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Abstract
The present study aimed to enhance the transdermal delivery of terbinafine hydrochloride by developing a
transfersomal emulgel for effective management of dermatophytosis. Terbinafine, though a potent antifungal
agent, exhibits poor aqueous solubility and limited permeability across the stratum corneum, restricting its
therapeutic efficiency in topical formulations [1,2]. Transfersomes, ultra-deformable phospholipid vesicles
containing edge activators, were employed to overcome these limitations. Terbinafine-loaded transfersomes were
optimized using a Box—Behnken design by evaluating phosphatidylcholine, sodium deoxycholate, and solvent
ratio effects on particle size, entrapment efficiency, and polydispersity index[3,4,5].

The optimized formulation exhibited vesicle size <200 nm, PDI <0.3, and entrapment efficiency >80%.
The suspension was incorporated into a Carbopol-based emulgel showing suitable pH, viscosity, spreadability,
and drug content [5,6]. In vitro release demonstrated sustained release for 12h following Higuchi kinetics. Ex vivo
permeation across rat skin showed significantly enhanced flux (35.7 + 2.1 pg/cm?h) and permeability coefficient
(1.21 x 1073 em/h) compared to conventional cream [7]. Antifungal studies against Trichophyton rubrum showed
a larger inhibition zone (27.9 + 1.1 mm). Skin irritation and stability studies confirmed safety and formulation
robustness [8,9]
The transfersomal emulgel demonstrated enhanced permeation, sustained release, superior antifungal efficacy,
and stability, indicating its potential as an advanced topical drug delivery system.
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1. Introduction

Terbinafine, introduced in the early 1990s, is a highly
lipophilic synthetic allylamine antifungal agent widely
used for the treatment of superficial fungal infections
[10,11] Chemically, it is designated as (E)-N,6,6-
trimethyl-N-(naphthalen- 1-ylmethyl) hept-2-en-4-yn- 1-
amine. Structurally, terbinafine contains a tertiary
amine in which the amino hydrogen of N-methyl-1-
naphthalenemethylamine is substituted with a (E)-6,6-
dimethyl-2-hepten-4-ynyl chain. This distinctive
configuration incorporates a naphthalene ring, an
allylamine moiety, and a tert-butylacetylene fragment,
which together play a critical role in its antifungal
activity and lipophilic nature [11,12,13].
Pharmacologically, terbinafine acts primarily by
inhibiting squalene epoxidase a membrane-bound
enzyme involved in fungal sterol biosynthesis
[14,15,16]. Unlike many antifungal agents, this
enzyme does not belong to the cytochrome P450 family
[17]. Inhibition of squalene epoxidase leads to
intracellular accumulation of squalene and depletion of
ergosterol, an essential component of fungal cell

membranes [18,19]. This dual effect disrupts
membrane integrity and results in fungal cell death.
Consequently, terbinafine exhibits potent fungicidal
activity against dermatophytes, as well as activity
against certain dimorphic and filamentous fungi
[21,22]

Superficial fungal infections, collectively known as
dermatophytoses, are among the most prevalent
infectious diseases worldwide and are primarily caused
by Trichophyton, Microsporum, and Epidermophyton
species [23,24]. These infections commonly affect
keratinized tissues such as skin, hair, and nails,
producing conditions like tinea corporis, tinea pedis,
and onychomycosis [25,26]. Although topical
antifungal therapy is generally preferred for localized
infections due to reduced systemic side effects,
treatment outcomes are often limited by poor drug
penetration through the stratum corneum, the principal
barrier of the skin [27,28]. Additionally, recurrence of
infection is frequent, necessitating prolonged therapy
and improved delivery strategies [30].
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Conventional topical formulations such as creams,
ointments, and gels frequently fail to deliver adequate
drug concentrations into deeper skin layers. To
overcome these limitations, vesicular drug delivery
systems such as liposomes and niosomes have been
investigated for enhanced dermal targeting [31].
However, these vesicles often exhibit limited flexibility
and deformability, restricting their ability to traverse
the tightly packed lipid domains of the stratum
corneum [32]. To address this challenge, newer
generations of elastic vesicular carriers, namely
ethosomes and transfersomes have been developed.
Transfersomes are ultra-deformable lipid vesicles
composed of phospholipids and edge activators that
impart high elasticity, enabling them to squeeze
through narrow intercellular pathways of the skin and
enhance drug permeation [33,34]

