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Abstract 
Ethosomes are pliable phospholipids nanovesicles, with high ethanol content (20-45%) and water for 

dermal and transdermal delivery. The present study aimed to evaluate the anti-inflammatory properties of 

piroxicam-loaded ethosomal gel. The ethosomal formulations were prepared using the hot method. Six 

batches of piroxicam ethosomal gels (EG1-EG6) were prepared by incorporating the ethosomal 

suspensions into carbopol gel bases and two extra batches of plain gels without ethosomal suspensions 

(PG1and PG2) were made. All 8 batches were evaluated for physicochemical properties, and in vivo anti-

inflammatory activity. The in vivo anti-inflammatory potentials of the piroxicam ethosomal gels were 

compared with those of the plain gels. The physicochemical evaluation showed gel spreadability and 

extrudability values of 2.05-5.00 g.cm/sec and 9.60-38.46% respectively. Plain gels gave higher viscosity 

values than ethosomal gels. Formulation EG2 exhibited significantly higher (p<0.05) anti-inflammatory 

activity in comparison with the control. Also the formulations containing the ethosomal vesicle (EG1 and 

EG2) showed higher anti-inflammatory activity than the reference plain gel PG2. The optimized 

formulation EG2 (0.5% Phospholipid and 40% ethanol), exhibited better profile with a percentage edema 

inhibition of 50.9% as against 40.48% for the reference formulation PG2.Ethosomes could be an efficient 

carrier for the transdermal delivery of piroxicam in the treatment of inflammation. 

 

Keywords: Ethosomes, transdermal delivery, percentage inhibition, anti-inflammatory activities, 

phospholipid 

 

Introduction 

Inflammation serves as a natural defense mechanism triggered by an assault on the body, 

aimed at isolating and repairing tissue damage. Its protective role is evident in the innate 

defense of the body and clinically manifests through four primary indicators: redness, heat, 

pain, and swelling (Khedir et al., 2016) [1]. 

Piroxicam, a nonsteroidal anti-inflammatory drug (NSAID) with the chemical name 4-

hydroxy-2-methyl-2-H-1,2-benzothiazine-1-(N-(2-pyridinyl) carboxamide)-1,1-dioxide, is 

employed in treating various inflammatory conditions, including rheumatoid arthritis and 

osteoarthritis. It functions as a non-selective cyclooxygenase (COX) inhibitor, possessing anti-

inflammatory, analgesic, and antipyretic properties. However, due to the occurrence of side 

effects in around 30% of patients receiving a daily dose of 20 mg, such as upper abdominal 

pain and gastrointestinal mucosa ulceration, its oral use is restricted. Transdermal delivery of 

NSAIDs offers an effective strategy to avoid adverse effects on the gastrointestinal tract while 

enhancing patient compliance (Goosen et al., 1998; Boudreau and Beland, 2006; Chaudhary et 

al., 2013) [2-4]. 

It is common knowledge that when drug molecules traverse the skin, they undergo two distinct 

processes. This begins with drug penetration through the stratum corneum, followed by drug 

diffusion into deeper tissues. The rate and extent of drug transport through the stratum 

corneum depend on factors such as size, log P, ionic strength, hydrogen bonding ability, and 

the physicochemical properties of the vehicle (Roberts and Cross, 1999) [5]. 

Numerous passive and active methods have been proposed to increase skin permeability for 

transdermal drug delivery. These methods include penetration enhancers, vesicles, 

iontophoresis, supersaturated systems, electroporation, phonophoresis, the use of 

microneedles, and jet injectors. One of the most practical approaches for facilitating drug 

transport through the skin involves utilizing vesicle formulations as a delivery system for the  
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skin. One particularly effective method for transdermal drug 

delivery involves the use of vesicle formulations (Santoyo and 

Ygartua, 2000; Shin et al., 2000; Curdy et al., 2001; Cheong 

and Choi, 2002; Pénzes et al., 2005) [6-10]. 

Ethosomes are pliable lipid vesicles primarily composed of 

phospholipids, with a relatively high ethanol content (20-

45%) and water (Saquib et al., 2018) [11]. Ethanol serves as an 

enhancer that imparts flexibility, enabling rapid permeation 

through the deeper layers, such as the stratum corneum of 

human skin (Kapoor et al., 2011; Li et al., 2012) [12-13]. 

