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ABSTRACT 

Delivery of drug through topical route represents a most convenient and novel approach. The major difficulty arises while delivering 
a drug through skin is its action as a natural barrier nature which makes it difficult for most drugs to penetrate into and permeate 
through it. Conventional topical formulations have not proved to be effective in dermal delivery of drug. Novel drug delivery systems 
bear great potential for dermal delivery. Among them lipidic and non-lipidic vesicular systems like liposome, noisome, transfersome 
and ethosome have been suggested to overcome the problems associated with conventional topical formulations. These vesicular 
systems were found to be more effective as they render controlled release of drug due to depot formation in skin and some were 
more effective in transdermal delivery. This article summarizes the potential of novel vesicular drug delivery carrier based dermal 
applications of the drug. 
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INTRODUCTION 

he field of pharmaceutical science has been 
developing steadily over the years, and has today 
become invaluable in helping to keep us healthy 

and prevent disease. In the past few decades, 
considerable attention has been focused on the 
development of topical delivery of drugs because of 
number of advantages offered by this route. Skin in an 
average adult body covers a surface of approximately 2 
m2 and receives about one-third of the blood circulating 
through the body. Topical drug delivery means the 
application of drug to skin for localized effect and in 
transdermal drug delivery system (TDDS) skin is used as a 
potential route for the delivery of systemic action of 
drugs.  TDDS system offers a number of advantages like 
longer duration of action, flexibility in dosing, reduced 
side effects, uniform plasma levels, high patient 
compliance etc. But at the same time it also bears some 
drawbacks like possibility of local irritation effect, 
erythema, itching, and most important is the low 
permeability of drugs in the stratum corneum. Stratum 
corneum is the top layer of the epidermis consists of 
keratinized, flattened remnants of once actively dividing 
epidermal cells, impermeable to water and behaves as a 
tough flexible membrane. Many technologies and 
systems have been investigated to evade this barrier, and 
one of the most promising technique is to formulate 
novel vesicular carriers for delivery through the skin.1, 2 
These novel drug delivery systems bear great potential for 
dermal delivery. Among them lipidic and non-lipid 
vesicular systems like liposome, noisome, transfersome 
and ethosome have been suggested to overcome the 
problems associated with conventional topical 
formulations. These vesicular systems are highly ordered 
assemblies of one or several concentric lipid bilayers 
formed, when certain amphiphillic building blocks are 
confronted with water. Vesicles can be formed from a 

diverse range of amphiphillic building blocks.3 Most 
commonly used materials for the formation of vesicles 
are phospholipids cholesterol and non-ionic surfactants. 
Vesicle shape, size, structure, lamellarity and entrapment 
efficiency of these vesicular carriers depend upon the 
composition of vesicles and all these parameters provide 
major impact on the efficacy of the systems. Vesicular 
system offers number of advantages in drug delivery 
through the skin such as biocompatibility, non-toxicity, 
incorporated both hydrophilic and lipophilic drugs, 
controlled drug delivery rate and extent, act as a depot 
formation for sustained release of drug, increased 
permeation of drugs through the skin and penetration 
enhancer because of their unique composition etc.4, 5 
Principal components used in different vesicular systems 
for topical drug delivery are mentioned in table 1. 

Table 1:  Composition of various vesicular systems 

Vesicular systems Component 

Liposomes Phospholipids (natural or synthetic) 

Niosomes Nonionic surfactants + lipids 

Ethosomes Phospholipids + ethanol 

Transfersomes Phospholipids + single chain surfactants 

LIPOSOME 

Liposome is a term originated from two Greek words: 
'Lipos' that means fat and 'Soma' implies body. The 
vesicular system was first described by British 
haematologist Dr Alec D Bangham in 1961 (published 
1964), at the Babraham Institute, in Cambridge.  
Liposome can be defined as “a colloidal, vesicular 
structures composed of one or more lipid bilayers 
surrounding a number of aqueous compartments”.6 
These are spherical vesicles with particle size ranging 
from 20nm to several micrometers which composed of a 
phospholipid bilayer membrane and used to deliver drugs 

Novel vesicular carriers for topical drug delivery and their application’s

T

Review Article 



Int. J. Pharm. Sci. Rev. Res., 21(1), Jul – Aug 2013; n° 14, 77-86                                                                          ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

78 

or genetic material into a cell. Phospholipids are the 
backbone of these structures. Liposomes can be 
composed of naturally-derived phospholipids with mixed 
lipid chain like egg phosphatidylethonalimine or of pure 
components like DOPE (dioleolylphosphatidyl 
ethanolamine) and cholesterol.7 A number of evidences 
demonstrated the ability of liposomes to enhance the 
efficiency of drug delivery via several routes of 
administration.8 Liposome as a vesicular system offers a 
number of advantages, such as biocompatibility, non-
toxicity and flexibility, protection from the inactivating 
effect of external conditions, unique ability to deliver the 

pharmaceutical agents into cells or even inside individual 
cellular compartments. Apart from the given advantages, 
liposomes are associated with the some limitations such 
as high production cost, prone to leakage and short half 
life.9, 10 They can be formulated by variety of techniques 
as given in scheme 1 and they are classified on the basis 
of structural parameters, method of preparation, 
composition and applications. Liposome can be 
characterized for its surface morphology, surface charge, 
size distribution, lamellarity, entrapped volume, and 
stability etc.9 

Scheme 1:  Method of preparation of liposomes:9 

 Method of preparation  
   
   

Mechanical dispersion    Solvent dispersion method   Detergent removal method                                                                                                

Lipid film hydration                                   Ether injection                                                    Detergent removal form 
Micro-emulsification                                 Ethanol injection                                                      mixed micelles 
Sonication Reverse phase evaporation  
French pressure cell                               Stable plurilamellar vesicles  
Membrane extrusion                                  
Dried reconstituted vesicles                          
Freeze-thawed liposomes   

Applications of Liposomes 

Liposomes are used as a carrier in immunology, vaccine 
adjuvant, eye disorders, brain targeting, infective disease 
and in tumour therapy. They are also used in topical drug 
delivery system as they can improve the drug deposition 
within the skin at the site of action where the goal is to 
reduce systemic absorption and thus minimise side 
effects and increases the patient compliance. 

