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ABSTRACT
A potential development in medication administration, transferosomes are lipid-based vesicles 
that have been designed with edge activators, especially for transdermal and transmucosal 
uses. Transferosomes, which are mostly made of phospholipids enhanced with surfactants, 
are remarkably flexible and facilitate the effective passage of both hydrophilic and lipophilic 
medicines across biological barriers. Because of their deformability, drugs can more easily pass 
through microscopic pores and intercellular gaps. A wide variety of pharmaceuticals may be 
encapsulated in transferosomes, which have benefits include prolonged release patterns, defence 
against enzymatic degradation, and the ability to encapsulate both lipophilic and hydrophilic 
compounds at the same time. They are useful for systemic and topical drug administration due to 
their capacity to evade hepatic first-pass metabolism; they may also find use in targeted treatment 
and extended-release formulations. Despite their benefits, transferosomes have drawbacks, 
such as the high expense of Chemical instability and natural phospholipids. Exact control over 
vesicle properties is possible by a variety of production techniques, including as centrifugation, 
sonication, and thin film hydration. size analysis, entrapment efficiency, deformability, and 
stability assessment are all included in characterization approaches. Transferosomes are useful 
for delivering tiny molecules, proteins, and peptides. They can also be used to improve oral 
bioavailability, improve topical medication administration, and perhaps transform vaccine 
delivery and ocular applications.

Keywords: Transferosomes, Lipid-based vesicles, Transdermal, Entrapment efficiency, 
Phospholipids.

INTRODUCTION

As a means of delivering drugs, lipid-based vesicles or carriers 
known as transferosomes have been created.1 Like liposomes, 
transferosomes are composed of phospholipids, but with the 
addition of edge activators that increase the deformability 
and flexibility of the vesicle. Because of this special property, 
transferosomes are especially useful for transdermal and 
transmucosal drug delivery.2 Transferosomes major goal is 
to overcome the drawbacks of conventional drug delivery 
penetration.3 By driving them through tiny pores and 
intercellular spaces and increasing their ability to deliver 
drugs past biological barriers, transferosomes can drastically 
deform when edge activators are added.4 Typically, surfactants 
or penetration enhancers like sodium cholate, tween 80, or 

span 80 are used as edge activators in transferosomes.5 These 
edge activators break up the vesicle's lipid bilayers, lowering 
interfacial tension and boosting lipid membrane fluidity.6 Due 
to their great deformability and elasticity, transferosomes can 
encapsulate a variety of medicines, including hydrophilic, 
lipophilic, and macromolecular substances.7 Due to their bilayer 
shape, transferosomes have the unique capacity to concurrently 
encapsulate both hydrophilic and lipophilic medicines. They are 
versatile carriers for a range of medicinal drugs because of this 
characteristic. Transferosomes can also enhance the stability of 
the encapsulated medicines, prevent degradation, and create a 
sustained release profile.8

One of the main uses for transferosomes is the administration 
of medications via the skin. By bypassing the digestive tract 
and avoiding first-pass metabolism, they can effectively carry 
medicines past the skin barriers and into the systemic circulation. 
This method of administration has a number of advantages, 
such as extended drug release, fewer side effects, better patient 
compliance and the potential for localised drug delivery to 
particular areas.9
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ADVANTAGES

Given their architecture, which combines hydrophobic and 
hydrophilic elements10 transferosomes may hold drugs with 
different solubilities and can bend and pass through small 
openings with little loss, therefore enclosing them.11

They protect the medication inside the capsule from enzymatic 
and metabolic deterioration.12

They can be used to deliver medications systemically and 
topically.13

They can serve as depot formulations to gradually release the 
medication they contain.14

This system's great deformability makes it possible for 
intact vesicles to penetrate more effectively. Both low and 
high-molecular-weight medications, such as insulin, albumin, 
sex hormones, corticosteroids, analgesics, and anaesthetics, can 
be transported by them.15

They are similar to liposomes in that they are formed of natural 
phospholipids, making them biocompatible and biodegradable.16

