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Transferosomes – A vesicular transdermal delivery 
system for enhanced drug permeation

Abstract

Transdermal administration of drugs is generally limited by the barrier function of the 
skin. Vesicular systems are one of the most controversial methods for transdermal 
delivery of active substances. The interest in designing transdermal delivery systems 
was relaunched after the discovery of elastic vesicles like transferosomes, ethosomes, 
cubosomes, phytosomes, etc. This paper presents the composition, mechanisms 
of penetration, manufacturing and characterization methods of transferosomes as 
transdermal delivery systems of active substances. For a drug to be absorbed and 
distributed into organs and tissues and eliminated from the body, it must pass through 
one or more biological membranes/barriers at various locations. Such a movement of 
drug across the membrane is called as drug transport. For the drugs to be delivered 
to the body, they should cross the membranous barrier. The concept of these delivery 
systems was designed in an attempt to concentrate the drug in the tissues of interest, 
while reducing the amount of drug in the remaining tissues. Hence, surrounding tissues 
are not affected by the drug. In addition, loss of drug does not happen due to localization 
of drug, leading to get maximum efficacy of the medication. Therefore, the phospholipid 
based carrier systems are of considerable interest in this era.
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INTRODUCTION

Liposomes and niosomes are the vesicular carrier systems 
which have received a lot of attention over the last decades 
as a means of transdermal drug delivery. Researchers have 
understood the properties of vesicles structures for use in 
better drug delivery within their cavities, which would to tag 
the vesicles for cell specificity. The reason for using vesicles in 
transdermal drug delivery is based on the fact that they act 
as drug carriers to deliver entrapped drug molecules across 

the skin, as well as penetration enhancers because of their 
composition.[1] In addition, these vesicles serve as a depot 
for the sustained release of active compounds in the case 
of topical formulations, as well as rate limiting membrane 
barrier for the modulation of systemic absorption in the case 
of transdermal formulations. The vesicles have been well 
known for their importance in cellular communication and 
particle transportation for many years.

Liposomal formulations can be classified into two categories: 
Rigid vesicles liposomes and niosomes and elastic or ultra 
deformable vesicles-transferosomes and ethosomes.[2]

Disadvantages of liposomes and niosomes are the following:
• They are not suitable for transdermal delivery because 

they cannot reach the deeper layers of the skin as they 
are trapped in the superior layers of stratum corneum.

• Though vesicular systems assure targeted delivery, in 
most cases the liposomal or niosomal category vesicles 
do not achieve the desired transdermal penetration.[3-6]

A new vesicular derivative, the “transferosomes”, has paved 
the way to minimize the defective transdermal permeation 
of a number of low and high molecular weight drugs,[7] 
which has been found to be one of the major advancement 
in vesicle research.
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Transferosomes are a special type of liposomes, 
consisting of phosphatidylcholine and an edge activator. 
They are soft malleable vesicles tailored for enhanced 
delivery of active agents.[8] They are registered by a 
German company IDEA AG and used by it to refer to its 
proprietary drug delivery technology. The name means 
‘carrying body’ and is derived from the Latin word 
‘transfere’ meaning ‘to carry across’ and the Greek word 
‘soma’ for a ‘body’.

Figure 1 describes the structure of a transferosome. 
A transferosome carrier is an artificial vesicle designed 
to be like a cell vesicle or a cell engaged in exocytosis 
and thus suitable for controlled and potentially targeted 
drug delivery. Transferosome is a highly adaptable, stress 
responsive, complex aggregate. Its preferred form is an 
ultra-deformable vesicle possessing an aqueous core 
surrounded by the complex lipid bilayer. Interdependency 
of local composition and shape of the bilayer makes the 
vesicle both self regulating and self optimizing. This enables 
the transferosomes to cross various transport barriers 
efficiently and then act as a drug carrier for non-invasive 
targeted drug delivery and sustained release of therapeutic 
agents. One of the most controversial methods for drug 
transport across the skin is the use of vesicle formulation 
as skin delivery systems.

