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INTRODUCTION:

Absiraci:

The role of bilayerd vesicles as efficient carriers for drugs, vaccines,
diagnostic agents and other bioactive agents have led to a rapid
advancement in the liposomal drug delivery system. Moreover, the site-
avoidance and site-specific drug targeting therapy could be achieved
by formulating a liposomal product, so as to reduce the cytotoxicity of
many potent therapeutic agents. This article is infended to provide an
overview of liposomal drug delivery system. It has focused on the factors
affecting the behavior of the liposomes in the biological environment.
Various aspects related to mechanism of liposome formation,
characterization and stability of the liposomal drug product were also
discussed in the article. Liposomes can be used as a therapeutic fool in
the fields like tumor targeting, genetic transfer, immunomodulation, skin
and topical therapy.

Keywords: Liposomal formulation, bilayered vesicles, percent drug
encapsulation, cytotoxic.

produce anti-tumor effect is toxic to normal cells.

Such drugs have fo be targeted to a specific site
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Advances in combinatorial chemistry have led to
the discovery of a wide number of new chemical
entities (NCE) that have a potential therapeutic
action on the biological systems. But most of the
NCEs being discovered provide a challenge to
the formulation scientist because of their physico-
chemical properties like poor solubility and
permeability. Even though, above problems could
be addressed, but most of the molecules fail to
show their desired therapeutic action in vivo,
which leads to lack of in vifro —in vivo correlation
.2,

A majority of anti-neoplastic agents, which are
highly cytotoxic to tumor cells in vifro, affect the
also. This is due to their low

normal cells

therapeutic index (Tl), i.e., the dose required to

(diseased site) in order to reduce their toxic
effects to normal ftissues Bl. Hence, an efficient
drug delivery system is required to present the
maximum fraction of administered dose at the
target site. Various carriers like nanoparticles,
microparticles, polysaccharides, lectins and
liposomes can be used to target the drug to a
specific site 491,

Liposomal drug delivery is gaining interest due to
itfs confribution to varied areas like drug delivery,
cosmetics, and structure of biological membrane
(101, Liposomes can act as a carrier for a variety of
drugs, having a potential therapeutic action.
Liposomes are colloidal carriers, having a size
range of 0.01 — 5.0 um in diameter. Indeed these

are bilayered vesicles that are formed when
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phospholipids are hydrated in excess of agueous
medium ['1121 [iposomes have gof a potential
advantage of encapsulating hydrophilic as well

as hydrophobic drugs and targeting them to the

Liposome

. Hydrophobic drug

Various therapeutic agents like anticancer drugs,

vaccines, antimicrobials, genetic materials,

proteins and  macromolecules can  be
encapsulated within the bilayered vesicles 131,
Liposomal technology was used for the successful

encapsulation of various drug molecules like

O Hydrophilic drug

required diseased site in the body [0, Fig. 1
depicts the structure of a liposome (bilayered

vesicle) and phospholipid.
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Fig. 1: Structure of liposome and phospholipid

paclitaxel 4, acyclovir 31, tropicamaide U4,
arteether [7I, chloroquine diphosphate [18],
cyclosporine [ and dithranol 20,  Table 1
indicates the list of few liposomal products that

have been approved for human use Bl

Table 1: List of liposomal products approved for commercial use

Ambisome™ | Amphoteracin B Fungal infection
DaounoXome™ |  Daunorubicin Kaposi's sarcoma
Doxil™ Doxorubicin Refractory Kaposi's sarcoma, recurrent breast cancer and ovarian cancer
Visudyne® Verteporfin Age-related macular degeqerohon, po'Tholog|c myopia and ocular
histoplasmosis
Myocet® Doxorubicin Recurrent breast cancer
DepoCyi® Cytarabine Neoplastic meningitis and lymphomatous meningitis
Lipoplatin® Cisplatin Epithelial malignancies
DepoDur® Mgﬂ?(;'ge Postoperative pain following major surgery

MECHANISM OF LIPOSOME FORMATION:

The basic part of liposome is formed by
phospholipids, which are amphiphilic molecules
(having a hydrophilic head and hydrophobic
tail). The hydrophilic part is mainly phosphoric

acid bound tfo a water soluble molecule,

whereas, the hydrophobic part consists of two
fatty acid chains with 10 — 24 carbon atoms and
0 - 6 double bonds in each chain 211,

