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There has been keen interest in the development of a novel drug delivery system. Novel drug delivery system aims
to deliver the drug at a rate directed by the needs of the body during the period of treatment, and channel the
active entity to the site of action. At present, no available drug delivery system behaves ideally achieving all the lofty
goals, but sincere attempts have been made to achieve them through novel approaches in drug delivery. A number
of novel drug delivery systems have emerged encompassing various routes of administration, to achieve controlled
and targeted drug delivery. Encapsulation of the drug in vesicular structures is one such system, which can be
predicted to prolong the existence of the drug in systemic circulation, and reduce the toxicity, if selective uptake can
be achieved. Consequently a number of vesicular drug delivery systems such as liposomes, niosomes, transfersomes,
and pharmacosomes were developed. Advances have since been made in the area of vesicular drug delivery, leading
to the development of systems that allow drug targeting, and the sustained or controlled release of conventional
medicines. The focus of this review is to bring out the application, advantages, and drawbacks of vesicular systems.

The quest never ends. From the very beginning of the
human race; the quest is going on for newer and better
alternatives, and in case of drugs it will continue; continue
till we find a drug with maximum efficacy and no side
effects. Many drugs, particularly chemotherapeutic agents,
have narrow therapeutic window, and their clinical use is
limited and compromised by dose limiting toxic effect.
Thus, the therapeutic effectiveness of the existing drugs
is improved by formulating them in an advantageous way.

In the past few decades, considerable attention has been
focused on the development of new drug delivery system
(NDDS). The NDDS should ideally fulfill two
prerequisites. Firstly, it should deliver the drug at a rate
directed by the needs of the body, over the period of
treatment. Secondly, it should channel the active entity to
the site of action. Conventional dosage forms including
prolonged release dosage forms, are unable to meet none
of these. At present, no available drug delivery system
behaves ideally, but sincere attempts have been made to
achieve them through various novel approaches in drug
delivery™.

Approaches are being adapted to achieve this goal, by
paying considerable attention either to control the
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distribution of drug by incorporating it in a carrier
system, or by altering the structure of the drug at the
molecular level, or to control the input of the drug into
the bioenvironment to ensure an appropriate profile of
distribution.

Novel drug delivery system aims at providing some
control, whether this is of temporal or spatial nature, or
both, of drug release in the body. Novel drug delivery
attempts to either sustain drug action at a predetermined
rate, or by maintaining a relatively constant, effective
drug level in the body with concomitant minimization of
undesirable side effects. It can also localize drug action
by spatial placement of controlled release systems
adjacent to, or in the diseased tissue or organ; or target
drug action by using carriers or chemical derivatization to
deliver drug to particular target cell type.

Different types of pharmaceutical carriers are present.
They are — particulate, polymeric, macromolecular, and
cellular carrier. Particulate type carrier also known as a
colloidal carrier system, includes lipid particles (low and
high density lipoprotein-LDL and HDL, respectively),
microspheres, nanoparticles, polymeric micelles and
vesicular like liposomes, niosomes pharmacosomes,
virosomes, etc?5. The vesicular systems are highly
ordered assemblies of one or several concentric lipid
bilayers formed, when certain amphiphilic building blocks
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are confronted with water. Vesicles can be formed from
a diverse range of amphiphilic building blocks. The terms
such as synthetic bilayers allude to the non-biological
origin of such vesiculogenes. Biologic origin of these
vesicles was first reported in 1965 by Bingham®, and was
given the name Bingham bodies. Much water has flown
since then.

In this article, an attempt has been made to touch upon
different aspects related to the vesicular system, including
method of preparation, stabilization, drawbacks, and
applications. Various types of vesicular systems such as
liposomes, niosomes, transfersomes, and pharmacosomes,
have been discussed in detail, while other emerging
systems have been discussed briefly.

VESICULAR SYSTEMS

In recent years, vesicles have become the vehicle of
choice in drug delivery. Lipid vesicles were found to be
of value in immunology, membrane biology, diagnostic
techniques, and most recently, genetic engineering”.
Vesicles can play a major role in modeling biological
membranes, and in the transport and targeting of active
agents.

Biological membranes form the ubiquitous delimiting
structures that surround and compartmentalize all cells and
organelles. The bilayer arrangement of lipids is perhaps
the only organizational feature that is common to all
biological membranes. Numerous theoretical models of
membrane structure have appeared since the publication
of the cell theory by Schleiden and Sehwann in 1839.
Experimental models provide insight into the motional
dynamics and static structures of some isolated
compartments of biological membranes. Lipid vesicles are
just one type of the many experimental models of
biomembranes. Although developed for basic research,
many technological innovations have arisen from the
applications of these models. Lipid vesicles have evolved
successfully, as vehicles for controlled delivery.

