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ABSTRACT

Introduction: The fundamental challenge of effective skin permeation
has long limited the therapeutic potential of topical drug delivery
systems. Conventional formulations frequently fail to achieve adequate
penetration through the skin barrier, necessitating innovative
approaches to enhance drug bioavailability while maintaining targeted
delivery to specific skin layers. Aims: This review evaluates the
transformative impact of transfersomes and transethosomes as
advanced nanovesicular systems designed to overcome traditional
limitations in topical drug delivery. Methods: The review examines
ultra-deformable nanovesicle technologies through comprehensive
analysis of their operational mechanisms, including osmotic gradient
exploitation in transfersomes and ethanol-facilitated lipid fluidization
in transethosomes. Performance comparisons with conventional
formulations across various therapeutic applications were conducted
to assess clinical efficacy and delivery capabilities. Result: These
nanovesicular systems demonstrate superior performance in delivering
diverse therapeutic agents to targeted skin layers while effectively
minimizing systemic absorption. The analysis reveals significant
advantages over traditional formulations, with enhanced penetration
capabilities that extend to macromolecular therapeutics and biologics
when integrated with complementary technologies such as microneedle
arrays and iontophoresis. Current research developments focus on
addressing existing limitations through lyophilization techniques,
hybrid polymer systems, and advanced manufacturing processes.
Conclusion: Transfersomes and transethosomes represent a significant
advancement in topical drug delivery technology, offering promising
solutions to longstanding permeation challenges. The future trajectory
toward personalized formulations and sustainable production methods
using plant-derived components indicates their potential to
fundamentally redefine treatment approaches in dermatology,
oncology, and pain management, establishing minimally invasive yet
highly effective therapeutic options as the standard in patient care.

KEYWORDS:  Ultra-deformable  nanovesicles,
transethosomes, topical delivery, dermatology

transfersomes,
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INTRODUCTION

The skin, the body’s largest and most
accessible organ, is a remarkably efficient
barrier, protecting against pathogens, UV
radiation, and dehydration. However, this
same protective function complicates the
delivery of therapeutic agents, rendering
many conventional topical formulations,
such as creams, gels, and ointments,
ineffective for deep-tissue targeting (Bos &
Meinardi, 2000). The stratum corneum, the
outermost skin layer, acts as a selective
gatekeeper, permitting only small,
lipophilic molecules to passively diffuse
through its tightly packed corneocytes and
lipid matrix. This limitation has long
plagued dermatological therapies, with
studies showing that less than 5% of
applied doses penetrate beyond this

barrier, leading to suboptimal
bioavailability and frequent treatment
failures (Prausnitz & Langer, 2008).

The inefficacy of traditional systems is
particularly evident in the delivery of
macromolecules (e.g., peptides, siRNA) and
hydrophobic drugs, which face additional
hurdles due to their size and solubility.
chronic conditions like

Patients with

psoriasis, eczema, or melanoma often
endure repetitive dosing, systemic side
effects, or invasive procedures, highlighting
an unmet need for advanced delivery
platforms (Sala et al., 2018). Advancements

in nanotechnology have opened new

frontiers in topical drug delivery, with
transfersomes and transethosomes
emerging as groundbreaking solutions.
These ultra-deformable, lipid-based
nanovesicles are engineered to navigate the
skin’s complex architecture, enabling
precise delivery of therapeutics to deeper
epidermal and dermal layers. By enhancing
drug solubility, stability, and penetration,
these systems hold transformative
potential for treating chronic skin diseases
localized

(e.g., psoriasis, eczema),

infections, and even skin cancer, while

minimizing  systemic toxicity. Their
versatility extends beyond
pharmaceuticals, with applications in

cosmeceuticals for anti-aging and
antioxidant delivery, further broadening
their societal and commercial impact (Cevc
& Blume, 1992; Touitou et al., 2000).

