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	 Piroxicam, a nonsteroidal anti-inflammatory drug, has been shown with low oral 
bioavailability and delayed onset of its therapeutic effects. In this work, a promising nano/
liposomal drug delivery system was exploited to improve the in vivo therapeutic efficacies 
of piroxicam. The current liposome-encapsulated piroxicam formulation effectively boosted 
and prolonged peripherally mediated anti-nociceptive activities in tests for abdominal 
writhing induced by acetic acid (inhibition of pain 70.19% was in mice treated with 30 mg/kg 
liposome-encapsulated piroxicam), paw licking induced by formalin (81.36% inhibition when 
compared to free unencapsulated piroxicam), and hyperalgesia induced by carrageenan (55.8% 
inhibition when compared to free unencapsulated piroxicam). Even lower dose of liposomes-
encapsulated piroxicam was also significantly inhibit Brewer’s yeast-induced hyperthermia. 
Carrageenan-induced paw-edema test and cotton pellet-induced granuloma test revealed that 
liposomes-encapsulated piroxicam had significantly more potent acute and chronic anti-
inflammatory effects than piroxicam, even if lower drug dosages were used to treat animals. A 
better modulation in the generation of inflammatory mediators (nitric oxide, tumour necrosis 
factor-a, interleukin-1ß, and interleukin-10) at 18.02% (TNFa), 23.97% (IL-1ß) and 10.27% (IL-
10) inhibition when compared to 30mg/kg free piroxicam group respectively. was ascribed to 
the higher in vivo therapeutic actions. Present nano-encapsulated piroxicam also significantly 
enhanced the inhibition of cyclooxgenase-2 (total percentage inhibition was increased by 18.25% 
and 19.22% at drug dosage of 3 and 30 mg/kg, respectively), but not cyclooxgenase-1 enzyme. 
In conclusion, present study showed that liposomal drug formulation was able to improve the 
in vivo therapeutic effects of orally administered piroxicam.
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	 Piroxicam is a popular non-steroidal 
anti-inflammatory drug (NSAID) that exhibits 
prominent anti-nociceptive, anti-pyretic and 

anti-inflammatory activities1,2. This class II 
drug of Biopharmaceutical Classification 
System, characterized by low solubility and high 



796 Chiong et al., Biomed. & Pharmacol. J,  Vol. 17(2), 795-811 (2024)

permeability, is widely used for acute or long-term 
treatment of various musculoskeletal and joint 
disorders3-5. Hence, rapid and sustainable drug 
effects to relief the signs and symptoms in these 
inflammatory diseases are highly desirable6, 7.  
	 The dissolution of piroxicam in vivo, 
however, is known to be an absorption rate-
limiting step which critically affects its therapeutic 
activities3,8. Previous pharmacokinetic study has 
revealed that this poorly water-soluble drug, 
when orally administered, requires more than two 
hours to attain a peak plasma concentration. The 
slow absorption rate renders a low bioavailability 
of drug and delayed the onset of its therapeutic 
effects9-11. Attempts to increase treatment efficiency 
by escalating the administered dose, however, 
increase risk of serious adverse drug reactions12. 
Due to these drawbacks, it is therefore important 
to develop a new oral piroxicam formulation with 
enhanced onset of action and stronger therapeutic 
activities.
	 Liposomal drug delivery system appears 
to be an ideal approach to provide better therapeutic 
efficacy over an existing drug formulation, 
mainly through alteration in dissolution and 
biodistribution of entrapped drug13-16. Liposomes-
encapsulated piroxicam formulations have been 
previously reported to increase topical chronic 
anti-inflammatory activity in experimental animal 
by as much as 26.3%1, 17. We also successfully 
demonstrated the effectiveness of liposomal 
drug-encapsulation strategy to improve anti-
inflammatory effects of piroxicam in vitro18. The 
current study was therefore intrigued to evaluate the 
potential of present liposomal drug formulations in 
enhancing effectiveness of piroxicam in vivo. 
The pharmacological properties such as anti-
nociceptive, anti-pyretic and anti-inflammatory 
effects as well as the underlying mechanisms 
exhibited by piroxicam and liposome-encapsulated 
piroxicam administered orally were investigated 
using various experimental animal models.

MATERIALS AND METHODS

Materials
	 Pro-l ipoTM Duo was from Lucas 
Meyer, France. Piroxicam, dimethylsulfoxide, 
carrageenan, Brewer’s yeast, tribromoethanol, ter-
amylalcohol, sodium chloride, acetylsalicylic acid 

and lipopolysaccharide from Escherichia coli were 
purchased from Sigma, US. Acetic acid, ethanol 
and formalin were originated from BDH, UK. 
Diethyl ether was obtained from R&M Marketing, 
UK.
Preparation of liposomal samples
	 Liposomal samples were prepared at room 
temperature in accordance to previously described 
procedures19. Briefly, stock piroxicam solution 
(60 mg/mL dimethylsulfoxide) was added into 
Pro-lipoTM Duo with moderate stirring (125±25 
rpm) for 60 minutes. Concentrated piroxicam-
loaded liposomal suspension was formed by 
drop-wise addition of distilled water (dH2O). This 
liposomal suspension was continuously stirred for 
10 hours before been further diluted with dH2O. 
Mixture was then stirred for 30 minutes. The ratio 
of stock piroxicam solution: Pro-lipoTM: dH2O 
(hydration): dH2O (dilution) was 1:5:9:25 w/w/
w/w. Blank liposomes were prepared according 
to same procedure except that dimethylsulfoxide 
was used instead of stock piroxicam solution. Final 
concentration of dimethylsulfoxide in all prepared 
samples was 2.5%. The resulting mean liposomes 
diameter was around 370 nm with polydispersity 
index ranging from 0.4 to 0.5.
Experimental animals
	 There were 288 male Sprague Dawley 
rats weighing between 150 and 300 g and 48 male 
BALB/c albino strain mice weighing between 22 
and 42 g. The mice were randomly assigned to 
normal cages with a light/dark cycle of 12 hours, 
a temperature of 25±2°C, and a humidity level of 
70–80%. Every day, the animals were given access 
to tap water and a pelleted food. Before beginning 
any experimental modification, animals were given 
a minimum of seven days to acclimate. The Faculty 
of Medicine and Health Sciences, Universiti Putra 
Malaysia’s Animal Care and Use Committee gave 
approval for the experiments to be conducted (Ref. 
No. UPM/FPSK/PADS/UUH/F05).
Anti-nociceptive assays
Acetic acid-induced abdominal writhing test
	 The test was conducted in accordance with 
Sulaiman20 protocol description. Oral piroxicam 
or liposome-encapsulated piroxicam at 0, 0.3, 3, 
and 30 mg/kg was administered to mice (n = 6/
group). Mice were given a 30-minute pre-treatment 
period, intraperitoneal injections of 0.6% acetic 
acid (10 mL/kg), and their enclosures made of 
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clear Perspex. After a 5-minute delay, the presence 
of contraction of the abdominal muscles along 
with elongation of the body and extension of the 
limbs (writhing effect) was cumulatively counted 
at 5-minute intervals for a duration of 30 minutes. 
The following ratio could be used to indicate the 
percentage of protection in terms of writhing 
number (W):       
        

