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Dispersion of phospholipids in water, which spontaneously form a closed structure with 
environment bounded by phospholipids bilayer membranes, this vesicular system is called as liposome [1]. 
Liposomes are the small vesicle of spherical shape that can be produced from cholesterols, non
sphingolipids, glycolipids, long chain fatty acids and even membrane proteins [2]. Liposomes are the drug carrier 
loaded with great variety of molecules such as small drug molecules, proteins, nucleotides and even plasmids. 
Liposomes were discovered about 40 years ago by A.D.
biology, biochemistry and medicine today. In 1960s, liposome has been used as a carrier to transport a wide variety 
of compounds in its aqueous compartment. Liposome can be formulated and processed to di
composition, charge and lamellarity. To date liposomal formulations of anti
been commercialized [4]. The clinical potential of liposomes as a vehicle for replacement therapy in genetic 
deficiencies of lysosomal enzymes was first established in 1970s [5, 6]. Considerable progress was made during 
1970s and 1980s in the field of liposome stability leading to long circulation times of liposomes after intravenous 
administration resulting in the improvement in 
doxorubicin had been formulated as liposome in 1980s to improve the therapeutic index. There are several 
mechanisms by which liposomes act within and outside the body which are as follows [7]:

Liposomes are a novel drug delivery system (NDDS), in which the medication is encapsulated in a vesicle. It has 
been a study interest in the development of a NDDS. Liposomes are 
surfactants, sphingolipids, glycolipids, long chain fatty acids and even membrane proteins and drug molecules or 
it is also called vesicular system. It is differ in size, composition and charge. It is a drug carri
variety of molecules such as small drug molecules, proteins, nucleotides and even plasmids. Few drugs are also 
formulated as liposomes to improve their therapeutic index. Consequently a number of vesicular drug delivery 
systems such as liposomes, niosomes, transfersomes, and pharmacosomes were developed. The focus of this 
review is to the various method of preparation, characterization of liposomes, advantages and brings out the 
application vesicular systems. 
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1. Introduction 
Dispersion of phospholipids in water, which spontaneously form a closed structure with 
environment bounded by phospholipids bilayer membranes, this vesicular system is called as liposome [1]. 
Liposomes are the small vesicle of spherical shape that can be produced from cholesterols, non

lipids, long chain fatty acids and even membrane proteins [2]. Liposomes are the drug carrier 
loaded with great variety of molecules such as small drug molecules, proteins, nucleotides and even plasmids. 
Liposomes were discovered about 40 years ago by A.D. Bangham [3], which has become the versatile tool in 
biology, biochemistry and medicine today. In 1960s, liposome has been used as a carrier to transport a wide variety 
of compounds in its aqueous compartment. Liposome can be formulated and processed to di
composition, charge and lamellarity. To date liposomal formulations of anti-tumor drugs and antifungal agents have 
been commercialized [4]. The clinical potential of liposomes as a vehicle for replacement therapy in genetic 

sosomal enzymes was first established in 1970s [5, 6]. Considerable progress was made during 
1970s and 1980s in the field of liposome stability leading to long circulation times of liposomes after intravenous 
administration resulting in the improvement in bio-distribution of liposome. The important anti
doxorubicin had been formulated as liposome in 1980s to improve the therapeutic index. There are several 
mechanisms by which liposomes act within and outside the body which are as follows [7]:

