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ABSTRACT : Liposomal drug delivery system, a promising lipid-based nanoparticle
technology, was used in the present work to encapsulate lipophilic non-steroidal
anti-inflammatory drug, piroxicam. A 14 days sub-acute study was conducted to gather the
preliminary toxicological information. All treated samples were freshly prepared prior to
experiments. Rats (male Sprague Dawley; body weight 180-220 g; n=6/group) were
intragastically fed with samples once a day in the morning. All rats were sacrificed by
overdose of diethyl ether and median laparotomy was performed to isolate the stomach,
liver and kidney. Stomach was opened along the greater curvature, rinsed
carefully with saline and blotted dry before subjected to macroscopic evaluation.
Stomach lesions were characterized into 6-score value. Stomach was cut and
fixed in 10% formalin before subjected to routine histopathology processing.
Tissues were observed under light microscope and lesion was characterized based on
cellular morphological changes. Rats dosed with piroxicam (12, 18 and 24 mg/kg)
exhibit significant ulcer scoring when compared to negative control group. Although the
ulcer score for other treatment groups (blank liposomes and piroxicam-loaded liposomes)
were found to be elevated, no statistically significant difference was obtained. Histologically,
encasulation reduced the gastric inflammation. In conclusion, findings showed that the
encapsulation of piroxicam into liposomes had the potential to reduce gastric ulceration
problem in animal model.
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INTRODUCTION

Piroxicam (4-hydroxy-2-methyl-N-(pyridine-2-yl)-2H-1 ,2-benzothiazine-3-carboxamide-1 ,2dioxide), an oxicam derivative, is a well-known non-steroidal anti-inflammatory compound
with analgesic, anti-inflammatory and anti-pyretic effects (Canto et al., 1999; Starek & Krzek,
2009). It has been prescribed for acute or long-term treatment of a wide variety of human
diseases including rheumatoid arthritis, osteoarthritis, ankylosing spondylitis, acute gout,
acute muscular and skeletal disorders as well as various pain states (Baudrimonta et al.,
1995 and Martin, 2003).
Despite its potent efficacy effects, piroxicam has also been associated with various side
effects such as dizziness, skin rash, gastrointestinal, hepatic and renal symptoms (Canto
et al., 1999; Dalmora et al., 2001; Sweetman, 2007). The most prominent side effects are
gastrointestinal such as ulceration and hemorrhage, occurring in about 20 % of treated
patients (Smith & Reynard, 1995). Its long plasma half-life may be associated with a
particularly high incidence of gastrointestinal bleeding in the elderly (Neal, 2003). Thus, it is
important to develop therapeutic and drug delivery systems that will minimize these
adverse effects.
As one of the most promising nanoparticle technologies, liposomal delivery system is
particularly attractive to achieve this objective. Liposomes are microscopic
by
formed
are
which
bilayers
lipid
of
composed
vesicles
spherical
phospholipids dispersed in water (Gulati et al., 1998). Drugs loaded in
liposomes have been shown in various studies to exhibit improved therapeutic indices
and pharmacological properties, mainly through the alteration of its biodistribution
(Schilling & Metra, 1990 and Story, 1991 ).

MATERIALS AND METHODS
Materials

Two types of commercially available proliposomes, namely Pro-lipo™ Duo and Pro-lipo™ C
which contained 50% and 40% unsaturated soybean phosphatidylcholine respectively .and
suspended in hydrophilic medium consisted of glycerol and ethanol, were obtained from
Lucas Meyer, France. Piroxicam and dimethylsulfoxide were purchased from Sigma, USA.
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Preparation of piroxicam-loaded and blank liposomes

Stock piroxicam solution (60 mg/ml) was prepared by dissolving piroxicam in
dimethylsulfoide. Stock solution was then added into proliposomes (Pro-lipo™ Duo or
Pro-lipo™ C) in a beaker with moderate stirring (125 ± 25 rpm) for 1 hour at room
temperature. Next, this proliposomes mixture was converted to concentrated
piroxicam-loaded liposomal suspension by drop-wise addition of distilled water. This
liposomal suspension was stirred (hydrated) for 1 hour at room temperature before
further diluted with distilled water to achieve final concentration of 1.2 mg/ml piroxicam. The
ratio consists of; stock piroxicam solution: Pro-lipo™: distilled water (hydration): distilled
water (dilution) was 1:5:9:35 w/w/w/w. Blank liposomes were prepared according to the same
procedure except that dimethylsulfoxide was used instead of stock piroxicam solution.
Animals

