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ABSTRACT

The skin's barrier function presents a significant obstacle for simple, non-invasive drug delivery
methods. Conventional liposomes and niosomes are not well-suited for transdermal delivery
because they struggle to penetrate the skin effectively, are prone to instability and drug leakage,
and often clump and merge together. Transfersomes, designed specifically to overcome these
limitations, offer a promising alternative. Transfersomes, however, are specifically engineered
to address these shortcomings. These artificially created vesicles are designed to emulate the
behavior of natural cell vesicles or cells undergoing exocytosis. The ultra-deformable lipid
membranes of Transfersomes allow them to potentially overcome the challenges of transdermal
delivery. This paper provides a comprehensive exploration of Transfersomes, covering their
composition, mechanism of action, advantages, disadvantages, preparation, characterization,
and diverse applications in pharmaceuticals and biomedicine. Furthermore, the paper discusses

successful research in transferosomal delivery and examples of marketed products,
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highlighting their potential to revolutionize targeted therapies by improving drug delivery

across the skin.

Keywords: transferosomes, TDDS, Film hydration technique, Phospholipids, lipid based

formulations

INTRODUCTION:

Transferosome is the trademarked name for
a proprietary technology developed by the
German company IDEA AG. Essentially, it
refers to their unique delivery system, and
the term's Latin roots can be interpreted as
"body carrying." This name is derived from
the Latin word '"transferre,”" meaning
"carrying across,”" combined with the
Greek word "soma," meaning "body."

A Transfersome is a type of artificially
engineered vesicle that is designed to mimic
the properties of a natural cell vesicle or a
cell undergoing the process of exocytosis.
This design feature makes it an excellent
choice for controlled and potentially
targeted drug delivery. The membrane of a
Transfersome is highly flexible and self-
regulating, which contributes to its
exceptional deformability.

Transdermal drug delivery systems have
gained considerable attention as a
convenient and non-invasive alternative to
traditional methods such as oral and
injectable administrations. This approach
offers several advantages, including
improved patient compliance, reduced side
effects, and the potential for controlled
release of medications. However, one
associated  with

significant  challenge

transdermal drug delivery is the limitation in
permeation across the skin's robust barrier,
primarily formed by the stratum corneum.
To overcome these barriers and enhance
drug permeation, innovative technologies
have been developed, one of which is
Transfersomes. These are ultra-deformable
lipid wvesicles that have demonstrated
promising potential in improving drug
delivery across the skin. Transfersomes are
composed of phospholipids, edge activators,
and occasionally, additional components
such as surfactants or co-solvents. This
unique composition allows Transfersomes
to adapt to the environmental conditions and
deform when subjected to pressure, thus
efficiently transporting drugs through the
skin's pores and across its barrier.
The utilization of Transfersomes in drug
delivery offers several advantages over
conventional transdermal drug delivery
systems.  Firstly, Transfersomes can
significantly improve drug permeation
across the skin due to their high
deformability, allowing efficient drug
transport even through small pores in the
stratum corneum. Secondly, these ultra-

deformable vesicles can encapsulate both

hydrophilic and hydrophobic drugs, thus
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expanding the range of drugs suitable for

transdermal delivery. Thirdly,
Transfersomes can protect the encapsulated
drug from degradation and enzymatic
reactions, ensuring drug stability and
enhancing its bioavailability.

Despite their advantages, Transfersomes
also have limitations and challenges that
need to be considered. The primary concern
is the potential for skin irritation and
sensitization due to the presence of edge
activators, which may limit their
applicability in specific patient populations.
Additionally, the preparation process for
Transfersomes can be complex, requiring
precise control over composition and
manufacturing conditions. Further research
is required to optimize the Transfersomes
preparation process, explore novel edge
activators and excipients that minimize skin
irritation, and evaluate their long-term safety
and efficacy.

Potential applications for Transfersomes
in the pharmaceutical and biomedical fields
are vast and varied. These ultra-deformable
vesicles can be employed for the targeted
delivery of drugs in various therapeutic
areas such as pain management, wound
healing, and dermatology. They also show
promise in cosmetic and personal care
products, where they can enhance the

delivery of active ingredients and improve

product efficacy.

Traditional liposomal and niosomal
systems are not ideal for transdermal
delivery due to their limited skin
penetration, instability, drug leakage, and
tendency to  aggregate and  fuse.
Transfersomes, on the other hand, were
designed to overcome these limitations.
They provide a carrier system that can
deliver both low and high molecular weight
drugs through the skin, thanks to their
specially optimized, ultra-deformable lipid
structures. These structures can penetrate the
intact mammalian skin, making them a
valuable tool in the field of drug delivery.
Transfersomes are a sophisticated type of
vesicular drug delivery system, each
designed to encapsulate and transport
therapeutic molecules. At their core, each
Transfersome features at least a single,
internal, water-based (aqueous)
compartment. This compartment is where
the active pharmaceutical ingredient (API)
or other cargo is typically housed. Crucially,
this aqueous core is completely enveloped
by a lipid bilayer, a structure akin to that of
a cell membrane. This bilayer provides the
necessary barrier to protect the encapsulated
cargo and interacts with the surrounding
biological environment.