Abstract 
Liposomes are a novel drug delivery system (NDDS), in which the medication is encapsulated in a vesicle. It has 
been a study interest in the development of a NDDS. Liposomes are colloidal spheres of cholesterol
surfactants, sphingolipids, glycolipids, long chain fatty acids and even membrane proteins and drug molecules or 
it is also called vesicular system. It is differ in size, composition and charge. It is a drug carri
variety of molecules such as small drug molecules, proteins, nucleotides and even plasmids. Few drugs are also 
formulated as liposomes to improve their therapeutic index. Consequently a number of vesicular drug delivery 

liposomes, niosomes, transfersomes, and pharmacosomes were developed. The focus of this 
review is to the various method of preparation, characterization of liposomes, advantages and brings out the 
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Dispersion of phospholipids in water, which spontaneously form a closed structure with internal aqueous 
environment bounded by phospholipids bilayer membranes, this vesicular system is called as liposome [1]. 
Liposomes are the small vesicle of spherical shape that can be produced from cholesterols, non-toxic surfactants, 

lipids, long chain fatty acids and even membrane proteins [2]. Liposomes are the drug carrier 
loaded with great variety of molecules such as small drug molecules, proteins, nucleotides and even plasmids. 

Bangham [3], which has become the versatile tool in 
biology, biochemistry and medicine today. In 1960s, liposome has been used as a carrier to transport a wide variety 
of compounds in its aqueous compartment. Liposome can be formulated and processed to differ in size, 

tumor drugs and antifungal agents have 
been commercialized [4]. The clinical potential of liposomes as a vehicle for replacement therapy in genetic 

sosomal enzymes was first established in 1970s [5, 6]. Considerable progress was made during 
1970s and 1980s in the field of liposome stability leading to long circulation times of liposomes after intravenous 

distribution of liposome. The important anti-tumour drug 
doxorubicin had been formulated as liposome in 1980s to improve the therapeutic index. There are several 
mechanisms by which liposomes act within and outside the body which are as follows [7]: 

Liposomes are a novel drug delivery system (NDDS), in which the medication is encapsulated in a vesicle. It has 
colloidal spheres of cholesterol non-toxic 

surfactants, sphingolipids, glycolipids, long chain fatty acids and even membrane proteins and drug molecules or 
it is also called vesicular system. It is differ in size, composition and charge. It is a drug carrier loaded with great 
variety of molecules such as small drug molecules, proteins, nucleotides and even plasmids. Few drugs are also 
formulated as liposomes to improve their therapeutic index. Consequently a number of vesicular drug delivery 

liposomes, niosomes, transfersomes, and pharmacosomes were developed. The focus of this 
review is to the various method of preparation, characterization of liposomes, advantages and brings out the 
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1. Liposome attaches to cellular membrane and appears to fuse with them, releasing their content into the cell. 
2. Sometimes they are taken up by the cell and their phospholipids are incorporated into the cell membrane by 

which the drug trapped inside is released. 
3. In the case of phagocyte cell, the liposomes are taken up, the phospholipid walls are acted upon by 

organelles called lysosomes and the active pharmaceutical ingredients are released. 
 

 
Figure1. Structure of Liposome taken from google.com 

 
Liposomes are microscopic spheres with an aqueous core surrounded by one or more outer shell(s) consisting of 
lipids arranged in a bilayer configuration. The potential use of liposomes as drug carriers was recognized more than 
25 years ago [8] and, since that time, liposomes have been used in a broad range of pharmaceutical applications 
(Table 1). This review first highlights some of the key advances of the past decade in the design of liposomes for 
systemic delivery and then reviews the most recent literature involving specific applications of liposomal drug-
delivery systems. Liposome technology Preparation of liposomes Liposome can be prepared by a variety of methods 
(extensively reviewed in [9, 10]). In general, on the basis of size and lamellarity (number of bilayers present within a 
liposome), liposomes are classified into three categories: multilamellar vesicles (MLVs), large unilamellar vesicles 
(LUVs), and small unilamellar vesicles (SUVs). Drug loading can be achieved either passively (i.e. the drug is 
encapsulated during liposome formation) or actively (i.e. after liposome formation). Hydrophobic drugs, such as 
amphotericin B. taxol or annamycin, can be directly incorporated into liposomes during vesicle formation, and the 
extent of uptake and retention is governed by drug-lipid interactions. Trapping efficiencies of 100% are often 
achievable, but this is dependent on the solubility of the drug in the liposome membrane. Passive encapsulation of 
water-soluble drugs relies on the ability of liposomes to trap aqueous buffer containing a dissolved drug during 
vesicle formation. Trapping efficiencies (generally <30%) are limited by the trapped volume contained in the 
liposomes and drug solubility. Alternatively, water-soluble drugs that have protonizable amine functions can be 
actively entrapped by employing pH gradients [11], which can result in trapping efficiencies approaching 100% 
liposomes with prolonged circulation lifetimes A significant advance in the development of liposomal drugs has 
come with the use of specialized lipids, such as monosialoganglioside GM, or polyethylene glycol modified 
phosphatidyl ethanolamine (PEG-PE), that engender long circulation lifetimes when incorporated into liposomes 
[12-14]. 
 
