
Review Article 

LIPOSOMAL CURRENT STATUS, EVALUATION AND RECENT ADVANCES 

 

*GIREESH TRIPATHI1, KULDEEP CHAURASIYA2 AND PRAMOD KATARE3 

1PG Research Laboratory, Department of Pharmaceutics, Oriental College of Pharmacy, Raisen Road, Bhopal-462021 3Quality Assurance 
Department, Maxtar Biogenics Pvt Ltd, Solan, Baddi, Himanchal Pradesh, 3Quality Assurance Department, MDC Pharmaceuticsl Pvt Ltd, 

Solan, Baddi, Himanchal Pradesh, India. Email: informa.pharmaceutics@gmail.com 

Received: 18 May 2013, Revised and Accepted: 23 June 2013 

ABSTRACT 

Liposomes are microscopic vesicles composed of a bilayer of phospholipids or any similar amphipathic lipids. They can encapsulate and effectively 
deliver both hydrophilic and lipophilic substances. Generally the encapsulation efficiency is higher for lipophilic drugs than hydrophilic drugs. 
Conventional liposomes are composed of simple lipid bilayers typically possessing high phosphatidylcholine (PC) and cholesterol (Chol) content. 
Such vesicular systems have to be evaluated precisely for their maximum efficiency. Now a day’s liposomal applications have outgrown to several 
other disciplines of medical science. Purpose of present review was to provide depth knowledge of current status and general evaluation methods 
as well as recent advances occurred in liposomal vesicular drug delivery system.  
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INTRODUCTION 

Liposome was discovered about 40 years ago by Bangham and 
coworkers and was defined as microscopic spherical vesicles that 
form when phospholipids are hydrated or exposed to an aqueous 
environment(1). Liposomes are microscopic vesicles composed of a 
bilayer of phospholipids or any similar amphipathic lipids. They can 
encapsulate and effectively deliver both hydrophilic and lipophilic 
substances(2) and may be used as a non‐toxic vehicle for insoluble 
drugs(3).Liposome as a microstructure consists of one or more 
concentric spheres of lipid bilayer separated by water or aqueous 
buffer compartments(4). Liposomes have many of the requirements 
for good drug delivery systems as they are relatively non‐toxic and 
bio‐degradable(5).They have been found to be useful carriers for both 
hydrophilic and hydrophobic drugs(6).Liposomal encapsulation of a 
drug can dramatically alter the pharmacokinetic properties of a 
drug, targeting the drug to particular organs and/or enhance the 
efficacy of the encapsulated drug(7). 

The formulation of an appropriate liposomal system as a carrier for 
a given drug is dependent on the type of the lipid used and the 
method of preparation(8). According to their size they are known as 
small unilamellar vesicles (SUV) or large unilamellar vesicles (LUV). 
If more bilayers are present they are referred to as multilamellar 
vesicles (MLV). Depending on the composition liposomes can have a 
positive, negative, or neutral surface charge. Lecithin can provide 
liposomes with a neutral surface, stearylamine and phosphatidic 

acid components provide positive(9) and negative surface charge 
respectively. Depending on the lipid composition, methods of 
preparations and the nature of the encapsulated agents, many types 
of liposomal products can be formulated. The ideal drug candidates 
for liposomal encapsulation are those that have potent 
pharmacological activity and are either highly lipid or water soluble. 
If a drug is water soluble, it will be encapsulated within the aqueous 
compartment and its concentration in the liposomal product will 
depend on the volume of the entrapped water and the solubility of 
that drug in the encapsulated water. 

The lipophilic drug is usually bound to the lipid bi‐layer or 
‘dissolved’ in the lipid phase. A lipophilic drug is more likely to 
remain encapsulated during storage due to its partition coefficient. 
Since the lipophilic drug is associated with the lipid bi‐layers it will 
not leach out as readily to the ‘external’ water phase. Generally the 
encapsulation efficiency is higher for lipophilic drugs than 
hydrophilic drugs(10). The applications of liposomes as nanoscale 
containers for drugs(11), vitamins(12), enzymes or genetic material(13-

14) require control and prediction of the liposome dispersion 
stability. 

Based on their composition, liposomes are generally classified as 
either conventional or sterically stabilized liposomes, also known as 
“stealth” liposomes (Figure 1). Conventional liposomes are 
composed of simple lipid bilayers typically possessing high 
phosphatidylcholine (PC) and cholesterol (Chol) content. 

 

 

Fig. 1: Structure of conventional and sterically-stabilized liposome(15-16). 
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Sterically stabilized liposomes or “stealth” liposomes are lipid 
bilayers coated with either a ganglioside GM1 or synthetic neutral 
polymer polyethylene glycol (PEG) (17). This coating stabilizes the 
liposomes by reducing the binding of serum opsonins, as well as by 
minimizing their interaction with the reticuloendothelium system 
(RES) (17-19). Therefore, the “stealth” liposomes stay in the circulation 
for an extended period of time. 

Attractive biological properties of liposomes 

• Liposomes are biocompatible. 

• Liposomes can entrap water-soluble (hydrophilic) pharmaceutical 
agents in their internal water compartment and water-insoluble 
(hydrophobic) pharmaceuticals into the membrane. 

• Liposome-incorporated pharmaceuticals are protected from the 
inactivating effect of external conditions yet do not cause 
undesirable side reactions. 

• Liposomes provide a unique opportunity to deliver 
pharmaceuticals into cells or even inside individual cellular 
compartments. 

• Size, charge and surface properties of liposomes can be easily changed 
simply by adding new ingredients to the lipid mixture before liposome 
preparation and/or by variation of preparation methods. 

Liposomes as a drug delivery system 

Liposomal drug delivery systems have received considerable 
attentions due to their specific attractions, including 1) effective 
encapsulation of both small and large molecules (such as antigens) 
with a wide range of hydrophobicity levels and pKa values; 2) 
prolonging and targeting release of therapeutic agents by 
modification of liposome surface and 3) minimising clinical drug 
dose and reducing toxic effects. The applicability of drugs is always a 
compromise between their therapeutic effect and side effects. 
Liposomal drug delivery systems not only enable the delivery of 
higher drug concentrations, but also a possible targeting of specific 
cells or organs. Harmful side effects can therefore be reduced owing 
to minimised distribution of the drug to like all other carrier 
systems, the use of liposomes in drug delivery has advantages and 
disadvantages. The amphiphilic character of the liposomes, with the 
hydrophobic bilayer and the hydrophilic inner core, also enables 
solubilization or encapsulation of both hydrophobic and hydrophilic 
drugs. Along with their good solubilization power, a relatively easy 
preparation and a rich selection of physicochemical properties have 
made liposomes attractive drug carrier systems. However, a 
complete saturation of the immune system and interactions with 
lipoproteins are some areasof concern for potential toxic and 
adverse effects.  