The lipid bilayer of a Transfersome is
not simply a standard lipid membrane. It is
specifically and deliberately engineered

through the incorporation of unique

molecules called "edge activators." These
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edge activators are strategically chosen to
impart the Transfersome with its
characteristic flexibility and deformability.
This flexibility is essential, enabling the
Transfersome to squeeze through narrow
openings and navigate complex biological
barriers, like the skin, more efficiently than
conventional liposomes. These specialized
properties are what make Transfersomes so
promising for targeted drug delivery.

These novel carrier systems are typically
prepared and utilized as semi-dilute
suspensions.  This means that the
Transfersomes are dispersed in a liquid
medium — they are not meant to be used as
highly concentrated solutions or through an
occlusive approach, like an ointment. Unlike
some topical delivery vehicles,
Transfersomes typically do not require an
occlusive layer to enhance penetration. They
are designed to penetrate effectively on their
own.

The composition of Transfersomes is
carefully  controlled. =~ Their  primary
components, by percentage, are:

o 10-25% Surfactants: These

surface-active agents are
fundamental to the flexibility and

deformability of the Transfersome

bilayer. They help to reduce surface
tension and allow the bilayer to bend
and change shape as it moves
through tissues. A higher percentage
of surfactant corresponds to
enhanced flexibility.

3-10% Alcohol: An alcohol,
commonly ethanol, is incorporated
as a solvent. This helps to dissolve
the lipids and edge activators during
the preparation process, facilitating
the formation of the bilayer
structure. The alcohol also plays a
role in the stability of the
Transfersome system.

Hydrating Medium: All  these
components are suspended in a
hydrating medium, specifically
saline phosphate buffer maintained
at a pH range of 6.5-7. This buffer
solution is physiologically
compatible, ensuring that the
Transfersomes and their cargo are
stable and do not cause irritation
when in contact with living tissue.
The saline provides isotonicity to
maintain cell integrity and the
phosphate  buffer provides pH
stability [1-3].
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Figure 1: structure of transferosomes [4]

MECHANISM:

Transdermal drug delivery (TDD)
typically relies on one of three main
mechanisms:

The trans-appendageal route, also known
as the shunt route, utilizes hair follicles and
their associated sweat glands to create a
continuous pathway across the stratum
corneum (SC). This route offers a large
surface area for solute diffusion. Factors like
sweating and secretions from sebaceous and
sweat glands influence permeation.
However, hair follicles occupy a small
fraction (approximately 0.1%) of the skin's
surface area and therefore contribute
minimally to overall TDD.

The intracellular route, also called the
transcellular route, involves solute
penetration through the SC by passing
directly through the corneocytes. These are
highly hydrated, keratin-containing dead
cells, with the level of hydration being
influenced by skin moisture and
environmental temperature. This pathway is

more suitable for hydrophilic solutes. Due to

the lipid matrix surrounding these hydrated
keratinocytes, the solute must undergo
multiple partitioning events while traveling
through the skin.

The intercellular route involves diffusion
through the lipid matrix located between the
corneocytes. This pathway represents a
more tortuous route compared to the direct
pathways mentioned before. As the drug
progresses through the epidermal layers, and
encounters a water gradient across the SC,
multiple steps of partitioning and diffusion
are necessary for it to reach the lower viable
epidermis, dermis, and ultimately the
systemic circulation [4-8].

Advantages of Transferosomes:
Improved Drug Delivery: Transferosomes,
due to their flexible and deformable nature,
significantly enhance the delivery of both
small and large drug molecules.
Non-Invasive Administration: This
delivery method provides a non-invasive

alternative to injections, which can improve

patient adherence to treatment plans.
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Precise Targeting: Transferosomes can
deliver drugs directly to the intended site
within the skin, thus minimizing potential
systemic side effects.

Versatile Drug Carriers: The unique
structure of transferosomes, incorporating
both water-loving (hydrophilic) and water-
repelling (hydrophobic) components, allows
them to effectively transport a broad range
of drug molecules regardless of their
solubility.

Exceptional

Deformability: Transferosomes are
incredibly flexible, allowing them to pass
through narrow constrictions that are 5 to 10
times smaller than their own size without
compromising their structure. This property
is crucial for effective tissue penetration.
Reliable and Consistent Delivery: The
self-assembling nature and highly flexible
membrane of transferosomes ensure
consistent and dependable drug delivery
both into and through the skin.

Superior Elasticity: Transferosomes are far
more elastic than conventional liposomes,
enabling them to easily navigate the tight
spaces within the stratum corneum and
overcome skin penetration barriers by
squeezing through the intracellular lipids.
Biocompatible and Efficient: Because they
are made of natural phospholipids, similar to
liposomes, transferosomes have excellent
biocompatibility and biodegradability. They

also exhibit high encapsulation rates,

achieving close to 90% entrapment for fat-
soluble drugs.

Drug  Protection and  Sustained
Release: Transferosomes effectively protect
encapsulated drugs from  metabolic
breakdown. They can also act as drug
reservoirs, providing sustained and gradual
drug release. These vesicles are suitable for
delivering drugs both topically and
systemically.
Enhanced Transdermal
Delivery: Overall, the complex lipid
structure of transferosomes enhances the
rate of drug permeation through the skin,
enables prolonged drug release, and
improves the targeting of active molecules
[9-11].