USES AND ADVANTAGES OF TRANSFERO-
SOMES

Transferosomes possess an infrastructure consisting of 
hydrophobic and hydrophilic moieties together and as 
a result can accommodate drug molecules with a wide 
range of solubility. Transferosomes can deform and pass 
through narrow constriction (from 5 to 10 times less than 
their own diameter) without measurable loss. [9,10] This 
high deformability gives better penetration of intact 
vesicles.

Transferosomes are self aggregates, with an ultra flexible 
membrane which delivers the drug reproducibly into 
or through the skin. These vesicular vesicles are several 
orders of magnitude more elastic than the standard 
liposomes. Transferosomes overcome the skin penetration 
difficulty by squeezing themselves along the intracellular 
sealing lipids of the stratum corneum.[10] The concept 
of transferosomes as a carrier for transdermal delivery 
was first developed by Cevc and coworkers, in 1992.[11] 
Since then, many investigations have been carried out 
on transferosomes and their possible application as drug 
carriers. Delivery of peptides by transferosomes provides 
a very successful means for the non-invasive therapeutic 
use of large molecular weight drugs like insulin on the 
skin. Hafer et al. studied the formulation of interleukin 2 
and interferon a containing transferosomes for potential 
transdermal application.

Transferosomes for potential transdermal application, 
contain a mixture of lipids and biocompatible membrane 
softeners. The optimal mixture leads to flexibility of 
the elastic liposomal membranes and to the possibility 
of penetration through channels of the skin, which are 
opened by the carriers. Transferosome is a supramolecular 
entity that can pass through a permeability barrier and 
there by transport material from the application to the 
destination site. These are more elastic than the standard 
liposomes and therefore are used as a novel carrier for 
effective transdermal drug delivery.[10,11] They have easily 
deformable properties which make them easily squeeze 
out from the stratum corneum and the mechanism for 
penetration is the generation of ‘osmotic gradient’ due to the 
evaporation of water while applying the lipid suspension 
(transferosomes) on the skin surface.[10] Transferosomes 
penetrate the stratum corneum by either intracellular route 
or transcellular route.[7,9,10] With the excellent distribution 
properties of transferosomes, they have been widely used 
as a carrier for various proteins, anti cancer drugs, anti 
fungal drugs, analgesics, anaesthetics, corticosteroids, sex 
hormone, insulin, albumin etc.[5,10,12]

They are biocompatible and biodegradable as they are made 
from natural phospholipids similar to liposomes. They have 
high entrapment efficiency, which is nearly 90% in the case 
of lipophilic drug. They protect the encapsulated drug from 
metabolic degradation.[12,13] They act as depot, releasing 
their contents slowly and gradually. They can be used for 
both systemic as well as topical delivery of drugs. Thus, the 
complex lipid molecules, transferosomes, can increase the 
transdermal flux, prolong the release and improve the site 
specificity of bioactive molecules.

COMPOSITION AND MECHANISM

A transferosome is a self-adaptable and optimized mixed 
lipid aggregate.

Figure 1: Ultra deformable vesicle
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The surfactant molecules act as “edge activators”, conferring 
ultra deformability on the transferosomes, which reportedly 
allows them to squeeze through channels in the stratum 
corneum that are less than one-tenth the diameter of 
the transferosome. According to their inventors, where 
liposomes are too large to pass through pores of less 
than 50 nm in size, transferosomes up to 500 nm can 
squeeze through to penetrate the stratum corneum barrier 
spontaneously.[14] They suggest that the driving force for 
penetration into the skin is the “transdermal gradient” 
caused by the difference in water content between the 
relatively dehydrated skin surface (approximately 20% 
water) and the aqueous viable epidermis (close to 100%).