Lipids, along with proteins and nucleic acids, are essential 
biomolecules for the structure and function of living matter. Most 
lipids are fats and waxes, but this thesis focuses on so-called 
amphiphilic lipids. This type of lipid is the predominant building 
block of biological membranes, as well as liposomes. Liposomes are 
spherical self-closed structures, composed of curved lipid bilayers, 
which enclose part of the surrounding solvent into their interior. 
The size of a liposome ranges from some 20 nm up to several 
micrometer and they may be composed of one or several concentric 
membranes, each with a thickness of about 4 nm. Liposomes possess 
unique owing to the amphiphilic character of the lipids, which make 
them suitable for drug delivery. Liposomes are lyotropic liquid 
crystals composed of relatively biocompatible and biodegradable 
materials and of an aqueous core entrapped by one or more bilayers 
of natural and/or lipids. Drugs with widely varying lipophilicities 
can be encapsulated in liposomes either in the phospholipid bilayer, 
in the entrapped aqueous core or at the bilayer interface. 
Reformulation of drugs in liposomes has provided an opportunity to 
enhance the therapeutic indices of various agents mainly through 
the alteration of biodistribution. They are versatile drug carriers, 
which can be used to control retention of entrapped drugs in the 
presence of biological fluids, controlled vesicle residence in the 
systemic circulation or other compartments in the body and 
enhanced vesicle uptake by target cells(20). 

Liposomes composed of natural lipids are biodegradable, biologically 
inert, weakly immunogenic(21), produce no antigenic or pyrogenic 
reactions and possess limited intrinsic toxicity(22). Therefore, drugs 
encapsulated in liposomes are expected to be transported without 
rapid degradation and minimum side effects to the recipients. 
Moreover, efforts have been made to assess the specificity of drug 
carriers to the target organs, cells or compartments within the cells. 
Liposomes are better suited for assessing their targetable properties 
because of the ease of modifying their surface when compared to other 
drug carriers such as nanoparticles and many approaches have been 
attempted to achieve targetable properties, including non covalent 
association of cell specific antibodies with liposomes(23) coating of 
liposomes with heat aggregated immunoglobulin M (IgM), covalent 
attachment of poly and monoclonal antibodies to the liposomes, 
glycoprotein bearing liposomes and natural and synthetic glycolipid 
containing liposomes. The compounds entrapped into the liposomes 
are protected from the action of external media, particularly enzymes 
and inhibitors. Moreover, liposomes afford a unique opportunity to 
deliver the drugs into cells by fusion or endocytosis mechanism and 
practically any drug can be entrapped into liposomes irrespective of 
its solubility. 

Efficient drug delivery systems based on liposomes need to possess 
a large number of special qualities. First and for most good colloidal, 
chemical and biological stability is required. The fact that liposomes 
are nonequilibrium structures does not necessarily mean that they 
are unsuitable for drug delivery. On the contrary, a colloidally stable 
on equilibrium structure is less sensitive to external changes than 
equilibrium structures, such as micelles. Hence, colloidally stable 
liposomes often work well in pharmaceutical applications. Biological 
stability includes control over the rate of clearance of liposomes 
from the circulatory system or compartments of the body, if the drug 
has been administered locally. The rate of clearance is dose 
dependent and varies according to the size and surface charge of the 
liposomes. Early studies using conventional liposomes revealed that 
the clearance was too rapid for an effective in vivo drug delivery. 
However, circulation times that were sufficiently long were achieved 
by the development of the so-called sterically stabilised liposomes. 
In addition, biological stability also comprises retention of the drug 
by the carrier en route to its destination (a phenomenon known as 
sustained release) the liposomes and hence drug loss before the 
carriers reached their. 

The first liposomal drug delivery system in the market was a 
formulation of amphotericin B (AmBisome®, NeXstar). The first 
liposomal anticancer drug approved globally was Doxil®/ Caelyx® 
(Alza), a formulation of doxorubicin precipitated in sterically 
stabilized liposomes. In 1996, another anticancer drug, liposomal 
daunorubicin (DaunoXome®, NeXstar) was released in the US 
market. Both Doxil® and DaunoXome® are the first line therapy for 
refractory Kaposi’s sarcoma in HIV-infected patients. Based on these 
available products and the pipeline of new products, liposomes have 
established their position in drug delivery systems. liposomes are 
anticipated to become one of the most powerful vectors for human 
gene therapy in the near future because they can be modified easily.  

This novel technology consists of multivesicular liposomes characterized 
by their unique structure of multiple non-concentric aqueous chambers 
surrounded by a network of lipid membranes. These are very distinct 
from conventional type of lipid-based particle (ULV and MLV) for e.g. 
they are about one order of magnitude larger in size as compared to 
conventional liposomes (ULV < 1m, MLV ~ 1-5 m) having typical size 
range of 5 - 50 m in diameter. 

In addition to chemical composition of traditional liposomes the 
MLV contain a neutral lipid (triolein, tricaprylene, trilaurein, 
tristyrene, tributyrine) as an integral component and allows for 
unique multivesicular structure.  

Drawbacks of Conventional Liposomes 

Conventional liposomes (Unilamellar and multilamellar liposomes) have 
certain drawbacks like low entrapment efficiency of water–soluble drugs 
in internal aqueous chambers because these occupy quite a less aqueous 
phase (2.4 l/mole of lipid). These are readily taken up by 
reticuloendothelial system and show low encapsulation efficiency.  
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Table 1: Classification of Liposomes. (Vyas and Khar, 2002) 

Types Specifications 
 Based on structural parameters 
MLV Multi lamellar large vesicles > 0.5 m 
OLV Oligo lamellar vesicles 0.1 to 1.0 m 
UV Unilamellar vesicles (all size range) 
SUV Small unilamellar vesicles 20 to 100nm 
MUV Medium unilamellar vesicle 
LUV Large unilamellar vesicle > 100 nm 
MV Multivesicular vesicles > 1 m 

 Based on method liposome preparation 
REV Vesicles made by reverse phase 

evaporation method 
MLV-REV MLV made by reverse phase 

evaporation method 
SPLV Stable plurilamellar vesicles 
FATMLV Frozen and thawed MLV 
VET Vesicles prepared by extrusion 

technique 
DRV Dehydration-rehydration method 
 Based upon composition and applications 
Conventional Neutral or negatively charged 

phospholipids and Cholesterol 
Fusogenic Reconstituted Sendai virus 

envelopes 
pH sensitive Phospholipids such as PE or 

DOPE with either CHEMS or OA 
Cationic Cationic lipids with DOPE 
Long circulating (stealth) LCL Neutral high ToC Cholesterol and 

5 to 10% of PEG-DSPE 
Immuno liposomes CL or LCL with attached 

monoclonal antibody 

 

Other drawbacks like stability and release of drug after single breach in 
external membrane have led to the new type of liposomal systems. A 
major challenge in the development of sustained release formulation for 
proteins, peptides and water–soluble drugs is to achieve high drug 
loading sufficient for prolonged therapeutic effect coupled with high 
recovery of these drugs. These challenges have been successfully met in 
the formulation of several peptide and protein drugs using the Mannose 
coated lipid based drug delivery systems.   