When these phospholipids are dispersed in
agueous medium, they form lamellar sheets by

organizing in such a way that, the polar head
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group faces outwards to the aqueous region
while the fatfty acid groups face each other and
finally form spherical/ vesicle like structures called
as liposomes. The polar portion remains in
contact with aqueous region along with shielding
of the non-polar part (which is oriented at an
angle to the membrane surface) 1221,
When phospholipids are hydrated in water, along
with the input of energy like sonication, shaking,
heating, homogenization, etc. it is the
hydrophilic/ hydrophobic interactions between
lipid — lipid, lipid — water molecules that lead fo
the formation of bilayered vesicles in order to
achieve a thermodynamic equilibrium in the
aqueous phase 231, The reasons for bilayered
formation include:

o The

between hydrophilic and hydrophobic

unfavorable interactions created
phase can be minimized by folding into
closed concentric vesicles.

e Large bilayered vesicle formation promotes
the reduction of Ilarge free energy

difference present between the hydrophilic

and hydrophobic environment.

e  Maximum stability to supramolecular self
assembled structure can be aftained by

forming info vesicles.

CLASSIFICATION OF LIPOSOMES:
Various classes of liposomes have been reported
in literature. They are classified based on their
size, number of bilayers, composition and method
of preparation. Based on the size and number of
bilayers, liposomes are classified as multilamellar
vesicles (MLV), large unilamellar vesicles (LUV)
and small unilamellar vesicles (SUV) as depicted
in Fig. 2. Based on composition, they are classified
(CL),

liposomes, cationic liposomes, long circulating

as conventional liposomes pH-sensitive
liposomes (LCL) and immuno-liposomes. Based
on the method of preparation, they are classified
as reverse phase evaporation vesicles (REV),
French press vesicles (FPV) and ether injection
vesicles (EIV). In this context, the classification

based on size and number of bilayers is discussed

below.

Lipid bilayer

Multilamellar vesicle
(MLV)

Large unilamellar
vesicle (LUV)

Small unilamellar
vesicle (SUV)

Fig. 2: Classification of liposomes based on size and number of bilayers
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Multilamellar vesicles (MLV)

MLV have a size greater than 0.1 ym and consist
of two or more bilayers. Their method of
preparation is simple, which includes thin — fim
hydration method or hydration of lipids in excess
of organic solvent. They are mechanically stable
on long storage. Due to the large size, they are
cleared rapidly by the reticulo-endithelial system
(RES) cells and hence can be useful for targeting
the organs of RES Bl MLV have a moderate
frapped volume, i.e., amount of aqueous volume
to lipid ratio. The drug entrapment into the
vesicles can be enhanced by slower rate of
hydration and gentle mixing 124. Hydrating thin
films of dry lipids can also enhance encapsulation
efficiency 29, Subsequent lyophilization and
rehydration after mixing with the aqueous phase
(containing the drug) can yield MLV with 40%

encapsulation efficiency 126271,

Large unilamellar vesicles (LUV)

This class of liposomes consists of a single bilayer
and has a size greater than 0.1 um. They have
higher encapsulation efficiency, since they can
hold a large volume of solution in their cavity 1281,
They have high frapped volume and can be
useful for encapsulating hydrophilic  drugs.
Advantage of LUV is that less amount of lipid is
required for encapsulating large quantity of drug.
Similar to MLV, they are rapidly cleared by RES
cells, due to their larger size B8l LUV can be
prepared by various methods like ether injection,
detergent dialysis and reverse phase evaporation
techniques. Apart from these methods, freeze-
thawing of liposomes [2930],  dehydration/
rehydration of SUV B!l and slow swelling of lipids in
non-electrolyte solution 821 can also be used to

prepare LUV.