The urgency to adopt such innovations is
underscored by the global rise in skin
disorders. The World Health Organization
estimates that 30% of people worldwide
suffer from at least one dermatological
condition, a burden exacerbated by aging
factors

and environmental

2016).

populations
(Michalek et al, Concurrently,
patient preferences are shifting toward
non-invasive, pain-free treatments, driving
demand for transdermal systems that

combine efficacy with convenience.
Transfersomes and transethosomes answer

this call, enabling the delivery of biologics,
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antifungals, and chemotherapeutics across
intact skin without needles or patches, a
leap forward for
(Chowdary et al., 2023; Opatha et al.,, 2020;
2022).

precision medicine

Vera Pérez et al, Recent
advancements have further cemented their
potential. Transfersomes, composed of
phospholipids and edge activators like
sodium cholate, deform in response to
osmotic gradients to navigate the skin’s
tortuous pathways (Kadam et al, 2025;
Majumdar et al, 2024). Transethosomes,
enriched with ethanol, exhibit superior
flexibility and lipid bilayer fluidity,
achieving deeper penetration and higher
drug-loading capacities (Marto et al., 2016).
Cutting-edge research now explores hybrid
systems integrating these vesicles with
stimuli-responsive polymers or
microneedle arrays, enabling on-demand
drug release and real-time monitoring (AL-
Japairai et al., 2024; Mukherjee et al., 2021;
Negut & Bita, 2024; Yang et al,, 2019). Pre-
clinical studies for transethosome-based
melanoma therapies and transfersomal
anti-inflammatory agents highlight their
transition from experimental tools to
clinical mainstays, marking a new era in
dermatological care (Abdellatif et al., 2023;
Al-Ameri & Al-Gawhari, 2024; Khan et al,,
2022; Motawea et al., 2024; Mwangi et al,,
2021).

This review presents a comprehensive
research

examination of the current

Ad-Dawaa’ Journal of Pharmaceutical Sciences 8(1)
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landscape surrounding transfersomes and

transethosomes as transformative
technologies in topical drug delivery
systems. Our systematic analysis
synthesizes the substantial body of

evidence demonstrating their efficacy in
both laboratory settings and biological
models. We specifically evaluate their
application as delivery platforms for
conventional pharmaceutical compounds
and complex biological therapeutics,
providing an integrated perspective on
their diverse

performance acCross

therapeutic contexts. The review
deliberately identifies critical knowledge
gaps that exist between the theoretical
advantages of these ultra-deformable
nanovesicular systems and their practical
implementation in clinical settings. By
highlighting these research deficiencies, we
establish a clear roadmap for future
investigations aimed at optimizing these
promising technologies. Our work serves as
both a definitive resource on the current
state of transfersomal and transethosomal
drug delivery and a strategic guide for
advancing these systems toward clinical

translation and commercialization.

TRANSFERSOME: A FLEXIBLE DELIVERY
SYSTEMS

Transfersomes are elastic vesicles with a
sophisticated molecular design, consisting
of one or more phospholipid layers and a

surfactant chain (edge activator), incorpo-
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rating at least one aqueous compartment
surrounded by phospholipid membranes
(Bhasin & Londhe, 2018). These
nanocarriers demonstrate remarkable size
variability, ranging from 30 nm to several

micrometers 2020).

(Balata et al,
Transfersomes represent a revolutionary
drug delivery system that signifies a
breakthrough in modern pharmacological
science. This advanced technology is

strategically  designed to  address

systematic limitations of conventional
treatment methods, particularly regarding
drug penetration through biological

barriers. The unique molecular
construction of transfersomes consists of
phospholipids and surfactants, enabling the
formation of flexible vesicles with
extraordinary mechanical and functional
characteristics (Opatha et al., 2020).

The fundamental mechanism

distinguishing transfersomes from
traditional delivery systems lies in their
remarkably high deformability. These
vesicular structures can undergo significant
shape transformations without
compromising structural integrity, allowing
them to traverse microscopic channels in
the stratum corneum with unprecedented
2023;

Chaurasiya et al, 2019). Most notably,

efficiency (Akombaetwa et al,

transfersomes  possess two  critical
biomechanical properties. First, they can

actively compress or "squeeze" themselves

through narrow cellular pathways. Second,
and perhaps more impressively, they can

fully reshape and reconstruct their

structural integrity after traversing
extremely constricted skin channels or

pores significantly smaller than their

original vesicular dimensions (Onkar
Nandraj et al., 2024). This process is guided
by complex hydration gradients, where
vesicles respond to moisture differences
across various skin layers, facilitating
spontaneous drug molecule transportation

with minimal energy expenditure (Natsheh

& Touitou, 2020). The technological
advantages of transfersomes become
evident in their extensive application

spectrum. The system can transport drug
molecules with both hydrophilic and

lipophilic characteristics, providing
flexibility previously unachievable in

earlier delivery methods (R. S. Kumar &

Pradhan, 2022). Developed clinical
applications encompass diverse
therapeutic categories, including
dermatological treatments with
corticosteroids, systemic antiviral

therapies, and topical anti-inflammatory
interventions (Matharoo et al., 2024). Each
therapeutic category leverages the unique
capability of transfersomes to penetrate
skin barriers with exceptional precision and
efficiency.