A large number of attempts have been made to design 
new vehicles to ensure adequate penetration and more 
importantly, localization of the drug within the skin. 
Research on liposomes as a topical drug delivery system 
was carried out by Mezei in 198011. However, contrary to 
earlier findings, it is reported that the improved delivery 
was due to the penetration enhancement effect caused 
by changes in the structure of vesicular lipids. After 
occlusion, no penetration of liposomes occurs which 
supports the fact that liposomes can form trans-
epidermal osmotic gradient and can penetrate into 
epidermis by hydration force.12 5-Flurouracil was 
incorporated into liposome to formulate SPLV (Stable 
Plurilamellar Vesicles) liposomes for the dermal delivery 
of drug. Aiming at increasing stability of 5-fluorouracil 
liposomal dispersion, freshly prepared liposomal 
concentrates were directly incorporated in hydroxypropyl 
methylcellulose gel (HPMC). Stability release profiles of 
liposomal gels and concentrates indicated a significant 
increase in stability of liposomal formulations. Also, 

lyophilization increases the shelf life of liposomes by 
preserving it in a dry form as a lyophilized cake to be 
reconstituted immediately prior to administration or 
direct incorporation into a final dosage form.13 Gabrijelcic 
found enhanced transport of liposome-entrapped 
substances into the skin from hydrogels prepared from 
xanthan gum. The enhanced  drug  transport  into  the  
skin  is  attributed  to  the  lipid nature of the vesicles, 
which serve as carriers for the drug.14 Liposomal gel of 
antifungal drug fluconazole for topical candidiasis by 
incorporating in carbopol 934 gel base and it show a good 
release rate. Liposomal dispersion and gels were found to 
increase the skin permeation and deposition compared to 
control and marketed gel. Liposome dispersion and gel 
formulation were found to be stable for 60 days.15 Anti-
inflammatory drug Diclofenac sodium liposomal gel was 
prepared by thin film hydration technique and 
characterized for its in vitro and ex vivo studies. The 
studies show better sustained and prolonged release of 
Diclofenac sodium from the liposomal gel.16 Lidocaine 
liposomal gel was formulated by incorporating in 
carbopol 934 base and the results shows the release of 
entrapped drug for extended period of time.17 Tretinoin 
(TRE) liposomal gel was formulated and by incorporating 
in carbopol 934 which show enhanced efficacy. Diffusion 
studies of plain TRE gel and liposomal TRE gel suggested 
prolongation (3.4 times reduction in flux value) of drug 
diffusion and almost two- fold increase in skin drug 
retention after liposomal encapsulation of drug.18 
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Triamcinolone acetonide is a glucocorticoid that it is used 
in treatment of skin inflammatory diseases. Liposomes of 
Triamcinolone acetonide was formulated by thin film 
method and then converted to gel form by incorporating 
into carbomer 940 polymer and the results showed a 
prolonged and controlled release of the drug.19 
Ketoconazole liposomal gel was formulated by 
incorporating in carbopol 940 base and the results shows 
the increase release reaction capacity in skin. The 
percentage cumulative drug release from the optimized 
batch i.e. was found to be 34.96±0.86% after 12 hours of 
diffusion studies. Stability studies showed maximum 
percent drug retention at refrigerated temperature (2-
8°C).20 Ketoprofen (NSAID) liposomal gel was formulated 
and evaluated by incorporating in carbopol 934 gel base. 
Ketoprofen liposomal gel was found to have reasonable 
drug loading, controlled release rate, particle size, and 
stability and phase transition behaviour, and showed an 
appreciably enhanced retention of drug molecules in the 
skin.21 

NIOSOME 

Niosomes were first introduced as a feature of cosmetic 
industry. The first report of non-ionic surfactant vesicles 
came from the cosmetic applications devised by L'Oreal.22 
Vigorous conditions required for preparation and 
handling of liposomes under cryogenic atmosphere, 
leakage of active ingredient, high formulation cost and 
limited shelf life are key factors that prompted the use of 
non-ionic surfactant in novel vesicular drug delivery 
system, instead of phospholipids. These new vesicular 
systems are called as niosomes, which consist of 
microscopic lamellar structures formed with admixture of 
non-ionic surfactant and cholesterol having a bilayer 
structure formed by self-assembly of hydrated surfactant 
monomers. 3, 23 There are mainly two types of 
components i.e. non-ionic surfactant and the additives 
(cholesterol and charged inducers etc). The non-ionic 
surfactants form the vesicular layer and cholesterol 
improves the rigidity of the bilayer. Cholesterol is an 
important component of the cell membrane and also 
their presence in membrane affects bilayer fluidity and 
permeability and charged inducers helps in electrostatic 
stabilization of the vesicles.23 A diverse range of non-ionic 
surfactants such as alkyl ethers, alkyl glyceryl ethers, poly 
oxy ethylene 4 lauryl ether (Brij 30), poly oxy ethylene 
acetyl ethers (Brij 58), sorbitan fatty acid esters, etc., can 
be used in the formulation of various niosomes. A new 
type of non-ionic surfactant has been introduced 
recently, known as Gemini non-ionic surfactant. Gemini 
surfactants have two hydrophobic chains and two 
hydrophilic head groups linked with spacers.22 There are 
different types of positive charge inducers viz. 
sterylamine and cetyl pyridinium chloride and negative 
charge inducers like dicetyl phosphate, dihexadecyl 
phosphate and lipoamine acid.23, 24 There are a number of 
advantages offered by the niosomes as a drug delivery 
system like high bioavailability, biodegradable, 
biocompatible, controlled and sustained release of drugs 

due to depot formation, more stable than liposomes and 
increased permeation of drugs through the skin.25 
Niosomes can be formulated by a variety of methods. 
Niosomes are characterized for different attributes such 
as size, shape and charge, phase behavior, vesicle 
diameter, entrapment efficiency, and in vitro release rate 
as given in the table 2. Other aspects studied are drug 
stability, lamellarity, pharmacokinetic aspectetc.25,26 The 
HLB value of different surfactants has their own and 
specific impact on the formulation and entrapment 
efficiency of noisome as given in table 3. 

Applications of Niosomes 

Niosomal drug delivery is widely reported to be used for 
various pharmaceutical agents. They are used as a carrier 
for protein, peptides, vaccines, antigen, haemoglobin etc. 
Topical delivery of NSAIDs and other drugs is the best way 
to avoid gastric disturbances and niosomes are widely 
used in topical drug delivery as they provides site specific 
action, reduced side effects, low dose several times than 
the currently available formulations for the treatment of 
skin diseases and increased patient compliance. 

Anti-Fungal Agents 

Presence of 50% alcohol in marketed gel of naftifine 
hydrochloride an antifungal drug has been detrimental to 
skin after repeated exposure. Non alcoholic niosomal 
formulation of the drug was prepared and incorporated in 
the gel to overcome the problem.27 Fluconazole loaded 
niosomes of Span 40, Span 60, and Brij 72 surfactant were 
prepared and evaluated. The prepared formulation 
accumulated and formed localized drug depots in the 
skin, thereby releasing the contents in a sustained 
manner and is able to greatly enhance cutaneous 
retention of the drug.28 