Percentage of anti-nociceptive = [ W control – W 
treatment    /      W control ]  × 100

Formalin-induced paw-licking test
	 Rats (n=6/group) were given an initial 
20-minute accommodation period in an observation 
room, as per Mossadeq21 description, before 
receiving oral treatment with piroxicam or 
liposome-encapsulated piroxicam at 0, 0.3, 3, and 
30 mg/kg. Thirty minutes before the intraplantar 
injection of a 2.5% formalin solution (50 µL), all 
treatments were completed. The length of time (T) 
that the animal licked or bit the injected paw—a 
sign of a pain reaction—was noted for both the 
early phase (0–5 minutes) and the late phase 
(15–30 minutes). The formula used to compute the 
percentage inhibition of licking was as follows:

Percentage of anti-nociceptive = [ T control – T 
treatment    / T control] ×  100

Carrageenan-induced mechanical hyperalgesia 
test
	 According to Fujii22,  mechanical 
hyperalgesia in unrestrained rats was quantified 
as the hind limb withdrawal threshold in response 
to a mechanical stimulus by the use of a modified 
Randall-Sellito test. A 0.1 mL intraplantar 
suspension of 1% carrageenan was used to elicit 
hyperalgesia in the hind paw 30 minutes after the 
rats (n = 6/group) received piroxicam or liposome-
encapsulated piroxicam orally at 0, 0.3, 3, and 30 
mg/kg. Using a dynamic plantar aesthesiometer 
(model 37450, Ugo Basile, Italy) fitted with a 
rounded-tip cone-shaped paw-presser that applied 
a linearly increasing upward force (20 g/s) to the 
plantar surface of the paw, the nociceptive response 
to pressure in the injected paw was assessed. The 
force (F) that made each animal remove its paw 
was the nociceptive threshold, measured in grams. 

Measurements were performed three times at 
several-second intervals, and mean value was taken 
as threshold. The reading was taken immediately 
after and at 1, 2, 3, 4 and 5 hour intervals following 
carrageenan injection. A cut-off of 300 g was used 
to prevent mechanically induced injury. All tested 
rats were habituated to the full procedure for three 
consecutive days prior to actual experimentation. 
The percentages of inhibition of forces recorded 
are calculated using formula stated below: 

         Percentage of anti-nociceptive = [ F control – 
F treatment  / F control] ×  100

Carrageenan-induced thermal hyperalgesia test
	 Noxious heat stimulation of hind paw 
was assessed in unrestrained rats using the 
Hargreaves model of thermal hyperalgesia as 
described previously by Ortiz23. Rats (n=6/
group) were first treated by oral administration of 
piroxicam or liposome-encapsulated piroxicam 
at 0, 0.3, 3, 30 mg/kg. After 30 minutes of pre-
treatment, hyperalgesia was induced in the hind 
paw by intraplantar administration of 0.1 mL of 
1% carrageenan suspension. Each animal was 
subjected to identical testing procedure using 
plantar test (model 37370, Ugo Basile, Italy). The 
source of the thermal nociceptive stimulus was an 
aluminum cylindrical vessel fitted with an infrared 
source. The plantar surface of the injected paw 
was manually targeted with a radiant infrared heat 
source (set to 50 i.r.) while the rat remained still. 
The light source automatically set off a timer, and 
the duration needed for a paw to exhibit an abrupt 
withdrawal was known as the paw withdrawal 
latency (L). To prevent tissue injury, a 20-second 
cutoff limit was placed on the stimulation 
duration. Paw withdrawal latencies were measured 
immediately following carrageenan injection, 
as well as at 1, 2, 3, 4, and 5 hours later. Three 
readings were taken at intervals of several seconds 
throughout each time point, and the mean value 
was used to determine the nociceptive threshold. 
Percentage of inhibition of thermal hyperalgesia 
was calculated using following formula:
       

Percentage of anti-nociceptive = [  L control – L 
treatment      / L control] × 100
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Anti-pyretic assay
Brewer’s yeast-induced hyperthermia test
	 Rats were made hyperthermic via 
a technique outlined by Owoyele24. A digital 
thermometer with a lubricated probe was used to 
take the patient’s initial rectal temperature. Rats 
were given a subcutaneous injection (10 mL/kg) 
of a 20% brewer’s yeast slurry in the dorsum. For 
this investigation, only rats exhibiting a rectal 
temperature increase of at least 0.7 °C after 18 
hours were employed. Oral piroxicam or liposome-
encapsulated piroxicam at 0, 0.3, 3, and 30 mg/kg 
was administered to six randomly chosen rats per 
group. The rectal temperature (R) was taken up to 
five hours after the therapy was administered at 
one-hour intervals. The formula used to compute 
the percentage of inhibition of hyperthermia was 
as follows:

Percentage of anti-pyretic = [ R control – R treatment   / 
R control] × 100

Anti-inflammatory assays
Carrageenan-induced paw-edema test
	 As stated by Mossadeq21, this test 
was conducted. Oral piroxicam or liposome-
encapsulated piroxicam at 0, 0.3, 3, and 30 mg/
kg was administered to rats (n = 6/group). Each 
rat’s hind paw received 0.1 mL of 1% carrageenan 
solution intraplantarly 30 minutes after treatment, 
resulting in acute inflammation (swollen paws).  
Paw volume was measured using plethysmometry 
(model 7140 plethysmometer, Ugo Basile, Italy) 
both immediately after (V0) and at 1, 2, 3, 4, and 
5 hour intervals (VT) after carrageenan injection. 
The volume displaced by the paw between final 
volume (VT) and initial volume (V0) was used to 
measure the degree of inflammation. To ascertain 
the anti-inflammatory property, the percentage 
inhibition of edema was computed in relation to 
control.

Percentage of anti-inflammatory = [  (VT - V0) 
control – (VT - V0 ) treatment  /  (VT - V0) control] × 100

 
Cotton pellet-induced granuloma test
	 The test was conducted according to 
Panthong25 instructions. First, six rats per group (10 
mL/kg) were anesthetized with 2% tribromoethanol. 
Next, shaved dorsal portion of thoracic vertebrae 

region was surgically implanted with 30 ± 1 mg 
sterile cotton pellets per subcutaneous tissue. All 
rats received piroxicam or piroxicam liposome-
encapsulated at 0, 0.3, 3, and 30 mg/kg orally 
throughout the seven-day study. Rats were killed 
on day eight by overdose on diethyl ether. After 
removing the cotton pellets, their wet weight 
was immediately determined. The cotton pellets 
were then weighed again after chilling and drying 
for an additional eighteen hours at 60 °C. The 
following formulas were used to determine the test 
compound’s transudative and granuloma weight 
as well as its percent transudative and granuloma 
inhibition:

Transudative weight (C) = Wet pellet weight – 
Dried pellet weight

Granuloma weight (G) = Dried pellet weight – 
Initial pellet weight

 
 Percentage inhibition of anti- transudative =  

[ C control – C treatment  /  C control] × 100
   		
Percentage inhibition of anti- proliferative =	 [ G 

control – G treatment   / G control ] × 100
   		
Assay of nitric oxide (NO), cytokines and 
cyclooxygenase (COX) activities 
	 Blood samples from rats in the cotton 
pellet-induced granuloma test model were used in 
this study. During the last day of experiment (day 
8), rats were anesthetized using diethyl ether before 
blood samples were carefully collected via cardiac 
puncture. All rats, without regaining consciousness, 
were sacrificed by overdose of diethyl ether. 
Determination of serum NO and inflammatory 
cytokines
	 Blood samples were allowed to coagulate 
for 60 minutes in sterile blank tubes before being 
centrifuged at 3000 g for 15 minutes. Subsequently, 
the supernatant was maintained at -80 °C until 
commercially available nitrite/nitrate colorimetric 
kit analysis (Roche, Germany). The concentrations 
of nitrite and nitrate were measured at 540 nm using 
spectrophotometry (Infinte M200, Tecan, Austria). 
Using known amounts of potassium and sodium 
nitrate, a standard curve was created. The indicator 
of NO level employed was the sum of nitrite and 
nitrate. Using enzyme-linked immunosorbent assay 
(ELISA) kits, the levels of inflammatory cytokines 
(tumor necrosis factor (TNF)-á, interleukin (IL)-
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1â, and IL-10) in serum samples were measured in 
compliance with the manufacturer’s recommended 
methods (Thermo Scientific, US).
Determination of blood COX-1 and COX-2 
enzymes
	 A similar procedure previously reported 
by Wallace26 was used to measure the COX-1 and 
COX-2 enzyme activity in blood samples.  Blood 
was drawn into a blank glass tube and incubated at 
37 °C for 45 minutes in order to measure COX-1 
activity. After that, the samples were centrifuged 
for 15 minutes at 3000 g. Before being tested, 
the serum was moved to microcentrifuge tubes 
and kept at -80 °C. Under the conditions of this 
experiment, thromboxane B2 generated from COX-
1 in platelet of blood samples was evaluated using 
a commercially available ELISA kit (Abnova, 
Taiwan). Each rat’s blood sample was split into 
two lithium heparin collection tubes with 10 µg/mL 
of acetylsalicylic acid to measure COX-2 activity. 
Additionally, 10 µg/mL of lipopolysaccharide 
from Escherichia coli, a bacterial endotoxin, was 
present in one of the tubes. Following a 24-hour 
incubation period at 37 °C in a shaking water bath, 

these tubes were centrifuged for 15 minutes at 3000 
g. Aspirating the supernatant (plasma) samples into 
microcentrifuge tubes, they were kept at -80 °C 
until prostaglandin (PG) E2 was measured using 
a particular ELISA kit (Thermo Scientific, US). 
The quantity of PGE2 produced by the COX-2 
enzyme was equal to the amount produced in the 
tubes containing endotoxin minus the amount in 
the other tube.
Statistical analyses
	 The analysis of variance was applied 
to the data, and then the groups were compared 
using Dunnet’s multiple comparison test and the 
two groups were compared using Student’s t-test. 
A significant P-value was defined as one that was 
less than 0.05, or P<0.05. SPSS 16.0 was used for 
all statistical analyses (SPSS Inc., US).