40 Sprague Dawley rats (180-220 g) were used. Rats were checked for any signs of .
abnormalities before they were randomly assigned to different treatment groups (n=6). All
rats were kept in standard cages at 23 ± 2 °C with 12 hours lighUdark cycle in the animal
house of FMHS, UPM and fed with commercial pellets once a day in the morning. The pellets
fed was at 10 % of body weight. Tap water was provided ad libitum and bedding was changed
twice a week to maintain hygiene and provide a clean environment to rats. All rats were first
acclimatised to the laboratory environment for at least 1 week before subjected to
experiments.
Repeated dosing

A 14 days sub-acute toxicity study was conducted to gather the preliminary toxicological
information. All treated samples were prepared fresh prior to experiments. Rats in each
group were intragastically fed (20 ml/kg) with samples once a day in the morning. The study
was approved by the Animal Care and Use Committee (ACUC) FMHS, UPM.
Body weight and behavioural changes

The body weight and behavioural changes of each rat were recorded daily throughout the
treatment period.
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Collection of blood for bioassay
Blood samples (about 4 ml) were collected on the 151h day by cardiac puncture under diethyl
ether anesthesia. Serum AST and ALT level were studied to assess liver function. Blood urea
nitrogen and creatinine concentrations were studied to assess renal function.

Organs sampling and weight
All rats were sacrificed by overdose of diethyl ether anesthization after blood samples were
collected. Median laparotomy was performed to isolate the stomach, liver and kidneys. All
freshly isolated organs were cleaned and weighed. -

Gastric ulcers evaluation
Stomach was opened along the greater curvature, rinsed carefully with saline and blotted
dry before subjected to macroscopic evaluation. Stomach lesions were characterized into
6-score value according to Minano et al., (1987). Photograph was taken using digital
camera.

Histopathology study
Stomach was cut and fixed in 10 % formalin for at least 2 days. Fixed stomach were
put into separated cassettes before subjected to routine histopathology processing
(tissue processing, embedding, trimming 20 µm, sectioning 4 µm, Hematoxylin and
Eosin staining and mounting). Tissues were observed under light microscope and
lesion was scored and characterized based on cellular morphological changes.

Statistical analysis
Data was expressed as mean ± S.D. from four different animal and analyzed using 1-way
ANOVA and Dunnet post-hoc test. Values of P<0.05 were considered significant.
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RESULTS
Body weight changes
After 14 days of treatment administration, there were no significant body weight changes in
comparison to Control (2 % DMSO) except for the group which received Prolipo C + 24 mg/kg
Piroxicam (Table 1). Body weight of the rat in this treatment group decreased gradually but
significantly from day 4 until day 15.

Figure 1. Stomach of C1 (2 % DMSO)
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Table 1. Body weight
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Organ weight to.body weight ratio
Stomach weight to body weight ratio showed that three groups were significantly higher than
Control group (Table 2). The groups were Prolipo Duo + 24 mg/kg Piroxicam Prolipo C +
24 mg/kg Piroxicam and 12 mg/kg Piroxicam. For liver weight, the highest value came from
Prolipo Duo + 24 mg/kg Piroxicam. Other groups that displayed significant increment in liver
weight when compared to the control group were Prolipo C + 24 mg/kg Piroxicam, 24 mg/
kg Piroxicam, 18 mg/kg Piroxicam and 12 mg/kg Piroxicam. Four groups gave significantly
higher kidney weight when compared to the control group. However, the most significant
highest value came from Prolipo Duo + 24 mg/kg Piroxicam.

