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Recently, advances in pharmaceutical research is focused on new delivery systems utilizing new
devices to achieve modification of delivery time, targeting, as well as improve the in vivo solubility and
hence bioavailability of poorly soluble drugs. Lipid based drug delivery systems (LDDS) consists of
diverse group of formulations, each consisting of varying functional and structural properties that are
amenable to modifications achieved by varying the composition of lipid excipients and other additives.
LDDS has evolved, overtime, from micro- to nano-scale enhancing the efficacy and therapeutic
application of these systems. LDDS are accepted, proven, commercially viable strategies for
formulating challenging pharmaceutical molecules and can be tailored to meet a wide range of product
requirements. Generally, most lipid drug delivery systems used as drug carriers have high stability,
high carrier capacity, feasibility of incorporating both hydrophilic and hydrophobic substances and
feasibility of variable routes of administration, including oral, topical, parenteral and pulmonary routes.
LDDS can also be designed to allow modified drug release from matrices. LDDS could be broadly
grouped into four: solid lipid particulate dosage forms, emulsion based systems, solid lipid tablets, and
vesicular systems. Modifications from these four types include: lipospheres, solid lipid nanoparticles
(SLNs), nano structured lipid carriers (NLC), lipid drug conjugate nanoparticles (LDC), self emulsifying
formulations (SEFs), pickering emulsions, dry emulsions, micro and nano-emulsions, solidified reverse
micellar solution (SRMS) based tablets, liposomes, herbosomes, cryptosomes and transferosomes
amongst others. This work exhaustively reviewed the advances in LDDS and also drew comparison
between the different types based on history, methods of manufacture, applications, advantages and
disadvantages.
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INTRODUCTION

Pharmaceutical research is recently geared towards the
development of new delivery systems of existing drugs
(Dinesh et al.,, 2012). These novel delivery systems
improve the bioavailability of the drug(s) while at the
same time minimize their toxic effects. The oral delivery
of lipophilic drugs presents significant challenges to

pharmaceutical scientists due to their inherent low
aqueous solubility, which generally lead to poor oral
bioavailability, high intra- and inter-subject variability and
lack of dose proportionality (Jyoti et al., 2012;
Stegemanna and Leveillerb, 2007). The advances in
combinatorial chemistry have led to tremendous increase
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in sparingly soluble drugs, and currently 40 to 70% of
new pharmacologically active chemical entities exhibit
poor aqueous solubility (Jyoti et al, 2012). Many
formulation approaches are presently being employed in
tackling the formulation challenges posed by drugs
belonging to the biopharmaceutics classification system
(BSC) class 1l and IV, either by pre-dissolving the
compound in a suitable solvent and subsequently filling
the formulation into capsules (Jyoti et al., 2012;
Stegemanna and Leveillerb, 2007) or by formulating as
solid solution using water-soluble polymers (Cole et al.,
2008). These approaches however, can probably resolve
the issue related to initial dissolution of drug molecules in
aqueous environment within the gastrointestinal tract
(GIT) to a certain extent. However, major limitations like
drug precipitation during dispersion of formulation in the
GIT or drug crystallization in the polymer matrix may be
unresolved. These problems have been effectively
resolved by the use of lipid based drug delivery systems
(DDS) (Jyoti et al., 2012; Attama and Nkemnele, 2005).

The widening availability of lipid excipients with specific
characteristics offers flexibility of application with respect
to improving the bioavailability of sparingly soluble drugs
and manipulating their release profile (Attama and
Nkemnele, 2005). Lipid-based DDS is an accepted,
proven, commercially viable strategy in formulation of
pharmaceuticals. Lipid formulations can be tailored to
meet a wide range of product requirements (Attama et
al., 2012). Generally, most lipid drug delivery systems
used as drug carriers have high stability, high carrier
capacity, feasibility of incorporation of both hydrophilic
and hydrophobic substances, and feasibility of variable
routes of administration, including oral, topical, parenteral
and pulmonary routes. It can also be designed to allow
controlled drug release from matrices (Gelperina et al.,
2005; Chime et al., 2013a).

Lipid-based formulations can be used to influence the
absorption of active ingredients through different
mechanisms. They can affect the intestinal environment,
stimulate the lymphatic transport of active ingredients,
and interact with enterocyte based transport (Fouad et
al., 2011). Lipid formulations in general provide increased
drug solubilization for water-insoluble drugs. If the drug is
dissolved in the lipid matrix of the DDS, the drug
absorption is observed to be better. Drug suspended in
the lipid matrix has been shown to get absorbed better
than the conventional solid dosage forms (Chime et al.,
2013b, c; Umeyor et al., 2012a). This could be due to the
ease of wetting of the hydrophobic drug particles in the
presence of lipid matrix. The presence of surfactant in the
formulation may ease the wetting further. Also,
entrapment of drug in the micelles may be enhanced due
to the presence of lipidic matrix (Joshi and Shah, 2008).
For poorly water soluble drug molecules, whose dissolu-
tion in water is likely the rate limiting step to overall oral
absorption, the primary role of ingested lipids and their
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lipolytic products is to impact the drug dissolution step by
forming different colloidal particles with bile components,
which are able to maintain a larger quantity of
hydrophobic drugs in solution via micellar solubilization
(Porter et al., 2007). The primary mechanism of action
which leads to improved bioavailability is usually avoi-
dance or partial avoidance of slow dissolution process
which limits the bioavailability of hydrophobic drugs from
conventional solid dosage form (Pouton, 2000).

Lipid-based excipients such as glycerides, fatty acids,
ionic and non-ionic surfactants are known permeability
enhancers (Kuentz, 2010) which may be due to
increased membrane fluidity. Permeability enhancement
may also be achieved by the interaction of LDDS with
efflux transporters. A well-known efflux transporter at the
apical membrane of human intestine is the P-glycoprotein
(P-gp). Substrates for P-gp can be found in many groups
of drugs such as anti-cancer compounds, HIV-protease
inhibitors, immune suppressants, hormones, cardiovas-
cular drugs or H2-receptor antagonists (Aungst et al.,
1996; Kuentz, 2010; Pang et al., 2007). Substrates are
expected to have increased permeability when the efflux
pump is inhibited by excipients. Excipients with inhibiting
effects on efflux pumps are found in the group of medium
chain glycerides, polyethylene glycols, polysorbates and
polyethoxylated castor oil or block copolymers of the type
pluronic. Surfactants have been shown to inhibit P-gp
because of their amphiphilic structure (Aungst et al.,
1996; Kuentz, 2010; Bogman et al.,, 2003; Pang et al.,
2007).

Lipid based DDS represent a diverse group of
formulations comprising several classes of excipients (for
example, triglyceride oils, mixed glycerides, lipophilic
surfactants, hydrophilic surfactants, and water soluble co-
solvents) with a wide range of properties. An array of lipid
systems such as emulsions, micellar solutions, lipo-
somes, lipid nanoparticles, structured lipid carriers, self-
emulsifying lipid formulations, solid dispersions, dry emul-
sions, solid-liquid compacts, and drug lipid conjugates is
available to drug formulators as shown in Figure 1
(Attama et al., 2009; Attama et al., 2012). The article
reviews the newer lipid-based drug delivery systems
utilized in formulating drugs in order to enhance their
bioavailability, its applications, merits and demerits as
well as comprehensive comparison among the LDDS
were exhaustively discussed in order to guide formulation
scientists in the choice of lipid based dosage form
designs and selection.

RECENT ADVANCES IN LDDS

Lipid-based drug delivery systems are broadly classified
into four groups, including the solid lipid particulate
dosage forms, emulsion based systems, solid lipid
tablets, and vesicular systems.
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Figure 1. Novel lipid-based drug delivery systems (NLDDS).

Source: Attama et al. (2012).

SOLID LIPID PARTICULATE DOSAGE FORMS
Lipospheres

Lipospheres were first reported as a particulate
dispersion of solid spherical particles of a particle size
range 0.2 to 100 um in diameter consisting of solid
hydrophobic fat core such as triglycerides or fatty acids
derivatives, stabilized by monolayer of phospholipid
(Domb and Manier, 1990). Internal core of liposphere
contains the drug dissolved or dispersed in solid fat
matrix. Lipospheres represent a new type of fat based
encapsulation system developed for parenteral and
topical delivery of bioactive compounds (Domb and
Manier, 1990). Lipospheres are restricted to the sta-
bilizing material of a phospholipid layer (Rawat and Saraf,
2008). These have been utilized in the delivery of anti-
inflammatory compounds, local anesthetics, antibiotics,
anticancer agents, insect repellents, vaccines, proteins
and peptides (Amselem et al., 1992; Domb et al., 1995;
Khopade and Jain, 1997; Masters and Domb, 1998;

Rawat and Saraf, 2008). Agents for agricultural appli-
cation such as herbicides, fungicides and fertilizers can
also be incorporated into lipospheres (Domb and Maniar,
1996). The lipospheres are distinct from micro droplets,
vesicles or liposomes since the lipospheres have solid
inner core at room temperature. The lipospheres are
distinct from microspheres of uniformly dispersed
material in homogenous polymer since they consist of at
least two layers of phospholipid (Domb et al., 1996).

Since lipospheres were introduced in the beginning of
the 1990s, they have been used for the delivery of mul-
tiple types of drugs by various routes of administration.
However, a self-assembling pro-nano lipospheres (PNL)
encapsulation system was developed for oral drug
delivery (Elgart et al., 2012).

The combination of solid inner core with phospholipid
exterior confers several advantages on the lipospheres
and PNL compared with conventional microspheres and
micro particles, including high dispersibility in an aqueous
medium, and a release rate for the entrapped substance
that is controlled by phospholipid coating and carrier



(Rawat and Saraf, 2008). There are also many
advantages over the dispersion based delivery systems.
Lipospheres have increased stability as compared to
emulsion based systems, including vesicles and
liposomes, and are more effectively dispersed than most
suspension based systems. Further, the substance to be
delivered does not have to be soluble in the vehicle since
it can be dispersed in the solid carrier. Lipospheres also
have a lower risk of reaction of substance to be delivered
with the vehicle than in emulsion system because the
vehicle is a solid material. Moreover, the release rate of
substance from the lipospheres can be manipulated by
altering either or both the inner solid vesicle or the outer
phospholipid layer. Lipospheres are also easier to pre-
pare than vesicles such as liposomes, and are inherently
more stable. Stability has become the major problem
limiting the use of liposomes, both in terms of shelf life
and after in vivo administration. Liposomes and vesicles
do not remain intact or available in vivo after injection for
more than a few hours to a couple of days (Rawat and
Saraf, 2008). The cost of the reagents for making the
lipospheres (food grade) is significantly less than the cost
of reagents for making liposomes, which require very
pure lipids (Domb and Maniar, 1996).