Conventional chemotherapy for the treatment of
intracellular infections is not effective, due to limited
permeation of drugs into cells. This can be overcome by
use of vesicular drug delivery systems. Encapsulation of
a drug in vesicular structures can be predicted to prolong
the existence of the drug in systemic circulation, and
perhaps, reduces the toxicity if selective uptake can be
achieved®. The phagocytic uptake of the systemic
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delivery of the drug-loaded vesicular delivery system
provides an efficient method for delivery of drug directly
to the site of infection, leading to reduction of drug
toxicity with no adverse effects. Vesicular drug delivery
reduces the cost of therapy by improved bioavailability of
medication, especially in case of poorly soluble drugs.
They can incorporate both hydrophilic and lipophilic
drugs. Vesicular drug delivery systems delay drug
elimination of rapidly metabolizable drugs, and function
as sustained release systems. This system solves the
problems of drug insolubility, instability, and rapid
degradation. Consequently, a number of vesicular
delivery systems such as liposomes, niosomes,
pharmacosomes etc, were developed.

Liposomes:

Liposomes are simple microscopic vesicles in which lipid
bilayer structures are present with an agueous volume
entirely enclosed by a membrane, composed of lipid
molecule. There are a number of components present in
liposomes, with phospholipid and cholesterol being the
main ingredients. The type of phospholipids includes
phosphoglycerides and sphingolipids, and together with
their hydrolysis products®. Classification of liposomes on
the basis of lamellae and composition is shown in Table
1, and on the basis of size and number of lamellae in
Table 2 (Fig. 1).

All methods of preparation of liposomes involve
dissolution of cholesterol, lecithin, and charge in organic
solvent, followed by drying it to a thin film, and then
dispersion of film in an agueous medium to obtain
liposome suspension at a critical hydrating temperature.
The hydrating temperature used to prepare liposomes
should be above the phase transition temperature of
phospholipid used i.e. temperature at which there is
transition from gel to liquid phase. It can be altered by
using phospholipid mixtures, or by adding sterols e.g.
cholesterol. Gel state vesicular delivery system can be
improved by adding cholesterol to the lipid in case of
liposomes, or to the surfactant in case of niosomes,
discussed later on in the paper. This temperature can
give good clues to vesicular delivery, system stability,
and permeability. The methods of preparation have been
classified to the three basic modes of dispersions-
» Physical dispersion involving hand shaking and non-
hand shaking methods?2
» Solvent dispersion involving ethanol injection, ether
injection, double emulsion vesicle method, reverse
phase evaporation vesicle method, and stable
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TABLE 1: LIPOSOME CLASSIFICATION BASED ON COMPOSITION AND MODE OF DRUG DELIVERY.

Type Composition Characteristics References
Conventional Neutral and or negatively charged Subject to coated-pit endocytosis, contents ultimately 12,13
liposomes phospholipids + cholesterol delivered to lysosomes if they do not fuse from the

endosomes, useful for RES targeting; rapid and

saturable uptake by RES; short circulation half life;

dose dependent pharmacokinetics.

PH sensitive Phospholipids such as phosphatidyl Subject to coated-pit endocytosis at low pH, fuse with 14

liposomes ethanolamine, dioleoyl phosphatidyl cell or endosome membrane and release their contents
ethanolamine with either CHEMS' in cytoplasm; suitable for intracellular delivery of weak
or OAZ. base and macromolecules; biodistribution and pharmacok

inetics similar to conventional liposomes.

Cationic liposomes Cationic lipids Possibly fuse with cell or endosome membranes; suitable 15

for delivery of negatively charged macromolecules
(DNA, RNA); ease of formation; structurally unstable;
transfection activity decreases with time; toxic at high
dose, mainly restricted to local administration.

Long circulating Neutral high transition temperature, Hydrophilic surface coating, low opsonisation and 16

liposomes (or) lipid, cholesterol+ 5-10% of PEG-DSPE3, thus low rate of uptake by RES; long circulating

Stealth liposomes  GMI4, HPI® half life (40 hrs); dose independent pharmacokinetics

upto 10micromoles/mouse lipid dose.

Immuno-liposomes  Conventional or long circulating Subject to receptor-mediated endocytosis; cell specific 17
liposomes with attached Ab or binding (targeting); can release contents extracellularly
recognition sequence. near the target tissue and drugs diffuse through

plasma membrane to produce their effects

Magnetic Phosphatidyl choline, cholesterol, Liposomes that indigenously contain binding sites 18

liposomes small amounts of a linear chain for attaching other molecules like antibodies on
aldehyde and colloidal particles of their exterior surface. Can be made use of by
magnetic iron oxide an external vibrating magnetic field in their

deliberate, on site, rupture and immediate release
of their components.

