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Abstract: Betamethasone valerate-loaded niosomes were formulated to improve drug anti-

inflammatory efficacy and reduce its systemic side effects by providing prolonged and localized drug 

delivery into the skin. Niosomes were prepared by thin-film hydration using different molar ratios of 

surfactant, cholesterol, and charge inducers. Formulations were characterized for entrapment efficiency, 

morphology, size, and zeta potential. In-vitro release and stability studies were conducted on selected 

formulations. Two niosomal gels were evaluated for spreadability, pH, rheological behavior, ex-vivo 

skin permeation, and in-vivo anti-inflammatory efficacy. Formulations showed high encapsulation 

efficiency reaching 92.03±1.88%. Vesicles were spherical in shape, ranging from 123.1 to 782 nm, and 

had large negative values of zeta-potential. They showed a biphasic release pattern which was more 

sustained than free drug suspension. Niosomes demonstrated good physicochemical stability under 

refrigeration for up to 3 months. Niosomal gels exhibited good spreadability, suitable pH values, 

favorable rheological behavior, and higher skin permeation than the plain gel. In-vivo studies revealed 

that niosomal gels showed a better sustained anti-inflammatory effect than drug plain gel and the 

marketed product, which was confirmed by further histopathological examination of paw tissues. 

Niosomal gels are promising formulations for sustained local delivery of betamethasone valerate. 

Keywords: betamethasone valerate; niosomes; anti-inflammatory; in-vitro release kinetics; 

rheological behaviour; permeation. 
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1. Introduction 

Corticosteroids are one of the oldest and potent treatments for different inflammatory 

conditions [1]. However, their use is limited by adverse effects often occurring at the systemic 

level [2]. Lately, there has been a major interest in developing new drug delivery systems for 

corticosteroids, enhancing drug skin retention and minimizing the amount penetrating systemic 

circulation upon topical application [3].  

Niosomes are non-ionic surfactant vesicles having a bilayer structure formed by self-

assembly of hydrated surfactant monomers [4]. The bilayer is a unilamellar or multilamellar 

enclosing aqueous solutes solution, while the lipophilic components are in the bilayer itself [5, 

https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC116.1464014660
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0101-8109
https://orcid.org/0000-0001-8718-9552
https://orcid.org/0000-0003-1484-5330
https://orcid.org/0000-0001-9870-5583


https://doi.org/10.33263/BRIAC116.1464014660  

 https://biointerfaceresearch.com/ 14641 

6]. They are preferred in topical delivery over other vesicular systems as they are non-

immunogenic, biocompatible, biodegradable [7], and exhibit high chemical stability [8].  

Niosomes have been reported to enhance dermal localization of many topical drugs by 

improving their residence time in the stratum corneum and epidermis [9], strengthen their 

efficacy by minimizing side effects associated with systemic drug absorption [10]. 

Betamethasone-17 valerate, being a corticosteroid, has been widely utilized to treat 

several inflammatory and allergic, dermatological conditions, including atopic dermatitis and 

psoriasis [11]. It is very potent and has a half-life of 36 - 54 hours which allows a lower dose 

to be employed [12]. Betamethasone binds to a specific intracellular receptor resulting in the 

modulation of multiple gene transcription, which causes the suppression of the production of 

inflammatory mediators like leukotrienes and prostaglandins and the inhibition of 

inflammatory cells recruitment into the skin [13].   

Many approaches have been reported to enhance the dermal delivery of betamethasone. 

They have been formulated in solid lipid nanoparticles [11], nanostructured lipid carriers [14, 

15], microemulsions [16], liposomes [17], and archaeosomes [18]. 

This study's primary objective was to evaluate the efficacy of betamethasone-17 

valerate loaded-niosomes aiming to provide sustained and controlled delivery of the drug with 

a subsequent decrease in the undesirable side effects by targeting the drug to the dermal region 

while minimizing its absorption into the systemic circulation.  

2. Materials and Methods 

2.1. Materials 

Betamethasone valerate (BMV) was gift samples from EPICO Company, Cairo, Egypt. 

Sorbitan monostearate (Span 60), Sorbitan monopalmitate (Span 40), Dihexadecylhydrogen- 

Phosphate (DCP), Cellulose membrane (molecular weight cut-off 12,000-14,000 g/mole), 

Octadecylamine (Stearylamine) (SA), Carrageenan and Cholesterol (CHOL) from Lanolin, 

minimum 99% (GC) were purchased from Sigma-Aldrich, St. Louis, MO, USA. Chloroform 

HPLC, Methanol HPLC was obtained from Fisher Scientific, UK. Carbapol 934 was gift 

sample from CID Company, Cairo, Egypt. All solvents and chemicals utilized in all 

experiments were of analytical grade.  

2.2. Methods. 

2.2.1. Preparation of BMV-loaded niosomes. 

BMV-loaded niosomes were prepared using the thin-film hydration technique initially 

reported by Baillie et al. [19]. In a 100 ml pear-shaped flask of the (Büchi-M/hb-140, 

Switzerland) rotary evaporator, 100 mg of non-ionic surfactants (Span 60 or Span 40) and 

cholesterol (CHOL) with or without charge inducing agent (CIA) (stearylamine or dicetyl 

phosphate) and 10 mg of BMV were dissolved in 10 ml CHOL and rotated for 10 minutes at 

an adjusted temperature (56 ±2°C) and a fixed speed of 150 rpm. Chloroform was slowly 

evaporated under reduced pressure to produce a thin, dry film of solid components on the 

rotating flask's inner wall. The thin film was hydrated with 10 ml bidistilled water under 

rotation for 30 minutes, leading to niosomal suspension. The composition of BMV-loaded 

niosomal formulations was listed in Table 1. 
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Table 1. In-vitro characteristics of betamethasone valerate niosomal formulations (n=3). 