To further improve topical delivery, incorporation of
transfersomes into emulgels has gained significant
attention. Emulgels are hybrid systems that combine
the properties of emulsions and gels, providing both
enhanced drug solubilization and improved application
characteristics [35,36]. They are particularly suitable
for delivering lipophilic drugs like terbinafine because
the emulsion phase can solubilize the drug, while the
gel matrix provides desirable rheological properties,
spreadability, patient acceptability, and prolonged
residence time at the application site. Emulgels also
enhance stability, prevent phase separation, and allow
controlled drug release. Moreover, they are non-greasy,
easily washable, and cosmetically elegant, making
them highly suitable for dermatological therapy
[37,38,39]

Incorporating transfersomal vesicles into an emulgel
system offers a synergistic strategy: transfersomes
enhance drug penetration across the skin barrier, while
the emulgel base improves formulation stability,
patient compliance, and localized retention [40,41].
Such a combined system is expected to increase drug
bioavailability at the infection site, reduce dosing
frequency, and improve therapeutic outcomes.
Therefore, the present study was designed to formulate
and evaluate a terbinafine-loaded transfersomal
emulgel with the objective of enhancing dermal
penetration, antifungal efficacy, and physicochemical
stability, thereby providing an effective and patient-
friendly approach for the management of superficial
fungal infections.

2. Materials and Methods

2.1 Materials

The pure drug Terbinafine hydrochloride was obtained
as a gift sample from Max- Med Laboratories. Soya
lecithin, methanol, and chloroform were procured from
Delpha Drugs and Pharmaceuticals India. S.D. Fine
Chemicals Ltd., India, soya phosphatidyl choline,
Carbopol-934, isopropyl alcohol, and potassium
dihydrogen orthophosphate. All of the chemicals used
in the experiments were of analytical grade. Purified
water that had been freshly prepared was used. The
formulations were done by using Box-Behnken design
design expert software version 12.

2.2 Preparation of Transfersomes

Transfersomes were prepared using thin-film hydration
followed by sonication [42]. A Box—Behnken design
optimized  phosphatidylcholine  (Xi),  sodium
deoxycholate (Xz2), and solvent ratio (Xs). Responses
included particle size (Y1), entrapment efficiency (Y2),
and PDI (Y3).

Table : 1 Experimental design for optimization of
drug loaded transferosomes using factorial design

Factors (Independent | Code | Low High
variables) level | level
-y | =D
Phosphatidylcholine X1 30 90
(mg)
Sodium  deoxycholate | X2 20 60
(mg)
Solvent mixture | X3 1 3
(Chloroform
Methanol) (ml)
Table: 2 Dependent variable
Dependent Code | Response
variables
Particle size (nm) | Y1 Size distribution
outcome
Entrapment Y2 % Drug entrapped in
efficiency (%) vesicle
Polydispersity Y3 Stability/Uniformity
Index index

2.3 Formulation of Transfersomal Emulgel

Optimized transfersomal suspension was dispersed in
Carbopol 934 gel base containing liquid paraffin and
isopropyl myristate. Triethanolamine adjusted pH to

6.5-7.0 [43].
Table:3 Formulation table
FOR | Tra | Ca | Triet | Prop | Isopr | W
MUL | nsfe | rb | hanol | ylene | opyl at
ATIO | rso op | amin | Glyc | Alcoh | er
N me. |ol. |e. ol. ol.
(mg) (ml) | (ml) | (ml)
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COD (m

E g)

TF1 100 |25 | 10 5 5 q.
0 S

TEF2 100 | 50 | 10 5 5 q.
0 S

TF3 100 10 | 10 5 5 q.
00 S

2.4 Characterization

Particle size and Zeta potential

Dynamic light scattering (DLS) is a common technique
used to determine particle sizes in liquids. This is done
by analyzing the movement of random particles caused
by ongoing Brownian motion [44].