L ______________________________________________________________________________________________________________________________________|]
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Small unilamellar vesicles (SUV)

SUV are smaller in size (less than 0.1 ym) when
compared to MLV and LUV, and have a single
bilayer. They have a low enfrapped aqueous
volume to lipid ratio and characterized by having
long circulation half life. SUV can be prepared by
using solvent injection method (ethanol or ether
injection methods) 331 or alternatively by reducing
the size of MLV or LUV using sonication or
extrusion process under an inert atmosphere like
nifrogen or Argon. The sonication can be
performed using either a bath or probe type
sonicator. SUV can also be achieved by passing
MLV through a narrow orifice under high pressure.
These SUV are susceptible to aggregation and

fusion at lower or negligible/ no charge B4,

METHODS OF PREPARATION:

The conventional methods for

preparing
liposomes include solubilizing the lipids in organic
solvent, drying down the lipids from organic
solution, dispersion of lipids in aqueous media,
purification of resultant liposomes and analysis of
the final product 351,

Of all the methods used for preparing liposomes,
thin-film hydration method is the most simple and
widely used one. MLV are produced by this
method within a size range of 1 — 5 um. If the drug
is hydrophilic it is included in the aqueous buffer
and if the drug is hydrophobic, it can be included
in the lipid film. But the drawback of this method
is poor encapsulation efficiency (5 - 15% only) for
hydrophobic drugs. By hydrating the lipids in
presence of organic solvent, the encapsulation
efficiency of the MLV can be increased 6371, LUV
can be prepared by solvent injection, detergent
dialysis, calcium induced fusion and revese

phase evaporation techniques. SUV can be
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prepared by the extrusion or sonication of MLV or
LUV.

All these preparation methods involve the usage
of organic solvents or detergents whose
presence even in minute quantities can lead to
toxicity. In order to avoid this, other methods like
polyol dilution B8], bubble method 31 and heating
method 101 have been developed without using
any organic solvents or detergents. Detailed
procedures for liposome preparation, can be

obtained from literature 21351,

CHARATERIZATION OF LIPOSOMES:

Liposomes produced by different methods have
varying physicochemical characteristics, which
leads to differences in their in vitro (sterilization

and shelf life) and in vivo (disposition)

performances 143, Rapid, precise and
reproducible quality control tests are required for
characterizing the liposomes after their

formulation and upon storage for a predictable
in vitro and in vivo behavior of the liposomal drug
product 14445 A liposomal drug product can be
characterized for some of the parameters that

are discussed below.

Size and size distribution

When liposomes are intended for inhalation or
parenteral administration, the size distribution is of
primary consideration, since it influences the in
vivo fate of

liposomes along with the

encapsulated drug molecules #6301, Various
techniques of determing the size of the vesicles
include microscopy (optical microscopy [,
negative stain transmission electron microscopy
(421, cryo-transmission electron microscopy 52,
freeze fracture electron microscopy and
scanning electron microscopy 431), diffraction

and scattering techniques (laser light scattering

Covered in Scopus & Embase, Elsevier

and photon correlation spectroscopy) “3 and
(field

permeation ©®4 and

hydrodynamic techniques flow
fractionation 153, gel

ultracentrifugation).

Percent drug encapsulation

The amount of drug encapsulated/ entrapped in
liposome vesicle is given by percent drug
encapsulation. Column chromatography can be
used to estimate the percent drug encapsulation
of liposomes 531, The formulation consists of both
free (unencapsulated) and encapsulated drug.
So as fto know the exact amount of drug
encapsulated, the free drug is separated from
the encapsulated one. Then the fraction of
liposomes containing the encapsulated drug is
freated with a detergent, so as to attain lysis,
which leads to the discharge of the drug from the
vesicles into the surrounding medium. This
exposed drug is assayed by a suitable technique
which gives the percent drug encapsulated from
which  encapsulation  efficiency can be
calculated 6591,

Trapped volume per lipid weight can also give
the percent drug encapsulated in a liposome
vesicle. It is generally expressed as aqueous
volume entrapped per unit quantity of lipid,
ul/umol or ug/mg of total lipid #1431, Inorder to
determine the trapped volume, various materials
like radioactive markers, fluorescent markers and
spectroscopically inert fluid 01 can be used.
Radioactive method is mostly used for
determining frapped volume “11, |t is determined
by dispersing lipid in an aqueous medium
containing a non-permeable radioactive solute
like [22Na] or [4C] inulin 1811, Alternatively, water
soluble markers like 6-carboxyfluorescein, “C or
3H-glucose or sucrose can be used to determine

the trapped volume 1. A novel method of
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determining intravesicular volume by salt

entrapment was also reported in literature 621,

Surface charge

Since the charge on the liposome surface plays a
key role in the in vivo disposition, it is essential to
know the surface charge on the vesicle surface.
Two methods namely, free-flow electrophoresis
and zeta potential measurement can be used to
estimate the surface charge of the vesicle. The
surface charge can be calculated by estimating
the mobility of the liposomal dispersion in a
suitable buffer (determined using Helmholtz-