NSAID’S 

Topical niosomes of aceclofenac have been prepared for 
topical use after incorporation into carbopol gel. The gel 
showed improved penetration and therapeutic efficacy of 
the drug.29 Shahiwala and Misra (2002) prepared 
niosomal gel of nimesulide in terms of drug delivery by 
incorporating into carbopol 934 gel base and it was 
observed that niosomal gel showed prolonged release of 
nimesulide, thereby enhancing the anti-inflammatory 
activity.30 Despite of having high oral bioavailability 
rofecoxib was withdrawn due to its gastrointestinal 
adverse effects and cardiac toxicities. So an attempt was 
made to reduce its side effects and toxicities by 
encapsulation in niosomes. The niosomal gel of rofecoxib 
showed prolonged and sustained drug release of 
rofecoxib, thereby reducing its severe adverse effects.31 
Ketoprofen was encapsulated in niosomes for topical 
application which released the drug in slow and sustained 
manner.32 Celecoxib, a selective COX-2 inhibitor used in 
the treatment of arthritis, as it is associated with cardio 
toxic effects so an alternate dosage form is suggested. 
Celecoxib was entrapped in niosomal gel and the results 
showed better skin permeation and deposition of 
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celecoxib from niosomal gel as compared to conventional 
gel and also demonstrated that the formulation possess 
great potential for enhanced skin accumulation, 
prolonging drug release and improving the site specificity 
of celecoxib.33 On oral administration of ibuprofen it 
shows poor water solubility and limits its entry in 
systemic circulation before gastric emptying, so to 
counter that, niosomal gel of ibuprofen has been 
prepared for topical use by incorporating into carbopol 
934 gel base and it improves the drug retention and 
prolongs the drug release.34 Lornoxicam niosomal gel was 
prepared by using carbopol 934 gel base, for the 
transdermal application of the hydrophobic anti-
inflammatory drug and it shown reasonable drug 
entrapment, suitable size and good permeation of drug. 35 

Anti-acne drug 

Erythromycin niosomes was formulated by thin film 
hydration technique and converted to niosomal gel by 
incorporating into carbopol 934 gel base for topical use 
and provides prolonged drug release, enhanced drug 
retention into skin and improved permeation across the 
skin after encapsulation which results in considerably 
reduced adverse symptoms.36 Niosomal formulation using 
span-60 of Tretinoin (TRT) was prepared and then 
incorporated in Carbopol 971 gel base to provide 
niosomal gel. The invitro diffusion study shows the 
sustained release pattern of TRT from niosomal gel.37 

Cosmetics 

Niosomes of N-acetyl glucosamine is reprted to be 
prepared in topical form and improved penetration into 
the skin. N-acetyl glucosamine (NAG) has been 
considered in the treatment of hyper pigmentation 
disorders due to its inhibitory effect on thyrosinase 
enzymes in melanocytes. Prepared niosomal formulations 
showed improved extent of drug localized in the skin, as 
needed in hyper pigmentation disorders. In addition, 
lower systemic absorption, and thus, reduced side effects 
can be achieved by topical NAG-niosomes.38 Gallic acids 
containing elastic and non elastic niosomes were 
prepared for the topical application and it was observed 
that non elastic niosomes showed a slight increase in 
entrapment efficiency whereas elastic niosomes showed 
increased permeation through the skin which will be 
beneficial for topical anti aging application.39 Minoxidil 
niosomes were prepared for the topical application to 
improve the low skin penetration and bioavailability as 
compared to conventional topical vehicle. The 
percutaneous absorption study was carried out in vitro 
using vertical diffusion Franz cells using human skin and 
the results compared with dissolved minoxidil in 
propylene glycol-water-ethanol solution as a control. The 
results suggest that niosomal formulations could 
constitute a promising approach for the topical delivery of 
minoxidil in hair loss treatment.40 Ellagic acid (EA) is a 
potent antioxidant phytochemical substance which has 
limited use due to poor biopharmaceutical properties, 
low solubility and low permeability. Topical niosomes of 

ellagic acid was prepared with added solubilizers which 
enhanced the permeation of ellagic acid into the skin with 
increased efficacy.41 Finasteride topical niosomes have 
been formulated for effective treatment of androgenetic 
alopecia. In vitro permeation and in vivo deposition 
studies demonstrated the potentials of niosomes for 
successful delivery of finasteride to the pilosebaceous 
unit.42 

Muscle Relaxants 

Niosomes containing Baclofen a muscle relaxant have 
been prepared to improve the skin penetration and 
bioavailability characteristics as shown by conventional 
topical vehicle. The prepared noisomes provide some 
advantages in entrapment efficiency, stability studies and 
showed improved muscle relaxation activity.43 

Various applications of niosomal formulations to wide 
variety of drugs for topical delivery are summarized in 
table 4. 

TRANSFERSOME 

The term transfersome and the underlying concept was 
introduced in 1991 by Gregor Cevc. Transfersomes are 
ultradeformable vesicles, elastic in nature, which can 
squeeze itself through a pore which is many times smaller 
than its size owing to its elasticity. The name 
transfersome means “carrying body”, and it was derived 
from the Latin word 'transferre', meaning ‘to carry 
across’, and the Greek word ‘soma’, for a ‘body’. 
Transfersome is a term registered as a trademark by the 
German company IDEA AG. Most suitable form of 
transfersome is an ultradeformable vesicle possessing an 
aqueous core surrounded by the complex lipid bilayer.44 
In terms of delivering of drugs through transdermal route, 
there are some problems encountered with some other 
vesicular systems like poor skin permeability, breaking of 
vesicles, leakage of drug, aggregation and fusion of 
vesicles.45 To overcome all the aforementioned problems, 
a new type of vesicular carrier has been developed called 
"transfersome" which is capable of transdermal delivery 
of low as well as high molecular weight drugs.46 
Transfersomes are artificial vesicles, and they are more 
deformable than standard Liposomes.47 Transfersome 
have been reported to enhance the transdermal delivery 
of drugs, when applied onto the skin non-occlusively.48 
Transfersome usually composed of at least one inner 
aqueous compartment, which is surrounded by a lipid 
bilayer. It also possesses some specially tailored 
properties due to the incorporation of "edge activators" 
into the vesicular structure. Span 80, tween 80, sodium 
cholate, sodium deoxycholate, are some surfactants that 
have been used asan edge activators. Transfersome are 
usually applied in the form of semi-dilute suspension. 
Because of their property of deformability, this vesicular 
system is a good candidate for the non-invasive delivery 
of small, medium, and large sized drugs.3 A number of 
advantages were offered by transfersomes like 
biocompatible, biodegradable, posses high entrapment 
efficiency, act as depot so releasing their contents slowly 
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and gradually, ability to deform and pass through narrow 
constriction, can be used for systemic as well as topical 
drug delivery. Apart from their benefits, transfersomes 
are associated with some drawbacks such as: chemical 
unstability, expensive to formulate and purity of natural 
phospholipids.49, 50 Transfersomes are evaluated with 

respect to various parameters like surface morphology, 
vesicle size and size distribution, number of vesicles per 
cubic mm, surface charge and charge density, penetration 
ability, entrapment efficiency, in vitro drug release profile 
etc. 50 

Table 2: Evaluation parameters of niosomes22, 23 

Parameters Techniques and instrument 

Vesicle Size And Surface Morphology Transmission electron microscopy(TEM), freeze fracture microscopy, optical microscopy 

Vesicle Size And Size Distribution Dynamic light scattering, TEM, Zetasizer, gel permeation, gel exclusion   