Temperature (or)  dipalmitoyl Vesicles showed maximum release at 41°Y, the 19

heat sensitive phophatidylcholine phase transition temperature of dipalmitoyl

liposomes phophatidylcholine Liposomes released the entrapped

content at the target cell surface upon a brief
heating to the phase transition temperature of the
liposome membrane
Lipid bilayer memibrane LLL?\ i?\&i;} / }S
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Fig. 1: Unilamellar stealth liposome
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TABLE 2: LIPOSOME CLASSIFICATION BY SIZE AND NUMBER OF LAMELLAE

Type Size range Characteristics References
Multilamellar 0.1-0.3 pm  More than one bilayer; moderate aqueous volume to lipid ratio 1:4:1mole lipid); 20, 21
vesicles (MLV) (greater encapsulation of lipophilic drug; mechanically stable upon long term

storage; rapidly cleared by RES; useful for targeting the cellsof RES; simplest

to prepare by thin film hydration of lipids in presence of an organic solvent.
1. Oligolamellar
vesicles or Intermediate between LUV & MLV 14
paucilamellar vesicles
2. Multivesicular Separate compartment are present in a single MLV 22
liposomes
3. Stable plurilamellar Have unique physical &biological properties due to osmotic compression. 23
vesicles
Large unilamellar 0.1-10 um Single bilayer, high aqueous volume to lipid ratio (7:1mole lipid) useful for 24
vesicles (LUV) hydrophilic drugs; high capture of macromolecules; rapidly cleared by RES;

prepared by detergent dialysis, ether injection, reverse phase evaporation,

or active loading methods.
Small unilamellar <0.1 um Single bilayer, homogeneous in size; thermodynamically unstable; susceptible 25

vesicles (SUV)

to aggregation and fusion at low or no charge; limited capture of

macromolecules; low aqueous volume to lipid to ratio (0.2:1.5:1mole lipid);
prepared by reducing the size of MLV or LUV using probe sonication or gas
extruder or by active loading or solvent injection technique.

plurilamellar vesicle method?-3*
» Detergent solubilization®¢

The liposomes are characterized for their physical
attributes i.e. size, shape, and size distribution®“, surface
charge*, percent capture*?“3, entrapped volume*,
lamellarity through freeze fracture microscopy and P-
NMR*, phase behavior*, drug release* ¢, quantitative
determination of phospholipids*® and cholesterol
analysis®.

Cationic liposomes (CLs) are used as gene vectors
(carriers) in worldwide human clinical trials of non-viral
gene therapy. These lipid-gene complexes were found to
have the potential of transferring large pieces of DNA of
up to 1 million base pairs into cells®**2 The outcome of a
study carried with doxorubicin expressed in the kinetic
model, revealed a 5-6 fold larger rate constant of cell
killing potency for the encapsulated drug, versus the
free drug.® Liposomes are available in sizes ranging from
20 nm to greater than 1um, and therefore provide an
opportunity to be administered by the intranasal route, for
controlled drug delivery to the respiratory tract>. The
fact was also recognized by other scientists when they
administered cytosine arabinoside-entrapped liposomes by
the same route, and found that the drug remained within
the lungs for a considerable time®%. Inhalation devices
like nebulizers produce an aerosol of droplets containing
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liposomes. Some other drugs encapsulated in liposomes
are pentamidine®, sodium cromoglycate®®, and
salbutamol®®, and administered by same route. A study
carried out by Medina et al., demonstrated the potential
of the pleural route, as a technique for mediastinal mode
targeting using the avidin/biotin-liposome system®. The
results of a study by Voinea et al., suggest that
superoxide dismutase entrapped in liposomes, is effective
in scavenging superoxide anions, increases nitric oxide
bioactivity, and improves the vasorelaxation of resistance
arteries in diabetic hamsters®:. The findings by Joshi and
Misra®2 demonstrate that liposome of budesonide can be
prepared with a high entrapment value, stabilized by
lyophilization, and delivered as an aerosolized dry
powder inhalation.

Liposomes as carriers for topical and transdermal
delivery, have been reviewed in detail by Touitou et
al.% One of the earliest applications on topically
administered liposome-entrapped triamcinolone, was
reported by Mezei et al.% After this, topical application of
liposome has been explored on various categories of
drugs like steroids®®%, non-steroidal antiinflammatory
drugs®”®, local anesthetics® and antimicrobial agents™.

Manosroi et al.,” demonstrated that amphoterecin B
entrapped in charged liposomes, showed sustained skin
absorption, and concluded that the positively charged
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liposome might be the best formulation for AmB, due to
its higher stability than other formulations. In addition to
use of liposomes in the treatment of psoriasis™,
encapsulation of associated antigens epitopes into
sterically stabilized liposomes, result in effective
immunogenic formulations suitable for clinical use in active
specific tumour immunotherapy™.