Challenges and Limitations:
Transfersomes are susceptible to chemical
breakdown due to their vulnerability to
oxidative  degradation, making them
chemically unstable.

The difficulty in obtaining highly purified
natural phospholipids presents a challenge
to the widespread use of transfersomes as
drug delivery systems.

Formulating transfersomes can be costly.
Transfersomes are not ideal for delivering
drugs that require high concentrations in the
bloodstream.

The rate at which transfersome molecules
penetrate the skin is slow.
Transfersomes are not suitable for

administering high doses of medication.
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Their inherent vulnerability to oxidative

degradation renders transfersomes
susceptible to chemical instability [12-15].
Transferosome Transport Mechanism:
Surface Application: Transferosomes are
applied to the skin as a slightly diluted
suspension, targeting the stratum corneum,
the skin's outermost layer.

Enhanced Skin Penetration:

Hydration: The formulation's water content
hydrates the skin, increasing its permeability
for better transferosome penetration.
Flexibility: The presence of edge activators,
such as surfactants like sodium cholate,
sodium deoxycholate, span 80, and tween
80, imparts exceptional deformability to
transferosomes. This allows them to squeeze

through narrow skin pores and between cells

without disruption.

Cellular and Intercellular Passage:
Intercellular  Pathway: Transferosomes
utilize their flexible lipid bilayer to navigate
the complex path through the lipid matrix
between skin cells.

Transcellular Pathway: Transferosomes
can also penetrate directly through skin
cells, maximizing drug delivery.

Delivery to Deeper Layers: As
transferosomes move into the deeper skin
layers, they release their drug payload. This
enables the drug to reach systemic
circulation if needed for whole-body effects.
Controlled Drug Release: The
encapsulated drug is released in the deeper
skin layers in a controlled, sustained
manner, ensuring a long-lasting therapeutic

benefit [16-20].
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Figure 2: The mechanism of action of transfersomes [21]
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Table 1: Additives Used in Transferosome Formulations [22 - 24]
Ingredient Type Examples Functions
Soya phosphatidylcholine, Egg phosphatidylcholine,
Dipalmityl phosphatidylcholine, Distearyl
phosphatidylcholine, Phospholipin, Cholesterol,
o Soyalecnthm, Phosphatldylserlne,.Phospha.tldlc acid, Essential for forming the vesicle
Phospholipids Dioleoyl phosphatidylethanolamine, 1,2-dioleoyl-3- structure of transferosomes
trimethyl ammonium-propane-CDOTAP, Labrafac, :
Olive oil, Soybean oil, Stearic acid, Capmul MCM,
Arachis oil, Compritol 888ATO, Precirol ATO 5,
Captex 200, Labrafac Lipophile WL1349
Sodium cholate, Sodium deoxy cholate, Tween 80, cpars
. . . Enhance flexibility and
Span 80, Stearylamine, Dodecyltrimethyl ammonium o
. e . . deformability of the transferosome
Surfactants bromide, Cetylpyridinium chloride monohydrate, membrane. aiding in passage
Sodium lauryl sulfate, Tween 20, Gelucire 44/14, throu h,narm%v s I:lces g
Span 20, Labrasol, Cremophor EL, Labrafil g P .
Alcohols Ethanol, Methanol Used as solvents in the formulation
process.
Incorporated for visualization and
Dves Rhodamine-123, Rhodamine-DHPE, Fluorescein- tracking of transferosomes in
Y DHPE, Nile red, 6-Carboxyfluorescein confocal scanning laser microscopy
(CSLM) studies.
. o Serve as hydrating media to
. Saline phosphate buffer (pH 6.5), 7% v/v ethanol, s . A
Buffering Agents . maintain a stable environment for
Tris buffer (pH 6.5) .
transferosome formulations.
METHODS OF PREPARATION OF Steps:
TRANSFEROSOMES [26-35] 1. Lipid Solution Preparation:
Transferosomes can be prepared using o Dissolve phospholipids (e.g., soya
several techniques, each designed to phosphatidylcholine) and edge
optimize  vesicle = formation,  drug activators (e.g., sodium cholate,
encapsulation, and stability. The most sodium deoxycholate, Span 80,
commonly used methods include the Tween 80) in an organic solvent such
Shaking Method, Thin Film Hydration, as chloroform or methanol.
Rotary Film Evaporation, Vortexing- 2. Thin Film Formation:
Sonication, Reverse Phase Evaporation, o Remove the organic solvent under
Ethanol Injection, Microfluidic, Freeze- reduced pressure using a rotary
Thaw, Spray Drying, and Supercritical Fluid evaporator, leaving a thin lipid film
Methods. Below is a detailed description of on the inner surface of a round-
each method: bottom flask.
1. Shaking Method for Transferosomes 3. Lipid Film Hydration:
The shaking method is a simple and o Hydrate the lipid film with an

effective approach to preparing

transferosomes, enhancing their ultra-

deformability for improved skin penetration.

aqueous solution (e.g., phosphate-

buffered saline containing the drug).

