
Liposome Drug Delivery 
E. Sanarova*, A. Lantsova, N. Oborotova, O. Orlova, A. Polozkova, M. Dmitrieva, N. Nikolaeva

Research Institute of Experimental Diagnostics and Therapy of Tumors, 
N.N.Blokhin Russian Cancer Research Center, Moscow-115478, Russia 

Abstract 
Liposomes are spherical vesicles with a phospholipid bilayer, were first described in 1965 by Alec Bangham and are 
extensively used in drug delivery. Liposomes are generally classified based upon structure, method of preparation, composition 
and application. Many methods have been reported in the literature for the preparation of liposomes. Here we considered basic 
methods such as the film method, extrusion, high pressure homogenization, ultrasonic method, Method based on replacement 
of organic solvents and others. After preparation and before use the liposomes are characterized by physical (size, shape, 
surface features, lamellarity phase behaviors and drug release profile), chemical (purity and potency of various liposomal 
constituents) and biological (safety and suitability of formulation for the in vivo use for therapeutic application) methods. 
Almost from the time of their discovery the demonstration of their entrapment potential, liposomal vesicles have drawn 
attention of researchers as potential carriers of various bioactive molecules that could be used for therapeutic applications. 
Encapsulation of a drug in liposomes prevents its early degradation and alters the biodistribution profile in the body. This 
enables higher concentrations of the drug in the desired site, leading to improved effectiveness, and reduced toxicity in the 
vital organs like heart, kidney etc. These advances have led to numerous clinical trials and studies in such diverse areas as the 
delivery of anti-cancer, anti-fungal and anti-biotic drugs, the delivery of gene medicines and drug delivery to site of action, 
long circulating PEGylated liposomes, triggered release liposomes and liposomes containing combinations of drugs. The 
liposomes have many applications which increase its importance over other formulations.  
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INTRODUCTION 
The name liposome is derived from two Greek words: 
'Lipos' meaning fat and 'Soma' meaning body. A liposome 
is a vesicle, made out of the same material as a cell 
membrane. They are usually made of phospholipids, which 
are molecules that comprise a tail and a head group. The 
head is hydrophilic, whereas the tail which is made of a 
long hydrocarbon chain is hydrophobic. Normally, 
phospholipids can be found as a bilayer. [1-3]. 
This amphiphilic nature enables loading of hydrophilic and 
hydrophobic therapeutic agents in the core and the bilayer, 
respectively. The tiny size enables quick assimilation into 
the bloodstream and delivering at specific site, thus making 
them significant for modifying toxicity, solubility, stability 
and converting drugs into ideal candidates of improved 
pharmacokinetic and pharmacodynamic profiles. The issue 
with stability, high cost and limited shelf life due to the 
rancidification of lipids poses major limitations. 
An advance with drug delivery technology is a prospect to 
medicine and healthcare system. New inventions in 
materials chemistry have initially excited the advance of 
drug delivery systems, creating carriers that are 
biocompatible, biodegradable, targeting, and stimulus-
responsive [4]. 
Liposomes were first described by British haematologist Dr 
Alec D Bangham FRS at the Babraham Institute, in 
Cambridge when they were discovered by him and R. W. 
Horne, who were testing the institute's new electron 
microscope by adding negative stain to dry phospholipids 
[5-7].  
The main reason why research into liposomes advanced as 
it has, can be largely attributed to the fact that liposomes 
can mimic biological cells. This also means that liposomes 
are highly biocompatible, making them an ideal candidate 

for a drug delivery system, with applications ranging from 
delivering enzymes, antibacterials, antiviral drugs, 
antiparasite drugs, fungicides, transdermal transporters, 
diagnostic tools and adjuvants for vaccines. To date 
liposomal formulations of anti-tumor drugs and antifungal 
agents have been commercialized [8]. 