 

Formula 

Formulation composition 

(Molar ratio) 

In-vitro characteristics 

 Span 60 Span 40 CHOL DCP SA EE% ±S.D. 
 

Mean Vesicle 

Diameter (nm) ±S.D. 

Average Zeta-

potential (mV) ±S.D. 

Polydispersity 

index 

F1 1 ‒ 1 ‒ ‒ 81.43±2.63 145.7±17.06 -34±9.96 1 

F2 1 ‒ 1 0.1 ‒ 88.41±3.11 469.6±69.13 -43±10.4 0.806 

F3 1 ‒ 1 ‒ 0.1 21.17±1.41 539.7±89 -20.9±7.24 0.652 

F4 2 ‒ 1 ‒ ‒ 75.94±5.81 123.1±12.77 -37.3±2.42 1 

F5 2 ‒ 1 0.2 ‒ 86.52±1.44 167±39.14 -39.1±9.04 0.482 

F6 2 ‒ 1 ‒ 0.2 14.44±1.91 439.7±54.59 -22±6.93 0.864 

F7 ‒ 1 1 ‒ ‒ 85.59±3.88 319.5±40.67 -39.9±6.95 1 

F8 ‒ 1 1 0.1 ‒ 92.03±1.88 606.6±94.94 -52±8.69 1 

F9 ‒ 1 1 ‒ 0.1 38.12±2.99 782±108.3 -26.4±7.01 0.999 

F10 ‒ 2 1 ‒ ‒ 81.74±1.61 222.2±23.69 -40.2±5.94 1 

F11 ‒ 2 1 0.2 ‒ 85.01±2.72 423.6±53.8 -54.6±9.96 1 

F12 ‒ 2 1 ‒ 0.2 34.57±3.41 753.6±97.41 -18.5±6.27 0.182 

 

2.2.2. Characterization of BMV-loaded niosomes. 

2.2.2.1. Entrapment efficiency (EE %). 

Unentrapped BMV was separated from that entrapped inside the niosomes by cooling 

centrifugation (Union 32R, Korea) adjusted to 7000 rpm (at 5200 x g), for 30 minutes at -4 °C. 

Niosomal pellets were washed once with bidistilled water and recentrifuged for another 30 

minutes at the same conditions [20]. Niosomal pellets, weighed about 100 mg lipids-surfactants 

mixture, were resuspended in 10 ml bidistilled water, and the amount of BMV entrapped in 

niosomes was estimated via the lysis of 1 ml of niosomal suspension with 100 ml methanol 

followed by ultrasonication in the bath-type ultrasonicator (Heated digital ultrasonic cleaner 

(SH 150 – 4L), MTI Corporation, USA) for 30 minutes. The obtained clear solution was 

measured spectrophotometrically at λmax 238 nm (Shimadzu UV Spectrophotometer 

(2401/PC), Japan) versus drug-free niosomes, prepared using the same method, as blank [21].  

Entrapment efficiency (EE %) was calculated using the equation [22]:  

EE% =
Amount of drug entrapped

Total amount of drug added 
X100 

2.2.2.2. Vesicle size, zeta-potential, and polydispersity index determination. 

Vesicle size, zeta-potential, and polydispersity index (PDI) of the formulations were 

measured using Zeta-sizer (Malvern Zeta-sizer Nano ZS, Malvern Instruments, UK) [23]. 

Niosomal suspensions were diluted with deionized water in a ratio of 1:100 v/v [5] for vesicle 

size determination and a ratio of 1:10 v/v for zeta-potential determination. A sample was placed 

in a quartz cuvette, and measurements were taken at room temperature. PDI was determined as 

a measure of homogeneity [24] and was expressed as following [25]: 

PDI =
Standard deviation

Mean droplet size
 

2.2.2.3. Transmission electron microscopy (TEM).  

About 1 ml of niosomal suspensions were diluted ten folds with bidistilled water then 

mixed well before the investigation [26]. A drop of each sample was mounted on a 300-mesh 

carbon-coated grid and left to dry to a thin film. Before the films were completely dry, they 
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were negatively stained with 0.5% phosphotungstic acid [27]. Films were inspected using TEM 

(JEOL, JEM-1230, Tokyo, Japan) at room temperature, and micrographs were taken at suitable 

magnifications. 

2.2.3. In-vitro release profiles. 

In-vitro release of BMV from niosomes was investigated using the dialysis method 

discussed by Li et al. [28] with slight modifications. This study was conducted on F1, F2, F4, 

F5, F7, F8, F10, and F11. BMV niosomal formulations, viz; F3, F6, F9, and F12 were omitted as 

they showed obvious aggregations due to their low stability, which was reported in some other 

previous studies [29].  

A sample from each niosomal suspension equivalent to 2 mg BMV was transferred 

within a dialysis bag (Spectra/Por® with a molecular weight cut off 12000 – 14000 Da), 

previously soaked in the receptor medium, for 24 hours. The dialysis bag was dipped in a tightly 

closed bottle containing 100 ml phosphate-buffered saline (pH 5.5): methanol mixture (60:40), 

based on BMV solubility characteristic [30], to fulfill sink condition. The bottle was transferred 

to a thermostatic shaking water bath maintained at a temperature of 32 ±2ºC and rotated at 150 

rpm. At predefined time intervals; 1, 2, 3, 4, 6, 8, 24, 48, 72, and 96 hours, 5 ml sample was 

withdrawn and replaced with an equal volume of fresh medium to preserve sink condition. The 

drug content in each sample was determined spectrophotometrically at λmax 240.8 nm. A 

separate investigation was conducted with free BMV suspension using the same method. , The 

cumulative percentage of drug released was plotted against time. 