Entrapment efficiency

Transferosomal suspensions (total
mount) underwent ultracentrifugation at 20,000 rpm
and 10 °C for 30 minutes. Following centrifugation, 1
ml of the supernatant was mixed with 9 ml of
phosphate saline buffer (pH 7.4), and the absorbance
was analysed using a UV-Vis spectrophotometer
(Thermo Spectronic UV-1, USA) at a wavelength of
214 nm. The efficiency of drug entrapment was
determined as

DEE = (Wt-Wf)/Wt - 100%

where DEE represents the drug entrapment efficiency,
WT signifies the total quantity of Terbinafine in
transferosomal suspensions, and WF denotes the free
quantity of Terbinafine present in the supernatants
[44,45].

Emulgel Evaluation

Spreadability

The spreadability of an emulgel is assessed by
determining the diameter of the circle created when the
substance is placed between two heavy glass plates.
The sample is placed in a glass slide and the other glass
slide is dropped from top. The diameter of the circle is
measured to evaluate the spreadabiltity of the emulgel
[46,47].

Viscosity

Viscosity is an essential factor in topical formulations
as it directly influences the product's physical stability,
ease of use, and effectiveness in drug delivery. The
viscosity was assessed using a Brookfield DVE
viscometer with spindle 64. The sample whose
viscosity needed to be measured was put into the
beaker and permitted to rest at room temperature. The
spindle was subsequently lowered and spun at 2, 5, 10,

and 12 rpm. The viscosity in centipoises was observed
and reported [47,48]

pH

Ph of a formulation is important as it influences various
other factors such as biavailabiltiy, absorption etc. It is
important that the Ph of a topical fornmulation is closer
to the skin’s ph that is 5.8 to 6. The ph of the
formulation was measured using Digital ph meter [49].
Drug content

To determine the drug concentration within an emulgel,
a spectrophotometric analysis is performed. A specific
amount of the emulgell is first dispersed in methanol
and subjected to sonication to ensure complete drug
extraction. This mixture is then appropriately diluted,
and its absorbance is measured using a UV
spectrophotometer [49,50].

2.5 In Vitro and Ex Vivo Studies

Drug release was studied using Franz diffusion cells
with dialysis membrane in phosphate buffer (pH 7.4,
37 £ 0.5 °C). Permeation studies used excised rat
abdominal skin. Flux, permeability coefficient, and
enhancement ratio were calculated[51,52].

2.6 Antifungal Activity

Agar well diffusion against Trichophyton rubrum
compared transfersomal emulgel, marketed cream, and
placebo [53,54].

2.7 Skin Irritation and Stability Studies

Skin irritation followed OECD guideline 404. Stability
testing was conducted under ICH conditions for 3
months [54,55].

3. Results and Discussion

Standard Calibration of terbinafine

STANDARD CALIBRATION CURVE
OF TERBINAFINEy-ogroz- 00237

5.1.2 Physical / Pharmacological Properties of the
Drug

The drug appeared as a white to off-white crystalline
powder, odorless, and slightly bitter in taste. It is a
synthetic allylamine antifungal agent that selectively
inhibits squalene epoxidase, an essential enzyme in the
ergosterol biosynthesis pathway of fungi, leading to
fungal cell death.

5.1.4 Solubility Study

Terbinafine hydrochloride is practically insoluble in
water but shows better solubility in organic solvents. It
is freely soluble in methanol, ethanol, and chloroform;
soluble in acetone and DMSO; and sparingly soluble in

1JDDT, Volume 16 Issue 7s, 2026

Page 889



Enhancing Transdermal Delivery Of Terbinafine: Development And Evaluation Of A Transfersomal