COMPONENTS OF LIPOSOME STRUCTURE 
Liposomes are spherical vesicles composed of one or more 
lipid bilayers, involving an aqueous compartment (Figure 
1). These are formed spontaneously when the lipids are 
dispersed in an aqueous medium by stirring. The basic 
components of liposomes are phospholipids which are 
stabilised by cholesterol, with other stabilisers sometimes 
added to the mixture depending on the specific use of the 
liposome.  
Phospholipids 
Phospholipids are the major structural component of 
biological membranes. The structure of the phospholipids 
are as follows: on the one end of the molecule are the 
hydrophobic acyl hydrocarbon chains. The other end of the 
molecule, which is also called the phosphate head group, is 
hydrophilic. 
Lipids all have a temperature at which their fluidity 
changes. This temperature is also known as transition 
temperature (TC). The TC is directly proportional to the 
length of the acyl chain; the longer the chain, the higher the 
TC and the more rigid the membrane. More rigid 
membranes keep entrapped drugs inside, or in other words, 
prevent leakage. The TC is very important, as it can affect 
the way the membrane reacts to fusing with other 
liposomes, stability, aggregation, permeability as well as 
contributing to the way the liposomes react in the presence 
of biological systems  
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Phospholipids containing the choline group are one of the 
most abundant lipids in nature. The phospholipid most 
often used for liposomes is the phospholipid known as 
phosphatidylcholine (PC). Molecule of phosphatidylcholine 
are not soluble in water and in aqueous media they align 
themselves closely in plannar bilayer sheets in order to 
minimize the unfavorable action between the bulk aqueous 
phase and long hydrocarbon fatty chain. This phospholipid 
is very popular because of its relative low cost and general 
tendency to be neutral. PC is procured from natural 
sources, plants with soybeans as an example, and 
mammalian sources such as bovine heart, spinal column or 
in some cases from egg yolk. Phosphatidylcholines are the 
most widely used due to their appropriate stability and their 
ability to act against changes in pH or salt concentrations in 
the product or/and biological environment [9]  
Sphingolipids are the membrane components containing 
sphingoid base [10]. Natural gangliosides class of 
sphingolipids are included in liposome formulations to 
provide a layer of surface charged groups, to prolong the 
lifetime of liposomes in the blood and to prevent their 
uptake by the reticuloendothelial system (RES). 
Sphingomyelins are important phospholipids useful in 
regulation of cholesterol distribution within membranes 
[11].  
Cationic lipids are amphiphiles, analogous to natural 
phospholipids except for the presence of a cationic charge. 
It consists of long hydrocarbon chains (largely comprised 
of alkyl chains or cholesterol); hydrophilicity is by charged 
group (quaternary nitrogen) and linker bond (ester, 
carbamate etc). Due to their amphiphilicity nature upon 
hydration, selfassemble into lamellar vesicular structures 
with interior aqueous phase [12,13]. 
Cholesterol  
Cholesterol is one of the major components in liposomal 
formulations whose incorporation increases the rigidity of 
the lipid bilayer, improves fluidity of the membrane, 
improve stability, increases the time of circulation in the 

blood stream [14,15]. Cholesterol dose not by itself form 
bilayer structure, but can be incorporated into phospholipid 
membranes in very high concentration upto 1:1 or even 2:1 
molar ration of cholesterol to phosphatidylcholine. 
Cholesterol inserts into the membrane with its hydroxyl 
group oriented towards the aqueous surface and aliphatic 
chain aligent parallel to the acyl chains in the center of the 
bilayer. 
When cholesterol is added into the mixture the cholesterol 
stabilises the liposomes, or in other words, it increases the 
TC of the membrane. The addition of cholesterol decreases 
the permeability of the bilayer, thus helping to keep the 
liposome stable and to keep the intended drug entrapped. 
 

CLASSIFICATION OF LIPOSOMES 
Liposomes are mainly classified in terms of size (small, 
intermediate, or large), number of bilayers (uni- and multi-
lamellar), composition and mechanism of drug delivery 
[16]. Small unilamellar vesicles (SUV) consist of a single 
lipid bilayer with an average diameter ranging from 25 to 
100 nm. Large unilamellar vesicles (LUV) also consist of 
one lipid bilayer and are greater than 100 nm, whereas 
multilamellar vesicles (MLV) are made up of several 
concentric lipid bilayers and measure of 1-5 µm (Figure 2) 
[17,18].  
As regards the composition and mechanism of drug 
delivery, the liposomes can be classified as conventional 
liposomes, long-circulating liposomes, polymorphic 
liposomes (pH-sensitive, thermo-sensitive, and cationic 
liposomes), and decorated liposomes (surface-modified 
liposomes and immunoliposomes). 
Conventional liposomes – these liposomes are composed of 
natural phospholipids (which may be neutral or negatively 
charged) and cholesterol. These liposomes are often used 
for targeting of the RES. This shortens the circulation times 
of the liposomes substantially. Contents of these liposomes 
are most often destined for lysosomes.   
 