To illustrate the mechanism of drug release, in-vitro results were fitted to different 

kinetic models  [31, 32] and the Korsmeyer-Peppas model [33, 34].  

2.2.4. Physical stability study. 

Four niosomal formulations were selected for this study which was; F4, F5, F8, and F10, 

for their high entrapment efficiencies and suitable release rates. 10 ml from each formulation 

were sealed in 20 ml glass vials wrapped with an aluminum foil protected from light and kept 

at refrigeration temperature (2 – 8 ºC) for 3 months [35]. Physical appearance was evaluated, 

and all formulations were evaluated regarding the percentage of drug retained and vesicle size 

after 1, 2 and 3 months of storage and compared with freshly prepared niosomal formulations. 

2.2.5. Preparation of BMV niosomal gel. 

Two niosomal formulations were selected for further studies viz., F5 representing Span 

60 formulations and F8 representing Span 40 formulations; they were selected for their high 

entrapment efficiencies and suitable release rates.  

Niosomal gels were prepared by dissolving 100 mg of Carbopol 934 in 10 ml niosomal 

suspension. Drops of triethanolamine were added (about 1-2 drops), to adjust pH to neutral 

value, with continuous stirring until homogenous niosomal gel was obtained [36]. The plain 

gel containing an equivalent amount of free BMV was prepared using the same method. 
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2.2.6. Evaluation of BMV niosomal gel. 

2.2.6.1. Spreadability. 

The spreadability of F5 and F8 niosomal gels was assessed and compared with two 

marketed gel products. The test was carried out by pressing 1 g of each gel between two 

horizontal glass plates (10 cm× 20 cm), and a standard weight of 25 g was placed on the upper 

glass plate for 1minute. The formed circle diameter was measured and used as a comparative 

value for spreadability [37].  

2.2.6.2. pH measurement. 

The niosomal gel formulations' pH was measured using a digital pH meter (Thermo 

Fisher Scientific Inc., Orion VERSA STARTM, VSTAR 92, USA). The apparatus was 

calibrated then measurements were recorded by dipping the glass rod into the niosomal gels at 

25 ºC [38].  

2.2.6.3. Rheological behavior. 

The rheological behavior of the niosomal gels was investigated using a parallel-plate 

rheometer (Anton Paar, Physica MCR 301, Germany). 0.5 g of each niosomal gel was placed 

on the plate and left until the plate temperature attained 25 ± 1ºC [39]. Flow curve and viscosity 

of each formulation were registered for a total time interval of 6 minutes; 3 minutes during the 

ascending period by increasing the shear rate gradually from 1 to 200 s-1, followed by 3 minutes 

during the descending period by reducing the shear rate from 200 to 1 s-1 [40]. The flow 

behavior was studied using the regression analysis of log shear rate versus log shear stress, and 

Farrow’s constant (n), which denotes deviation from Newtonian flow behavior, was calculated 

applying this equation [38]:  

Log G = n Log F − Log ɳ 

Where: G is a shear rate (s-1), F is shear stress (Pa), ɳ is apparent viscosity (Pa.s), and n 

(Farrow’s constant) is the slope of log G versus log F plot. If n is less than one, this denotes 

dilatant flow (shear rate thickening) behavior, whereas n values greater than one reveal 

pseudoplastic or plastic flow (shear rate thinning) [39]. 

The degree of thixotropy was assessed by measuring the hysteresis area (H.A.), between 

the upward and downward curves, using the trapezoidal rule [39].  

2.2.7. Ex-vivo skin permeation  

2.2.7.1. Skin preparation. 

Full-thickness abdominal skin of albino mice was used for permeation studies. , The 

hair on the abdominal side of mice was removed by an electrical clipper one day before the 

experiment [41]. Mice were sacrificed by cervical dislocation, and skin was excised. 

Subcutaneous fats were cautiously removed. Animal experiments were carried out following 

institutional and national guidelines for animal care. 
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2.2.7.2. Ex-vivo permeation test. 

An ex-vivo permeation experiment was conducted to compare F5 and F8 niosomal gels' 

drug penetration profiles compared to BMV plain gel. 

The skin was equilibrated in phosphate-buffered saline (pH 7.4), for one hour before 

the experiment to simulate human blood pH. The study was performed using vertical Franz 

diffusion cells (Hanson 6 unit assembly, Hanson Research Corp® ) with an effective diffusion 

area of 1.5 cm2 and 7 ml of receiver chamber capacity [42]. Phosphate buffered saline (pH 7.4) 

containing 40% methanol was used as receptor fluid to fulfill sink condition [43],  maintained 

at a temperature of 37 ±0.5ºC [44], and stirred at 350 rpm [45]. The skin was placed between 

donor and receptor compartments where the stratum corneum side facing the donor 

compartment [46]. The receptor medium was replaced every 30 minutes till it showed 

negligible absorbance, indicating complete skin stabilization. Accurately weighed 0.1 gm of F5 

and F8 niosomal gels containing 0.1 mg BMV was placed into each donor compartment and 

sealed for providing occlusive conditions [47]. 