Advantages of liposphere and PNL drug delivery
system

1. High dispersibility in aqueous medium (Domb et al.,
1996).

2. Ease of preparation and scale up (Domb et al., 1996).
3. High entrapment of drugs.

4. Liposphere exhibit enhanced physical stability due to
avoidance of coalescence.

5. Reduced mobility of incorporated drug molecules
responsible for reduction of drug leakage, circumvention
of instabilities due to interaction between drug molecules
and emulsifier film.

6. Static interface facilitates surface modification of
carrier particles after solidification of the lipid matrix
(Domb et al., 1996).

7. Low cost of ingredients (Domb et al., 1996).

8. Extended release of entrapped drug after a single
injection (Domb et al., 1996).

9. Controlled particle size, the liposphere particle size
allows administration at many sites, including perineural,
subcutaneous or intramuscular locations. The small
particle size of lipospheres (< 20 um) is hypothesized to
be well tolerated by a single cell contact, where large
particle size (> 50 um) are much more reactive due to
attractive forces (for example, Van der Waals) (Khopade
and Jain, 1997).

Disadvantages of liposphere/PNL DDS

1. Low drug loading capacity for hydrophilic protein
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(Rawat and Saraf, 2008).

2. Insufficient stability data (Rawat and Saraf, 2008).

3. High pressure induced drug degradation.

4. Variable kinetics of distribution process.

5. Different lipid modifications and colloidal species
coexist that may cause differences in solubility and
melting point of active and excipients (Rawat and Saraf,
2008).

SOLID LIPID MICROPARTICLES (SLMs)

SLMs is a typical example of lipospheres and combine
many advantages of drug carrier systems. The amount of
drug encapsulated can vary up to 95% for lipophilic and
hydrophilic drugs (Chime et al., 2013b, c¢; Umeyor et al.,
2012a) and because they are made from physiological or
physiologically related materials, they are well tolerated in
living systems. The solid matrix protects loaded labile
substance against degradation and they offer the possi-
bility of controlled drug release and drug targeting (Eradel
et al.,, 2009). Compared to the polymer microparticles,
SLMs have the advantage of better biocompatibility,
which minimizes the hazards of acute and chronic toxi-
city; they possess solid cores which reduces the mobility
of incorporated drug and drug leakage from the carriers.
Therefore, SLMs combine the advantages of many
colloidal carriers and also overcome some of their
disadvantages (Long et al., 2006). They can be produced
on a large industrial scale and allow the control of drug
release. SLMs also appear promising as drug carrier
systems for topical applications. Occlusion properties as
a result of film formation on the skin which can enhance
the penetration of drugs through the stratum corneum
have been reported (EL- Kamel et al., 2007). They also
have the ability to mask the taste of some drugs (Milak et
al., 2006).

SOLID LIPID NANOPARTICLES (SLNs)

SLNs were developed in the 1990s as an alternative
carrier system to the existing traditional carriers, such as
emulsions, liposomes and polymeric nanoparticles
(Attama et al.,, 2012). They are a comparatively stable
colloidal carrier system in which melted lipid is dispersed
in an aqueous surfactant by high-pressure homogeni-
zation or micro-emulsification (Muller et al., 2000). They
are generally made up of a solid hydrophobic core
containing the drug dissolved or dispersed. SLNs exhibit
certain potential advantages over polymeric nano-
particles. They are safely taken up by brain and exhibit
the least toxicity due to the biodegradable nature of the
carrier lipid (Mohammed et al., 2012; Blasi et al., 2007;
Kaur et al., 2000). Smaller size (around 10 to 200 nm)
and narrow size range (100 to 200 nm) allows them to
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cross tight endothelial cells of the blood-brain barrier,
escape from the reticuloendothelial system (RES), and
bypass the liver (Attama et al., 2012). They have
comparatively higher drug entrapment efficiency, render
the drug more stable in their lipid matrix, and provide a
controlled release. Their production can be scaled up
with excellent reproducibility. Surface coating of SLNs
with hydrophilic polymers or surfactants, such as poly
ethylene glycol (PEG) minimizes their uptake in liver cells
and results in improved bioavailability.

Stearic acid—PEG 2000 has been used for their stearic
stabilization, whereas the use of complex lipids (mono-,
di-, triglycerides of different chain lengths) results in an
increased loading efficiency (Pignatello et al., 2013;
Mohammed et al., 2012; Blasi et al., 2007; Wissing et al.,
2004; Kaur et al., 2000). Also cationic lipid based SLN
have been produced for the delivery of proteins and
antigens (Cortesi et al., 2013; Vighi et al., 2013). Several
anticancer agents have been encapsulated in lipid nano-
particles, and there in vitro and in vivo efficacy has been
evaluated by suitable studies (Attama et al., 2012). SLNs
have been shown to improve the efficacy and residence
time of cytotoxic drugs with concomitant reduction in the
side-effects associated with them (Shenoy et al., 2005).
Various drugs such as antipsychotics, anti-Parkinson,
anti-ischemic and antibiotics have been encapsulated in
lipid nanoparticles with the aim to either modify the
biodistribution or for brain targeting (Mdller and Keck,
2004; Mohammed et al., 2012).

SLNs can be administered orally as dispersion, SLNs-
based tablets, pellets or capsules (Mehnert and Mader,
2001) or even as lyophilized unit dose powders for recon-
stitution for oral delivery (Attama et al., 2012). They can
easily be nebulized to form an aerosol of liquid droplets
containing nanoparticles for inhalation (Almeida and
Souto, 2007). For ocularly administered SLNs, increased
bioavailability in rabbits has been observed (Cavalli et al.,
2002) using tobramycin ion pair as the model drug. Lipid
nanoparticles can be incorporated into creams, hydrogel
or ointment to obtain semisolid systems for dermal appli-
cations. Another possibility is to increase the amount of
lipid matrix in the formulation above a critical concentra-
tion, resulting in semisolid formulations (Attama et al.,
2012). Due to the adhesiveness of small particles, SLNs
adhere to the stratum corneum forming a film and these
films have been shown to possess occlusive properties
(Pardeike et al., 2009).

The use of lipid nanocarriers provides a suitable way
for the nasal delivery of antigenic molecules. In this
sense, the design of optimized vaccine nanocarriers
offers a promising way for nasal mucosal vaccination
(Almeida and Souto, 2007). Lipid nanoparticles have
been extensively studied for the delivery of proteins and
peptides (Almeida and Souto, 2007). For intravenous
administration, the small particle size is a prerequisite as
passage through the needle and possibility of embolism

should be considered. SLNs offer the opportunity of
controlled drug release and the possibility to incorporate
poorly soluble drugs (Attama et al., 2012).

Demerits of SLNs

1. SLNs dispersions often undergo unpredictable gelation
tendency, particle size growth, poor drug loading and
relatively high water content (70 to 99.9%) (Soumya et
al., 2012).

2. Formation of perfect crystalline structure during
storage: Triglycerides crystallize in different polymorphic
forms such as q, y, B', and B- forms. Recrystallization
from the melt results in the metastable a-polymorph
which subsequently undergoes a polymorphic transition
into the stable B-form via a metastable intermediate. The
B-polymorph especially consists of a highly ordered, rigid
structure with low loading capacity of drugs. Transition to
the B-form via a metastable intermediate form leads to
drug expulsion and inability to protect or prolong the
release of the encapsulated drug (Attama et al., 2012).

3. Gel formation: The change in morphology of lipid
nanoparticles from spheres to platelets is responsible for
the gelation of solid lipid nanoparticle dispersions (Attama
etal., 2012).

NANOSTRUCTURED LIPID CARRIERS (NLC)

NLC are colloidal carriers characterized by a solid lipid
core consisting of a mixture of solid and liquid lipids, and
having a mean particle size in the nanometer range
(Attama et al., 2012). They consist of a lipid matrix with a
special nanostructure (Attama et al., 2012; Ravani et al.,
2013). This nanostructure improves drug loading and
firmly retains the drug during storage. NLC system
minimizes some problems associated with SLNs such as
low payload for some drugs; drug expulsion on storage
and high water content of SLNs dispersions. The
conventional method for the production of NLC involves
mixing of spatially very different lipid molecules, that is
blending solid lipids with liquid lipids (oils). The resulting
matrix of the lipid particles shows a melting point
depression compared with the original solid lipid but the
matrix is still solid at body temperature. Depending on the
method of production and the composition of the lipid
blend, different types of NLC are obtained (Attama et al.,
2012).

The three types of NLC include: The imperfect type,
amorphous type and multiple type (Dilip et al., 2003).
Drug loading in SLNs is limited due to the formation of
the lipid crystal. Drug expulsion is caused by an ongoing
crystallization process towards a perfect crystal. Thus, by
avoiding crystallization, drug loading is improved and this
problem is resolved in the amorphous NLC (Dilip et al.,



2003). The multiple NLC is an oil-in solid lipid-in-water
dispersion; the solid lipid matrix contains small liquid oil
nano compartments. This NLC type uses the fact that for
a number of drugs, the solubility in oils is higher than their
solubility in solid lipids (Dilip et al., 2003).

LIPID DRUG CONJUGATES (LDC)

Lipid drug conjugates were developed especially for the
hydrophilic drug molecules, wherein an insoluble drug—
lipid conjugate bulk is synthetically prepared either by salt
formation (for example, with a fatty acid) or by covalent
linking (for example, to the esters or ethers). Lipid drug
conjugates bulk is then homogenized in the presence of a
stabilizer in water using high pressure homogenization
(Mohammed et al., 2012). A major problem of SLNs is
the low capacity of loading hydrophilic drugs due to parti-
tioning effects during the production process. In order to
overcome this limitation, LDC nanoparticles with drug
loading capacities of up to 30% have been developed.
Such matrices may have potential application in brain
targeting of hydrophilic drugs in serious protozoal
infections (Muller and Lucks, 1996; Patidar et al., 2010).