Application of liposomes in topical ocular drug delivery
has also given considerable attention™. Liposomes offer
advantages over most ophthalmic preparations in being
completely biodegradable and non-toxic. Smolin et al.™
reported that idoxiuridine entrapped in liposomes, was
more effective in treatment of acute and chronic herpetic
keratitis in albino rats, than the unentrapped drug.
Schaeffer et al.” reported that the transcorneal flux of
liposome-entrapped penicillin G, indoxol, and carbachol,
were approximately double than that of the unentrapped
drug. Immunoliposomes bearing antibody against the cell
surface viral glycoprotein, was suggested as targeting
carriers in the treatment of ocular herpetic keratitis™.
Liposomes have the ability to intimately make contact with
the corneal and conjunctival surfaces, and thereby
increase the ocular drug absorption. Guo et al.”™
confirmed the importance of +ve charge in corneal
retention of liposomes. Substantial reduction in retinal
toxicity of cytarabin in liposomal form, was reported by
Liu et al,” who suggested that this combination offers
great promise in the treatment of ocular proliferative
disorders (as an alternative to fluorouracil). The in vitro
corneal penetration and in-vivo corneal absorption of
acyclovir-containing liposome systems were investigated.
Results of in vitro studies demonstrated that, positively
charged liposomes resulted in a high penetration of
acyclovir than those of negatively charged liposomes,
and free drug solution. An in vivo study indicated that
extent of acyclovir concentration in the cornea was
higher than those negatively charged liposomes, and free
drug solution®,

Liposomes as a potential delivery system for the oral
administration of insulin, have been extensively
studied®®2, It was observed by many scientists, that the
liposomes had protective effects against proteolytic
digestive enzymes like pepsin and pancreatin®®, and
they can increase the intestinal uptake of macromolecules
and hence are capable of enhancing insulin uptake®.

Liposomes with a specifically modified design, i.e. long-
circulating and especially actively targeting liposomes,
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stand a better chance in becoming truly tumoritropic
carriers of photosensitizers, and can hence be used
successfully in photodynamic therapy®.

Liposomal drug delivery system is advantageous in the
fulfillment of the aspects related to protection of the drug,
controlled release of the active moiety along with the
targeted delivery, and cellular uptake via endocytosis®*.
Besides the merits, liposomes also pose certain problems
associated with degradation by hydrolysis®, oxidation®,
sedimentation, leaching of drug; and aggregation or
fusion®® during storage. Approaches that can be used to
increase liposome stability involve efficient formulation
and lyophilization. Formulation involves the selection of
the appropriate lipid composition and concentration of the
bilayer, in addition to the agqueous phase ingredients,
such as buffer, antioxidants, metal, chelators, and
cryoprotectants. Charge-inducing lipids, such as
phosphatidylglyceride be incorporated into the liposome
bilayer to decrease fusion, while cholesterol and
sphingomyelin can be incorporated in formulations, in
order to decrease the permeability and leakage of
encapsulated drugs. Buffers at neutral pH can decrease
hydrolysis. Addition of antioxidants such as sodium
ascorbate, can decrease the oxidation. Freeze-dried
liposome formulations should incorporate a lipoprotectant-
like non-reducing disaccharide, such as trehalose, and
sucrose. Some problems associated with clinical
applications of liposomes, are difficulties experienced in
sterilization and large-scale production. Moreover, it is
difficult to obtain large quantities of sterile products with
defined and reproducible properties, which display
adequate chemical and physical stability. The cost and
purity of phospholipid is another limiting factor. They are
suitable for parenteral administration but oral
administration is not possible, because of inability of
liposomes to survive to the action of bile salts and
phospholipids®.

Niosomes or non-ionic surfactant vesicles:

Rigorous conditions required for handling liposomes
under cryogenic atmosphere have prompted the use of
non- ionic surfactant in vesicular drug delivery system, in
lieu of phospholipids. Thus, the new vesicular delivery
system consisting of unilamellar or multilamellar vesicles
called niosomes, was introduced. In this case, an aqueous
solution is enclosed in a highly ordered bilayer made up
of non- ionic surfactant, with or without cholesterol and
dicetyl phosphate, and exhibit a behaviour similar to
liposomes in vivo. The bilayered vesicular structure is an
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assembly of hydrophobic tails of surfactant monomer,
shielded away from the aqueous space located in the
center and hydrophilic head group, in contact with the
same. Addition of cholesterol results in an ordered liquid
phase formation which gives the rigidity to the bilayer,
and results in less leaky niosomes. Dicetyl phosphate is
known to increase the size of vesicles, provide charge to
the vesicles, and thus shows increase entrapment
efficiency. Other charge-inducers are stearylamine and
diacylglycerol, that also help in electrostatic stabilization of
the vesicles. Niosomes have unique advantages over
liposomes. Noisomes are quite stable structures, even in
the emulsified form®, They require no special
conditions such as low temperature or inert atmosphere
for protection or storage, and are chemically stable.
Relatively low cost of materials makes it suitable for
industrial manufacture. A number of non- ionic surfactants
have been used to prepare vesicles viz. polyglycerol
alkyl ether, glucosyl dialkyl ethers, crown ethers, ester
linked surfactants, polyoxyethylene alkyl ether®”-102,
Briji1%4 and a series of spans and tweens!%-108,