Aliquots of receptor medium (1 ml) were withdrawn at different time intervals; 1, 2, 4, 

6, and 24 hours and replaced by the same fresh medium volume. The amount of drug permeated 

through the skin was determined spectrophotometrically at 243.3 nm (Shimadzu, Model 2401, 

Japan) [26, 36, 48]. UV method was validated for linearity and precision (intra and interday) 

for the range used (2–10 μg/ml). The limit of quantification (LOQ = 0.185 μg/ml) and the limit 

of detection (LOD = 0.061 μg/ml) were calculated according to the guidelines of the 

International Conference for Harmonization [49].  

Permeation profiles were constructed by plotting the cumulative percentage of BMV 

permeated versus time. The steady-state flux (Jss, μg/cm2 /h) was computed using linear 

regression analysis. Permeability coefficient (Kp) was determined by dividing the flux by 

initial drug concentration (Co) in the donor compartment and was expressed as [50]: 

Kp =
Jss

Co
 

Penetration enhancement was determined in terms of enhancement ratio (ER) according 

to this relation [51]: 

ER =
Jss of formulation

Jss of control
 

To predict the mechanism by which BMV is permeated from niosomal formulations, 

the data were analyzed to find the best fitting kinetic model.  

2.2.8. In-vivo anti-inflammatory efficacy. 

Anti-inflammatory efficacy and sustaining the action of niosomal gels were 

investigated using the carrageenan-induced hind paw edema method [52] and compared with 

that of BMV plain gel and marketed product.  

2.2.8.1. Experimental design. 

Adult male Wister albino rats (130-180 g) were purchased from the animal breeding 

house of the National Research Center, Dokki, Giza, Egypt. They were housed in clean rat 
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cages (10 rats) and kept under standard controlled conditions of temperature (21-24°C) and 

relative humidity (40-60%) with alternating 12 hours dark-light cycles. Animals were fed with 

a chow diet and water ad libitum and were acclimatized for 14 days prior to experimentation. 

The protocol of the study was approved by the Ethics Committee of Faculty of 

Pharmacy, Cairo University (approval number PI-1609) and the Medical Research Ethics 

Committee of National Research Centre, Giza, Egypt (approval number 15228). 

2.2.8.2. Carrageenan-induced paw edema. 

For induction of edema, carrageenan suspension (0.1 ml of 1% w/v, in saline) was 

injected into the sub plantar surface of the right hind paw. The contralateral paw received an 

equal volume of saline [52]. Rats were randomly divided into five groups, each of five animals 

as follows: group I representing non-treated rats which received normal saline (0.2 ml /rat) and 

served as a positive control, group II representing rats treated by topical application of F5 

niosomal gel, group III representing rats treated by topical application of F8 niosomal gel, group 

IV representing rats treated by topical application of the marketed product and finally group V 

representing rats treated by topical application of BMV plain gel. Formulations were applied 

to the plantar surface of the right hind paw [36] at a dose level of 1mg/kg [53] by gentle rubbing, 

half an hour before induction of inflammation. Oedema component was quantified by 

measuring the difference in hind paw thickness with a micrometer caliper before carrageenan 

injection and after carrageenan injection by 1,2,3,4 and 24 hours [54, 55].  

Percentage of paw swelling was determined according to this relation [56]: 

% Swelling =
(V −  Vi)

Vi
x100 

Where, V is the thickness of the paw at each time interval, and Vi is the initial thickness of the 

paw before carrageenan injection. Percentage  of edema inhibition in the drug-treated rats was 

calculated in terms of this equation [56]: 

% Inhibition = [1 −
% swelling treated 

% swelling control
] x100 

Where, swelling treated is the mean value computed in the treated group, and swelling control is 

the mean value computed in the control group [57]. 

2.2.8.3. Histopathological examination of paw tissue. 

The anti-inflammatory effect of BMV niosomal formulations was also evaluated by 

histological assessment. One rat from each group was sacrificed by cervical dislocation, 4 hours 

after edema induction [58]. Tissue slices were excised, dipped in 10% formalin-saline, 

dehydrated in graded concentrations of ethanol, dipped in xylene, and inserted in a paraffin 

block. The skin was cut, stained with hematoxylin-eosin (H & E) [59], and examined 

microscopically by a light microscope. 

2.2.9. Data analysis and statistics. 

Studies were performed in triplicate, and results were presented as a mean ± standard 

deviation (S.D.). SPSS software (version 22.0; IBM Co., USA) was used for data analysis, and 

means were compared using one-way analysis of variance (ANOVA) followed by least-
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significant difference test (LSD). Differences were considered statistically significant when the 

p-value was less than 0.05. 

3. Results and discussion 

3.1. Characterization of BMV-loaded niosomes. 

3.1.1. Entrapment efficiency (EE %). 

Results presented in Table 1 showed that the addition of DCP to F2, F5, F8, and F11 

enhanced entrapment efficiency, which ranged between 85.01 ±2.72 and 92.03 ±1.88% as they 

showed an increase in entrapment efficiencies values, but this increase was statistically non-

significant (p>0.05) when compared to niosomal formulations prepared without adding any 

charge inducers; F1, F4, F7, and F10. This might be attributed to the increase in the distance 

between adjoining lamellar bilayers due to electrostatic repulsion between adjacent bilayers, 

resulting in entrapment of larger amounts of the drug [60]. However, formulations prepared 

using SA; F3, F6, F9, and F12, showed the lowest values ranged between 14.44 ±1.91 and 38.12 

±2.99%. The incorporation of SA into niosomes resulted in a significant decrease (p<0.05) in 

the amount of BMV entrapped. This could be explained by the formation of low stability 

niosomal system in which particle aggregation was observed during the preparation, as reported 

previously [43].  