When it comes to lipophilic medications, their entrapment 
efficiency is about 90%.17

Because they prevent needless usage or ingredients that are 
undesirable for use in pharmaceuticals, they are simple to scale 
up.18

It boosts bioavailability by bypassing hepatic first-pass 
metabolism. 19

It has a long shelf life and can be used for medications with a short 
half-life, a small therapeutic window, and poor oral absorption.20

LIMITATIONS

Transferosomes cannot be widely used as drug delivery vehicles 
because of the high expense of formulations resulting from the 
natural phospholipids' purity requirements.21

The oxidative damage-prone chemical instability of 
transferosomes can be greatly reduced by degassing and removing 
inert gases such as nitrogen and argon from the aqueous media.

The difficulty of obtaining pure natural phospholipids is another 
barrier to using transferosomes as a drug delivery mechanism. 
As a result, synthesised phospholipids may be employed as 
substitutes.22

Transferosome formulation costs are largely determined 
by the cost of lipid excipients and production equipment. 
Phosphatidylcholine is the most commonly used lipid component 
because of its low cost.23

MECHANISM OF ACTION

Made of amphiphilic molecules arranged in a bilayer 
configuration, vesicles are a flexible drug delivery system that can 
hold both hydrophilic and hydrophobic drugs.24 Transferosomes 
are a promising method for targeted drug delivery across 
biological barriers because of their exceptional deformability 
and self-optimizing nature.25 They also work well at bridging the 
epidermal barrier. By disrupting intercellular lipids in the stratum 
corneum, they get past the skin's internal sealing lipids and may 
improve medication delivery.26 After penetration, transferosomes 
serve as complete drug delivery systems, therefore the carrier 
must proliferate and elude hydrophilic skin pores.27 Similar to 
traditional endocytosis, intracellular drug administration may 
employ the diffusion of vesicle-lipid bilayers with cell membranes, 
utilising contemporary mechanical and osmotic force ideas.28 

Figure 1:  Structure of transferosomes.
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Penetrants may be able to pass through the epidermal barrier via 
one of the following routes: across the intact horny layer, through 
sweat glands, hair follicles, and sebaceous glands that are linked.29

STRUCTURE AND COMPOSITION

Structure

The membrane of transferosomes, artificial vesicles modelled 
like cell vesicles, is flexible and self-regulating, providing the 
possibility of controlled and possibly targeted drug delivery.30 The 
structure was represented in Figure 1.

Phospholipids

Phospholipids are the principal constituents of the lipid 
bilayer. They are essential for the creation of vesicles and the 
preservation of structural integrity in transferosomes because 
they have amphiphilic characteristics, with hydrophilic heads and 
hydrophobic tails.31

Surfactants

Transferosome formulations frequently contain surfactants 
or edge activators to improve the lipid bilayer's elasticity and 
flexibility. They enhance vesicle deformability by lowering 
cohesive forces between lipid molecules.32

Composition

In an aqueous media, phospholipids self-assemble into pliable 
lipid bilayers to produce vesicles that can be destabilised by 
edge activators or single-chain surfactants to increase fluidity 

and elasticity.33 Surfactant concentration and ratios in relation 
to phospholipids control the flexibility of vesicle membranes, 
lowering the possibility of vesicle rupture during skin application 
and permitting nonocclusive adhesion to the epidermal 
osmotic gradient. Variations in lipid types, vesicle properties, 
and surfactant composition have a significant impact on how 
well transferosomes enhance penetration. The components are 
mentioned in Table 1.

