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ABSTRACT

The present study aimed to develop, optimize, and evaluate a transethosomal gel containing Febuxostat and Probenecid for
enhanced antigout activity. Ethosomal formulations were prepared using the thin-film hydration method and optimized
through a Quality by Design (QbD)-based Box—Behnken design to achieve desirable vesicle size, polydispersity index, and
entrapment efficiency. The optimized formulation (F5) exhibited nanosized vesicles (291 = 12 nm), low PDI (0.21 £ 0.03),
and high entrapment efficiency (82.1 + 0.6%). The optimized ethosomal and transethosomal dispersions were incorporated
into gel bases and further evaluated. In-vivo studies demonstrated that both formulations were safe, non-irritant, and well
tolerated, with no signs of dermal or systemic toxicity. Skin retention studies revealed significantly higher drug deposition
from vesicular gels, particularly transethosomes. In the MSU-induced gout model, the transethosomal gel (F7) showed
superior therapeutic efficacy by significantly reducing ankle diameter, paw edema, pain score, and serum uric acid levels
compared to ethosomal gel and standard treatment. Histopathological findings confirmed restoration of normal joint
architecture with minimal inflammation in the transethosomal group. Stability studies indicated good physicochemical
stability under accelerated conditions. Overall, the developed transethosomal gel demonstrated enhanced skin permeation,
improved antigout efficacy, and excellent safety profile, suggesting its potential as an effective transdermal delivery system
for gout management...
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Febuxostat is a potent non-purine selective inhibitor of

INTRODUCTION

Gout is a chronic inflammatory metabolic disorder
characterized by the deposition of monosodium urate
(MSU) crystals in joints and surrounding tissues, leading to
severe pain, swelling, and impaired mobility. The condition
arises primarily due to hyperuricemia, which results from
either overproduction or under excretion of uric acid.! The
global prevalence of gout has increased significantly in
recent years due to lifestyle changes, dietary habits, and
comorbid conditions such as obesity, diabetes, and
cardiovascular diseases. Conventional pharmacotherapy for
gout includes xanthine oxidase inhibitors like febuxostat
and uricosuric agents such as probenecid, both of which act
through complementary mechanisms to reduce serum uric
acid levels and prevent crystal deposition.?

xanthine oxidase that reduces uric acid production, whereas
probenecid enhances renal excretion of uric acid by
inhibiting tubular reabsorption. Although both drugs are
effective when administered orally, their long-term use is
often associated with systemic side effects, gastrointestinal
disturbances, and patient non-compliance. Additionally,
oral delivery may result in variable bioavailability and
delayed onset of action, which can limit therapeutic
outcomes in acute gout conditions. Therefore, the
development of alternative drug delivery strategies that can
provide localized action, minimize systemic exposure, and
improve patient compliance is highly desirable.’

Transdermal drug delivery systems (TDDS) have emerged
as a promising approach for delivering drugs directly
through the skin into systemic circulation or localized
tissues. These systems offer several advantages, including
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avoidance of first-pass metabolism, sustained drug release,
reduced dosing frequency, and improved patient adherence.
However, the major challenge associated with transdermal
delivery is the barrier function of the stratum corneum,
which restricts the permeation of most therapeutic agents.
To overcome this limitation, advanced vesicular carriers
such as ethosomes and transethosomes have been
extensively investigated. Transethosomes are ultra-
deformable lipid vesicles composed of phospholipids,
ethanol, and edge activators (surfactants), which impart
enhanced flexibility and permeability across the skin
barrier. The presence of ethanol disrupts the lipid
arrangement of the stratum corneum, while surfactants
improve vesicle deformability, enabling deeper penetration
into the skin layers. These unique characteristics make
transethosomes highly suitable for delivering poorly
permeable drugs and achieving improved therapeutic
efficacy.*

Incorporating transethosomal dispersions into a gel base
further enhances their applicability for topical
administration by improving viscosity, spreadability, and
residence time at the application site.® Transethosomal gels
provide a controlled and sustained release of drugs, thereby
ensuring prolonged therapeutic action and enhanced patient
compliance. The combination of febuxostat and probenecid
in a transethosomal gel system is expected to provide a
synergistic antigout effect by simultaneously reducing uric
acid production and enhancing its elimination, while
minimizing systemic adverse effects.®

Despite the therapeutic potential of both drugs, limited
research has been conducted on their combined delivery
using advanced transdermal nanocarrier systems.
Therefore, the present study aims to develop, optimize, and
evaluate a transethosomal gel containing febuxostat and
probenecid for enhanced antigout activity.

MATERIALS AND METHODS:

Materials:

Febuxostat and Probenecid, both of pharmaceutical grade,
were procured from Yarrow Chem Products, Mumbai,
India. Phospholipid (phosphatidylcholine) was obtained
from Lipoid GmbH, Germany, and was used as the primary
vesicle-forming component in the ethosomal formulation.
Cholesterol, which served as a membrane stabilizer, was
supplied by HiMedia Laboratories Pvt. Ltd., Mumbai,
India. Ethanol (analytical grade), utilized for imparting
flexibility and enhancing the skin permeation of ethosomal
vesicles, was purchased from Loba Chemie Pvt. Ltd.,
Mumbai, India.