Emulgel

phosphate buffer solutions. Its aqueous solubility at hatidyl | Sodi | 3 1 Ent | Poly
25°C is reported to be <0.01 mg/mL, which contributes choline | um | C: | Pa | rap | disp
to its poor bioavailability upon topical application. (mg) deox | So | rti | men | ersit
Improving solubility and dermal penetration is ycho | Ive | cle |t y
therefore a critical aspect in the formulation of topical late | nt | Siz | Effi | Inde
delivery systems such as transfersomes and (mg) | mi | e cien | x
emulgels[56,57]. xt | (m |cy
Table 5.1 Solubility data of Terbinafine ur | m) | (%)
hydrochloride in different solvents e
S. No. | Solvent Solubility (m
1 Water - 1)
2 Acetone + 1190 40 2 15 | 82 0.28
3 Methanol ++ 6 5
4 Dimethylsulphoxide (DMSO) | + 112160 60 2 17 |76 0.31
5 Ethanol ++ 4 5
6 Phosphate buffer + 713 1|60 40 3 19 |72 0.34
7 Chloroform ++ 0
8 Ether + 414190 20 2 14 | 84 0.26
Key: 0
+++ Freely soluble (1 g drug in <10-30 mL solvent) 115160 40 2 17 178 0.30
++ Soluble (1 g drug in 30-100 mL solvent) 5 0
e Sparingly soluble (1 g drug in 100-1000 mL | 1 | 6 | 60 40 12 16 |77 1029
solvent) 3 5
— Practically insoluble (1 g drug in >10,000 117190 60 1 15 180 0.27
mL solvent) 0 0
88 |60 40 1 16 | 74 0.32
ZETA POTENTIAL 0
919 130 60 1 22 | 65 0.39
0
611190 40 1 14 |83 0.25
0 5
Figs6 Zeta potential ofterbinafine hydrochioride Fig:? Zeta potencial of F1 11130 20 3 25 |55 0.45
g 3 L1 0
o 111190 60 3 16 | 81 0.28
2|2 0
211130 40 3 23 | 62 0.42
3 0
Fig:8 Zeta potential of F2 3 1 30 20 2 24 58 047
. . . 4 0
3.1 Transfersome Optlmlza.tlon . 511130 40 1 o1 o4 038
Box—Behnken design analysis confirmed 5 0
51g91ﬁcant 1nﬂuence. of phosphollipld apd edge 1T 130 20 3 4 |36 046
activator concentrations on particle size and
entrapment [58]. Optimized transfersomes exhibited I ? 20 2 ; 1 57 044
vesicle size <200 nm, PDI <0.3, and high drug 7|7 30 ) '

entrapment (>80%).
Table: 1 Optimization table of terbinafine

transferosomes

S | R | Factor | Fact | Fa | Re | Res | Resp

t|{u|l A:|or 2|ct |spo| pon | onse

d| n | Phosp | B: or | nse |se 2|3
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Fig:0 Normal Plot of Studentized Residuals for Particle Size Response Fig: 10 Residuals versus Predicted Values for Particle Size Response

Fig:11 Comparison of Predicted and Experimental Particle Size Values

Fig:19 Comparison of Predicted and Experimental PDI Values

Fig:18 Comparison of Predicted and Experimental PDI Values

Fig:20 Effect of Independent Variables

Point Prediction

Two-sided Confidence =95%

Population =99%

Analysis Predict | Predict | Observ | Std SE 95% 95% 95% TI | 95%
ed ed ed Dev Mean Cl low | CI low for | TI
Mean Media for high 99% high
n Mean | for Pop for
Mean 99%
Pop
PARTICLE | 191 191 187 39.616 | 9.60851 | 170.63 | 211.36 | 29.562 | 352.43
SIZE 9 1 9 8
ENTRAPM | 70.82 70.82 69.25 10.44 | 2.533 65.45 76.19 | 28.24 113.3
ENT
EFFICIENC
Y
Polydispersit | 0.34764 | 0.34764 0.0770 | 0.01867 | 0.3080 | 0.3872 | 0.03380 | 0.6614
y Index 7 7 17 94 49 46 47 89
3.2 Emulgel Properties
The transfersomal emulgel demonstrated ideal pH (6.7 Invitro drug release of
+ 0.1), viscosity suitable for topical application, Transferosomal ge|
homogeneity, and excellent spreadability. Drug content
remained within pharmacopoeial limits [59]. o 100
3.3 In Vitro drug Release of transferosomal Gel 3 > 8 M
()
w 0 5 10 15
S time( hrs)
X

Sustained terbinafine release was observed over 12
hours, best fitting the Higuchi diffusion model,
suggesting controlled drug release via vesicular
carriers [60].
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== ]

Fig: 23 TEM of optimized formulation  Fig: 24 TEM of optimized formulation

3.4 Ex Vivo Drug permeation study

Transfersomal emulgel exhibited significantly
higher flux (Jss), permeability coefficient (Kp), and
enhancement ratio compared to conventional
terbinafine cream. Enhanced permeation is attributed
to vesicular deformability and edge activator-mediated
skin penetration.
1. Steady-State Flux (Jss) (Unit: pg/cm?/h)

Formulation Jss (ng/cm?*/h)
Conventional terbinafine cream | 12.4 + 1.2
Transfersomal emulgel 357+£2.1

Transfersomal emulgel shows ~2.9-fold increase in

Slux.