Niosomes entrap solute in a manner analogous to
liposomes. They are osmotically active, and are stable on
their own, as well as increase the stability of the
entrapped drugs'®, Handling and storage of surfactants
require no special conditions. Niosomes possess an
infrastructure consisting of hydrophilic and hydrophobic
moieties together, and as a result, can accommaodate drug
molecules with a wide range of solubilities!!. They
exhibit flexibility in structural characteristics (composition,
fluidity, size,), and can be designed according to the
desired situation!2, Niosomes improve the oral
bioavailability of poorly absorbed drugst*%5 and
enhance skin penetration of drugs'®!®, They can be
made to reach the site of action by oral*?*!2 [oral
absorption of niosomes is better as compared to liposomes
as replacement of phospholipids by nonionic surfactants
has made niosomes less susceptible to the action of bile
salts], parenteral’?'2® as well as topical routes?#'?’, They
allow their surface for attachment of hydrophilic moieties
in the bilayer, to bring about changes in-vivo, by
incorporation of hydrophilic groups such as poly
(ethylene glycol), concanavalin A, and polysaccharide to
the non-ionic surfactant, thus acting as stealth or long
circulating niosomes??12, Niosomal dispersion in the
aqueous phase can be emulsified in non-aqueous phase
to regulate delivery rate of drug, and administer to
normal vesicles in extended non-aqueous phase®*.

Niosomal surfactants are biodegradable, biocompatible,
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and non- immunogenic. Niosomes improve the therapeutic
performance of drug molecules by delayed clearance
from the circulation, protecting the drug from biological
environment and restricting effects to target cells.

Niosomes can be formulated by lipid layer hydration
method, or by reverse phase evaporation method, or by
transmembrane pH gradient uptake process (remote
loading), to form multilamellar vesicles. Other methods
include hand shaking, ether injection, and sonication?31%,
These methods are based on whether the drug is
actively or passively entrapped in vesicles. In passive
trapping, the technique drug and lipids are codispersed
with a fraction of drug being entrapped, according to
hydrophobicity and electrostatic charge. If the drug is
hydrophilic, it will be entrapped in the internal aqueous
phase, and the hydrophobic drug will primarily be
entrapped in the lipid region. Active trapping can be
achieved in response to ion gradients placed across
niosomal membranes. This allows drug entrapment after
the niosomal carrier has been formulated.

Similar to liposomes, there are 3 major types of niosomes
—multilamellar vesicles (MLV, size >0.05 pm), small
unilamellar vesicles (SUV, size -0.025-0.05 um), large
unilamellar vesicles (LUV, size >0.10 um). MLVs vesicles
exhibit increased-trapped volume and equilibrium solute
distribution, and require hand-shaking method. They show
variations in lipid compositions. SUVs are commonly
produced by sonication, and French Press procedures.
Ultrasonic electrocapillary emulsification or solvent dilution
techniques can be used to prepare SUVs. The injections
of lipids solubilised in an organic solvent into an aqueous
buffer, can result in spontaneous formation of LUV. But
the better method of preparation of LUV is reverse phase
evaporation, or by detergent solubilisation method?**1%,

Niosomes are characterized for different attributes such
as vesicle diameter using light microscope, photon
correlation microscopy, freeze capture microscopy,
entrapment efficiency, and in vitro release rate. Other
aspects studied are drug stability, drug leakage in saline
and plasma on storage, pharmacokinetic aspect, toxicity, etc.

