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Niosomes vesicles are microscopic lamellar structures formed by mixing with nonionic 

surfactant, cholesterol and phosphate in aqueous media. Using niosomes as drug delivery 

system affords several significant advantages over conventional drug therapy. The main aim of 

this study was to formulate suitable niosome-encapsulated drug delivery for tenoxicam (anti-

inflammatory drug) and estimate the percentage encapsulation efficiency, in-vitro release and 

in-vivo anti-inflammatory effect. Different non-ionic surfactants, cholesterol and different 

charge inducing agents were used in different molar ratios. Three different methods were used 

for niosomes preparation. The higher entrapment efficiency was observed with niosomes 

prepared from span 40, cholesterol and stearylamine in 45:45:10 molar ratios (N11). The in-

vitro release study was found that niosomes exhibiting higher entrapment efficiency showed 

slower release rate of drug than other formulae. The results of in-vivo study revealed that the 

niosomes significantly enhanced the anti-inflammatory effect of tenoxicam. The present work 

concluded that tenoxicam loaded niosomes was effective in sustaining the drug release resulting 

in diminished side effects and improved patient compliance. 

 

 

INTRODUCTION 

 

The new trends in the design of drug 

delivery systems depends on the use of the 

ideas and methods of targeting drugs to specific 

sites in the body using various carriers and 

vehicles as drug delivery devices. Niosomes 

are colloidal particles formed from the self-

assembly of non-ionic surfactants in aqueous 

medium resulting in closed bilayer 

structures1&2. Niosomes have been extensively 

considered for their potential to serve as carrier 

for delivery of drugs, antigens, hormones and 

other bioactive agents
3
. Formulation of a drug 

in niosomes can be expected to extend the 

presence of the drug in the systemic circulation 

and thus improve permeation in to target tissue 

and decrease the toxicity4. Niosomes have 

diverse advantages over normal dosage forms 

because they can act as drug reservoirs. 

Niosomes as drug carriers can play a 

progressively vital role in drug delivery5. 

Niosomes are similar to liposomes and act as 

drug carriers because they can incorporate both 

hydrophilic and lipophilic drugs. Niosomes 

have flexibility characteristics, including 

composition, fluidity and size, so they can be 

formulated according to the desired situation. 

Niosomes can increase oral bioavailability of 

poorly absorbed drugs and enhance skin 

penetration of many drugs
6
. Targeting the drug 

to the aimed tissues, sustaining its release and 

changing its pharmacokinetics can be 

performed using niosomes
7
. Formulating drugs 

in niosomes can reduce drug toxicity, enhance 

drug absorption, and hinder the elimination of 

the drug from the circulation due to slow drug 

release
8
. 

Tenoxicam (TX) is a member of the 

oxicam group of non-steroidal anti-

inflammatory drugs (NSAIDs). TX, an enolic 

acid derivative, is nonselective COX-2 



Gamal Abdel Ghany Shazly  

20 

inhibitor and so it has anti-inflammatory, 

analgesic, and antipyretic activity. Thus, TX is 

extensively used in the treatment of rheumatoid 

arthritis and osteoarthritis. TX is a poorly water 

soluble drug, so it has poor, erratic dissolution 

profile in gastrointestinal fluids, which 

consequently results in low and variable 

bioavailability
9&10

.  

 Due to the decreased bioavailability and 

side effects associated with oral administration 

of TX, it is necessary to develop a novel drug 

delivery system of TX. So, the aim of this 

research work was to develop a suitable 

niosomal preparation of TX with an optimal 

encapsulation efficiency and drug release 

extended over a prolonged period with 

objectives of avoiding its most frequent side 

effect and gastric mucosal damage.  

 

 

MATERIALS AND METHODS 

 

Tenoxicam (TX), Span 20, 40, 60, 80, 85, 

cholesterol (Chol), Chloroform, dicetyl-

phosphate (DCP) and stearylamine (SA) were 

purchased from Sigma Chemical Co., St. Louis, 

MO, USA and used without further 

purification. All ingredients were used as 

received. 

 

Methodology 

Preparation of niosomes 

All TX (2mg/ml) loaded niosomes were 

prepared from non-ionic surfactants, 

cholesterol, and with or without charge-

inducing agents as stearylamine (SA) or 

dicetylphosphate (DCP) in different molar 

ratios (Table 1). 

 

Table 1: Composition of niosomes containing TX (2 mg/ml). 