Ethanol enhances the flexibility and fluidity of lipids, 

loosening the tight junctions of the stratum corneum, thereby 

increasing skin permeability and facilitating the penetration of 

disorganized lipid bilayers. It also aids in the release of drugs 

into the systemic circulation (Mahmood et al., 2018) [14]. 

The transdermal device functions as a membrane-mediated 

system, offering an alternative route for the delivery of one or 

more active ingredients. This delivery system has gained 

recognition as a promising method to bypass the hepatic 

metabolism of drugs, ensuring patient compliance and 

providing sustained drug activity. Compared to conventional 

drug delivery methods, the transdermal drug delivery system 

offers several advantages, including lower drug dosages, 

enhanced patient compliance, convenience, avoidance of 

gastrointestinal disturbances, and first-pass metabolism 

(Kurmi et al., 2017) [15]. Applying anti-inflammatory agents 

transdermally at the site of inflammation can mitigate their 

systemic side effects, thereby enhancing patient adherence 

and therapeutic outcomes. The aim of this research therefore 

was to assess the in vivo anti-inflammatory efficacy of 

piroxicam-loaded ethosomal gel for transdermal 

administration by leveraging a combination of 

nanotechnology and transdermal drug delivery to enhance the 

delivery of piroxicam, maximizing its anti-inflammatory 

potential. 

 

Materials and Methods 

Materials: Piroxicam powder (Central Drug House, New 

Delhi, India), Propylene glycol (JHD, China), Soy lecithin 

(Guangdong Guanghua Sci-Tech. Co. Ltd, China), Methyl 

and propylparaben (Qingdao Che., China), Carbopol 940 

(JHD, China), Triethanolamine (JHD, China) and Ethanol 

(JDH, China). 

 

Ethical approval 

Approval for the use of animals in this study was granted by 

the Research and Ethics Committee of the Faculty of Basic 

Medical Sciences of the Delta State University, Abraka, 

Nigeria with approval no: REC/FBMS/DELSU/22/156 

 

Preparation of ethosomal vesicles: Ethosomal vesicles (E1-

E6) were prepared with slight modifications of the hot plate 

method (16), according to the quantities stated in Table 1 

below. The drug concentration was fixed at 0.08% w/w. the 

soy lecithin (phospholipid) and ethanol concentrations were in 

the range of 0.5-1% w/w and 20-60% w/w respectively. An 

accurately weighed quantity of the piroxicam was dissolved in 

propylene glycol. The soy lecithin was dissolved in a mixture 

of ethanol and propylene glycol at 40 ºC in another beaker. 

The drug solution was then added slowly to soy lecithin 

dispersion of water at 40 ºC in a vessel and stirred for 30 

minutes at 1,700 rpm using a magnetic stirrer. Thereafter 5 ml 

of water was added in small quantities at a time to the 

formulation using a 22G syringe needle. The evenly dispersed 

ethosomal vesicle formed for each batch was stored in the 

refrigerator at 4 ºC for further study.  

 
Table 1: Composition of suspension of ethosomal vesicle 

 

Batch Piroxicam (%w/v) Lecithin (% w/v) Ethanol (% v/v) Propylene glycol (%v/v) Water (%v/v) 

EV1 0.08 0.5 20 20 100 

EV2 0.08 0.5 40 20 100 

EV3 0.08 0.5 60 20 100 

EV4 0.08 1 20 20 100 

EV5 0.08 1 40 20 100 

EV6 0.08 1 60 20 100 

 

Preparation of ethosomal gel 
The gels were prepared by dispersion method using carbopol 
940 as the gelling agent according to the quantities stated in 
Table 2. Gels were prepared by dispersing carbopol in 
distilled water to hydrate and swell for 24 h. The polymer 
solution was then neutralized by the addition of 
triethanolamine (in a stoichiometric ratio of carbopol to 
triethanolamine of 1:1.5) dropwise with frequent stirring. 

Ethosomal vesicular suspensions EV1-EV6 were added and 
mixed properly to form gels EG1-EG6. Mixing was done until 
a transparent gel was formed. Paraben was added as a 
preservative. Two extra batches PG1 and PG2 were prepared 
without incorporating piroxicam ethosomes in them, making 
them just plain gels. The prepared gels were filled in glass 
vials and stored at 4-8 ºC for further evaluation. 

