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ABSTRACT  
The purpose of contemporary study was to project nonionic surfactant vesicles having Lornoxicam with different spans. The vesicles known as niosomes with 
a minor particle size and good sphericity were prepared by thin film hydration method. Lornoxicam  niosomes were analyzed for their morphological aspects, 
vesicle size and drug entrapment efficiency. Transdermal permeation of Lornoxicam through rat abdominal skin was determined by Franz diffusion cell. The 
in-vitro permeation profile of optimized formulation was compared with that of Lornoxicam solution. Superior CAP/cm2 (8.57) was observed in span 60(1:1) 
niosomes. Further stability studies were carried out at 4ºC for a period of 8 weeks. The results of physicochemical characterization and in-vitro permeation 
studies of the prepared vesicles were promising to formulate transdermal drug delivery system. 
KEYWORDS: Lornoxicam, Niosomes, Vesicles delivery, Transdermal permeation. 
 
INTRODUCTION 
Niosomes have developed as article of choice as drug 
delivery transporters, nowadays. The vesicles designed from 
non-ionic surfactants are well-known as niosomes or non-
ionic surfactant vesicles. These vesicles can be prepared from 
phospholipids, non-ionic surfactants and mixed anionic and 
cationic surfactants. They are known as equivalent of 
liposomes and have been widely explored as drug carriers by 
numerous investigation individuals. They have been reflected 
of precise attention for the reason that they offer numerous 
advantages over liposomes with respect to lesser asking price, 
great purity, content uniformity, availability of large numbers 
of non-ionic surfactants and better stability1. The quantity of 
drug encapsulated can fluctuate up to 90 % and both 
hydrophilic and lipophilic drugs can be entrapped 
successfully either in aqueous layer or in vesicular 
membrane. Drug toxicity and side effects can be reduced 
using these vesicles because of their non-ionic nature. They 
also offer the opportunity of controlled drug discharge and 
drug targeting as stated in literature.  
Transdermal drug delivery systems are ideally matched for 
illnesses that mandate chronic treatment. In recent years, 
owing to advantages offered by transdermal administration a 
number of antihypertensive agents have been studied by 
various authors for continuous permeation and transdermal 
drug delivery. Antihypertensive agent Lornoxicam which is 
angiotensin converting enzyme inhibitor is selected as drug 
candidate.  Chemical name of Lornoxicam 6-Chloro-4-
hydroxy-2-methyl-N-2-pyridinyl-2H-thieno[2,3-e]-1,2-
thiazine-3-carboxamide 1,1-dioxide. It is marketed as tablets 
and injections. It has absorption and bioavailability of 60% 
and 90% respectively. It is  soluble in chloroform  and 
partially in polar organic solvents and buffered aqueous 
solution. It is freely  soluble in .1M NaOH solution  having 
melting point 230-2310c and partition coefficient 1.8 2.  
In literature, transdermal patch and transdermal films were 
reported for Lornoxicam 2, 3. There are no reports on 
niosomal  vesicular delivery system for Lornoxicam. 
However, some other ACE inhibitors have been explored for 
transdermal delivery. Captopril has been investigated as 
lyphollised aqueous based polymer matrices and proniosomes 