Smolochowski equation) 1631,

Vesicle shape and lamellarity

Various electron microscopic techniques can be
used to assess the shape of the vesicles. The
number of bilayers present in the liposome, i.e.,
lamellarity can be determined using freeze-
fracture electron microscopy “#! and 3'P-Nuclear
magnetic resonance analysisé4.  Apart  from
knowing the shape and lamellarity, the surface
morphology of liposomes can be assessed using
electron

freeze-fracture and freeze-etch

microscopy [641,

Phospholipid identification and assay

The chemical components of liposomes must be
analyzed prior to and after the preparation 431,
Barlett assay 65, Stewart assay 66 and thin layer
chromatography ¢71 can be used to estimate the
phospholipid concentration in the liposomal
formulation. A spectrophotometric method to
quantify total phosphorous in a sample was given
in literature, which measure the intensity of blue
color developed at 825 nm against water [¢8],
Cholesterol oxidase assay or ferric perchlorate

method 1 and Gas liquid chromatography

techniques can be used to determine the

cholesterol concentration 701,

STABILITY OF LIPOSOMES:

During the development of liposomal drug
products, the stability of the developed
formulation is of major consideration. The
therapeutic activity of the drug is governed by
the stability of the liposomes right from the
manufacturing steps fo storage to delivery. A
stable dosage forms is the one which maintains
the physical stability and chemical integrity of the
active molecule during its developmental
procedure and storage. A well designed stability
stfudy includes the evaluation of its physical,
chemical and microbial parameters along with
the assurance of product’s integrity throughout its
stforage period. Hence a stability protocol is
essential to study the physical and chemical

integrity of the drug product in its storage.

Physical stability

Liposomes are bilayered vesicles that are formed
when phospholipids are hydrated in water. The
vesicles obtfained during this process are of
different sizes. During its storage, the vesicles tend
to aggregate and increase in size to attain
thermodynamically favorable state. During
sforage, drug leakage from the vesicles can
occur due to fusion and breaking of vesicles,
which deteriorates the physical stability of the
liposomal drug product. Hence morphology, size
and size distribution of the vesicles are important
parameters to assess the physical stability 281, In
order to monitor this, a variety of techniques like
light scattering and electron microscopy 1l can
be used to estimate the visual appearance

(morphology) and size of the vesicles.

L ______________________________________________________________________________________________________________________________________|]
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Chemical stability

Phospholipids are chemically unsaturated fatty
acids that are prone to oxidation and hydrolysis,
which may alter the stability of the drug product.
Along with this, pH, ionic strength, solvent system
and buffered species also play a major role in
maintaining a liposomal formulation. Indeed
chemical reaction can be induced even by light,
oxygen, temperature and heavy metal ions.
Oxidation deterioration involves the formation of
cyclic peroxides and hydroxyperoxidases due to
the result of free radical generation in the
oxidation process. Liposomes can be prevented
from oxidative degradation by protecting them
from light, by adding anti-oxidants such as alpha
— tocopherol or butylated hydroxyl toluene (BHT),
producing the product in an inert environment
(oresence of nifrogen or Argon) or by adding
EDTA to remove trace heavy metals [21.28],
Hydrolysis of the ester bond at carbon position of
the glycerol moiety of phospholipids leads to the
formation of lyso-phosphatidylcholine (lysoPC),
which enhances the permeability of the
liposomal contents. Hence, it becomes necessary
to conftrol the limit of lysoPC within the liposomal
drug product. This can be achieved by
formulating liposomes with phosphatidylcholine

free from lysoPC 1211,

IN VIVO BEHAVIOR OF LIPOSOMES:

During the optimization of liposomal formulation,
various physico-chemical parameters are altered
in order to achieve a desired bio-distribution and
cellular uptake of drugs. Those parameters which
affect the in vivo (biological) performance of

liposomes are described below 721,

Covered in Scopus & Embase, Elsevier

Liposome size

The size of the vesicle governs the in vivo fate of
liposomes, because it determines the fraction
cleared by RES 731, The rate of uptake of liposome
by RES increases with the vesicle size. Liposomes
larger than 0.1 ym are taken up (opsonized) more
rapidly by RES, when compared to liposomes
smaller than 0.1 um.