 
 

 
Figure 1: Schematic presentation of the phospholipids, lipid bilayer and liposome 
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Figure 2: Classification of liposomes according to average diameter and number of bilayers 

 
Figure 3: Film method and extrusion method preparation of liposomes 

 
 

pH-sensitive liposomes – the membranes of these 
liposomes are composed of either cholesterol 
hemisuccinate, phosphatidyl ethanolamine , oleic acid or 
dioleoylphosphatidyl ethanolamine. These liposomes fuse 
with cells when the pH is low, thus releasing its content 
into the cell cytoplasm. These liposomes are ideal for the 
delivery of macromolecules and weak bases [19-23].  
Cationic liposomes – cationic lipids make up the membrane 
of these liposomes with dimethyl-dioctadecyl ammonium 
bromide (DDAB), dioctadecyldimethyl ammonium 
chloride, 2,3dioleoyloxy- N - ( 2 (spermine carboxamido) - 
ethyl) - N, N-dimethyl – l - propanaminium fluoracetate, 
1,2 dioleoyloxy-3-(trimethylammonio) propane, 
1,2dimrystyloxypropyl-3-dimethyl-hydroxethyl ammonium 
bromide, and 1,2dioleyloxypropyl-3-dimethyl-
hydroxyethyl ammonium bromide combined with 
dioleoylphosphatidyl ethanolamine. These liposomes tend 
to be toxic in high doses with a short lifespan, thus 
restricting them to local administration. They are most 
often used for the delivery of macro molecules that have a 
negative charge, this includes the delivery of DNA and 
RNA. 
Long-circulating Liposomes – the lipids used for this type 
of formulation are neutral lipids with a high TC. 
Cholesterol is also included in these formulations (normally 

between 5 and 10 %). These liposomes have a very long 
circulation half life, of up to 40 hours. 
Immuno-liposomes – these liposomes are Conventional 
liposomes or Long Circulating Liposomes with antibody or 
other recognition sequences attached to the surface. These 
liposomes are formulated to bind to specific cells and to 
release the drug in that area, thus making it a targeted 
delivery system.  
 

 
METHODS PREPARATION OF LIPOSOMES 

Many methods have been reported in the literature for the 
preparation of liposomes. These are discussed here briefly. 
Film Method 
The original method of Bangham et al. [24,25] is still the 
simplest procedure for the liposome formation but having 
some limitation because of its low encapsulation efficiency 
[26-29]. In this technique liposome are prepared by 
hydrating the thin lipid film in an organic solvent and 
organic solvent is then removed by film deposition under 
vacuum. When all the solvent get removed, the solid lipid 
mixture is hydrated using aqueous buffer. The lipids 
spontaneously swell and hydrate to form liposome. This 
method yields a heterogeneous sized population of MLVs 
over 1 micro meter in diameter. To reduce the size of the 
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liposomes obtained, the most commonly used methods are 
extrusion or homogenization [30-32] 
Polycarbonate Membrane Extrusion Method (Figure 3) 
In this method lipid dissolved in chloroform is dried into 
thin film. The dried lipid film is then added to buffer 
solution containing the drug molecule of interest. The lipid 
solution is sonicated, freeze dried and subjected to 
extrusion through polycarbonate membrane to form 
liposomes. Uniform sized liposomes are formed by this 
method.  
High Pressure Homogenisation  
Homogenous blend of lipids is prepared by dissolving them 
in organic solvents, shock freezing in liquid nitrogen and 
freeze drying the blend. Freeze dried lipid is then dissolved 
in PBS and subjected to high pressure homogenisation to 
form liposomes [33]. 
Ultrasonic Method 
This method is used for the preparation of SUVs with 
diameter in the range of 15-25 µm. Ultrasonication of an 
aqueous dispersion of phospholipids is done by two types 
of sonicators i.e. either probe sonicators or bath sonicators. 
The probe sonicators are used for the small volume which 
requires high energy while the bath sonicators are 
employed for the large volume [34].  
Method Based on Replacement of Organic Solvents  
In this method lipids are co-solvated in organic solution, 
which is then dispersed into aqueous phase containing 
material to be entrapped within the liposome. This method 
is of two types: 
I. Reverse Phase Evaporation 
The phospholipid mixture is added to a round bottom flask 
and the organic solvent (diethylether or isopropylether or 
mixture of isopropyl ether and chloroform) is removed 
under reduced pressure by a rotary evaporator. The system 
is purged with nitrogen and lipids are re-dissolved in the 
organic phase which is the phase in which the reverse phase 
vesicle will form. After the lipids are redissolved the 
emulsion are obtained and than the solvent is removed from 
an emulsion by evaporation to a viscous gel under reduced 
pressure. Non encapsulated material is then removed. This 
method is used for the preparation of large uni-lamellar and 
oligo-lamellar vesicles formulation and it has the ability to 
encapsulate large macromolecules with high efficiency 
[35]. With this method high encapsulation efficiency up to 
65 % can be obtained in a medium of low ionic strength for 
example 0.01M NaCl. The method has been used to 
encapsulate small and large macromolecules. The main 
disadvantage of the method is the exposure of the materials 
to be encapsulated to organic solvents and to brief periods 
of sonication. 
II. Ether Vaporization Method [36] 
There are two method according to the solvent used: 
1. Ethanol injection method.  
A lipid solution of ethanol is rapidly injected to a vast 
excess of buffer or other aqueous medium. The MLVs are 
immediately formed. The drawbacks of the method are that 
the population is heterogeneous (30-110 nm), liposomes are 
very dilute, it is difficult to remove all ethanol because it 
forms azeotrope with water and the possibility of various 