IJBPAS, September, 2026, 15(9)

4431



R, Sunitha et al Research Article
o Gently swirl the flask to evenly Advantages:
hydrate the film and form e Produces highly uniform
multilamellar vesicles. transferosomes.

4. Transferosome Formation via

Shaking:

o Shake the mixture vigorously,
manually or mechanically, for 30-60
minutes to form transferosomes.

5. Size Reduction (Optional):

o Use sonication or extrusion through
polycarbonate membranes to refine
vesicle size.

6. Storage:

o Store in a suitable container under
refrigeration for stability.

Advantages:

o Simple and cost-effective.

e Scalable for larger batches.

e Produces highly flexible
transferosomes.
2. Microfluidic Method

This technique utilizes microfluidic chips to
precisely mix lipid and aqueous phases for
uniform transferosome production.

Steps:

e Lipids and surfactants are dissolved
in a solvent and injected into a
microfluidic device.

e The aqueous phase containing the
drug is introduced at controlled flow
rates.

e Rapid mixing leads to spontaneous

vesicle formation.

e Scalable and reproducible.

o Reduces solvent waste.
3. Freeze-Thaw Method
A technique used to improve vesicle
stability and drug encapsulation efficiency.
Steps:

e Transferosomes are initially
prepared using a conventional

method.

o The vesicle suspension undergoes
repeated cycles of freezing and
thawing to enhance drug retention.

Advantages:

o Improves vesicle stability.

o Increases  drug  encapsulation
efficiency.

e Enhances vesicle fusion properties.

4. Spray Drying Method

This technique converts transferosomes into
a dry powder form for enhanced storage
stability.

Steps:

o Transferosome suspension is

sprayed into a drying chamber.

e Solvent is rapidly evaporated,
forming dry transferosomal powder.
Advantages:
o Improves long-term stability.
o Easier handling and transportation.

o Rehydratable before use.
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5. Supercritical Fluid Method

This method uses supercritical CO: for
solvent removal, producing highly stable
vesicles.

Steps:

e Lipids and edge activators are
dissolved in an organic solvent.

e Supercritical CO: is introduced to
extract the solvent and promote
vesicle formation.

Advantages:

» Eliminates toxic solvents.

e Produces highly stable vesicles.

e Environmentally friendly.

6. Thin Film Hydration Method

This technique is widely used for preparing
transferosomes, yielding vesicles with
properties ideal for skin penetration.

Steps:

1. Lipid Solution Preparation:

Rotary fash evaporalon
———————

Organic solvent containing foey add

o Dissolve phospholipids and edge
activators in an organic solvent like
chloroform or methanol.

2. Thin Lipid Film Formation:

o Transfer the lipid solution to a
round-bottom flask and remove the
solvent using a rotary evaporator.

3. Hydration of the Lipid Film:

o Add an aqueous buffer solution
containing the drug.

o Swirl gently to hydrate the lipid film.

4. Vesicle Size Reduction:

o Sonicate or extrude the MLVs to
obtain transferosomes.

5. Storage:

o Store under controlled conditions.

Advantages:

Hy dration wath buffer of
appropriate pH

_—

Precise control over vesicle size.
High encapsulation efficiency.
Suitable for industrial-scale

production.

Formation of dried film

Dispersion of fatty acid vesicles

Figure 3: Thin Film Hydration Method
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7. Rotary Film Evaporation Method
Also known as the hand-shaking process,
this method is commonly used for
multilamellar vesicle (MLV) preparation.
Steps:
e Dissolve phospholipids and
surfactants in an organic solvent
mixture.
e Apply rotary evaporation to form a

thin lipid film.

Liposome Glycer

e Hydrate with an aqueous drug
solution.
e Use extrusion or sonication to refine

vesicle size.

Advantages:
e Produces stable  multilamellar
vesicles.

o Suitable for large-scale production.

o High drug encapsulation efficiency.

osomes Ethosomes /

= =\ B e 4 o

1 Organic Phase ™\, Organic Phase, ™\ Organic Phase
/" Cholesterol V V. Sodium
o y g~ Deoxycholate

" Ethanol

m s STZL m ST - TR
Evaporation of organic solvent using rotary evaporator | STZL sTZL
¥ N

I 1l

B > ThinFilm B ~— ThinFilm

B > ThinFilm
Rehydration by aq | using rotary evaporator
" J\ M }L /J I\
/ \_ Water / \ - Glycerin / “;/../v Water :

w\‘ Liposomes

3 Glycerosomes

ju

\
W“‘ Transf ¥ Eth

Figure 4: Rotary Film Evaporation Method

8. Vortexing-Sonication Method
This method produces highly uniform
transferosomes using vortex mixing and
sonication.
Steps:

e Dissolve  phospholipids, edge
activators, and the drug in a
phosphate buffer.

e Vortex the mixture to form a milky

suspension.

e Sonicate and extrude through
polycarbonate membranes.
Advantages:
e Produces uniform and small-sized
transferosomes.
e Rapid and efficient vesicle
formation.

o Suitable for heat-sensitive drugs.
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FTX + lipid + EA in I Sonication for 30min |I
PBS (pH 7.4) mixture

e ﬂ

| Centrifugation Freezing (-20°C for 18h)