Nevertheless, this innovation is not

without challenges requiring continuous

Ad-Dawaa’ Journal of Pharmaceutical Sciences 8(1)
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Figure 1. Schematic illustration of structure and mechanism of transfersomes crossing microscopic
channels in the stratum corneum (reproduced from Ophata, 2020 under the term of CC-BY

4.0 License, copyright 2020 MDPI).

investigative efforts. Formulation

complexity, relatively high production
costs, and in vivo stability variability remain
focal points for advanced research (Grit &
Crommelin, 1993; Iskandarsyah et al., 2018;
Pande, 2023). Researchers persistently
optimize molecular compositions, evaluate
long-term safety profiles, and develop
comprehensive standardization protocols
(Akombaetwa et al., 2023). This systematic
approach aims to accelerate the
transformative potential of transfersomes
technology within modern treatment
landscapes. Philosophically, transfersomes
represent more than mere technological
innovation; they reflect an evolution of
pharmacological thinking that transcends
conventional paradigms. By integrating
advanced molecular engineering principles
with profound understanding of biological
this new

barriers, technology opens

possibilities for more precise, efficient, and

Ad-Dawaa’ Journal of Pharmaceutical Sciences 8(1)

future of medical

defined

treatment appears

increasingly by innovative
approaches like transfersomes, challenging
traditional boundaries in drug delivery

methodologies.

TRANSETHOSOMES: EVOLUTION FROM
TRANSFERSOMES

Transethosomes emerge as a significant
evolution of transfersomes technology,
presenting a revolutionary approach to
topical drug delivery systems. The unique
molecular construction, comprising
phospholipids, ethanol, and surfactants,
creates a delivery platform with highly
sophisticated functional characteristics
(Seenivasan et al., 2025). The presence of
ethanol as a key component distinctively
differentiates transethosomes from
previous delivery systems, introducing a
more complex and efficient penetration

mechanism (Raj et al., 2023).
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The  penetration  mechanism  of
transethosomes is built upon a dynamic
synergy between ethanol and vesicle
deformability. Ethanol functions as an
intelligent penetration enhancer, inducing
structural modifications in skin cell

membranes and increasing stratum
corneum permeability (Chowdary et al,
2023). This process enables vesicles to
penetrate  biological  barriers  with
unprecedented precision while maintaining
the integrity of the drug molecules being
transported (Song et al.,, 2012). The ability
to reversibly modify membrane structure
represents a fundamental technological
advantage. The technological superiority of
transethosomes becomes evident across
three primary dimensions: stability,
penetration, and drug payload capacity.
conventional

Compared to delivery

systems, transethosomes demonstrate
significantly superior chemical and physical
stability (Bin Jardan et al., 2023; Hassan et
al, 2023; Srifiana & Amalia, 2019).
Enhanced penetration capabilities allow
drug molecule delivery to deeper skin
layers, unlocking therapeutic possibilities
previously constrained (Giizel et al., 2022;
Zi et al,, 2024). The increased drug payload
capacity enables

optimal therapeutic

concentrations with minimal active

ingredient usage (Manpreet et al.,, 2025).
Transethosomes are typically

formulated using the thin-layer hydration

Organized stratum
corneum ||ﬂiﬂ mumlayers

Figure 2. Schematic ilustration of penetration
mechanism of transethosomes
(reproduced from Abdulbaqi et al,, 2016
under the term of CC-BY-NC 4.0 License,
copyright 2016 Dovepress).

