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Transfersomes are elastic in nature, which can deform and squeeze themselves as an intact vesicle through narrow pores
that are significantly smaller than its size. Encapsulating the drugs in transfersomes are one of the potential approaches to
overcome the barrier function of the skin's outermost layer. They have a bilayered structure that facilitates the
encapsulation of lipophilic and hydrophilic, as well as amphiphilic, drug with higher permeation efficiencies compared to
conventional liposomes.
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| 1. Introduction

An efficacious, successful therapeutic treatment cannot be achieved in most cases, often due to many reasons, such as
the occurrence of hepatic first-pass metabolism, adverse side effects, the rejection of invasive treatments and poor patient
compliancell. Therefore, several drug delivery systems have been developed and studied over the past decades to
overcome these problems. One promising approach is the use of transdermal delivery systems, as they are minimally
invasive methods without first-pass effects. However, the barrier function of the skin that prevents or dampens the
transdermal delivery of therapeutic agents has to be addressed@I3],

A new type of carrier system—namely, transfersomes—were introduced by Cevc et al. in the 1990s. Transfersomes are
composed of phospholipids and edge activator (EA), which is a membrane-softening agent (such as Tween 80, Span 80
and sodium cholate) that facilitates the ultra-deformable property of the transfersomes. When transfersomes reach the
skin pores, they are capable of changing their membrane flexibility and passing through the skin pores spontaneously.
This is the so-called self-optimizing deformability. Moreover, transferomes are extremely deformable; therefore, they
easily cross even the very narrow poresl2. These self-optimizing, highly deformable lipid aggregates were successfully
used in extensive preclinical tests and diverse arrays of phase | and phase Il clinical trials, as well as for the
transcutaneous delivery of peptides and proteins and the sustain release of desired therapeutic agentsl8lZ. A number of
transfersomes-based formulations are currently being assessed at different stages of clinical trials. For example, the study
of the safety and efficacy of ketoprofen incorporated in transfersomes (Diractin®) for the treatment of osteoarthritis of the
knees was carried out under a phase Il clinical trial.

| 2. Transfersomes

Transferosomes are vesicular carrier systems that are specially designed to have at least one inner aqueous
compartment that is enclosed by a lipid bilayer, together with an edge activator (Figure 1)%!.
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Figure 1. Structure of transfersomes.



This aqueous core surrounded by a lipid bilayer makes ultra-deformable vesicles having both self-optimizing and self-
regulating capabilitiesll. In accordance with that, transfersomes are elastic in nature and can thereby deform and
squeeze themselves as intact vesicles without a measurable loss through narrow pores or constrictions of the skin that
are significantly smaller than the vesicle sizel&29,

In contrast to conventional liposomes, which are comprised of natural (such as egg phosphatidylcholine—EPC and
soybean phosphatidylcholine—SPC) or synthetic (such as dimyristoyl phosphatidylcholine—DMPC, dipalmitoyl
phosphatidylcholine—DPPC and dipalmitoyl phosphatidyl glycerol—DPPG) phospholipids¥l, the modified liposomal
vesicular system (transfersomes) is composed of the phospholipid component and single-chain surfactant as an edge
activator(12,

Edge activators (EAs) function in an exceptional manner as membrane-destabilizing factors to increase the deformability
of vesicle membranes and, when combined in a proper ratio with an appropriate lipid, gives the optimal mixture, enabling
the transfersomes to become deformable, as well as ultra-flexible, which results in a higher permeation capability!23I14],
Therefore, transfersomes overcome the major drawbacks of conventional liposomes and penetrate pores that are much
smaller than their own diameters. Furthermore, the transfersomes maintained their diameters against fragmentation, even
after penetration through the smaller-sized pores. Due to the usage of EAs in the transfersomal formulation, it has
achieved an enhanced performance compared to the conventional liposomes2324],

The EAs used in transfersomal formulations can also facilitate the solubilization of hydrophobic drugs, thereby increasing
the drug entrapment efficiency of the formulations 12167 Moreover, the EAs have the potential to solubilize and fluidize
the skin lipids, resulting in skin permeation enhancements 1819 The effect of EAs associated in skin permeations
depends on their types and concentrations. Surfactants are one of many different compounds that act as edge activators
and penetration enhancers2d. They are known to be amphiphilic molecules that consist of a lipophilic alkyl chain that is
connected to a hydrophilic head groupl2ll. Generally, rather than cationic surfactants, anionic surfactants are furthermore
effective in enhancing the skin penetration, and the critical micelle concentration is also lower, whereas nonionic
surfactants with an uncharged polar head group are better-tolerated than cationic and anionic surfactantsi2d.,

Advantages of Transfersomes as Vesicle-based Transdermal Drug Delivery Systems [2[11122][23].