(3h, 20,000 RPM, 4-C) I<:= |\ Extrusion through 0.2um ‘I — I it eyl eyl S

membrane filter for five times
Three cycles

Free drug analysis
UV spectrophotomety

I PTX ransfersomes |I

Figure 5: Vortexing-Sonication Method

9. Reverse Phase Evaporation Method e Remove non-encapsulated drug via
This method is effective for high drug- centrifugation or dialysis.
loading efficiency. Advantages:
Steps: e High drug-loading efficiency.
o Dissolve lipids in an organic solvent. e Suitable for hydrophilic and
e Introduce an aqueous drug- lipophilic drugs.
containing medium while purging e Produces stable wvesicles with
with nitrogen gas. controlled release properties.

e Sonicate and remove the organic

solvent under reduced pressure.

|
h1-Dec- - 23
ennE | Reverse Phase Evaporation Method |
N i .
[ = = = - Kept at room ( " ;J'
| — I__‘J:'|:| temp.(24 hr) >
Soya lecehitin & Insulin sol
+ cholesterol r 1.40mg/ml
' in water
‘ n

Hydrated using
sodium deoxycolate
PBF 7.4

) — : 3 . - E =
Figure 6: Reverse Phase Evaporation Method
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10. Ethanol Injection Method
Ensures rapid vesicle formation with

controlled particle size.

Steps:

e Dissolve  phospholipids, edge
activators, and lipophilic drugs in
ethanol.

e Dissolve hydrophilic drugs

separately in a phosphate buffer.

o Inject the ethanolic solution into the

e Use a vacuum evaporator to remove
ethanol.

e Sonicate for particle size reduction.
Advantages:

e Produces small, stable vesicles.

o Efficient for drug encapsulation.

e Quick and reproducible method.
Each of these methods offers distinct
advantages, allowing researchers to select

the best approach based on drug properties,

aqueous phase with stirring. required vesicle size, and intended
application.
Lipid molecules
dissolved in organic
/ solvents
- —
e - ‘
Aqueous solution E ti |
containing CD/drug —T =T [ges
= < ) 2
inclusion complex
Stirring

x Lipid molecule

@ Cyclodextrin
® Hydrophobic drugs

Figure 7: Ethanol Injection Method

Characterization of Transferosomes [35- o
39]:
Vesicle Size Distribution and Zeta
Potential

Vesicle size, size distribution, and zeta
potential are determined using a Malvern
Zetasizer with a Dynamic Light Scattering
system.

Vesicle Morphology

Vesicle diameter is measured using photon
correlation spectroscopy or dynamic light
scattering (DLS). Samples are prepared in
distilled water, filtered through a 0.2 mm
membrane, and diluted with filtered saline
before DLS measurements. Transfersome
vesicles can be visualized using techniques
like TEM (transmission electron microscopy)

or phase contrast microscopy. Vesicle

stability is assessed by monitoring size and
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structure over time using DLS for mean size o

changes and TEM for structural observations.
Vesicle Concentration

Determining the number of vesicles per cubic
millimeter is important for optimizing
formulation composition and processing
variables.  Non-sonicated  transfersome
formulations are diluted five-fold with 0.9%
sodium chloride solution. The concentration
is then determined using a hemocytometer
and optical microscope. The following
formula is used: Total vesicles per cubic mm
= (Total vesicles counted X dilution factor x
4000) / Total squares counted.

Entrapment Efficiency

Entrapment efficiency, expressed as the
percentage of drug entrapped, is determined
by separating unentrapped drug using a mini-
column centrifugation method. Vesicles are
then disrupted using 0.1% Triton X-100 or
50% n-propanol. The entrapment efficiency
is calculated as follows: Entrapment
efficiency = (Amount of drug entrapped /
Total amount of drug added) x 100.

Drug Content

Drug content 1is determined through
instrumental analytical methods, such as a
modified high-performance

chromatography (HPLC) method. This

liquid

utilizes a UV detector, column oven,
autosampler, pump, and a computerized
analysis  program  tailored to

pharmacopoeial drug's analytical method.

Turbidity Measurement

the o

Turbidity, a measure of cloudiness in an
aqueous solution, is determined using a
nephelometer.

Degree of Deformability/Permeability
Deformability and permeability are critical
characteristics of transfersomes. Deformability
is assessed against pure water as a standard.
The transfersome preparation is passed
through a series of micro porous filters with
pore sizes ranging from 50 nm to 400 nm.
Particle size and size distribution are
measured after each passage using dynamic
light scattering (DLS).

Penetration Ability

The penetration ability of transfersomes is
evaluated using fluorescence microscopy.
Occlusion Effect

While occlusion can be beneficial for
traditional topical formulations, it can be
detrimental for elastic vesicles like
transfersomes. The primary driving force for
transfersome permeation through the skin is
hydrotaxis (water movement) from the dry
surface to water-rich deeper regions.
Occlusion inhibits water evaporation from
the skin, affecting these hydration forces.
Surface Charge Density

Surface charge and charge density of
transfersomes are determined using a zeta
sizer.