Varshosaz et al.'® prepared niosomes of sorbitan
monoesters (span 20, 40, 60, and 80), using the film
hydration method without sonication, and demonstrated
that vesicles containing span 60 showed the highest
protection of insulin against proteolytic enzymes.
Micromanipulation of the external bilayers of niosomes
allows the formation of tethers, which are fluid state lipid/
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surfactant lamellar nanotubes, and can be used as mode
of transport of a vesicle within a flexible microtube®,
Niosomes can be used as stable carriers for tretinoin,
when incorporated in P90 or span vesicles. The results
presented a half-life shorter, or very close to that of the
free drug®®. Niosomal gel formulation containing
nimesulide, have also demonstrated enhanced anti-
inflammatory activity, compared to plain drug gel and
marketed formulation®, due to increased permeation of
the drug by niosomal gel formulation. An antileishmanial
property of bacopasaponin C was maximal without any
side effects, in the form of niosomal vesicular systems,
A study of daunorubicinhydrochloride encapsulated in
niosomes by Balasubramanium et al., suggests that the
multilamellar vesicles obtained by the reverse evaporation
process, resulted in vesicles that resisted the immediate
lysis in the Kupffer cells, whereby a prolonged drug
concentration was achieved which enhanced the cell
lysist*t, Hao et al., prepared niosomes, which have high
encapsulation capacity for soluble drugs, starting from
span 60 and cholesterol, using evaporation-sonication
method, and demonstrated that niosomes prepared in this
way not only have high encapsulation capacity, but it is
also expected that side effects of drugs may be
reduced'*?. Niosomes have also been used as carriers for
iobitridol, a diagnostic agent used for X-ray imaging.
Non-ionic surfactant vesicles (niosomes), were prepared
and appended with a polysaccharide cap using
hydrophobic anchors. Hydrophobized polysaccharides,
O-palmitoyl pullulan (OPPu) and cholesteroyl pullulan
(CHPu), were anchored onto propranolol HCI containing
preformed niosomes for oral drug delivery'*, The
niosomal formulation displayed higher and sustained
plasma drug level profile, compared to free drug solution,
and hence act as promising carriers for 5-fluorouracil®®.

Like liposomes, aqueous suspension of niosomes may
exhibit aggregation, fusion, leaching or hydrolysis of
entrapped drugs, thus limiting the shelf- life of niosomes
dispersion. Niosome preparation is time-consuming,
requires specialized equipment, and is inefficient,
particularly if smaller quantities are required for particular
application or dose.

Transfersomes:

Liposomal as well as niosomal systems, are not suitable
for transdermal delivery, because of their poor skin
permeability, breaking of vesicles, leakage of drug,
aggregation, and fusion of vesicles64’, To overcome
these problems, a new type of carrier system called
“transfersome”, has recently been introduced, which is
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capable of transdermal delivery of low as well as high
molecular weight drugs®. Transfersomes are specially
optimized, ultradeformable (ultraflexible) lipid
supramolecular aggregates, which are able to penetrate
the mammalian skin intact. Each transfersome consists of at
least one inner aqueous compartment, which is
surrounded by a lipid bilayer with specially tailored
properties, due to the incorporation of “edge activators”
into the vesicular membrane!#%°, Surfactants such as
sodium cholate, sodium deoxycholate, span 80, and
Tween 80, have been used as edge activators®®*1%, It was
suggested that transfersomes could respond to external
stress by rapid shape transformations requiring low
energy. These novel carriers are applied in the form of
semi-dilute suspension, without occlusion. Due to their
deformability, transfersomes are good candidates for the
non-invasive delivery of small, medium, and large sized
drugs. Multiliter quantities of sterile, well-defined
transfersomes containing drug can be, and have been
prepared relatively easily.

Materials commonly used for the preparation of
transferosomes are phospholipids (soya phosphatidyl
choline, egg phosphatidyl choline), surfactant (tween 80,
sodium cholate) for providing flexibility, alcohol (ethanol,
methanol) as a solvent, dye (Rhodamine-123, Nile-red)
for confocal scanning laser microscopy (CSLM), and
buffering agent (saline phosphate buffer pH 7.4), as a
hydrating medium.

Transfersomes are prepared in two steps. First, a thin
film, comprising phospholipid and surfactant is prepared,
hydrated with buffer (pH 6.5) by rotation, and then
brought to the desired size by sonication. The
concentration of surfactant is very crucial in the
formulation of transfersomes, because at sublytic
concentration, these agents provide flexibility to vesicles
membrane, and at higher concentration, cause a
destruction of vesicles. In the second step, sonicated
vesicles are homogenized by extrusion through a
polycarbonate membrane,

Transfersomes are characterized for different physical
properties such as vesicle diameter using photon
correlation spectroscopy or dynamic light scattering
method™, entrapment efficiency™®, vesicle diameter®™1%,
degree of deformability or permeability, in vitro drug
release, confocal scanning laser microscopy (CSLM) study
for investigating the mechanism of penetration of
transfersomes across the skin, for determining histological
organization of the skin, shapes and architecture of the
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skin penetration pathways, and for comparison and
differentiation of the mechanism of penetration of
transfersomes with liposomes, niosomes, and micelles.
Other parameters studied are in vivo fate', pharmacokinetic
aspects6®162, toxicity studies, etc.

Transfersomes have been proposed for a variety of
applications in humans. They are used as a carrier for
protein and peptides like insulin, bovine serum albumin,
vaccines, etc. The delivery of these large biogenic
molecules into the body is difficult. When given orally,
they are completely degraded in the GI tract, and when
used in a degradation preventing formulation, their
uptake in the gut becomes problematic and extremely
insufficient. These are the reasons why nearly all-
therapeutic peptides still have to be introduced into the
body through an injection needle, in spite of the
inconvenience of this method. To overcome the above
problems, numerous attempts have therefore been made
for delivery of peptides and proteins across the skin®,
All recent approaches, either chemical (penetration
enhancers, lipid vesicles), or physicals (iontophoresis,
sonophoresis), have some limitations.