Moreover, Table 1 showed non-significant increase (p>0.05) in BMV entrapment 

efficiency upon increasing CHOL content from 33 mole% (F4,F5,F6,F10,F11,F12) to 50 mole% 

(F1,F2,F3,F7,F8,F9). CHOL increases the hydrophobicity of bilayer structure [61], decreases its 

permeability [62], and can enhance the stability and entrapment of the hydrophobic drug BMV 

into the lipid bilayers. This finding was following some previous studies [63, 64]. 

3.1.2. Vesicle size, polydispersity index, and Zeta-potential. 

Niosomal formulations exhibited a mean vesicle size ranging from 123.1 to 782 nm as 

presented in Table 1. The inclusion of CIA into niosomes resulted in a significant increase in 

vesicle size (p<0.05). The incorporation of DCP caused the separation of adjacent bilayers due 

to charge repulsion, which increased aqueous compartment volume, leading to an increase in 

vesicle size [65]. In niosomal formulations containing SA, the effect was more pronounced as 

they exhibited the largest particle size among all formulations. This might be due to the 

aggregations formed as a result of SA-induced zeta-potential reduction, as previously reported 

[29]. 

CHOL content had an apparent impact on vesicle size (Table 1). It was found that 

increasing CHOL concentration from 33 mole % to 50 mole % led to a significant increase in 

vesicle size (p<0.05). This could be attributed to vesicular membrane disruption resulting from 

hydrophobicity increase in the presence of higher CHOL content which subsequently increased 

vesicle radius to produce a more thermodynamically stable form leading to the formation of 

larger vesicles with greater thermodynamic stability [66].  

Also, it was noticed that niosomes prepared using Span 40 had significantly larger 

vesicle size (p<0.05) than niosomes prepared with Span 60.  Surface free energy increases as 

hydrophobicity decrease [67]; hence, less hydrophobic surfactants should yield larger vesicles 

which rationalized the greater size of Span 40 based niosomes, since HLB value of Span 40 is 

6.7 and that of Span 60 is 4.7 [68]. 
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It was observed that PDI values of the prepared formulations were high (>0.3) (Table 

1), suggesting a heterogeneous population that is generally obtained with niosomes prepared 

by thin-film hydration technique not accompanied by vesicles sonication or extrusion [69]. 

Zeta potential was measured as charged niosomes are generally more stable against 

aggregation and fusion [70]. It was found that F1, F2, F4, F5, F7, F8, F10, and F11 had large 

negative values ranging between -34 mv and -54.6 mv (Table 1), indicating good stability. 

Negative values of zeta-potential for niosomes, prepared without adding any CIA; could be 

due to preferential hydroxyl ions adsorption or counter ions adsorption at the surface of vesicles 

[71] and are sufficiently high for electrostatic stabilization. The incorporation of DCP resulted 

in higher negative values of zeta-potential and led to the formation of a more stable colloidal 

system. However, the effect of incorporating SA into the formulations was noticed as it 

neutralized the negative surface charges, which lowered the values of zeta-potential and 

subsequently caused the aggregation of vesicles, indicating low stability of these systems as 

previously stated [43]. 

3.1.3. Transmission electron microscopy (TEM). 

TEM studies were performed to get an insight into the morphology of the investigated 

niosomal formulations. Figure 1 demonstrated electron micrographs of F1,F2,F4,F5,F7,F8,F10 

and F11 . Vesicles are well identified, almost spherical in shape, having a definite smooth vesicle 

surface enclosing an internal aqueous core [72]. Figure 1 also revealed micrographs of F3, F6, 

F9, and F12, where the effect of adding SA to the formulation was noticed, showing heavily 

stained vesicles with irregular boundaries and no definite shape or structure. SA neutralized 

negative charges carried by niosomes leading to decreased repulsion forces between the 

vesicles and a subsequent aggregation [43].  

 
Figure 1. TEM Micrographs of different betamethasone valerate niosomal formulations. 

3.2. In-vitro release studies of BMV niosomes. 

Figure 2 demonstrated BMV release pattern from different niosomal formulations and 

from its free suspension for comparison. The release pattern of BMV occurred in two phases, 
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an initial relatively rapid release phase lasting for 8 hours where more than 50% of entrapped 

BMV was released, followed by a steady phase with slower and reduced release rate, which is 

maintained for 96 hours, and more than 90% of the drug was released. This biphasic release 

pattern agrees with previously stated studies and appears to be a general feature of bilayer 

vesicles [73, 74]. The rapid drug release might be due to the release of drug adsorbed on the 

hydrophilic head of vesicles, helping to achieve the optimum loading dose of the drug [75] 

while the slower phase could be mainly attributed to drug diffusion through the bilayers [76]. 

Thus, niosomes can be considered to be nano-drug depots capable of controlling and 

prolonging the release of drugs [77]. This was confirmed when comparing the data obtained 

from the release study of BMV from its free suspension, where more than 90% of the drug was 

released within 6 hours. Both phases are of interest for dermal application, in which moderate 

release is beneficial to enhance drug penetration for faster onset of action, whereas sustained-

release supplies the drug through an extended time period reducing application time and 

lowering toxicity [78, 79]. 

 
Figure 2. In-vitro release profiles of different betamethasone valerate niosomal formulations (n=3). 