method, a technique that has proven
remarkably effective in producing vesicles
with precisely engineered characteristics.
Research by Aprianti Aprianti et al. (2023)
and Abdulbaqi et al. (2018) demonstrate
that this approach consistently yields
vesicles with optimal small size, high
entrapment efficiency, and appropriate zeta
potential. By

carefully varying edge

activator concentrations and organic
solvent evaporation time, researchers can
vesicle

significantly influence

characteristics, optimizing their
performance for transdermal applications.
The pharmaceutical potential of

transethosomes is illustrated through
compelling research outcomes. A study by

Qureshi (Qureshi et al., 2023) involving

Ad-Dawaa’ Journal of Pharmaceutical Sciences 8(1)



Ticonazole encapsulation revealed
impressive performance metrics. The
transethosomes demonstrated an

entrapment efficiency ranging from 60.56%
to 86.13%,
percentages between 77.01% and 92.03%.

with drug permeation

The particle size range of 219.1-757.1 nm

further underscores the technology's
precision. Critically, the antifungal activity
of  transethosomes -  encapsulated
Ticonazole showed statistically significant
superiority compared to the market-
standard Canesten, highlighting the
technology's transformative potential.

In the cosmetic domain, transethosomes
have emerged as a groundbreaking delivery
system. Anwar's (Anwar et al, 2018)
research on green tea extract encapsulation
revealed remarkable skin penetration
capabilities, attributed to the synergistic
interactions  between  ethanol and
surfactants within the vesicle composition.
This enhanced delivery mechanism
substantially improves the bioavailability
and efficacy of active ingredients, as
confirmed by Sundar et al. (Sundar et al,
2020). The lipid layers of transethosomes

provide critical protection for encapsulated

substances, preventing environmental
degradation and extending product
effectiveness.  Contemporary cosmetic
applications of transethosomes span

multiple product categories, including anti-

aging creams, moisturizers, and sunscreens.

Ad-Dawaa’ Journal of Pharmaceutical Sciences 8(1)
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Antioxidant-focused formulations
demonstrate enhanced anti-aging
treatments  through improved skin

penetration, as documented by Soradech et
al. (Soradech et al., 2024) and Sguizzato et
al. (Sguizzato et al., 2021). The technology's
site-specific targeting capabilities offer
significant advantages for addressing
specific skin conditions and overall skin
appearance, a point emphasized by Bajaj et
2021). Notably, the

al. (Bajaj et al,

controlled release = mechanisms  of
transethosomes allow for sustained active
ingredient delivery, potentially reducing
application frequency and improving
overall product performance.

The controlled release properties and
superior penetration capabilities position
transethosomes as a revolutionary
approach in drug delivery and cosmetic
technologies. By addressing traditional
limitations in active ingredient delivery,
these sophisticated vesicular systems open
and

new frontiers in pharmaceutical

cosmetic formulations. Researchers
continue to explore and expand the
potential of transethosomes, promising
further innovations in targeted, efficient,
and effective therapeutic and cosmetic
solutions. Nevertheless, research
challenges persist. Formulation complexity,
biological response variability, and the need
for standardized testing protocols remain

focal points of continuous investigation
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(Dehaghani et al., 2021; Manpreet et al,,
2025). Researchers continue to explore
technological boundaries, optimize
molecular compositions, and evaluate long-
term safety profiles (Adnan et al., 2023;
Aodah et al, 2023; Y. Wang et al.,, 2021).
This systematic approach aims not only to
accelerate transethosomes’s potential but
also to open new paradigms in more
efficient

precise, personalized, and

molecular therapy design.
TRANSFERSOME VS TRANSETHOSOMES

Composition and Mechanistic Insights
The fundamental distinction between
transfersomes and transethosomes lies in
their innovative molecular architectures
designed to overcome transdermal drug
delivery challenges. Transfersomes
leverage surfactants as edge activators,
enabling remarkable membrane flexibility
that allows deformation through stratum
corneum pores (Cevc & Blume, 1992;
Dehaghani et al, 2021). In contrast,
transethosomes introduce ethanol (20-
50%) as a dual-action agent, simultaneously
dissolving skin lipids and enhancing vesicle
membrane fluidity (Patil et al, 2024;
Sudhakar 2021). This

et al, unique

composition grants transethosomes a
distinct advantage in penetrating deeper
skin layers. However, the volatile nature of
ethanol presents

a potential stability

challenge, necessitating careful formulation

with polymer binding agents to mitigate
long-term degradation (Chowdary et al,
2025; Mhatre et al, 2024). The delicate
balance between enhanced penetration and
structural integrity becomes a critical

consideration in advanced drug delivery
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Figure 3. Schematic ilustration of the differences
between transfersomes and
transethosomes (reproduced from
Chowdary et al., 2023 under the term
of CC-BY 4.0 License, copyright 2023
Wiley).