Deformability of transferosomes is achieved by using surface 
active agent in the proper ratio. The concentration of surface 
active agent is crucial in the formulation of transferosomes 
because at sublytic concentration these agents provide 
flexibility to vesicle membranes and at higher concentration 
cause destruction of vesicles.[15] The resulting flexibility of 
transferosomal membrane minimizes the risk of complete 
vesicle rupture in the skin and allows the ultra deformable 
transferosomes to change their membrane composition 
locally and reversibly, when they are pressed against or 
attracted into a narrow pore. This dramatically lowers the 
energetic cost of membrane deformation and permits the 
resulting highly flexible particles first to enter and then pass 
through the pores rapidly and efficiently.

The carrier aggregate is composed of at least one amphiphat 
(such as phosphatidylcholine)[16] which in aqueous solvent 
self resembles into lipid bilayer that closes into a simple 
lipid vesicle. By addition of at least one bilayer softening 
component (such as a biocompatible surfactant or an 
amphiphilic drug), lipid bilayer flexibility and permeation 
are greatly increased. Thus, by optimizing the resulting 
flexibility and permeability, the transferosome vesicles 
can adapt to their ambient shape easily and rapidly. 
Thus, they can also adjust the local concentration of each 
bilayer component to the local stress experienced by the 
bilayer. The basic organization of these vesicles is broadly 
similar to liposomes.[17] But the transferosomes differ from 
the conventional vesicles primarily by their softer, more 
deformable, and better adjustable artificial membrane.

Another beneficial consequence of strong bilayer 
deformability is the increased transferosome ability to 
bind and retain water. An ultradeformable and highly 
hydrophilic vesicle always seeks to avoid dehydration; this 
may involve a transport process related to, but not identical 
with, forward osmosis. For example, a transferosome vesicle 
applied on an open biological surface, such as non-occluded 
skin, tends to penetrate its barrier and migrate into the 
water-rich deeper strata to secure its adequate hydration. 
Barrier penetration involves reversible bilayer deformation, 
but must not compromise unacceptably either the vesicle 

integrity or the barrier properties for the underlying 
hydration affinity and gradient to remain in place. Since it 
is too large to diffuse through the skin, the transferosome 
needs to find and enforce its own route through the organ. 
The transferosomes usage in drug delivery consequently 
relies on the carrier’s ability to widen and overcome the 
hydrophilic pores in the skin or some other barrier. The 
subsequent, gradual agent release from the drug carrier 
allows the drug molecules to diffuse and finally bind to 
their target. Drug transport to an intracellular action site 
may also involve the carrier’s lipid bilayer fusion with the 
cell membrane, unless the vesicle is taken up actively by 
the cell in the process called endocytosis.[1,7,11]

Mechanism of Penetration of Transferosomes 

Transferosomes, when applied under suitable condition, 
can transfer 0.1  mg of lipid per hour and square centimeter 
area across the intact skin. This value is substantially 
higher than that typically driven by the transdermal 
concentration gradients. The reason for this high flux rate 
is naturally occurring “transdermal osmotic gradients”, i.e. 
another much more prominent gradient is available across 
the skin. This osmotic gradient that is developed due to 
the skin penetration barrier prevents water loss through 
the skin and maintains a water activity difference in the 
viable part of the epidermis (75% water content) and nearly 
completely dry stratum corneum near to the skin surface 
(15% water content).[14,17,18] This gradient is very stable 
because ambient air is a perfect sink for the water molecule 
even when the transdermal water loss is unphysiologically 
high. All polar lipids attract some water. This is due 
to the energetically favorable interaction between the 
hydrophilic lipid residues and their proximal water. 
Thus, most lipid bilayers spontaneously resist an induced 
dehydration. Consequently, all lipid vesicles made from 
the polar lipid vesicles move from the rather dry location 
to the sites with a sufficiently high water concentration. 
So, when lipid suspension (transferosome) is placed on 
the skin surface that is partly dehydrated by the water 
evaporation loss, the lipid vesicles feel this “osmotic 
gradient” and try to escape complete drying by moving 
along this gradient. They can only achieve this if they are 
sufficiently deformable to pass through the narrow pores 
in the skin because transferosomes composed of surfactant 
have more suitable rheological and hydration properties 
than that responsible for their greater deformability; 
less deformable vesicles including standard liposomes 
are confined to the skin surface, where they dehydrate 
completely and fuse, so they have less penetration power 
than the transferosome. Transferosomes are optimized in 
this respect and thus attain maximum flexibility, so they 
can take full advantage of the transepidermal osmotic 
gradient (water concentration gradient). Transferosomes 
overcome the skin penetration difficulty by squeezing 
themselves along the intracellular sealing lipids of stratum 
corneum.[19]
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At present, the mechanism of enhancing the delivery of 
active substances in and across the skin is not very well 
known. Two mechanisms of action have been proposed:[20]