Proteins and other molecules, normally do not cross the
intact mammalian skin. Despite this, it elicits antibodies
against the subcutaneously applied proteins, such as
fluorescein-isothiocyanate-labelled bovine serum albumin
(FITC-BSA), if these macromolecules are associated with
the specially optimized and ultradeformable agent
carriers®, A judicious combination of the integral
membrane proteins and the ultradeformable membrane,
also provides a solution to the problem of the noninvasive
delivery of such molecules. Incorporation of gap junction
protein (GJP) into transfersomes for example, results in a
maximum immune response to this type of
macromolecules®®. Delivery of peptides by transfersomes
provides a very successful means for the noninvasive
therapeutic use of such large molecular weight drugs on
the skin®®, Insulin-loaded transfersomes were prepared
and evaluated, and it was found that transfersomes-
associated insulin (transfersulin™) is carried across the
skin with an efficacy of >50%, and often >80%, if
properly optimized. After each transfersulin application on
the intact skin, the first signs of systemic hypoglycemia
are observed after 90 to 180 minutes, depending on the
specific carrier composition®*’. It was reported that the
formulation of interleukin-2 and interferon-a containing-
transfersomes, are able to deliver sufficient concentrations
for immunotherapy®®. The same concept was used for
transdermal immunization, using transfersomes loaded with
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soluble protein like integral membrane protein, gap
junction protein, bovine serum albumin, etc.
Corticosteroids are used topically for a large variety of
dermatological conditions, but the dermally administered
corticosteroids typically fail to deliver a sufficiently large
drug amount into the body. Use of highly concentrated,
or even supersaturated drug solution on skin, leads to
the problem of drug precipitation, and higher chances of
the adverse effects'®.

Transfersomes improve the site specificity, overall drug
safety, and lower the doses several times than the
currently available formulations for the treatment of skin
diseases. Because of their good penetration power and
flexibility, transfersomes formulations are used for
effective delivery of non-steroidal anti-inflammatory
agents like ibuprofen' and diclofenac?™. Transfersomes
not only increase the penetration of diclofenac through
intact skin, but also carry these agents directly into the
depth of the soft tissues under the application site.
Cevc'™, developed formulation of tamoxifen, the most
common agent for the treatment of all stages of breast
cancer, is based on ultradeformable vesicles, and applied
on the shaved murine back. Most of the epidermally-
applied transfersomes penetrated the skin, leaving less
than 5% of the drug-derived radioactivity on the body
surface. Such delivery of tamoxifen, lowers the incident
of side effects like depression and thrombosis. Recently,
the impact of the combined use of ultradeformable
liposomes and iontophoresis on the penetration of tritiated
estradiol, was compared with saturated aqueous
solution'”. The tritium exchange study showed that extent
of exchange correlated well with current density and time
of application, with some shielding of estradiol by
liposomal structure. Transfersomes enhanced passive
estradiol penetration after occlusion. Estradiol flux was
increased linearly with current density, although being
delivered against electro-osmotic flow. Elastic vesicles
with rigid vesicles, in terms of their interaction, was
compared with human skin, and reported that unlike rigid
vesicles, there is no ultra structural changes takes place
in the human skin on application of elastic vesicles'”. It
was reported, that in vitro transport of pergolide from L-
595 #x2013; PEG-8-L, elastic vesicle showed highest skin
permeation of pergolide, having a steady-state flux of
137.9 ng/h/cm? 17, Transfersomes have been reported to
improve transdermal delivery of drugs, when applied
nonocclusively!™7®, Transfersomes have also been
reported to improve the therapeutic efficacy of
cyclosporine, and the site specificity and safety of
corticosteroidst’"1",
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But like liposomes, transfersomes have certain limitations-

1 Transfersomes are chemically unstable because of
their predisposition to oxidative degradation,

2 Lack of purity of the natural phospholipids comes in
the way of adoption of transfersomes as drug delivery
vehicles and

3 Transfersomes formulations are expensive to prepare.

Pharmacosomes:

The limitations of transfersomes can be overcome by the

“pharmacosome” approach. The prodrug conjoins

hydrophilic and lipophilic properties, and therefore

acquires amphiphilic characters, and similar to other
vesicle forming components, was found to reduce
interfacial tension, and at higher concentrations exhibits
mesomorphic behavior. These are defined as colloidal
dispersions of drugs covalently bound to lipids, and may
exist as ultrafine vesicular, micellar, or hexagonal
aggregates, depending on the chemical structure of drug-
lipid complex!™. Many constraints of various classical
vesicular drug delivery systems, such as problems of
drug incorporation, leakage from the carrier, or
insufficient shelf life, can be avoided by the
pharmacosome approach. The idea for the development
of the vesicular pharmacosome, is based on surface and
bulk interactions of lipids with drug. Any drug possessing
an active hydrogen atom (-COOH, -OH, -NH2, etc.) can
be esterified to the lipid, with or without spacer chain.