Electric Surface Potential And Surface pH Zeta potential measurements and pH sensitive probes 

Lamellarity Small angle X-Ray scattering, 31P-NMR 

Phase Behaviour Differential scanning calorimetry 

In Vitro Release Study Dialysis tube 

In Vivo Study Animal model 

Stability Study By storing formulations at different temperature and humidity conditions 

Entrapment Efficiency Centrifugation method (below 7000ₓ g), Ultracentrifugation method (15000X g), 
Exhaustive dialysis method, gel permeation 

 
Table 3:  Effect of HLB value of surfactants on the formation of niosomes23 

HLB value Impact on formulation 

Very low Needs to add cholesterol to increase stability 

1.7 to 8.6 Decreases entrapment efficiency 

<6 Needs to add cholesterol in formation of bilayer vesicle 

8.6 Increase entrapment efficiency of niosomes 

14–16 Does not produce niosomes 
 

Table 4: Application of niosomes for topical delivery of drugs 

Drug Formulation and Composition Reference 

Aceclofenac Niosomal gel- Carbopol 980, Span 60 29 

Nimesulide Niosomal gel- Carbopol 934, Span 20,60,80 and 85, Tween 20,60 and 80 30 

Rofecoxib Niosomal gel- Carbopol 940, Span 20,40 and 60 31 

Ibuprofen Niosomal gel- Carbopol 934, Tween 40,60 and 80 34 

Lornoxicam Niosomal gel- Carbopol 940, Span 40,60 and 80 35 

Erythromycin Niosomal gel- Carbopol 934, Span 20,60 and 80 36 

Tretinoin Niosomal gel- Carbopol 971, Span 60 37 

N-acetyl glucosamine Niosomes - Span 40,60 and 80 38 

Minoxidil Niosomes- Span 20,40,60 and 80, Brij 52,76 40 

Ellagic acid Niosomes- Span 60, Tween 60 41 

 

Application of Transfersomes 

Transfersomes are used as a carrier for protein and 
peptides like insulin, bovine serum albumin, vaccines, etc. 
They improve the site specificity, overall drug safety and 
lower the doses several times than the currently available 
formulations for the treatment of skin diseases. 

Transfersomes of telmisartan were prepared by 
conventional rotary evaporation sonication method for 

enhanced skin absorption. The optimized transferosomal 
gel shows high entrapment efficiency and high 
transdermal flux and thus proves to be novel approach 
for the transdermal delivery of telmisartan.51 
Transfersomal gel containing insulin is formulated by 
reverse phase evaporation method. The study of 
optimized transfersomal gel has demonstrated prolonged 
hypoglycemic effect and it is suggested that optimized 
transfersomal gel containing insulin can be transdermally 
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administered in the treatment of insulin dependent 
diabetes mellitus with maintaining lower blood glucose 
level and improved patient compliance. 52 Transfersomal 
formulation with respect to dermal delivery of 
paromomycin sulfate (PM) was prepared for possible 
topical therapy of cutaneous leishmaniasis (CL). The 
results of this study showed that PMTFs (paromomycin 
sulphate transfersomal formulations) prepared with 2% 
of sodium cholate (Na-Ch) with and without 5% ethanol 
might be useful as a candidate for the topical treatment 
of cutaneous leishmaniasis.53 Maurya at el. (2010) 
formulated transfersomal gel of indinavir sulphate. 
Transfersome of indinavir sulphate was prepared by 
conventional rotary evaporation method and then 
incorporated into a gel base. The study suggest that the 
optimized formulation shows decreased lag time and high 
transdermal flux of nearly 7.5 and 12.04 times, as 
compared to conventional liposomal formulation bearing 
indinavir sulfate and plain drug solution54. Curcumin 
when given orally posses poor bioavailability because of 
its less GI absorption. Nearly 25 to 85% of orally 
administered curcumin is eliminated unabsorbed by 
faeces. Tranferosomes containing curcumin for 
transdermal delivery was formulated and optimized. The 
optimized formulation showed higher entrapment 
efficiency, provides higher permeation of drug from 
transfersomal gel and can be used as a promising 
approach to improve the permeability of curcumin in 
period of time.48 Transfersomes have also been used as a 
carrier for interferons, for example leukocytic derived 
interferon-α (INF-α) is a naturally occurring protein having 
antiviral, antiproliferative and some immunomodulatory 
effects. Transfersomes as drug delivery systems have the 
potential for providing controlled release of the 
administered drug and increasing the stability of labile 
drugs. Hafer et al. (1999) studied the formulation of 
interleukin-2 and interferon-α containing transfersomes 
for potential transdermal application. They reported 
delivery of IL-2 and INF- α trapped by transfersomes in 
sufficient concentration for immunotherapy.55 
Transfersomes have also used for the delivery of 
corticosteroids. Transfersomes improves the site 
specificity and overall drug safety of corticosteroid 
delivery into skin by optimizing the epicutaneously 
administered drug dose. Transfersomes based 
corticosteroids are biologically active at dose several 
times lower than the currently used formulation for the 
treatment of skin diseases.45 Cationic transfersomes is a 
modified version of transfersomes, composed of cationic 
lipid DOTMA and sodium deoxycholate as constitutive 
lipids. Plasmid DNA encoding hepatitis B surface antigen 
(HBsAg) was loaded in the cationic transfersomes using 
charge neutralization method for topical application and 
compared with naked DNA. Study revealed that DNA 
loaded cationic transfersomes elicited significantly 
(P<0.05) higher anti-HBsAg antibody titer and cytokines 
level as compared to naked DNA and showed the 
potential of cationic transfersomes as DNA vaccine 
carriers for effective topical immunization.56 

ETHOSOME 

Ethosomes are novel lipidic carriers that are the modified 
forms of liposomes containing high ethanol content. This 
lipidic vesicular system containing ethanol has been 
developed by Touitou. Ethosomes contains phospholipids, 
alcohol (ethanol and isopropyl alcohol) in relatively high 
concentration and water having a size range from tens of 
nanometers to microns. Size of ethosomes depends upon 
the method of preparation and application of techniques 
like sonication.57, 58 Ethosomes are mainly used for the 
delivery of drugs through transdermal route. These 
vesicular systems have higher penetration rate through 
the skin as compared to liposomes. Unlike liposomes, 
which are mainly known for the delivery of drugs to the 
outer layers of skin, ethosomes have been shown to 
enhance permeation of drug through the stratum 
corneum barrier. The main reason suggested to be 
responsible for deeper distribution and penetration in the 
skin was might be due to the synergistic effects of 
combination of phospholipids and high concentration of 
ethanol in ethosomes. 57, 59 Ethosomes  as a carrier of 
drugs offers a number of advantages like, high patient 
compliance as the ethosomal drug is administrated in 
semisolid form (gel or cream), non-invasive and can be 
widely used in pharmaceutical, veterinary, cosmetic 
fields.60 Ethosomes can be prepared by two methods such 
as hot and cold method and characterized mainly for its 
vesicle shape, size, zeta potential, surface tension, 
transition temperature, penetration and permeation 
studies, drug content and vesicle stability etc.3 Ethosomes 
can entrap wide variety of drugs viz. hydrophilic, 
lipophilic, or amphiphilic. Different reports show a 
promising future of ethosomes in making transdermal 
delivery of various agents more effective. Ethosomes also 
offers good opportunity for the non-invasive delivery of 
small, medium, and large sized drug molecules. 61, 62 