 Alternatively, the presence of entrapped cytotoxic drug can also lead to extended circulation times [15]. It has been 
demonstrated that increased circulation lifetimes enhance the opportunity for liposomes, administered systemically, 
to leave the vascular compartment and enter certain extravascular regions [16-18] Tumors, for example, exhibit 
leaky blood vessels that have a reduced ability to retain circulating macromolecules [19,20]. Liposomes can extra 
vasate in these regions, thus leading to preferential accumulation within tumors. Studies have now clearly 
demonstrated that long-circulating liposomes containing PEG-PE or cytotoxic drugs, such as doxorubicin, 
accumulate within these sites preferentially compared with conventional liposomes [16,18, 21]. Targeted delivery It 
is envisioned that the next generation of liposomal pharmaceuticals will consist of drug-loaded liposomes with 
surface-associated targeting information (Pig. I). Site-directing targeting ligands, such as monoclonal antibodies, can 
be attached to liposomes by either covalent or non-covalent methods [22-24]. The advent of novel PEG-PE lipids 
that allow targeting ligands to 700 Pharmaceutical biotechnology be conjugated at the distal ends of the PEG spacer 
has afforded both effective target binding in vitro and prolonged circulation times.[25-28]. To date, only two studies 
have demonstrated the improved therapeutic activity of liposomal drugs in vivo achieved through the use of 
antibody-mediated targeting [29,30], with both studies employing a monoclonal antibody against lung endothelial 
thrombomodulin (mAb 34A) and intravenously injected tumor cells. The use of immunoliposomes may be limited 
because of their potential immunogenicity [31]. In addition to antibodies, glycolipids (e.g. galactose [32] and 
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mannose [33]), proteins (e.g. transferrin [34] and asialofetuin [35]), and vitamins (e.g. folic acid [25’, 36]) have been 
used to target specific cells via cell surface receptors. Intracellular delivery Liposomes can facilitate the intracellular 
delivery of drugs by fusing with the target cell. Alterations in the lipid composition can render liposomes pH 
sensitive, leading to enhance fusogenic tendencies in low Ph compartments such as endosomes [37]. The inclusion 
of lipids that is able to form non-bilayer phases, such as dioleoylphosphatidyl ethanolamine (DOPE), can promote 
destabilization of the bilayer, inducing fusion events. DOPE has been particularly useful for cationic liposomes 
complexed with plasmid DNA for gene delivery [38,39].  
 