The effect of DCP on release rates of BMV from niosomes was clear, where niosomal 

formulations containing DCP showed relatively higher release rate constants compared to their 

corresponding niosomes prepared without adding any charge inducer (Table 2). This could be 

due to the increase in electrostatic repulsion force between intra niosomal bilayers resulting 

from the inclusion of DCP, which facilitates the permeation of entrapped BMV into the release 

medium [80]. Also, increasing CHOL content from 33 mole% to 50 mole% reduced the efflux 

of BMV except for F2, which showed a nearly similar release rate constant compared to F5 (9.77 

and 9.6 mgh-1/2, respectively). These results agree with CHOL's previously stated ability to 

stabilize membranes and fill pores in the vesicular bilayer [73, 81], which helps to sustain drug 

release from niosomes [80].  

In-vitro release profiles were treated with different mathematical models, and results 

are illustrated in Table 2. The drug's release pattern from all formulations and from its free 

suspension followed the Higuchi equation as indicated from the highest correlation coefficient 

(R2). These findings are typically following previous works reporting that drug-loaded 

niosomes have a controlled release pattern following Higuchi’s square root model [80]. 

Korsmeyer–Peppas model indicated that all the diffusional exponent (n) values were below 

0.45, demonstrating that BMV release from niosomes follows Fickian diffusion without 

erosion of vesicles [34]. 
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Table 2. Release kinetics of betamethasone valerate niosomal formulations (n=3). 
Formula R2 Release rate 

constant (mgh-1/2) 

Korsmeyer-Peppas parameters 

 Zero 

Order 

First 

Order 

Higuchi 

Diffusion model 

 R2 K N Release 

mechanism 

F1 0.5860 0.4015 0.7461 5.38 0.794 19.05 0.33 Fickian diffusion 

F2 0.6717 0.4949 0.8287 9.77 0.881 19.9 0.41 Fickian diffusion 

F4 0.6550 0.4680 0.8142 9.53 0.858 21.37 0.40 Fickian diffusion 

F5 0.6585 0.4962 0.8179 9.6 0.882 21.37 0.39 Fickian diffusion 

F7 0.6762 0.4976 0.8299 7.8 0.877 22.9 0.34 Fickian diffusion 

F8 0.7101 0.5208 0.8601 9.7 0.896 20.41 0.41 Fickian diffusion 

F10 0.6998 0.5757 0.8490 10.24 0.927 19.05 0.41 Fickian diffusion 

F11 0.7136 0.5489 0.8624 10.18 0.916 18.62 0.42 Fickian diffusion 

Free BMV 0.2541 0.1798 0.3891 5.94 0.534 38.01 0.28 Fickian diffusion 

3.3. Physical stability study. 

F4, F5, F8, and F10, exhibited good physical stability, with no color change, 

sedimentation, coarse particles, or layer separation. There was no significant decrease in drug 

content (p < 0.05) over 3 months, as demonstrated in Table 3. This could be due to CHOL's 

presence in the vesicular bilayers having the ability to stabilize membranes, reducing drug 

leakage to a great extent [43]. The storage temperature of 5°C was proven to be more suitable 

for reducing drug leakage from niosomal vesicles, as proved in another study [82]. Table 3 also 

shows vesicle sizes over 3 months of storage compared to their size at the experiment's initial 

time. Results revealed a significant increase (p<0.05) in vesicle sizes of all formulations after 

storage (Table 3), in the range of 448 to 659 nm. This could be due to the previously reported 

fusion and aggregation of niosomal vesicles after storage [83]. 

Table 3. Mean drug retained and mean vesicle size of betamethasone valerate niosomal formulations stored at 

(2 – 8 ºC) for 3 months (n=3). 

 F4 F5 F8 F10 

Time 

(days) 

Drug retained 

(%)±S.D. 

Mean 

vesicle size 

(nm) ±S.D. 

Drug retained 

(%) ±S.D. 

Mean vesicle 

size (nm) 

±S.D. 

Drug retained 

(%)±S.D. 

Mean vesicle 

size (nm) 

±S.D. 

Drug retained 

(%) ±S.D. 

Mean vesicle 

size (nm) 

±S.D. 

Initial 100 ±0.00 108±13.4 100±0.00 132±8.48 100 ±0.00 461±29.39 100±0.00 106±19.79 

30 days 95.37±0.42 360±70.1 92.11±0.42 179±24.74 90.71±0.87 473±63.63 97.41±0.43 109±29.76 

60 days 91.71±1.12 466±74.9 86.93±0.41 228±34.64 86.07±0.41 517±71.79 91.7±0.44 264±38.89 

90 days 88.92±1.73 493±70.5 81.86±2.6 448±61.2 82.07±0.41 659±88.71 89.13±3.7 550±82.02 

3.4. Evaluation of BMV niosomal gel. 

3.4.1. Spreadability. 

The prepared gels must have a good spreadability to ensure a uniform application to the 

skin [84]. Spreadability values, presented in Table 4, demonstrated that the spreadability of F5 

and F8 niosomal gels was comparable with that of commercial products and fulfilled the ideal 

quality in topical application.  

 

Table 4. pH, spreadability values, rheological behavior, in-vitro skin permeation parameters of selected 

niosomal gels (F5 and F8) (n=3). 

Formulations pH 

Spreading   

diameter 

(mm) ±S.D. 

Farrow’s 

constant 

(n) 

Hysteresis 

area (Pa.s-1) 

Steady-state 

flux ±S.D.    

(μg/cm2/hr) 

Permeation coefficient 

± S.D. (cm/hr) 

Enhancement ratio 

± S.D. 