« Transfersomes carriers are composed of hydrophilic and hydrophobic moieties, which result in becoming a unique drug
carrier system that can deliver therapeutic agents with wide range of solubility.

« Transfersomes are able to squeeze themselves through constrictions of the skin barrier that are very narrow, such as 5
to 10 times less than the vesicle diameter, owing to their ultra-deformability and elastic properties.

« High vesicle deformability facilitates the transport of drugs across the skin without any measurable loss in intact
vesicles and can be used for both topical, as well as systemic, treatments.

* Transfersomes carriers are very versatile and efficient in accommodating a variety of agents nearly independent of their
size, structure, molecular weight or polarity.

« They are made up of natural phospholipids and EAs, therefore promisingly biocompatible and biodegradable.

« Transfersomes can be used for the delivery of various active compounds, including proteins and peptides, insulin,
corticosteroids, interferons, anesthetics, NSAIDs, anticancer drugs and herbal drugs.

« Transfersomes are an obvious choice for achieving a sustained drug release, as well as a predictable and extended
duration of activity.

* They are capable of increasing the transdermal flux and improving the site specificity of bioactive agents.

« Avoiding the first-pass metabolism, which is a major drawback in oral drug administration, and result in optimized
bioavailability of the drug.

« Minimize the undesirable side effects of the drug, as well as protect the drug from metabolic degradation; moreover, the
utility of short half-life drugs.

« In most of the cases, a relatively high entrapment efficiency (EE) of nearly 90% of the lipophilic drug can be achieved
by transfersomes. For transfersome formulations of diclofenac diethylamine (DDEA) and curcumin (CRM), the
maximum entrapment efficiency achieved was over 90% for both DDEA and CRM transfersomes. Nevertheless, the
entrapment efficiency can variate due to various reasons, as, when the lipid concentration was more, a high
entrapment efficiency could be observed. The EE decreases when the surfactant concentration increases above
certain concentrations due to the formation of mixed micelles. According to the literature, in case of a low EE, the
lipophilic drug encapsulation could be enhanced by incorporating a surfactant with a low HLB (hydrophilic-lipophilic
balance) value. It has been identified as a fact that transfersomes show a distinctive property of the very high
encapsulation of lipophilic drugs.

« They have the advantage of being made from pharmaceutically acceptable ingredients using standard methods but
need to be designed and optimized on a case-by-case basis.



« Due to a short and simple production procedure, it is easy to scale-up.
Limitations of Transfersomes/2/11124];

« Transfersomes are considered as chemically unstable due to their tendency to oxidative degradation. The oxidation of
transfersomes can be significantly decreased when the aqueous media is degassed and purged with inert gases, such
as nitrogen and argon22. Storage at a low temperature and protection from light will also reduce the chance of
oxidation[28l. Post-preparation processing, such as freeze-drying and spray-drying, can improve the storage stability of
transfersomesl2Z,

« Another obstacle of utilizing transfersomes as a drug delivery system is the difficulty to achieve the purity of natural
phospholipids. Therefore, synthetic phospholipids could be used as alternatives(28l.

