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ABSTRACT 

Objective: The study aimed to develop and optimise Methotrexate (MTX)-loaded Transethosomal Film-Forming Gel (TE FFG) for transdermal 
delivery to treat rheumatoid arthritis while alleviating the side associated with oral administration.  

Methods: The Transethosomes (TE) were prepared using the thin film hydration technique and incorporated into an FFG using chitosan. The Box-
Behnken Design method was used to analyse the influence of independent variables such as the concentration of soya lecithin, surfactant, and 
ethanol on parameters including vesicle size, PDI (Polydispersity Index), zeta potential, and entrapment efficiency. The optimised transethosomal 
suspension was incorporated into the FFG using 3% chitosan and other excipients. In vitro drug release and ex vivo skin permeation of FFG were 
performed using Franz diffusion cells. 

Results: The vesicle size, PDI, zeta potential and entrapment efficiency of the optimised formulation of TE were 110.3 nm, 0.352,-14.4 mV and 49.36%, 
respectively. The Transmission Electron Microscopy (TEM) image showed that the vesicles were uniform and spherical. The in vitro drug release study 
was higher for Conventional (CL) FFG) than TE FFG and the drug release mechanism was fitted into the Higuchi model. The permeation was higher for 
TE FFG, with the steady-state flux being 1.55 times greater than the CL FFG. The skin irritation test on Wistar rats revealed no indication of irritation on 
the skin. The histopathology examination showed a significant reduction in the inflammatory cells in the treated group.  

Conclusion: Therefore, the results concluded that the formulated MTX-loaded TE FFG could be a potentially promising substitute for the oral 
delivery of methotrexate 
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INTRODUCTION 

A systemic autoimmune disease known as Rheumatoid Arthritis (RA) 
is characterised by a long-term inflammation process that can harm 
joints and extra-articular organs like the lung, eye, heart, skin, kidney, 
digestive system and nervous system [1]. Inflammatory response, 
bone destruction and chronic synovitis are all associated with this 
autoimmune disease, along with gradual joint deterioration, deformity 
and dysfunction followed by complete impairment. The complicated 
interrelationship between acquired deficits in immune regulation and 
genetics results in pathological activation of the immune system 
concerning physiological stimulus and pathogens, other contributing 
reasons involving diet and environment [2]. Strategies for rheumatoid 
arthritis treatment include disease-modifying anti-rheumatic drugs 
like Methotrexate (MTX), hydroxychloroquine sulfasalazine and 
leflunomide, glucocorticoids, non-steroidal anti-inflammatory drugs 
and biological agents. Methotrexate is regarded as the frontline 
standard medication for treating rheumatoid arthritis due to its 
effectiveness in treatment and relatively low cost [3]. 

MTX is a drug with immunosuppressant and antineoplastic properties. 
It treats RA, lymphoma, lymphoblastic leukaemia, psoriasis, 
osteosarcoma, medulloblastoma, etc. and works as a folic acid 
antagonist. MTX belongs to the disease-modifying anti-rheumatic drug 
class with 454.44 Da as molecular weight. The mechanism of action 
includes competitive inhibition of the enzyme dihydrofolic acid 
reductase, resulting in the inhibition of the formation of 
tetrahydrofolate required to synthesise purine nucleotides and 
thymidine. In rheumatoid arthritis, it is used at lower doses to reduce 
tenderness and swelling associated with the disease [4, 5]. MTX 
belongs to class IV of the BCS classification, which states the drug is 
low aqueous soluble and poorly permeable. The effectiveness of MTX 
is frequently hindered due to short half-life, side effects and decreased 
bioavailability due to low permeability and water solubility [6-8]. 

Transdermal drug delivery can be a choice for drug candidates that 
lead to toxicity or side effects when administered orally. 

Transdermal delivery is considered in many ways over the 
conventional dosage. Some of the benefits include increased 
bioavailability by the elimination of first-pass metabolism and drug 
degradation by enzymes of the GI tract. It offers sustained and 
controlled drug administration and prevents the potential hazards 
associated with IV therapy. Also, patient compliance is enhanced due 
to reduced frequency of dosing. The risk or trauma of infection is 
reduced due to the non-invasive mode of delivery [9]. 

Phospholipid-based carriers for drug delivery have been a popular 
approach for effective percutaneous administration due to their 
biodegradable and biocompatible nature. The barrier function of the 
stratum corneum impedes the penetration of medication through 
the skin [10]. For this purpose, liposomes were opted as an 
approach for transdermal delivery. Liposomes are phospholipid (PC) 
vesicles with an aqueous section encapsulated by one or more lipid 
bilayers [11]. However, the liposomes accumulated in the epidermal 
layer due to a lack of flexibility to enter the innermost layers. The 
penetration issue was later resolved by discovering deformable 
liposomes with improved flexibility. These deformable liposomes 
include phospholipids and water, along with edge activators. 
Transferosomes, a novel class of liposomes made of a phospholipid 
bilayer and a surfactant, were developed as a drug delivery system. 
The surfactant provides the elasticity of the vesicles. The affinity and 
biocompatibility of the transethosomal vesicles with stratum 
corneum are granted by phospholipids. 