Composition Formula 

No. Span 20 Span 40 Span 60 Span 80 Span 85 Chol SA DCP 

Preparation 

method 

N1 

N2 

N3 

N4 

N5 

N6 

N7 

N8 

N9 

N10 

N11 

N12 

N13 

N14 

N15 

N16 

N17 

N18 

50 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

50 

- 

- 

- 

100 

90 

70 

48.5 

46.5 

45 

48.5 

46.5 

45 

50 

50 

45 

45 

- 

- 

50 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

50 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

50 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

50 

50 

50 

50 

50 

- 

10 

30 

48.5 

46.5 

45 

48.5 

46.5 

45 

50 

50 

45 

45 

- 

- 

- 

- 

- 

- 

- 

- 

3 

7 

10 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3 

7 

10 

- 

- 

10 

10 

HS 

HS 

HS 

HS 

HS 

HS 

HS 

HS 

HS 

HS 

HS 

HS 

HS 

HS 

OSI 

REP 

OSI 

REP 
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Hand-shaking method (HS) 

In a round-bottom flask, the lipid mixture 

and TX (2mg/ml) were dissolved in 10 ml 

chloroform. The organic solvent was 

evaporated at reduced pressure on a rotary 

evaporator at room temperature (25°C) and 100 

rpm until complete evaporation of the solvent 

was ensured and a dry smooth lipid film was 

deposited on the wall of the flask. The 

completely dried lipid film was hydrated with 5 

ml of PBS (pH 7.4) at 60°C for one hour with 

intermittent shaking until the homogeneous 

milky white dispersion was formed11.  

 

Organic solvent-injection method (OSI) 

TX (2mg/ml) and mixture of lipids were 

dissolved in 10 ml chloroform and injected 

slowly through a needle at 0.25 ml/min in 5 ml 

of PBS (pH 7.4) maintained at 60°C. The 

organic solvent was allowed to be evaporated 

completely using a rotary evaporator. The 

produced vesicles are large unilamellar vesicles 

(LUVs)12. 

 

Reverse phase method (REP) 

2 ml of PBS (pH 7.4), was emulsified with 

the lipid mixture and TX (2mg/ml) using a 

vortex mixer for 5 min. The organic solvent 

was evaporated at room temperature until a 

thick gel. The obtained gel was mixed 3 ml 

PBS (pH 7.4), with simultaneous vortexing. 

The evaporation was continued in a rotary 

evaporator until the hydration was completed13. 

 

Separation of free TX from niosomes   

The uncapsulated TX can be separated 

from niosomes by centrifugation14. Briefly, the 

prepared niosomes were diluted with PBS (10 

ml) and were then subjected to centrifugation 

(10,000 g for 30 minutes). The supernatant was 

then removed and the remaining niosomal 

pellets were diluted with PBS (10 ml) and were 

subjected to centrifugation again as previous. 

These procedures were repeated three times. 

The obtained niosomes were then diluted with 

4 ml PBS for further investigation.  

 

Determination of TX entrapment efficiency  

A sample of 50 µl of the prepared MLVs 

before removal of unencapsulated TX was 

taken and lysed with 0.5% (v/v) Triton X-100 

in distilled water (A). After removal of the 

unencapsulated TX by washing and 

centrifugation, 50µl were taken from the 

resuspended pellets and treated with triton x-

100 as before (B). TX content was determined 

in both A and B by HPLC. The encapsulation 

efficiency (%) was determined by the 

following equation: 

                                       

……………(1) 

 

Where, ADa and ADb are the amounts of TX 

in niosomes before and after the process of 

washing and centrifugation, respectively. 

 

HPLC analysis of TX  

TX amount was measured using a Waters 

HPLC system (Milford, MA, USA), equipped 

with a Dual Absorbance detector, a Binary 

HPLC pump, and a reversed-phase C18 column 

(4.6 ¥150 mm, Hypersil, Asheville, NC, USA). 

The HPLC system was monitored by Empower 

(Waters) software. The mobile phase was a 

mixture of 0.02 M disodium hydrogen 

phosphate and acetonitrile (60:40 v/v), filtered 

through 0.45 mm membrane filter and eluted at 

a flow rate of 1.0 mL/min, injection volume, 20 

ml and retention time 2.4 min. Effluents were 

monitored at 344 nm15.  

 

In-vitro release of TX 

Dialysis bag (Himedia dialysis membrane, 

12,000-14,000 molecular weight cut-off) was 

used for carrying out the in-vitro release of the 

prepared niosomal TX. The dialysis membrane 

was wet in warm water for 10 min, one end 

was sealed with a clip, the TX niosomes 

preparation solution (2 ml resuspended in 1 ml 

PBS) was put into the bag and the bag was 

sealed with another closure clip to prevent 

leakage. The dialysis bag was placed immersed 

in 100 ml of PBS, pH 7.4, at 37±2°C. The 

medium was then subjected to stirring at 100 

rpm. At a scheduled time, samples of medium 

(2 ml) were withdrawn and substituted with 

fresh buffer and the amount of TX was 

determined using HPLC
16

. 