Synthesis of such a compound may be guided in such a

way that strongly result in an amphiphilic compound,

which will facilitate membrane, tissue, or cell wall transfer,
in the organism. The salient features of pharmacosomes
are —

» Entrapment efficiency is not only high but
predetermined, because drug itself in conjugation with
lipids forms vesicles.

» Unlike liposomes, there is no need of following the
tedious, time-consuming step for removing the free,
unentrapped drug from the formulation.

e Since the drug is covalently linked, loss due to
leakage of drug, does not take place. However, loss
may occur by hydrolysis.

* No problem of drug incorporation

» Encaptured volume and drug-bilayer interactions do
not influence entrapment efficiency, in case of
pharmacosome. These factors on the other hand have
great influence on entrapment efficiency in case of
liposomes

e The lipid composition in liposomes decides its
membrane fluidity, which in turn influences the rate of
drug release, and physical stability of the system.
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However, in pharmacosomes, membrane fluidity
depends upon the phase transition temperature of the
drug lipid complex, but it does not affect release rate
since the drug is covalently bound

e The drug is released from pharmacosome by
hydrolysis (including enzymatic).

» Phospholipid transfer/exchange is reduced, and
solubilization by HDL is low.

e The physicochemical stability of the pharmacosome
depends upon the physicochemical properties of the
drug-lipid complex.

» Due to their amphiphilic behavior, such systems allow,
after medication, a multiple transfer through the
lipophilic membrane system or tissue, through cellular
walls piggyback endocytosis and exocytosis.

» Following absorption, their degradation velocity into
active drug molecule depends to a great extent on
the size and functional groups of drug molecule, the
chain length of the lipids, and the spacer. These can
be varied relatively precisely for optimized in vivo
pharmacokinetics.

e They can be given orally, topically, extra-or
intravascularly.

Mantelli et al.,*® compared the effect of diglyceride
prodrug on interfacial tension, with the effect produced
by a standard detergent dodecylamine hydrochloride, and
observed similar effect on lowering of surface tension .
Above the critical micelle concentration (CMC), the
prodrug exhibits mesomorphic lyotropic behaviour, and
assembles in supramolecular structures. The prepared
prodrugs are generally characterized for their structural
conformation (by IR, NMR spectrophotometry, thin layer
chromatography (TLC), melting point determination),
partition coefficient®, surface tension®?, and prodrug
hydrolysis. Hand-shaking method and ether injection
method, have been utilized for preparing vesicles. In
hand-shaking method, the dried film of the drug-lipid
complex (with or without egg lecithin) deposited in a
round bottom flask upon hydration with aqueous medium,
readily gives a vesicular suspension. In ether injection
method, organic solution of the drug-lipid complex, was
injected slowly into the hot aqueous medium, wherein the
vesicles are readily formed. Like other vesicular systems,
pharmacosomes are characterized for different attributes
such as size and size distribution, nuclear magnetic
resonance (NMR) spectroscopy, entrapment efficiency, in
vitro release rate, stability studies, etc. The approach has
successfully improved the therapeutic performance of
various drugs i.e. pindolol maleate, bupranolol
hydrochloride, taxol, acyclovir, etct&18,
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Pharmacosomes bearing unique advantages over liposome
and niosome vesicles, have come up as potential
alternative to conventional vesicles. The system, yet
requires greater efforts towards investigating the non-
bilayer phases, and exploring the mechanism of action.
Furthermore, the effect of covalent linkages and addition
of spacer group on rate of in vivo hydrolysis and
subsequent pharmacokinetics is to be exhaustively
studied, in order to exploit more advantages of this
system. Like other vesicular drug delivery systems,
pharmacosomes, on storage, undergo fusion and
aggregation, as well chemical hydrolysis. Some other
emerging vesicular systems in addition to the above, are
listed in Table 3.

CONCLUSION
Vesicular systems have been realized as extremely

useful carrier systems in various scientific domains. Over
the years, vesicular systems have been investigated as a

major drug delivery system, due to their flexibility to be
tailored for varied desirable purposes. In spite of certain
drawbacks, the vesicular delivery systems still play an
important role in the selective targeting, and the
controlled delivery of various drugs. Researchers all over
the world continue to put in their efforts in improving the
vesicular system by making them steady in nature, in
order to prevent leaching of contents, oxidation, and
their uptake by natural defense mechanisms. Current
research trends are generally based on using different
approaches (like pegylation, biotinylation etc.) for cellular
targeting. Certainly, the last word has not yet been said
about vesicular drug delivery systems.
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