The penetration of vesicles is enhanced using a higher concentration 
of ethanol, which acts as a penetration enhancer. Ethanol also acts 
by preventing wound infections [12]. The hydrophilic and 
hydrophobic parts of transferosomes can encapsulate various drugs 
with varying solubility. Penetration of vesicles is enhanced by their 
ability to deform their structure and penetrate through narrow 
constrictions [13, 14]. Transethosomes (TEs) comprise the benefits 
of both ethosomes and transferosomes. They are characterised by 
high vesicle elasticity, which improves the skin permeation of the 
transethosomal formulation by rearrangement of the vesicular lipid 
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bilayer. This characteristic is due to the synergistic action of ethanol 
and edge activator [15-17]. 

Therefore, the present study aimed to formulate the Transethosomal 
Film-Forming Gel (TE FFG) containing MTX for enhancing transdermal 
delivery of the drug and to reduce the adverse effects typically 
associated with oral intake of the drug for the treatment of RA. 

MATERIALS AND METHODS 

Chemicals and reagents 

MTX was procured from Yarrow Chem Products, Mumbai. Soya 
Lecithin was obtained from Hi Media Laboratories, Mumbai. Tween 
80, Ethanol, Propylene glycol, Oleic acid was obtained from Loba 
chemie, Mumbai. Chitosan and Complete Freund’s adjuvant was 
procured from Sigma Aldrich Chemicals Pvt Ltd, Bengaluru. 

Formulation and characterisation of MTX-loaded TEs 

Design of experiments 

Design of Experiments (DoE) is a primary statistical tool for 
implementing Quality by Design in research and industrial fields 
[18]. It offers a systematic methodology for designing and executing 
experiments to extract maximum information [19, 20]. This 
organised approach utilises mathematical models to establish 
correlations between input factors (independent variables) that 
affect one or more output responses (dependent variables) [21]. In 
the context of this study, the literature survey suggested three 
independent variables: concentration of soya lecithin (A), surfactant 
(B) and ethanol (C) and their effects were evaluated on four 
dependent variables: vesicles size, PDI, zeta potential and 
entrapment efficiency of TEs. The optimisation of the 
transethosomal formulation was carried out using the Box-Behnken 
Design, facilitated by Design Expert ® software (version 13.0.15, 
Stat-Ease, Inc. Minneapolis, MN, USA). The transethosomal 
formulation was prepared by varying the concentration of soya 
lecithin (g), surfactant (µl) and ethanol (%) at different levels within 
the range of 1-2%, 0.2-0.4% and 20-30%, respectively. The software 
analysed the influence of these individual factors and their combined 
effect on dependent variables such as vesicle size (nm), PDI, zeta 
potential (mV), and entrapment efficiency (%). The experimental 
design encompassed 17 formulation runs, as outlined in table 1. 

Preparation of TEs 

MTX-loaded TE was prepared using the thin-film hydration method 
as per table 1. A ratio of 2:1 of chloroform and methanol was 
employed to dissolve the phospholipid. The resulting mixture was 
placed in a round-bottom flask, where the organic phase was 
evaporated using a rotary evaporator until a thin film was obtained. 
This evaporation process occurred at a temperature of 40 °C under 
reduced pressure conditions. Subsequently, the thin film was 
hydrated using the aqueous phase, which consisted of the drug, 
Tween 80, and ethanol dissolved in 20 ml of phosphate buffer 
solution at pH 7.4. The hydrated suspension was then transferred to 
a rotary shaker and subjected to sonication using a probe sonicator 
to reduce the size of the particles [22]. 

Characterisation of MTX-loaded TEs 

Vesicle size, size distribution and zeta potential 

The vesicle size, size distribution and zeta potential of TEs were 
analysed using a zeta sizer equipped with dynamic light scattering 
(Nano ZS, Malvern Instruments, UK). The zeta potential of a particle 
denotes the net electrical charge it accumulates within a specific 
medium. This value is crucial for assessing the stability of the 
formulation [23]. 

Percentage entrapment efficiency 

Transethosomal suspension of about 10 ml was transfered in a 15 
ml Tarsus centrifuge tube, which was centrifuged by cold 
centrifugation at 4 ᵒC for 30 min at 12,000 rpm. The high-speed 
centrifugation causes the separation of the suspension, leading to a 
supernatant and a sediment layer. A UV spectrophotometer was 
employed in order to analyse the concentration of MTX present in 

the supernatant at 303 nm, and the concentration was calculated as 
follows [24]. 

% Entrapment efficiency =
Total amount of drug − Amount of unentrapped drug

Total amount of drug
X 100 

Formulation and characterisation of an optimised batch of TEs 

Design-Expert version 13 software was used to develop and 
optimise the parameters for the formulation. It was used to assess 
the impact of process variables on the responses. This software 
facilitated the assessment of the impact of process variables on the 
responses, aiding in the optimisation process. The optimisation of 
TEs was carried out based on specific constraints, including 
minimum particle size, minimum PDI, optimum zeta potential, and 
maximum entrapment efficiency. The software generated a solution 
with good desirability (0.924), selected as an optimised formulation. 
The optimised formulation was prepared as per the software’s 
solution: 2%w/v of soya lecithin, 0.302% v/v of tween 80 and 20% 
of ethanol. The prepared formulation was evaluated for various 
parameters like vesicle size, size distribution, zeta potential, and 
percent entrapment efficiency. 

Transmission Electron Microscopy (TEM) 

The morphology of the MTX-loaded TE vesicles was observed by 
transmission electron microscope. The optimised transethosomal 
suspension was diluted ten-fold, and the drop was left for a minute 
by placing it on the 300-mesh carbon-coated copper grid. It allows 
some of the vesicles to settle on the carbon substrate. The filter 
paper was utilised to remove excess dispersion from the grid and 
rinsed twice for 3-5 seconds with distilled water. Then, the sample 
was examined under a microscope [25, 26]. 