Ligand Effect on Liposomes Surface  

The mechanism of cellular action of liposomes in stimulating antibody 
production remains to be established. It is clear that liposomes 
intravenously, intraperitoneally or subcutaneously are sequestered by 
the organs of high activity such as liver, spleen, lymph nodes(24). Thus 
they finally gain access to the phagocytic cells of the reticuloendothelial 
system, which are for the clearance of the liposomes. However, these 
cells i.e., the macrophages, in potentiating to the liposome-associated 
antigens remain unresolved. It has also been shown that macrophages 
are necessary for the induction of a humoral response to liposome-
associated protein antigens(25). 

Liposomes designed specially to interact with macrophages would 
facilitate a better immunopotentiation. It is well established that 
macrophages possess recognition sites for sugars such as mannose, 
galactose and fucose. Liposomes carrying terminal galactose and 
mannose residues are specifically recognized by lecithin-like 
molecules present on the plasma membranes of macrophages of 
parenchymal and nonparenchymal tissues. A study of the 
immunological response of sugar grafted liposomes shows that 
antigen entrapped liposomes bearing galactose on the surface 
induce an immune response comparable to sugar-free neutral 
liposomes. However, the immune response by mannose-coupled 
liposomes is almost equal to that of the free antigen. Based on these 
results, it is postulated that intravenus administration of liposomes 
facilitates a receptor mediated uptake by peritoneal macrophages 
and macrophages derived from bone marrow by a recognition 
system specific for mannose. A greater accessibility of these 
liposomes to the phagocytic cells leads to a rapid degradation of the 
antigen and subsequently low immune response results. 

Liposomes preparation techniques 

General Introduction into Techniques  

Lipid molecules have to be introduced into an aqueous environment 
for the preparation of liposomes independent of liposome size and 
structure. A general overview representing the correlation of the 
way of lipid hydration, respectively, the way of primary liposome 
formation with the resulting liposome structure. Several ways of 
treating the lipids are known to support the hydration of these 
molecules, as lipid molecules themselves are poorly soluble in 
aqueous compartments. These procedures can be categorized as 
shown in Table 2. Additional methods have been developed such as 
freeze thawing, freeze drying, and extrusion. However, they are all 
based on preformed vesicles.  

Mechanical Methods 

Preparation by Film Methods  

Properties of lipid formulations can vary depending on the 
composition (cationic, anionic, and neutral lipid species). 
However, the same preparation method can be used for all lipid 
vesicles regardless of composition. The general steps of the 
procedure are preparation of the lipids for hydration, hydration 
with agitation, and sizing to a homogeneous distribution of 
vesicles1. Since then, many different variations of this method have 
been developed differing in the organic solvents used for lipid 
solubilization, the way of lipid drying, and the way of film 
rehydration.  

The film method has several advantages. It can be used for all 
different kinds of lipid mixtures. In addition, the method is easy to 
perform, and high encapsulation rates of lipid as well as aqueous 
soluble substances can be achieved because high lipid 
concentrations can be used. One major drawback of this method is 
the difficulty of scaling up to several tens of liters. Furthermore, the 
process becomes more time and cost intensive because additional 
processing is recommended for a defined liposome suspension, 
whereby product losses are generated. 
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Homogenization Techniques 

Similar to the ultrasound methods, homogenization techniques have 
been used in biology and microbiology for breaking up the cells. 
Therefore, many scientists have used them for reducing the size and 
number of lamellae of multilamellar liposomes. The French press26 
originally was established for breaking up cells under milder and 
more appropriate conditions compared to the ultrasound 
techniques, because lipids as well as proteins or other sensitive 
compounds might be degraded during the sonication procedure. 

This system is normally used in the volume of 1 to 40mL and 
therefore is not suitable for large-scale production. However, a 
scale-up-based strategy on this technique was established as the 
microfluidization. 

This continuous and scalable variation of the French press technique 
enforces downsizing of Liposomes by collision of larger vesicles at 
high pressure in the interaction chamber of the microfluidizer. 
Starting volumes from 50mL upwards are applicable, and again high 
pressures are used for disruption of multilamellar systems. 

 

Table 2: Methods of liposome preparation and the resulting product(19 and 26). 

 
 

The system works in a pressure range of 0–200 bar and is equipped 
with heating and cooling systems to control sample temperature 
during processing(27). The liposome suspension passes the 
exchangeable orifices several times (up to thousands of passes). 
Liposomes are formed in the size range from 50 to 100nm by this 
process. This technique is suitable for large-scale production and 
sterile liposome preparation.  

Methods Based on Replacement of Organic Solvents by Aqueous 
Media 

The liposome preparation methods described in this section have in 
common that organic solvents, either water miscible or immiscible, 
are replaced by an aqueous solution. This replacement is either 
performed by injection of the lipid carrying organic solution into the 
aqueous phase—the injection methods—or by stepwise addition of 
aqueous phase to the organic phase, in particular ethanol—the 
proliposome method. In addition, the emulsification methods, 
namely, the reverse-phase evaporation method and the double 
emulsion technique, are based on the replacement of a water-
immiscible solvent by an aqueous phase, thus forming liposomes 
with high encapsulation rates of hydrophilic as well as lipid phase 
soluble substances. 

The Ethanol Injection Method 

This technique was first reported in the early 1970s by Batzri and 
Korn as one of the first alternatives for the preparation of SUVs 
without sonication. By the immediate dilution of the ethanol in the 
aqueous phase, the lipid molecules precipitate and form bilayer 
planar fragments which themselves form into liposomal systems, 
thereby encapsulating aqueous phase. 