Preformulation Study:

Preformulation studies were conducted to evaluate the
physicochemical properties of the pure drugs. Organoleptic
characteristics such as color, odor, appearance, and texture
were assessed visually under natural light and by manual
examination. The melting point of each drug was
determined using the capillary tube method with a digital
melting point apparatus. Solubility analysis of Febuxostat
and Probenecid was performed in various solvents,
including distilled water, ethanol, methanol, acetone, and
phosphate buffer (pH 7.4). An excess amount of drug was
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added to each solvent, followed by shaking at 25 + 2°C for
24 hours.”®

Formulation and development of ethosomes:

The ethosomal dispersion was prepared by a hot method
using  different  concentrations of  phospholipid
(Phosphatidylcholine) (10, 15, 20 mg) and Cholesterol (10,
15,20 mg). Wherein a combination of drugs Febuxostat and
Probenecid were selected according to their dose. As
reported, Febuxostat is more potent than Probenecid. A 1:4
ratio of Febuxostat: Probenecid (Equivalent to 2 mg of
Febuxostat and 8 mg of Probenecid) was selected for the
formulation. Further, Febuxostat: Probenecid (drug 10 mg)
and Cholesterol were dispersed in ethanol as an organic
phase. Simultaneously, the phosphatidylcholine was
dissolved in an appropriate amount of water, consisting of
an aqueous phase. The aqueous phase is then placed in a
water bath at 40 °C until a colloidal suspension is obtained.
At the same time, in another vessel, the ethanolic solution
is heated to 40 °C and then added dropwise to the
phospholipid dispersion under continuous stirring using a
magnetic stirrer. In order to achieve the vesicular dispersion
of Febuxostat and Probenecid, the dispersion was allowed
to remain undistributed at room temperature for two hours.
Then, the blend was subjected to probe sonication at 40%
amplitude and 10 sec on/off cycles for 4 minutes utilizing a
probe Sonicator (Leela Sonic Industries). Formulations
were then stored in the refrigerator until further
characterization.’!?

Optimization of Febuxostat and Probenecid Ethosomal
Formulation through QbD-enabled BBD Technique:"*"'*
Employing a QbD-enabled Box-Behnken statistical design
(BBD) technique and Design Expert (Ver. 13.0; Stat-Ease.,
MN, USA) software, the ethosomal formulations of
Febuxostat and Probenecid were improved. The DoE aids
in showing how the formulation characteristics (ethanol,
cholesterol, and phosphatidylcholine) affect the ethosome
responses (vesicle size, PDI, and entrapment efficiency).
Three independent variables with low (—1), medium (0),
and high (+1) values were supplied by the Design Expert
for 13 experimental runs in order to optimize the
formulation. The software provided Eq. 1, which shows a
quadratic model formula.

Y=a0+a1A+ 2B + a3C + aAB + aizAC + 2;3BC + auA’
+anB’ +anC? ... (Eq. 1)

Where Y depicted the responses, the intercept was
described by ao, the regression coefficients were depicted
by a; to as3, and the formulation attributes were expressed
by A, B, and C for the Quadratic model.
Characterization of Optimized Ethosomal
Delivery System:

The optimized ethosomal formulation was characterized
using various physicochemical and morphological
parameters. The pH was determined using a calibrated
digital pH meter after appropriate dilution to ensure
compatibility with skin.!!® Vesicle size, polydispersity
index (PDI), and zeta potential were measured by dynamic
light scattering using a Zetasizer Nano ZS90, where small
particle size, low PDI (<0.3), and zeta potential values
above +30 mV indicated uniformity and good stability of
vesicles.'”?! Drug content was analyzed by lysing the
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ethosomal dispersion with ethanol followed by UV—-Visible
spectrophotometric estimation at respective Amax values.?*"
24 Entrapment efficiency was determined using a
centrifugation method, and the percentage of drug
encapsulated  within  vesicles was calculated.?>%’
Morphological evaluation using scanning electron
microscopy (SEM) revealed spherical and smooth vesicles,
while transmission electron microscopy (TEM) confirmed
vesicle size and structural integrity.?®! Furthermore, the
optimized ethosomal dispersion was incorporated into a gel
base using Carbopol 974P (2% w/w), with pH adjusted to
6.8-7.4 using tricthanolamine and NaOH, followed by
deaeration under vacuum to obtain a stable and
homogeneous ethosomal gel 333

Ethosomal gel formulation for the optimized batch:
Carbopol was mixed with the optimized ethosome batch.
Briefly, the gel was prepared using 2% w/w of carbopol-
974P and agitated at high speed using a mechanical stirrer
until no lumps were visible. After that, the stirring speed
was lowered to break up the froth. Triethanolamine and
NaOH were added to the gel to increase its pH to 6.8 to 7.4.
The gel (F5) was left to stand under a vacuum for the whole
night to get rid of the trapped air.>**’

In-Vivo Pharmacological Studies:

Procurement of experimental Animals:

Healthy Wistar rats (150-200 g), of either sex and similar
age, were procured from a CPCSEA-approved vendor
(Global Research Solutions Pvt. Ltd., Pune, India). The
animals were housed in polypropylene cages under
controlled environmental conditions, including a 12-hour
light—dark cycle, temperature of 22 + 2 °C, and relative
humidity of 55 + 10%. Standard pellet diet and purified
water were provided ad libitum. Prior to experimentation,
animals were acclimatized for one week and monitored for
health status to ensure suitability for the study.