EMULSION BASED SYSTEMS
Dry emulsions

Dry emulsions are lipid based powder formulations from
which an o/w emulsion can be reconstituted in vivo or in
vitro (Haritha et al., 2013). They are prepared by drying
liquid o/w emulsions containing a solid carrier in the
aqueous phase. Dry emulsions are of interest because of
their stability and sustained release effect. They present
a potential oral drug delivery system for lipophilic, spa-
ringly soluble drugs and for drugs that are light sensitive
(Corveleyn and Remon, 1998a) or undergo oxidation
(Corveleyn and Remon, 1998b). They are prepared using
the drug, solid carrier (gelatin, lactose, maltodextrin,
mannitol, povidone, sucrose and colloidal silica), aqueous
phase and lipophilic solvent. Dry emulsions can be
prepared by spray drying, lyophilization and rotary
evaporation (Haritha et al., 2013). The solid carrier may
undergo partial or complete transformation into an
amorphous state. Since the amorphous carrier exhibits a
strong tendency to crystallize at a particular elevated
temperature and relative humidity, physical stability prob-
lems may arise. To avoid stability problems water soluble
polymers like hydroxyl propyl methyl cellulose, methyl
cellulose and povidone are used as solid carriers. Lipidic
solvents like fractionated coconut oil, Miglyol 812,
Capmul MCML - 8, sesame oil, lecithin and almond oil
can be used for the formulation of dry emulsion (Haritha
et al., 2013).
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Microemulsions

Microemulsions are defined as isotropic dispersions of oil
and water, stabilized by an interfacial film of a surfactant
and usually combined with a cosurfactant such as a
polyhydroxy compound, a medium-chain alcohol or an
another surfactant (Boonme et al., 2011). They are of
interest as carriers for many drugs such as dibucaine,
lidocaine, tetracaine and their hydrochloride salts
(Junyaprasert et al., 2007a, 2008) and clindamycin phos-
phate (Junyaprasert et al., 2008). In addition, they are of
interest as cosmetic and cosmeceutical vehicles for skin,
personal and hair products (Boonme et al, 2011).
Microemulsions are widely used due to their several
advantages that is, aesthetic appearance, thermodyna-
mic stability, high solubilization power, ease of prepara-
tion and scale up (Junyaprasert et al.,, 2007b; Souto et
al., 2011).

Nanoemulsions

Nanoemulsions are emulsions with droplet size below 1 p
but usually between 20 and 200 nm (Ochekpe et al.,
2009). Unlike microemulsions which are white in colour
due to their light scattering ability, nanoemulsions whose
nanosize is often smaller than visible wavelength are
transparent (Solans et al.,, 2007; Santos-Magalhdes et
al., 2000). Nanoemulsions are biodegradable, biocompa-
tible, easy to produce and used as carriers for lipophilic
drugs which are prone to hydrolysis. They are employed
as a sustained release delivery system for depot
formation via subcutaneous injection (Santos-Magalhaes
et al., 2000). They enhance gastrointestinal absorption
and reduce inter- and intra-subject variability for various
drugs. Due to their very large interfacial area, they exhibit
excellent drug release profile (Chiesa et al., 2008).
Nanoemulsions have been studied and developed for
parenteral, oral, ocular, pulmonary and dermal deliveries
(Solans et al., 2007; Lai et al., 2013a). Stability against
sedimentation is attained based on the nano size of their
droplets because the sedimentation rate due to gravity is
less than Brownian movement and diffusion (Solans et
al.,, 2007). Unlike microemulsions, nanoemulsions are
metastable and can be destabilized by Ostwald ripening.
Some factors that affects the stability of nanoemulsions
and should be controlled include selecting an appropriate
composition, controlling the order of addition of
components, applying the shear in a manner that will
effectively rupture the droplets, and ensuring that the
dispersed phase molecules are insoluble in the
continuous phase so that Ostwald ripening does not
occur rapidly (Solans et al., 2007).

Self emulsifying formulations (SEFs)

Self emulsifying drug delivery systems (SEDDS) are
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isotropic mixtures of oil, surfactant, co-surfactant and the
drug substance which emulsify under gentle agitation
similar to what would be encountered in gastro intestinal
(Gl) tract and are referred to as the self-emulsifying
formulation (SEF) (Jyoti et al., 2012; Khan et al., 2012).
Upon mixing with water the system has an ability to form
fine colloidal droplets with very high surface area. In
many cases, this accelerates the digestion of the lipid
formulation, improves absorption, and reduces food effect
and inter-subject variability (Chudasama et al., 2011).
Self emulsifying formulations distribute readily in the Gl
tract, the digestive motility of the stomach and the
intestines provides sufficient agitation enough for the
spontaneous formation of emulsions. In the case of
sparingly soluble drugs that exhibit dissolution rate limited
absorption, the SEDDS system offers a way to improve
the rate and extent of oral absorption and to produce
more reproducible blood-time profiles (Jingling et al.,
2006).

SEDDS are believed to be superior compared with lipid
solutions due to the presence of surfactants in the
formulations leading to a more uniform and reproducible
bioavailability (Chudasama et al., 2011). Advantages of
SEDDS include more consistent drug absorption,
selective targeting of drug(s) toward specific absorption
window in GIT, protection of drug(s) from the gut environ-
ment, control of delivery profiles, reduced variability inclu-
ding food effects, enhanced oral bioavailability enabling
reduction in dose and high drug loading efficiency
(Sachan et al.,, 2010). Self emulsifying formulations
spread readily in the gastrointestinal tract (GIT), and the
digestive motility of the stomach and intestine provide the
agitation necessary for self emulsification. These systems
advantageously present the drug in dissolved form and
the small droplet size provides a large interfacial area for
the drug absorption. Some marketed SEDDs formulations
are shown in Table 1.

SEDDSs typically produce emulsions with turbid
appearance, and droplet size between 200 nm to 5 um
while self micro emulsifying drug delivery systems
(SMEDDSs) form translucent micro-emulsions with
droplet size of less than 200 nm. However, self nano
emulsifying drug delivery systems (SNEDDS) produces
clear or transparent emulsion with droplets size less than
100 nm (Jyoti et al., 2012; Balakumar et al., 2013). When
compared with emulsions, which are sensitive and
metastable dispersed forms, SEFs are physically stable
formulations that are easy to manufacture. Thus, for
lipophilic drug compounds that exhibit dissolution rate-
limited absorption, these systems may offer an
improvement in the rate and extent of absorption and
result in more reproducible blood time profiles (Patel et
al., 2008).SEFs have been transformed into solid dosage
forms using techniques such as melt granulation, where
the lipid excipient acts as a binder and solid granules are
produced on cooling. Solvents or supercritical fluids can

be used with semisolid excipients, which are solubilized
and then the solvent evaporated to produce a waxy
powder. Spraying techniques can be used to produce
powder form formulations. These techniques enable the
production of granules or powders that can then be
compressed into a tablet form or filled into capsules. In all
cases, the lipid excipients used must be semi-solid at
room temperature (Rajan and Nirav 2011).

Pickering emulsions

Pickering emulsions or solids-stabilized emulsions
(Figure 2) are emulsions solely stabilized by solid
particles, in contrast to conventional molecular
surfactants (Salari, 2011). This emulsion was named
after Pickering who described the phenomenon in 1907
(Pickering, 1907), however, there has been no significant
interest in this field until 1990 (Salari, 2011). Pickering
stabilization regained new interest by the works of Velev
et al. (1996a, b) and Velev and Nagayama, (1997) who
demonstrated its potential for microencapsulation and the
development of advanced materials in general (Salari,
2011). However, Lee and Weitz (2008) and Bon et al.
(2007) in the last decade realized the synthesis of
capsules from Pickering emulsion with a precise control
of size, permeability and mechanical properties (Salari,
2011). Pickering emulsions are lipid-based emulsions
with internal nanostructures stabilized by solid particles
such as silica, clays, calcium carbonate, titanium dioxide,
latex and many others (Soumya et al.,, 2012). Solid
particles added will bind to the surface of the interface
and prevent the droplets from coalescing thus making
emulsion more stable. The skin absorption of caffeine
from silica stabilized Pickering emulsion was three fold
higher than emulsifier stabilized emulsion and this was
attributed to the higher adhesion potential of Pickering
emulsions (Frelichowska et al., 2009; Soumya et al.,
2012)

SOLID LIPID TABLETS

Solid lipid tablets have recently been produced by
molding (Chime et al., 2013c; Umeyor et al., 2012b). In
this method, lipids like triglycerides and phosphogly-
cerides are utilized. The drug is dissolved or dispersed in
the lipid matrix and tablets are produced by molding
using tablet mold. Gentamicin tablets have been
produced by this method using lipid matrix based on
solidified reverse micellar solutions consisting of
phospholipid and triglycerides (Umeyor et al., 2012b) and
the results show that solidified reverse micellar solution
(SRMS)-based tablets containing gentamicin were
successfully prepared by fusion melt-solidification method
which is simple, reproducible, scalable and cheap
(Umeyor et al., 2012b). SRMS-based tablets could be an



Chime and Onyishi 3041

Figure 2. Light microscopy images of inverse Pickering emulsion droplets
with a NaCl-concentration of 625 mM. Source: Salari (2011).

Table 1. Examples of marketed pharmaceutical products formulated as SEDDs*.

Brand name Generic name

Dosage form

Manufacturer

Agenerase®  Amprenavir
Solufen® Ibuprofen
lipirex® Fenofibrate
Neoral® Cyclosprorine
Norvir® Ritonavir
Fortovase®  Saquinavir

Soft gelatin capsule
Hard gelatin capsule
Hard gelatin capsule
Soft gelatin capsule
Soft gelatin capsule
Soft gelatin capsule

Glaxosmithkline

Sanofi- Aventis

Sanofi- Aventis

Novartis

Abbott laboratories
Hoffmann-La Roche Inc.