The size of the vesicle also determines the
extravasation of liposomes. Tumor capillaries are
more permeable than normal capillaries. Due to
such leaky vasculature, fluids along with small
sized liposomes can pass through the gaps
leading to increased accumulation of drug

loaded liposomes in the tumor tissue. The
difference between intravascular hydrostatic and
interstitial pressure acts as a driving force for the

extrvasation of small sized liposomes 741,

Surface charge
The lipid — cell interaction can be governed by
the nature and density of charge on the
liposome surface. Charging the lipid composition
can alter the nature and charge on the
liposome. Lack of charge in the SUV liposomes
can lead to their aggregation and thereby
reducing the stability of the liposome; whereas,
the interaction of neutrally charged liposome
with the cell is almost negligible [757¢, High
electrostatic surface charge on the liposome
may provide useful results in promoting lipid — cell
interaction. Negatively  charged density
influences the extent of lipid — cell interactions
intfracellular

and increase the uptake of

liposomes by target cells 771, But positively
charged liposomes are cleared more rapidly
after systemic administration. Unlike negatively

charged liposomes, cationic liposomes deliver
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the contents to cells by fusion with cell Table 2: Phase transition temperatures of various
phospholipids

membrane 78,

Phase
. Name of the bhospholibid Molecular transition
Surface hydration Phospholip weight temperature
Liposomes with hydrophilic surface coatfings are — (C)
Dimyristoyl
less prone to opsonization, hence reducing its phosphatidylcholine 677.94 23
. . (DMPC)
uptake by RES cells. This can be attributed to the Dicleoyl PC (DOPC) 786.12 22
hydrophilic surface coating, which reduces the Distearoyl PC (DSPC) 790.15 55
Dipalmitoyl
interaction of liposomes with cell and blood phosphatidylethanolamine 691.97 67
. . DPPE)
[79-81] (
components . These sterically stabilized Dipaimitoyl PC (DPPC) 73405 1
liposomes are more stable in the biological Dipalmitoyl
. o . . . phosphatidylglycerol 744.96 41
environment and exhibit high circulation half (DPPG)

lives, when compared to liposomes coated with
THERAPEUTIC APPLICATIONS OF LIPOSOMES:
hydrophobic coatings. Monogangliosides, ) )
When a conventional dosage form fails to
hydrogenated phosphotidyl inositol, polyethylene ) ) )
B provide a desired therapeutic effect, then new
glycol are some of the hydrophilic groups ) )
) ) B ) drug delivery systems are developed. Liposomes
responsible for steric stabilization of liposomes ) ) )
8253 are among such systems which provide a superior

therapeutic efficacy and safety in comparison o

existing formulations. Some of the maijor
Bilayer fluidity ) o ] )
o o therapeutic applications of liposomes in drug
Lipid exists in different physical states above and ) .

delivery include:

below the phase transition temperature (Tc). They

are rigid and well ordered below Tc but are in . . .
Site-avoidance delivery
fluid like liquid — crystalline state above Tc. Table 2 o )
The cytotoxicity of anfi-cancer drugs to normal
inidcates the phase transition temperatures of . ) )
fissues can be attributed to their narrow
various phospholipids 3211, Liposomes with low Tc o .
) therapeutic index (Tl). Under such circumstances,
(less than 37°C) are fluid like and are prone to ) o ]
the Tl can be improved by minimizing the delivery
leakage of the drug content at physiological ) )
of drug to normal cells by encapsulating in
temperature. But, the liposomes with high Tc ) . .
) liposomes. Free doxorubicin has a severe side
(greater than 37°C) are rigid and less leaky at ) o
_ _ effect of cardiac toxicity, but when formulated as
physiological temperature. . o )
liposomes, the toxicity was reduced without any
The phase transition temperature also governs ) . .
change in the therapeutic activity 384,
the liposomal cell interaction. Liposomes with low