* The expensiveness of transfersomal formulations is associated with the raw materials used in lipid excipients, as well
as the expensive equipment needed to increase manufacturing. Hence, the widely used lipid component is
phosphatidylcholine, because it is relatively low in cost22.,

| 3. Mechanism of Action

Vesicles are known as colloidal particles, which are an aqueous compartment enclosed by a concentric bilayer that are
made-up of amphiphilic molecules. They are very useful as vesicular drug delivery systems, which transport hydrophilic
drugs encapsulated in the inner aqueous compartment, whereas hydrophobic drugs are entrapped within the lipid bilayer
B9 with regard to transfersomes, they are highly deformable (ultra-flexible) and self-optimizing novel drug carrier
vesicles, in which their passage across the skin is mainly associated with the transfersomes’ membrane flexibility,
hydrophilicity and the ability to maintain the vesicle’s integrity (Figure 2)[31(32],
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Figure 2. The mechanism of action of transfersomes.

They efficiently penetrate through the intact skin if applied under nonocclusive conditions; this specific nonocclusive state
of the skin is required mainly to initiate a transepidermal osmotic gradient across the skinl33],

The transdermal water activity difference, which originates due to the natural transdermal gradient, creates a significantly
strong force that acts upon the skin through transfersomes vesicles, which enforce the widening of intercellular junctions
with the lowest resistance and thereby generate transcutaneous channels 20-30 nm in width. These created channels
allow the transfer of ultra-deformable, slimed transfersomes across the skin with respect to the hydration gradient.
Moreover, the osmotic gradient develops as a result of evaporation of the skin surface water due to body heat, which
exerts its action as the driving force to facilitate the flexible transport across the skin to deliver therapeutic agents from the
site of application to the target area for local or systemic treatments in effective therapeutic concentrations and minimum
systemic toxicityl8l. Transfersomes demonstrate a higher permeation efficiency (through small skin channels) compared to



conventional liposomes but have a similar bilayered structure that facilitates the encapsulation of lipophilic and
hydrophilic, as well as amphiphilic, drugs24l. Transfersomes vary from liposomes, primarily due to their softer, better
adjustable and ultra-deformable artificial membranes. Interdependency of the local composition, as well as the shape of
the lipid bilayer, makes the vesicles both self-optimizing and self-regulating. This property enables the transfersomes
vesicles to cross numerous transport barriers efficiently.

| 4. Composition of Transfersomes
Transfersomes are generally composed of

« firstly, the main ingredient, an amphipathic ingredient (e.g., soy phosphatidylcholine, egg phosphatidylcholine, etc.) that
can be a mixture of lipids, which are the vesicle-forming components that create the lipid bilayer2Z(3],

« secondly, 10-25% surfactants/edge activators; the most commonly used edge activators in transfersome preparations
are surfactants as sodium cholates; sodium deoxycholate; Tweens and Spans (Tween 20, Tween 60, Tween 80, Span
60, Span 65 and Span 80) and dipotassium glycyrrhizinate, which are biocompatible bilayer-softening compounds that
increase the vesicles’ bilayer flexibility and improve the permeability [BIBIEIEEIE7],

about 3-10% alcohol, as the solvent and, finally, hydrating medium consist with either water or a saline phosphate buffer
(pH 6.5—7)[8139],

| 5. Factors Affecting Properties of Transfersomes

In the process of obtaining an optimized formulation of transfersomes, there are number of process variables that could
affect the properties of the transfersomes. These variables basically involve the manufacturing of transfersomal
formulations, which are identified as follows:

Effect of Phospholipids: Edge Activator Ratio

The phospholipid: Edge activator (lecithin:surfactant) should be an optimized ratio due to the fact that this greatly affects
the entrapment efficiency, vesicle size and permeation ability. In general, it has been reported that the EE could be
reduced due to the presence of a higher surfactant concentration. This may be due to the result of increased vesicles’
membrane permeability because of the arrangement of surfactant molecules within the vesicular lipid bilayer structure,
which could generate pores within the vesicular membrane and lead to an increased fluidity and prompt the leakage of the
entrapped drugi3l. A further increase in the edge activator content may lead to pore formation in the bilayer and a
reduced permeation ability of the vesicles[23l, whereas the incorporation of low concentrations of surfactants may result in
growth of the vesicle size. In addition, the decrease in vesicles size at high phospholipid concentrations has been reported
in various studiest4941],