Penetration Efficiency and Performance
Dynamics

Empirical research provides compelling
evidence of the divergent performance
characteristics of these innovative delivery
systems. In vivo studies on porcine skin
reveal that transethosomes generate a
vitamin E, caffein, and sinapic acid
penetration flux 1.25-3-fold higher than
traditional transfersomes (Ascenso et al,
2015; Malviya et al., 2023). The ethanol
component strategically reduces stratum
corneum lipid cohesion while maintaining

the vesicle's ability to preserve drug

integrity. Interestingly, the performance

Ad-Dawaa’ Journal of Pharmaceutical Sciences 8(1)
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Table 1. Comparison between transfersomes and transethosomes

Parameters Transfersomes Transethosomes
~ S " - S <00 n
Compositions Phospholipid §urfactant (e.g., sodium Phospholipid ethanol (20-50%)
cholate as edge activator) surfactant
Size range 100 — 300 nm 80 — 200 nm
Penetration mechanism Osmptlc deformation driven by hydration Synergy of ethanol . (disrupting ist.ratum
gradients corneum lipids) + vesicle deformability

5-10 times higher than liposomes; reaches 2-3 times higher than transfersomes;
reticular dermis reaches hypodermis and hair follicles
Prone to aggregation due to surfactants; Ethanol enhances colloidal stability, but

Penetration efficiency

Stability requires lyophilization ethanol volatility requires control
Drue loadine capacit Optimal for small molecules (<10 kDa; Suitable for macromolecules (peptides,
& £ CaPaCY  pydrophilic/lipophilic) siRNA) and hydrophobic drugs

I Reduced efficiency on dry skin; surfactant- Ethanol may irritate sensitive skin;

Limitations . e . .
induced irritation complex formulation requirements

landscape shifts under varying the bilayer's integrity becomes
physiological conditions. In scenarios compromised, resulting in increased
involving low-hydration skin permeability and modest  vesicle

environments, such as psoriatic conditions,

transfersomes  demonstrate  superior

performance  through their unique
hydration-responsive gradient mechanism
(Singh & Awasthi, 2023). This nuanced
behavior underscores the complexity of

transdermal drug delivery technologies.

Stability and Payload Capacity

Stability emerges as a critical parameter
in evaluating these advanced drug delivery
systems. Transethosomes exhibit enhanced
simulated

stability = during

(4°C,

storage

conditions three months), with
ethanol effectively inhibiting phospholipid
oxidation (Abdulbagi et al, 2018).
Nevertheless, the dual-edged impact of
ethanol  concentration on vesicular
structures presents a critical balance. When

ethanol levels exceed the optimal threshold,

Ad-Dawaa’ Journal of Pharmaceutical Sciences 8(1)

enlargement while significantly reducing
entrapment efficiency. Further increases in
ethanol concentration ultimately dissolve
structures

the vesicular completely.

Research indicates two primary
mechanisms for these effects: some studies
demonstrate  that elevated ethanol
concentrations cause hydrocarbon chain
membrane

infiltration, diminishing

thickness and consequently reducing
vesicle dimensions. Alternative research
suggests that ethanol alters the system's net
charge, introducing a degree of steric
stabilization that contributes to decreased
mean vesicle size (Abdulbaqi et al., 2016;
Bendas & Tadros, 2007; Zhou et al,, 2010).
Similarly, transfersomes demonstrate an
after six months

excelent stability

evaluation in two enviromental condition
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(4°C and 25°C) (Hadidi et al,2018;
Mogejwa et al, 2022). Payload capacity
reveals another fascinating dimension, with
transethosomes demonstrating superior
encapsulation efficiency for hydrophobic
compounds like curcumin, achieving 84.21-
91.17% versus 56-82.8 % in transfersomes,
attributed to ethanol's enhanced lipid core
solubilization capabilities (Eleraky et al,
2023; Monga et al,, 2024; Mogejwa et al,,
2022; Vergaraetal., 2023; Xiaoshan Ll et al,,

2021).