To maintain uniformity in experimental conditions, animals
were fasted overnight (12 hours) before treatment, with free
access to water. All procedures were conducted in
compliance with CPCSEA guidelines, and ethical approval
was obtained from the Institutional Animal Ethics
Committee (IAEC Approval No.:
GBS/TAEC/2025 _01/017), ensuring adherence to standard
protocols for animal experimentation.38-40

Acute Dermal Toxicity Study:

The dermal safety of the developed formulations was
evaluated according to OECD guideline 402. The optimized
ethosomal and transethosomal gels were applied topically
to the shaved dorsal region of rats at a dose of 2000 mg/kg.
Animals were closely observed for the first 4 hours post-
application and subsequently monitored daily for 14 days
for any signs of toxicity, including erythema, edema,
behavioral changes, or mortality. Body weight variations
were also recorded throughout the study. The absence of
adverse effects indicated that the formulations were safe for
topical application. -

In-Vivo Skin Retention Study:

The skin retention study was performed to assess the ability
of different formulations to retain the drug within skin
layers. Rats were divided into groups and treated with plain
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gel, ethosomal gel, and transethosomal gel. After topical
application, animals were sacrificed at predetermined
intervals (2, 4, 8, 12, and 24 hours). The treated skin was
excised, washed, homogenized, and the drug was extracted
using methanol. The samples were centrifuged and
analyzed using UV spectrophotometry or HPLC to quantify
drug retention. The results enabled comparison of drug
accumulation across different formulations, reflecting their
efficiency in dermal delivery.*¢’

Table 1: In-Vivo Skin Retention Study

Group | Treatment Route of drug
administration

Group | Untreated control (no gel) Topical

I

Group | Plain drug gel (without | Topical

11 vesicles)

Group | Optimized Ethosomal gel | Topical

111 formulation (F5)

Group | Optimized Transethosomal | Topical

IV gel formulation (F7)

In-Vivo Skin Irritation Study (Draize scoring

method):%%

Skin irritation potential was evaluated using the Draize
scoring method. The animals were divided into different
groups, including negative control, positive control (sodium
lauryl sulfate), placebo gel, and drug-loaded formulations.
The formulations were applied to the shaved dorsal skin and
covered with gauze. Observations were recorded at 1, 24,
48, and 72 hours for erythema and edema using a
standardized scoring scale (0—4). Formulations with scores
less than 2 were considered non-irritant, confirming their
suitability for dermal application.

Table 2: In-Vivo Skin Irritation Study (Draize scoring

method)
Group | Treatment Rout.e. of d g
administration
Group | Normal saline (negative Topical
| control)
0.8% Sodium Lauryl
Group Sulfate Topical
11 o
(positive control)
g;'oup Plain gel base (placebo) Topical
Group | Optimized Ethosomal gel .
v formulation (F5) Topical
Grou Optimized
vV P | Transethosomal gel Topical
formulation (F7)
In-vivo antigout activity study
Gout was experimentally induced by intra-articular

injection of monosodium urate (MSU) crystals into the
ankle joint of rats. Animals were divided into six groups,
including normal control, disease control, standard drug
(allopurinol), placebo, and test formulations. Treatment was
initiated 4 hours after induction and continued for 7 days.
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The therapeutic efficacy was assessed by measuring ankle
diameter, paw edema volume, behavioral pain response,
and serum uric acid levels. Reduction in these parameters
indicated effective antigout activity of the developed
formulations. %7

Table 3: Experimental Design for /n-Vivo Antigout

Activity Study
Group Treatment Rout. 0 f dI:Ug
administration

Group 1 Normal control -

Group II: | Disease control

Gout (MSU crystal | Intra-articular

model injection)

Grolu‘p I Standard drug

Positive (Allopurinol) Oral

control P

Group IV | Placebo gel Topical
Optimized Ethosomal .

Group V gel formulation (F5) Topical
Optimized

Group VI | Transethosomal  gel | Topical
formulation (F7)

Each group consisted of 6 rats (n = 6). All procedures were
performed under aseptic conditions and were approved by
the IAEC.