1. Transferosomes act as drug vectors, remaining intact 
after entering the skin.

2. Transferosomes act as penetration enhancers, disrupting 
the highly organized intercellular lipids from stratum 
corneum, and therefore facilitating the drug molecule 
penetration in and across the stratum corneum.

Cevc and coworkers proposed the first mechanism, 
suggesting that deformable liposomes penetrate the 
stratum corneum because of the transdermal hydration 
gradient normally existing in the skin, and then cross the 
epidermis, and enter the systemic circulation. The recent 
studies propose that the penetration and permeation of 
the vesicles across the skin are due to the combination 
of the two mechanisms. Depending on the nature of 
the active substance (lipophilic or hydrophilic) and 
the composition of the transferosomes, one of the two 
mechanisms prevails.[21]

METHOD OF PREPARATION

Phospholipids, surfactants and the drug are dissolved in 
alcohol. The organic solvent is then removed by rotary 
evaporation[22,23] under reduced pressure at 40°C.[24,25] Final 
traces of solvent are removed under vacuum. The deposited 
lipid film is hydrated with the appropriate buffer by rotation 
at 60 rpm for 1 hour at room temperature. The resulting 
vesicles are swollen for 2 hours at room temperature. The 
multilamellar lipid vesicles (MLV) are then sonicated at 
room temperature to get small vesicles [Table 1].[16,18,26]

STABILITY OF TRANSFEROSOMES

Transferosomes are chemically unstable because of their 
predisposition to oxidative degradation. Purity of natural 
phospholipids is another criterion militating against 
adoption of transferosomes as drug delivery vehicles. 
Transferosome formulations are expensive.

CHARACTERIZATION

• Visualization of transferosomes can be performed using 
transmission electron microscopy (TEM) and scanning 
electron microscopy (SEM).[23]

• Particle size and size distribution can be determined by 
dynamic light scattering (DLS) and photon correlation 
spectroscopy (PCS).[23,24]

• The drug entrapment efficiency by transferosomes can 
be measured by the ultracentrifugation technique.

• Vesicle stability can be determined by assessing the 
size and structure of the vesicles over time, and drug 
content can be quantified by high performance liquid 
chromatography (HPLC) or Spectrophotometric 
methods.

• In vitro drug release can be measured using a diffusion 
cell or a dialysis method [Table 2].[27,28]

Table 1: Different additives used in the 
formulation of transferosomes
Ingredients Examples Functions
Phospholipid Soya phosphatidylcholine

Egg phosphatidylcholine
Dipalmityl 
phosphatidylcholine
Distearyl 
phosphatidylcholine

Vesicle forming 
component

Surfactant Sodium cholate
Sodium deoxy cholate
Tween 80
Span 80

For providing 
flexibility

Alcohol Ethanol
Methanol

As a solvent

Dye Rhodamine-123
Rhodamine-DHPE
Fluorescein-DHPE
Nile red
6 Carboxy fluorescence

