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INTRODUCTION AND OBJECTIVES 
 
Non-steroidal anti-inflammatory drugs (NSAIDs) could 
suppress the imbalance of chronic inflammation, which 
characterizes chronic wounds (Nizamutdinova 2009), 
leading to wound healing. On the other hand, from the 
ancient times, a suitable material had to be used to cover 
the wound in order to prevent any infection. In fact, the 
use of textile materials in wounds presents various advan-
tages (Gouveia 2011). In addition, prolonged contact time 
of a drug with a body tissue, through the use of gauzes, 
for example, can significantly improve the performance 
of many drugs. 
 
In this work, it was used liposomes to entrap piroxicam 
and further their attachment onto nonwoven gauzes it was 
performed. It was used two types of liposomes: multi-
lamellar liposomes (MLVs) and large unilamellar lipo-
somes (LUVs). LUVs were produced, from MLVs of 
egg-yolk phosphatidylcholine (EPC), using ultrasound. 
Besides liposomes type, it was also investigated the in-
fluence of EPC concentration (1500 and 3000 μM) in the 
piroxicam encapsulation efficiency. The liposomes pro-
duction was followed by their characterization, which 
included the determination of size, polydispersity index 
(PDI), zeta-potential, morphology and piroxicam encap-
sulation efficiency. After production optimization and 
characterization of the liposomes, they were attached 
onto nonwoven gauzes in order to produce a functional-
ized biomaterial with the ability to deliver the pharma-
ceutical agent in a control manner. The quantification of 
piroxicam released from liposomes attached onto gauzes 
surface it was evaluated by UV spectrophotometry.  

 
MATERIALS AND METHODS 
 
Reagents 
The chemical reagents were purchased from Sigma-
Aldrich and all were used as supplied. The nonwoven 
gauzes were commercial available in a local pharmacy.  
 
Liposomes preparation and drug incorporation 
Liposomes were prepared by the thin film hydration me-
thod. Briefly, a known amount of EPC dissolved in 
chloroform was mixed or not with a piroxicam solution in 
chloroform/methanol (1:1, v/v). Piroxicam:EPC ratio 
used was 1:3. The resulting dried lipid film, obtained af-
ter removal of organic solvents, was dispersed by the ad-
dition of phosphate buffered saline solution (PBS; 
0.01 M, pH 7.4) and the resultant mixture was vortexed, 
at room temperature, to yield MLVs. The sonication of 
this suspension was carried out with a total treatment of 

21 min monitored in 3 min increments, at 25 ± 1 ºC. A 
pulsed duty cycle of 8 s on, 2 s off was used for all the 
experiments with indicated power delivery of 40%. After 
LUVs preparation, the suspension was submitted a one 
centrifugation (2500 g, 15 min) to remove titanium parti-
cles. Liposomes were separated from non-entrapped drug 
by size exclusion chromatography.  
 
Determination of size, PDI, zeta-potential and morphol-
ogy of liposomes 
Size distribution and zeta-potential values of EPC 
liposomes, with and without incorporated drug, were 
monitored at pH 7.4 (PBS), at 25.0 ± 0.1 ºC, in a Malvern 
Zetasizer Nano Series. Liposomes morphology was de-
termined using scanning electron microscopy (SEM). 
Samples were dried, at the room temperature, and further 
coated with gold, in vacuum. This technique was also 
used to evaluate the attachment of liposomes onto the 
nonwoven gauzes. 
 
Quantification of piroxicam encapsulation into 
liposomes 
Piroxicam concentration was determined by UV spectro-
photometry, at 353 nm. The encapsulation efficiency of 
drug into liposomes was evaluated by: 
 

                                  

 
where [NSAID]i and [NSAID]f is the initial and final 
NSAID concentration in supernatant, respectively, after 
separation of the liposomes. 
 
Chemical activation of gauzes 
The cationization was performed in sealed, stainless steel 
pots of 120 cm3 capacity in a laboratory scale dyeing ma-
chine (AHIBA Spectradye). The treatment was carried 
out using a material:liquor ratio of 1:20, 10% (on weight 
of the fabric) of poly(diallyldimethylammonium chloride) 
and 5 g.L-1 of sodium hydroxide, over 60 min at 50 ºC.  
 