Tc lipids have high extent of uptake by RES when . . .
Site specific targeting

compared to those with high Tc lipids [80], ] ) )
Delivery of larger fraction of drug to the desired
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Incorporation of cholesterol in the bilayer can ) ) )
(diseased) site, by reducing the drug’s exposure
decrease the membrane fluidity at a ) ) ) -
) fo normal tissues can be achieved by site specific
temperature greater than phase fransition ) ) o
) B targeting. Encapsulating the drug in liposomes
temperature, which gives stability to liposomes.
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can be used for both active and passive
targeting of drugs in order to achieve a safer and
efficacious therapy 131, On systemic
administration, long circulating immunoliposomes
are able to recognize and bind to target cells
with greater specificity 85868, In patients with
recurrent osteosarcoma, there was an enhanced
tumoricidal activity of monocytes, when muramy!
peptide derivatives were formulated as liposomes

and administered systemically 871,

Intracellular drug delivery

Increased delivery of poftent drugs to the cytosol
(in which drug’s receptors are present), can be
accomplished using liposomal drug delivery
system Bl. N-(phosphonacetyl)-L-aspartate (PALA)
is normally poorly taken up into cells. Such drugs
when encapsulated within liposomes, showed
greater activity against ovarian tumor cell lines in

comparison to free drug "¢l

Sustained release drug delivery

Liposomes can be used to provide a sustained
release of drugs, which require a prolonged
plasma concentration at therapeutic levels to
achieve the opfimum therapeutic efficacy Bl
Drugs like cytosine Arabinoside can be
encapsulated in liposomes for sustained release

and optimized drug release rate in vivo 8],

Intraperitoneal administration

Tumors that develop in the infra-peritoneal (i.p.)
cavity can be treated by administering the drug
to i.p. cavity. But the rapid clearance of the
drugs from the i.p. cavity results in minimized
concentration of drug at the diseased site.
However, liposomal encapsulated drugs have

lower clearance rate, when compared to free

Covered in Scopus & Embase, Elsevier

drug and can provide maximum fraction of drug

in a prolonged manner to the target site 187.201,

Immunological adjuvants in vaccines

Immune response can be enhanced by
delivering antigens encapsulated within
liposomes. Depending on the lipophilicity of

antigens, the liposome can accommodate
antigens in the aqueous cavity or incorporate
within the bilayers Bl. In order to enhance the
immune response to diphtheria toxoid, liposomes

were first used as immunological adjuvants 11,

ConcuLusion:

A number of drug candidates which are highly
potent and have low therapeutic indication can
be targeted to the required diseased site using
the liposomal

drug delivery system. Drugs

encapsulated in  liposomes can have a

significantly  altered pharmacokinetics.  The
efficacy of the liposomal formulation depends on
its ability to deliver the drug molecule to the
targeted site over a prolonged period of fime,
simultaneously reducing its (drug’s) toxic effects.
The drugs are encapsulated within  the
phospholipid bilayers and are expected to diffuse
out from the bilayer slowly. Various factors like
drug concentration, drug to lipid ratio,
encapsulation efficiency and in vivo drug release
must be considered during the formulation of
liposomal drug

delivery systems. The

development of deformable liposomes and
ethosomes along with the administration of drug
loaded liposomes through inhalation and ocular
route are some of the advances in the
technology. Thus liposomal approach can be
utilized to

successfully improve the

pharmacokinetics and therapeutic efficacy,
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simultaneously reducing the toxicity of various

acids). In Tirrell, D.A., Donaruma, L.G., Turek, A.B.

highly potent drugs. (Eds.), Macromolecules as drugs and drug as
carriers for biologically active materials. Ann NY
Acad Sci. 1985; 446: 237- 248.
Rererences: 10) Mozafar, M.R. Liposomes: an overview of
1) Amidon, G.L, Lennemas, H., Shah, V.P., Crison manufacturing techniques. Cell Mol Biol Lett.
% J.R. A theoretical basis for a biopharmaceutic 2005; 10: 711-719.
q>, drug classification: the correlation of in vitro drug 1) Bangham, A.D., Home, R.W. Negative Staining of
oz product dissolution and in vivo bioavailability. Phospholipids and Their Structural Modification
gj Pharm Res. 1995: 12: 413-420 by Surface-Active Agents As Observed in the
g 2)  suni, P., Maru, O., Chan, M. Novel lipid-based Electron Microscope. J Mol Biol.1964; 8: 660-668.
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