RESULTS

Acetic acid-induced abdominal writhing test
	 Data obtained was stated in Table I 
and Figure 1. Both piroxicam and liposomes-
encapsulated piroxicam exhibited dose-dependent 

Fig. 1. Number of abdominal writhing within 30 minutes (0-30th min)
Values are mean ± S.E.M. (n=6/group)
* Significant difference (P<0.05) when compared to control
# Significant difference (P<0.05) when compared to equivalent dosage of piroxicam
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pain inhibition effects at various experimental time 
points. Data showed that the highest inhibition of 
pain (e”70.19%) was shown in mice treated with 
30 mg/kg liposome-encapsulated piroxicam. Lower 
doses of liposomes-encapsulated piroxicam (0.3 
and 3 mg/kg) were also found to be adequate in 
producing statistically significant anti-nociceptive 
activities that lasted throughout duration of this 
test. Contrarily, only 3 and 30 mg/kg piroxicam 
produced a significant pain inhibitory activity 
that lasted for 10 and 30 minutes, respectively. 
Statistical comparisons among treatment groups 
with equivalent drug dosages successfully showed 
that liposome-encapsulated piroxicam formulations 
posed significantly higher antinociceptive effects 
than piroxicam at the dosage of 0.3, 3 and 30 mg/
kg. The total percentage inhibition was increased 
by 20.15%, 18.02% and 26.66% at drug dosage of 
0.3, 3 and 30 mg/kg, respectively.
Formalin-induced paw-licking test
	 Result obtained was shown in Table II. 
Reduction of paw-licking time, which reflected 
an anti-nociceptive activity, was observed in 
dose-dependent manner during both early and late 
phases. Statistical analysis, however, showed that 
rats treated with 30 mg/kg of piroxicam and 3 and 
30 mg/kg of liposome-encapsulated piroxicam 
only showed a significant reduction in the late 
phase (inflammatory phase) when compared to the 
control group. Their percentages of inflammatory 
pain inhibition were 62.88%, 47.46% and 81.36%, 
respectively. In addition, both 3 and 30 mg/kg 
liposomes-encapsulated piroxicam also showed 
significant greater paw-licking time reduction 
when compared to their equivalent dosages of 
piroxicam during late phase. Percentage inhibition 
was increased by 25.77% and 18.48% for drug 
dosage of 3 and 30 mg/kg, respectively.
Carrageenan-induced mechanical hyperalgesia 
test
	 The acquired data was displayed in Table 
III. Rats treated with 30 mg/kg piroxicam and 3 
and 30 mg/kg liposome-encapsulated piroxicam 
showed a considerably higher tolerance of 
mechanical hyperalgesia at different experimental 
time points than the control group, according to 
statistical analyses. However, 30 mg/kg liposome-
encapsulated piroxicam was the only formulation 
with notable inhibitory effects that persisted 
throughout the entire test. Rats treated with 30 
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Table 2. Paw-licking time and percentage inhibition at different phases

Treatment 	 Drug dosage 	                      Paw-licking time (s) [Inhibition (%)]
group	 (mg/kg)	 Early phase	 Late phase

Piroxicam	 0  (Control)	 89.83 ± 8.57	 98.33 ± 9.38
	 0.3	 82.00 ± 5.77  [8.72]	 82.50 ± 9.08 [16.10]
	 3	 76.83 ± 7.56 [14.47]	 77.00 ± 6.76 [21.69]
	 30	 75.33 ± 5.64 [16.14]	 36.50 ± 5.10* [62.88]
Liposomes-	 0	 87.50 ± 5.88  [2.60]	 90.67 ± 7.30  [7.80]
encapsulated 	 0.3	 71.83 ± 3.97 [20.04]	 73.17 ± 5.26 [25.59]
piroxicam	 3	 67.00 ± 6.87 [25.42]	 51.67 ± 4.26*# [47.46]
	 30	 67.67 ± 6.43 [24.68]	 18.33 ± 6.32*# [81.36]

Values are mean ± S.E.M. (n=6/group)
*Significant difference (P<0.05) when compared to control at their respective phase
#Significant difference (P<0.05) when compared to equivalent dosage of piroxicam at their 
respective phase
Values in parenthesis are percentage of inhibition when compared to control at their respective phase

mg/kg liposomal piroxicam sample showed the 
two highest percentages of inhibition (118.7% and 
120.9%) in the current investigation, which were 
discovered two and four hours after carrageenan 
injection. Interestingly, at these two time points, 
significant differences were also found when 30 
mg/kg liposomes-encapsulated piroxicam was 
compared to 30 mg/kg piroxicam. The increment 
in percentages of inhibition was 44.9% and 55.8%, 
respectively. 
Carrageenan-induced thermal hyperalgesia test
	 Result was shown in Table IV. Comparing 
to control group, significant prolongation of paw 
withdrawal latencies was observed during second 
hour after carrageenan injection in rats treated with 
30 mg/kg piroxicam. At comparable experimental 
time periods, rats administered with 3 and 30 mg/
kg liposome-encapsulated piroxicam likewise 
showed considerable inhibition when compared 
to the control group, with the highest percentage 
inhibition being 55.71%. Regretfully, when 
piroxicam and liposome-encapsulated piroxicam 
at equal dosages were statistically compared, there 
was no discernible difference in the inhibitions for 
thermal hyperalgesia.
Brewer’s yeast-induced hyperthermia test
	 Data from anti-pyretic assay was 
presented in Table V. Significantly lowered rectal 
temperatures comparing to control group were 
observed when the hyperthermic animals were 
orally treated with 30 mg/kg of piroxicam, both 

in non-encapsulated and liposomes-encapsulated 
forms. However, the former showed significant 
anti-hyperthermia effect at third hour following 
treatment whereas the latter posed its inhibitory 
activity after two hours. Treatment with 0.3 and 
3 mg/kg of liposomes-encapsulated piroxicam 
also caused significant pyretic inhibition at a 
few experimental time points. The percentages 
of inhibitions were between 1.50% and 1.99%. 
However, no statistically significant difference 
between the piroxicam and liposome-encapsulated 
piroxicam at equivalent dosages at all tested time 
points.
Carrageenan-induced paw-edema test
	 Result obtained was showed in Table 
VI. Both piroxicam and liposomes-encapsulated 
piroxicam samples at 0.3, 3 and 30 mg/kg exhibited 
significant anti-inflammatory effects as compared 
to control group at various time points following 
carrageenan injection. Nevertheless, in contrast 
to the piroxicam, 0.3 and 3 mg/kg liposomes-
encapsulated piroxicam were found to demonstrate 
significant paw-edema inhibitory activities that 
lasted until the final experimental time point (fifth 
hour) in present study. Further statistical analyses 
revealed that the 3 and 30 mg/kg liposomes-
encapsulated piroxicam successfully resulted in a 
significant decrement of paw-edema volumes when 
compared to their equivalent piroxicam dosage 
groups after the fifth and third hour, respectively. 
In term of percentages of inhibition, an increment 
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Table 7. Transudative weight, granuloma weights and percentage inhibition