  

Transmission electron microscopy (TEM) 

The morphology of the prepared niosomal 

formulation was investigated using 

transmission electron microscopy (TEM). 

Briefly, a sufficient quantity of 1% phospho-

tungstic acid was gently mixed to an aliquot of 
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the prepared niosomal formulation. A drop of 

the mixture was put on to the carbon-coated 

grid and the excess was then drained off. The 

grid was allowed to dry, and it was examined 

under TEM (Hitachi H7500, Japan)
17

.  

 

Evaluation of anti-inflammatory activity 

In-vivo anti-inflammatory activity of TX 

niosomes was assessed on the basis of the 

inhibition of the volume of the hind paw edema 

induced by injecting an irritant (formalin 1% 

w/v in 0.9% w/v saline) into the rat’s paw
18

. 

Formula N11 was selected as it showed the best 

encapsulation efficiency and the slowest in-

vitro release among all formulations. 

 

Selection of animals 

Adult male Wistar Albino rats aging 

approximately 3 months ranging in weight 

from 150±10g were obtained from the Animal 

Care Center, College of Pharmacy, King Saud 

University, Riyadh, Saudi Arabia. The animals 

were housed in metabolic cages under 

controlled environmental conditions (25°C and 

a 12 h light/dark cycle). Animals had free 

access to pulverized standard rat Pellet food 

and tap water. The protocol of this study has 

been followed the instruction of the Research 

Ethics Committee of College of Pharmacy, 

King Saud University, Riyadh, Saudi Arabia. 

The animals were divided into four groups, 

each consisting of five rats. The first group was 

considered as control without taking any 

medicament. The second group administered 

plain TX suspended with a few drops of 

propylene glycol orally using feeding cannula 

as a standard group in the dose equivalent to 2 

mg/kg body. The third and fourth groups 

received empty niosomes and niosomal 

suspension of TX (N11) respectively in a dose 

of 2 mg/kg body weight
19

.  After half an hour, 

the animals were generally anesthetized by 

intraperitoneal injection of 1 ml of urethane 

(25%). After one hour, 0.1 ml formalin (10%) 

was injected subcutaneously into the plantar 

region of the right hind paw for all groups. At 

time intervals 0, 1, 2, 3, 4 and 6 hours, the 

inflammation was measured using 37140-

Plethysmometer (UgoBasileSrl., Comerio VA, 

Italy). The anti-inflammatory (% response) was 

calculated according to the following equation: 

                                                               

Response % = (C-T) / C *100……………(2) 

Where,  

C= inflammation of right paw-inflammation of 

left paw for control rat 

T= inflammation of right paw-inflammation of 

left paw for treated rat 

 

RESULTS AND DISCUSSION 

 

Preparation of TX niosomes 

Niosomes containing TX were prepared 

using different types of surfactants, different 

concentration of surfactant, different 

concentration of Chol and two types of charge 

inducing agents (Table 1). 

 

Effect of surfactant type on the entrapment 

efficiency of TX in niosomes 

Figure 1 exhibits effect of surfactant type 

on % EE of TX in niosomes (formulae. N1 - 

N5). It was found that formula N2 showed the 

highest EE%, followed by N3, N1, N5 and N4. 

This could be attributed to that formulae N2 

and N3 contain span 40 and 60 respectively. 

Span 40 and 60 have the highest phase 

transition temperature (TC) of about 45°C, 

55°C respectively compared with other 

surfactants and so they are solid at room 

temperature. Thus, these surfactants produce 

niosomes with the highest % EE20. These 

results are similar with those reported by 

Sathyavathi et al.
21

, who found that Span 40 

and 60 produce niosomes with higher 

entrapment efficiency of brimonidine tartrate 

than other spans. 

 

 

 

Fig. 1: Effect of surfactant type on % EE of TX in 

niosomes.  
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Effect of concentration of surfactant and 

Chol on the % EE of TX in niosomes 

Figure 2 shows effect of surfactant and 

Chol concentration on % EE of TX in 

niosomes. From this figure, it was found that 

increasing the Chol content from 0% to 50% 

and decreasing surfactant content (formulae N6, 

N7, N8 and N2) resulted in an increase in the % 

EE of TX. This could be attributed to that an 

increase in Chol content leads to not only an 

increase in the vesicle size, but also making 

vesicle membrane more compact and 

organized. This finding is in accordance with 

that reported by Mokhtar, et al.
22, who found 

that a significant increase in flurbiprofen 

entrapment efficiency upon increasing Chol 

concentration. 