In Vitro Drug Release

In vitro drug release studies are performed to

determine permeation rate, time to steady-

state permeation, and permeation flux. These
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studies help optimize formulations before
conducting more costly in vivo trials. To
determine drug release, transfersome
suspensions are incubated at 32°C, with
samples taken at different time points. The
free drug is separated using mini-column
centrifugation. The amount of drug released
is calculated indirectly using the initial
entrapped amount as 100% (at time zero).

In Vitro Skin Permeation Studies

In vitro skin permeation studies are carried
out using a modified Franz diffusion cell with
a 50 mL receiver compartment and a 2.50 cm?
effective diffusion area. Goat skin, obtained
from a slaughterhouse and prepared by
removing abdominal hair, is used as the
membrane, with phosphate buffer solution
(pH 7.4) used as the receiving medium.
Physical Stability

To assess physical stability, the initial drug
entrapment percentage is determined in
sealed glass ampoules. These ampoules are
stored at 4 + 2°C. Samples from each
ampoule are then analyzed every 30 days to
measure drug leakage. The percent drug loss
is calculated by using the initial drug
entrapment as 100%.

Applications of Transfersomes [40-45]
Transdermal Drug Delivery:

Enhanced Skin

Penetration: Transfersomes exhibit superior

Sustained Release: They enable controlled

and sustained drug release, which is

particularly advantageous for the
management of chronic conditions.

Topical Medications:

Treatment of Skin Conditions: Transfersomes
are employed to deliver treatments for
various skin disorders including eczema,
psoriasis, and acne.

Localized Pain Relief: They allow for the
targeted delivery of analgesics, providing
localized pain relief without the systemic side
effects of oral medications.

Vaccine Delivery:

Edible  Vaccines: Transfersomes  show
promise in the development of edible
vaccines, offering a more convenient
administration method and the potential to
increase vaccination coverage.

Mucosal Vaccines: They are also suitable
for delivering vaccines to mucosal surfaces,
potentially eliciting a more robust immune
response at the site of pathogen entry.
Ocular Drug Delivery:

Eye Drop Formulations: Transfersomes
can be incorporated into eye drops to improve
the delivery of drugs for treating conditions
like glaucoma and eye infections.

Reduced Administration Frequency: They
provide sustained drug release, reducing the

need for frequent application of eye drops.

skin penetration compared to conventional 5. Hormone Replacement Therapy:

vesicular systems, making them ideal for o

delivering drugs through the skin.

Non-Invasive Delivery: Transfersomes can

deliver hormones like testosterone and
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estrogen, offering a non-invasive approach
to hormone replacement therapy.
Cosmetics and Personal Care: (Note: This
section was originally combined with
anticancer use, I separated for clarity)
Transfersomes are being investigated for
specialized cosmetic and personal care
applications, such as delivering active
ingredients directly to target skin areas.
Cancer Therapy:
Targeted Chemotherapy: Transfersomes
can carry anticancer drugs directly to tumor
sites, minimizing systemic toxicity and
enhancing treatment effectiveness.
Precision  Targeting: They can be
engineered to target specific types of cancer
cells, increasing the precision of cancer
treatment.
Drug Candidates Suitable for
TransferosomalDelivery [46-50]
Transferosomes are highly flexible vesicular
carriers that enhance the transdermal and
targeted delivery of various drugs. They are
particularly useful for drugs with low skin
permeability, poor bioavailability, or
requiring controlled release. Below is a list
of drug candidates  suitable for
transferosomal delivery:
1. Anti-Inflammatory Drugs

o Diclofenac Sodium - Used for

arthritis and musculoskeletal pain

o Ketoprofen —  Effective for
osteoarthritis and joint
inflammation.

o Ibuprofen — Suitable for topical
treatment of pain and inflammation.

o Celecoxib — Selective COX-2
inhibitor for rheumatoid arthritis and
osteoarthritis.

o Meloxicam — Long-acting NSAID
for chronic inflammatory conditions.

o Diclofenac Sodium - Used for
arthritis and musculoskeletal pain
management.

o Ketoprofen —  Effective for
osteoarthritis and joint
inflammation.

o Ibuprofen — Suitable for topical
treatment of pain and inflammation.
2. Hormonal Drugs
o Testosterone — Used in hormone
replacement therapy.

o Estradiol — Delivered transdermally
for menopausal hormone therapy.

e Insulin — Investigated for non-
invasive diabetes management.

3. Anticancer Drugs
o Lapatinib — Used in breast cancer

treatment; transferosomal delivery
improves solubility and
bioavailability.

o Nintedanib — A tyrosine kinase

management. inhibitor for lung fibrosis and
cancer; transferosomes enhance

systemic absorption.
4439
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Tamoxifen — Used for breast cancer
treatment.

5-Fluorouracil (5-FU) — Topical
chemotherapy agent for skin cancer.
Curcumin — Explored for its anti-
cancer properties.

Doxorubicin — An anthracycline

antibiotic used for multiple cancers;

transferosomes help reduce
cardiotoxicity.

