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INTRODUCTION 

Novel drug delivery attempts to either sustain drug 

action at a predetermined rate, or by maintaining a 

relatively constant, effective drug level in the body 

associated with minimization of undesirable side effects. 

 

Different types of pharmaceutical carriers are present. 

They are – particulate, polymeric, and macromolecular. 

Particulate type carrier also known as colloidal carrier 

system, which includes lipid particles i.e. low and high 

density lipoprotein- LDL and HDL respectively, 

microspheres, nanoparticles, polymeric micelles and the 

vesicular like liposomes, niosomes, pharmacosomes, 

virosomes, etc.
[1]

 

 

Liposomes are simple microscopic vesicles. Structurally, 

Liposomes are concentric bilayered vesicles in which an 

aqueous volume is entirely enclosed by a membranous 

lipid bilayer mainly composed of natural or synthetic 

phospholipid. Generally, liposomes are Spherical 

vesicles with particle sizes ranging from 50-150 nm to 

several micrometers.
[2,3]

 

 

 
 

Bangham and colleagues first discovered liposomes in 

early 1960’s. They were discovered when Bangham and 

R. W. Horne were testing the institute's new electron 

microscope by adding negative stain to dry 

phospholipids. The resemblance to the plasma lemma 

was obvious, and the microscope pictures served as the 

first real evidence for the cell membrane being a bilayer 

lipid structure.
[1] 

 

The name liposome is derived from two Greek words 

‘Lipid’ meaning fat and ‘Soma’ meaning body. At first 

they were used to study invivo stimulated biomembrane 

behavior, then liposomes have become an essential 

therapeutic tool,most remarkably in drug delivery system 
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ABSTRACT 

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 intended 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 tool in the fields 

like tumor targeting, genetic transfer, immunomodulation, skin and topical therapy. 
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and targeting. The hydration of a dry lipid film was 

found to lead to the formation of enclosed spherical 

vesicles or liposomes that resemble miniature cellular 

organelles with lipid bilayers.
[1,4]

 

 

A free drug injected in bloodstream typically achieves 

therapeutic level for short duration due to metabolism 

and excretion. Drug encapsulated by liposome achieve 

therapeutic level for long duration, as the drug must first 

release from liposome before metabolism & excretion.
[5]

 

 

Structure 

Liposomes are spherical structures, usually between 

15nm and 1000nm in diameter. Various targeting ligands 

can be attached to their surface to direct them to the 

appropriate sites within cells; these include, but are not 

limited to, membrane proteins. It is important to 

differentiate liposomes from micelles; even though both 

of these macromolecular complexes are spherical and 

consist of lipids, a micelle is normally formed from 

ionized fatty acids, whereas a liposome consists of 

phospholipids. Furthermore, micelles consist of only a 

single layer of lipids, with their non-polar carbon tails 

clustered together at the center (therefore not allowing 

any water soluble compounds on the interior), whereas 

liposomes are constructed from a bilayer that does allow 

charged molecules on the inside. This is due to the 

presence of the hydrophilic glycerol-phosphate-alcohol 

heads of phospholipids, which define both the outer and 

inner surfaces of liposomes. 

 

Composition 

The Major Structural Components of Liposomes are
[1]

 

1. Phospholipids - Phospholipids are the main 

component of the liposome's membrane. The 

phospholipids used in liposomes are further 

categorized into natural and synthetic phospholipids. 

The most common phospholipid used is known as 

lecithin (also known as phosphatidylocholine) and is 

amphipathic. 

2. Cholestorol - Cholesterol molecules in the 

membrane increases separation between choline 

head groups which reduces the normal hydrogen 

bonding and electrostatic interaction. 

 

 

CLASSIFICATION 

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 Figure.  

 Based on composition, they are classified as 

conventional liposomes (CL), pH-sensitive 

liposomes, cationic liposomes, long circulating 

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. 