Table 2 . Organ weight to body weight ratio
Treatment

Stomach

Liver

Kidney

Control (2% DMSO)

0.670832
±0.048594

3.237619
±0.193143

0.716495
±0.05678

4.288409
±0.179706 "

0.929997
± 0.066729 °
0.786586
±0.047875

'

12mg/kg Piroxicam

0.872077
±0.053801

°

18mg/kg Piroxicam

0.72605
±0.046346

4.081415
± 0.696476 °

24mg/kg Piroxicam

0.674098
± 0.099035

4.47709
± 0.634317 °

Prolipo C

0.668991
± 0.034931

3.672334
± 0.359752

0.82347
±0.093624

Prolipo Duo

0.687751
±0.086311

4.025596
±0.75869

0.796354
±0.068134 ·

Prolipo C + 24mg/kg Piroxicam

0.805654
± 0.176519 °

4.882853
± 0.711552 °

0.920644
± 0.084558 °

Prolipo Duo + 24mg/kg Piroxicam

0.901748
± 0.03512 °

5.38697
±0.87699 °

1.109934
± 0.099593 °

Values were Mean ± Standard deviation
O P< 0.05, significantly different from control group
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Figure 2. Stomach of T1 (24 mg/kg Piroxicam)

Figure 3. Stomach of T2 (18 mg/kg Piroxicam)
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Gastric ulcer evaluation

Results for gastric ulcer scoring are shown in Table 3. The lowest ulcer scoring was from
group Prolipo Duo + 24 mg/kg Piroxicam (0.50) and the highest was from the group that
received 12 mg/kg Piroxicam (2.17). Mean score for all groups was 1.30 and only 3 groups'
score was below this mean. The groups were Prolipo Duo + 24 mg/kg Piroxicam (0.50),
Control (2 % DMSO) (0.67) and Prolipo Duo (1.25). Histologically, gastric inflammation was
reduced in its severity due to encapsulation with liposome.

Table 3. Gastric ulcer evaluation

Treatment

Scoring

Control (2 % DMSO)

0.67 ± 0.52

12 mg/kg Piroxicam

2.17 ± 0.75 °

18 mg/kg Piroxicam

2.00 ± 0.71

°

24 mg/kg Piroxicam

1.50 ± 1.05

Prolipo C

2.00 ± 1.83

Prolipo Duo

1.25 ± 0.50

Prolipo C + 24 mg/kg Piroxicam

1.33 ± 1.15

Prolipo Duo + 24 mg/kg Piroxicam

0.50 ±0.58

Values were Mean ± Standard deviation
P< 0.05, significantly different from control group

O
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Figure 4. Stomach of T3 (12 mg/kg Piroxicam)

Figure 5. Stomach of C2 (Prolipo C)
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Liver and kidney function test
AST (Aspartate aminotransferase)

The value of AST for Control (2 % DMSO) was 2.18 u/L (Table 4). The lowest value of
AST was from group Prolipo Duo + 24 mg/kg Piroxicam (1.50 u/L). Prolipo C + 24 mg/kg
Piroxicam also demonstrated a low value of AST (1.70 u/L). Among the treatment groups
where only piroxicam without encapsulation was tested, the dose of 18 mg/kg Piroxicam
gave the highest value of AST (2.06 u/L)

Table 4 . Liver and kidney function test

Treatment

Parameters
AST

ALT

Creatinine

Urea

Control (2 % DMSO)

2.18 ± 0.12

1.00 ± 0.14

0.26 ±0.04

4.97 ±0.35

12 mg/kg Piroxicam

1.78 ± 0.22

1.02 ± 0.10

0.23 ± 0.02

4.87 ±0.6

18 mg/kg Piroxicam

2.06 ±0.21

1.12 ± 0.22

0.21 ±0.05

6.17 ± 0.52

24 mg/kg Piroxicam

1.55 ±0.42 "