Attachment of liposomes containing piroxicam onto 
nonwoven gauzes and drug release 
The attachment of liposomes was achieved by incubating 
MLVs or LUVs with the gauzes in a water shaking bath, 
at 25 ºC, over 24 h, under constant shacking (50 rpm). 
After incubation, the samples were washed with deion-
ized water. The presence of liposomes onto gauzes sam-
ples was evaluated by staining the samples and controls 
(nonwoven gauzes, cationized and non-cationized, with-
out liposomes) with Comassie brilliant blue G250 and 
Reactive red 66. The staining was executed in AHIBA 
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machine, using 0.25 and 1 g.L-1 of the dyes, at 60 ºC for 
60 min. The colour measurements were determined using 
a Spectraflash spectrophotometer (illuminant D65 at 
600 nm for Comassie dye and 540 nm for Reactive red 
66). The colour strength was evaluated as K/S (K is ab-
sorption coefficient and S is scattering coefficient).  
 
The release of piroxicam by liposomes attached onto 
gauzes (≈ 0.07 g) was assessed by incubation of the tex-
tile samples in deionized water (3.5 mL). At determined 
time points, aliquots were taken, and the piroxicam re-
lease was monitored by absorbance measurements at 
356 nm. 

 
RESULTS AND DISCUSSION 
 
Characterization of liposomes containing piroxicam  
The values of size and PDI obtained for LUVs were 70.6 
+ 1.10 nm and 0.30 + 0.04, respectively, and for MLVs 
the size obtained was equal to 1730 + 10.25 and the PDI 
presented a value of 1.00. As expected, the MLVs popu-
lation presents a higher size and PDI, due to their hetero-
geneity. On the other hand, there was no significant re-
duction of the zeta-potential values between LUVs and 
MLVs with piroxicam (≈ -1.3 mV), when compared with 
liposomes without drug (≈ -0.91 mV). This is in agree-
ment with the presence of zwitterionic forms of piroxi-
cam, at pH 7.4. SEM analysis demonstrates that LUVs 
and MLVs, with or without piroxicam, present a similarly 
spherical shape. Finally, the values obtained for encapsu-
lation efficiency of piroxicam were greater when it was 
used an higher phospholipid concentration, but, for the 
same concentration, were similar for MLVs and LUVs (≈ 
52% and 56% for 1500 µM and 3000 µM of EPC, respec-
tively). These results can be related with the hydropho-
bicity of piroxicam that will allow its location mainly 
between phospholipids in the lipid bilayer. 
 
Attachment of liposomes containing piroxicam onto 
nonwoven gauzes 
The presence of liposomes onto nonwoven gauzes led to 
a decrease of the colour strength comparatively to the 
control. Additionally, a superior decrease of K/S values 
was obtained for the cationized samples, suggesting an 
higher attachment of the liposomes onto positively sur-
faces charge of the fibres. SEM analysis of the fibres also 
corroborates the results obtained for K/S.  
 
Comparing piroxicam concentrations released by the 
cationized and non-cationized gauzes (Figure 1), it is 
possible to conclude that the cationized gauzes, for the 
same EPC concentration, led to higher concentrations of 
the NSAID in the aqueous environment. As referred be-
fore, the cationization process would favour the attach-
ment of the liposomes, which presents a negative surface 
charge, onto the structure of the gauzes material. In Fig-
ure 1, it is also possible to observe that the NSAID is re-
leased, mainly, in the first hours. Furthermore, the use of 
higher concentration of phospholipids (3000 µM), pro-
motes an increase of the NSAID concentration in the 

aqueous phase. In fact, the greater the number of MLVs 
or LUVs in suspension, the greater is the amount of 
NSAID encapsulated. Moreover, comparing piroxicam 
release by MLVs and LUVs, an higher concentration of 
this drug in the aqueous phase was obtained when the 
gauzes had attached MLVs, which can be related with the 
higher decrease of K/S values. 
 

 
 

Figure 1: Release profile of piroxicam encapsulated 
on MLVs (a) and LUVs (b) of EPC (1500 and 3000 
μM) from cationized and non-cationized gauzes. 

 
CONCLUSIONS 
 
The chemical activation of gauzes improved the content 
of liposomes at the fibres surfaces’ and, consequently, a 
higher concentration of piroxicam is released. Addition-
ally, the highest concentration of piroxicam released can 
be reached when it is used MLVs prepared with an higher 
EPC concentration. The results achieved indicate that 
these functionalized gauze bandages may potentially be 
used as powerful bioactive carriers to control and to heal 
inflammatory conditions, as in wound healing.  
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