F5 niosomal gel 5.74 40±2.06 4.3313 11364.5 0.299±0.057 2.99 x10-3 ±0.573 x10-3 1.24± 0.08 

F8 niosomal gel 5.78 35±1.15 4.9192 3209.5 0.271±0.091 2.71 x10-3 ±0.91 x10-3 1.11± 0.21 

BMV plain gel ‒ ‒ ‒ ‒ 0.241±0.0067 2.41 x10-3 ±0.067 x10-3 ‒ 
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Formulations pH 

Spreading   

diameter 

(mm) ±S.D. 

Farrow’s 

constant 

(n) 

Hysteresis 

area (Pa.s-1) 

Steady-state 

flux ±S.D.    

(μg/cm2/hr) 

Permeation coefficient 

± S.D. (cm/hr) 

Enhancement ratio 

± S.D. 

Marketed gel 1 ‒ 37±1.15 ‒ ‒ ‒ ‒ ‒ 

Marketed gel 2 ‒ 43±1.52 ‒ ‒ ‒ ‒ ‒ 

3.4.2. pH measurement. 

pH values of niosomal gels were found to be 5.74 for F5 gel and 5.78 for F8 gel. Both 

gels seem non-irritating to the skin as the measured pH values were within the physiological 

skin pH range, i.e., 4 to 6 [37].  

3.4.3. Rheological behavior. 

The rheological behavior of gels was evaluated to predict their suitability for topical 

application [85, 86], as gel viscosity influences its spreadability and adherence to the skin 

surface [87] and has an impact on the drug release rate [88]. 

The rheograms, presented in Figure 3, revealed that the shear stress was not directly 

proportional to a shear rate approaching the origin with no yield values, indicating non-

Newtonian flow behavior. The ascending and descending flow curves almost overlapped with 

a very narrow deformation at the end of the descending period, verifying shear-thinning system 

behavior, i.e., pseudoplastic flow with thixotropic behavior [38]. This was confirmed by the 

characteristic bend in the viscosity curves (Figure 3) and Farrow’s constant (n) values larger 

than one (Table 4), indicating a pseudoplastic flow behavior of the niosomal gels [89]. The 

calculated hysteresis area (H.A.) values confirmed a degree of thixotropy of the prepared 

niosomal gels (Table 4). This behavior is preferred in pharmaceutical gels [90] because when 

applying a certain force, the viscosity decrease ensuring good spreadability, and at the same 

time, the gel remains at the site of application and does not continue to flow over it [91].  

 
Figure 3. Rheograms of F5 and F8 niosomal gels demonstrating shear rate vs. shear stress and viscosity vs. shear 

rate plots. 
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This could be due to the structural breakdown of the intermolecular interactions 

between polymeric chains as shear stress is increased, and after the elimination of shearing 

force, polymerization is reoccurred due to van der Waal interaction forces between molecules 

of the polymer [90]. 

The rheological behavior exhibited by the prepared gels fulfilled the ideal criteria for 

topical application. 

3.5. Ex-vivo permeation studies.  

Figure 4 shows permeation profiles of BMV from the plain gel and from niosomal gel 

formulations. Results show the superiority of permeation of BMV encapsulated in the niosomal 

formulations F5 and F8 over BMV plain gel.  

In-vitro permeation parameters, steady-state flux (Jss), permeability coefficient (Kp), 

and enhancement ratio (ER) of niosomal and non-niosomal formulations are presented in Table 

4. It can be observed that niosomal gels showed higher skin permeation of BMV as indicated 

by the increased flux and permeability coefficient values. F5 niosomal gel exhibited the highest 

steady-state flux (Jss = 0.299±0.057 μg/cm2/hr) followed by F8 niosomal gel having a steady-

state flux value of 0.271±0.091 μg/cm2/hr. The Lower flux value was obtained using BMV 

plain gel (Jss = 0.241±0.0067μg/cm2/hr), which revealed the permeation-enhancing effect of 

vesiculation on the drug. Statistical analysis of flux values confirmed that the two niosomal 

gels exhibited statistically significant improvement in permeation when compared to BMV 

plain gel (p<0.05). 

 
Figure 4. Permeation profiles of betamethasone valerate from niosomal gels, and plain gel through mouse 

skin(n=3). 

 

The ability of niosomes to enhance percutaneous permeation of the drug could be 

explained by several mechanisms, including; adsorption and fusion of vesicles on the skin 

surface, niosomal vesicles may act as penetration enhancers reducing the barrier properties of 

stratum corneum as the intercellular lipid barrier would be significantly looser and more 

permeable after treatment with niosomes [92, 93].  

These findings suggest that the developed BMV-loaded niosomes were effective and 

promising for carrying the drug into deeper layers of the skin which can enhance skin retention, 

minimize side effects induced by systemic absorption as a small amount of BMV 
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approximately 7 μg/cm2 permeated through the skin, after 24 hours of treatment with niosomal 

formulations.  

This was in agreement with other studies' findings indicating greater drug deposition 

into the skin when drug-containing vesicular systems are used [18, 94]. 

Drug permeation kinetics studies showed that permeation of BMV through the skin 

from the two niosomal formulations and from BMV plain gel is most fitted to the diffusion-

controlled mechanism (Higuchi’s model), as diffusion out of vesicles displayed the highest R2 

values (data are not shown). Results also revealed sustained release characteristics with the 

Higuchi pattern of drug release, where niosomes act as a depot for continuous drug delivery. 

These findings are following previous reports [38, 95]. 

3.6. In-vivo anti-inflammatory efficacy. 

3.6.1. Carrageenan-induced paw edema. 

Findings of ex-vivo studies were further confirmed by in-vivo studies. The anti-

inflammatory effect of F5 and F8 niosomal gels were compared with that of BMV plain gel and 

marketed product using carrageenan-induced hind paw edema method [52]. Results were 

calculated as a percentage of edema inhibition, recorded in Table 5 and presented in Figure 5.  