 

Multilamellar vesicles (MLV) MLV have a size greater 

than 0.1 µm and consist of two or more bilayers. Their 

method of preparation is simple, which includes thin – 

film 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.
[3]

 MLV have a 

moderate trapped 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.
[24]

 Hydrating thin films of dry lipids can 

also enhance encapsulation efficiency.
[25]

 Subsequent 

lyophilization and rehydration after mixing with the 

aqueous phase (containing the drug) can yield MLV with 

40% encapsulation efficiency.
[26,27]

  

 

Large unilamellar vesicles (LUV) This class of 

liposomes consists of a single bilayer and has a size 

greater than 0.1 µm. They have higher encapsulation 

efficiency, since they can hold a large volume of solution 

in their cavity.
[28] 

 

They have high trapped 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.
[3,8]

 LUV 

can be prepared by various methods like ether injection, 

detergent dialysis and reverse phase evaporation 

techniques. Apart from these methods, freezethawing of 

liposomes
[29,30]

, dehydration/ rehydration of SUV
[31]

 and 

slow swelling of lipids in non-electrolyte solution
[32]

 can 

also be used to prepare LUV. 

 

Small unilamellar vesicles (SUV) SUV are smaller in 

size (less than 0.1 µm) when compared to MLV and 

LUV, and have a single bilayer. They have a low 

entrapped aqueous volume to lipid ratio and 

characterized by having long circulation half life. SUV 

https://en.wikibooks.org/wiki/Structural_Biochemistry/Liposomes#cite_note-1
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can be prepared by using solvent injection method 

(ethanol or ether injection methods)
[33]

 or alternatively by 

reducing the size of MLV or LUV using sonication or 

extrusion process under an inert atmosphere like nitrogen 

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.
[34]

 

 

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 to 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.
[21]

 When these phospholipids 

are dispersed in aqueous medium, they form lamellar 

sheets by organizing in such a way that, the polar head 

group faces outwards to the aqueous region while the 

fatty 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).
[22]

 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 to the formation of bilayered vesicles in order to 

achieve a thermodynamic equilibrium in the aqueous 

phase.
[23]

 The reasons for bilayered formation include: 

• The unfavorable interactions created between 

hydrophilic and hydrophobic phase can be 

minimized by folding into closed concentric 

vesicles. 

• Large bilayered vesicle formation promotes the 

reduction of large free energy difference present 

between the hydrophilic and hydrophobic 

environment. 

• Maximum stability to supramolecular self-

assembled structure can be attained by forming into 

vesicles. 

 

 
 

Methods of Preparation of Liposomes 
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Evaluation Studies 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.  

 

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.  

 

A liposomal drug product can be characterized for some 

of the parameters that are discussed below.  

1. 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.
[40]

 

Various techniques of determing the size of the 

vesicles include microscopy (optical microscopy, 

negative stain transmission electron microscopy, 

cryo-transmission electron microscopy, freeze 

fracture electron microscopy and scanning electron 

microscopy), diffraction and scattering techniques 

(laser light scattering and photon correlation 

spectroscopy)  and hydrodynamic techniques (field 

flow fractionation, gel permeation and 

ultracentrifugation). 

2. 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.
[39]

 The formulation 

consists of both free (unencapsulated) and 

encapsulated drug. So as to 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 treated 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.
[36] 

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, 

µl/µmol or µg/mg of total lipid.
[29]

 Inorder to 

determine the trapped volume, various materials like 

radioactive markers, fluorescent markers and 

spectroscopically inert fluid can be used. 

Radioactive method is mostly used for determining 

trapped volume. It is determined by dispersing lipid 

in an aqueous medium containing a non-permeable 

radioactive solute like [22Na] or [14C] inulin. 

Alternatively, water soluble markers like 6-

carboxyfluorescein, 14C or 3H-glucose or sucrose 

can be used to determine the trapped volume. A 

novel method of determining intravesicular volume 

by salt entrapment was also reported in literature 

3. 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). 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 freezefracture electron 

microscopy and 31P-Nuclear magnetic resonance 

analysis64. Apart from knowing the shape and 

lamellarity, the surface morphology of liposomes 

can be assessed using freeze-fracture and freeze-etch 

electron microscopy. 