biologically active macromolecules to inactivation in the 
presence of even low amounts of ethanol. 
2. Ether injection method.  
A solution of lipids dissolved in diethyl ether or 
ether/methanol mixture is slowly injected to an aqueous 
solution of the material to be encapsulated at 55-65 °C or 
under reduced pressure. The subsequent removal of ether 
under vacuum leads to the formation of liposomes. The 
main drawbacks of the method are population is 
heterogeneous (70-190 nm) and the exposure of 
compounds to be encapsulated to organic solvents or high 
temperature. 
Freeze Thaw Extrusion Method   
Liposomes formed by the film method are vortexed with 
the solute to be entrapped until the entire film is suspended 
and the resulted MLVs are frozen in luke warm water and 
than vortexed again [37]. After two cycles of freeze thaw 
and vortexing the sample is extruded three times. This is 
followed by six freeze thaw cycle and addition eight 
extrusions. This process ruptures and defuses SUVs during 
which the solute equilibrates between inside and outside 
and liposome themselves fuse and increase in size to form 
large unilamellar vesicle by extrusion technique. For the 
encapsulation of protein this method is widely used [38].  
The Dehydration- Rehydration Method  
In this method the empty buffer containing SUVs and 
rehydrating it with the aqueous fluid containing the 
material to be entrapped after which they are dried. This 
leads to a dispersion of solid lipids in finely subdivided 
form. Freeze drying is often the method of choice. The 
vesicles are than rehydrated. Liposomes obtained by this 
method are usually oligolamellar vesicle [39]. 
 

CHARACTERIZATION OF LIPOSOMES 
After preparation and before use the liposome must be 
characterized. Evaluation could be classified into three 
broad categories which are physical, chemical and 
biological methods (Table 1) [40-48]. The physical 
methods include various parameters, which are size, shape, 
surface features, lamellarity phase behaviors and drug 
release profile. Chemical characterization includes those 
studies which established the purity and potency of various 
liposomal constituents. Biological characterization is 
helpful in establishing the safety and suitability of 
formulation for the in vivo use for therapeutic application 
[49]. The characteristics of the carrier through appropriate 
choice of membrane components, size and charge 
determines the final behavior of liposomes both in vitro and 
in vivo as well. 
Mean Liposome Size and Size Distribution  
Liposome size is dependent on the preparation technique 
i.e. sonication times, extrusion pressures, lipid composition 
and measuring liposome-complement interactions. A 
number of methods are used to determine size and size 
distribution, among which light-scattering analysis is 
commonly used. The recently used methods are atomic 
force microscopy, ultracentrifugation, Coulter counter, gel 
exclusion chromatography, laser diffraction, and light 
microscopy [50]. 
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Bilayer Organization 
Lipids have a characteristic phase TC. The stability of 
liquid-crystalline bilayers can be increased through 
incorporation of cholesterol at high concentrations that 
eliminate phase transition and decrease the membrane 
fluidity at a temperature > TC, and makes the liposomes 
more stable and less leaky after systemic administration 
[51]. Lamellarity determined by electron, cryoelectron and 
freeze fracture microscopy.  
Surface Charge  
The nature and density of charge on the liposome surface 
are important parameters which influence the mechanism 
and extent of liposome-cell interaction. Negatively charged 
liposomes are removed more rapidly from the circulation 
than neutral or positively charged liposomes. PEG 