2. Liposome Preparation Method [40-77] 

 
A) Multilamellar Liposomes (MLV) 
(i) Lipid Hydration Method 
(a) This is the most widely used method for the preparation of MLV. The method involves drying a solution of lipids 
so that a thin film is formed at the bottom of round bottom flask and then hydrating the film by adding aqueous 
buffer and vortexing the dispersion for some time. The hydration step is done at a temperature above the gel-liquid 
crystalline transition temperature Tc of the lipid or above the Tc of the highest melting component in the lipid 
mixture. The compounds to be encapsulated are added either to aqueous buffer or to organic solvent containing 
lipids depending upon their solubilities. MLV are simple to prepare by this method and a variety of substances can 
be encapsulated in these liposomes. The drawbacks of the method are low internal volume, low encapsulation 
efficiency and the size distribution is heterogeneous (Bangham et al., 1965, 1974). 
(b) MLVs with high encapsulation efficiency can be prepared by hydrating the lipids in the presence of an 
immiscible organic solvent (petroleum ether, diethyl ether). The contents are emulsified by vigorous vortexing or 
sonication. The organic solvent is removed by passing a stream of nitrogen gas over the mixture. MLVs are formed 
immediately in the aqueous phase after the removal of organic solvent (Papahadjopoulos and Watkins, 1978; Gruner 
et al., 1985). The main drawback of this method is the exposure of the materials to be encapsulated to organic 
solvent and to sonication. 
(ii) Solvent Spherule Method 
A method for the preparation of MLVs of homogeneous size distribution was proposed by Kim et al. (1985). The 
process involved dispersing in aqueous solution the small spherules of volatile hydrophobic solvent in which lipids 
had been dissolved. MLVs were formed when controlled evaporation of organic solvent occurred in a water bath. 
B) Small Unilamellar Liposomes (SUV) 
(i) Sanitation Method 
Here MLVs are sonicated either with a bath type sonicator or a probe sonicator under an inert atmosphere. The main 
drawbacks of this method are very low internal volume/encapsulation efficiency, possibly degradation of 
phospholipids and compounds to be encapsulated, exclusion of large molecules, metal contamination from probe tip 
and presence of MLV along with SUV. Recently, Oezden and Hasirci (1991) prepared polymer-coated liposomes by 
this method. 
(ii) French Pressure Cell Method 
The method involves the extrusion of MLV at 20,000 psi at 4°C through a small orifice. The method has several 
advantages over sonication method. The method is simple rapid, reproducible and involves gentle handling of 
unstable materials (Hamilton and Guo, 1984). The resulting liposomes are somewhat larger than sonicated SUVs. 
The drawbacks of the method are that the temperature is difficult to achieve and the working volumes are relatively 
small (about 50 ml maximum). 
(iii) A new method for the preparation of SUV was given by Lasic et al. (1987). They deposited egg 
phosphatidylcholinc mixed with 1.5 %w/v of cetyl tetramethylammonium bromide (a detergent) in CHCI3/CH3OH 
on various supports for example silica gel powder, zeolite X, zeolite ZSM5. After the removal of organic phase, the 
system was resuspended by shaking or stirring in distilled water or 5 mM NaCl. There was some loss of 
phospholipid (about 10-20%) due to adsorption on the supports. The loss was 70% and 95% in the case of silica gel 
and zeolite ZSMS respectively.  
A homogenous population of vesicle with average diameter of 21.5 nm was obtained when zeolite X (particle size of 
0.4 mm) was used as a support. 
C) Large Unilamellar Liposomes (LUV) 
They have high internal volume/encapsulation efficiency and are now days being used for the encapsulation of drugs 
and macromolecules. 
(i) Solvent Injection Methods 
(a) Ether Infusion 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 that the population is 
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heterogeneous (70-190 nm) and the exposure of compounds to be encapsulated to organic solvents or high 
temperature (Dcamcr and Bangham, 1976; Schieren et al., 1978). 
(b) Ethanol Injection Method 
A lipid solution of ethanol is rapidly injected to a vast excess of buffer. 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 (Batzri and Korn, 1973). 
(ii) Detergent Removal Methods 
The detergents at their critical micelles concentrations have been used to solubilize lipids. As the detergent is 
removed the micelles become progressively richer in phospholipid and finally combine to form LUVs. The 
detergents were removed by dialysis (Kagawa and Rocker, 1971; Milsmann et al., 1978; Alpes et al., 1986). The 
advantages of detergent dialysis method are excellent reproducibility and production of liposome populations, which 
are homogenous in size. The main drawback of the method is the retention of traces of detergent(s) within the 
liposomes. A commercial device called LIPOPREP (Diachema AG, Switzerland), which is a version of dialysis 
system, is available for the removal of detergents. Other techniques have been used for the removal of detergents: 
(a) by using Gel Chromatography involving a column of Sephadex G-25 (Enoch and Suitt matter, 1979),  