This method has many advantages as the technique is in principle 
easy to scale up, and ethanol is a very harmless solvent, accepted by 
the authorities also for injectables at a maximum of 0.1%. Some 
other solvents might also be used, but one has to keep in mind the 
regulations for residual solvents classified into different categories 
by the European or US Pharmacopoeia. 

Liposome size can be controlled by the local lipid concentration at 
the injection point which is defined by the lipid concentration in 
ethanol, the injection whole diameter, the injection pressure, and the 
flow rate of the aqueous phase. By varying these parameters, 
different liposome sizes suitable for the intended purpose can be 
prepared. These defined process parameters are furthermore 
responsible for highly reproducible results with respect to vesicle 
diameters and encapsulation rates. 

Another important advantage of this method is the suitability of the 
entrapment of many different drug substances such as large 
hydrophilic proteins by passive encapsulation, small amphiphilic 
drugs by a one-step remote loading technique, or membrane 
association of antigens for vaccines. 

Proliposome-Liposome Method. 

The proliposomeliposome method is based on the conversion of the 
initial proliposome preparation into liposome dispersion by dilution 
with an aqueous phase. This method is suitable for the 
encapsulation of a wide range of drugs with varying solubility in 
water and alcohol and has extremely high encapsulation efficiencies 
when compared with other methods based on passive entrapment. 
Reproducible liposome preparation is feasible in a controlled 
manner by exact controlling of the dilution rate and process 
temperature. Additionally, the authors claim their method as being 
easy to scale up, which makes this method an alternative approach 
for the production of liposomes for clinical application. 

Reverse-Phase Evaporation (REV).  

In this method, lipid is hydrated via solubilization in an organic 
phase followed by introduction into an aqueous phase. The organic 
phase should be immiscible with the aqueous phase, thus an 
oil/water emulsion is created, which is diluted with further aqueous 
phase for liposome formation. The advantage of this very popular 
preparation technique is a very high encapsulation rate up to 50%. 
One variation of the microemulsion technique, the double emulsion 
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technique, further improves the encapsulation rates and results in 
unilamellar liposomes.  

A possible drawback of this efficient method is the remaining 
solvent or the proof of their absence especially for using them for 
pharmaceutical purposes. The other important issue is large-scale 
production which might be feasible if appropriate shear mixing 
devices for the creation of the microemulsion and pumps for the 
dilution step are available. 

Methods Based on Detergent Removal 

In this group of liposome preparation procedures, detergents, such 
as bile salts or alkylglycosides, are used for the solubilization of 
lipids in micellar systems. In contrast to lipids, detergents are highly 
soluble in both aqueous and organic media. There is equilibrium 
between the detergent molecules in the aqueous phase and the lipid 
environment of the micelle. The size and shape of the resulting 
vesicles are depending on the chemical nature of the detergent, their 
concentration, and the lipids used. 

Common procedures of detergent removal from the mixed micelles 
are dilution, gel chromatography, and dialysis through hollow fibers 
or through membrane filters. Additionally, detergents can also be 
removed by adsorption to hydrophobic resins or cyclodextrins. 
Dialysis of mixed micelles against an aqueous medium was first 
described by Kagawa and Racker. This method for vesicle formation 
is based on the retention of the micelle, whereas free detergent 
molecules are eliminated(28) developed a new technique, where they 
combine an advanced ethanol injection technique, the cross-flow 
injection technique , with detergent dilution within one operational 
step. Thereby, lipid vesicles are formed immediately after injection 
into a micellar protein solution. 

Physicochemical characterization of liposomes 

Vesicle Shape 

Liposomes are visualized by Philips Morgani 268 Transmission 
Electron Microscope. A drop of the different formulations is placed 
on different carbon coated copper grids to leave a thin film on the 
grids. Then, the film negatively stained with 1% phosphotungastic 
acid (PTA) by placing a drop of the staining solution on to the film 
and the excess of the solution is drained off with a filter paper. The 
grid was allowed to dry thoroughly and formulations are viewed 
under a transmission electron microscope and photographs are 
taken at suitable magnification . 

Vesicles Size and Size Distribution 

The size and size distribution of vesicles is determined by laser 
diffraction particle size analyzer. The liposomal suspension is 
dispersed in distilled water and then it put into the sample chamber 
of particle size analyzer and measurement of vesicular size is carried 
out. 

Microscopic studies 

Vesicles morphology of liposomes obtained from ethanol 
evaporation and rotary evaporator method is determined using a 
photomicroscope (Nikon Model UFX‐II, Japan) at1000 x 
magnification. 

Vesicles Count 

To characterize liposomal formulation for vesicular count, the 
liposomal formulation is diluted (5 times) with PBS (pH 7.4) and 
liposomes /mm3 are counted by optical microscopy. The liposomes 
in 80 small squares are counted and calculated using the 
following formula28  

Total numbers of liposomes/mm3: 

Total number of liposomes counted x Dilution x 4000 
Total number of squares counted 

Percent drug entrapment  

Percent drug entrapment is determined by mini‐column 
centrifugation method. In brief, Sephadex® G50 solution (10 %, 

w/v) is prepared in water and keep aside for 48 hours for complete 
swelling. To prepare mini‐column, Whatman filter pad is inserted in 
1mL syringe and swollen Sephadex is added carefully to it to avoid 
air entrapment in the column. Excessive amount of water is removed 
by spinning the column at 2000 rpm for 3 min using centrifuge. 
Liposomes suspension (100 μL) are slowly added on prepared 
column and centrifuged at 5000 rpm for 3 min, and then the same 
procedure is repeated by adding 100 μL of water. The remaining 
free drug bound to the gel, while liposomes pass through the gel and 
are collected from the first and second stage of centrifugation. The 
eluted liposomes obtained ruptured using ethanol and percent 
encapsulation is calculated from total amount of liposomes present 
in 100 μL of liposomes by UV‐Visible spectrophotometer (slope) 
using Eq. (1) the method is validated using free drug instead of 
liposomal dispersion. The free drug is analyzed by UV‐Visible 
spectrophotometer.  

Encapsulation efficiency (EE) = (Qe / Qt) × 100 ‐‐‐‐‐‐‐‐‐‐‐‐ (1) 

Where,  

Qe is the amount of encapsulated drug and 

Qt is the amount of drug in 100 μL of liposomes suspension. 