Clinical Applications and Case Studies
The landscape of topical drug delivery
has been revolutionized by innovative
vesicular systems that challenge traditional
pharmaceutical limitations. At the forefront
of this technological advancement are
transfersomes and transethosomes, two
sophisticated approaches that promise
enhanced drug penetration and therapeutic
efficacy. The groundbreaking study by
Allam et al. (Allam et al., 2022) on minoxidil
dermal delivery illuminates the remarkable
capabilities of these systems. Focusing on
hair growth treatment, they discovered that
transethosomes demonstrated an
extraordinary penetration depth by 3.36-
fold within 24 hours, compared to a mere
2.84-fold achieved by transfersomes. This
significant difference stems from the unique
molecular architecture of transethosomes,
which incorporate ethanol as a dual-action

agent capable of dissolving skin lipids and

10

enhancing membrane fluidity. The
mechanism of drug delivery becomes
particularly fascinating when examining
cellular interactions. Transethosomes excel
in navigating the complex terrain of skin
layers, strategically disrupting lipid
membranes and facilitating deeper drug
penetration. Their ability to interact more
effectively with cellular structures allows
for more uniform drug distribution, a
critical factor in therapeutic success.

In the realm of cancer therapy, Ferrara et
al. (Ferrara et al.,, 2022) provided further
compelling evidence of transethosomes'
potential. Their melanoma study revealed
that transethosomes reduce migration in
90% of HT-144 melanoma cells, compared
to just 80% when using traditional
transfersomes. This remarkable difference
highlights the sophisticated mechanism by
which ethanol-enhanced vesicles can
improve drug internalization and cellular
responsiveness. The molecular dynamics
underlying these systems are intricate and
nuanced. Transfersomes rely on surfactants
as edge activators, creating ultraflexible
vesicles capable of navigating through
stratum corneum pores. Transethosomes,
by contrast, leverage ethanol's unique
properties to create a more dynamic and
penetrative delivery system. The ethanol
component not only reduces lipid cohesion
but also enhances the overall fluidity of the

drug carrier.

Ad-Dawaa’ Journal of Pharmaceutical Sciences 8(1)



Table 2. The application of transfersomes and transethosomes in clinical field.

Transfersomes & Transethosomes in Topical Therapy

Application Formulation Study design Key findings References
Diabetic treatment Insulin-loaded in vivo Significantly reduce glucose (Cevc,2003; Ceve
transfersomes levels. et al., 1998)
.. Corticosteroids- Improved  pharmacological (Cevc etal., 1997,
Anti-inflammatory Lo . .
therapy loaded In vivo potency in low dose with Cevc & Blume,
transfersomes prolonged effect. 2004)
Anti-inflammato Triamcinolone/a Reduce therapeutic dose by (Ceve & Blume,
™' cetonide-loaded  in vivo 10-fold and prolonged anti- 2003)
therapy .
transfersomes inflammatory effect

Lidocain-loaded

Increase anasthetic effect by
elevating skin permeation

Enchanced antioxidant activity
by increasing magiferin to
keratinocytes

Significantly reduce rate of
edema in mucolosceletal-
related disorders

Avoid first-pass effect, reduce
therapeutic dose and organ
toxicity

Enhanced photoprotection
effect, skin penetration and

(Bnyan et al,
2019; Omar et al.,
2019)
(Sguizzato et al.,
2021)

(Kaul et al., 2022)
(L. Kumar &
Utreja, 2019)

(Basto et al.,
2021)

Anasthesia In vivo/Ex vivo
transfersomes
Mangiferin-
Antioxidant loaded In vitro
transethosomes
N
Muscolosceletal aproxen L
. sodium-loaded In vivo
pain management
transethosomes
. Propanolol HCI-
Hypertensive . L,
yp v loaded In vitro/In vivo
treatment
transethosomes
Niacinamide-
Cosmetics loaded In vitro
transethosomes

controlled drug release of
niacinamide

CHALLANGES AND LIMITATIONS OF

TRANSFERSOMES AND
TRANSETHOSOMES

The realm of pharmaceutical
nanotechnology  presents remarkable

opportunities and formidable challenges
through transfersome and transethosome

drug delivery systems. These innovative

molecular carriers represent a
sophisticated approach to enhancing
topical drug administration, yet they

remain constrained by complex scientific
and economic limitations that demand

comprehensive strategic resolution

(Dehaghani etal., 2021; Opatha et al., 2020).
Long-term stability emerges as the most

critical challenge confronting these

advanced drug delivery  systems.