Method of Preparations
Thin film hydration technique

The three-step thin film hydration process forms transferosomes. 
First, a thin film is created by mixing phospholipids, surfactant, 
and vesicle components in chloroform methanol; second, the 
solvent is removed using a rotary evaporator at a temperature 
above the lipid transition temperature35 and third, the thin film 
is hydrated with pH 6.5 buffer, spun, and expanded at room 
temperature. To achieve the desired sizes, the resultant vesicles 
are homogenised and manually extruded through polycarbonate 
membranes after undergoing freezing, sonication, or both.36

Sonication and vortexing

Critical techniques in transferosome-lipid-based vesicle synthesis, 
sonication and vortexing, use high-frequency sound waves 
and mechanical agitation, respectively, to generate micro-scale 
disruptions that support vesicle formation, improve stability for 
drug transport, and generate flexible transferosomes for efficient 
drug delivery through biological barriers such as the stratum 
corneum of the skin.

Modified handshaking method

Both the modified handshaking method and the rotary 
evaporation sonication method work on similar principles: an 
organic solvent, phospholipids, lipophilic medication, and an 
edge activator are dissolved to form a transparent solution in a 
round-bottom flask. The solvent is then removed by handshaking, 
and the solution is hydrated with a suitable buffer solution to 
form a film.37

Suspension homogenation method

Lipid-based vesicles called transferosomes are designed to 
improve the delivery of medication because of their remarkable 
deformability and drug-carrying capacity. To do this, lipid 
components are dispersed in an aqueous phase to generate a lipid 
suspension. Next, lipid aggregates are sized down via high-speed 
homogenization, which forms tiny vesicles. This method is 
beneficial for pharmaceutical and biological applications, 
especially in production scaling and maintaining consistent 
vesicle quality, since it provides exact control over vesicle size, 
ensuring homogeneity and stability.38

Components Example Uses
Phospholipids Soya phosphatidyl 

choline, egg 
phosphatidyl 
choline, and 
dipalmitoyl 
phosphatidyl 
choline.

Vesicles forming 
complexes.

Surfactants Sodium 
cholate, sodium 
deoxycholate, 
Tween-80, and 
span-80.

For providing 
flexibility.

Alcohol Ethanol, methanol. As a solvent.
Buffering agent Saline phosphate 

buffer (pH
6.4).

As a hydrating 
medium.

Dye Rhodamine 123, 
Nile red.

For Confocal 
Scanning Laser 
Microscopy 
(CSLM).34

Table 1:  Components of transferosomes.
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Reverse-phase evaporation method

Lipid-based vesicles called transferosomes are employed in drug 
delivery systems. When lipids are dissolved in an organic solvent 
to form an organic phase, they are produced. The medicinal 
ingredient is added together with an aqueous phase to create a 
Water-in-Oil (W/O) emulsion. The organic solvent evaporates 
during the emulsification process, producing concentrated 
transferosomes that may include hydrophilic and hydrophobic 
medications inside the vesicles. This versatile technique can be 
applied to a variety of drug delivery circumstances, including 
transdermal distribution and targeted therapy.

Ethanol injection method

Transferosomes stabilised by ethanol are formed when a lipid 
solution dissolved in ethanol is delivered into an aqueous phase 
containing the drug, causing fast mixing. Medications that are 
susceptible to organic solvents are best suited for this approach. 
To form the organic and aqueous phases, which are both heated 
to 45–50°C, phospholipid, edge activator, and lipophilic drug are 
dissolved separately in ethanol, while water-soluble components 
are dissolved in phosphate buffer.

Centrifugation process

After dissolving the medication, phospholipids, and surfactants 
in alcohol, the solvent is extracted using rotary evaporation at 
low temperatures and low pressure. After that, hoover is used to 
get rid of any solvent residue. After obtaining the lipid layer, it is 
hydrated with the suitable buffer by centrifugation at 60 rpm for 
an hour at room temperature. This is followed by vesicle inflating 
for 2 hr and another room-temperature sonication cycle.

Freeze the process

After dissolving lipids and surfactants in an organic solvent, 
lipid bilayers are broken up by repeatedly freezing and thawing 
the mixture, which creates tiny multilamellar vesicles that have 
improved drug encapsulation properties.