2. Permeability Coefficient (Kp)

(Unit: cm/h)
Formulation Kp (cm/h x 107%)
Conventional terbinafine cream | 0.42 £+ 0.03
Transfersomal emulgel 1.21 £0.07

Kp increases nearly 3-fold due to deformable vesicles
enhancing diffusion.
3. Enhancement Ratio (ER)

_ ]ss (Transfersomal)

ER =
]ss (Cream)
ER 35.7 2.88~ 29 ld
= —— =x%x 2, ~ 2.9 — * %k
124 fo
‘Parameter ‘ ‘Value‘

‘Enhancement Ratio (ER)H2.9 ‘

3.5 Antifungal Activity
Transfersomal emulgel demonstrated larger zones of
inhibition against 7. rubrum compared to marketed

terbinafine cream, confirming superior antifungal
activity due to enhanced skin penetration and sustained
drug release.

Organism: Trichophyton rubrum

Method: Agar well diffusion

Incubation: 28-30°C for 48-72 h

Drug concentration: Equivalent terbinafine
content

Formulation Zone of Inhibition
(mm)

Marketed terbinafine cream | 18.4 = 0.9 mm

(1%)

Transfersomal emulgel 279+1.1 mm

Blank emulgel (without | No inhibition

drug)

Increase in Zone of Inhibition
279 —18.4

18.4
Fold Increase

X 100 = 51.6% improvement

27.9
Fold Increase = s 1.52 — fold **

Transfersomal emulgel exhibited a significantly larger
zone of inhibition (27.9 + 1.1 mm) against 7. rubrum
compared to the marketed terbinafine cream (18.4 + 0.9
mm), reflecting a 1.5-fold improvement in antifungal
activity. This enhanced efficacy is attributed to
improved skin penetration, higher drug retention, and
sustained release from the transfersomal vesicular
system.
3.6 Skin Irritation and Stability
No signs of erythema or edema were observed (PII <
1), confirming safety. Stability studies indicated no
significant changes in physical or chemical properties
for 3 months, supporting formulation robustness.
Storage Conditions:

e 25°C+2°C/60%RH + 5%

e 40°C+2°C/75%RH=* 5%
Physicochemical Parameters

Param | Initial 1 2 3 Chan
eter Mo | Mon | Mon | ge
nth | ths ths
Appear | Smooth | No | No No Stable
ance s cha | chan | chan
homoge | nge | ge ge
nous
Ph 6.10 +|6.08 | 6.05 | 6.04 | Neglig
0.02 + + + ible
0.03 | 0.02 | 0.03 | chang
e
Viscosi | 21,500 | 21,4 | 21,3 | 21,3 | Not
ty (cPs) | £120 20+ | 80 + | 40 =+ | signifi
150 | 160 140 cant
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Drug 99.2 +£]98.8 | 98.6 | 983 | <2%

Conten | 0.5 + +0.4 | £0.5 | reduct

t (%) 0.6 ion

Particle | 178 £3 | 180 | 182 184 Minor

Size +4 | £5 +4 increa

(nm) se
(<5%)

Zeta -324 + | - — — Stable

Potenti | 1.2 319 | 316 |31.2

al (mV) + +15|+14

1.3

In Vitro | 82.5 + | 82.0 | 81.7 | 81.4 | No

Releas | 1.2 + +1.1 | £ 1.3 | signifi

e at 12 1.0 cant

h (%) chang
e

The formulation demonstrated excellent stability
throughout the study period, as evidenced by the
absence of phase separation and no observable change
in color. The pH remained consistent without any
significant drift, indicating chemical stability of the
formulation. Drug content was maintained within
acceptable limits, confirming uniformity and absence
of degradation. Furthermore, the in vitro release profile
showed no notable variation, suggesting sustained
performance over time. Vesicle size and zeta potential
also remained stable, indicating preservation of
vesicular integrity and physical stability of the system.
4.Discussion