(b) by adsorption or binding of Triton X-100 (a detergent) to Bio-Beads SM-2 (Gerristen et al., 1978).  
(c) by binding of octyl glucoside (a detergent) to Amberlite XAD-2 beads (Philippot et al., 1985). 
(iii) Reserves Phase Evaporation Method 
First water in oil emulsion is formed by brief sonication of a two-phase system containing phospholipids in organic 
solvent (diethylether or isopropylether or mixture of isopropyl ether and chloroform) and aqueous buffer. The 
organic solvents are removed under reduced pressure, resulting in the formation of a viscous gel. The liposomes are 
formed when residual solvent is removed by continued rotary evaporation under reduced pressure. With this method 
high encapsulation efficiency up to 65% can be obtained in a medium of low ionic strength for example 0.01 M 
NaCl. The method has been used to encapsulate small, large and 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. 
These conditions may possibly result in the denaturation of some proteins or breakage of DNA strands (Szoka and 
Papahadjopoulos, 1978). We get a heterogeneous sized dispersion of vesicles by this method. Modified Reverse 
Phase Evaporation Method was presented by Handa et al. (1987) and the main advantage of the method is that the 
liposomes had high encapsulation efficiency (about 80%). The Reverse Phase Evaporation Method of Szoka and 
Papahadjopoulos (1978) have also been modified to entrap plasmids without damaging DNA strands (Haga and 
Yogi, 1989). 
(iv) Calcium-Induced Fusion Method 
This method is used to prepare LUV from acidic phospholipids. The procedure is based on the observation that 
calcium addition to SUV induces fusion and results in the formation of multilamellar structures in spiral 
configuration (Cochleate cylinders). The addition of EDTA to these preparations results in the formation of LUVs 
(Papahadjopoulos and Vail, 1978). The main advantage of this method is that macromolecules can he encapsulated 
under gentle conditions. The resulting liposomes are largely unilamellar, although of a heterogeneous size range. 
The chief disadvantage of this method is that LUVs can only be obtained from acidic phospholipids.  
(v) Microfluldization Method 
Mayhew et al. (1984) suggested a technique of microfluidization/microemulsification/ homogenization for the large-
scale manufacture of liposomes. The reduction in the size range can be achieved by recycling of the sample. The 
process is reproducible and yields liposomes with good aqueous phase encapsulation. Riaz and Weiner (1995) 
prepared liposomes consisting of egg yolk, cholesterol and brain phosphatidylserin diasodium salt (57:33:10) by this 
method. First MLV were prepared by these were passed through a Microluidizer (Microlluidics Corporation, 
Newton, MA, USA) at 40 psi inlet air pressure. The size range was 150-160 nm after 25 recylces. In the 
Microluidizer, the interaction of fluid streams takes place at high velocities (pressures) in a precisely defined micro 
channel, which are present in an interaction chamber. In the chamber pressure reaches up to 10,000 psi this can be 
cause partial degradation of lipids. 
(vi) Extrusion under nitrogen through polycarboriate filters LUV can be prepared by passing MLV under nitrogen 
through polycarbonate membrane filters (Jousma et al., 1987). The vesicles produced by this method have narrow 
size distribution. The extrusion is done under moderate pressures (100-250 psi). A special filter holder is required. 
Such devices are available commercially under the trade names such as LUVET and EXTRUDER and are equipped 
with a recirculation mechanism that permits multiple extrusions with little difficulty. Small quantities of liposome 
preparations (about 10 mL) can be easily prepared by the help of a commercial extruder. Riaz and Weiner (1994) 
prepared liposomes by this technique. The liposomes contained phosphatidylcholine from egg yolk and crude 
phosphoinositide sodium salt in the ratio of 4:1 and the lipid concentration was 12.5 /mole/ml. MLVs were passed 
through Extruder Lipex Membrane Inc., Vancouver, Canada) ten times through a stalk of two 100 nm polycarbonate 
filters (Nudeopore Pleasanton, CA, USA) employing nitrogen pressures upto 250 psi. Freeze fracture electron 
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microscopy and p31-FT NMR revealed that the liposomes were unilamellar. Photon Correlation Spectroscopy 
revealed that the size range was 99-135 nm. 
(vii) Lasic et al. (1988) reported a method for the instant formation of a rather homogeneous preparation of LUV by 
a simple technique. The formation of multilammelar liposomes is prevented by inducing a surface charge (+ ve) on 
the bilayer while the size of the vesicles is controlled by the topography of the wafer support surface on which 
phospholipid film was formed. They deposited 0.5-1.0 mg egg yolk lecithin doped with 3 ml of CHCl3/CH3OH on 
a specially etched 2-inch silicon wafer. This wafer was put in place of the original bottom of an Erlenmeyer flask 
that is bottom of the flask is replaced by wafer. After having dried overnight at 102 tore (about 1 Pa), the film was 
resuspended by gentle shaking in 1-2 ml water. Liposomes were formed instantly. The contamination of liposomes 