Treatment group	 Drug dosage 	                                   Weight (mg) [Inhibition (%)]
	 (mg/kg)	 Transudative	 Granuloma

Piroxicam	 0  (Control)	 429.90 ± 47.52	 90.82 ± 11.97
	 0.3	 376.95 ± 37.44 [12.32]	 78.92 ± 12.37 [13.10]
	 3	 352.05 ± 19.22 [18.11]	 76.33 ± 3.75 [15.95]
	 30	 296.75 ± 22.48* [30.97]	 60.95 ± 5.59* [32.89]
Liposomes-	 0	 428.10 ± 22.87 [0.42]	 82.32 ± 5.90 [9.36]
encapsulated 	 0.3	 353.03 ± 19.35 [17.88]	 68.98 ± 3.51 [24.04]
piroxicam	 3	 273.37 ± 20.95*# [36.41]	 46.08 ± 7.07*# [49.26]
	 30	 243.92 ± 19.60* [43.26]	 43.78 ± 5.08*# [51.79]

Values are mean ± S.E.M. (n=6/group) 
*Significant difference (P<0.05) when compared to control
#Significant difference (P<0.05) when compared to equivalent dosage of piroxicam
Values in parenthesis are percentage of inhibition when compared to control

Table 8. Effects of different treatment upon serum NO 

Treatment group	 Drug dosage 	 Concentration (µM) 
	 (mg/kg)	 [Inhibition (%)]

Piroxicam	 0 (Control)	 18.96 ± 0.97
	 0.3	 17.52 ± 1.36 [7.59]
	 3	 16.08 ± 1.51 [15.17]
	 30	 11.58 ± 1.23* [38.91]
Liposomes-	 0	 17.08 ± 1.30 [9.90]
encapsulated 	 0.3	 14.23 ± 1.65 [24.94]
piroxicam	 3	 12.14 ± 1.62* [35.98]
	 30	 8.03 ± 0.95*# [57.63]

Values are mean ± S.E.M. (n=6/group) 
*Significant difference (P<0.05) when compared to control
#Significant difference (P<0.05) when compared to equivalent dosage 
of piroxicam
Values in parenthesis are percentage of inhibition when compared to 
control

between 23.81% and 28.57% was observed during 
this time frame.
Cotton pellet-induced granuloma test
	 Results (Table VII) showed a dose-
dependent chronic anti-inflammatory effect by 
piroxicam and liposomes-encapsulated piroxicam. 
Data obtained showed that treatment using 
liposomes-encapsulated piroxicam at 3 and 30 
mg/kg significantly reduced both the transudative 
and granuloma weights by more than 36.41%. 
On the contrary, only highest dose (30 mg/kg) of 
non-encapsulated piroxicam resulted in statistically 
significant inhibitory activities as compared 

to control group. The percentage inhibition 
for transudative and granuloma weights were 
only 30.97% and 32.89%, respectively. Further 
statistical analyses proved that liposomal piroxicam 
samples possessed greater anti-transudative 
and anti-granuloma effects when compared to 
piroxicam of same dosage. Significantly different in 
transudative weight was found between piroxicam 
and liposomes-encapsulated piroxicam at 3 mg/kg. 
The transudative weight was 18.3% higher when 
piroxicam was used to treat the animals in present 
experiment. In addition, 3 and 30 mg/kg liposomes-
encapsulated piroxicam samples respectively 



805Chiong et al., Biomed. & Pharmacol. J,  Vol. 17(2), 795-811 (2024)

Table 9. Effects of different treatment upon serum TNF-α, IL-1β and IL-10

Treatment group	 Drug dosage 		  Concentration (pg/mL) [Inhibition (%)]
	 (mg/kg)	 TNF-α	 IL-1β	 IL-10

Piroxicam	 0 (Control)	 55.80 ± 6.38	 56.88 ± 6.77	 46.18 ± 3.47
	 0.3	 44.27 ± 4.91 [20.66]	 46.58 ± 6.08 [18.11]	 54.76 ± 5.16 [18.57]
	 3	 45.44 ± 4.04 [18.57]	 39.00 ± 4.03 [31.44]	 50.92 ± 7.15 [10.26]
	 30	 32.90 ± 4.80* [41.03]	 43.26 ± 3.27 [23.95]	 60.47 ± 4.85 [30.93]
Liposomes-	 0	 53.43 ± 3.89 [4.25]	 53.66 ± 6.62 [5.67]	 50.35 ± 5.02 [9.03]
encapsulated 	 0.3	 44.51± 6.93 [20.23]	 34.18 ± 5.59* [39.91]	 52.34 ± 3.20 [13.34]
piroxicam	 3	 32.55 ± 3.92*# [41.66]	 35.76 ± 4.60* [37.14]	 61.46 ± 4.05 [33.09]
	 30	 22.85 ± 4.26* [59.05]	 29.63 ± 4.56*# [47.92]	 65.21± 4.32* [41.20]

Values are mean ± S.E.M. (n=6/group) 
*Significant difference (P<0.05) when compared to control
#Significant difference (P<0.05) when compared to equivalent dosage of piroxicam
Values in parenthesis are percentage of inhibition when compared to control