Ad-Dawaa’ Journal of Pharmaceutical Sciences 8(1)

Phospholipid-based carriers demonstrate

significant vulnerability to molecular

degradation mechanisms, including
oxidative processes, surfactant hydrolysis,
and structural instability (Siriwardane et
al,, 2020). Mogejwa et al. (Mogejwa et al,,
2022) documented dramatic structural
transformations in transfersomes, with
particle sizes expanding from 102 nm to
130 nanometers within three months of
due to

room-temperature  storage

phospholipid oxidation and surfactant
degradation. Various studies have proposed
multiple innovative stabilization strategies
to address these fundamental challenges.
Lyophilization techniques utilizing
cryoprotectants like trehalose and sucrose

offer promising avenues for extending

11
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system stability up to six months (Lu et al.,

2024). In addition, another proposed
alternative approaches involving hybrid
formulation technologies, such as
combining transethosomes with stimuli-
responsive polymers can be used for
mitigating physical degradation processes
(Cunha et al.,, 2025; De Leo et al.,, 2021;
Soomherun et al,, 2024).

Economic constraints further complicate
transfersome and transethosome
development. The production requires
pharmaceutical-grade surfactants and edge
activators with extraordinary purity levels,
dramatically increasing raw material costs

2017). Kumar and

(Yadav et al,
Rajeshwarrao (G. P. Kumar & Rajeshwarrao,
2011) noted that sodium deoxycholate and
specialized phospholipids can be two to
three times than

more  expensive

conventional surfactant alternatives.

Transethosome formulations introduce

additional economic complexity, with
pharmaceutical-grade ethanol increasing
production expenses by 30-40% compared
to  traditional

liposomal  systems.

Additionally, manufacturing processes
present equally intricate challenges. Precise
membrane extrusion through ultra-fine
polycarbonate = membranes  demands
technological sophistication. Jain et al. (Jain
et al, 2015) highlighted the necessity of
maintaining narrow deviation margins
uniformization,

during particle size

12

requiring advanced microfluidic

technologies to reduce material waste.
frameworks

Furthermore, Regulatory

present another substantial obstacle.
Current FDA/EMA guidelines lack specific
provisions for nano-drug delivery systems,

creating commercialization barriers.

FUTURE PROSPECTIVES AND
OPPORTUNITIES

Integration with other delivery
technologies

The convergence of transfersome and
transethosome technologies with cutting-
edge delivery methods presents
revolutionary opportunities in transdermal
drug administration. Microneedle and

iontophoresis technologies offer

particularly promising synergistic potential
for enhancing drug delivery mechanisms.
create

Microneedle technologies

micropores in the stratum corneum,

facilitating the penetration of nano-vesicles

into deeper skin layers. A groundbreaking

study on telmisartan delivery
demonstrated that combining
transethosome with iontophoresis

dramatically improved drug bioavailability,
increasing it by 1.85 times compared to oral
routes while reducing peak concentration
time by 50% (Teaima et al, 2021).
lontophoresis leverages low-level electrical
currents to propel charged molecules

through the skin, while microneedles addr-

Ad-Dawaa’ Journal of Pharmaceutical Sciences 8(1)



ess traditional vesicle size limitations.
Experimental research using recombinant
human growth hormone (rhGH) in mouse
models confirmed that the combination of
microneedle technology and iontophoresis
could enhance drug flux up to 10 times
compared to passive delivery methods
(Noh etal., 2018). This innovative approach
not only expands the range of deliverable
drugs, including macromolecules exceeding
500 Dalton, but also enables more precise
dosage control through closed-loop
systems (Gujjar & Banga, 2014; G. Wang et

al,, 2025).

