utilized for the delivery of insulin, hemoglobin, and
enzymes like serratiopeptidase etc [4].
Piroxicam belongs to the class of acidic, non-steroidal anti-inflammatory drugs and is a poor water soluble
drug, belonging to class II of Biopharmaceutics Classification System (i.e. low solubility and high
permeability). The dose of piroxicam is 10 to 20 mg daily and in acute conditions it can be administered up to
40 mg daily. It is well absorbed after oral administration. Peak blood levels are reached between three and five
hours, which are considered as not acceptable, if rapid release and instantaneous onset of action is desirable.
There is a need to improve piroxicam dissolution profile and in turn its bioavailability. Therefore, formulation of
piroxicam was attempted using ceramic nanoparticle system for oral drug delivery [5,6].
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Materials:
Piroxicam was received as a gift sample from Strides Arcolabs Ltd., Bangalore. Calcium Chloride dihydrate,
disodium hydrogen orthophosphate and cellobiose were purchased from SD Fine Chemicals Ltd., Mumbai,
India. All the other chemicals and reagents were of analytical grade.
Methods:
Preparation of aquasomes:
Ceramic nanoparticles or otherwise called aquasomes are prepared by a three-step method that consists of
production of nano cores, adsorption of cellobiose on core, and adsorption of active ingredient on sugar-coated
core.
For the preparation of ceramic core, previously used procedure [7] was followed. Disodium hydrogen
phosphate and calcium chloride were dissolved in water each separately and mixed. These were then sonicated
(2 h at 4°C) using bath sonicator to yield the colloidal precipitate [8, 9]. After sonication, the mixture was
centrifuged (15000 rpm) for 1 h. The supernatant was poured out and the precipitate was thoroughly washed
three times using double distilled water. The precipitate was re-suspended in distilled water (50 ml), and then
filtered through 0.2 µ membrane filter. The core was dried (100 ºC, 2 days). The percentage yield was
calculated [9-11].
Adsorption of polyhydroxy-oligomer, cellobiose on the ceramic core
The core particles (prepared as above) were coated with polyhydroxy-oligomer by adsorption method [12]
using sonication. Cellobiose was dissolved in double distilled water to which specific quantity of ceramic core
was added. The solution was sonicated using probe sonicator (30% pulse and 18 W) for 30 min. This suspension
was incubated for 3 hr time period (100 rpm, 25 °C). Non solvent (acetone, 1 ml) was added to the suspension
and allowed the sugar to get adsorbed on to core by keeping the solution aside for approximately 20 min. The
solution was then centrifuged (2000 rpm, 25 °C and 15 min). The supernatant was decanted; the sugar coated
core was washed two times with double distilled water and dried at 70 °C in a hot air oven. The sugar coated
core was quantified by tagging with the anthrone reagent and absorbance was estimated at max = 625 nm.
Quantification of cellobiose coating on core: Fifty mg of cellobiose coated core was precisely measured
and dissolved in 5 ml of distilled water. From this stock, 2 ml of the solution was taken and 5.5 ml anthrone
reagent was added and boiled (10 min, 100 °C). The solution was cooled rapidly and absorbance was estimated
at max = 625 nm [13, 14].
Drug loading
Piroxicam solution (1.5% w/v in acetone) was taken in a volumetric flask containing an accurately weighed
amount of sugar coated ceramic core (25 mg). The flask was stoppered and shaken vigorously at 130 rpm for 24
h to obtain three layered drug adsorbed aquasomes. The suspension was centrifuged at 15000 rpm for 5
minutes. Ceramic nanoparticles were separated and air dried.
Evaluation of ceramic nanoparticles
The three layered aquasomes were evaluated for particle size, shape, percent yield, drug loading efficiency,
in vitro drug release and in vivo pharmacological efficiency.
Particle size and size distribution analysis
The average size and size distribution of aquasomes were measured using scanning electron microscope
(Hitachi S-3000N) [15]. SEM pictures of piroxicam aquasomes was presented in Figure 1.
FTIR analysis
FTIR spectroscopy was used for the confirmation of all the three layers; core, sugar and drug. The method
was reported earlier [16]. FTIR of final formulation (aquasomes of piroxicam) was compared with that of
individual components and given in Table 1 and Figure 2.
Determination of drug payload
Weighed amount of the formulated aquasome was dissolved in acetone and diluted with suitable solution
(0.1 N hydrochloric acid solutions, phosphate buffer, pH 6.8). Absorbance of the solution was measured
spectrophotometrically for piroxicam at λ max = 334 nm and 354 nm respectively. Percent payload was
determined by the following formula.
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Estimation of percentage yield
After drying of the formulated drug-loaded ceramic nanoparticles, free-flowing powdered nanoparticles
were obtained. The ceramic nanoparticles were collected carefully and accurately weighed. Percentage yield of
the nanoparticles was calculated by the following equation.