Drug release study 

In vitro release studies of developed liposomes by rotary evaporator, 
ethanol injection and pure drug suspension in phosphate buffer (pH 
7.4) are evaluated in a customized and validated diffusion cell across 
cellophane membrane (12,000 MCO) for 10 hours using 200 ml of 
Phosphate Buffer (pH 7.4) as diffusion medium. Liposomes prepared 
by above both methods and pure drug suspension are compare by 
takes 3 ml from each (equivalent to 3 mg) are separately transferred 
to the donor compartment and stirred at 50 rpm while the receptor 
compartment is stirred at 100 rpm. 1 ml of the sample is withdrawn 
from the receptor compartment at definite time intervals and 
equivalent amount of fresh medium is replaced to the receptor 
compartment. Samples are assayed for drug by UV 
spectrophotometer. 

Zeta Potential 

The zeta potential of samples is measured using Zetasizer 3000 
HS (DTS Ver. 4.10, Malvern Instruments, England). In this 
technique, a voltage is applied across a pair of electrodes at 
either end of a cell containing the particle dispersion.  Charged 
particles are attracted to the oppositely charged electrode. The 
method uses the autocorrelation function of the light scattered 
in a colloid solution measured by a photon counting system. The 
particles move in an electric field of known strength in the 
interference pattern of two laser beams and produce scattered 
light, which oscillates in time in a way, which depends on the 
speed of the particles.  

The light scattered by the particles is collected by the 
photomultiplier and the measured autocorrelation function is first 
converted, using a Fourier Transform, into a frequency spectrum. 
The frequencies are then converted successively to velocities, 
electrophoretic mobilities, and finally, zeta potentials. The zeta 
potential of liposomal formulations is measured using 0.1 M KCl 
buffer in demineralized water at 25°C. 

Recent advances in liposomal drug-delivery systems 

Liposomes in drug delivery: Evolution 

One of the drawbacks of the use of liposomes is the fast elimination 
from the blood and capture of the liposomal preparations by the 
cells of the reticulo-endothelial system, primarily in the liver. A 
number of developments have aimed to reduce this problem. 

Immunoliposomes. 

To increase liposomal drug accumulation in the desired tissues and 
organs, the use of targeted liposomes with surface-attached ligands 
capable of recognizing and binding to cells of interest has been 
suggested (Figure 2 B). Immunoglobulins (Ig) of the IgG class and 
their fragments are the most widely used targeting moieties for 
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liposomes, which can be attached to liposomes, without affecting 
liposomal integrity or the antibody properties, by covalent binding 
to the liposome surface or by hydrophobic insertion into the 
liposomal membrane after modification with hydrophobic 
residues(29) . Still, despite improvements in targeting efficacy, the 
majority of immunoliposomes accumulate in the liver as a 
consequence of insufficient time for the interaction between the 
target and targeted liposome. Better target accumulation can be 
expected if liposomes can be made to remain in the circulation long 
enough. 

Long-circulating liposomes. 

Different methods have been suggested to achieve long circulation of 
liposomes in vivo, including coating the liposome surface with inert, 
biocompatible polymers, such as PEG, which form a protective layer over 
the liposome surface and slow down liposome recognition by opsonins 
and therefore subsequent clearance of liposomes(30-31) (Figure 2 C). 

Long-circulating liposomes are now being investigated in detail and 
are widely used in biomedical in vitro and in vivo studies; they have 
also found their way into clinical practice(32-33) An important feature 
of protective polymers is their flexibility, which allows a relatively 
small number of surface-grafted polymer molecules to create an 
impermeable layer over the liposome surface(34-35) .Long-circulating 
liposomes demonstrate dose-independent, non-saturable, log-linear 
kinetics and increased bioavailability.(36) 

Current research on PEG liposomes focuses on attaching PEG in a 
removable fashion to facilitate liposome capture by cells. After PEG-
liposomes accumulate at the target site, through the enhanced 
permeability and retention (EPR) effect, (37) the PEG coating is 
detached under the action of local pathological conditions 
(decreased pH in tumours). New, detachable PEG conjugates have 
been described(38) in which the detachment process is based on the 
mild thiolysis of the dithio benzylurethane linkage between PEG and 
an amino-containing substrate (such as PE). 

 

 

Fig. 2: Evolution of liposomes. 
 

A. Early traditional phospholipids ‘plain’ liposomes with water 
soluble drug (a) entrapped into the aqueous liposome interior and 
water-insoluble drug (b) incorporated into the liposomal membrane 
(these designations are not repeated on other figures).  

B. Antibody-targeted immunoliposome with antibody covalently 
coupled (c) to the reactive phospholipids in the membrane, or 
hydrophobically anchored (d) into the liposomal membrane after 
preliminary modification with a hydrophobic moiety.  

C. Long-circulating liposome grafted with a protective polymer (e) 
such as PEG, which shields the liposome surface from the interaction 
with opsonizing proteins (f).  

D. Long-circulating immunoliposome simultaneously bearing both 
protective polymer and antibody, which can be attached to the 
liposome surface (g) or, preferably, to the distal end of the grafted 
polymeric chain (h). 

E. New-generation liposome, the surface of which can be modified 
(separately or simultaneously) by different ways. Among these 
modifications are: the attachment of protective polymer (i) or 
protective polymer and targeting ligand, such as antibody (j); the 
attachment/incorporation of the diagnostic label (k); the 
incorporation of positively charged lipids (l) allowing for the 
complexation with DNA (m); the incorporation of stimuli-sensitive 
lipids (n); the attachment of stimuli-sensitive polymer (o); the 
attachment of cell-penetrating peptide (p); the incorporation of viral 
components (q). In addition to a drug, liposome can loaded with 
magnetic particles (r) for magnetic targeting and/or with colloidal 
gold or silver particles (s) for electron microscopy. 

Long-circulating immunoliposomes 

The further development of liposomal carriers involved the attempt 
to combine the properties of long-circulating liposomes and 
immunoliposomes in one preparation(39-40) Early experiments have 
been performed by simple co-immobilization of an antibody and 
PEG on the surface of the same liposome, although the protective 
polymer can create steric hindrances for target recognition with the 

targeting moiety. To achieve better selectivity of PEG-coated 
liposomes, it is advantageous to attach the targeting ligand via a PEG 
spacer arm, so that the ligand is extended outside of the dense PEG 
brush, which reduces steric hindrance of binding to the target. 
Currently, various advanced technologies are used, and the targeting 
moiety is usually attached above the protecting polymer layer, by 
coupling it with the distal water-exposed terminus of activated 
liposome-grafted polymer molecule (41-42) (Figure 5.1 D). 