functionalisation is a well-recognized technique to mask 
the particle surface and limit non-specific protein binding 
[52].   
Encupsulation Efficiency (EE)  
The EE is defined as the percentual amount of drug 
entrapped in the vesicles in relation to the total amount of 
drug present during the vesicle formation and entrapment 
procedure [53,54]. Methods for determining the extent of 
drug entrapped or encapsulated within liposomes usually 
rely on destruction of the lipid bilayer using the methods 
column chromatography technique or other assay methods, 
gel filtration, exhaustive dialysis and centrifugation and 
subsequent quantification of the released material.  

Table1: Characterization of Liposomes 
Characterization Characterization parameters Instrument for analysis 

Biological charaterization 
Sterility Aerobic/anaerobic culture 
Animal toxicity Monitoring survival rats 
Pyrogenicity Rabbit fever response 

Chemical characterization 

Phospholipids concentration HPLC/Barrlet assay 
Cholesterol concentration HPLC/cholesterol oxide assay 
Drug concentration Assay method 
Phospholipids per oxidation UV observance 
Phospholipids hydrolysis HPLC/ TLC 
Cholesterol auto-oxidation HPLC/ TLC 
Anti-oxidant degradation HPLC/TLC 
PH PH meter 
Osmolarity Osmometer 
Phospholipids concentration HPLC/Barrlet assay 

Physical Characterization 

Vesicle shape, and surface morphology TEM and SEM 
Vesicle size and size distribution Dynamic light scattering, TEM 
Surface charge Free flow electrophoresis 
Electrical surface potential and surface 
PH 

Zeta potential measurement and PH sensitive 
probes 

Lamellarity P31 NMR 
Phase behavior DSC, freeze fracture electron microscopy 
Percent capture Mini column centrifugation, gel exclusion 
Drug release Diffuse cell/ dialysis 

Figure 4: Schematic presentation of the EPR effect in tumor vessels 
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APPLICATIONS OF LIPOSOMES FOR DRUG DELIVERY 
Liposomes are used for drug delivery due to their unique 
properties. The encapsulation of drugs in vesicles 
(liposomes) prolongs their circulation in blood and 
enhances the efficiency of their accumulation in the 
diseased tissue (tumor, inflamed tissues), which protects 
the active substances from metabolic degradation and 
prevents changes in their tissue distribution, specifically, 
increased accumulation in organs rich in mononuclear 
phagocytes, liver, spleen, and bone marrow and reduced 
accumulation in kidney, myocardium, and brain [55].  
Liposomes can be used to transport both hydrophilic and 
hydrophobic drugs [56,57]. The composition, surface 
charge, and size of lipids determine their physicochemical 
and biopharmaceutical characteristics, such as the rate of 
clearance from the injection site and blood plasma and the 
rate of delivery to a target organ. Liposomes with different 
lipid compositions can encapsulate different quantities of 
active substance, and, therewith, the encapsulation degree 
depends on the structure, size, charge, and lipid 
composition of lipo-somes, as well as on the intrinsic 
physicochemical characteristics of active substances. A 
liposome-encapsulated substance is protected from 
enzymes, which makes more efficient medicines 
susceptible to biodegradation in biological fluids. 
Liposomal formulations scarcely penetrate into 
myocardium and skeletal muscles, probably due to a 
peculiar structure of the endothelium of these organs. 
Liposomes do not come into the excretory system and, 
therefore, do not undergo glomerular filtration. The 
encapsulation in liposomes affects the pharmacokinetics of 
substances, specifically, the rates of their clearance from 
the injection site and blood, organ and tissue distribution 
and redistribution, and targeting efficiency. Since 
liposomes decrease toxicity of their encapsulated drug, the 
dose of the latter can be increased without evident side 
effects. As a result, cancer therapy could be brought to a 
qualitatively higher level [58].  
The effort of many researchers is presently being focused 
on increasing the safety of efficient anticancer 
anthracycline antibiotics (doxorubicin [59], daunorubicin 
[60]), which cause severe side effects. The encapsulation in 
liposome carriers reduced the cardiotoxicity of these drugs 
and increased the survival rate of experimental animals 
compared to the control group administered free drugs 
[61,62]. The efficiency of anthracyclines is enhanced by 
their encapsulation in phospholipid vesicles with high 
cholesterol content in the lipid bilayer or in phospholipids 
with a hightemperature phase transition, which favor 
retention of drugs in liposomes when they enter the blood 
stream.  
Interesting property of liposomes is their natural ability to 
target cancer. The endothelial wall of all healthy human 
blood vessels is encapsulated by endothelial cells that are 
bound together by tight junctions. These tight junctions 
stop any large particle in the blood from leaking out of the 
vessel. Tumour vessels do not contain the same level of 
seal between cells and are diagnostically leaky. This ability 
is known as the Enhanced Permeability and Retention 