High-pressure homogenization technique

A comprehensive and effective technique for generating 
transferosomes is high-pressure homogenization, which involves 
passing a lipid mixture including surfactants and phospholipids 
through a narrow-gap homogenization device several times. Lipid 
bilayers are broken apart by this mechanical shearing, resulting in 
uniformly sized, tiny transferosomes.39

CHARACTERIZATION

Vesicle size, zeta potential and morphology

Vesicle size determination is crucial for the synthesis of 
transferosomes, batch-to-batch comparison, and scale-up 
processes. The physical stability of the formulation is impacted by 

changes in vesicle size throughout storage. Vesicles smaller than 40 
nm are more likely to proceed through fusion processes because 
of their high curvature, whereas larger transferosomes are pulled 
together by van der Waals interactions. Techniques like Photon 
Correlation Spectroscopy (PCS) and Dynamic Light Scattering 
(DLS) are used to quantify vesicle size. Zeta potential influences 
stability and may be measured with the use of electrophoretic 
mobility. Transferosome vesicles can be seen with phase contrast 
microscopy or Transmission Electron Microscopy (TEM).40

Transmission Electron Microscopy (TEM)

To view the morphology of transferosomes, TEM is used. Through 
TEM visualisation of the vesicles, scientists may evaluate their 
integrity, form, and structural attributes. With this method, the 
internal composition and surface morphology of transferosomes 
may be thoroughly examined, yielding important data for 
formulation optimisation and quality assurance.

Entrapment Efficiency Determination

An indirect method utilising the centrifuge technique is used to 
measure entrapment efficiency. Using an analysis of the released 
drug in the supernatant, this technique calculates the quantity of 
drug entrapped within transferosomes. Assessing the entrapment 
efficiency of transferosomes is essential for determining their 
drug-loading capacity and maximising the effectiveness of their 
drugdelivery.41

Zeta potential measurement

The electrophoretic mobility technique is used to detect zeta 
potential using devices such as the Malvern Zetasizer. This 
quantity represents the transferosomes' surface charge, which 
affects their interactions and stability. Zeta potential tests shed 
light on transferosomes' electrostatic characteristics, which helps 
with formulation optimisation and performance assessment.42

Stability Studies

In stability investigations, formulation integrity and performance 
consistency are ensured by monitoring changes in transferosomes 
over time. Researchers may assess transferosomes physical and 
chemical stability which is essential for preserving product quality 
and efficacy by keeping them under particular circumstances and 
examining their features after a predetermined amount of time.43

APPLICATIONS

Transferosomes are incredibly flexible for delivering a variety 
of therapeutic materials, such as proteins, peptides, and small 
molecules, and are particularly effective at encapsulating both 
hydrophilic and lipophilic medicines.44

Transferosomes improve the delivery of topical drugs by 
penetrating the stratum corneum, the skin's topmost layer. This is 
especially useful for delivering drugs that are difficult to cross the 
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epidermal barrier, such as corticosteroids and some antibacterial 
agents.45

For drugs that require extended-release profiles or have restricted 
bioavailability, transdermal patches containing transferosomes 
provide a handy and non-invasive way for regulated and sustained 
drug release through the skin. 46

Enclosing poorly water-soluble pharmaceuticals within lipid 
bilayers, transferosomes improve treatment outcomes by 
overcoming low solubility difficulties and increasing the oral 
bioavailability of particular medications.47

Transferosomes have the ability to increase antigen uptake by 
antigen-presenting cells, which has important ramifications for 
vaccine delivery and makes them an essential tool in vaccine 
development since they may stimulate a more robust immune 
response.48

Transferosomes have the potential to optimise drug delivery to 
the eye and boost therapeutic efficacy in ophthalmic applications 
such as eye drops or gels.49

CONCLUSION

Transferosomes, which have better penetration, deformability, 
and versatility in encasing different molecules, represent a 
substantial development in transdermal drug delivery. Flexibility, 
integrity, and stability are dependent on the critical component 
of the formulation in particular, the ratio of the edge activator to 
phospholipids. When this field of study develops, transferosomes, 
with their capacity to carry a variety of chemicals, hold great 
promise for improving the viability and efficacy of transdermal 
drug delivery.
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