Elasticity test 

The elasticity study assesses the deformability index of TEs as a 
unique parameter that differentiates it from liposomes. This test was 
performed using the extrusion technique with a polycarbonate 
membrane.  

D =
J

t
(

rv

rp

)

2

 

Where D-deformability index (ml/s), J-the amount of dispersion 
extruded (ml), t-extrusion time (s), rv-vesicle size after extrusion 
(nm), rp-pore size of the extrusion membrane (nm) [27]. 

Formulation and characterisation of FFG 

The 1% MTX-loaded TE FFG and Conventional (CL) FFG were 
formulated by using 3% chitosan in distilled water. The required 
volume of optimised transethosomal suspension and the pure drug, 
respectively, was added to the chitosan solution and homogenised 
for 5 min. Later, 2% propylene glycol, oleic acid and 40% ethanol 
were added with continuous mixing. At last, 4% lactic acid was 
added for the required viscosity.  

Physical appearance, pH, viscosity, spreadability  

The physical characteristics of the FFG were visually evaluated [28]. 
1g of the FFG was weighed and diluted with 100 ml of distilled 
water. The pH of the resulting solution was measured using an 
electronic pH meter after allowing it to equilibrate for 1 minute [29]. 
The FFG was assessed for viscosity using Brookfield Viscometer DV-
II+PRO, D220. The viscosity was examined for 0.5, 1, 2, 2.5 and 3 
rpm using spindle number T-96 [30]. 0.5 g of the FFG was used to 
determine the spreadability, and it was placed between two 20 cm x 
20 cm smooth surfaced tiles. After placing the gel on one of the tiles, 
the initial diameter of the placed gel was recorded in centimetres. 
Subsequently, another glass plate weighing 200 gs with identical 
dimensions was placed over the gel for 1 minute, after which the 
upper plate was lifted, and the diameter of the spread gel was 
measured [31, 32]. 

Drug content 

The drug content was examined by dissolving 1g of the FFG in 100 
ml of phosphate buffer solution pH 7.4 in a volumetric flask, 
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resulting in a 100µg/ml concentration of the solution. From the 
above solution, 0.5 ml was pipetted out and further diluted up to 10 
ml in the volumetric flask using a phosphate buffer solution of pH 
7.4. The drug was estimated using a UV spectrophotometer at a 
wavelength of 303 nm after filtration. 

Drug-excipient compatibility study by Fourier Transform 
Infrared Spectroscopy (FTIR) 

To find the chemical interaction between the drug and excipients, an 
FTIR spectra matching approach was performed by using an FTIR 
spectrometer (Bruker Alpha II FTIR, Japan). The spectrum was 
acquired using the attenuated total reflectance (ATR) method, 
wherein a slight quantity of the sample was positioned beneath the 
probe of FTIR spectrophotometer. The probe was securely fastened, 
and scanning was performed in the range of 4000–500 cm⁻¹ to 
capture the spectra of the samples. FTIR spectra of the TE and TE 
FFG were recorded, and the presence of principal peaks was 
compared with drug spectra.  

In vitro drug release study 

The in vitro drug release study for transethosomal suspension was 
conducted using a single-cell diffusion apparatus. The diffusion 
membrane was soaked overnight in a phosphate buffer of pH 7.4. 
Subsequently, the membrane was wrapped under the donor 
compartment, over which the CL and TE FFG equivalent to 10 mg 
were introduced. The receptor compartment was filled with a 
phosphate buffer solution of pH 7.4, and surrounded by a water 
jacket. The apparatus was placed on a magnetic stirrer set at 150 
rpm, with a small magnetic bar and optimum temperature. Samples 
were withdrawn from the sampling port at regular intervals of 0.25, 
0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, and 24 h. A volume of 3 ml of the 
sample was withdrawn from the receptor compartment at each 
interval, with an equal volume of fresh phosphate buffer solution 
being replaced to maintain sink conditions. The withdrawn samples 
were measured spectrophotometrically at 303 nm [33]. 

Different models were utilised to analyse the drug release kinetics of 
formulation. The data collected from the drug release study was 
plotted according to each model, including zero-order kinetics 
(cumulative percentage drug release vs time) and first-order (log 
cumulative percentage unreleased vs time). Korsmeyer Peppas model 
(log cumulative percentage drug release vs time) and Higuchi model 
(cumulative percentage drug release vs square root of time) are 
mathematical models used to detect the mechanism of drug release 
and release of drugs from various matrix systems, respectively [34]. 

Ex vivo skin permeation studies of FFG using goat skin 

The ex vivo skin permeation study was performed through goat skin. 
The goat skin was procured from a slaughterhouse and thoroughly 
cleaned to achieve hairless skin before being stored in phosphate buffer 
pH 7.4. The study was performed on the Franz diffusion apparatus, 
consisting of the donor and acceptor compartments. The skin is attached 
to the donor compartment. CL FFG or TE FFG containing a drug 
equivalent to 10 mg were applied onto the dermal layer of skin in the 
donor compartment. The acceptor compartment contained 12 ml of 
phosphate buffer pH 7.4 and a small magnetic bead for stirring. The 
study continued for 24 h at 37±0.5 °C, with magnetic stirring at 50 rpm. 1 
ml of the sample was withdrawn from the acceptor compartment at 
regular intervals, and the same volume of fresh phosphate buffer of pH 
7.4 was replaced to maintain the sink condition. The withdrawn sample 
was appropriately diluted and analysed spectrophotometrically by 
obtaining the absorbance at 303 nm. 