0.95 ± 0.44

0.21 ±0.08

5.8 ± 3.1

Prolipo C

2.05 ±0.24

1.28±0.13

0.29 ±0.03

5.79 ± 0.11

Prolipo Duo

1.95 ± 0.24

0.98 ± 0.21

0.26 ±0.03

5.41 ± 0.76

Prolipo C +

1.70±0.57

0.75 ±0.07

0.16 ± 0.12

7.91 ± 1.51

1.50 ± 0.66 °

0.77 ±0.15

0.32 ± 0.06

8.32 ±0.75 °

°

24 mg/kg Piroxicam
Prolipo Duo +
24 mg/kg Piroxicam

Values were Mean ± Standard deviation
O
P< 0.05, significantly different from control group
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ALT (Alanine Transaminase)
ALT value for both Prolipo Duo+ 24 mg/kg Piroxicam and Prolipo C + 24 mg/kg Piroxicam
were 0.77 u/L and 0.75 u/L. It was lower when compared to either Control group (1.00 u/L) or
24 mg/kg Piroxicam without encapsulation (0.95 u/L). The highest value of AST was obtained
from 18 mg/kg Piroxicam.

Figure 6. Stomach of C3 (Prolipo Duo)

Creatinine
There was no statistical significance in creatinine values for all groups. However, the highest
value of creatinine was showed by Prolipo Duo + 24 mg/kg Piroxicam (0.32 mg/dl)
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Blood Urea

Both Prolipo Duo + 24 mg/kg Piroxicam and Prolipo C + 24 mg/kg Piroxicam caused
significant increment in blood urea when compared to Control group. The highest value of
blood urea was shown by Prolipo Duo + 24 mg/kg Piroxicam (8.32 mmol/L) followed by
Prolipo C + 24 mg/kg Piroxicam (7.91 mmol/L).

Figure 7. Stomach of C1 (Prolipo C + 24 mg/kg Piroxicam)
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Figure 8. Stomach of C1 (Prolipo Duo + 24 mg/kg Piroxicam)

DISCUSSION

As a commonly prescribed drug, piroxicam caused various adverse effects including
dizziness, skin rash, liver problems, kidney problems and stomach problems in the elderly
(Martin, 2003; Dalmora et al., 2001 ; Neal, 2003). In the current work, a preliminary study
was conducted in our effort to evaluate and compare the degree of toxic effects caused by
piroxicam alone and piroxicam-loaded in liposomes.
Over the years, the clinical usage of NSAIDs had been known to cause an upset
stomach and gastrointestinal ulcers (Stone et al., 2004). It was originally postulated
that both the therapeutic activity and adverse effects of NSAIDs were the result of the
inhibition in prostaglandin biosynthesis via COX enzyme, and were thereby inseparable
(Trummlitz & Ryn, 2001 ). Thus, the decrement in production of protective prostaglandins
within the gastrointestinal tract could easily lead to direct irritation of mucosal lining by
the orally administrated NSAIDs. In the current study, decrease in gastric ulcer formation
was a good indicator for the use of liposome vesicles to deliver piroxicam in the future.
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Phospholids from liposomes could have contributed to surface hydrophobicity of
gastroduodenal mucosa. This could act as a natural barrier to topical irritant action of
piroxicam on the stomach's wall, which eventually caused ulcer formation to be reduced.
On the other hand, several other parameters obtained in this study reflected that kidney
from the tested animal showed a pattern of kidney problem. Blood urea value and kidney to
body weight ratio was higher in piroxicam-loaded liposomal samples. Renal effects usually
appeared as a result of decreased production of prostaglandins that cause vasodilation of
the renal vessels (Stone et al., 2004). Even though kidney problem had been reported in
non-encapsulated NSAIDs (Perneger et al., 1994), the effect was just slightly high. This may
be due to elimination of 65 % piroxicam was through renal as glucuronide conjugates of the
free acid and hydroxylated metabolites (Smith & Reynard, 1995; Neal, 2003). Findings in
current work suggested that encapsulation of piroxicam in liposomes could not effectively
solve the kidney problem.

CONCLUSION
;

i

,

In 6onclusion, the encapsulation of piroxicam in liposomes had the potential to solve part of
the adverse effects such as gastric ulcer which was caused by oral administration of
piroxicam. However, certain problems still exist, especially to the kidney. Current work could
not conclude whether these problems were caused by the piroxicam itself or liposomes.
Further study need to be done to answer this question.
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