Table 10. Effects of different treatment upon blood COX-1 and COX-2

Treatment group	 Drug dosage 	                       Concentration (ng/mL) [Inhibition (%)]
	 (mg/kg)	 COX-1 	 COX-2

Piroxicam	 0 (Control)	 41.04 ± 4.15	 25.40 ± 2.24
	 0.3	 37.33 ± 5.58 [9.04]	 21.83 ± 1.81 [14.05]
	 3	 26.39 ± 2.97 [35.70]	 16.48 ± 1.43* [35.14]
	 30	 17.99 ± 3.31* [56.16]	 11.87 ± 1.70* [53.29]
Liposomes-	 0	 40.12 ± 5.65 [2.25]	 24.01 ± 1.70 [5.49]
encapsulated 	 0.3	 36.16 ± 4.52 [11.88]	 17.77 ± 2.57* [30.03]
piroxicam	 3	 28.65 ± 4.76 [30.18]	 11.84 ± 1.11*# [53.39]
	 30	 17.64 ± 3.67* [57.02]	 6.98 ± 0.76*# [72.51]

Values are mean ± S.E.M. (n=6/group) 
*Significant difference (P<0.05) when compared to control
#Significant difference (P<0.05) when compared to equivalent dosage of piroxicam
Values in parenthesis are percentage of inhibition when compared to control

resulted in 33.31% and 18.90% greater inhibition 
of granuloma weight than the piroxicam samples 
of equivalent dosage.
NO activity
	 The  da ta  obta ined (Table  VIII ) 
demonstrated that, in comparison to the control 
group, repeated treatment of either piroxicam or 
liposome-encapsulated piroxicam at the highest 
dose of 30 mg/kg resulted in a considerable 
reduction of NO. In comparison to the control, a 
lower dosage of liposome-encapsulated piroxicam 
(3 mg/kg) was sufficient to cause a considerable 
reduction in serum NO levels. Subsequent 
statistical analysis showed that the piroxicam 

encapsulated in liposomes at a dose of 30 mg/kg 
significantly inhibited NO more than the piroxicam 
at the same dosage. It was discovered to have an 
18.72% higher percentage of inhibition than the 
piroxicam sample.
Inflammatory cytokines activity
	 Data obtained was summarized in Table 
IX. Analyses showed that piroxicam only resulted 
in a significant change to serum TNF-á at the highest 
dose (30 mg/kg). Whereas a lower dose (0.3 or 3 
mg/kg) of liposomes-encapsulated piroxicam were 
adequate to cause statistically significant TNF-á 
and IL-1â inhibition. Further analyses revealed 
that 3 and 30 mg/kg liposomes-encapsulated 
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piroxicam samples possessed significantly greater 
inhibition of TNF-á and IL-1â respectively than the 
effects exhibited by non-encapsulated piroxicam 
of equivalent dosages. Contrarily, only the 30 
mg/kg liposomes-encapsulated piroxicam sample 
successfully resulted in significant increment 
of serum IL-10 when compared to control 
group. There was no statistical difference found 
between the liposome-encapsulated piroxicam and 
equivalent dose of piroxicam for serum IL-10.
Blood COX-1 and COX-2 activities
	 The dose-dependent inhibition of COX 
enzymes by different treatment samples was 
summarized in Table X. Results showed that both 
piroxicam and liposomes-encapsulated piroxicam 
significantly reduced serum concentration of COX-
1 enzyme only at the highest drug dosage of 30 mg/
kg. Further analyses demonstrated no significant 
difference between the two treatment groups. In 
contrast, rats which were treated with piroxicam at 
3 and 30 mg/kg as well as liposomes-encapsulated 
piroxicam at 0.3, 3 and 30 mg/kg significantly 
inhibited the production of COX-2 enzyme. 
Statistical comparisons between treatment groups 
with equivalent drug dosage successfully showed 
that liposomes-encapsulated piroxicam (3 and 30 
mg/kg) posed significantly greater COX-2 enzyme 
inhibition than piroxicam in non-encapsulated 
form. The total percentage inhibition was increased 
by 18.25% and 19.22% at drug dosage of 3 and 30 
mg/kg, respectively. 

DISCUSSION

	 Fever, inflammation, and pain have all 
been linked to the pathophysiology of a number 
of clinical disorders, including cancer, vascular 
illnesses, and arthritis27, 28. As a result, it is thought 
to be crucial for the liposomal delivery method to 
enhance the in vivo therapeutic activities (anti-
nociceptive, anti-pyretic, and anti-inflammatory 
effects) of piroxicam, especially in order to better 
manage the symptoms and indicators of these 
illnesses. In present study, several animal models 
were employed to evaluate the effectiveness of 
present liposomal formulations in improving in 
vivo therapeutic activities of orally administered 
piroxicam at three different dose levels.
	 It is generally known that, in animal 
models, the assessment of pain perception 