 

Table 5. Effect of different formulations on rat paw edema (% edema inhibition) (n=3). 

Groups Edema inhibition (%) 

 1 hour 2hours 3 hours 4 hours 24 hours 

F5 niosomal gel 59.17±4.99@ 42.48±4.86 61.57±5.23@ 76.81±4.56@$ 69.05±0.586@$ 

F8 niosomal gel 42.77±3.87 36.94±3.14 55.09±5.78@ 65.58±4.37@ 60.85±0.99@ 

Marketed product 48.88±3.64 37.5±3.83 38.67±3.63 42.99±3.1 50.3±0.92@ 

BMV plain gel 38.74±3.73 33.77±3.77 23.98±1.84 22.51±2.06 31.47±2.61 
@ significant difference from BMV plain gel group at p< 0.05 
$ significant difference from marketed product group at p< 0.05 

 
Figure 5. Edema inhibition (%) caused by the application of different formulations (n=3). 

Initially, the group treated with BMV plain gel showed edema inhibition % of 38.74% 

±9.73 at the first hour, then the effect was reduced with time reaching 31.47% ±2.61 after 24 

hours. In the case of F5 and F8 niosomal gel groups, edema inhibition % was higher than both 

drug plain gel and marketed product groups at almost all test points. The % inhibition gradually 

increased with time to reach 76.81% ±4.56 (F5) and 65.58% ±4.37 (F8) at the 4th hour then the 

effect was sustained to reach 69.05% ±0.586 (F5) and 60.85% ±0.99 (F8) after 24 hours.  
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Analysis of data using one-way ANOVA followed by LSD test for multiple 

comparisons revealed that F5 and F8 produced significant inhibitory effect on paw edema 

compared to BMV plain gel (p<0.05) starting from the 3rd hour, and the effect was sustained 

for a longer time (up to 24 hours). Moreover, the anti-inflammatory activity of F5 was 

significantly higher than the marketed product (p<0.05) at the 4th and the 24th hours, but there 

was no significant difference between the anti-inflammatory effect of F8 and the marketed 

product.  

The prolonged and enhanced anti-inflammatory activity of both niosomal gels could be 

attributed to the superior skin penetration [96] and higher skin retention [97] of niosomal drug, 

which indicated depot forming properties of niosomal gel [20], offering sustained drug release 

from niosomes for an extended period of time, reaching at least 24 hours, for edema reduction 

[98]. Jaafari et al. previously mentioned that vesicles, in the proper formulations and sizes, 

we’re able to pass through the stratum corneum, reach the epidermis and deep dermis, as the 

electron microscopy studies had revealed the presence of intact niosomes in the epidermis and 

dermis [99]. 

3.6.2. Histopathological examination of paw tissue. 

Microscopic study of paw biopsies of non-treated rats showed acute inflammation with 

massive accumulation of infiltrated inflammatory cells in the connective tissue. Congestion of 

blood vessels and blood capillary dilatation was observed in the papillary dermis. Diffused 

large edematous areas were noticed in the reticular dermis and the underlying hypodermis, as 

shown in Figure 6A.  

 
Figure 6. Histopathological examination of rat paw tissue obtained from; (A) positive control group, (B) BMV 

plain gel group, (C) marketed product group, (D) F5 niosomal gel group, (E) F8 niosomal gel group. Epidermis 

(E), papillary dermis (PD), and reticular layers (RD) (H&E× 100). 

https://doi.org/10.33263/BRIAC116.1464014660
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC116.1464014660  

 https://biointerfaceresearch.com/ 14655 

Paw biopsies of animals treated with BMV plain gel showed a slight improvement in 

inflammation as edema is slightly inhibited, but diffuse cellular infiltration was still noticed in 

all skin layers (Figure 6B).  

Figure 6C revealed a photomicrograph of rat skin treated with the marketed product 

showing nearly normal superficial papillary layer, but heavy cellular infiltration and wide 

edematous areas were still noticed in the other deeper dermal layers, which indicated 

superficial improvement only in this group. 

Interestingly, topical treatment with F5 and F8 niosomal gels drastically diminished the 

inflammatory response in carrageenan-induced rat paw edema. Inflammatory cells were 

reduced in number compared to the positive control group, as shown in Figures 6D and E where 

only a few scattered inflammatory cells were observed. Some small edematous areas were also 

noticed, and a remarkable decrease in blood congestion was also revealed, which indicated a 

significant anti-inflammatory effect of niosomal formulations.   

Taking these data together, we can conclude that F5 and F8 niosomal gels considerably 

reduced morphological injury and cellular infiltration in rat paw skin and were more effective 

than both BMV plain gel and marketed products. These results are following other previous 

studies [36, 100-102]. 

4. Conclusion 

The present study conclusively supported niosomes as a distinctive drug delivery 

system with a high degree of entrapment and sustained drug release over a prolonged period of 

time. Results revealed that the molar ratio of cholesterol and surfactant and presence or absence 

of charge inducers had a great impact on the general performance of niosomes. Performed in-

vivo studies demonstrated that BMV niosomal gel applied topically has superior sustained anti-

inflammatory efficacy compared to both the marketed product and BMV plain gel. Thus, 

BMV-loaded niosomal formulation is a promising carrier system and seems to represent an 

attractive strategy to enhance the anti-inflammatory efficacy of BMV in treating skin disorders 

where the local effect is required. 
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