Histopathological evaluation:

At the end of the treatment period, animals were sacrificed
and the affected ankle joints were excised for
histopathological analysis. The tissues were fixed in 10%
neutral buffered formalin, decalcified using EDTA, and
processed for paraffin embedding. Thin sections (4—5 pm)
were prepared and stained with hematoxylin and eosin.
Microscopic examination was performed to evaluate
inflammatory cell infiltration, synovial hyperplasia,
cartilage damage, and urate crystal deposition. Comparative
analysis among groups provided insight into the therapeutic
effectiveness of the formulations at the tissue level.”'78
Statistical Analysis:

All experimental data were expressed as mean + standard
deviation (SD) for six animals (n = 6). Statistical analysis
was carried out using GraphPad Prism or SPSS software.
Differences between groups were analyzed using one-way
ANOVA followed by Tukey’s post hoc test, while time-
dependent studies were evaluated using repeated-measures
ANOVA. A p-value < 0.05 was considered statistically
significant. Additionally, drug release data were fitted into
various kinetic models, and regression coefficients (R?)
were used to determine the best-fit model. Design Expert®
software was employed for optimization and response
surface analysis.

RESULT AND DISCUSSIONS:
Preformulation Studies:

Preformulation evaluation of Febuxostat and Probenecid
revealed that both drugs are odorless, crystalline powders
with smooth texture, indicating good physical stability. The
observed melting points were consistent with reported
values, confirming purity and absence of polymorphic
changes. Solubility studies demonstrated poor aqueous
solubility but good solubility in organic solvents such as
ethanol and methanol, supporting the selection of lipid-
based delivery systems like ethosomes for enhanced
solubility and permeability.

Table 4: Preformulation Studies of Febuxostat and

Probenecid
Parameter Febuxostat Probenecid
Color Off-white White
QOdor Odorless Odorless
Appearance Crystalline Crystalline
powder powder
Texture Fine, smooth | Fine, smooth
Melting Point 205-208 °C 192-194 °C
Solubility in Water | Practically Poorly
insoluble soluble
Solubility in Ethanol | Soluble Soluble
Solubility in | Freely soluble | Freely soluble
Methanol
Solubility in Acetone | Soluble Soluble
Solubility in | Slightly Slightly
Phosphate  Buffer | soluble soluble
(pH 7.4)

Optimization of Febuxostat and Probenecid Ethosomal
Formulation:

A total of thirteen ethosomal formulations (F1-F13) were
prepared using the thin-film hydration method and
optimized through a Quality by Design (QbD)-based
Design of Experiments (DOE) approach. The influence of
formulation variables phospholipid (A), ethanol (B), and
cholesterol (C) on vesicle size (Y1), polydispersity index
(Y2), and entrapment efficiency (Y3) was systematically
evaluated. Statistical analysis indicated that phospholipid
and cholesterol significantly affected all responses (*p <
0.05), whereas ethanol showed a comparatively minor
effect. An increase in phospholipid and cholesterol
concentration resulted in larger vesicle size and higher PDI,
along with reduced entrapment efficiency.

The optimized formulation (F5), containing a 1:4 drug ratio
(Febuxostat: Probenecid), 10 mg phosphatidylcholine, 3
mL ethanol, and 10 mg cholesterol, exhibited desirable
characteristics, including vesicle size of 291 + 12 nm, PDI
of 0.21 + 0.03, and entrapment efficiency of 82.1 + 0.6%.
The close agreement between predicted and experimental
values (error <5%) confirmed the reliability of the model,
and the optimized formulation was selected for further
evaluation.

Table 5: Optimization of Febuxostat and Probenecid Ethosomal Formulation

| Formulation factors

| Responses
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Form | Drug (1:4 | Phosph | Ethanol | Chol | Vesicle PDI | Entrapme