Personalized Therapy and Biological
Drug Potential
Transfersome and transethosome
technologies offer an ideal platform for
interventions,

personalized therapeutic

particularly in treating skin cancer,

autoimmune diseases, and metabolic

disorders. By modifying vesicle

composition, such as phospholipid-
surfactant ratios or ethanol concentrations,
these systems can be tailored to individual
patient profiles based on specific skin
biomarkers like pH, sebum levels, and
stratum corneum thickness (Chowdary et
al, 2023). For instance, quercetin-loaded
transethosome formulations targeting
melanoma demonstrated a remarkable
90% increase in cancer cell apoptosis

compared to conventional transfersome
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systems (Ferrara et al, 2022). This
enhanced efficacy stems from ethanol's
unique ability to dissolve target -cell
membrane lipids. Biological  drugs,
including proteins (insulin, monoclonal
antibodies) and nucleic acids (siRNA,
mRNA), have shown particular promise.
Successful trials have demonstrated the
delivery of anti-diabetic insulin to the
dermis, effectively reducing blood glucose
without

levels enzymatic

(Nabila et al., 2024; Padma Prashanthini et

degradation

al, 2023). Transethosome technologies

have demonstrated the capacity to
transport high-molecular-weight peptides
(>20 kDa), such as recombinant human
growth hormone, with no toxicity against
fibroblast cells (Azimi et al, 2019). This
approach holds significant potential for
topical gene therapy and immunotherapy
with minimal systemic effects.

Material Innovation: Natural and
Biodegradable Approaches

The emerging trend toward natural and
biocompatible materials represents a
critical innovation in transfersome and
transethosome development. Researchers
are exploring plant-based phospholipids
like soybean lecithin and biocompatible
surfactants derived from coconut oil to
reduce dependence on synthetic materials.

Soybean lecithin-based transethosome for-
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Figure 4. Schematic ilustration of personalized application design of transfersomes/transethosomes by

surface functionalization (reproduced from Chowdary et al,

License, copyright 2023 Wiley).

mulations for human growth hormon have

demonstrated remarkable stability,
maintaining chemical integrity for four
weeks at room temperature with maximum

delivery amount of 489.54 ng/cm2 (Kateh

Shamshiri et al, 2019). Additionally,
biodegradable polymers such as poly
(lactic-co-glycolic acid) (PLGA) and

chitosan are being integrated into vesicle
structures to enhance drug release control.
Innovative stimulus-responsive materials
are emerging as another exciting
development (Estupifian et al.,, 2021; Nojoki
et al, 2022). Transethosome systems
incorporating marine collagen can now
release drugs "on-demand" when exposed
to body temperature, significantly reducing
premature drug leakage. This approach is
particularly relevant for skin areas with
temperature variations or inflammatory

conditions (Han et al., 2021).
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CONCLUSION

Transfersomes and transethosomes
represent a paradigm shift in topical drug
delivery, offering unprecedented solutions
to the long-standing challenge of bypassing
formidable barrier. These

the skin’s

nanovesicles, with their unique
deformability and penetration-enhancing
properties, have demonstrated remarkable
efficacy in delivering both hydrophilic and

hydrophobic therapeutics to deeper skin

layers, outperforming conventional
formulations like creams and gels. By
exploiting osmotic gradients

(transfersomes) or ethanol-mediated lipid
disruption (transethosomes), they achieve
targeted delivery while minimizing
systemic exposure, a critical advantage for
chronic conditions. Despite their promise,
challenges such as long-term stability,

production costs, and limited clinical valid-
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ation remain significant hurdles. For

instance, phospholipid degradation in
transfersomes and ethanol volatility in
innovative

transethosomes necessitate

stabilization strategies, including
lyophilization and hybrid formulations with
biodegradable polymers. However,
emerging technologies like microneedle
integration and iontophoresis are poised to
amplify their potential, enabling deeper
penetration of biologics such as siRNA and
monoclonal antibodies. The future of these
lies in and

systems personalization

sustainability. Biomarker-driven
formulations tailored to individual skin
profiles and eco-friendly materials like
plant-derived phospholipids could
democratize access while reducing costs. In
essence, transfersomes and
transethosomes are not merely incremental
improvements but revolutionary tools
redefining topical therapy. As research
bridges existing gaps, these systems could
transform dermatology, oncology, and pain
in an era of

management, ushering

precision medicine where effective,

minimally invasive treatments become the

norm rather than the exception.
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