Application of Ethosomes 

Ethosomes can be used for many purposes in drug 
delivery. Ethosomes are mainly used as replacement of 
liposomes. Various applications of ethosomes as a carrier 
of wide range of drugs are discussed below: 

Delivery of HIV drugs 

Conventional topical cream containing 5% acyclovir 
(Zovirax cream) an antiviral drug for treatment of herpes 
labials show low therapeutic efficiency due to poor 
permeation through skin as replication of virus take 
places at the basal dermis. In comparison with 
conventional Zovirax, ethosomal formulation of acyclovir 
show high therapeutic efficiency with shorter healing 
time in the treatment of recurrent herpes labialis.63 Jain 
et al (2007) prepared ethosomal formulations of 
lamivudine as model drug. They found that optimized 
ethosomal formulation showed 25 times higher 
transdermal flux (68.4±3.5 µg/cm2/h) across the rat skin 
as compared with that of lamivudine solution (2.8±0.2 
µg/cm2/h). The results of the characterization studies 
indicate that lipid perturbation along with elasticity of 



Int. J. Pharm. Sci. Rev. Res., 21(1), Jul – Aug 2013; n° 14, 77-86                                                                          ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

83 

ethosomes vesicles seems to be the main contributor for 
improved skin permeation.64 Ethosomes of stavudine 
have been prepared and incorporated into HPMC gel. The 
optimized ethosomal formulation showed 8 times greater 
transdermal flux across rat skin as compared to plane 
drug solution. Ethosomes containing zidovudine were 
prepared by Jain et al., (2004) for the transdermal 
delivery of the model drug as orally administered 
zidovudine has strong side effects. The optimized 
ethosomal formulation showed high transdermal flux 
across the rat skin as compared to control hydroethanolic 
solution of drug and ethanolic drug solution. From these 
reported studies it revealed that ethosomes can increase 
the transdermal flux, prolong the release and present an 
attractive route for the sustained delivery of 
zidovudine.65, 66 

Delivery of NSAID drugs 

Ethosomes containing Diclofenac potassium were 
formulated and incorporated in carbopol gel base and its 
anti‐inflammatory efficiency was compared with the 
marketed diclofenac gel. The ethosomal vesicles were 
incorporated in carbopol gel base showed higher 
cumulative  percentage of drug permeation and more 
skin retention as compared to liposomal formulation, 
hydroethanolic  drug  solution  and  phosphate  buffer  
saline  (pH7.4) drug solution. The ethosomal vesicles were 
compared with marketed diclofenac gel for its anti-
inflammatory activity and results showed the enhanced 
anti‐inflammatory activity of ethosomal gel than 
marketed gel formulation.67  Garg et al. (2010) were 
formulated aceclofenac containing ethosomes and 
converted to ethosomal gel using different 
concentrations of carbopol, and evaluated for in vitro and 
in vivo. Efficiency of aceclofenac ethosomal gel was found 
to be significantly higher  than plain aceclofenac  gel and 
marketed aceclofenac gel (Hifenac).68 Ketoprofen loaded 
ethosomal formulation were prepared and evaluated. 
Results of the in vitro release study through the skin 
revealed higher transdermal flux with ethosomal 
formulation compared to hydroalcoholic drug solution 
and it is concluded from the results that ethosomal 
formulation is a potentially useful vehicle for transdermal 
delivery of ketoprofen.69 Ibuprofen loaded ethosomal gel 
was formulated and evaluated by Shumilov et al, (2010). 
The drug, applied transdermally from the ethosomal gel 
was present in plasma for a longer period of time as 
compared to the oral administration and showed a high 
relative bioavailability. The ibuprofen ethosomal gel had 
an efficient antipyretic effect in fevered rats. 70 

Delivery of Anti-Fungal drugs 

Ethosomes and ultradeformable liposomes of 
clotrimazole were compared for the transdermal 
potential. Ethosomal formulation provided enhanced 
transdermal flux and greater penetration as compared to 
ultradeformable liposomes. Formulation also had the 
highest zone of inhibition in contrast to ultradeformable 
liposomes formulation.71 Fluconazole encapsulated 

ethosomes was formulated and incorporated in suitable 
dermatological base and compared with liposomal gel 
and hyperethonolic solution of drug. The results revealed 
that drug diffuses from the ethosomes was twice than 
liposomal and nearly thrice than hyperethonolic solution 
of drug. 62 Transethosome, for enhanced skin delivery of 
voriconazole, was formulated and compared with 
ethosomes, deformable liposomes and conventional 
liposomes. Transethosome dramatically enhanced the 
skin permeation of voriconazole compared to the control 
and other vesicles. Moreover, the transethosome 
enhanced both in vitro and in vivo skin deposition of 
voriconazole in the dermis/epidermis region compared to 
ethosomes, deformable liposomes and control. 72 

Delivery of Other drugs 

Pilosebaceous units have been use for localized therapy, 
particularly for the treatment of follicle related disorders 
such as acne or alopecia. Ethosomal formulation of 
minoxidil, a lipid soluble drug used for baldness, 
accumulates into nude mice skin. The ethosomal system 
dramatically enhanced the skin permeation of minoxidil in 
vitro compared with either ethanolic or hydroethanolic 
solution or phospholipid ethanolic micellar solution of 
minoxidil, and can be used for pilosebaceous targeting for 
better clinical efficacy. 58 Melatonin, an anti-jet lag agent 
associated with poor skin permeation and long lag time 
was loaded in ethosomes and evaluated. The study 
revealed that melatonin loaded ethosomes provided an 
enhanced transdermal flux, lower lag time, higher 
entrapment efficiency and low skin irritancy potential, 
thus leading to the generic conclusion that this approach 
offers a suitable approach for transdermal delivery of 
melatonin.73 Paclitaxel-loaded ethosomes were prepared 
as topical drug delivery systems. The results showed that 
improve permeation of paclitaxel in a stratum corneum-
epidermis membrane model and increased its anti-
proliferative activity in a squamous cell carcinoma model 
as compared to the free drug, thus it can be used as a 
potential treatment of squamous cell carcinoma, a 
malignant transformation of actinic keratoses.74 
Tacrolimus is an immunosuppressant treating atopic 
dermatitis, was loaded in ethosomes to investigate 
inhibitory action upon allergic reactions of mice aiming at 
improving pharmacological effect for tacrolimus. The 
results indicated that the ethosomes showed lower 
vesicle size and higher encapsulation efficiency and more 
effective retention in the epidermis.75 Methotrexate 
(MTX) was encapsulated in ethosomes. MTX is an anti-
psoriatic, anti-neoplastic, highly hydrosoluble agent which 
have limited transdermal permeation. MTX loaded 
ethosomal carriers provided an enhanced transdermal 
flux and decreased lag time across human cadaver skin. 
The formulation retained its penetration power after 
storage and the vesicle interaction study also highlighted 
the penetration enhancing effect of ethosomes, with 
some visual penetration pathways and corneocyte 
swelling.76 Gold Nanopartical was loaded in ethosomes, 
high entrapment efficiency was achieved and the results 
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showed enhancement of pharmacological efficacy in 
transdermal and dermal delivery systems. 77 