for transdermal delivery 4, 5. Mucoadhesive films of enalpril 
maleate for buccal delivery were developed using HPMC, 
PVP and sodium CMC by 6. Matrix type transdermal system 
of trandolapril was prepared and evaluated in-vitro and ex-
vivo by 7, 8.  
MATERIALS AND METHODS 
Materials 
Span 40, 60and 80 were purchased from Shah Scientific, 
Mumbai (India). Cholesterol was purchased from Nice 
chemicals  Pvt. Ltd, Mumbai  (India). All other chemicals 
and solvents were of analytical grade. Lornoxicam was 
supplied as a gift sample by Mankind Pharma , Ponta Sahib, 
H.P (India) 
Methods 
Preparation of rat abdominal skin membrane 
The in-vitro tests using rat skin were conceded out after 
obtaining consent of the Institutional Animal Ethics 
Committee of M.M. University, Mullana, India and their 
recommendations were strictly followed. Male albino rats 
were killed by cervical dislocation and the full length shaved 
abdominal skin with adhering connective tissue was excised 
with care. 
Preparation of non-ionic vesicles  
Unilamellar vesicles were prepared according to thin film 
hydration technique reported in literature 9. Table 1 lists the 
composition of the formulations tested in present study. 
Precisely weighed quantities of the drug (Lornoxicam), non-
ionic surfactant and cholesterol (ratios reported table  were 
dissolved in 15 ml chloroform into a long necked quick fit 
round bottom flask. The organic solvent was slowly 
evaporated at 60oC under reduced pressure, using rotary 
evaporator (Perfit India) at 135 rpm such that a thin dry film 
of the components was formed on the inner wall of the 
rotating flask. After removal of last traces of organic 
solvents, the film was hydrated by 10 ml of phosphate 
buffered saline (PBS, pH 7.4) at 60oC for 3hr 10. The 
niosomal suspension was left to mature overnight at 4oC. 
Method reproducibility 
To assess the reproducibility of film hydration method 
formulations were prepared several times and % entrapment 
efficiency of each batch was measured. 
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VESICULAR CHARACTERIZATION 
 Optical microscopy  
Slight volumes of the niosomes made were spread on a glass 
slide and examined for the vesicle structure and the presence 
of insoluble drug crystals using light microscopy (Carl Zeiss, 
Berlin and Germany). Photomicrographs were taken at a 
magnification of 40X using digital camera fitted with 
microscope (Nikon cool-pix S220, Japan) 11. 
Vesicle size determination 
 Mean size and poly-dispersity index of niosomal 
formulations were measured at 25oC by photon correlation 
spectroscopy, using a Malvern particle size analyzer. Light 
scattering was monitored at 25°C at a scattering angle of 90°. 
The poly-dispersity index of niosomes was performed as a 
measurement of the size distribution of system 
Entrapment efficiency (%) (EE)  
Percentage entrapment efficiency was studied by centrifugal 
method. A niosomal suspension was centrifuged at 7000 rpm 
for 20 min at 40C. The supernatant was taken and diluted 
with PBS (pH 7.4). The drug concentration in the resulting 
solution was assayed by UV method at 376 nm 12. The 
percentage of drug encapsulation was calculated by the 
following equation: 

EE (%) = [(Ct - Cf)/ Ct] × 100 
Where Ct is the concentration of total drug and Cf is the 
concentration of unentrapped drug. 
Scanning electron microscopy 
The prepared niosomes size and shape was studied using 
SEM (figure 3)  
Preparation of niosomal gel 
1%w/w Lornoxicam niosomal gel and 1%w/w Lornoxicam 
standard gel were prepared, 13 by uniformly mixing the 
niosomal suspension containing Lornoxicam and Lornoxicam 
equivalent to 1%w/w of Lornoxicam in to a gel base 
composed of carbopol (1.5% w/w), glycerin (10 %w/w), 
triethanolamine (1% w/w) and water (86.5% w/w). 
In-vitro permeation studies 
In-vitro skin permeation studies of Lornoxicam niosomes 
were done using modified vertical Franz- diffusion cell. Full 
thickness albino rat skin was sandwiched securely between 
donor and receptor compartment with the epidermis site 
facing the donor compartment. The receptor compartment 
was filled with 5ml PBS (pH 7.4) solution which was 
continuously stirred and thermo stated at 37oC ±1oC 
throughout the experiment. After 1 hr. equilibrium, 2gm  of 
either Lornoxicam  entrapped gel were placed on to the skin 
surface. Before starting the experiment the donor cell was 
sealed with Para film and covered with aluminum foil to 
prevent exposure to light. At predetermined time interval for 
24 hr. (1hr, 2hr, 4hr, 6hr, 8hr, 10hr, 12hr, and 24hr), 1ml of 
aliquots were withdrawn and replaced with an equal volume 
of fresh PBS (pH 7.4) to ensure sink conditions. 
Stability of Lornoxicam niosomal gel 
The samples were stored at 4oC and at room temperature  for 
8 weeks and stability and drug content per gram  of all these 
samples was determined after 8 weeks 14. 
IN-VIVO CHARACTERIZATION 
In vivo anti-inflammatory activity was assessed on the basis 
of the inhibition of the volume of the hind paw edema 
induced by phlogistic agents. For present study 1% w/v 
carrageenan solution in 0.9% w/v was used as phlogistic 
agent. 15. 