with large structures such as MLVs, giant vesicles and phospholipids particles was ruled out by video enhanced 
phase contrast microscopy. 
(viii) A method for the extemporaneous preparation of LUVs has been described by Liautard and Phillippot (1993). 
The method was recommended for immediate clinical use of liposomes. 
(ix) Freeze-Thaw Method 
SUVs are rapidly frozen and followed by slow thawing. The brief sonication disperses aggregated materials to LUV. 
The formation of unilamellar vesicles is due to the fusion of SUV during the processes of freezing and or thawing 
(Pick, 1981; Ohsawa et al., 1985; Liu and Yonethani, 1994). This type of fusion is strongly inhibited by increasing 
the ionic strength of the medium and by increasing the phospholipid concentration. The encapsulation efficiencies 
from 20 to 30% were obtained (Pick, 1981). 
(D) Giant Liposomes 
(i) The procedure for the formation of giant liposomes involves the dialysis, of a methanol solution of 
phosphatidylcholine in the presence of methyl glucoside detergent against an aqueous solution containing up to 1 M 
NaCl. The liposomes range in diameter from 10 to 100 mm (Oku et al., 1982). 
(ii) A method for the formation of giant single lamellar liposomes with size in the range of 10 to 20 prn by the 
removal of sodium trichloroacetate by dialysis was presented by Oku and MacDonald (1983). 
(E) Multivesicular Liposomes 
(i) The formation of multivesicular liposomes has been reported by Kim et al. (1983). The water in oil emulsion was 
converted to organic solvent spherules by the addition of the emulsion to across solution. The evaporation of organic 
solvent resulted in the formation of multivesicular vesicles. The diameter of liposomes ranges from 5.6 to 29 pm. 
The materials which can be encapsulated include glucose, EDTA, human DNA. These liposomes have very high 
encapsulation efficiency (up to 89%). 
(ii) Cullis et al. (1987) found that when MLV preparations were subjected to five cycles of freeze on liquid 
nitrogen)-thaw and followed by thawing in warm water, the liposomes of high encapsulation efficiency (up to 88%) 
could be obtained. Freeze fracture electron micrographs revealed vesicles within vesicles. 
(F) Assymetric Liposomes 
It has been shown that the phospholipid distribution in natural membranes is asymmetric. For example 
phosphatidytcholine and sphingomyelin concentrate at the outer half of lipid bilayer whereas phosphatidyl 
ethanolamine, phosphatidyl inositoland phosphatidylserine are mainly localized in the inner half of bilayer (Op den 
Kamp, 1979). Due to this, attempts have been made to prepare LUVs in which phospholipid distribution in both 
halves of bilayer is different. It appears that as model membranes the asymmetric liposomes are nearer to natural 
membranes than the conventional unilamellar liposomes. In the latter the phospholipids distribution is symmetrical 
in bilayer. 
(i) Cestaro et al. (1982) described a procedure for the preparation of asymmetric liposomes which contain 
cerebroside sulfate only at the outer leaflet of phospholipids bilayer. Cerebroside sulfate was adsorbed on to a filter 
paper (cellulose) support and then the support was incubated with small or large fused unilamellar liposomes. After 
six hours sulfatide contents reached about 6 mole percentage of the total quantity of phospholipid, corresponding to 
about 10 mole % of phospholipid present in the outer layer. The sulfatide could not be removed by washing with 1M 
NaCl or 1M urea. 
(ii) Pagano et al. (1981) reported the formation of asymmetric phospholipid vesicles, which contained fluorescent 
lipid analogue in either the outer or inner leaflet of the liposome bilayer. The procedure is based on the observation 
that the lipid analogues undergo rapid exchange (transfer) between the vesicles populations. 
(iii)  Denkins and Schroit (1986) prepared asymmetric liposomes by the enzymatic conversion of the fluorescent 
lipid-analogue of phosphatidylserine (NBD-PS) in the outer leaflet of LUV to NBD- phosphatidylethanolamine 
(NBD-PE). 
(iv) Low and Zilversmit (1980) reported that lipid exchange proteins could be effectively being used so remove 
phosphatidylinositol at the outer leaflet of unilamellar liposomes. Therefore, it appears that these proteins may be 
used for the preparation of asymmetric liposomes. 
(v) Collis et al. (1987) found that in SUV, distribution of lipid was not symmetrical and ratio of lipid in the outer 
monolayer to lipid in the inner monolayer could be as large as 2:1. Therefore, small unilamellar liposomes can be 
also be called as asymmetric to some extent. 
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3. Application of Liposome 
Cationic liposomes for gene delivery: 
Among various synthetic carriers currently in use in gene therapy, cationic liposomes are the most suitable 
transfecting vectors. Gene encapsulation in liposomal vesicles allows condensation of DNA plasmid into a highly 
organized structure, and protects DNA against degradation during storage and in the systemic circulation of the gene 
encoding a therapeutic protein. Moreover, structural organization of the gene-delivery system must bypass the cell 
membrane and facilitate endosomal escape, avoiding DNA degradation in the lysosomal compartment (Figure 2). 
 