Source: *Rajan and Nirav (2011).

alternative to the conventional parenteral dosage form of
gentamicin (Umeyor et al., 2012b). Some non-steroidal
anti-inflammatory drugs (NSAIDs) based on SRMS have
also been produced (Chime et al.,, 2013c). Diclofenac
potassium (Figure 3) and indomethacin solid lipid tablets
have been produced and results showed that the tablets
had sustained release properties for once daily
administration in addition to ulcer inhibition potentials.
Diclofenac potassium tablets based on SRMS showed
good hardness and friability profiles, sustained release
properties and possessed good anti-inflammatory and
anti-nociceptive/analgesic effects. The formulations also
exhibited good gastro-protective properties, as it inhibited
the ulcerogenic potentials of diclofenac potassium by
about 85% (Chime et al., 2013c). The in vitro release
profile of diclofenac potassium tablet based on SRMS
was comparable to the release profile of a market brand,
coated diclofenac potassium. Advantages of lipid based
tablets include: low cost of ingredients, low cost of
technologies (equipment and labour requirement for the
production of lipid dosage forms are minimal, unlike the
conventional tablets) and improved oral bioavailability and
and reduced side effects of drugs (Chime et al., 2013c).

VESICULAR SYSTEMS
Liposomes

Liposomes were discovered in 1965 by Bangham et al.
and consist of one or more concentric lipid bilayers which
enclose an internal aqueous volume(s) (Saurabh et al.,
2012). They are microscopic (unilamellar or multilamellar)
vesicles that are formed as a result of self-assembly of
phospholipids in an aqueous medium resulting in closed
bilayered structures (Figure 4) (Bangham and Horne,
1964; Ravi et al., 2011). The assembly into closed bi-
layered structures is a spontaneous process and usually
needs some input of energy in the form of physical
agitation, sonication or heat (Saurabh et al., 2012). 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 (Kanika, 2012). These amphiphilic phospholipid
molecules form a closed bilayer sphere, shielding the
hydrophobic groups from the aqueous environment, while
maintaining contact with the aqueous phase through the
hydrophilic head groups (Makino and Shibata, 2006;
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Figure 3. Diclofenac potassium tablets formulated with lipid matrix ratio 1:1

(Softisan® 154: Phospholipon® 90H).
Source: Chime et al. (2013c).

Liposome

Figure 4. Schematic representation of a liposome. Source: My Vision Test (2009).

Semete et al., 2012). Liposomes are classified into three
basic types based on their size and number of bilayers.
Multilamellar vesicles (MLVs) consist of several lipid
bilayers separated from one another by aqueous spaces.
These entities are heterogeneous in size, often ranging
from a few hundred to thousands of nanometers in

diameter. On the other hand, both small unilamellar
vesicles (SUVs) and large unilamellar vesicles (LUVS)
consist of a single bilayer surrounding the entrapped
aqueous space. SUVs are less than 100 nm in size
whereas LUVs have diameters larger than 100 nm (Lasic
and Papahadjopoulos, 1998; New et al., 2003). The



predominant physical and chemical properties of a
liposome are based on the net properties of the
constituent phospholipids, including permeability, charge
density and stearic hindrance. Drug loading into
liposomes can be achieved through:

1. Liposome formation in an aqueous solution saturated
with soluble drug.

2. The use of organic solvents and solvent exchange
mechanisms.

3. The use of lipophilic drugs.

4. pH gradient methods (Malam et al., 2009).

Liposomes can be used for oral, ocular, pulmonary and
transdermal delivery of drugs. Anti-tumor and antimicro-
bial agents, chelating agents, peptide hormones, enzy-
mes, other proteins, vaccines and genetic materials have
been incorporated into the aqueous or lipid phases of
liposomes. Liposomes have evolved from mere experi-
mental tools of research to industrially manufactured
products for clinical and veterinary use (My Vision Test,
2012; Anuhya, 2012). Liposomes have been widely
reported to be used for drug delivery and drug targeting
(Kanika, 2012; Nastruzzi et al., 2000; Welz et al., 2000;
Mader et al., 2000). It has also been reported by Allison
and Gregonadis, (1974) and Alving and Richards (1990)
to be used as immunological adjuvants in vaccination.

Liposomes as a potential delivery system for the oral
administration of insulin have been extensively studied
(Chono et al., 2009; Mengmeng et al., 2011). Liposomes
with a specifically modified design, that is long-circulating
and especially actively targeting liposomes, stand a
better chance in becoming truly tumoritropic carriers of
photosensitizers, and hence have been used successfully
in photodynamic therapy (Kanika, 2012). Liposomes have
also been used for drug delivery to the brain (Lai et al.,
2013b). Anti-malarial drugs such as chloroquine, quinine,
primaquine, artesunate, artemether, arteether and very
recently, a combination of artemisinin and curcumin have
been encapsulated in neutral conventional or long-
circulating liposomes using different preparation
techniques (Madden et al., 1990; Arica et al., 1995; Cullis
et al., 1997; Bayomi et al., 1998; Stensrud et al., 2000;
Chimanuka et al, 2002; Gabriels and Plaizier-
Vercammen, 2003; Sharma et al., 2010; Isacchi et al.,
2012). Some market brands of liposome formulations are
shown in Table 2.

Advantages of liposome (Saurabh et al., 2012; Ravi et
al., 2011)

1. Liposomes supply both lipophilic environment and
aqueous “milieu interne” in the system and are therefore
suitable for delivery of hydrophobic, amphipathic and
hydrophilic drugs.

2. Liposomes could encapsulate not only small molecules

Chime and Onyishi 3043

but also macromolecules like superoxide dismutase,
hemoglobin, erythropoietin, interleukin-2 and interferon-g.
3. Reduce exposure of sensitive tissues to toxic drugs.

4. Alter the pharmacokinetic and pharmacodynamic
property of drugs (reduced elimination and increased
circulation life time).

5. Liposomes may increase the solubility of insoluble
drugs between one hundred to ten thousand fold.

6. In the small intestine, liposomes are digested in the
presence of bile and enzymes. The solubilized compound
is liberated and further solubilized in bile and digested lipids.
7. They provide ideal models for biological membranes
as well as efficient carriers for drugs, diagnostics,
vaccines, nutrients and other bioactive agents.

Disadvantages (Ravi et al., 2011)

1. Low stability

2. Leakage and fusion of encapsulated drug molecules.
3. Sometimes phospholipid undergoes oxidation and
hydrolysis

4. Short half-life

5. Low solubility

6. High production cost.

PRO-LIPOSOMES

Pro-liposomes (PLs) are alternative forms to conventional
liposomal formulation composed of water soluble porous
powder as a carrier, phospholipids and drugs dissolved in
organic solvent. Lipid and drug are coated onto a soluble
carrier to form free-flowing granular material (Kim, 1993).
They show controlled release, better stability, ease of
handling and increased solubility (Saurabh et al., 2012).
For liposomes to enter the market, they must be stable
during the storage period and remain intact before
reaching their targeted tissues to produce action. Various
approaches have been used to overcome these prob-
lems, some of which include, control of particle size and
lamellarity, altering the lipid composition, lyophilization
and electrosteric stabilization (Jessy, 2003; Yadav et al.,
2011). One such approach which helped overcome the
stability issue associated with liposome and led to the
development of a new drug delivery system is the pro-
liposomes (PLs). Discovered by Payne et al. (1986), they
are dry, free-flowing granular products composed of
drug(s) and phospholipid(s) which, upon addition of
water, disperse to form a multi-lamellar liposomal
suspension. It is one of the most cost-effective and widely
used methods for producing commercial liposome pro-
ducts. It is based upon the intrinsic property of hydrated
membrane lipids to form vesicles on contact with water.
Being available in dry powder form, they are easy to
distribute, transfer, measure and store, making it a ver-
satile system (Janga et al., 2012). Liposomes can either
be formed in vivo under the influence of physiological
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Table 2. Marketed formulation of Liposome.

Brand name Active constituent

Manufacturer

Intelectol® Vinpocetine
Efudex® N3-o-toluyl-Fluorouracil
Amphocil® Amphotericin B
Abelcet® Amphotericin B
Mikasome® Amikacin
Ambisome® Amphotericin B
DaunoXome® Daunorubicin
ELA-MAX® Lidocaine

Epaxel® Hepatitis A Vaccine
Lipofen® Fenofibrate

DC99® Doxorubicin

Doxil® Doxorubicin
Ambisome® Amphotericin B

Menory Secret Inc., USA

Valeant Pharma. Intl, USA

Sequus Pharmaceuticals, Inc., C.A
Liposome Company NJ,USA
NeXstar Pharmceuticals, Inc., Co
NeXstar Pharmceuticals, Inc., Co
NeXstar Pharmceuticals, Inc., Co
Biozone Labs, CA, USA

Swiss Serumlnstitute, Switzerland
Kowa Pharma Inc., USA

Liposome Company NJ, USA
Sequus Pharmaceuticals, Inc., C.A
Astellas Pharma Inc., USA

Source: Ravi et al. (2011) and Sharma et al. (2010).

fluids or can be formed in vitro prior to administration
using a suitable hydrating fluid. The liposomes formed on
reconstitution are similar to conventional liposomes and
more uniform in size (Janga et al., 2012). Some of the
commonly used methods employed in the preparation of
PLs include film deposition on carrier method, spray
drying method and fluidized bed method (Jessy, 2003).

SPHINGOSOMES

Sphingosomes may be defined as concentric, bilayered
vesicle in which an aqueous volume is entirely enclosed
by a membranous lipid bilayer mainly composed of
natural or synthetic sphingolipid (Ravi et al., 2011). This
was developed in order to circumvent the instability often
seen in liposomes. Hydrolysis is avoided by use of lipids
which contain ether or amide linkage instead of ester
linkage (such are found in sphingolipid) or phospholipid
derivatives with the 2- ester linkage replaced by
carbomoyloxy function. Hence, sphingosomes are stable
liposomes formulated with sphingolipid in order to avoid
aggregation or leakage of content in liposomes due to
chemical degradation such as oxidation and hydrolysis of
their phospholipid content (Ravi et al., 2011).
Sphingosomes could be administered by oral,
pulmonary, dermal and parenteral route of administration
such as intravenous, intramuscular, subcutaneous, and
intra-arterial. Marketed sphingosomes include Margib0®,
Oncovin®, which are vincristine marketed by Eli Lilly
Company and Vinorelbine (Navelbine®) by
GlaskosmithKline (Saurabh et al., 2012; Ravi et al,
2011). Advantages of sphingosomes include increased
stability, reduction in toxicity of the encapsulated drug,
improve pharmacokinetic effect (increase circulation

time), flexibility to couple with site specific ligand to
achieve active targeting, provide selective passive
targeting to tumor tissue and increased efficacy and the-
rapeutic index (Saurabh et al., 2012). The limitations are
higher cost of preparation and low entrapment efficacy
(Biju et al., 2006).