Paclitaxel — Used for ovarian,
breast, and lung cancers;

transferosomal delivery improves
solubility and targeted therapy.
Methotrexate —  Applied in
leukemia, lymphoma, and
rheumatoid arthritis; transferosomes
enhance targeted drug delivery.
Gefitinib — EGFR inhibitor used in
non-small cell lung cancer treatment.
Erlotinib — Used in targeted therapy
for lung and pancreatic cancers.
Imatinib — Effective for chronic
myeloid leukemia and
gastrointestinal stromal tumors.
Lapatinib — Used in breast cancer
treatment; transferosomal delivery
improves solubility and
bioavailability.

Nintedanib — A tyrosine kinase
inhibitor for lung fibrosis and
cancer; transferosomes enhance

systemic absorption.

Tamoxifen — Used for breast cancer
treatment.

5-Fluorouracil (5-FU) — Topical
chemotherapy agent for skin cancer.
Curcumin — Explored for its anti-
cancer properties.

Doxorubicin — An anthracycline

antibiotic used for multiple cancers;

transferosomes help reduce
cardiotoxicity.

Paclitaxel — Used for ovarian,
breast, and lung cancers;

transferosomal delivery improves
solubility and targeted therapy.
Methotrexate —  Applied in
leukemia, lymphoma, and
rheumatoid arthritis; transferosomes
enhance targeted drug delivery.
Lapatinib — Used in breast cancer
treatment; transferosomal delivery
improves solubility and
bioavailability.

Nintedanib — A tyrosine kinase
inhibitor for lung fibrosis and
cancer; transferosomes enhance
systemic absorption.

Tamoxifen — Used for breast cancer
treatment.

5-Fluorouracil (5-FU) — Topical
chemotherapy agent for skin cancer.
Curcumin — Explored for its anti-

cancer properties.

4. Antifungal and Antimicrobial Agents
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Miconazole Nitrate — Used for
fungal infections.

Itraconazole — Effective in treating
systemic fungal infections.
Clindamycin — Used for bacterial

skin infections and acne treatment.

5. Cardiovascular Drugs

Timolol Maleate — Used in the

treatment of glaucoma.

Telmisartan —  Explored for
transdermal hypertension
management.

Propranolol — A beta-blocker used
for hypertension and arrhythmias;
transferosomes improve controlled
release.

Amlodipine — A calcium channel
blocker for hypertension;
transferosomal formulation
enhances bioavailability.

Atenolol — A selective beta-blocker
for hypertension and angina.
Nitroglycerin — Used for angina
pectoris;  transdermal  delivery
improves sustained effect.

Timolol Maleate — Used in the

treatment of glaucoma.

Telmisartan —  Explored for
transdermal hypertension
management.

Propranolol — A beta-blocker used
for hypertension and arrhythmias;
transferosomes improve controlled

release.

Amlodipine — A calcium channel
blocker for hypertension,;
transferosomal formulation
enhances bioavailability.

Timolol Maleate — Used in the

treatment of glaucoma.

e Telmisartan — Explored for
transdermal hypertension
management.

6. Dermatological and Cosmetic
Applications

Tretinoin — Used in anti-aging and
acne treatment.

Resveratrol — Investigated for its
antioxidant and skin-rejuvenating
properties.

Capsaicin — Used for pain relief in

arthritis and neuropathic conditions.

7. Vaccine and Peptide Delivery

Insulin — Potential use for diabetes
management.

Edible Vaccines — Under research
for needle-free immunization.
COVID-19 Peptide Vaccines -
Investigated for enhanced mucosal
and transdermal vaccine delivery.
Hepatitis B Vaccine —
Transferosomal formulations studied
for improved immune response.
Influenza Vaccine - Potential

application for needle-free vaccine

delivery via skin absorption.
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e HPV Vaccine — Studied for non-

invasive  immunization against
cervical cancer.

o Rabies Vaccine — Investigated for
potential transdermal administration.

o Insulin — Potential use for diabetes
management.

o Edible Vaccines — Under research
for needle-free immunization.

e COVID-19 Peptide Vaccines -
Investigated for enhanced mucosal
and transdermal vaccine delivery.

o Hepatitis B Vaccine -

Transferosomal formulations studied

for improved immune response.

o Influenza Vaccine - Potential
application for needle-free vaccine
delivery via skin absorption.

o Insulin — Potential use for diabetes
management.

o Edible Vaccines — Under research
for needle-free immunization.

These drug candidates benefit from

transferosomal delivery due to enhanced

bioavailability, reduced side effects, and

improved patient compliance.
Transferosomes represent a promising
approach for  various therapeutic

applications, expanding the potential of non-

invasive and controlled drug administration.