For Confocal 
Scanning Laser 
Microscopy 
(CSLM) study

Buffering 
agent

Saline phosphate buffer 
(pH 6.5)
7% v/v ethanol
Tris buffer (pH 6.5)

As a hydrating 
medium

Table 2: Methods for the characterization of 
transferosomes
Parameter Method
Vesicle shape morphology

Entrapment efficiency

Vesicle size and size 
distribution
Skin permeation potential

Phospholipid surfactant 
interaction
Degree of deformability

Surface charge and charge 
density
Turbidity
In vitro drug release study

Effect on the skin structure

Stability study

Transmission electron 
microscopy
Mini column centrifugation 
method
Dynamic light scattering 
method
Confocal laser scanning 
microscopy
Fluorescence microscopy

Transmission electron 
microscopy
Thin layer chromatography

31P NMR
Differential scanning 
calorimeter
Extrusion method
Zeta meter
Nephelometer
Side by side diffusion cell 
with artificial or biological 
membrane, dialysis bag 
diffusion
Histological studies
Transmission electron 
microscopy
Transmission electron 
microscopy
Dynamic light scattering 
method
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• Propensity of penetration[29]

• The magnitude of the transport driving force, of course, 
also plays an important role:

Flow = Area × (Barrier) Permeability × (Trans-barrier) force.

Therefore, the chemically driven lipid flow across the 
skin always decreases dramatically when lipid solution is 
replaced by some amount of lipids in a suspension.

Encapsulation efficiency is expressed as the percent of drug 
trapped:[27]

%Entrapment =
Total drug Diffused drug

Total drug
−

× 100

SAFETY CONSIDERATIONS

Phospholipid suspensions comprising liposomes have 
been reported to be harmless and non-irritating to the 
skin after repeated epicutaneous administration; they 
may even have additional advantageous cosmetic effect. 
The main component of transferosomes is typically soya 
phosphatidylcholine of greater than 95% purity, which is 
generally regarded as safe because it has been already in 
use as an emulsifier in Microemulsion for the parenteral 
nutrition and is also used in injectable drug information. [28] 
In light of these data, one can expect the transferosome 
product to be very safe from the carrier point of view.[28]

CONCLUSION

The use of the transdermal route has been well established 
in the past, and because of its inherent advantages, new 
methods for transdermal delivery are continuously being 
developed. The introduction of ultradeformable vesicles, 
transferosomes, will thus surely become an important step 
in relaunching the researches regarding the use of vesicles as 
transdermal drug delivery systems. In comparison to other 
transdermal delivery systems, the use of elastic vesicles 
has certain advantages: They allow enhanced permeation 
of drug through skin; their composition is safe and the 
components are approved for pharmaceutical and cosmetic 
use; they can increase the transdermal flux, prolonging 
the release and improving the site specificity of bioactive 
molecules; they can accommodate drug molecules with a 
wide range of solubility.

Hence, enhanced delivery of bioactive molecules through 
the skin by means of an ultradeformable vesicular 
carrier opens new challenges and opportunities for the 
development of novel improved therapies. Thus, it could 
be concluded that the new ultra flexible drug carrier 
(transferosome) can overcome all the problems associated 
with the transdermal delivery as transferosomes itself 

are specially optimized vesicles having the capability of 
responding to an external stress by rapid and energetically 
inexpensive shape transformations.

FUTURE PERSPECTIVES

The high tolerability and efficiency of these vesicular systems 
open vast potential therapeutic uses. These nanocarriers might 
offer advanced local and systemic new therapies with agents 
that are unable to efficiently penetrate the stratum corneum 
via passive diffusion. The non steroidal anti-inflammatory 
drug (NSAID), ketoprofen, in a transferosome formulation 
gained marketing approval by the Swiss regulatory agency 
(SwissMedic). The product is expected to be marketed under 
the trademark Diractin. Further therapeutic products based 
on the transferosome technology, according to IDEA AG, are 
in clinical development.
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