Liposome surface-modification chemistry 

The preparation of modified liposomes with controlled properties 
requires the chemical conjugation of proteins, peptides, polymers 
and other molecules to the liposome surface. In general, the 
conjugation methodology is based on three main reactions, which 
are quite efficient and selective: reaction between activated carboxyl 
groups and amino groups, which yields an amide bond; reaction 
between pyridyldithiols and thiols, which yields disulphide bonds; 
and reaction between maleimide derivatives and thiols, which yields 
thioether bonds. Many lipid derivatives used in these techniques are 
commercially available(43) .Other approaches also exist, such as those 
that yield the carbamate bond via the reaction of p-
nitrophenylcarbonyl- and amino-group. 

New ligands for targeting liposomes 

Antibody-mediated liposome targeting 

Although various monoclonal antibodies have been shown to deliver 
liposomes to many targets, the optimization of properties of 
immunoliposomes is an ongoing concern. The majority of research 
in this area relates to cancer targeting, which utilizes a variety of 
antibodies. Internalizing antibodies are required to achieve a much-
improved therapeutic efficacy with antibody-targeted liposomal 
drugs, as shown with B-lymphoma cells and internalizable epitopes. 

Folate-mediated liposome targeting 

Targeting tumours with folate-modified liposomes represents a 
popular approach, because folate receptors (FR) are frequently over 
expressed in a range of tumour cells. After early studies established 
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the possibility of delivering macromolecules(44) and then liposomes 
into living cells using FR endocytosis, which could bypass multidrug 
resistance, interest in folate-targeted drug delivery by liposomes 
grew rapidly(45-46) 

Liposomal daunorubicin(47) as well as doxorubicin(48) have been 
delivered into various tumour cells through FR and demonstrated 
increased cytotoxicity. Recently, the application of folate-modified 
doxorubicin-loaded liposomes to the treatment of acute 
myelogenous leukaemia was combined with the induction of FR 
using all-trans retinoic acid(49) .Folate-targeted liposomes have been 
proposed as delivery vehicles for boron neutron capture therapy(50) 
and also used for targeting tumours with haptens for tumour 
immunotherapy(51) Within the field of gene therapy, folate-targeted 
liposomes have been used for both gene targeting to tumour cells(52) 
and for targeting tumours with antisense oligonucleotides(53) 

Transferrin-mediated liposome targeting 

Transferrin (Tf) receptors (TfR) are overexpressed on the surface of 
many tumour cells, and so antibodies against TfR, as well as Tf itself, 
are popular ligands for liposome targeting to tumours and inside 
tumour cells(54) .Recent studies involve the coupling of Tf to PEG on 
PEGylated liposomes to combine longevity and targetability for drug 
delivery into solid tumours(55) .A similar approach was applied to the 
delivery of agents for photo-dynamic therapy, including hypericin, 
into tumours(56-57) and for intracellular delivery of cisplatin into 
gastric cancer(58) Tf-coupled doxorubicin- loaded liposomes 
demonstrate increased binding and toxicity against C6 glioma 
cells(59) .Interestingly, the increase in the expression of TfR was also 
discovered in post-ischaemic cerebral endothelium, which was used 
to deliver Tf-modified PEG liposomes to post-ischaemic brain in 
rats(60) Tf as well as anti-TfR antibodies(61-63) have also been used to 
facilitate gene delivery into cells by cationic liposomes. Tf-mediated 
liposome delivery was also successfully used for brain targeting. 

Other ligands1 been used for the successful suppression of tumour 
growth and metastases in vivo. Another new approach to liposome 
targeting involves the functionalization of liposomes with peptide-
amphiphiles.(69-70) 

pH-sensitive liposomes 

To achieve the pH-sensitive release of liposome content, liposomes 
are constructed from pH-sensitive components; after being 
endocytosed in the intact form, these fuse with the endovacuolar 
membrane as a result of the lower pH inside the endosome, and 
release their contents into the cytoplasm(71) .Studies of pH-sensitive 
liposomes focus on the development of new lipid compositions that 
confer pH-sensitivity to liposomes; liposome modification with 
various pH-sensitive polymers and combining liposomal pH-
sensitivity with longevity and ligand-mediated targeting. Long-
circulating PEGylated pH-sensitive liposomes, although having a 
decreased pH-sensitivity, still effectively deliver their contents into 
the cytoplasm. Antisense oligonucleotides can be delivered into cells 
by anionic pH-sensitive phosphatidyl ethanolamine (PE)-containing 
liposomes that are stable in the blood, but which, however, undergo 
phase transition at acidic endosomal pH. This facilitates oligo release 
into cell cytoplasm. New pH-sensitive liposomal additives have 
recently been described that include oleyl alcohol and a mono-
stearoyl derivative of morpholine. Serum-stable, long-circulating 
PEGylated pH-sensitive liposomes were also prepared using a 
combination of PEG and a pH-sensitive, terminally alkylated co-
polymer of N-isopropyl acrylamide and methacrylic acid. (72) 

Liposomes as carriers of protein and peptides 

Liposomal proteins 

From a clinical point of view, the potential ability of liposome-
encapsulated enzymes to enter the cytoplasm or lysosomes of live 
cells is of crucial importance for the treatment of inherited diseases 
caused by the abnormal functioning of some intracellular enzymes 
(that is, the lysosomal storage diseases) and cancer. (73) 

A very interesting approach to the use of liposomal enzymes is their 
application to antibody-directed enzyme prodrug therapy (ADEPT) 

based on the on-site activation of chemically modified inactive 
phospholipid derivatives of various anticancer and antiviral agents. 
The application of phospholipid prodrugs incorporated into 
liposome membranes brings several benefit(74) the efficiency of 
prodrug incorporation is high; prodrugs do not leak from the 
liposome into the aqueous phase; drugs are protected against 
metabolic degradation; and long-lasting therapeutic drug levels can 
be achieved. The achieve the specific generation of active cytotoxic 
molecules from inactive prodrugs in the vicinity of tumour cells, a 
conjugate of a tumour-specific antibody with an enzyme responsible 
for the conversion of a prodrug into the active drug is targeted 
towards tumour. 

Liposomal peptides 

The incorporation of insulin into liposomes purposely exploits 
delivery to the liver (the natural target organ for liposomes), 
prolongs insulin action in the body and enhances the oral absorption 
of insulin. In animal experiments, the attempt to improve the 
bioavailability of oral liposomal insulin by coating insulin-containing 
liposomes with PEG or mucin(75) has successfully resulted in long-
lasting lowering of glucose levels. This is explained by the better 
interaction of polymer-coated liposomes with the mucus layer and 
better retention of insulin under the aggressive conditions of the 
stomach and gastro-intestinal tract. 