 
Table 2: Composition of piroxicam ethosomal gel 

 

Batch Carbopol (% w/v) TEA (ml) Piroxicam (%w/v) Ethosomal vesicle (ml) Paraben (% v/v) Water to (% v/v) 

EG1 1 1.3 0.04 50 0.1 100 

EG2 1 1.3 0.04 50 0.1 100 

EG3 1 1.3 0.04 50 0.1 100 

EG4 2 2.6 0.04 50 0.1 100 

EG5 2 2.6 0.04 50 0.1 100 

EG6 2 2.6 0.04 50 0.1 100 

PG1 1 1.3 0.04 - 0.1 100 

PG2 2 2.6 0.04 - 0.1 100 

TEA: Triethanolamine 
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Evaluation of ethosomal gel 

pH measurement 

A 1 g sample of ethosomal gel was diluted to 100 ml with de-

ionized water in a volumetric flask. The pH of the resulting 

1% dispersion was measured using a pH meter. 

Determinations were carried out in triplicates and the mean 

result was recorded. 

 

Spreadability study 

The spreadability of the gel was determined by measuring the 

spreading diameter of 0.2 g of gel between two horizontal 

plates (20 cm x 20 cm) after one minute. The standard weight 

applied on the upper plate was 300 g.  

 

Viscosity measurement 

The rheological behaviour of the formulations was evaluated 

by viscosity measurement. The viscosity of the formulated 

gels was determined using a Brookfield viscometer CAP-

2000. Test samples were weighed in a clean and dry 250 ml 

beaker, and the viscosity of the test samples was determined 

using spindle 4 following standard operating procedure at 12 

rpm. Samples were measured at 27 ± 1 °C (Akanksha et al., 

2009) [17].  

 

Extrudability study 

Extrudability was determined by measuring the amount of gel 

extruded out of a collapsible tube on the application of a 500 

g load for 1 min. The percentage extrudability was calculated 

as the ratio of the amount of gel extruded to the amount of gel 

in the tube (Okafo et al., 2022) [18]. 

 

In vivo anti-inflammatory activity 

Male Wistar rats weighing approximately 120 g kept at the 

laboratory animal house of the Department of Pharmacology, 

Delta State University, Abraka, were used. The animals were 

maintained under standard environmental conditions and had 

free access to a standard diet and water. Anti-inflammatory 

activity was measured using the carrageenan-induced rat paw 

oedema assay. Piroxicam ethosomal gels (formulation EG1 

and EG2) and piroxicam plain gel (formulation PG2) were 

administered to three groups of 6 rats each. The fourth group 

which is the control group were simply given 1% carrageenan 

suspension in normal saline solution and was injected into the 

sub-plantar tissue of the right hind paw. 

One hour after the administration of EG1, EG2 and PG2, 0.1 

ml of 1% carrageenan suspension in saline solution were 

injected into the sub-plantar tissue of the right hind paw. The 

linear paw circumference was measured at hourly intervals for 

4 hours. Anti-inflammatory activity was measured as the 

percentage reduction in oedema level when the drug was 

present relative to control (Duffy et al., 2001; Adeyemi et al., 

2002) [19-20]. 
 

Statistical analysis  

The data was presented as mean ± standard deviation. 

Statistical difference between the mean values were 

determined by one-way analysis of variance (ANOVA). A p-

value ˂ 0.05 was considered significant. 

 

Results 

Physicochemical characteristics of piroxicam ethosomal 

gel 

The physicochemical properties of piroxicam ethosomal gel 

are presented in Table 3 below. The pH of the formulated gels 

were between 5.65 and 6.61 which fell within the acceptable 

pH range for topical preparations of 4 - 6. Topical products 

should be acidified and possess a pH in the range of 4 to 6 

because an increase in pH increases the dehydrative effect, 

irritability and propionic bacteria count (Luki´c et al., 2001; 

Baranda et al., 2002) [21, 22]. 

The result also reveal that all the gels were clear and 

homogenous. The Ethosomal gels exhibited good 

spreadability and extrudability than the plain gels with 

batches EG1-EG3 showing the higher Spreadability and 

extrudability values of 4.1-5.0 g.cm/sec and 20.36-38.46% 

respectively. However the plain gels PG1 and PG2 gave much 

higher viscosity values of 41,500 and 69,500 respectively as 

against Ethosomal gels with values ranging from 11,200-

17,800. The addition of the suspension of ethosomal vesicles 

containing phospholipid and ethanol may be responsible for 

the reduction in viscosity of the Ethosomal gels. 