CONCLUSION 

It can be concluded from the review of research works 
carried out in the field of vesicular carriers that they 
prove to be very promising novel drug delivery units with 
respect to biocompatibility, reduced toxicity and 
enhanced controlled release quality that would be 
essential to address issues pertaining to compromised 
therapeutic efficacy of the bio-actives especially through 
topical route of administration. Diversity of vesicular 
based topical and transdermal technology renders variety 
of critical properties that can be exploited by the 
formulator on the basis of the challenges imposed by the 
active moiety via this route. Vesicular formulations shows 
better therapeutic results as compared to conventional 
formulations and it has been expected that in upcoming 
years more vesicular formulations would find their place 
in therapeutic world. 

REFERENCES 

1. Bhowmik D, Chiranjib, Chandira M, Jayakar B, Sampath KP, Recent 
Advances In Transdermal Drug Delivery System, Int.J. Pharm Tech, 
2(1), 2010, 68-77. 

2. Honeywell-Nguyen PL, Bouwstra JA, Vesicles as a Tool for 
Transdermal and Dermal Delivery, Drug Discovery Today: 
Technologies/Drug delivery/formulation and nanotechnology, 2(1), 
2005, 67-74. 

3. Jadhav SM, Morey P, Karpe M, Kadam V, Novel Vesicular System: An 
Overview, Journal of Applied Pharmaceutical Science, 02(01), 2012, 
193-202. 

4. Prasanthi D, Lakshmi PK, Vesicles - Mechanism of Transdermal 
Permeation: A Review, Asian Journal of Pharmaceutical and Clinical 
Research, 5(1), 2012, 18-25. 

5. Biju SS, Talagaonkar S, Mishra PR, Khar RK, Vesicular Systems: An 
Overview, Indian J. Pharm. Sci, 68 (2), 2006, 141-153. 

6. Kamble R, Pokharkar VB, Badde S and Kumar A, Development and 
Characterization of Liposomal Drug Delivery System for Nimesulide, 
Int. J. Pharm. Pharm. Sci, 2(4), 2010, 87-89. 

7. Hupfeld S, Holsaeter AM, Skar M, Frantzen CB, Brandl M,  Liposome 
Size Analysis by Dynamic/Static Light Scattering upon Size 
Exclusion/Field Flow-Fractionation, Journal of Nanoscience and 
Nanotechnology, 6(9-10), 2006, 3025-3031. 

8. Egbaria K, Weiner N, Liposomes as a Topical Drug Delivery System, 
Advanced Drug Delivery Reviews, 5(3), 1990, 287-300. 

9. Anwekar H, Patel S and Singhai AK, Liposome- as Drug Carriers, Int. 
J. of Pharm. & Life Sci, 2(7), 2011, 945-951. 

10. Mansoori MA, Agrawal S, Jawade S, Khan MI, A Review on 
Liposome, IJARPB, 1(4), 2012, 453-464. 

11. Mezei M, Gulasekharam V, Liposomes- a Selective Drug Delivery 
System for the Topical Route of Administration, Lotion Dosage 
Form. Life Sci, 26(18), 1980, 1473-1477. 

12. De Leeuw J, De Vijlder HC, Bjerring P, Neumann HA,   Liposomes in 
Dermatology Today, J Eur Acad Dermatol Venereol, 23(5), 2009, 
505-516. 

13. Nounou MM, El-Khordagui LK, Khalafallah N, Release Stability of 5-
Fluorouracil Liposomal Concentrates, Gels and Lyophilized Powder, 
Acta Pol Pharm 62(5), 2005, 381-391. 

14. Gabrijelcic V, Sentjurc M and Kristl J, Evaluation of Liposomes as 
Drug Carriers into the Skin by One-Dimensional EPR Imaging, Int. J. 
Pharm., 62, 1990, 75-79. 

15. Mitkari BV, Korde SA, Mahadik KR and Kokare CR, Formulation and 
Evaluation of Topical Liposomal Gel for Fluconazole, Indian J.Pharm. 
Educ. Res, 44(4), 2010, 324-333. 

16. Jithan AV and Swathi M, Development of Topical Diclofenac Sodium 
Liposomal Gel for better Anti-Inflammatory Activity, Int. J. Pharm. 
Sci. Nanotech, 3(2), 2010, 986-993. 

17. Glavas-Dodov M, Goracinova K, Mladenovska K, Fredro-Kumbaradzi 
E, Release Profile of Lidocaine HCl from Topical Liposomal Gel 
Formulation, International Journal of Pharmaceutics, 242(1-2), 
2002, 381-384. 

18. Patel VB, Misra A, Marfatia YS, Topical Liposomal Gel of Tretinoin 
for the Treatment of Acne: Research and Clinical Implications, 
Pharm Dev Technol, 5(4), 2000, 455-64. 

19. Moghimipour E, Tafaghodi M, Balouchi A, Handali S, Formulation 
and In vitro Evaluation of Topical Liposomal Gel of Triamcinolone 
Acetonide, RJPBCS, 4(1), 2013, 101-107. 

20. Patel RP, Patel H and Baria AH, Formulation and Evaluation of 
Liposomes of Ketoconazole, International Journal of Drug Delivery 
Technology, 1(1), 2009, 16-23. 

21. Mansoori MA, Jawade S, Agrawal S, Khan MI, Formulation 
Development of Ketoprofen Liposomal Gel, IJPI’s Journal of 
Pharmaceutics and Cosmetology, 2(10), 2012, 22-29. 

22. Sankhyan A and Pawar P, Recent Trends in Niosome as Vesicular 
Drug Delivery System, Journal of Applied Pharmaceutical Science, 02 
(06), 2012, 20-32. 

23. Mahale NB, Thakkar PD, Mali RG, Walunj DR, Chaudhari SR, 
Niosomes: Novel Sustained Release Nonionic Stable Vesicular 
Systems- An Overview, Advances in Colloid and Interface Science, 
183-184, 2012, 46-54. 

24. Bandyopadhyay P, Johnson M, Fatty Alcohols or Fatty Acids as 
Niosomal Hybrid Carrier: Effect on Vesicle Size, Encapsulation 
Efficiency and In Vitro Dye Release, Colloids Surf B Biointerfaces, 
58(1), 2007, 68-71. 