ulatio | ratio) atidylec | (mL) ester | size (nm) nt

n (Febuxostat: | holine ol efficiency
Probenecid) | (mg) (mg) (mg)
mg

F1 10 10 2 15 382 0.38 [ 73.2

F2 10 20 2 15 722 0.66 | 64.1

F3 10 10 4 15 327 0.29 [ 76.7

F4 10 20 4 15 691 0.54 | 653

F5 10 10 3 10 291 0.21 | 82.1

Fé 10 20 3 10 526 0.61 | 664

F7 10 10 3 20 698 0.74 | 73.1

F8 10 20 3 20 815 0.74 | 639

F9 10 15 2 10 348 0.28 | 68.9

F10 10 15 4 10 324 042 | 745

F11 10 15 2 20 714 0.68 | 68.3

F12 10 15 4 20 682 0.62 [ 712

F13 10 15 3 15 369 0.34 [ 749

Table 6: Independent variables levels for ethosomal formulations

Independent Variables | Level used, actual coded
Low (-1) Medium (0) High (+1)
A= 10 15 20
Phosphatidylcholine
(mg)
B= Ethanol (mL) 2 3 4
C= Cholesterol (mg) 10 15 20
Table 7: Optimization of Febuxostat and Probenecid transethosomal formulation
Drug (1:4 | Formulation factors Responses
ratio)
Form (Febuxostat Pl.losph Vesicle Entrapmen
u . atidylch | Ethanol | Tween . .
lation P . oline (mL) 80 (mL) suze PDL |t efficiency
robenecid) (nm) (mg)
mg (mg)
F1 10 10 2 1 262 0.43 79.8
F2 10 20 2 1 452 0.66 | 729
F3 10 10 4 1 198 024 | 843
F4 10 20 4 1 409 0.62 |70.9
F5 10 10 3 0.6 210 0.26 | 82.1
Fé 10 20 3 0.6 485 0.75 169.6
F7 10 10 3 1.4 182 0.21 | 85.6
F8 10 20 3 1.4 349 0.61 77.5
F9 10 15 2 0.6 403 0.59 [ 733
F10 10 15 4 0.6 343 0.52 | 75.1
F11 10 15 2 1.4 329 048 | 782
F12 10 15 4 1.4 327 032 [784
F13 10 15 3 1 312 035 [76.5
Table 8: Independent variables levels for transethosomal formulations
Independent Variables Level used, actual coded
Low (-1) Medium (0) High (+1)
A= Phosphatidylcholine (mg) 10 15 20
B= Ethanol (mL) 2 3 4
C= Tween 60 (mL) 0.6 1 1.4
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Characterization of optimized Ethosomal and
transethosomal formulations:

1. pH

The pH of all ethosomal formulations ranged from 6.36 to
6.52, falling within the skin-compatible range (5.5-7.0),
ensuring no skin irritation upon transdermal application.
The optimized batch F5 showed a pH of 6.43 + 0.03, which
is ideal for maintaining the stability of both drugs in the
vesicular system and preventing skin discomfort.

2. Vesicle Size

Vesicle size is crucial for skin penetration efficiency.
Formulations with smaller vesicle sizes generally offer
enhanced skin permeability and better therapeutic response.
Among all formulations, F5 exhibited the smallest vesicle
size of 291 + 3.2 nm, which is optimal for dermal diffusion.
In contrast, F2 and F8 showed significantly larger vesicles
(>700 nm), which may hinder transdermal drug delivery.

3. Zeta Potential

Zeta potential indicates the physical stability of colloidal
systems. Values above +30 mV suggest good repulsion
between vesicles, reducing the likelihood of aggregation.
The F5 batch demonstrated the highest zeta potential
(—38.6 = 1.1 mV), confirming excellent stability. Other
formulations such as F2, F4, F§, and F11 showed relatively
lower values, indicating moderate stability.

4. Polydispersity Index (PDI)

PDI values below 0.3 reflect a narrow particle size
distribution, indicating formulation uniformity. F5 showed
the lowest PDI (0.21 £ 0.01), confirming high homogeneity

of vesicle size. In contrast, formulations like F2, F6, F7, and
F8 exhibited higher PDI values (>0.6), suggesting a broader
and less uniform size distribution, which may affect release
behavior and stability.

5. Drug Content

High drug content reflects effective incorporation of active
ingredients in the vesicular matrix. F5 recorded the highest
drug content for both Febuxostat (99.1 + 1.5%) and
Probenecid (98.6 + 1.7%), indicating successful loading
without degradation or loss. This ensures a potent
formulation capable of delivering therapeutic doses
efficiently.

6. Entrapment Efficiency (%)

Entrapment efficiency reflects the drug retention capacity
of vesicles. F5 achieved the highest entrapment efficiency
of 82.1 £ 1.6%, followed by F3 (76.7%) and F13 (74.9%).
Formulations like F2 and F8 had lower values (<65%),
likely due to larger vesicle sizes or suboptimal phospholipid
ratios.

Based on the comprehensive analysis of all characterization
parameters, Formulation F5 demonstrated optimal pH,
smallest vesicle size, highest zeta potential, lowest PDI,
superior drug content, and maximum entrapment
efficiency, confirming it as the best-performing
ethosomal formulation for the combined transdermal
delivery of Febuxostat and Probenecid. This formulation
was selected for further in vitro release studies, release
kinetics, and stability assessments.

Table 9: Characterization of Febuxostat and Probenecid Ethosomal Formulations

For Vesicle | Zeta Drug Etlltrapme
n.lula pH Size Potenti | PDI Content (%) Efficiency
tion (nm) al (mV) (FEB/PRO) (%)

BT
[0 ] 0 B2 e
B0 |36 it loor |owse1s | 767%13
B 1006 |61 4 loos |orsais | 653=16
S G0 s |ir oo | esars | $A1%16
P |oos |4y |10 oo |stosie | 664%1S
¥ Joos |56 |ie . |oos |earars | 1%12
RS
R P TR P R PR
e o e e e TR e
P [ Gos | 5s lis oo |somats | 8316
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642 £|682 £|-291+[062 £]|93.8+ 14/

F12 0.04 6.3 1.2 0.02 91.3£1.2 72£15
644 £ 369 +|-324+£|034 £|956 12/
F13 0.02 3.8 1.3 0.01 93.4+14 749+14

(Mean + SD, n =3)

Table 10: Characterization of Febuxostat and Probenecid Transethosomal Formulations