Liposomes serve as carriers of proteins and peptides to be used 
in various areas 

• Incorporation of protein and peptide drugs into liposomes to 
improve their therapeutic activity (in a broad sense) and to diminish 
various drawbacks and side effects frequently characteristic of such 
drugs. 

• Incorporation of various proteins and peptides into liposomes to 
modulate the immune response towards these proteins and peptides 
or to other antigens (for example, by protein- or peptide modulated 
activation of certain components of the immune system). 

•Attachment of certain proteins and peptides (usually monoclonal 
antibodies or their Fab fragments) to the liposome surface to target 
liposomes (drug- or diagnostic-agent loaded) to certain pathological 
areas in the body or even inside cells (using so-called transduction 
proteins and peptides). 

• Liposomal delivery of DNA into certain cells to initiate the in situ 
production of a therapeutically active protein (usually enzyme) to 
treat a local or systemic disease. 

• Reconstitution of various membrane proteins into liposome to 
investigate the fine details of functioning of these proteins in vivo. 

Liposomes in gene delivery 

The use of liposomes for gene delivery applications is a huge area, 
Cationic lipid-based liposomes(76) are easy to prepare, reasonably 
cheap and nonimmunogenic. Many of the finer features of these 
delivery systems and mechanisms remain insufficiently understood, 
and so recent studies in this popular area have tended to 
concentrate on structure, function, structure–activity relationships, 
detailed mechanisms of liposome-mediated gene delivery, and 
improved efficiency of transfection(77) .To combine the longevity of 
liposomal preparations with efficient DNA delivery, pre-condensed 
DNA has been encapsulated into PEGylated cationic liposomes(78) 
Liposomes are also used for the targeting of antisense 
oligonucleotides to specific tissues, in particular for neuroblastoma 
treatment, an approach that is exemplified by the use of coated 
cationic liposomes made of a central core of a cationic phospholipid 
bound to oligonucleotide, and an outer shell of neutral lipid. Such 
liposomes are additionally modified with a monoclonal antibody 
against neuroectoderma antigen and target antigen positive cells 
both in vitro and in vivo(79) 

Liposomal vaccines 

Liposomes were long ago been shown to be effective immunological 
adjuvants for protein and peptide antigen(80-81) .They are capable of 
inducing both humoral and cellular immune responses towards the 
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liposomal antigens. Liposomes with encapsulated protein or peptide 
antigen are phagocytosed by macrophages and eventually accumulate in 
lysosomes. Once in the lysosomes, degraded peptides are presented to 
the major histocompatibility complex class II (MHCII) complex on the 
macrophage surface. This results in the stimulation of specific T-helper 
cells, and, ultimately, stimulation of specific B cells, which results in the 
subsequent secretion of antibodies(82) 

Liposomes in diagnostic imaging 

Diagnostic imaging requires that appropriate intensity of signal from 
an area of interest is achieved to differentiate certain structures 
from surrounding tissues, regardless of the modality used. Currently 
used imaging modalities include gamma-scintigraphy (involving the 
application of γ-emitting radioactive materials); magnetic resonance 
(based on the transition between different energy levels of atomic 
nuclei under the action of a radiofrequency signal); computed 
tomography (which utilizes ionizing radiation with the aid of 
computers to acquire cross-images of the body and three-
dimensional images of areas of interest); and ultra-sonography (the 
modality using irradiation with ultrasound and based on the 
different rate at which ultrasound passes through various tissues). 
To facilitate the accumulation of contrast in the required zone, 
various microparticulates, including liposomes, have been suggested 
as carriers for contrast agents. Possible methods of liposome 
labelling with reporter group (label): 

• Label is added during the manufacturing process to liposomes 
(label is incorporated into the aqueous interior of liposome or into 
the liposome membrane). 

• Label is adsorbed onto the surface of preformed liposomes. 

• Label is incorporated into the lipid bilayer of preformed liposomes. 

• Label is loaded into preformed liposomes using membrane-
incorporated transporters or ion channels. 

Clinically acceptable diagnostic liposomes will have to meet the 
following requirements: 

• The labelling procedure should be simple and efficient. 

• The reporter group should be affordable, stable and safe/easy to 
handle. 

• Liposomes should be stable in vivo stability with no release of free 
label. 

• Liposomes need to be stable on storage within acceptable limits. 

New-generation liposomes 

Virosomes 

Virosomes represent one more developmental avenue for liposomes. 
In these applications, which aim to enhance tissue targeting, the 
liposome surface was modified with fusogenic viral envelope 
proteins(83) Initially, virosomes were intended for the intracellular 
delivery of drugs and DNA(84-85) .Later, virosomes became a 
cornerstone for the development of new vaccines. The delivery of 
protein antigens to the immune system by fusion-acting virosomes 
was found to be very effective(86) .As a result, a whole set of 
virosome-based vaccines have been developed for use in humans 
and animals. Special attention has been paid to the delivery of 
influenza vaccine using virosomes containing the spike proteins of 
influenza virus(87) used because it elicits high titres of influenza-
specific antibodies. Trials of virosome influenza vaccine in children 
showed that it is highly immunogenic and well tolerated(88) .A 
similar approach was used to prepare virosomal hepatitis A vaccine 
that elicited high antibody titres after primary and booster 
vaccination of infants and young children.(89) these data have been 
confirmed in healthy adults and in elderly patients. 

In general, virosomes can provide an excellent opportunity for the 
efficient delivery of both various antigens and many drugs 
(including nucleic acids, cytotoxic drugs and toxoids) (90-93) although 
they might present certain problems associated with their 
stability/leakiness and immunogenicity. 

Magnetic liposomes 

An interesting approach for targeted drug delivery under the action 
of magnetic field is the use of liposomes loaded with a drug and a 
ferromagnetic material. In one example, magnetic liposomes 
containing doxorubicin were intravenously administered to 
osteosarcoma-bearing hamsters. This might become a promising 
way of drug targeting by liposomes. 