In vivo skin irritation study 

The FFG was evaluated for a skin irritation test conducted on Wistar 
rats. It was performed to assess the degree of skin irritation caused 
by the formulation, enabling the selection of the best formulation 
with minimal irritation. The animal study was approved by the 
Institutional Animal Ethics Committee of NGSM Institute of 
Pharmaceutical Sciences under the protocol approval number 
NGSMIPS/IAEC/AUG-2023/380. The animals were procured from 
Nitte Center for Animal Research and Experimentation Mangalore 
and were cleaned and made fur-free at the dorsal side using a hair 

removal cream after anesthetising them. Hair removal of rats was 
done 24 h prior so that any sensitivity from hair removal could be 
avoided. The gels were applied to the back of the rats on the 
following day. The blank FFG was used in the control group, whereas 
MXT-loaded TE FFG was applied to the test group animal. The test 
material was removed after 24 h, and the surface of the skin was 
rinsed with distilled water; subsequently, the skin was observed at 
24 h for any sign of erythema or edema [35, 36]. 

The anti-rheumatic activity of MTX-loaded TE FFG 

Complete freund’s adjuvant (CFA) induced arthritis 

Arthritis was induced intraperitoneally by injecting 0.1 ml (0.1% 
w/v) CFA suspension into the rats. By injecting 0.1 ml of CFA 
suspension, arthritis was induced in each rat, except for the normal 
control group. It usually takes 7-9 d for the arthritis to develop. 

The animals were divided into the following groups:  

Group 1: Normal control group (rats without inducing disease) 

Group 2: Disease control group (Rats will be treated with CFA) 

Group 3: Rats will be treated with the Blank TE FFG after CFA 
administration.  

Group 4: Rats will be treated with an MTX-marketed gel after CFA 
administration 

Group 5: Rats will be treated with MTX-loaded TE FFG after CFA 
administration. 

Physical parameters 

To assess the systemic inflammation associated with arthritis, paw 
thickness and body weight was checked. The experiment rats' body 
weight and paw diameter were recorded using the weighing balance 
and digital vernier calliper, respectively, before inducing CFA and on 
days 7th, 14th and 21st following CFA injection. 

Statistical analysis 

A statistical analysis was conducted using graph pad in stat demo. 
The experimental data was presented as mean±standard deviation. 
Differences between groups were compared using one-way ANOVA 
followed by Tukey’s test. A p-value of<0.05 was considered as the 
level of significance. 

Histopathology 

On the 22nd d of the study, the rats were anaesthetised and 
subsequently sacrificed. The ankle joints of the rats were then 
dissected for histopathological analysis. The sections were fixed in a 
10% formalin solution, followed by sectioning. These sections were 
stained using hematoxylin and eosin to examine the 
histopathological changes in the rats throughout the study [37, 38].  

RESULTS AND DISCUSSION 

Formulation and characterisation of MTX-loaded TEs 

The MTX-loaded TEs were synthesised using the thin-film hydration 
method. The box-Behnken design was employed to optimise the 
formulation. The impact of independent variables, including the 
concentration of soya lecithin, surfactant, and ethanol, on dependent 
variables such as particle size, PDI, zeta potential, and entrapment 
efficiency was assessed. It was observed that the selected factors 
significantly affected all of the investigated responses. 

Vesicle size of TEs 

The vesicle size significantly influences the penetration of TEs 
through the skin, and hence, a vesicle size<200 nm is desirable, as 
per the literature. The independent variables, the concentration of 
soya lecithin and ethanol, significantly affected vesicle size. In 
contrast, the surfactant concentration had no considerable impact 
on vesicle size, as shown in table 1, fig. 1(A) and 2(A). An increase in 
soya lecithin concentration from 1% to 2%w/v resulted in a gradual 
increase in vesicle size. It might be attributed to the increase in the 
thickness of lipid bilayers and viscosity of the TEs as the lipid 
content is raised, thereby increasing the vesicle size [39]. 
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Moreover, as the concentration of ethanol increases from 20% to 
30% v/v, the vesicle size also increases. This increase may be 
attributed to the penetration of ethanol molecules into the lipid 
bilayer, causing an increase in spacing between the lipid molecules 
and resulting in the swelling of vesicles. However, no change in 
vesicle size was observed when the concentration of Tween 80 
increased from 0.2% to 0.4%v/v. As shown in table 2, the model 
generated for vesicle size had a p-value of<0.0001 and an F-value of 
40.78, indicating the model to be significant. The F-value of 0.15 
implies that the lack of fit is not significant. The predicted R2 of 
0.8701 is in reasonable agreement with the adjusted R2 of 0.8818; 
the difference is less than 0.2.  

Vesicle size =+157.08+13.15(A)*+1.62(B)+55.57(C)* 

Where A is the concentration of soya lecithin, B is the concentration 
of Tween 80, and C is the concentration of ethanol, the coefficient in 
this equation reflects the standardised beta coefficient, and the 
asterisk symbol implies variable significance as shown in table 2. A 
positive sign represents a synergistic effect. 