NIOSOMES

Niosomes are vesicles composed mainly of non-ionic
bilayer forming surfactants (Figure 5) (Attama et al.,
2012; Uchegbu and Vyas, 1998). They are structurally
analogous to liposomes, but the synthetic surfactants
used have advantages over phospholipids in that they
are significantly less costly and have higher chemical
stability than their naturally occurring phospholipid
counterparts (Attama et al., 2012; Conacher et al., 2000).
Niosomes are obtained on hydration of synthetic non-
ionic surfactants, with or without incorporation of choles-
terol or other lipids. Niosomes are similar to liposomes in
functionality and also increase the bioavailability of the
drug and reduce its clearance like liposomes. Niosomes
can also be used to target drugs to some specific sites of
the body, similar to liposomes. As with liposomes, the
properties of the niosomes depend both on the
composition of the bilayer and the method of production.
Antigen and small molecules have also been delivered
using niosomes (Lakshmi et al., 2007). However, nio-
somes are preferred over liposomes because it exhi-bits
high chemical stability and economy than liposomes. One
of the reasons for preparing niosomes is the assumed
higher chemical stability of the surfactants than that of
phospholipids, which are used in the preparation of lipo-
somes. The anti glaucoma dermal formulation dorzolamide
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Figure 5. Diagrammatic representation of Niosomes.

Source: Chiranjeevi et al. (2013).

and acetazolamide (Dorzox®) dermal formulations of
niosomes are marketed by Cipla. However, the limitations
of niosomes as a delivery system include: physical insta-
bility during storage due to vesicles aggregations, fusion
and leaking which may lead to hydrolysis of encapsulated
drugs which affects the shelf life of the dispersion
(Saurabh et al., 2012).

PHARMACOSOMES

Pharmacosomes are the colloidal dispersions of drugs
covalently bonded to lipids. As the system is formed by
linking a drug (pharmakon) to a carrier (soma), they are
termed as “pharmacosomes” (Chiranjeevi et al., 2013).
Depending upon the chemical structure of the drug-lipid
complex they may exist as ultrafine vesicular, micellar, or
hexagonal aggregates. They are an effective tool to
achieve desired therapeutic goals such as drug targeting
and controlled release. The criterion for the development
of the vesicular pharmacosome is dependent on surface
and bulk interactions of lipids with drug. Any drug
possessing an active hydrogen atom (-COOH, -OH, -NH,,
etc.) could be esterified to the lipid, with or without spacer
chain that strongly result in an amphiphilic compound,
which will facilitate membrane, tissue, or cell wall transfer
in the organism (Jitendra and Praful, 2012). The prodrug
conjoins hydrophilic and lipophilic properties, thus
acquires amphiphilc characters, and therefore found to
reduce interfacial tension, and at higher concentrations
exhibits mesomorphic behavior (Pandita and Sharma,
2013; Kumar and Arnab, 2012; Jitendra and Praful, 2012;
Kavithaetal., 2010; Semalty etal., 2010; Kaur and Kanwar,

2002).

Advantages of pharmacosomes include: they are
suitable for both hydrophilic and lipophilic drugs, high and
predetermined entrapment efficiency as drug and carrier
are covalently linked together, no need of removing the
free un-entrapped drug from the formulation which is
required in case of liposomes, drug is covalently bonded,
membrane fluidity has no effect on release rate of drugs,
depends upon the phase-transition temperature of the
drug-lipid complex, there is no drug leakage as the drug
is covalently linked to the carrier and the possibility of
drug targeting (Jitendra and Praful, 2012). Limitations
however include: covalent bonding is needed to protect
the leakage of drugs. pharmacosomes, on storage,
undergo fusion and aggregation, as well chemical
hydrolysis (Jitendra and Praful, 2012). Synthesis of a
compound depends upon its amphiphilic nature and
require surface and bulk interaction of lipids with drugs
(Jitendra and Praful, 2012).

TRANSFERSOMES

Transfersome technology was developed with the inten-
tion of providing a vehicle to allow delivery of bioactive
molecule through the dermal barrier (Attama et al., 2012).
Transfersomes (Figure 6) are essentially ultra-deformable
liposomes, composed of phospholipids and additional
edge active amphiphiles such as bile salts that enable
extreme distortion of the vesicle shape. The vesicle
diameter is in the order of 100 nm when dispersed in buf-
fer (Cevc et al., 1998). These flexible vesicles are thought
to permeate intact through the intact dermis under the
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Figure 6. Structure of transfersomes.

Source: Chiranjeevi et al. (2013).

forces of the hydrostatic gradient that exists in the skin
(Cevc et al., 2002). Drug or antigen may be incorporated
into these vesicles in a manner similar to liposomes
(Attama et al., 2012). Transfersomes were developed in
order to take the advantage of phospholipids vesicles as
transdermal drug carrier. These self-optimized
aggregates, with the ultra flexible membrane, are able to
deliver the drug reproducibly either into or through the
skin, depending on the choice of administration or appli-
cation, with high efficiency (Walve et al., 2011). These
vesicular transfersomes are several orders of magnitudes
more elastic than the standard liposomes and thus well
suited for the skin penetration. The flexibility of
transfersomes membrane minimizes the risk of complete
vesicle rupture in the skin and allows transfersomes to
follow the natural water gradient across the epidermis,
when applied under non-occlusive condition (Walve et al.,
2011).

Transfersomes possess structures consisting of hydro-
phobic and hydrophilic moieties together and as a result
can accommodate drug molecules with wide range of
solubility. They can act as a carrier for low as well as high
molecular weight drugs for example, analgesic, anes-
thetic, corticosteroids, sex hormone, anticancer, insulin,
gap junction protein, and albumin (Jain et al., 1998). They
are biocompatible and biodegradable as they are made
from natural phospholipids similar to liposomes. They
have high entrapment efficiency, in case of lipophilic drug
up to 90%. They protect the encapsulated drug from
metabolic degradation. They act as depot, releasing their
contents slowly and gradually. They can be used for both
systemic as well as topical delivery of drugs and easy to
scale up (Jain et al., 1998). However, it has the disadvan-
tages of being chemically unstable because of their
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nonioni
surfactant
bilayer
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compartment

predisposition to oxidative degradation. It is expensive to
formulate and purity of natural phospholipids is another
criteria militating against adoption of transfersomes as
drug delivery vehicles (Walve et al., 2011; Jain et al.,
1998).

Phytosomes/herbosomes

Phytosomes, also referred to as herbosomes are cell like
structures which result from the stoichiometric reaction of
the phospholipids (phosphatidylcholine, phosphatidyl-
serine etc.) with the standardized extract or polyphenolic
constituents in a non-polar solvent, which are better
absorbed than conventional herbal extracts (More et al.,
2012). Most of the phospholipids possess nutritional pro-
perties, like phosphatidylserine which acts as a brain cell
nutrient, phosphatidylcholine is also important in liver cell
regeneration. Soya phospholipids have lipid reducing
effect with hydrogenated phospholipids serving as basis
for preparation of stable liposomes. Because of their
amphiphilic properties, herbosomal formulations enhance
the bioavailability of active phytochemical constituents as
they are readily permeable and cross the lipid rich
biomembranes easily (More et al., 2012). The active
components of the herbal extracts are well protected from
destruction by digestive secretions and gut bacteria.
Herbosomes have gained importance in various fields
like pharmaceuticals, cosmeceuticals and nutraceuticals
in preparing different formulations such as solutions,
emulsions, creams, lotions, gels, etc. Several companies
involved in production and marketing of herbosomal
products are Indena, Jamieson natural resources, Thorne
Research, Natural factors, and Natures herb (Singha et



al.,, 2011). The phytosome process has been applied to
many popular herbal extracts including Ginkgo biloba,
grape seed, hawthorn, olive fruits and leaves, green tea,
ginseng, kushenin, marsupsin and curcumin. Increased
bioavailability of the phytosomes over the simpler, non-
complexed plant extract has been demonstrated by
pharmacokinetics and activity studied in animals and
humans (More et al., 2012; Shalini and Ram, 2011).
Comparatively, phytosomes are formed when
phosphatidylcholine and the individual plant compound
form a 1:1 or 2:1 complex depending on the substance
(Figure 7), while in liposomes, hundreds and thousands
of phosphatidylcholine molecules surround the water
soluble molecule. Also, phytosomes have active chemical
constituents anchored through chemical bonds to the
polar head of the phospholipids, while in liposomes the
active principle is dissolved in the medium of the cavity or
in the layers of the membrane without chemical bonds
formation (More et al., 2012; Shalini and Ram, 2011).

ETHOSOMES

Ethosomes are soft vesicles made of phospholipids,
ethanol (in higher quantity) and water. The size range of
ethosomes may vary from tens of nanometers to microns
(M) (Akiladevi and Sachinandan, 2010). Ethosomes per-
meate through the skin layers more rapidly and possess
significantly higher transdermal flux in comparison to
conventional liposomes (Akiladevi and Sachinandan,
2010; Touitou, 1996). Although, the exact mechanism for
better permeation into deeper skin layers from
ethosomes is still not clear. The synergistic effects of
combination of phospholipids and high concentration of
ethanol in vesicular formulations have been suggested to
be responsible for deeper distribution and penetration in
the skin lipid bilayers. They are composed mainly of
phospholipids, (phosphatidylcholine, phosphatidylserine,
phosphatitidic acid), high concentration of ethanol and
water. The high concentration of ethanol makes the
ethosomes unique. The ethanol in ethosomes causes
disturbance of skin lipid bilayer organization, hence when
incorporated into a vesicle membrane, it enhances the
vesicle’s ability to penetrate the stratum corneum. Also,
because of their high ethanol concentration, the lipid
membrane is packed less tightly than conventional
vesicles but has equivalent stability, allowing a more
malleable structure and improves drug distribution ability
in stratum corneum lipids (Akiladevi and Sachinandan,
2010).