Form Parti Zeta Entrapm | Perce Prob
ulatio cle PDI Potenti | ent ntage | Febuxos eneci H
. Size al Efficiency | Yield | tat (%) | o/ P
(nm) mV) | (%) (%) ’
262 £ | 043 +|-234<+ 823 £ | 88.6 =+ 872
FI. 151 Joo2 |oe | 78*L1 1os |12 i3 | 61%03
452 £ 0.66 + | 251+ 84.1 £|90.1 +| 885
F2 148 Jo03 Jos  |™9*13 109 |12 c10 | &2*07
198 £ 0.24 +| -282+ 85.6 £|91.2 <+ 89.6
F3 137 |oo2 |06 843210 1907 |17 L1 [60+08
409 £ 0.62 +|-30.5+ 86.8 £|925 +£|91.3
F4 152 Joos  Jo7  |799*12 109 |14 +10 |63+02
210 £ 0.26 + | -26.7 + 874 +£193.0 =+ 92.1
FS 134 Joor  Joe |®1*M1 106 |13 £ | 62403
485 £ 0.75 £|-29.0+ 889 £|94.1 +]928
F6 162 o004 |05 69.6+14 105 | 1.7 <14 |04+04
182 +| 0.21 +| -31.2+| 85.6+ 91.2 £| 958 £ | 94.6
F7 132 loor |o6 |12 0.9 |12 +15 |62*01
349 £ | 0.61 +|-265=+ 892 £ 1946 £ |93.1
8 145 Joos Jos |7P*M0 107 os L0 |63%03
403 £ 0.59 +| 274+ 883 £]93.8 +]924
9 148 Joo2 Jos |P3*LM 109 |09 c1p | 62407
343 £ 0.52 + | -30.1«+ 90.5 £ 934 +|919
FIO . 142 Joo2 Jos5 |[71=12 108 |13 <10 | 64£038
329 £ | 048 + | -256=+ 89.0 £|942 +]934
FIL 143 Joo2 [oe | 72*10 140 |13 c13 |63%01
327 £ 032 +|-293=+ 873 £]91.2 + | 89.8
FIZ- 140 Joo1  Joe | "4*13 109 |09 o1 |&1%06
312 £ 0.35 + | -234=+ 89.6 £|92.8 +]091.6
FI3 139 Joo1 Joe |73*12 147 |17 i1 | 6403
(Mean = SD, n = 3)
In-vivo Pharmacological study: No statistically significant difference in weight gain was
Acute Dermal Toxicity Study: Body Weight Monitoring:  observed (p > 0.05), indicating the formulations were non-
Acute dermal toxicity was evaluated as per OECD toxic.
guideline 402 using optimized ethosomal (F5) and .
transethosomal (F7) gel formulations applied at 2000 mg/kg li
to Wistar rats. Body weight was recorded on Day 0, 7, and okl
14. ns ns
Table 11: Body Weight (g) During Acute Dermal ‘ B Optimized Ethosomal gel (F5)
Toxicity Study ns ns B Optimized Transethosomal gel (F7)
Day | Day | Day 200 |
Group | Treatment
0 7 14 B 150
Optimized £
A Ethosomal gel | 174.3 | 183.4 | 191.6 2 1001
formulation +46 | £41 | £43 =
(F5) & 507
Optimized o
B Transethosomal | 175.6 | 182.2 | 190.7 0 7 14
gel formulation | £3.9 | £4.5 | £4.0 Days
F7
(Mean + SD, n( — )6) Figure 1: Body Weight (g) monitoring During Acute
Dermal Toxicity Study
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Dermal Toxicity Evaluation:

Animals were monitored for 14 days for signs of skin
irritation such as erythema, edema, ulceration, and
behavioral abnormalities. No visible signs of dermal
toxicity or mortality were observed in either group,
confirming the safety of both formulations for topical
application.

Table 12: Dermal or skin toxicity evaluation over 14 days

Er Behavi
Gr Formulat | vth Ed | Ulce | Mor | oral
ou | . y em | ratio | talit | Abnor
ion em ..
p a a n y malitie
S
Ethosoma
A l g§1 No | No None Non None
formulati | ne | ne e
on (F5)
Transetho
B somal ge;l No | No None Non None
formulati | ne | ne e
on (F7)

The absence of dermal and systemic toxicity confirmed that
the formulations were safe for topical application even at
high doses.

In-Vivo Skin Retention Study:

Skin retention studies demonstrated significantly higher
drug deposition from vesicular formulations compared to
plain gel (p < 0.05). Among them, the transethosomal gel

(F7) showed the highest retention at all-time points,
followed by ethosomal gel (F5) and plain gel. Enhanced
retention is attributed to the synergistic effect of ethanol and
surfactants, promoting deeper penetration and prolonged
drug residence in the skin.

Table 13: Skin drug retention (ug/cm?)