PDI of TEs 

PDI indicates the unimodal distribution of the vesicle size, 
providing insight into the degree of homogeneity or heterogeneity 
within the formulation. A low PDI indicates a narrow-sized 
distribution, and a PDI near 1 indicates a broader-sized 
distribution. The ethanol concentration showed a significant effect 
on PDI, as depicted in table 1, fig. 1(B) and fig. 2(B). An increase in 
the concentration of soya lecithin from 1 to 2% resulted in a 
gradual decrease in PDI, although this change was not significant. 
Similarly, as the surfactant concentration increased from 0.2 to 
0.4%, there was a gradual decrease in PDI, which was also 
insignificant. This decrease may be due to the high concentration 
of soya lecithin, which favours particle uniformity with an increase 
in temperature during the thin film hydration process, causing 
enhanced fluidity of the bilayer [40]. Additionally, an increase in 
the surfactant concentration from 0.2 to 0.4% led to a gradual 
decrease in PDI, which may be attributed to the reduction in 
interfacial tension between the lipid and aqueous phase, 
facilitating uniform-sized vesicles. An increase in ethanol 
concentration from 20 to 30% caused an increase in PDI. 

The model generated for PDI exhibited a p-value of 0.0001 and F-value of 
16.01, indicating the linear model to be significant. The F-value of 1.51 
suggests the lack of fit is not significant. The predicted R2 of 0.6083 is in 
reasonable agreement with the Adjusted R2 of 0.7378, with a difference 
being less than 0.2, as shown in table 2. The polynomial equation 
obtained from the results of the analysis is as follows:  

PDI=+0.4535-0.0145(A)-0.0220(B)+1140(C)* 

Where A is the concentration of soya lecithin, B is the concentration 
of Tween 80, and C is the concentration of ethanol, the coefficient in 
this equation reflects the standardised beta coefficient, and the 
asterisk symbol implies variable significance, as shown in table 2. 

Zeta potential of TEs 

Zeta potential serves as an indicator of the stability of the 
formulation. When particles possess similar charges, repulsion 
occurs, thereby reducing the aggregation of vesicles and enhancing 
the stability of the formulation. The concentration of soya lecithin, 
surfactant, and ethanol significantly affected zeta potential, as 
depicted in table 2, fig. 1(C), and fig. 2(C). An increase in soya 
lecithin concentration from 1 to 2% resulted in a significant initial 
reduction in zeta potential, followed by a gradual increase. This 
reduction is attributed to the negatively charged components of soya 
lecithin [41]. 

Similarly, an increase in surfactant concentration from 0.2% to 0.4% 
led to a slight initial decrease in zeta potential, followed by a rapid 
rise. The rapid increase is due to the non-ionic surfactant, which gets 
adsorbed onto the vesicle surface, causing a reduction in the overall 
charge of the vesicles. Moreover, the concentration of ethanol from 

20 to 30% had no significant effect initially but later showed a rapid 
increase in zeta potential. 

The model generated for zeta potential has a p-value of 0.0001 and 
an F-value of 26.09, indicating the quadratic model to be significant. 
Additionally, the lack of fit (F-value of 1.11) suggests that the lack of 
fit is not significant. The predicted R2 of 0.7645 is in reasonable 
agreement with the adjusted R2 of 0.9338, with a difference of less 
than 0.2. The polynomial equation obtained from the results of the 
analysis is as follows:  

Zeta Potential =-17.23-2.36(A)*+1.16(B)*+2.37(C)*-3.18(AB)* 
1.90(AC)*+4.20(BC)*+2.42(A2)*+5.38(B2)*+2.77(C2)* 

Where A is the concentration of soya lecithin, B is the 
concentration of Tween 80, and C is the concentration of ethanol. 
The coefficient in the equation reflects the standardised beta 
coefficient, and the asterisk symbol indicates variable significance, 
as depicted in table 2. 

Percentage entrapment efficiency 

The concentration of Soya Lecithin, Tween 80 and ethanol 
demonstrated a significant effect on entrapment, as illustrated in 
table 2, fig. 1(D) and 2(D). Increasing the concentration of soya 
lecithin from 1 to 2% initially led to a decrease in %EE, followed by a 
rapid increase. This rapid increase in entrapment efficiency may be 
attributed to the enhancement of lipid viscosity resulting from the 
increase in lipid concentration. This increase in viscosity can prevent 
leaching of the drug from the lipid bilayer due to increased 
hydrophobicity and lengthening of the alkyl chain [39]. The 
concentration of surfactant from 0.2 to 0.4% caused a significant 
increase in Entrapment efficiency. This is because Tween 80 can 
stabilise the vesicle structure, prevent leakage of encapsulated 
materials, and improve the encapsulation process [23]. Further, the 
entrapment efficiency gradually increased with the initial increase in 
ethanol concentration, followed by a gradual decrease. This 
phenomenon could be attributed to the fact that an increase in 
ethanol concentration leads to higher fluidity of the vesicles, causing 
the drug to leak out [42]. 

The model generated for entrapment efficiency exhibited a p-
value of<0.0001 and F-an F-value of 61.77, indicating that the 
model is significant. The F-value of 2.67 indicates the Lack of fit 
is not significant. The predicted R2 of 0.8608 is in reasonable 
agreement with the adjusted R2 of 0.9716, with a difference of 
less than 0.2. The polynomial equation derived from the analysis 
is as follows:  

%EE=+39.45+4.88(A)*+8.78(B)*+1.33(C)*+2.48(AB)*-
1.45(AC)+2.30(BC)*+7.79(A2)*-0.3430(B2)-1.94(C2)* 

The coefficient in this equation reflects the standardised beta 
coefficient, and the asterisk symbol implies variable significance, as 
shown in table 2. 