Effect of Various Solvents

Various solvents such as ethanol or methanol are used. Selection of the appropriate solvent depends on the solubility of
all the formulation ingredients in the solvent and their compatibility with the solvent. Preferably, all the excipients, including
the drug, should completely dissolve in the solvent and should obtain a clear transparent solution to produce a better film-
forming ability and good stability after hydration#2. Solvents used in the formulation can also exert their function as
penetration enhancers that improve drug flux through the membrane. According to Williams and Barry (2004), ethanol was
used in various studies to enhance the flux of hydrocortisone, 5-fluorouracil, estradiol and levonorgestrel through rat skin
43l For an example, ethanol increases the permeation through different mechanisms, such as increasing the drug
solubility in vesicles by acting as a solvent, moreover permeating into the stratum corneum and altering the solubility
properties of the respective tissue and, consequently, improving the drug partitioning into the membrane. Increasing the
ethanol concentration in the formulation may result in a decrease in the %EE, which could be attributed to the increased
permeability of the vesicular phospholipid bilayer. This may promote the consequent leakage of the encapsulated drug44.

Effect of Various Edge Activators (Surfactants)

Deformability, as well as the entrapment efficiency of transfersome vesicles, are affected by the type of edge activators
used in their formulations. This could be due to the difference in the chemical structure of the EAR4. Generally, the vesicle
size decreases by increasing the surfactant concentration, the hydrophilicity of the surfactant head group, carbon chain
length and the hydrophilic lipophilic balance (HLB). The three surfactants, including tween 80, span 80 and sodium
deoxycholate, were used to prepare the transfersomes, and a reduction of the vesicle size was found when the higher
surfactant concentration used. This might be due to the fact that the high surfactant concentrations (more than 15%)
induce micelle formation rather than vesicle formation#3. A small polydispersity index (PDI) was reported with the higher



surfactant concentration. A small PDI is responsible for consistent size distribution, which is thought to be an important
factor for the reduction of interfacial tension and provides a homogeneous formulation. Additionally, an increased
surfactant concentration may lead to an increase in charge of the vesicles, which results in a reduction of vesicle
aggregation and enhances the stability of the system. In addition, surfactant properties are one of the properties that are
responsible for the entrapment efficiency of the vesicles, as, for an example, the entrapment of a lipophilic drug would be
enhanced with the use of a surfactant with a low HLB value. Moreover, it has been reported that higher surfactant
concentrations will increase the formation of the vesicle number, which leads to a higher volume of the hydrophobic
bilayer domain that is available for the entrapment of hydrophobic drugs. However, if the amount of lipophilic drug
exceeds the vesicular loading capacity, it may disrupt the vesicular membrane, leading to drug leakage, lowering the
entrapment efficiency and skin permeation ability48. Furthermore, the membrane permeability of vesicles depends on the
carbon chain length and transition temperature of the surfactant. The optimum amount of surfactant used in the
formulation depends on the packing density of the phospholipid used and the surfactant-phospholipid interaction23l. The
presence of surfactants can have an impact on the permeation property of transfersomes. According to a study by Cipolla
et al. (2014), the amount of drug (ciprofloxacin) released was dependent on the concentration, as well as the type of
surfactant used, and using Tween 80 significantly increased the releasel4d.

Effect of the Hydration Medium

The hydrating medium may consist of either water or saline phosphate buffer (pH 6.5-7). The pH level of the formulation
should be suitable to achieve a balance between both the formulation properties and biological applications, as well as the
route of administration. The lipid bilayer of transfersomes mimics the phospholipid layer of the cell membrane, and only
unionized drugs remain membrane-bound to the phospholipid bilayer and penetrate through the intracellular routel48149,

It is important to use the suitable pH of the hydration medium, which keeps the drug unionized to increase the entrapment
and permeation of the drug.

| 6. Conclusions

Transfersomes are ultra-deformable carriers that facilitate the delivery of a diverse array of drug molecules across the skin
barrier with superior efficacy compared to the conventional vesicular systems. The osmotic gradient is the main driving
force for the transport of transfersomes into the deeper skin layers. Importantly, transferosomes are specifically designed
vesicular systems that need to be optimized in accordance with individual cases of drugs of interest to achieve the most
effective formulations and ultimate pharmacological responses. Further scientific studies associated with transfersomes
may lead to novel promising therapeutic approaches against many types of diseases.
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