. Untreate | Plai | Ethosom

Tim Transethosom

ey | 4 n al —Gel | ) Gel (F7)

Control | Gel | (F5)

6.42

2 | ND i | 053 Fl2g7+061%
042 |V
10.2

4 |ND S P - RPRE L/
0.55 |
13.0

8§ |ND 5 + (2)67'§Z =1 31.48+0.79*
047 |V
15.6

12 |ND Loa| 200 F | 35.06+0.82¢
0.44 |V
113

24 | ND 2 x| 2HIE E ] g 831076
Oy |071%

Mean + SD (n = 6), *Values are statistically significant
compared to the Plain Gel group (p < 0.05); ND: Not
Detected

401

(98]
T

Skin Drug Retention
(ng/cm?)
—_ [\l
S <

2 4 8
Time (h)

12 24

B Untreated Control
B Plain Gel

B Ethosomal Gel (F5)
B Transethosomal Gel

(F7)

Figure 2: In-Vivo Skin Retention Study of ethosomal and transethosomal gel formulations

Skin Irritation Study (Draize Method):

Skin irritation potential was assessed using the Draize
scoring method. Control (saline) and placebo groups
showed no irritation, whereas the positive control (0.8%
SLS) produced significant erythema and edema. The test
formulations (F5 and F7) exhibited only mild, transient

IJDDT, Volume 16 Issue 17s, 2026

erythema during initial hours, which subsided within 72
hours, with no edema observed. The irritation scores
remained below the threshold (<2), confirming the non-
irritant and dermally safe nature of the developed vesicular
gels.
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Table 14: Skin irritation scores (Draize Method)

Group | Treatment Erythema Edema Score Interpretation
Score
1h 24h 48h
I Normal Saline (Control) 0.00 +0.00 | 0.00+0.00 0.00 £ 0.00
11 0.8% Sodium Lauryl Sulfate | 2.67£0.21* | 3.00 + 2.83 £
(SLS) 0.26* 0.19*
111 Plain Gel Base (Placebo) 0.00 +0.00 | 0.00+0.00 0.00 + 0.00
v Optimized Ethosomal Gel(F5) 0.67+£0.11 | 0.33+£0.08 0.17£0.04
v Optimized Transcthosomal 0.83+0.09 | 0.420.07 0.25+0.05
Gel (F7)
Mean £ SD, n = 6, *statistically significant compared to control group (p < 0.05).
3 —
o6 Hl Erythema Score for 1h
§ 24 Bl Edema Score for 24h
E 1 1 Ea Interpretation for 48h
'::E' 1.0 1
=
—
= 0.5
=
75
0.0-
Q\&o\\ @\)%\ oéoo\ \@ﬁa\ \6’\\
& K S > >
e S 2 <> <>
> e o &5 &5
s > = S S
= & I g% <
S & &>
Q\Q OQ . ,&\(‘)
o® S
Treatments

Figure 3: Skin irritatio

The in-vivo findings confirm that both ethosomal and
transethosomal formulations are safe, non-toxic, and well
tolerated.  Furthermore, enhanced skin retention,
particularly ~ with transethosomes, highlights their
superiority as effective carriers for topical delivery of
Febuxostat and Probenecid, ensuring improved therapeutic
performance and sustained drug action.

In-vivo antigout activity:

The antigout efficacy of the developed formulations was
evaluated using MSU-induced gout model in Wistar rats.
The disease control group showed a significant increase in
ankle diameter, paw edema, pain score, and serum uric acid
levels, confirming successful induction of gout. Treatment
with vesicular formulations resulted in a marked
improvement in all parameters.

The optimized ethosomal gel (F5) and transethosomal gel
(F7) significantly reduced ankle swelling, with F7 (5.6 + 0.3

n scores (Draize Method)

mm) showing greater reduction than F5 (5.9 £ 0.2 mm) and
the standard allopurinol group. Similarly, paw edema
volume was notably decreased in F5 (0.63 = 0.03 mL) and
F7 (0.58 £ 0.04 mL), with F7 exhibiting superior anti-
inflammatory activity. Pain scores were reduced from
severe (score 3) in the disease group to mild (score 1) in all
treated groups, indicating effective analgesic action.

A significant reduction in serum uric acid levels was also
observed, with F7 (2.8 = 0.3 mg/dL) showing greater urate-
lowering effect than F5 (3.0 + 0.2 mg/dL) and allopurinol
(3.2 £ 0.3 mg/dL). Overall, the transethosomal formulation
consistently demonstrated superior therapeutic efficacy
compared to ethosomal and standard treatment,
highlighting its potential for effective gout management
through enhanced skin penetration and sustained drug
release.

Table 15: Comparative results of antigout parameters

Ankle
Diameter
(mm)

Group

Paw Pain Serum Uric
Edema Score (0- | Acid

Volume 4) (mg/dL)
(mL)
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Group I- Normal Control 59400 83? 4 0 24503
Contin (I\I/[ISU)_ Pisease | s 404 (1): (l)é 13 58404
] PRV R [P P
Group IV — Placebo Gel 14403 (1)82 4 5 54205
g‘rst;up V - Ethosomal Gel 59400k 882* + T 3.0+ 0.2%
Sl“}ll"::rlllslzthosoma‘lIIGel (F7) | 564030 883* s 2.8+0.3%

(Mean = SD, n = 6)

Ankle Diameter (mm)
Paw Edema Volume (mL)
Pain Score (04)

Serum Uric Acid (mg/dL)

Comparative screening of
antigout parameters

Group-1l (Gout model)

Group-V (F5) Group-Vi (F7)

Figure 5: Effect of ethosome and transethosome formulations on MSU-induced alteration in paw morphology

Histopathological evaluation supported the
Histopathological Study: pharmacological findings. The normal control group
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exhibited intact joint architecture with no signs of
inflammation or crystal deposition. In contrast, the disease
control group showed severe pathological alterations,

including synovial hyperplasia, inflammatory cell
infiltration, cartilage erosion, and extensive MSU crystal
deposition.