Selection of animals 
White albino male rats weighing between 190-200g were 
selected for study. The animals were divided in to three 
groups, each consisting of six rats. Group I was treated with 
Lornoxicam standard gel, Group II was treated with span 60 
1:1:1 gel and Group III was treated with plain gel base 
without drug to account for the effect of gel base. Study was 
conducted by complete cross over design. 
Procedure 
The animals were fasted over-night and all groups were 
treated by applying 1g of gel on the left paw of the rats, with 
respective gels. The part of application was sealed with 
dressings and it was left in place for 2 hrs. The dressing was 
then removed and the gel remaining on the surface was wiped 
off with cotton. The animals were then injected with 0.1 ml 
of 1% w/v of carrageenan solution in plantar region of left 
hind paw and the paw volume was measured after 1hr, 2hr, 
4hr, 4hr, 5hr, 6hr, 7hr, 8hr and 10 hrs. using plethysmometer. 
The right paw served as a reference which was not treated 
with formulations, but inflamed using the same solution  paw 
for comparison. The percentage difference between right and 
left paw volumes was taken as percent edema produced. The 
percent edema produced with test samples were subtracted 
from percent edema produced in control group to obtain 
percent edema inhibition by respective groups. Percent 
inhibition of edema is directly proportional to the anti-
inflammatory activity. Result shown in table 5 
STATISTICAL ANALYSIS 
Statistical analysis of entrapment efficiency (%)and in-vitro 
release studies among niosomal formulations was performed 
by using one – way analysis of variance (1- way ANOVA) 
and paired t-test respectively(Graph Pad, version 3.0, San 
Diego, CF). The level of significance was taken at p value < 
0.05. 
RESULTS AND DISCUSSION 
Optical microscopy 
The morphology of all the niosomal vesicle formulations 
were determined by optical microscope equipped with digital 
camera. The photomicrographs of span 40 and span 60 , 
niosomal formulations are shown in Figure 1 and 2. These 
photomicrographs confirmed the formation of vesicular 
structures. The microscopic appearance of all formulations 
showed spherical vesicles. Unfortunately, information 
concerning microstructure of niosomes could not be 
visualized by the low-magnification power of optical 
microscope, therefore transmission electron microscope was 
employed to elucidate morphology of niosomal vesicles.  
Vesicle size determination 
The average size of vesicles was measured using Malvern 
size analyzer [Malvern instruments ltd. Worcestershire, 
United Kingdom] . The vesicle size was found in range from 
800 nm to 1000 nm with an average of 804 nm  as shown in 
Table 2 . 
The vesicle size of Lornoxicam niosomal formulations was 
found to be in decreasing order as span 60 [1:1:1] ˃ span 
60[1:1:0.5]  ˃ span 40 [1.1.1] ˃ span 80 [1:1:1] ˃ span 60 
[1:1:1.5] ˃ span 40 [1:1:0.5] ˃ span 40 [1:1:1.5] ˃ span 80 
[1:1:1] ˃ span 80 [1:1:1.5]. Among these formations, N3 was 
found to have maximum vesicle size as compared to other 
formulations. HLB value of Span 60 and Span 40 is 4.7 and 
6.7 respectively. More HLB value means more hydrophobic 
character, therefore, due to more hydrophobicity, Span 40 