Cytoskeleton-specific immunoliposomes 

Specific anticardiac myosin monoclonal antibodies have an excellent 
capacity to recognize and bind hypoxic cells with damaged plasma 
membranes when intracellular myosin is exposed into extracellular 
space. This property of the antimyosin antibody has been 
successfully used for the delivery of antibody-bearing liposomes in 
the field of experimental myocardial infarction.(94) Cytoskeleton-
specific immunoliposomes can fuse with damaged cells, and so they 
were used as carriers for successful gene delivery into hypoxic 
cells.(95) 

Liposomal haemoglobin 

Active research continues in the area of liposomal haemoglobin 
(haemosomes) as a blood substitute. To make long-circulating 
haemosomes, technology for PEG post-insertion was developed, in 
which the resulting liposomes do not lose any haemoglobin and 
circulate longer in rabbits(96) .PEGylated liposomal haemoglobin was 
found to be stable at storage for 1 year even at room temperature(97) 
and to circulate longer in rabbits when labelled with 99mTc (half-
clearance time of 48 h). Further optimization of vesicle composition 
led to the conclusion that the use of  

ATP liposomes 

There is interest in liposomal forms of ‘bioenergic’ substrates, such 
as ATP, and some encouraging results with ATP-loaded liposomes in 
various in vitro and in vivo models have been reported. ATP 
liposomes were shown to protect human endothelial cells from 
energy failure in a cell culture model of sepsis(99) .In a brain 
ischaemia model, the use of the liposomal ATP increased the number 
of ischaemic episodes tolerated before brain electrical silence and 
death. (100)  

Liposomes in photo-dynamic therapy 

Photo-dynamic therapy (PDT) is a rapidly developing modality for 
the treatment of superficial tumours, in which photosensitizing 
agents are used for the photo-chemical eradication of malignant 
cells. Targeting as well as the controlled release of photosensitizing 
agent in tumours might still further enhance the outcome of the 
liposome-mediated PDT. 

APPLICATIONS OF LIPOSOMES 

Applications of liposomes in medicine 

Applications of liposomes in pharmacology and medicine can be 
divided into therapeutic and diagnostic applications of liposomes 
containing drugs or various markers, and their use as a model, tool, 
or reagent in the basic studies of cell interactions, recognition 
processes, and of the mode of action of certain substances. 
Unfortunately many drugs have a very narrow therapeutic window, 
meaning that the therapeutic concentration is not much lower than 
the toxic one. In several cases the toxicity can be reduced or the 
efficacy enhanced by the use of an appropriate drug carrier which 
changes the temporal and spatial distribution of the drug, i.e. its 
pharmacokinetics and biodistribution. 

Liposomes in parasitic diseases and infections 

Since conventional liposomes are digested by phagocytic cells in the 
body after intravenous administration, they are ideal vehicles for the 
targetting of drug molecules into these macrophages. The best 
known examples of this ‘Trojan horse-like’ mechanism are several 
parasitic diseases which normally reside in the cell of mononuclear 
phagocytic system. They include leishmaniasis and several fungal 
infections. 
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Macrophage activation and vaccination 

The automatic targetting of liposomes to macrophages can be 
exploited in several other ways, including the macrophage activation 
and in vaccination. Some natural toxins induce strong macrophage 
response which results in macrophage activation. This can be 
duplicated and improved by the use of liposomes because small 
molecules with immunogenic properties (haptens) cannot induce 
immune response without being attached to a larger particle.  

Activation of macrophages was proven useful in the treatment of 
viral, bacterial, and fungal infections as well. Macrophages are 
involved also in the process of immunisation. Many molecules, 
however, do not induce an immune response because they are too 
small. In order to do so, they must be attached to larger particles. 
Normally this is done by administration of alum or killed bacteria 
and obviously liposomes offer an elegant alternative. 

Liposomes in anticancer therapy 

Many different liposome formulations of various anticancer agents 
were shown to be less toxic than the free drug. Anthracyclines are 
drugs which stop the growth of dividing cells by intercalating into 
the DNA and therefore kill predominantly quickly dividing cells. 
These cells are in tumours, but also in gastrointestinal mucosa, hair, 
and blood cells and therefore this class of drugs is very toxic. The 
most used and studied is Adriamycin (commercial name for 
Doxorubicin HCl). In addition to the above mentioned acute 
toxicities its dosage is limited by its cumulative cardiotoxicity. Many 
different formulations were tried. In most cases the toxicity was 
reduced about 50%. This includes both, short term and chronic 
toxicities because liposome encapsulation reduces the distribution 
of the drug molecules towards those tissues. For the same reason, on 
the other hand, the efficacy was in many cases compromised due to 
the reduced bioavailability of the drug, especially if the tumour was 
not phagocytic, or located in the organs of mononuclear phagocytic 
system. Applications in man showed in general reduced toxicity, 
better tolerability of administration with not too encouraging 
efficacy. Several different formulations are in different phases of 
clinical studies and show mixed results. 

Other applications 

Small liposomes composed of lipids with long and saturated 
hydrocarbon chains in mixtures with cholesterol were shown to 
accumulate at the sites of inflammations. Such liposomes were used 
for diagnostic purposes.They can also deliver antiinflammatory 
drugs. Liposomes containing corticosteroids were injected also 
directly into the sites of inflammations, especially into arthritic 
joints where they acted as a sustained release system. 

Liposomes can be used also to deliver drugs into the lung. This is 
most often done by inhalation of liposome aerosol. This can be used 
either for the treatment of various lung disorders, infections, 
asthma, or using lungs as a drug depot for the systemic delivery. The 
natural fate of liposomes to accumulate in liver and spleen was 
exploited in the treatment of neonatal jaundice in an animal model. 
The application of free and liposomal metalloporphyrins which 
inhibit enzyme which breaks down hemoglobin into toxic bilirubin, 
however, did not result in statistically significant reduction of the 
enzyme activity. This is probably due to the fact that uptake by liver 
greatly exceeds the uptake into the spleen in which the degradation 
takes place. Liposomes can be applied also as a thick cream, gel, or 
tincture. In addition to subcutaneous or intramuscular drug depot 
these formulations can be applied topically. 

Application of liposomes in cosmetics 

The same properties of liposomes can be utilized also in the delivery 
of ingredients in cosmetics. In addition, liposomes as a carrier itself 
offers advantages because lipids are well hydrated and can reduce 
the dryness of the skin which is a primary cause for its ageing. Also, 
liposomes can act as a supply which acts to replenish lipids and, 
importantly, linolenic acid. In general the rules for topical drug 
applications and delivery of other compounds are less stringent than 
the ones for parenteral administration and several hundred 
cosmetic products are commercially available. They range from 

simple liposome pastes which are used as a replacement for creams, 
gels, and ointments for do it yourself cosmetical products to 
formulations containing various extracts, moisturizers, antibiotics, 
and to complex products containing recombinant proteins for 
wound or sunburn healing. Most of the products are anti-ageing skin 
creams. Unrinsable sunscreens, long lasting perfumes, hair 
conditioners, aftershaves and similar products, are also gaining large 
fractions of the market.  
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