Treatment with allopurinol showed moderate improvement,
with reduced inflammation and partial restoration of joint
structure. The placebo group exhibited persistent
pathological changes, indicating lack of therapeutic effect.

i A j

The ethosomal formulation (F5) demonstrated notable
improvement with minimal inflammation and preservation
of cartilage integrity.

The transethosomal formulation (F7) showed the most
significant recovery, with near-normal joint architecture,
negligible inflammatory infiltration, and minimal crystal
deposition. These findings confirm the superior efficacy of
transethosomal gel in reducing gout-induced joint damage
and restoring normal histological features.

TF SN

-

-

N2 R
—a . ™ -
-~ S N
y - e
Group IV — Placebo Gel
D s
LA ) *
TR
[ LS
~ / e
L4
o
." S o /

Wi Wi O - e
Group V — Ethosomal Formulation (F5) Group VI — Transethosomal Formulation (F7)
Figure 6: Histopathological Study
Stability study: ICH Q1A (R2) guidelines under accelerated conditions (40

Stability studies of the optimized ethosomal (F5) and
transethosomal (F7) formulations were carried out as per

1JDDT, Volume 16 Issue 17s, 2026

+ 2 °C/75 £ 5% RH) for 3 months. Samples were analyzed
at 0, 30, 60, and 90 days for parameters including physical
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appearance, pH, drug content, viscosity, entrapment
efficiency, and spreadability. The results indicated no
significant changes in evaluated parameters, confirming the

stability and suitability of both formulations for long-term
storage.

Table 16: Stability Data of Optimized Ethosomal Formulation (F5)

. . Drug . . Entrapment | Spreadability
(T];‘:es) ghyse‘;:;nce pH (&SD) | Content X‘s:)"?:gm Efficiency | (g-cm/sec)
Y PP (%) (+SD) P (%) (+SD) | (SD)
0 Smooth, 62+0.1 |93.0=12 |3700+45 |732+14 |6.1+0.2
Uniform
30 No change 6.1+0.1 91.8+14 3675+40 72.5+£1.6 6.0+0.3
60 Slight dullness 6.1£0.2 90.5+1.6 3640+ 55 709+1.7 5.9+0.2
90 Slight dullness 6.0+£0.2 88.9+1.8 3600+ 50 69.8+1.9 5.8+0.3
Table 17: Stability Data of Optimized Transethosomal Formulation (F7)
. . Drug . . Entrapment | Spreadability
(Tl;r;es) ihys(:;:;nce pH (#SD) | Content Xlssc)o ?::g])) Efficiency (g'cm/sec)
4 PP (%) (zSD) | P (%) (SD) | (£SD)
0 Smooth, 6.1+£0.1 |91.5+13 |3650+40 | 71.4+1.5 58402
Uniform
30 No change 6.1+0.1 90.4+1.5 3630+35 70.5+1.6 57+0.2
60 No change 6.0+0.2 89.1+1.7 3605+ 50 69.3+1.9 5.6+£0.2
90 Slight dullness 6.0+0.2 879+1.9 3580+45 68.0+2.0 55+0.3

Both optimized formulations (F5 and F7) remained
physically stable over 90 days, showing no significant
changes in color, odor, or phase separation. Minor decreases
in drug content, entrapment efficiency, viscosity, and
spreadability were observed, which may be attributed to
slight degradation or vesicle leakage under accelerated
conditions.

The pH of both formulations remained within the
acceptable dermal range (6.0-6.2), indicating good skin
compatibility. Among the two, the transethosomal
formulation (F7) demonstrated superior stability, retaining
higher entrapment efficiency, better viscosity consistency,
and more stable drug content compared to F5. These
findings confirm the enhanced robustness and stability of
transethosomal vesicles over conventional ethosomes.

CONCLUSION:

The present study successfully developed and optimized a
transethosomal gel system for the combined delivery of
Febuxostat and Probenecid. The optimized formulation
exhibited favorable physicochemical characteristics,
including nanosized vesicles, high entrapment efficiency,
and excellent stability. /n-vivo studies confirmed that the
formulations were safe, non-irritant, and capable of
enhancing drug retention within the skin. Notably, the
transethosomal gel demonstrated superior antigout activity
compared to ethosomal and conventional therapy by
effectively reducing inflammation, pain, and serum uric
acid levels. Histopathological analysis further validated its
ability to restore normal joint structure. The improved
performance of transethosomes can be attributed to their
enhanced deformability, deeper skin penetration, and
sustained drug release. Thus, the developed transethosomal
gel represents a promising and effective transdermal
therapeutic approach for gout management, offering

IJDDT, Volume 16 Issue 17s, 2026

improved efficacy, reduced systemic side effects, and better
patient compliance.
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