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resulted in smaller vesicular size than Span 60  as shown in 
Table 2. Further it was observed; increase in cholesterol 
content resulted in increased vesicle size. 
Encapsulation efficiency (EE) (%) 
Percentage encapsulation efficiency was measured by 
“centrifuge method”, in which unentrapped drug was 
calculated spectrophotometrically and entrapped drug was 
determined using formula: 
 EE (%) = [(Ct - Cf)/ Ct] × 100 
Where Ct is the concentration of total drug and Cf is the 
concentration of unentrapped drug. 
The entrapment efficiency of all formulations was found to 
be in decreasing order as span 60 [1:1:1] ˃ span 60[1:1:0.5]  
˃ span 40 [1.1.1] ˃ span 80 [1:1:1] ˃ span 60 [1:1:1.5] ˃ span 
40 [1:1:0.5] ˃ span 40 [1:1:1.5] ˃ span 80 [1:1:1] ˃ span 80 
[1:1:1.5]. EE (%) of different formulations are represented in 
. And comparison of EE (%) of different formulations has 
shown in Figure 4. Entrapment efficiency of span 40  and 60 
formulations was found to be approximately 82.2 % and 
87.7% respectively. 
The entrapment efficiency is the most important parameter 
from pharmaceutical view point in niosomal formulations. A 
high percentage of entrapment would mean less time and 
effort involved in removal of unentrapped material. In 
niosomal formulations prepared using sorbitan monoesters, 
Span 60 showed the maximum entrapment efficiency at 1:1 
cholesterol molar ratio, as it has the longest saturated alkyl 
chain, followed by Span 40. 
In-vitro permeation studies      
Niosomes are composed of non-ionic surfactants which are 
biocompatible and relatively non- toxic and themselves serve 
as excellent permeation enhancer 15. In this study in order to 
assess the influence of the drug carrier on the diffusion of 
drug through skin, in-vitro permeation studies (Figure 5) 
using albino rat skin and vertical Franz diffusion cell was 
carried out. 
In-vitro permeation CAP/cm2 4.32±0.83 for span 40 (1:1) and 
4.08±1.46 for span 60 (1:1) respectively . Superior 
Lornoxicam skin permeation was obtained with smaller 
niosomes of Span 60 (804 nm). This could be due to low 
phase transition temperature of these surfactants and smaller 
size of these niosomes (18). Shown in table 3Less permeation 
of drug was observed from Span 40 niosomes. It was 
suggested that the niosomes prepared from low phase 
transition temperature surfactant mixture (more fluid 
membrane) showed higher permeation than the one having 
higher phase transition temperature 15, 19.There are several 
mechanisms which could explain the ability of niosomes to 
modulate transfer across skin. One of the mechanism by 
which niosomes may contribute to transdermal drug delivery 
may be described to the fusion of vesicles on the surface of 
the skin which might lead to the establishment of large 
concentration gradients of the intercalated drug across the 
skin and hence enhanced skin permeation 19, 20. Moreover, it 
has been proven that niosomes enhances penetration and 
retention of topically applied drugs 21 
STABILITY STUDIES  
Stability studies were performed on Span 60 (1:1) and Span 
40 (1:1) niosomal gel  for a period of 8 weeks by subjecting 
them to aging at 4oC . A direct relationship between the 
percentage leaching of the drug out of the vesicles and aging 
was observed i.e. as the storage period increases, the degree 