Ethosomes are mainly used for the delivery of drugs
through transdermal route. The main factor which limits
the application of transdermal route for drug delivery is
the permeation of drugs through the skin. Human skin
has selective permeability for drugs. Unlike liposomes,
that are known mainly to deliver drugs to the outer layers
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of skin, ethosomes can enhance permeation through the
stratum corneum barrier (RRC, 1990; Touitou et al.,
1998; Ashill et al., 1990). Ethosomes can entrap drug
molecule with various physicochemical characteristics
that is, of hydrophilic, lipophilic, or amphiphilic. Ethosomal
drug delivery is non-invasive and delivers the drug to the
deep skin layers or the systemic circulation (Akiladevi
and Sachinandan, 2010).

Advantages of ethosomal drug delivery (Akiladevi
and Sachinandan, 2010; Patel, 2007)

In comparison to other transdermal and dermal delivery
systems:

1. The ethosomal system is passive, non-invasive and is
available for immediate commercialization.

2. Ethosomal drug delivery system can be applied widely
in pharmaceutical, veterinary and cosmetic fields.

3. Simple method for drug delivery in comparison to
iontophoresis, phonophoresis and other complicated
methods.

4. Enhanced permeation of drug through the skin for
transdermal drug delivery.

5. Delivery of large molecules (peptides,
molecules) is possible.

6. It contains non-toxic raw material in formulation.
7. High patient compliance.

protein

STEALTH LIPOSOMES

Stealth liposomes, also known as immune-liposomes or
cryptosomes are liposomes that evade detection in an
immune system. Stealth liposomes or cryptosomes are
designed to circulate for longer periods of time in vivo,
but they are different from "long-circulating liposomes"
(Kanika, 2012; Mayank et al., 2012). Stealth liposomes
use polyethylene glycol (PEG) as a steric stabilizer. The
properties of the stealth liposome depend on the way
PEG is linked to the lipids (Figure 8). It is important to
note that stealth liposomes are not fully inert vesicles;
they can eventually become detected by the immune
system. It could be used for slow release of drug or for
imaging purposes (Kanika, 2012; Mayank et al., 2012).
Incorporation of polymers, such as polyethylene glycol-
lipid derivatives, or glycolipids into liposomes results in
sterically stabilized liposomes which have several
advantages over liposome formulations traditionally used
in the past, including reduced recognition and uptake by
macrophages, extended circulation half-lives, targeted
drug delivery (Li et al., 2009), dose-independent
pharmacokinetics, and increased uptake in vivo by solid
tumors (Chen et al., 2011), breast cancer (Mayank et al.,
2012; Lietal., 2011).
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Figure 7. Comparison between herbosomes and liposomes.
Source: Singha et al. (2011) and Shalini and Ram (2011).
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Figure 8. Stealth liposomes.
Source: Kanika (2012).

COLLOIDOSOMES

Colloidosomes are microcapsules whose shell consists of
densely packed colloidal particles. Their physical
properties such as permeability, mechanical strength,
and biocompatibility can be precisely controlled through
the proper choice of colloids and preparation conditions
for their assembly (Daeyeon and David, 2008). The high
degree of control over their physical properties makes
colloidosomes attractive structures for encapsulation and
controlled release of materials ranging from fragrances
and active ingredients to molecules produced by living
cells (Daeyeon and David, 2008). Colloidosomes are
hollow, elastic shells whose permeability and elasticity
can be controlled. It is a novel class of microcapsules
whose shell consists of coagulated or fused colloidal
particles at interface of emulsion droplet (Parthibarajan et

Sterically-stablized
Liposome

Conventional
Liposome

al.,, 2011). Colloidosomes can be classified based on: (i)
method of formulation technique into emulsion based

colloidosomes which include: Water-in-oil emulsion
based colloidosomes, oil-in-water emulsion based
colloidsomes and water-oil-water emulsion based

colloidosomes. (ii) Based on nature of colloids they can
be classified into: Aqueous or oily gel core
colloidosomes, hairy colloidosomes, nano particle
colloidosomes, layer by layer colloidosomes and non-
spherical colloidosomes (Parthibarajan et al., 2011).
Colloidosomes can be fabricated as rigid porous super
structures to enhance the viability of the cells. They may
also be used for the following range of therapeutic and
pharmaceutical applications: Drug/protein delivery carrier,
controlled and sustained drug release, for enhanced drug
solubilization, in tumor therapy, antimicrobial, antifungal,
antiviral, could be used in cosmetics and dermatology,



ocular drug delivery, brain delivery, DNA delivery and in
enzyme immobilization (Parthibarajan et al., 2011).
However, a major problem in the colloidosome manu-
facture is the poor yield of particles. If the shell locking is
inefficient, the colloidosomes simply coalesce and fall
apart on transfer into water; a large proportion of the
colloidosomes are normally lost during the transfer from
organic to water medium (Parthibarajan et al., 2011).

ULTRASOMES

Ultrasomes are specialized liposomes encapsulating an
endonuclease enzyme extracted from Micrococcus
luteus. Endonuclease recognizes ultra violet (UV)
damage and is reported to accelerate its repair four-folds
(Pang et al., 2007). Ultrasomes also protect the immune
system by repairing UV-DNA damage and reducing the
expression of tumor necrosis factor (TNF-a), interleukins
(IL-1, IL-6 and IL-8) (Pang et al., 2007). They stimulate
the production of melanin by melanocytes in the tanning
response following UV exposure and are used in
cosmeceuticals and anti-aging formulations (Bhumika
and Arvind, 2012).

PHOTOSOMES

These are artificial spherical submicroscopic vesicles with
diameter between 25 and 5000 nm. Photosomes are
composed of amphiphilic molecules with core that
consists of an aqueous cavity, which is encapsulated by
one or more bimolecular phospholipid sheets separated
from each other by aqueous layers (Chiranjeevi et al.,
2013). Photosomes contain the enzyme photolysase
encapsulated in a liposome structure and are
incorporated in sun-care product to protect the sun-
exposed skin by releasing a photo-reactivating enzyme
extracted from a marine plant, Anacystis nidulans
(Bhumika and Arvind, 2012). This enzyme can be
activated by light and can work during the day to support
the skin deoxyribonucleic acid (DNA) repair process.

Combined with ultrasomes, they constitute the
"intelligent” DNA repair system (Bhumika and Arvind,
2012) and are the most widely used in cosmetic delivery
systems (Chiranjeevi et al., 2013) and photodynamic
therapy (Ravi et al., 2011; Kanika, 2012).

LAYEROSOMES

The layerosomes are conventional liposomes coated with
one or multiple layers of biocompatible polyelectrolytes in
order to stabilize their structure. The formulation strategy
is based on an alternative coating procedure of positive
poly-lysine (pLL) and negative poly-glutamic acid (pGA)
polypeptides on initially charged small unilamellar lipo-
somes. This surface modification stabilizes the structure
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of the liposomes, yielding a stable drug delivery system.
Oral administration and incorporation in biomaterials are
the potential fields of application (Saurabh et al., 2012).

EMULSOMES

Emulsomes are a new generation of colloidal carrier
systems in which internal core is made of fats and
triglycerides which is stabilized by high concentration of
lecithin in the form of o/w emulsion. Emulsomes have the
characteristics of both liposomes and emulsions (Dinesh
et al., 2012). The solidified or semi-solidified internal oil
core provides a better opportunity to load lipophilic drugs
in high concentrations. Simultaneously, a prolonged
controlled release can also be expected and the ability to
encapsulate water-soluble medicaments in the aqueous
compartments of surrounding phospholipid layers (Gupta
et al., 2007). The solvent free and surfactant free
emulsomes technology have demonstrated high drug en-
capsulation capacity for water insoluble antifungal (Pal et
al.,, 2012) and anticancer drugs showing enhanced drug
delivery and improved preclinical efficacy for parenteral
routes. An example of the successful application of emul-
somes technology is the development of an injectable
ready-to-use emulsome-based formulation for the
antifungal agent amphotericin B (Gupta and Vyas, 2007).
Emulsomes have enhanced bioavailability, reduced toxi-
city and improved pharmacological activity (Dinesh et al.,
2012).

GENOSOMES

Genosomes are complex of genetic material like DNA
and suitable lipid. They are also known as lipoplexes that
are used to deliver genes (Dinesh et al., 2012). They are
artificial macromolecular complexes for functional gene
transfer. Cationic lipids are most suitable for this delivery
system because they possess high biodegradability and
stability in the blood stream (Ravi et al., 2011; Kanika,
2012). Mostly DNA-cationic liposome complexes were
used to translocate DNA across cellular membranes in
vivo, because interaction between DNA-lipid membranes
has proved crucial to the understanding of the colloidal
state of the genosomes. These DNA lipid complexes
could be later aggregated into higher order assemblies,
creating stacked lipid-DNA multilayers, for generating
more protection (Dinesh et al., 2012).

VIROSOMES

Virosomes are reconstituted viral envelopes, including
membrane lipids and viral spike glycoproteins, but devoid
of viral genetic material. Influenza virus is most
commonly used for virosome production (Sanjib and
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Bhaskar, 2011). Virosomal technology has been success-
fully applied for many years in vaccines delivery (Pevion,
2013). They are spherical, unilamellar vesicles with a
mean diameter of 150 nm (Figure 9). Essentially, they
represent reconstituted empty influenza virus envelopes,
devoid of the nucleocapsid including the genetic material
of the source virus. Virosomes are not able to replicate
but are pure fusion-active vesicles. In contrast to lipo-
somes, virosomes contain functional viral envelope glyco-
proteins: influenza virus hemagglutinin (HA) and neura-
minidase (NA) intercalated in the phospholipid bilayer
membrane. Further characteristics of virosomes depend
on the choice of bilayer components (Pevion, 2013).