In vitro release of drugs from ceramic nanoparticles
In vitro release studies were performed by accurately weighing dried drug loaded ceramic nanoparticles
equivalent to 10 mg of pure drug, and transferring into empty capsules. Dissolution was performed using
capsules as reported in USP/NF, by the use of USP type I (Basket) dissolution apparatus [17]. After preset time
intervals, samples were collected and analyzed for cumulative percent drug dissolved/released.
To know the release kinetics, data acquired from in vitro drug release studies were plotted in different
kinetics models to comprehend the linear relationship, i.e., kinetic principles. To study the release mechanisms,
the data of in vitro drug release was checked using Higuchi, Hixson Crowell Cube root law and Korsemeyer
Peppas models [18].
In vivo studies
Pharmacological method was used to confirm the activity of drug in the aquasomes. The Institutional
Animal Ethics Committee (IAEC) has approved this study. Male Wistar rats were selected for in vivo efficacy
studies according to the instructions set by CPCSEA. They were accommodated in a set of controlled
conditions. The animals were placed separately in PP cages having sterile husk of paddy (obtained locally) as
base all through the experiment. All animals were fed with sterile commercial pelleted rat chow (Sri sai
Thirumala enterprises, Hyderabad, India) and had free access to water ad libitum. Animals were kept for fasting
all night and weighed prior to the experiment. The study was undertaken after getting approval from
Institutional Animal Ethics Committee. Doses were calculated according to conversion factor [19].
Carrageenan induced paw edema model
The anti inflammatory activity was estimated in Wistar rats employing the method of Winter et al [20].
Animals were kept for overnight fasting and were separated into control, standard and formulation test groups,
each containing six rats. Animals in the standard group received piroxicam at the dose of 0.2 mg/ml by oral
route. Aquasome formulation was administered to the test group, at equimolar doses of piroxicam. All test and
standard compounds were administered as 0.5% CMC suspension. Rats in the control group were given the
vehicle solution (without drug). One hour after test drug administration, rats in all the groups were challenged
with 0.1 ml of 0.1% carrageenan in sub plantar region of right hand paw. A zero hour reading of rat paw volume
was measured using plethysmometer immediately after the introduction of carrageenan for all groups. Paw
volumes were measured at 1, 3 and 6 h and again measured at 24 h after the challenge of carrageenan. The
increased paw volumes were presented as mean ± SEM. The percent inhibition of paw volume for each rat in
treated group was calculated by comparing with mean paw volume of control group and expressed as mean ±
SEM. ANOVA was carried out to establish the significance of the exhibited activity and percentage decline in
paw volume was measured.

vt and vo represents the average volume in the hind paw of the rats before and after anti-inflammatory agent
treatment, respectively.
Results and Discussion:
Colloidal precipitation technique was used for preparation of core and 50% yield was obtained. The ceramic
core was further coated with sugar. Non solvent technique was employed to coat the sugar, cellobiose. The
loading was increased with the addition of non-solvent (acetone). Acetone being more soluble in water, the
water rejects the sugar (which was earlier soluble). Hence the loading of sugar can be enhanced.
Table 1: Effect of non-solvent addition on sugar loading onto the ceramic core

Sugar
Cellobiose

Sugar loading (µg/100mg core) (AM ± SD)*
Without acetone

With acetone

288.8 ± 2.6

421 ± 3.71

*Each value represents the mean of 3 determinations
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Adsorption of piroxicam on the sugar coated core
Piroxicam was loaded onto cellobiose coated core using adsorption technique. The drug loading was found
to be 21%. After drying, the drug-loaded ceramic nanoparticles were free-flowing. The dried ceramic
nanoparticles were collected and weighed. Percentage yield of the nanoparticles was found to have a good yield
(66.7%).
Evaluation of Piroxicam Aquasomes
Particle size analysis and morphology
The SEM images of piroxicam loaded aquasomes showed spherical nanoparticles. The particle size
was uniform and particles were mostly single (discrete) (Figure 1). The size was within nano range whereas that
of pure drug was in micron range (Table 2).
Table 2: Average particle size of drug loaded aquasomes

Particles

Particle size, (nm)(AM ± SD)*

Piroxicam cellobiose aquasomes

178.40 ± 47.24

Pioxicam pure drug

4545 ± 32.54

* Each value represents the mean of 3 determinations

Figure 1: Scanning electron microscopy image of piroxicam cellobiose aquasomes

FTIR spectroscopic analysis
The FTIR spectra is shown in Figure 2, and the characteristic bands were reported in the Table 3 and all
were found to be within the limits.