can be done by examining overt behavioral 
reactions or nociceptive reflexes that are directly 
induced by noxious stimuli (such as chemical, 
thermal, electrical, and mechanical ones).29, 30. 
An very sensitive assay that is frequently used 
to screen drugs for anti-nociceptive activity 
at dose levels that may look inert in other 
approaches is the acetic acid-induced abdominal 
writhing test25, 31. Intraperitoneal injection of 
acetic acid, which irritates serous membranes 
and produce peritoneal inflammation, provokes 
a very stereotyped behavior known as writhing 
effect32. Administration of relatively small doses of 
NSAIDs or opioids is known to abolish the writhing 
response in a dose dependent manner33, 34. The 
present study’s data demonstrated that piroxicam 
and piroxicam formulations encapsulated in 
liposomes both demonstrated dose-dependent 
pain inhibitory properties, as evidenced by a 
decrease in the number of writhing effects. The 
results of this chemonociception test also showed 
that, in comparison to piroxicam at equal dosages, 
piroxicam encapsulated in liposomes demonstrated 
a more potent and sustained anti-nociceptive effect. 
However, liposome encapsulation has several 
limitations such as poor molecular targeting, 
instability, short circulation time in vivo and low 
encapsulation efficiency1,3. Interestingly, we have 
demonstrated the solution of these limitation of 
piroxicam encapsulation previously18,19.
	 The acetic acid-induced abdominal 
writhing test, however, shows poor specificity as 
it does not indicate whether an anti-nociceptive 
activity is central and/or peripheral29, 35. Acetic 
acid itself may cause pain, while at the same time 
stimulates peripheral tissues to release endogenous 
substances such as serotonin, histamine, PG (e.g. 
PGE2, PGF2á), bradykinin and substance P that 
sensitize pain nerve endings (nociceptors) which 
in turn causes pain at the location36, 37. The anti-
nociception activity of a compound may therefore 
be due to its action on visceral receptors that are 
sensitive to acetic acid, the inhibition of algogenic 
substances production or the inhibition of painful 
messages transmission at central level31. Therefore, 
the formalin-induced paw licking test was carried 
out to strengthen further evidences of improved 
anti-nociceptive activity that was observed in 
writhing test. 
	 A valid model of tonic pain that mimics 
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clinical pain circumstances in humans is the 
formalin-induced paw licking test. This assay 
has a solid track record of helping to clarify a 
compound’s mode of action24,38, 39. Formalin 
injected intraplantarly into the paw causes two 
separate phases, each of which represents a different 
kind of pain. The early phase, which represents 
centrally mediated pain (neurogenic pain), is a 
direct result of stimulation of nociceptors in the 
paw. On the other hand, the late phase is brought 
on by inflammation, which causes nociceptors to 
become sensitized and produce pain (inflammatory 
pain) when algogenic substances are released 
from damaged tissues. There is also, at least to 
some degree, sensitization of central nociceptive 
neurons during late phase25, 34. Thus, drugs that 
act primarily on central nervous system (e.g. 
opiods) are known to inhibit both phases equally, 
whereas peripherally acting drugs (e.g. NSAIDs) 
are more effective in inhibiting the late phase33, 

35. Data in present study revealed that liposomes-
encapsulated piroxicam possessed significantly 
greater nociception inhibition than piroxicam 
during the late phase only. This finding suggested 
that liposomes-encapsulated piroxicam resulted in 
a more effective suppression of inflammatory pain, 
hence supported the fact that a stronger peripherally 
mediated anti-nociceptive activity could be attained 
using the present liposomal formulations.
	 One ubiquitous issue that frequently 
causes both spontaneous pain and hyperalgesia 
is inflammatory pain. After cutaneous injury 
and/or inflammation, the hyperalgesia response 
(heightened sensitivity to pain) is defined by a 
peripheral sensitization of nociceptors due to an 
increase in neuronal membrane excitability to 
inflammatory mediators30. The potential advantages 
of liposomal formulations in lowering mechanical 
and thermally induced hyperalgesia responses 
were assessed in the current investigation. In 
animal models, carrageenan, a family of linear 
sulphated polysaccharides isolated from the 
marine red seaweed Chondrus crispu, was 
utilized to cause transient inflammation and 
hyperalgesia40. Because carrageenan-induced 
inflammatory models can closely mimic various 
real pain syndromes, they have been widely used 
in the field of pain research41. The results of the 
current hyperalgesia experiments demonstrated 
that piroxicam encapsulated in liposomes may 

raise animals’ nociceptive thresholds to heat 
and mechanical stimuli at both highest dosage 
levels, indicating that lower drug dosages may be 
necessary to achieve anti-hyperalgesia benefits. In 
addition, statistical comparisons between treatment 
groups with equivalent drug dosages revealed 
that animal’s tolerance to mechanical-induced 
hyperalgesia response could also be increased using 
present liposomal formulations.
	 Fever is resulted during tissue damage, 
inflammation, infection or disease states. A 
pathogenic fever can be induced in animal model 
by administration of yeast. Under these conditions, 
formation of cytokines and thus the synthesis of PG 
are increased 32. NSAIDs exert their anti-pyretic 
effect by inhibition of PGE2 synthesis, which is 
responsible for triggering hypothalamus to increase 
body temperature42. Data obtained in present study 
showed that liposomal formulation was able to 
result in a faster onset of anti-pyretic effect, even 
though the intensity of effect was not significantly 
increased. Moreover, in comparison to non-
encapsulated form of piroxicam, lower dosages of 
liposomes-encapsulated piroxicam were found to 
be sufficient in producing significant anti-pyretic 
effects.
	 The effects of the liposomal drug 
encapsulation strategy on the anti-inflammatory 
properties of piroxicam were assessed in addition 
to its anti-nociceptive and anti-pyretic properties. 
An indication of acute inflammatory alterations 
was a very reproducible edema that formed after 
an intraplantar injection of carrageenan42. In the 
current investigation, the first- and third-hours 
following carrageenan administration were 
when inflammatory edema peaked. It is widely 
established that paw edema caused by carrageenan 
is a biphasic event: PG and lysosome enzymes 
are released two to three hours after carrageenan 
injection, while serotonin, histamine, and kinins 
are released during the initial phase (first hour)31. 
Data obtained in present carrageenan-induced 
paw edema test indicated that, at two highest 
dose levels, liposomes-encapsulated piroxicam 
exhibited stronger acute anti-inflammatory activity 
than piroxicam. A higher inhibition of paw edema 
during the second phase suggested that piroxicam 
might attenuate release of PG or lysosome enzymes 
more effectively when the drug was formulated 
using liposomes.
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	 On the other hand, chronic inflammation 
results from an initial response that is unable to 
completely remove proinflammatory chemicals, 
leading to neutrophil infiltration and exudation 
as well as fibroblast proliferation43. A common 
method for determining how well a substance 
inhibits the transudative and proliferative 
aspects of chronic inflammation is the cotton 
pellet-induced granuloma test44. By regulating 
mucopolysaccharides, decreasing collagen fiber 
synthesis, and limiting granulocyte infiltration to 
foreign implanted bodies, NSAIDs can reduce the 
growth of granuloma tissue, which is the outcome 
of a cellular reaction. However, it is reported that 
the inhibitory activities exerted by NSAIDs are 
only slight, whereas steroidal anti-inflammatory 
agents can strongly inhibit both transudative and 
proliferative phases25. Data from present study 
proved that the present liposomal formulations 
were able to increase anti-transudative and anti-
granuloma effects of piroxicam. 
	 All NSAIDs, including piroxicam, are 
known to exhibit their therapeutic activities 
through inhibition of various mediators, which in 
turn result in blockage of pathways that contribute 
to pathologic conditions such as pain, fever and 
inflammation44. As an attempt to gain further 
insights into the molecular basis of underlying 
mechanisms that contributed to the improved 
in vivo therapeutic activities of piroxicam using 
present liposomal formulations, the production of 
different key inflammatory mediators in animal 
was evaluated. Blood samples from rats in cotton 
pellet-induced granuloma test were used for present 
evaluation since a model of chronic inflammation 
involved a complex response which released 
numerous inflammatory mediators and resulted in 
multiple interactions39.
	 NO is a short-lived regulatory molecule 
which mediates diverse physiological processes 
such as vasodilatation and neurotransmission. 
While NO serves as a vital, multipurpose chemical 
messenger in biological systems, inducible NOS is 
known to produce excessive amounts of NO, which 
is linked to multiple forms of inflammation and 
multistage carcinogenesis in inflammatory sites46. 
Considerable evidence has demonstrated that NO 
and its synthases play pivotal roles in development 
and maintenance of edema, pain and hyperalgesia 