25. Rrajera R, Nagpal K, Singh SK, And Mishra DN, Niosomes: A 
Controlled and Novel Drug Delivery System, Biol. Pharm. Bull, 34(7), 
2011, 945-953. 

26. Kumar GP, Rajeshwarrao P, Nonionic surfactant vesicular systems 
for effective drug delivery-an overview, Acta Pharmaceutica Sinica B 
1(4), 2011, 208-219. 

27. Barakat HS, Darwish IA, El-Khordagui LK, Khalafallah NM, 
Development of naftifine hydrochloride alcohol-free niosome gel, 
Drug Dev Ind Pharm, 35(5), 2009, 631-637. 

28. Gupta M, Vaidya B, Mishra N, Vyas SP, Effect of Surfactants on the 
Characteristics of Fluconazole Niosomes for Enhanced Cutaneous 
Delivery, Artif. Cells Blood Substit. Immobil. Biotechnol, 39(6), 2011, 
376- 384. 

29. Solankia AB, Parikh JR, Parikh RH, Patel MR, Evaluation of Different 
Compositions Of Niosomes To Optimize Aceclofenac Transdermal 
Delivery, AJPS, 5(3), 2010, 87-95. 

30. Shahiwala A, Misra A, Studies in Topical Application Of Niosomaly 
Entrapped Nimesulide, J Pharm Pharmaceut Sci, 5(3), 2002, 220-
225. 

31. Das MK, Palei NN, Sorbitan Ester Niosomes for Topical Delivery of 
Rofecoxib, Indian J Exp Biol, 49(6), 2011, 438-445. 

32. Arora R, Sharma A, Release Studies of Ketoprofen Niosome 
Formulation, J Chem Pharm Res. 2(1), 2010, 79-82. 

33. Kaur K, Jain S, Sapra B, Tiwary AK, Niosomal Gel for Site-Specific 
Sustained Delivery of Anti-Arthritic Drug: In Vitro-In Vivo Evaluation, 
Current Drug Delivery, 4(4), 2007, 276-82. 



Int. J. Pharm. Sci. Rev. Res., 21(1), Jul – Aug 2013; n° 14, 77-86                                                                          ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

85 

34. Satapara V, Chauhan N, Joshi B, Satapara R and Patel P, 
Development and Characterization of Niosomal Drug Delivery of 
Ibuprofen, Novus International Journal of Pharmaceutical 
Technology, 1(1), 2012, 59-63. 

35. Singla K, Rao R, Saini V, Preparation and Evaluation of Lornoxicam 
Niosomal Gel, IRJP, 3(4), 2012, 378-383. 

36. Jigar V, Vyas P, Sawant K, Formulation and Evaluation of Topical 
Niosomal Gel of  Erythromycin, Int J Pharm Pharm Sci, 3(1), 2011, 
123‐126. 

37. Patel RP, Patel KP, Modi KAand Pathak CJ, Novel Anti-Acne Drug 
Delivery System of Tretinoin, Intl. R. J. of Pharmaceuticals, 1(2), 
(2011), 65-71. 

38. Shatalebi MA, Mostafavi SA, Moghaddas A, Niosome as a Drug 
Carrier for Topical Delivery of N-Acetyl Glucosamine, Res. Pharm. 
Sci, 5(2), 2010, 107-117. 

39. Manosroi A, Jantrawut P, Akazawa H, Akihisa T, Manosroi W, 
Manosroi J, Transdermal Absorption Enhancement of Gel 
Containing Elastic Niosomes Loaded with Gallic Acid from 
Terminalia Chebula Galls, Pharm. Biol, 49(6), 2011, 553-562. 

40. Mura S, Pirot F, Manconi M, Falson F, Fadda AM, Liposomes and 
Niosomes as Potential Carriers for Dermal Delivery of Minoxidil, J 
Drug Target, 15(2), 2007, 101-108. 

41. Junyaprasert VB, Singhsa P, Suksiriworapong J, Chantasart D,  
Physicochemical Properties And Skin Permeation of Span 60/Tween 
60 Niosomes of Ellagic Acid, Int J Pharm, 423(2), 2012, 303-311. 

42. Tabbakhian M, Tavakoli N, Jaafari MR, Daneshamouz S., 
Enhancement of Follicular Delivery of Finasteride by Liposomes and 
Niosomes 1.In vitro Permeation and In vivo Deposition Studies using 
Hamster Flank and Ear Models, Int J Pharm, 323(1-2), 2006, 1-10. 

43. Keservani RK, Sharma AK, Ramteke S, Novel Vesicular Approach for 
Topical Delivery of Baclofen via Niosomes, Lat. Am. J. Pharm, 29(8), 
2010, 1364-70. 

44. Prajapati ST, Patel CG and Patel CN, Transfersomes: A Vesicular 
Carrier System for Transdermal Drug Delivery, Asian Journal of 
Biochemical and Pharmaceutical Research, 1(2), 2011, 507-524. 

45. Cevc G, Blume G, Schatzlein A, Transferosomes Mediated 
Transepidermal Delivery Improves the Regiospecificity and 
Biological Activity of Corticosteroids In Vivo, J. Control. Release, 
45(3), 1997, 211-226. 

46. Cevc G, Schatzlein A, Blume G, Transdermal drug carriers: Basic 
Properties, Optimization and Transfer Efficiency in Case of 
Epicutaneously Applied Peptides, J. Control. Release., 36(1-2), 1995, 
3‐16. 

47. Jain S, Umamaheshwari RB, Bhadra D, Tripathi P, Jain P, Jain NK, 
Ultra Deformable Liposome: A Recent Tool for Effective 
Transdermal Drug Delivery, Indian J. Pharm. Sci, 65(3), 2003, 223-
231. 

48. Patel R, Singh SK, Singh S, Sheth NR, Gendle R, Development and 
Characterization of Curcumin Loaded Transferosome for 
Transdermal Delivery, J. Pharm. Sci. & Res, 1(4), 2009, 71-80. 

49. Sahil M. Gavali, Sharad S. Pacharane, Kisan R. Jadhav and Vilasrao J. 
Kadam, Clinical P Transfersome: A New Technique For Transdermal 
Drug Delivery, IJRPC 2011, 1(3), 735-740. 

50. Malakar J, Gangopadhyay A and Nayak AK, Transferosome: An 
Opportunistic Carrier for Transdermal Drug Delivery System, IRJP, 3 
(3), 2012, 35-38. 

51. Amin S, Sarfenejad A, Ahmad J, Kohli K, Mir SR, Nanovesicular 
Transfersomes for Enhanced Systemic Delivery of Telmisartan, 
Advanced Science, Engineering and Medicine, 5(4), 2013, 209-218. 

52. Malakar J, Sen SO, Nayak AK, Sen KK, Formulation, Optimization and 
Evaluation of Transferosomal Gel for Transdermal Insulin Delivery, 
Saudi Pharmaceutical Journal, 20(4), 2012, 355-363. 