The virosome can be optimized for a maximum incor-
poration of the drug or the best physiological effect by
modifying the content or type of lipids in the mem-brane.
Depending on whether positively or negatively loaded
phospholipids are implemented, it is even possi-ble to
generate carriers for antisense-oligonucleotides or other
genetic molecules. On the surface of the virosomes,
various ligands like cytokines, peptides and monoclonal
antibodies can be adopted. Even tumor-specific
monoclonal antibody fragments (Fab) can be linked to
virosomes for targeting the carrier to selected tumor cells.
For the targeted delivery of the encapsulated drugs,
virosomes selectively bind through binding mole-cules
(for example, Fab fragments and ligands) to the target
cell. The patient’s non-diseased tissues are not affected.
Virosomal HA triggers receptor-mediated uptake of the
virosome into an endosome in the target cell. The
endolysosomal pathway protects the drug from degrada-
tion since the drugs are transported directly into the
cytosol of the cell. This characteristic trait of viro-somes is
especially desirable for cancer therapies, which often
have severe side effects because of the toxicity of the
agents. The incorporated pharmaceutically active sub-
stances are protected from active substances and low
pH, which might degrade or hamper them into the
endosome before they reach the cytosol. This is a major
advantage of the virosomal carrier system and is clearly
distinct from other liposomal and proteoliposomal carrier
systems (Pevion, 2013).

Virosomes represent an innovative, broadly applicable
carrier system with various prospective applications for
the treatment and prevention of cancer, neuro-
degenerative disorders and infectious diseases. Various
pharmaceutically active substances like antibiotics,
cytostatics, nucleic acids, fungicides and antigens can be
encapsulated into the virosomal carrier. Even the surface
of virosomes can be readily modified (Pevion, 2013).

Advantages of virosomal drug delivery (Sanjib and
Bhaskar, 2011)

1. Virosomal technology is approved by the Food and

Drug Administration (FDA) for use in humans, and has a
high safety profile.

2. Virosomes are biodegradable, biocompatible, and non-
toxic.

3. They have no disease-transmission risk and no auto
immunogenity or anaphylaxis

4. Broadly applicable with almost all important drugs
(anticancer drugs, proteins, peptides, nucleic acids,
antibiotics, fungicides).

5. Promotes fusion activity in the endolysosomal
pathway.

6. Protects drugs against degradation.

7. Enables drug delivery into the cytoplasm of target cell.

VESOSOMES

Vesosomes are multicompartment structures which has
distinct inner compartments separated from the external
membrane (Figure 10) (Soumya et al., 2012). Each
compartment of vesosome can encapsulate different
materials and have different bilayer composition.
Vesosome could entrap both colloidal particles and bio-
logical macromolecules relatively efficiently (Soumya et
al., 2012; Kisak et al., 2004). While small molecules are
released from unilamellar liposomes in minutes, they are
retained in vesosomes from hours to days, even though
the liposomes and vesosomes have the same bilayer
composition and size (Miller and Lucks, 1996; Kisak et
al., 2004). Vesosomes are formed by adding ethanol to a
variety of saturated phospholipids. At temperatures below
the gel-liquid crystalline transition, Tm, the interdigitated
lipid-ethanol sheets are rigid and flat; when the tem-
perature is raised above Tm, the sheets become flexible
and close on themselves and the surrounding solution to
form closed compartments.

During this closure, the sheets can entrap other
vesicles, biological macromolecules, or colloidal particles.
The result is efficient and spontaneous encapsulation
without disruption of even fragile materials to form
biomimetic nano-environments for possible use in drug
delivery, colloidal stabilization, or as microreactors. The
vesosome structure can take full advantage of the 40
years of progress in liposome development including
steric stabilization, pH loading of drugs, and intrinsic bio-
compatibility. However, the multiple compartments of the
vesosome give better protection to the interior contents in
serum, leading to extended release of model compounds
in comparison to unilamellar liposomes (Kisak et al.,
2004). The properties of vesosomes enable localized
drug delivery to specific parts of the body and also extend
the duration of drug effect.

ARCHAEOSOMES

Archaeosomes constitute a novel family of liposomes
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Figure 9. Virosomes encapsulating drug.
Source: Sanjib and Bhaskar (2011).
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Figure 10. Structure of vesosomes.
Source: Soumya et al. (2012) and Asadujjaman and Mishuk (2013).

made with one or more of the fully saturated bipolar tetra
ether lipids, which exerts a higher stability in comparison
with conventional lipids to several conditions such as high
temperature, alkaline or acidic pH, and presence of
phospholipases, bile salts and serum media
(Asadujjaman and Mishuk et al., 2013; Benvegnu et al.,
2005). They are nano-sized vesicles prepared from total
polar lipids either extracted from the selected genera and
species of the Archaea domain or synthetic archaeal
lipids (Soumya et al., 2012). Archaeal-type lipids consist
of archaeol (diether) and/or caldarchaeol (tetraether) core
structures wherein regularly branched and usually fully
saturated phytanyl chains (20 to 40 carbons in lengths)
are attached via ether bonds to the 2,3 carbons of the
glycerol backbone (Soumya et al., 2012). They have
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remarkable structural differences from liposomes which
include: the archaeosomes surface is highly entropic,
possessing half the surface tension than that of
liposomes and its permeability to protons and sodium ion
is nearly one third of that determined for liposomes; the
inclusion of macrocyclic archaeols and caldarchaeols
further impairs archaeosomes permeability to water and
small solutes (Soumya et al., 2012; Mathai et al., 2001).
Incorporation of polyethylene glycol and coenzyme Q10
into archaeosomes has been found to alter the tissue
distribution  profiles of intravenously administered
vesicles. Also, intravenous and oral delivery of
nanometric-sized archaeosomes to an animal model was
well tolerated with no apparent toxicity (Omri et al., 2000,
2003; Soumya et al., 2012).
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UFASOMES

Unsaturated fatty acid vesicles (ufasomes) are
suspensions of closed lipid bilayers that are composed of
fatty acids, and their ionized species (soap) which are
restricted to narrow pH range from 7 to 9. In ufasomes,
fatty acid molecules are oriented in such a way that their
hydrocarbon tails are directed toward the membrane
interior and the carboxyl groups are in contact with water
(Patel et al., 2011). The formation of ufasomes is
believed to occur due to associative interaction in
mixtures of fully ionized and unionized fatty acids at pH >
7.0 (Dinesh et al., 2012). In ufasomes, fatty acid
molecules are oriented in such a way that their
hydrocarbon tails are directed toward the membrane
interior and the carboxyl groups are in contact with water.
Stability of ufasomes depends on proper selection of fatty
acid, amount of cholesterol, buffer, pH range, amount of
lipoxygenase, and the presence of divalent cations
(Dinesh et al.,, 2012). Recent innovations can provide
opportunity to formulate ufasomes with tailorable features
such as extension of pH range, insensitivity toward
divalent cations, and enhanced stability (Patel et al.,
2011). Ufasomes have potential as carriers for the oral
administration of poorly absorbable drugs as well as for
the horizontal transfer of genes from plants (Murakami et
al.,, 1986; Fukui et al., 1986; Naik and Dixit, 2008) and
have more stabilized membrane than liposomes (Dinesh
et al., 2012; Saurabh et al., 2012).

DISCOMES

Discomes are non-ionic surface active agents based
discoidal vesicles; they are niosomes solubilized with non
ionic surfactant solutions (polyoxyethylene cetyl ether
class) and are used for ligand mediated drug targeting
(Saurabh et al., 2012; Kanika, 2012).

ENZYMOSOMES

Enzymosomes are liposomal systems designed to
provide a mini bio-environment in which enzymes are
covalently immobilized and/or coupled to the surface of
liposomes. They are used to target drugs to tumor cell
(Saurabh et al., 2012; Kanika, 2012). Enzymes on com-
plex with lipids generate enzymosomes. Preservation of
enzyme activity and preservation of vesicles structural
integrity are two desirable features from enzymosomes
(Dinesh et al., 2012).

CARBOHYDROSOMES

Chemically, carbohydrosome is methyl-2, 3-di-o-lauroyl-

B-D-ribose-5 phosphocholine (DLRPC). They are novel
vesicular  3-dimensional  structures formed from
zwitterionic, cationic, or anionic carbohydrate-based lipids
(Dinesh et al., 2012). These molecules self assemble into
liposome-like structures in an aqueous solution. These
supramolecular structures are called carbohydrosome
because these are carbohydrate analogues of glycerol
based liposomes. In carbohydrosome, glycerol back bone
is replaced by ribose. Alteration of conventional glycerol
backbone by complete substitution provides new oppor-
tunity for assessing supramolecular structure formation
and attaching macromolecules or ligands for biological
targeting. The phase transition temperature (Tm) is 16°C
higher than conventional liposome (DLPC). This increase
in Tm indicates more efficient packing of bilayer below
the Tm. Carbohydrosomes is superior to glycerol-based
liposomes because they possess: a larger backbone that
increase in the spacing between head and tail, an
increase in hydrophobicity, and a decrease in backbone
flexibility (Dinesh et al., 2012). Current modifications for
conventional liposomes are limited to the hydrophobic
tails and hydrophilic head groups but the carbohydro-
somes can be modified at the ribose backbone (Dinesh et
al., 2012).

MARINOSOMES

Marinosomes are liposomes based on a natural marine
lipid extract containing high ratio of polyunsaturated fatty
acids (PUFA) like eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) (Dinesh et al., 2012), which
are not present in normal skin epidermis. They are meta-
bolized by skin epidermal enzymes into anti-inflammatory
and anti-proliferative metabolites that are beneficial in
treating inflammatory skin disorders (Soumya et al.,
2012). However, the preventing effect of marinosomes
was highly dependent on the lipid concentration used and
the liposome mean diameter (Dinesh et al., 2012). Active
and passive loading of drug, as well as complex
structural rearrangements directly depends on transmem-
brane pH gradient (Cansell et al., 2001). All these results
allowed considering marinosomes as potential candi-
dates for cosmeceutical and oral PUFA supplements in
view of the prevention and treatment of deficiencies
(Dinesh et al., 2012; Cansell et al., 2003; Nacka et al.,
2001; Patravale and Mandawgade, 2008).