The present study successfully developed and
optimized a terbinafine-loaded transfersomal emulgel
to enhance dermal drug delivery and antifungal
efficacy. Transfersomes were selected as carriers due to
their ultra-deformable vesicular structure, which
allows penetration through intercellular lipid pathways
of the stratum corneum. Optimization using a Box—
Behnken design confirmed that phosphatidylcholine
and sodium deoxycholate significantly influenced
vesicle characteristics, particularly particle size,
entrapment efficiency, and polydispersity index.
Formulations containing higher lipid concentrations
produced smaller vesicles with improved drug
encapsulation, likely due to increased bilayer
formation and stabilization of the vesicular system.
The optimized transfersomes exhibited particle size
below 200 nm, narrow size distribution (PDI <0.3), and
high drug entrapment (>80%), indicating suitability for
topical delivery. Nanometric vesicle size enhances
surface area and facilitates diffusion across skin layers,
while low PDI confirms uniformity and formulation

stability. Zeta potential values around —30 mV suggest
sufficient electrostatic repulsion between vesicles,
preventing aggregation and ensuring physical stability.
Incorporation of optimized transfersomes into a
Carbopol-based emulgel provided a patient-acceptable
dosage form with suitable pH, viscosity, and
spreadability. The pH range (=6.7) was compatible
with skin physiology, minimizing irritation risk. The
gel matrix also contributed to prolonged residence time
at the application site, enhancing drug availability.

In vitro release studies demonstrated sustained drug
release for up to 12 h following Higuchi diffusion
kinetics, indicating diffusion-controlled release from
the vesicular matrix. Sustained release is advantageous
for topical antifungal therapy because it reduces dosing
frequency and maintains therapeutic drug levels at the
infection site.

Ex vivo permeation studies showed a significant
increase in flux and permeability coefficient for the
transfersomal emulgel compared with conventional
terbinafine cream, with approximately 2.9-fold
enhancement. This improvement can be attributed to
the synergistic action of phospholipid vesicles and edge
activators, which enhance membrane fluidity and
enable vesicle deformation through narrow skin pores.
Antifungal evaluation against Trichophyton rubrum
demonstrated a markedly larger zone of inhibition for
the transfersomal formulation (27.9 + 1.1 mm)
compared with marketed cream (18.4 £ 0.9 mm),
representing a 1.5-fold enhancement in activity. The
improved antifungal efficacy is likely due to enhanced
penetration, sustained release, and improved drug
retention within skin layers.

Skin irritation testing revealed no signs of erythema or
edema, confirming dermal safety. Stability studies
conducted under ICH conditions showed negligible
changes in physicochemical properties, drug content,
particle size, zeta potential, and release profile over
three months, indicating excellent formulation
stability.

Overall, the findings demonstrate that transfersomal
emulgel technology significantly enhances topical
delivery of terbinafine by improving solubility,
permeability, and retention, while maintaining stability
and safety. This approach represents a promising
strategy for improving therapeutic outcomes in
dermatophytic infections.

4. Conclusion

The present study successfully developed and
optimized a terbinafine hydrochloride—loaded
transfersomal emulgel as an advanced topical delivery
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system for the management of dermatophytosis. The
optimized formulation exhibited desirable vesicle
characteristics, including nanometric particle size, high
entrapment efficiency, and uniform size distribution,
which are critical parameters for effective dermal drug
delivery. Incorporation of transfersomes into an
emulgel base produced a formulation with suitable
physicochemical properties, good spreadability, and
skin-compatible pH, ensuring patient acceptability and
therapeutic ~ suitability.In  vitro release studies
demonstrated sustained drug release for up to 12 hours,
while ex vivo permeation analysis showed significantly
enhanced flux and permeability compared with
The improved
Trichophyton rubrum
further confirmed the superior therapeutic performance
of the transfersomal system. Stability studies under
accelerated and room temperature conditions indicated
no significant physicochemical or functional changes,
highlighting the robustness and reliability of the
formulation.
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