4. Phospholipid identification and assay The 

chemical components of liposomes must be 

analyzed prior to and after the preparation. Barlett 

assay, Stewart assay and thin layer chromatography 

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.
[68]

 Cholesterol oxidase 

assay or ferric perchlorate method  and Gas liquid 

chromatography techniques can be used to 

determine the cholesterol concentration.
[39]

 

 

Benefits of Drugs Loaded In Liposomes. 

Benefits of drug loaded in liposomes Example  

1. Improved solubility of lipophilic and amphiphilic 

drugs 

Amphotericin B, porphyrins, minoxidil, some peptides, 

and anthracyclines, respectively; hydrophilic drugs, 

such as anticancer agent doxorubicin or acyclovir 

2. Passive targeting to the cells of the immune system, 

especially cells of the mononuclear phagocytic system 

Antimonials, amphotericin B, porphyrins, vaccines, 

immunomodulators 

3. Sustained release system of systemically or locally 

administered liposomes 

Doxorubicin, cytosine arabinoside, cortisones, 

biological proteins or peptides such as vasopressin 

4. Site-avoidance mechanism Doxorubicin andamphotericin B 

5. Site-specific targeting Anti-inflammatory drugs, anti-cancer, anti-infection 

6. Improved transfer of hydrophilic, charged molecules Antibiotics, chelators, plasmids, and genes 
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List of Liposomal Products for Commercial Use. 

Doxil
TM

 Kaposi’s Sarcoma 

DaunoXome
TM

 
Kaposi’s Sarcoma, Breast & 

Lung Cancer 

Amphotec
TM

 
Leishmaniasis, Fungal 

Infections 

Fungizone® 
Leishmaniasis, Fungal 

Infections 

VENTUS
TM

 Inflammatory Diseases 

ALEC
TM

 
Expanding lung diseases in 

babies 

Topex-Br Asthma 

Depocyt Cancer therapy 

Novasome® Smallpox 

Avian Retrovirus 

Vaccine 
Chicken pox 

Epaxal –Berna 

Vaccine 
Hepatitis A 

Doxil® Refractory Ovarian Cancer 

 

APPLICATIONS 

When a conventional dosage form fails to provide a 

desired therapeutic effect, then new drug delivery 

systems are developed. Liposomes are among such 

systems which provide a superior therapeutic efficacy 

and safety in comparison to existing formulations. Some 

of the major therapeutic applications of liposomes in 

drug delivery include. 

 

 Site-avoidance delivery 

The cytotoxicity of anti-cancer drugs to normal tissues 

can be attributed to their narrow therapeutic index (TI). 

Under such circumstances, the TI can be improved by 

minimizing the delivery of drug to normal cells by 

encapsulating in liposomes. Free doxorubicin has a 

severe side effect of cardiac toxicity, but when 

formulated as liposomes, the toxicity was reduced 

without any change in the therapeutic activity,
[3]

 

 

 Site specific targeting  

Delivery of larger fraction of drug to the desired 

(diseased) site, by reducing the drug’s exposure to 

normal tissues can be achieved by site specific targeting. 

Encapsulating the drug in liposomescan be used for both 

active and passive targeting of drugs in order to achieve 

a safer and efficacious therapy
[3]

.On systemic 

administration, long circulating immunoliposomes are 

able to recognize and bind to target cells with greater 

specificity . In patients with recurrent osteosarcoma, 

there was an enhanced tumoricidal activity of 

monocytes, when muramyl peptide derivatives were 

formulated as liposomes and administered systemically. 

 

 Intracellular drug delivery 

Increased delivery of potent drugs to the cytosol (in 

which drug’s receptors are present), can be accomplished 

using liposomal drug delivery system.
[3]

 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. 

 

 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 optimum therapeutic 

efficacy.
[3]

 Drugs like cytosine Arabinoside can be 

encapsulated in liposomes for sustained release and 

optimized drug release rate in vivo. 

 

 IntraperitoneaI administration  

Tumors that develop in the intra-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 drug 

and can provide maximum fraction of drug in a 

prolonged manner to the target site. 

 

CONCLUSION 

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 

time, 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 

successfully utilized to improve the pharmacokinetics 

and therapeutic efficacy, simultaneously reducing the 

toxicity of various highly potent drugs. 
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