Table 2: Transferosome-Based Transdermal Drug Delivery Systems

13;) Author Drug Lipids Surfactants Conclusion Reference
Transferosomal gel for insulin delivery
. rs Tween 80, shows potential in treating insulin-
1 Jadupati Insulin Soya lecithin, Sodium dependent diabetes mellitus by 51,52]
Malakar Cholesterol PN
deoxycholate maintaining lower blood glucose
levels.
Saced Diclofenac Soya lecithin Transferosomes enhance Diclofenac
2 | Ghanbauzadh, h Y ’ Span 80 ! ) ! [53,54]
. sodium Cholesterol sodium permeation through rat skin.
Sanam Arami
Marwa H Developed transferosomal gel
3 : Ibuprofen Phospholipan Tween 80 demonstrated excellent anti-psoriatic [55,56]
Abdallah -
activity.
. Transferosomal gel effectively delivers
4 Lovely. Ketoconazole P.hosphatldylcho Tween 80, Span ketoconazole for acne treatment with [57,58,59]
Chaurasia line, Cholesterol 80 . .
deeper skin penetration.
Span 80, Sodium
Tizanidine Phosphatidylcho deoxycholate, Prolonged drug release improves
S Moawad F.A HCl line, Cholesterol | Polyoxyethylene efficacy in spasticity treatment. [60,61]
lauryl ether
Curcumin-loaded transferosomal gel
. Phospholipan enhances drug delivery to arthritic
6 Eleesha Sana Curcumin 920G Tween 80 dermal tissue through topical [62,63]
application.
5. Vesiculization enhances topical
7 Iqrar Ali Alvi . - - delivery and cytotoxic effects of 5- [64,65]
Fluorouracil .
Fluorouracil.
Raquel Sodium Transferosomal gel formulation for
q Phosphatidylcho deoxycholate, osteoarthritis treatment with minimal
8 Fernandez- Ketoprofen . . . . [66,67]
. line Tween 80, Span skin and subcutaneous tissue side
Garcia
80 effects.
. . Non-ionic edge Transfersomes show potential as a
9 Pey-VSVl:lluan Resveratrol Phospllliz:lt;dylcho activator, 5% formulation in cosmetic, food, and [68,69]
ethanol pharmaceutical applications.
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. . . Enhanced bioavailability and
10 Shalmaz.\ M Sll(_ienaﬁl Phosph.atldylcho Span 80, Span extended drug absorption using (70,71
Badr-Eidin Citrate line 60 ..
optimized transferosomal films.
Tween 80, Span .
11 | Arthritis Preeti | Celecoxib Lecithin 80, Sodium Transferosomal gel proved effective [72,73]
cholate for rheumatoid arthritis treatment.
Sureewanduan Sodium cholate, MX-loaded transferosomes show
12 it Meloxicam Cholesterol Diacetyl potential as a transdermal therapeutic [74,75]
& phosphate agent.
13 Ved Prakash Tacrolimus Phosph.atldylcho Sodium Trans.ferosor.nes d.en!onstr:a?ed [76.77]
line deoxycholate superior antipsoriatic activity.
. Capsaicin-loaded transferosomes
14 Khomendra Capsaicin Phosph.a tidylcho Tween 80 showed anti-arthritic activity when [78,79]
Kumar Serwa line . . . .
applied topically in arthritic rats.
15 | AmitBhatia | Tamoxifen Lecithin Tween 80 Potential application in psoriasis [80,81]
management.
hosS Ol?:tei?lnlcho Sodium
. . . p p. y' deoxycholate, Skin irritation issues observed in
16 Samin Amin Telmisartan | line, Dipalmitoyl . [82,83]
. Tween 80, Span transferosomal formulation.
phosphatidylglyc 60
erol
Raloxifene Phospholipan Transferosomal formulation with
17 | Mohammad S. phofp Tween 80 sorbitan 80 showed promise for [84,85]
HCl 920G o .
transdermal application.
. . 15% tretinoin formulation showed 2-
18 Andreia Tretinoin PhosPh.a tidylcho Tween 80 fold higher permeation compared to [86,87]
Ascenso line .
20% formulation.
Ahmed A.H. . . Transferosomal gel resulted in 1.2-fold
19 Abdellatif Clindamycin . . higher permeation than control gel. (88,89]
Phosphatidylcho Sodium Transferosomes achieved an 8-fold
20 Wang J Sinomenine P atcy higher steady-state concentration [90,91]
line deoxycholate .
compared to liposomes.
Table 3: Marketed Transferosomal Drug Formulations [91-100]
S. No. Product Name Drug Indication Manufacturer
1 Daktarin Miconazole Nitrate Antifungal Johnson & Johnson Pvt. Ltd.
2 Flexiseq Ketoprofen Osteoarthritis Ascension Healthcare PLC
3 Voltaren Diclofenac Sodium NSAID GlaxoSmithKline
4 Sporanox Itraconazole Antifungal Johnson & Johnson Pvt. Ltd.
Non-Selective Beta-
5 Timoptol-XE Timolol Maleate Adrenergic Receptor Merck & Co.
Antagonist
6 Diractin Ketoprofen Osteoarthritis Novartis Pharmaceuticals
CONCLUSION limitations to fully realize the potential of
Transfersomes are a  groundbreaking Transfersomes. Their ability to deliver

advance in transdermal drug delivery,

offering distinct advantages over traditional

methods.  Their  deformability, self-

optimization, biocompatibility, and high
permeation capacity enable efficient drug

across the skin. Although

like

transport

challenges stability, cost, and

permeation rate variability remain, ongoing

research is focused on addressing these

diverse drugs and target specific areas
makes them a highly promising platform for
future pharmaceutical and biomedical
advancements. As our understanding of
Transfersome technology deepens, its
influence on drug delivery is poised to
revolutionizing

expand, potentially

treatments for numerous diseases.
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