53. Bavarsad N, Bazzaz BSF, Khamesipour A, Jaafari MR, Colloidal, In 
Vitro and In Vivo Anti-Leishmanial Properties of Transfersomes 
Containing Paromomycin Sulfate in Susceptible Balb/C Mice, Acta 
Tropica, 124(1), 2012, 33-41. 

54. Taghizadeh SM, Bajgholi S, A New Liposomal-Drug-in-Adhesive 
Patch for Transdermal Delivery of Sodium Diclofenac, Journal of 
Biomaterials and Nanobiotechnology, 2 (5A), 2011, 576-581. 

55. Hofer C, Gobel R, Deering P, Lehmer A, Breul J, Formulation of 
Interleukin-2 and Interferon-A Containing Ultradeformable Carriers 
for Potential Transdermal Application, Anticancer Res, 19(2c), 1999, 
1505-1507. 

56. Mahor S, Rawat A, Dubey PK, Gupta PN, Khatri K, Goyal AK, Vyas SP, 
Cationic Transfersomes Based Topical Genetic Vaccine Against 
Hepatitis B, Int. J. Pharm, 340(1-2), 2007, 13-19. 

57. Manosroi A, Jantrawut P, Khositsuntiwong N, Manosroi W, 
Manosroi J, Novel Elastic Nanovesicles for Cosmeceutical and 
Pharmaceutical Applications, Chiang Mai. J. Sci, 36(2), 2009, 168-
178.  

58. Touitou E, Dayan N, Bergelson L, Godin B, Eliaz M, Ethosomes -
Novel Vesicular Carriers for Enhanced Delivery: Characterization and 
Skin Penetration Properties, Journal of Controlled Release, 65(3), 
2000, 403-418. 

59. Patel S, Ethosomes: A Promising Tool for Transdermal Delivery of 
Drug, Pharma.  Info. Net, 5(3), 2007, 47-53. 

60. Nikalje PA, Tiwari S, Ethosomes: A Novel Tool for Transdermal Drug 
Delivery, IJRPS 2(1), 2012, 1-20. 

61. Verma DD, Fahr A, Synergistic Penetration Effect of Ethanol and 
Phospholipids on the Topical Delivery of Cyclosporin A, J. Control 
Release, 97(1), 2004, 55-66.  

62. Bhalaria MK, Naik S, Misra AN, Ethosomes: A Novel Delivery System 
for Antifungal Drugs in the Treatment of Topical Fungal Diseases, 
Indian Journal of Experimental Biology, 47(5), 2009, 368-375. 

63. Horwitz E, Pisanty S, Czerninski R, Helser M, Eliav E, Touitou E, A 
Clinical Evaluation of A Novel Liposomal Carrier for Acyclovir in the 
Topical Treatment Of Recurrent Herpes Labialis, Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod, 87(6), 1999, 700-705. 

64. Jain S, Tiwary AK, Sapra B, and Jain NK, Formulation and Evaluation 
of Ethosomes for Transdermal Delivery of Lamivudine, AAPS Pharm 
SciTech, 8(4), 2007, 249-257. 

65. Maurya SD, Prajapati SK, Gupta AK, Saxena GK, Dhakar RC, 
Formulation Development and Evaluation of Ethosome of 
Stavudine, Ind. J. Pharm. Edu. Res, 44(1), 2010, 102-108. 

66. Jain S, Umamaheshwari RB, Bhadra D, Jain NK, Ethosomes: A Novel 
Vesicular Carrier for Enhanced Transdermal Delivery of An Anti-Hiv 
Agent, Ind. J. Pharm. Sci, 66(1), 2004, 72-81. 

67. Vijayakumar MR, Sathali AAH, Arun K, Formulation and Evaluation 
of Diclofanac Potassium Ethosomes, Int. J. Pharm. Pharm. Sci, 2(4), 
2010, 82‐86. 

68. Garg AK, Negi LM, Chauhan M, Gel Containing Ethosomal Vesicles 
for Transdermal Delivery of Aceclofenac, Int J Pharmacy Pharm Sci, 
2(2), 2010, 102-108. 

69. Chourasia MK, Kang L, Chan SY, Nanosized Ethosomes Bearing 
Ketoprofen for Improved Transdermal Delivery, Results in Pharma 
Sciences, 1, 2011, 60-67. 

70. Shumilov M, Bercovich R, Duchi S, Ainbinder D, Touitou E, Ibuprofen 
Transdermal Ethosomal Gel: Characterization And Efficiency In 
Animal Models, J Biomed Nanotechnol, 6(5), 2010, 569-576. 

71. Maheshwari RGS, Tekade RK, Sharma PA, Darwhekar G, Tyagi A, 
Patel RP, Jain DK, Ethosomes And Ultradeformable Liposomes For 
Transdermal Delivery Of Clotrimazole: A Comparative Assessment, 
Saudi Pharmaceutical Journal, 20(2), 2012, 161-170. 



Int. J. Pharm. Sci. Rev. Res., 21(1), Jul – Aug 2013; n° 14, 77-86                                                                          ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

86 

72. Song CK, Balakrishnan P, Shim CK, Chung SJ, Chong S,  Kim DD, A 
Novel Vesicular Carrier, Transethosome, For Enhanced Skin Delivery 
Of Voriconazole: Characterization And In Vitro/In Vivo Evaluation, 
Colloids And Surfaces B: Biointerfaces, 92, 2012, 299-304. 

73. Dubey V, Mishra D, Jain NK, Melatonin Loaded Ethanolic Liposomes: 
Physicochemical Characterization and Enhanced Transdermal 
Delivery, Eur. J. Pharm. Biopharm, 67(2), 2007, 398-405. 

74. Paolino D, Celia C, Trapasso E, Cilurzo F, Fresta M., Paclitaxel Loaded 
Ethosomes: Potential Treatment Of Squamous Cell Carcinoma, A 
Malignant Transformation Of Actinic Keratoses, European Journal 
Of Pharmaceutics And Biopharmaceutics 81(1), 2012, 102-112. 

75. Li G, Fan Y, Fan C, Li X, Wang X, Li M, Liu Y., Tacrolimus-Loaded 
Ethosomes: Physicochemical Characterization And In Vivo 

Evaluation, European Journal Of Pharmaceutics And 
Biopharmaceutics, 82(1), 2012, 49-57. 

76. Dubey V, Mishra D, Dutta T, Nahar M, Saraf DK, Jain NK, Dermal and 
Transdermal Delivery of An Anti-Psoriatic Agent Via Ethanolic 
Liposomes, J. Cont. Release, 123(2), 2007, 148-154. 

77. De la Presa P, Rueda T, del Puerto Morales M, Javier Chichon F, 
Arranz R, Valpuesta JM, Hernando A, Gold Nanoparticles Generated 
in Ethosomes Bilayers, As Revealed by Cryo-Electron-Tomography, J. 
Phy. Chem, 113(10), 2009, 3051-3057. 

 

 

Source of Support: Nil, Conflict of Interest: None. 

  