 
Table 3: Physicochemical properties of the ethosomal gel 

 

Batch Clarity Homogeneity Spreadability (cm) Extrudability (%) pH Viscosity (mPa s) 

EG1 Clear Very good 4.40 ± 0.21 35.71 6.42 13,600 

EG2 Clear Very good 5.00 ± 0.20 38.46 6.61 11,300 

EG3 Clear Very good 4.10 ± 0.24 20.36 6.22 11,200 

EG4 Clear Very good 3.45 ± 0.22 13.06 6.18 17,800 

EG5 Clear Very good 3.75 ± 0.22 17.18 5.81 15,500 

EG6 Clear Very good 3.25 ± 0.24 9.60 5.65 17,000 

PG1 Clear Very good 2.05 ± 0.24 15.36 5.81 69,500 

PG2 Clear Very good 3.80 ± 0.23 33.25 5.86 41,500 

 

Anti-inflammatory activity of the ethosomal gel in rats 

The result of the anti-inflammatory activity expressed as the 

percentage of edema inhibition relative to the control is 

presented in Figure 1. The percentage of edema inhibition 

after 4 h was between 42.86 and 50.9% with formulation E2 

showing the highest percentage of edema inhibition of 50.9% 

as against 40.9% activity of the plain gel PG2 having the 

same concentration of piroxicam (0.04%). This is similar to 

the study by Umesh et al., 2021 where piroxicam gel was 

evaluated and the percentage inhibition was about 58% 

(Umesh et al., 2021) [23]. 
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Fig 1: Percentage inhibition of carrageenan induced paw edema in rats after treatment with piroxicam ethosomal and plain gels. EG1 (0.04% 

piroxicam, 0.25% Lecithin, 20% ethanol); EG2 (0.04% piroxicam, 0.25% Lecithin, 40% ethanol); PG2 (0.04% piroxicam) 

 

Discussion 

It was also observed that the pH increased with decrease 

lecithin concentration, ethosomal gels EG1-EG3 with lecithin 

concentration of 0.5% showed higher pH values of 6.22-6.61, 

while EG4-EG6 with lecithin concentration of 1% gave lower 

pH values of 5.65-6.18. This relationship between pH and 

lecithin concentration is similar to the study on piroxicam 

nano ethosomal formulation by another researcher (Kazemi et 

al., 2019) [24]. The plain gels had much higher viscosities than 

the ethosomal gels despite having corresponding 

concentrations of the gelling agent, carbopol. The 

incorporation of ethosomal vesicular suspension is most likely 

responsible for a reduction in the viscosity of the ethosomal 

formulations. 

Carrageenan-induced hind paw Oedema is the standard 

experimental model for acute inflammation with high degree 

of reproducibility. Carrageenan is the agent of choice for 

testing anti-inflammatory drugs as it is not known to be 

antigenic and devoid of apparent systemic effects (Winter et 

al., 1963) [25]. Carrageenan-induced Oedema is a biphasic 

response. The first phase is mediated through the release of 

histamine, serotonin and kinins, whereas the second phase is 

related to the release of prostaglandin and slow reacting 

substances which peak at 3 h (Vinegar et al., 1969) [26]. 

It can be seen from Figure 1 that formulations EG1, EG2 and 

PG2 exhibited significantly higher (p<0.05) anti-

inflammatory activity in comparison with the control. Also 

the formulations containing the ethosomal vesicle (EG1 and 

EG2 showed higher activity than the reference plain gel PG2 

without ethosomes). This may be due to increase in vivo 

absorption and penetration in the presence of the ethosomal 

vesicle (ethanolic vesicle) as corroborated by studies of other 

researcher that showed the efficient capability of ethanolic 

vesicles in localizing the drug in the site of inflammation in 

contrast to conventional dosage forms. A study proved 

valsartan-loaded ethosomes significantly superior in terms of 

drug release and increment in bioavailability (Ahad et al., 

2013) [27]. 

Ethosomal gel EG2 (containing 0.5% of Phospholipid 

(Lecithin) and 40% ethanol) exhibited higher anti-

inflammatory activity than plain gel. This result is similar to 

earlier findings on Mangifera indica-loaded ethosomal gel 

where ethosomal gel formulations gave better anti-

inflammatory activity compared to the blank gel (Sireesha et 

al., 2018) [28].  

 

Conclusion 

In conclusion piroxicam-loaded ethosomes were successfully 

formulated and evaluated. Piroxicam-loaded ethosomal gels 

showed overall superior activity compared to the plain gel 

formulation for skin permeation, and anti-inflammatory 

activity. Ethosomes could possibly be employed as a drug 

carrier for the transdermal delivery of piroxicam for the 

treatment of inflammation  
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