during inflammation 2,19. Besides the NO pathway, 
it is also well-established that a distinct cytokines 
cascade that unfolds during inflammatory processes 
can contribute to the development of inflammatory 
pain and hyperalgesia. The increased production of 
TNF-á during inflammation stimulates expression 
of other proinflammatory mediators (e.g. IL-
1â, IL-6 and granulocyte-macrophage colony-
stimulating factors), facilitates inflammatory 
cell infiltration and promotes induction of COX 
enzymes (39). Both TNF-á and IL-1â are reported 
to contribute to a hyperalgesia state through 
activation or sensitization of peripheral nociceptors, 
thus decreasing threshold of nociceptor during 
inflammation47. However, anti-inflammatory 
cytokines (such IL-10) that are released by 
monocytes and lymphocytes can prevent the 
generation of proinflammatory cytokines, which 
in turn causes an anti-inflammatory effect in the 
test model48.
	 Addit ionally,  the level  of PG is 
increased during an inflammatory process. PG 
can intensify and extend the signals generated 
by other molecular messengers, such as NO and 
proinflammatory cytokines, even when they do 
not cause inflammation on their own48. It has been 
demonstrated that the inhibition of PG production 
by NSAIDs effectively reduces inflammatory 
symptoms such as pain and edema49. The primary 
enzyme responsible for converting arachidonic 
acids into PG is COX. COX comes in two different 
isoforms: COX-1 and COX-2. It is well established 
that COX-1 supplies PG at a physiological level 
necessary for normal kidney, stomach, and platelet 
function; in contrast, COX-2 has been shown to be 
strongly stimulated by proinflammatory mediators, 
which raises PG synthesis during inflammation50. 
While it has been proposed that constitutively 
expressed COX-1 contributes to inflammatory 
processes, it is generally acknowledged that 
reduced COX-2 synthesis or activity oversees anti-
inflammatory effects in both localized and systemic 
settings37. NSAIDs inhibit both COX isoenzymes, 
but to different degrees7.
	 The current investigation found that 
the suppression of COX-1 in the animal model 
was unaffected by liposomal formulation. On 
the other hand, at equivalent dosages, piroxicam 
encapsulated in liposomes demonstrated a higher 
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degree of COX-2 inhibition than piroxicam. 
Additionally, it has been shown that at lesser 
dosages, piroxicam encapsulated in liposomes 
effectively suppresses COX-2. Therefore, it can be 
hypothesized that current liposomal formulations 
enhanced the piroxicam’s therapeutic effects by 
selectively inhibiting COX-2.

CONCLUSION

	 In summary, present study successfully 
revealed that the liposomal drug formulations 
improved in vivo therapeutic activities for 
piroxicam. As compared with non-encapsulated 
form of piroxicam, the liposomal piroxicam 
formulations were shown to exhibit stronger 
and longer-lasting peripherally mediated anti-
nociceptive effects in animal models. Lower 
dosages of liposome-encapsulated piroxicam may 
result in a considerable suppression of acetic acid-
induced abdominal writhing, formalin-induced 
paw licking, and carrageenan-induced mechanical 
and thermal hyperalgesia, according to results 
from the nociception assays. Besides enhancing 
latency threshold for inflammatory pain, lower 
dosage of liposomes-encapsulated piroxicam was 
also found to be enough in resulting anti-pyretic 
effect in Brewer’s yeast-induced hyperthermia 
test. Furthermore, even when lower medication 
dosages were employed to treat animals, the 
current investigation demonstrated that piroxicam 
encapsulated in liposomes held much stronger 
acute and chronic anti-inflammatory properties 
than piroxicam. The improved in vivo therapeutic 
activities by present liposomal delivery system 
were probably mediated via enhanced inhibition 
of proinflammatory mediators including NO, 
TNF-á and IL-1â. Besides, liposomal formulations 
were also shown to modulate the release of IL-
10, an anti-inflammatory cytokine. Moreover, 
present liposomal formulation also resulted in 
an effective down-regulation of COX-2 but not 
COX-1 mediated PG synthesis in animal. Thus, 
these may prove very useful in clinical settings. 
Regardless of these excellent results, future studies 
are needed to fully understand the exact mechanism 
and extensive toxicological assessment for safety.
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