of leaching increased. It was observed that niosomal gel 
prepared from span 60 was more stable than others. Shown in 
Table 4 
CONCLUSION 
Thin film hydration method used for the preparation of 
Lornoxicam niosomes was found to be a good technique to 
encapsulate hydrophobic drug in non-ionic surfactants. The 
non-ionic surfactant prepared showed reasonable drug 
entrapment, suitable size and good permeation of the drug. 
The prepared span 60 (1:1) niosomes were found stable at 4ºc 
for 8 weeks and could potentially be used for transdermal 
delivery of ACE inhibitor. 
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Fig -1 span 60[ 1:1:1] 

 

 
 

Fig 2 span 40 [1:1:1] 
 

 
 

Fig 3 SEM photograph of span 60 niosomes 
 

 
 

Fig-4 percentage entrapment efficiency 
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Fig 5 . In vitro permeation studies 
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Table 1 Composition for the formulation and entrapment efficiency 

Serial no Sample[drug: cholesterol: surfactant] Entrapment efficiency± SD 
1 Span 40 [ 1:1:0.5] 78.2± 1.5 % 
2 Span 40 [ 1:1:1] 82.3± 1.2 % 
3 Span 40 [ 1:1:1.5] 76.1± 1.9 % 
4 Span 60 [ 1:1:0.5] 86.6± 0.6 % 
5 Span 60 [ 1:1:1] 87.9± 0.2 % 
6 Span 60 [ 1:1:1.5] 79.0± 0.4 % 
7 Span 80 [ 1:1:1] 66.5± 2.6 % 
8 Span 80 [ 1:1:1] 79.1± 1.4 % 
9 Span 80 [ 1:1:1.5] 62.7± 2.7 % 

 
Table 2 Particle size distribution 

Size Mean 
intensity 

Size Mean 
intensity 

Size Mean 
intensity 

Size Mean  
intensity 

.4000 0.0 5.615 0.0 78.82 0.0 1106 4.2 

.4832 0.0 6.503 0.0 91.28 0.0 1281 0.0 

.5365 0.0 7.531 0.0 105.7 0.0 1484 0.0 

.6213 0.0 8.721 0.0 122.4 0.0 1718 0.0 

.7195 0.0 10.10 0.0 141.8 0.0 1990 0.0 

.8332 0.0 11.70 0.0 164.2 0.0 2305 0.0 

.9649 0.0 13.54 0.0 190.1 0.0 2669 0.0 
1.117 0.0 15.69 0.0 220.2 0.0 3091 0.0 
1.294 0.0 18.17 0.0 255.5 0.0 3580 0.0 
1.499 0.0 21.04 0.0 295.3 0.0 4145 0.0 
1.738 0.0 24.36 0.0 342.0 0.0 4801 0.0 
2.010 0.0 28.21 0.0 396.1 0.0 5580 0.0 
2.328 0.0 32.87 0.0 458.7 0.0 6439 0.0 
2.696 0.0 37.84 0.0 531.2 0.0 7456 0.0 
3.122 0.0 43.82 0.0 615.1 15.1 8635 0.0 
3.615 0.0 50.75 0.0 712.5 30.3 1.000e4 0.0 
4.187 0.0 58.77 0.0 825 31.5 
4.849 0.0 68.06 0.0 955.4 18.8 

 
Table 3 In-vitro permeations [ CAP/cm2] 

Time ( hrs.) standard Span 80 Span 60 Span 40 
2 0.314 0.326 0.365 0.352 
4 0.315 0.415 0.554 0.551 
6 0.761 1.01 1.15 1.1 
8 1.47 1.89 2.19 2.02 
10 2.87 3.66 4.32 4.08 
24 5.77 7.24 8.57 8.04 

 
Table 4 Drug content determination 

Serial no. Formulations Drug content ( mg/gm.) 
1st day 4 weeks 8 weeks 

1 Standard 9.02 9.01 8.21 
2 Span 40 9.56 9.52 9.52 
3 Span 60 10.23 10.23 10.20 
4 Span 80 10.11 9.02 7.05 
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Table 5 In vivo evaluation of anti-inflammatory activity (Mean reduction in edema) 

S. No Time (hrs.) 
 

Standard gel   
Mean± SEM 

(ml) 

Span 60 
Mean ±SEM 

(ml) 

Gel base 
Mean± SEM 

(ml) 
1 1 2.42±0.13 2.67± 0.10 .02± 1.0 
2 2 2.36±0.05 2.89± 0.14 .02± 0.9 
3 3 2.25±0.18 3.09± 0.19 .01± 1.7 
4 4 2.11±0.10 3.34± 0.06 .009±1.7 
5 5 1.98±0.82 2.14± 0.45 .008±1.3 
6 6 1.94±0.14 1.87± 0.67 .008±1.8 
7 7 1.75±0.18 1.78± 0.19 .005±1.7 
8 8 1.64±0.05 1.52± 0.54 .004±1.2 
9 10 1.49±0.10 1.23± 1.09 .001±1.1 
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