 

 

Fig. 2: Effect of surfactant and Chol concentration 

(molar ratio) on the % EE of TX in 

niosomes. 

 

 

Effect of charge-inducing agents on the  

% EE of TX in niosomes 

The effect of incorporation of charge-

inducing agents on % EE of TX in niosomes is 

presented in figure 3. As shown in this figure, 

it was obvious that positively charged 

niosomes showed the highest % EE followed 

by neutral niosomes and negatively charged 

niosomes using the same span 40/Chol ratio. 

This could be attributed to strong interaction of 

the drug, which carries negative charge, with 

SA via formation of ion-pair forming lipophilic 

moiety which partitions into bilayers. This 

attraction resulted in higher % EE of niosomes 

containing SA when compared to niosomes 

containing DCP and niosomes without charge-

inducing agent. It was found, as the amount of 

charge-inducing agent increases, the % EE 

increases23. 

 

Fig. 3: Effect of charge-inducing agent on the % 

EE of TX in niosomes compared to neutral 

niosomes. 

 

Effect of method of preparation on the 

entrapment efficiency of TX in niosomes 

Figure 4 demonstrates the effect of the 

method of preparation on the % EE of TX in 

niosomes. From the obtained results, it was 

found that the niosomes prepared by Hand-

shaking Method exhibited the highest % EE of 

TX among the other methods (organic solvent-

injection and reverse phase methods). This may 

be attributed to  that the hand-shaking method 

lead to formation of niosomes higher number 

of lipid bilayers (MLVs) than the other 

methods and this exhibit the highest % EE of 

TX24. 

 

 

 

Fig. 4: Effect of method of preparation on the % 

EE of TX in niosomes. 

 

Transmission electron microscopy 

TEM image of TX loaded niosomes was 

shown in figure 5 (a and b). As observed, the 

micrographs reveale that the prepared niosomes 

are spherical in shape and are bilayered 

structured in aggregate or in disperse 

collections.  
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Fig. 5: TEM of TX niosomal suspensions of A: The molar ratio Span40: Chol (50:50) (N2) and B: The molar ratio 

Span40: Chol: SA (45:45:10) (N11). 

 

In-vitro release of TX from niosomes 

Effect of lipid composition on the in-vitro 

release profiles of TX from niosomes  

Figure 6 demonstrated the in-vitro release 

profiles of TX from niosomes of different 

bilayer compositions. From these release 

profiles, it was found that incorporation of 

Chol (N2) reduced the percentage of drug 

released as compared to the formulation 

without chol (N6). This reduction in the TX 

release may be attributed to that chol has the 

ability to stabilize the bilayer vesicles 

producing more rigid and less permeable 

membrane25. By adding a charged lipid e.g. SA 

to the formulation, a further reduction in TX 

release rate was observed. This further 

reduction of the drug release rate could be due 

to that inclusion of SA lead to squeeze the 

molecular packaging of the vesicle bilayers, 

and consequently reduced the drug release rate 

from charged niosomes. This result is similar 

with that reported by Mohamed et al.
26

, who 

found that the release of baclofen from 

niosomes was retarded by addition of charge-

inducing agents. 

  

 
Fig. 6: Effect of lipid composition on the in-vitro 

release profiles of PRX from niosomes. 

Effect of surfactant structure on the release 

rate of TX from niosomes  

The effect of surfactant structure on the 

in-vitro release rate of TX from niosomes was 

illustrated in figure 7. Formulae N2 and N3 

prepared using Span 40 and 60, respectively 

showed slower release rate compared to N1, N4, 

and N5  prepared from Span 20, 80, and 85, 

respectively. This may be attributed to that 

span 40 and 60 possess higher phase transition 

temperature (TC), which is lead to the 

formation of more rigid less permeable bilayers 

than Span 20, 80, and 85 which form more 

permeable fluid bilayers
27

. The release rate of 

TX from N3 is slower than that from N2 and 

this may be due to that Span 60 (N3) having 

longer chain length than span 40 (N2) leading 

to more stable vesicles which gave delayed 

drug release. Span 60 plays an important role in 

the observed outcome due to  the ordered gel 

state and higher phase transition temperature of 

Span 6028. Although span 80 and 85 (N4 and N5 

respectively) have longer chain length than 

span 40 and 60 (N2 and N3 respectively), they 

gave higher release of drug as compared to that 

of span 40 and 60, as they have unsaturated 

alkyl chain, the double bond resulted in 

bending the chain. This made the adjacent 

molecules not to be tight when they form the 

membrane of noisome. This explains why the 

drug release is high. The same results were 

reported by Omar et al.29 who stated that the 

release of rosuvastatin calcium from span 80 

was higher than Span 40 and 60. 
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Fig. 7: Effect of surfactant structure on the release 

profiles of PRX from niosomes.  