Figure 2: FTIR spectra of piroxicam cellobiose aquasomes
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Table 3: Comparison of characteristic FTIR bands of piroxicam aquasomes
-1

Characteristic bands

-1

Observed in this study, cm

Literature values21, cm

Phosphate (P-O)

871.82

845-725

Phosphate (P=O)

1318.86

1300-1240

2879.72

3200-3000

NH, OH stretching of amide

3336.85

3330

Bending of amide carbonyl

1685.79

1635 or 1625

Bending of second amide gp

1527.62

1525

SO2-N

1060.85

1050-1070

Core

Sugars
CH stretching, symmetrical
Piroxicam

In vitro piroxicam release in 0.1 N hydrochloric acid medium
The cumulative percent piroxicam release from pure piroxicam, ceramic nanoparticles at 37 ± 0.5 °C was
carried out in 0.1 N HCl solution and was reported in Table 4. Pure piroxicam showed incomplete dissolution of
89% in 75 mins. In vitro dissolution studies indicated that the piroxicam ceramic nanoparticles released the drug
in a controlled manner. Piroxicam loaded aquasomes gave 95% release 130 mins (Figure 3). The gradual release
of piroxicam also indicated that there would be some type of interaction between piroxicam and
lactose/cellobiose. There was no instantaneous dissolution. It indicated the absence of free piroxicam
precipitation during incubation of core particles with piroxicam. The dissolution of piroxicam from pure
piroxicam followed first order release (Table 4) and justified.
Table Error! No text of specified style in document.: Cumulative percentage release of piroxicam from the pure drug, ceramic
nanoparticles and plain nanoparticles and in 0.1 N hydrochloric acid solution

Cumulative drug release (%), (AM ± SD)*
Time (min)
Pure piroxicam

Piroxicam cellobiose nanoparticles

0

0

0

5

5.64 ± 2.6

5.12 ± 1.6

15

40.21 ± 2.3

15.36 ± 2.8

30

62.82 ± 6.5

29.41 ± 4.6

45

75.34 ± 4.5

42.65 ± 3.2

60

84.32 ± 4.9

52.82 ± 3.1

75

89.64 ± 3.9

61.52 ± 1.2

90

-

72.16 ± 1.8

105

-

79.64 ± 2.2

120

-

89.82 ± 2.6

135

-

95.88 ± 1.5

* Each value represents the mean of 3 determinations
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Figure 3: In vitro piroxicam release profile from pure drug, aquasome formulations and plain nanoparticles in 0.1 N hydrochloric acid
solution

Pharmacological Studies - Piroxicam aquasomes
Anti inflammatory studies
Carrageenan generated paw edema model was used to test the anti-inflammatory effect of piroxicam and its
aquasome formulation. Both drug and formulation showed statistically significant (P<0.0001) inhibitory effect,
on mean increase in paw volume at all time points (1, 3, and 6 h) as shown in Table 5 and Figure 4. The
aquasome formulation showed rapid anti inflammatory activity up to 6 h compared to control. The antiinflammatory activity of formulation was slightly less than that of piroxicam alone. This may be due to slow
release of piroxicam from the aquasomes. This phenomenon was also observed during dissolution in media.
Table 5: Anti inflammatory effect of piroxicam and its formulation on paw edema

Treatment

Increase
in
mean
paw
volume (mm)

Control
AM ± SEM*

Pure piroxicam
AM ± SEM*

Piroxicam formulation
AM ± SEM*

0

0.1 ± 00

0.1 ± 00

0.1 ± 00

1

0.405±0.03

0.251±0.02****

0.324±0.01****

3

0.628±0.03

0.19±0.01****

0.25±0.01****

6

0.415±0.02

0.111±0.01****

0.138±0.01****

24

0.1± 0.0

0.1± 0.0

0.1± 0.0

Time, h

P<0.0001, Values are mean ± SEM, n=6., dose: 0.2 mg/ml
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Figure Error! No text of specified style in document.: Anti-inflammatory activity of piroxicam and formulation on paw edema

Conclusion:
Aquasomes of piroxicam were prepared by colloidal precipitation method using cellobiose as the sugar.
SEM studies indicated nanorange spherical particles. Release studies in both the media showed slow and
complete release of the drug whereas pure drug showed incomplete release. The release was gradual without
initial peak level which was further supported by anti-inflammatory studies. Aquasome technology thus can be a
promising tool for the oral delivery of piroxicam and other poorly soluble drugs also.
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