effect (EPR-effect) (Figure 4). Liposomes of certain sizes, 
typically less than 400 nm, can rapidly enter tumour sites 
from the blood, but are kept in the bloodstream by the 
endothelial wall in healthy tissue vasculature. 
The approach for drug targeting via liposomes involves the 
use of ligands (e.g., antibodies, sugar residues, apoproteins 
or hormones), which are tagged on the lipid vesicles. The 
ligand recognises specific receptor sites and, thus, causes 
the lipid vesicles to concentrate at such target sites. By this 
approach the otherwise preferential distribution of 
liposomes into the RES is averted or minimized.  
The application of liposomes on the skin surface has been 
proven to be effective in drug delivery into the skin. 
Liposomes increase the permeability of skin for various 
entrapped drugs and at the same time diminish the side 
effect of these drugs because lower doses are now required.  
Antimicrobial agents have been encapsulated in liposomes 
for two reasons. First, they protect the entrapped drug 
against enzymatic degradation. For instance, the penicillins 
and cephalosporin are sensitive to the degradative action of 
β-lactamase, which is produced by certain microorganisms. 
Secondly, the lipid nature of the vesicles promotes 
enhanced cellular uptake of the antibiotics into the 
microorganisms, thus reducing the effective dose and the 
incidence of toxicity as exemplified by the liposomal 
formulation of amphotericin B. 

Commercial products containing liposomes 
The products on the market which contain liposomes are 
few and far between, but this drug delivery system is 
proving its worth when applicated in the real world. 
Broadly, there are two separate classes of drugs that contain 
liposomes for treatment in humans, these classes being 
fungus infections and cancer.  
Currently amphotericin B is used with great success in 
severe fungal infections. Amphotericin is notoriously 
difficult to give parenterally because of the low tolerability, 
but liposome formulations have decreased the toxicity, 
which made it possible to considerably increase the dose as 
the therapeutic index was improved. This gave an increase 
in overall efficacy. Three different liposome-amphotericin 
products currently on the market, Abelcet™, AmBisome™ 
and Amphocil™ have completely different morphological 
and formulation setups, but still give this improvement 
[63].  
When applied to anticancer therapy, liposomes were found 
to be very effective because of the specific targeting to 
cancer cells that is possible to achieve with targeted 
liposome systems. The liposomal formulations known as 
Doxil™ and DuanoXome™ are on the market, with 
research being done to expand the scope for these systems 
[64]. These liposomes are specific to tumours, and 
therefore, toxicity is reduced.  

CONCLUSION 
After many years of search liposomes are considered as a 
good drug delivery vehicle. Since the discovery of 
liposomes, the field and applications thereof has broadened 
considerably. Liposomes may be composed of a whole host 
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of different lipids, naturally or manmade occurring, each 
having their own uses, advantages and disadvantages. The 
most used lipid component is phosphatidyl choline, because 
of its tendency to be neutral and relative low in cost. 
Another component usually added to the lipid mixture is 
cholesterol as cholesterol provides added stability. 
Liposomes can be classified according to production 
method, composition as well as size and shape. The 
advantages of using liposomes as a drug delivery system 
include: enhanced efficacy against pathogens and 
programmable target selectivity, decreased toxicity, 
improved pharmacokinetics and pharmacodynamics. 
Liposomes have been in use as drug delivery systems for a 
few years with a few formulations commercially available, 
which show great affectivity. Liposomes are used in sustain 
release, diagnostic purpose, intracellular delivery systems 
for proteins/peptides, antisense molecules, ribozymes and 
DNA. Liposomes have great promise as a drug delivery 
system. 
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