 

Effect of chol concentration on the release 

rate of TX from niosomes  

Figure 8 illustrated the effect of chol 

concentration on the in-vitro release rate of TX 

from niosomes. The release pattern revealed 

that the rate of drug release was decreased by 

increasing cholesterol concentration, which 

may be due to intercalation of cholesterol in the 

bilayers. As the chol concentration increases, 

the hydrophobicity and stability of bilayer 

augmented and permeability diminished which 

results in powerfully trapping the hydrophobic 

drug into bilayers as vesicles formed. These 

results are similar to that reported by Abraham 

et al.
30

, who found that the release of clobetasol 

propionate from niosomes decreased by 

increasing chol amount in the formulation. 

 

 
Fig. 8: Effect of cholesterol concentration on the 

release profiles of TX from niosomes. 

Effect of type of charge-inducing agent on 

the release rate of TX from niosomes  

The effect of inclusion of charge-inducing 

agent on the release of TX from niosomes was 

elucidated in figure 9. Upon comparing the 

amount of TX released from neutral niosomes 

(N2), positively charged niosomes of different 

molar ratio (N9, N10 and N11) and that 

negatively charged niosomes of different molar 

ratio (N12, N13 and N14), it can be decided that 

the inclusion of charge inducing agents (either 

positive or negative) reduced the amount of TX 

released at all times of investigation. These 

results may be contributed to that the charge 

inducing agents resulted in stabilizing the 

niosomal membrane structure, rendering it less 

permeable31.  

 
Fig. 9: Effect of type of charge-inducing agents and 

their concentration on the release profiles of 

TX from niosomes. 
 

Effect of method of preparation on the 

release rate of TX from niosomes 

Figure 10 reveals the effect of preparation 

method on the release rate of TX from 

niosomes. From this figure, it was concluded 

that the release rate of TX from niosomes 

prepared by the OSI method is higher than REP 

and HS methods respectively. This may be 

attributed to the type of vesicles prepared by 

each method. The OSI method produced 

unilamellar vesicles and HS and REP methods 

produced multilamellar vesicles. Unilamellar 

vesicles posse a large surface area to volume 

ratio and have only a single lipid bilayer barrier 

to drug diffusion as compared  to the 

multilamellar vesicles, which composed of 

several lipid bilayers as concentric spheres 

separated by aqueous compartments. These 

results are in accordance with those described 

by Chawda et al.
24

, who revealed that the 

release of nimesulide from niosomes was 
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higher from unilamellar vesicles than 

multilamellar vesicles. 

 
Fig. 10: Effect of preparation method on the release 

profiles of TX from niosomes. 
 

In-vivo anti-inflammatory study 

The percent of the edema inhibition due to 

TX in both plain TX and TX entrapped 

niosomes was shown in figure 11. It is obvious 

that TX suspension and N11 significantly 

reduced the inflammation compared to the 

control. The percent response of formula N11 

was higher as compared with that of TX 

suspension. The magnitude of inhibition was 

more than 80% after 6 hours. Similar results 

were obtained by Sammour et al.
32, who 

observed that the anti-inflammatory activity of 

piroxicam-entrapped liposomes is greater than 

that obtained by piroxicam in the free form. 

The duration of anti-inflammatory activity of 

N11 noisome was long and tis may be attributed 

to the sustained release of the entrapped TX. 

This confirms the sustained drug release of 

niosomes
33

. It was also observed that empty 

niosomes could not inhibit the oedema 

formation significantly (P<0.05)
34

. 

 

 
Fig. 11: Percent Edema inhibition after oral 

administration of different formulations of 

TX. 

Conclusion 

Different niosomal formulations 

containing TX were prepared using different 

surfactants, charge inducing agents and 

different preparation methods.  From the data 

obtained, it can be concluded that % EE of TX 

into niosomes depends on surfactant type, chol 

content, type and amount of charge inducing 

agents, and method of preparation. The drug 

release of TX from niosomes was found to be 

affected also by above mentioned variables. 

The niosomal delivery system considerably 

enhanced the anti-inflammatory of TX. 
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