Formulation and characterisation of optimised batch 

The constraints like minimum particle size, minimum PDI, optimum 
zeta potential (-15mV) and maximum entrapment efficiency were 
considered. Based on the solution provided by the software, the 
optimised formula was prepared, consisting of 2%w/v soya lecithin, 
0.302%v/v surfactant and 20%v/v ethanol. The observed values of 
vesicle size, PDI, zeta potential and entrapment efficiency were 
110.3 nm, 0.352,-14.4mV, and 49.36%, respectively, as shown in fig. 
3. The percentage error was less than ±5% of the predicted value, 
which is acceptable. 

Transmission electron microscopy 

TEM images revealed the surface morphology of vesicles, exhibiting 
the unilamellar vesicular structure provided in fig. 4. The TEM image 
supports the result obtained by the Malvern zeta sizer for the 
optimised transethosomal formulation, depicting the size range of 
115 nm, close to the size detected by the zeta sizer. 
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Table 1: Results of the response of TEs as per box behnken design 

Form 
code 

Variables Response  
Soya lecithin  
%w/v 

Tween 80 
%v/v 

Ethanol 
%v/v 

*Vesicle size±SD (nm) Y1 *PDI±SD Y2 *ZP±SD Y3 *EE±SD (%) Y4 

1 1 0.2 25 134.23±8.91 0.514±0.085 -10.36±0.50 35.93±1.25 
2 2 0.2 25 170.73±4.20 0.419±0.020 -9.65±1.42 42.01±2.45 
3 1 0.4 25 141.13±3.47 0.467±0.019 -2.86±0.47 46.83±2.56 
4 2 0.4 25 179.7±4.37 0.459±0.017 -14.86±2.67 62.83±1.43 
5 1 0.3 20 97.36±5.44 0.373±0.016 -14.8±5.63 38.56±2.43 
6 2 0.3 20 107.03±5.84 0.324±0.019 -14.8±3.21 49.96±1.76 
7 1 0.3 30 208.76±16.90 0.523± 0.018 -5.49±1.70 43.56±2.98 
8 2 0.3 30 229.26±4.98 0.559±0.010 -13.08±0.17 49.14±2.12 
9 1.5 0.2 20 99.06±4.13 0.331±0.015 -8.63±2.75 28.24±1.54 
10 1.5 0.4 20 111.63±3.42 0.344±0.037 -13.51±2.48 42.88±4.17 
11 1.5 0.2 30 218.53±17.04 0.692±0.173 -13.06±2.40 26.85±2.65 
12 1.5 0.4 30 203.06±1.30 0.510±0.075 -1.15±1.45 50.7±1.65 
13 1.5 0.3 25 159.86±2.66 0.393±0.008 -19.4±2.45 40.91±2.47 
14 1.5 0.3 25 115.1±2.51 0.476±0.084 -16.31±6.49 38.25±3.33 
15 1.5 0.3 25 170.9±15.44 0.453±0.144 -17.13±0.98 39.58±4.11 
16 1.5 0.3 25 154.16±2.34 0.397±0.072 -17.2±0.56 38.5±1.33 
17 1.5 0.3 25 169.81±2.45 0.475±0.065 -16.1±0.66 39.99±2.54 

*Data is given in mean±SD (N=3) 

 

Table 2: Summary of regression analysis and ANOVA 

S. 
No. 

Factor Vesicle size 
(Adjusted R2=0.8818) 

PDI 
(Adjusted R2=0.7378) 

Zeta potential 
(Adjusted R2=0.9338) 

% EE 
(Adjusted R2=0.9716) 

Est. β P value Est. β P value Est. β P value Est. β P value 
1 Intercept 157.08 <0.0001 0.4535 <0.0001 -17.23 0.0001 39.45 <0.0001 
2 A-Soya lecithin 13.15 0.0243 -0.0145 0.4060 -2.36 0.0016 4.88 <0.0001 
3 B-Tween 80 1.62 0.7586 -0.0220 0.2152 1.16 0.0435 8.78 <0.0001 
4 C-Ethanol 55.57 <0.0001 0.1140 <0.0001 2.37 0.0016 1.33 0.0345 
5 AB - - - - -3.18 0.0021 2.48 0.0105 
6 AC - - - - -1.90 0.0253 -1.45 0.0818 
7 BC - - - - 4.20 0.0004 2.30 0.0148 
8 A2 - - - - 2.42 0.0076 7.79 <0.0001 
9 B2 - - - - 5.38 <0.0001 -0.3430 0.6382 
10 C2 - - - - 2.77 0.0039 -1.94 0.0276 

Est; Estimated, β: beta coefficient 
 

 

Fig. 1: Perturbation plot representing the effect of soya lecithin, tween 80 and ethanol on A) Vesicle size B) PDI C) Zeta potential D) % 
entrapment efficiency of TEs 
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Fig. 2: 3D Response surface curve representing the effect of soya lecithin, tween 80 and ethanol on A) Vesicle size B) PDI C) Zeta potential D) 
Entrapment efficiency 

 

 

Fig. 3: Size distribution and zeta potential of optimised formulation of TE 
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Fig. 4: TEM image of optimised TE at 50 nm scale 

 

Elasticity test 

The deformability index of the TEs was 14.65 ml/s with a standard 
deviation of 0.276. The deformability can be associated with ethanol 
and Tween 80 in the formulation. 

Formulation and characterisation of transdermal FFG 

1% TE and CL FFG was prepared using Chitosan, Propylene glycol, 
Oleic acid, ethanol, lactic acid and distilled water. 