ESCHERIOSOMES

These are lipoidal vesicles, prepared from polar lipids
extracted from Escherichia coli (Dinesh et al., 2012).
Majorly phosphatidyl ethanolamine, cardiolipin, and
phosphatidyl glycerol are classes of phospholipid,
present in E. coli (Dinesh et al., 2012; De Siervo, 1965).



E. coli contains an altered fatty acid and phospholipid
composition when grown in the presence of sub-lethal
concentrations of a variety of organic solvents and food
additives (Ingram, 1977). But during progression from
exponential growth phase to the stationary growth phase,
the phospholipid composition of the cell is altered.
Unsaturated fatty acids are converted to cyclopropane
fatty acids, and phosphatidyl glycerol appears to be
converted to cardiolipin (Cronan, 1968; Dinesh et al.,
2012). Also, ethanol has been found to decrease the
level of lipids in E. coli (Buttke and Ingram, 1977). These
novel fusogenic liposomes have strong tendency to fuse
with the plasma membrane of target cells and thereby
deliver the entrapped contents into their cytosol (Ahmad
et al., 2006).

Escheriosomes are helpful in controlling intracellular
pathogens by expression of particular enzymes (Singha
et al., 2008). Escheriosomes-encapsulated antigen elicit
strong humoral immune response in immunized animals,
in general, escheriosomes are considered as potential
candidate vaccine carrier system capable of eliciting both
cell-mediated as well as humoral immune responses
(Syed et al., 2003). Escheriosome-based delivery helps
for generating protective immunity against C. albicans in-
fection (Chauhan et al., 2011), induce protective immune
responses against experimental murine brucellosis
(Mallick et al., 2007), developing vaccine against
leishmaniasis as well as other intracellular infections
(Sharma et al., 2006; Dinesh et al., 2012).

SUBTILOSOMES

Subtilosomes are prepared from phospholipids isolated
from Bacillus subtilis (Dinesh et al., 2012; Deeba et al.,
2005). They are novel potential carrier system used in
drug delivery. Cardiolipin and phosphatidyl glycerol are
abundant in B. subtilis. Research into this novel area as
drug delivery carrier has been going on (Dinesh et al.,
2012; Deeba et al., 2005).

Cubosomes

Cubosomes are nanoparticles whose size ranges from 10
to 500 nm in diameter (Figure 11). They appear like dots
square shaped, slightly spherical (Faisal et al., 2009;
Madhurilatha et al., 2011). Cubosomes are discrete, sub-
micron, nanostructured particles of bicontinuous cubic
liquid crystalline phase (Deepak and Dharmesh, 2011).
These nanostructured particles of a liquid crystalline
phase with cubic crystallographic symmetry are liquid
instead of solid (Deepak and Dharmesh, 2011). Cubo-
somes are typically produced by high-energy dispersion
of bulk cubic phase, followed by colloidal stabilization
using polymeric surfactants. After formation of the
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cubosomes, the dispersion is formulated into a product
and then applied to a substrate of interest, usually body
tissue (Norlen and Amoudi, 2004). Two main approaches
are used to produce cubosome particles. The top-down
approach applies high energy to fragment bulk cubic
phase (Deepak and Dharmesh, 2011). The bottom-up
approach forms cubosomes from molecular solution by,
for example, dilution of an ethanol-monoolein solution
(Spicer et al., 2001). Top-down or high-energy tech-
niques require formation of cubosomes prior to their use
in a product. Bottom-up techniques avoid high-energy
drawbacks and allow formation of cubosomes in use by a
consumer or during product formulation. Both techniques
require a colloidal stabilizer, like the tri-block copolymer
Poloxamer 407, to prevent cubosome aggregation
(Landh, 1994).

Powdered cubosome precursors are powders
composed of dehydrated surfactant coated with polymer;
hydration of the precursor powders forms cubosomes
with a mean patrticle size of 600 nm. Precursor forms of
cubosomes are among the modification possible to
overcome its difficulty in loading of drugs (Deepak and
Dharmesh, 2011). Monoglyceride based cubosome
dispersion can be proposed for topical use, such as for
perctuneous or mucosal applications. Because of the
microbicidal properties of monoglycerieds, this could be
used to design intravaginal drug for the treatment of
sexually transmitted diseases (Deepak and Dharmesh,
2011).

MISCELLANEOUS TYPES
Cochleates

Cochleates and nanocochleates are cigar like spiral rolls
(Figure 12) formed of negatively charged phospholipid
bilayers, which are rolled up through the interaction with
multivalent counter ions (Ca2+ or Zn2+) as bridging agents
between the bilayers (Thiruganesh et al., 2009; Zarif et
al., 2000). As a particulate system, cochleates possess
unique properties like superior mechanical stability and
better protection for encapsulated drugs compared with
liposomes due to their solid matrix (Thiruganesh et al.,
2009). Cochleates also maintain their phospholipid bi-
layer structures. These solid particles are so flexible that
they can readily convert to liposomes by extracting the
bridging counter ions out of the inter bilayer spaces. Such
unique properties have made cochleates an ideal system
for delivering insoluble ingredients which can be loaded
in the matrix of a phospholipid bilayer while avoiding the
instability problem of liposomes (Thiruganesh et al.,,
2009; Zarif et al., 2000). Cochleate delivery vehicles are
stable phospholipid-cation precipitates composed of
simple, naturally occurring materials (that is, phosphati-
dylserine and calcium). They have a unique multilayered
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Figure 11. Structure of cubosomes.
Source: Deepak and Dharmesh (2011).

Figure 12. SEM images of cochleates.
Source: Thiruganesh et al. (2009).

structure consisting of alternating layers of calcium and
phospholipid in large, continuous, solid, lipid bilayer
sheets rolled up in a spiral or stacked, with little or no in-
ternal aqueous space. This structure provides protection
from degradation for associated “encochleated” mole-
cules (Thiruganesh et al., 2009).

Divalent cation concentrations in vivo in serum and mu-
cosal secretions are such that the cochleate structure is
maintained. Hence, the majority of cochleate-associated
molecules are present in the inner layers of a solid, non-
agueous, stable, impermeable structure (Morishita and
Peppas, 2006). Cochleates were discovered in 1975 by
Dr. D. Papahadjoupoulos and coworkers, and have been

used in the 80s and 90s to transport antigens and
peptides for vaccine delivery. Nanocochleates were intro-
duced in 1999 to develop smaller but more consistent
particles. It was demonstrated that by using a binary
phase system, such as two non miscible hydrogels,
cochleates can be formed in such a way to display a
small mean particle of less than 500 nm. These
nanocochleates are highly suitable for the encapsulation
of hydrophobic drugs (Mannino et al., 1998).

Cochleates were initially prepared in micrometer sizes
either by direct addition of multivalent ion solution to
liposome’s solution or by the dialysis method. However,
the particle size could not be reduced to nanometer



range (Thiruganesh et al., 2009; Jin et al., 2000). In
recent past, a new method named “hydrogel isolated
cochleation” has been used to prepare nanometer-sized
cochleates (Thiruganesh et al., 2009). Nanochocleates
are stable, lipid based delivery formulations whose
structure and properties are very different from lipo-
somes. These unique structures provide protection from
degradation for encochleated/encapsulated molecules.
Because the entire cochleate structure is a series of solid
layers, components within the interior of the cochleate
structure remain intact (Thiruganesh et al., 2009).

ADVANTAGES OF NANOCOCHLEATE OVER OTHER
DRUG CARRIER SYSTEMS (THIRUGANESH ET AL.,
2009)

The advantages of cochleates are numerous. They are
more stable because of the less oxidation of lipids. They
can be stored by freeze drying, which provides the
potential to be stored for long periods of time at room
temperatures, which would be advantageous for
worldwide shipping and storage prior to administration.
They can maintain their structure even after lyophiliza-
tion, whereas liposome structures are destroyed by
lyophilization. They can exhibit efficient incorporation of
hydrophobic drugs into the lipid bilayer of the cochleate
structure. They can exhibit efficient incorporation of
antigens with hydrophobic moieties into the lipid bilayer of
the cochleate structure. They have the potential for slow
release of a drug, antigen or biologically relevant mole-
cules in vivo as cochleates dissociate. They have a lipid
bilayer, which serves as a carrier and is composed of
simple non toxic lipids which are found in animal and
plant cell membranes. Cochleates are also easy to
produce (Thiruganesh et al., 2009).

LIPID MICROTUBES

Microtubules are hollow and open ended tubules with a
lumen diameter of approximately 0.5 pm and walls
formed by one or more lipid bilayers (Price and Patchan,
1991; Nancy et al., 2011). They form spontaneously while
passing through a phase transition temperature during a
controlled cooling process. The chiral interactions
between lipid molecules cause the bilayer to twist and
form a tubular structure (Nancy et al., 2011). Since the
chiral packing of the molecules is very structured, the
walls are highly ordered, and release of agent from within
lumen occurs via the two ends of each microtubule (Price
and Patchan, 1991). Lipid microtubules have been shown
to provide the sustained release of proteins such as
transforming growth factor-B, tetracycline and 2-
methoxynaphthalene (Price and Patchan, 1991; Spargo
et al., 1995; Nancy et al., 2011). Other types of lipid drug
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delivery include the liquisol compacts (Sandip et al.,
2012), lipobeads (Ashish et al., 2011), iscomes (Attama
et al., 2012), leptosomes (Dinesh et al., 2012; Faisal et
al., 2009) and solid dispersions (Mogal et al., 2012)

CONCLUSION

The application of lipids as vehicle for the delivery of
drugs has revolutionarized drug delivery with some old
drugs with very serious side effects being safe for use.
Some anti-inflammatory drugs for example, indome-
thacin, (SLM, SEFs) have shown that indomethacin lipid
formulations could be used with minimal gastro-intestinal
irritation. Lipid drug delivery systems have advantages
over polymer based systems which include enhanced
drug absorption, reduce side effects, controlled drug
release and site specific targeting. Most lipid formulations
have high stability, high carrier capacity, feasibility of
incorporation of both hydrophilic and hydrophobic
substances, and feasibility of variable routes of admini-
stration, including oral, topical, parenteral and pulmonary
routes.
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