Evaluation of transdermal FFG of MTX 

Physicochemical properties of the FFG 

Table 3 indicates that both the TE and CL FFG exhibited a yellow 
colour, smooth texture, and uniform appearance, with the 
spreadability of 17.84±2.26 g/cm2 and 19.59±1.48 g/cm2, 
respectively, along with pH of 6.6±0.34 and 6.6±0.28 respectively. 
The pH of the prepared gel fell within the skin pH range, so skin 
irritation would not occur. The drug content of the TE FFG and CL 
EFG was found to be 74.45% and 80.38%, respectively. 

Viscosity 

The viscosity of the film-forming gel was measured using the 
Brookfield viscometer at 3 rpm. A comparison of the viscosity 
between the methotrexate-loaded transethosomal and conventional 
film-forming gel is presented in table 3. The viscosity of TE FFG was 
slightly higher than CL FFG, which may be due to the presence of the 
vesicle.

  

Table 3: Physicochemical properties and drug content of the CL and TE FFG 

Form code Appearance *pH *Spreadability (gm/cm2) *Drug content (%) Viscosity (3 rpm)* 

CL FFG Yellow colour, smooth 6.6±0.34 19.59±1.48 80.38 728.58±12.74 
TE FFG Yellow colour, smooth 6.6±0.28  17.84±2.26 74.45 881.80±8.60 

 *Data is given in mean ±SD (N=3), CL FFG: conventional film-forming gel; TE FFG: Transethosomal film-forming gel 

 

Drug-excipient compatibility study by FTIR 

FTIR analysis was carried out to understand the compatibility of 
various excipients with the drug. The comparative spectrum of the 
drug, optimised transethosomal suspension and transethosomal 
film-forming gel is shown in fig. 5. Most of the principal peaks of the 
drug were seen in the TE FFG and TE suspension spectra. It 
concluded that the drug is compatible with other excipients. 

In vitro drug release study 

The in vitro drug release profile of CL and TE FFG of MTX is shown in 
fig. 6. The drug release after 24 h from the CL and TE FFG was found to 
be 97.90% and 62.559%, respectively. The release of the drug from 
transethosomes was slower than the conventional gel as the drug first 
diffused from the vesicles of the transethosomes, which then diffused 
from the gel. Also, the drug follows a sustained release pattern. 

  

 

Fig. 5: Overlay of FTIR spectrum including pure MTX, optimised TE suspension and TE FFG of MTX 

 

Various kinetic models were employed to analyse the CL and TE FFG 
release kinetics. Linear regression analysis was utilised to determine 
the drug release kinetics. The results presented in table 4 indicate 
that the CL FFG follows first-order drug release kinetics, whereas the 
TE FFG follows zero-order drug release kinetics. In addition, the 
Higuchi and Korsmeyer-Peppas models were employed to fit the 

data and understand the drug release mechanism. The R2 
(regression coefficient) value for both the gels was higher for the 
Higuchi model than the Korsmeyer-Peppas model. Results suggested 
that the drug release mechanism for both the conventional and 
transethosomal film-forming gels follows the Higuchi model, 
indicating that the drug is released through matrix diffusion. 
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Fig. 6: Comparative in vitro drug release study of CL and TE FFG. Data is given in mean ±SD (N=3) 

 

Table 4: Comparison of in vitro drug release kinetics 

Code Kinetic model 

Zero-order First order Higuchi Korsmeyer-peppas 
R2 k R2 k R2 k R2 k n 

CL FFG 0.9833 0.154 0.9846 -0.0012 0.9911 3.201 0.980 0.0702 0.6803 
TE FFG 0.9956 0.0679 0.9955 -0.0004 0.9943 1.5282 0.9882 0.1195 0.5232 

CL FFG-Conventional film-forming gel TE FFG-Transethosomal film-forming gel 

 

Ex vivo skin permeation study using goat skin 

The ex vivo study conducted for the TE FFG of MTX and the CL FFG 
assessed drug penetration through goat skin. As shown in fig. 7, the 
study conducted for 24 h showed permeation of 2147.71µg/cm2 for 
TE FFG, which was comparatively higher than the CL FFG, which was 
found to be 1280.49µg/cm2 for the drug. Further, the steady-state 
flux of TE FFG was 1.55 times greater than that of the conventional 
gel, as shown in table 5. This indicates a synergistic effect among the 
phospholipid composition of the vesicles, ethanol, and skin lipids. 
The enhanced drug penetration can be attributed to ethanol 

characteristics of fluidising the stratum corneum, thereby facilitating 
the penetration of the drug. 

Moreover, the presence of ethanol increases the fluidity of the lipid 
vesicles, rendering them more flexible. These flexible vesicles 
penetrate intact through the stratum corneum, reaching the deeper 
layers of the skin and enabling drug release through the fusion of TE 
with skin lipids. Since the drug has to diffuse through the actual 
biological membrane primarily, the percentage of drug release in ex 
vivo permeation study of TE FFG was found to be lower when 
compared to the in vitro study. 

 

 

Fig. 7: Ex vivo skin permeation study of CL and TE FFG through goat skin 

 

Table 5: The permeated amount of MTX at 24 h, flux, permeability coefficient value 

Formulation code Permeated amount at 24 h (µg/cm2) Flux (µg/cm2. h) Permeability coefficient (Kp) х 10-2(cm/h) 
CL FFG 1280.49 120.36 1.20 
TE FFG 2147.71 186.97 1.86 
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Skin irritation study 

The skin irritation test was conducted on wistar rats for both blank 
and MTX-containing TE FFG. The results shown in fig. 8, A, and B 

show the control group at 0 h and 24 h, respectively, whereas fig. 8C 
and 8D show the test group at 0 h and 24 h, respectively. The images 
demonstrate that the rats did not exhibit skin irritation or erythema. 
This confirms the safety of the TE FFG for application on the skin. 

 

 

Fig. 8: Skin irritation test results: A and C show the control group and test group, respectively, at 0 hr, where B and D represent rat skin 
after 24 h where no sign of redness or erythema 

 

The anti-rheumatic activity of MTX-loaded TE FFG 

Swelling in the paws, along with regular monitoring of body weight 
changes, was a key indicator of disease advancement and an 
assessment of the effectiveness of anti-rheumatoid medication. 

Body weight 

As shown in table 6, the body weight of CFA-treated rats in arthritic 
Groups II–V showed a significant decrease until day seven compared 
to the non-arthritic group. The group treated with MTX-marketed 
gel and MTX-loaded TE FFG weight value was found to be increased 
and returned to normal levels on day 21. Further, it was noticed that 

the MTX-loaded TE FFG group had insignificant differences on 21 d 
on their zero-day compared to the marketed gel. The animals in both 
the non-treated arthritic group and the blank TE FFG group 
continued to a gradual reduction in body weight. 

Paw thickness 

Paw edema is another preclinical characteristic of RA, and assessing 
the paw edema over time indicates the disease progression. An 
increase in paw thickness was observed in all groups on day 7. The 
group treated with MTX-marketed gel and MTX-loaded TE FFG 
showed a gradual decrease in paw thickness on day 14, which was 
significant on day 21 in table 7. 

 

Table 6: Effect of different formulations on body weight in CFA-induced arthritis model 

S. No. Group Day 0 Day 7 Day 14 Day 21 
1 Normal control  195.94±2.34 196.84±2.21 196.54±3.27 197.91±2.32 
2 Disease control 204.52±2.54 195.63±3.32 187.22±3.10b 181.64±3.02b 
3 Blank TE FFG 202.56±3.23 196.82±1.43 189.72±2.43*a 182.55±2.71*a 
4 MTX marketed gel 199.04±2.03 189.15±1.09 192.82±2.61 194.71±3.89*b 
5 MTX loaded TE FEG 202.72±3.32 188.64±2.69 195.39±3.55 199.04±3.46*bc 

*Data is given in mean ±SD (N=5). *p<0.01 highly significant–as compared with normal control group of animals; a-p<0.05–significant, b-p<0.01 
highly significant–as compared with arthritic control group of animals; c-p<0.05–significant as compared to marketed gel with transethosomal gel 

 

Table 7: Effect of different formulations on paw thickness in CFA-induced arthritis model 

S. No. Group Day 0 Day 7 Day 14 Day 21 
1 Normal control 1.03±0.0031 1.05±0.0013 1.06±0.0061 1.04±0.0032 
2 Disease control 1.13±0.0045 1.23±0.0020 1.27±0.0052* 1.31±0.0013* 
3 Blank TE FFG 1.08±0.0038 1.19±0.0024 1.21±0.0076*a 1.25±0.0024*a 
4 MTX marketed gel 1.05±0.0024 1.12±0.0014 1.10±0.0057*b 1.06±0.0015*b 
5 MTX-loaded TE FFG 1.09±0.0021 1.18±0.0023 1.15±0.0072*bc 1.11±0.0017*bc 

Data is given in mean ±SD (N=5). *p<0.01 highly significant–as compared with normal control group of animals; a-p<0.05–significant, b-p<0.01 
highly significant–as compared with arthritic control group of animals; c-p<0.01–highly significant as compared to marketed gel with 
transethosomal gel 

 

Histopathology study 

From fig. 9, it can be concluded that the histopathology of synovial 
tissue from the ankle joints of disease-control rats showed the 
presence of inflammatory cells and synovitis, while the normal 
control rats in which no disease was induced showed the presence of 

fats, fibromuscular tissue, fibro collagenous tissue with no 
inflammatory cells. The group treated with blank TE FFG exhibited 
inflammatory cells in the synovial tissue. In contrast, the group 
treated with MTX-loaded TE FFG showed a reduction in the presence 
of inflammatory cells. This provided evidence of induction of disease 
by CFA and improved conditions by applying MTX-loaded TE FFG. 
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Fig. 9: Histopathology of the joint of rat belonging to A) Normal control group showing no change in the histopathology of bone B) 
Arthritis control group showing the presence of inflammatory cells and synovitis C) Blank TE group also showing the presence of 

inflammatory cells in the synovial tissue. D) MXT-loaded TE FFG treated group distinguished by the significantly lesser and minimal 
presence of inflammatory cells. Magnified view in 400X 

 

CONCLUSION 

The TE containing MTX was successfully prepared using the thin film 
method using different concentrations of soya lecithin, surfactant, 
and ethanol according to the Box Behnken design. The optimised 
transethosomes were uniform and spherical. The TE FFG had a high 
permeation capacity compared to the CL FFG. The histopathology 
results showed that the MTX-loaded TE FFG group showed a 
reduction and minimal presence of inflammatory cells. Moreover, it 
was proved that it serves as a promising approach for the effective 
treatment of RA by enhancing the therapeutic efficacy of MXT while 
minimising oral and systemic side effects. 
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