 
 

Figure 2: Schematic representation of conventional, stealth, targeted liposomes, and virosomes. Among different 
mechanism of intracellular uptake of liposomes, endocytosis of targeted liposomes is exemplified. 

 
Numerous cationic lipids have been tested in the formulation of liposomes for gene delivery (the structural formulas 
of some of them are presented in Figure 3). Transfection efficiency is strongly affected by the presence of three 
components in the structure of these lipids: a positively charged head-group that interacts with negatively charged 
DNA, a linker group (which determines the lipid’s chemical stability and biodegradability), and a hydrophobic 
region to anchor the cationic lipid into the bilayer. Among these, the most often used are N-[1-dioleyloxy)propyl]-
N,N,N-trimethylammonium (DOTMA) and dioleoylphophatidylethanolamine (DOPE) in a 1:1 phospholipid mixture 
(Lipofectin®, Invitrogen Corporation, Carlsbad, CA, USA). Other commercially-available lipids are 2,3-dioleyloxy-
N-[2(sperminecarboxamido)ethyl]-N,N-dimethyl-1-propanammonium trifluoroacetate 1,2-bis(oleoyloxy)-3-(trim 
ethylammonio)propane (DOTAP), 1,2-dimystyloxypropyl-3-dimethylhydroxyethyl ammonium bromide (DMRE), 
3β[N-(N’,N’-dimethylaminoethane)-carbomoyl] cholesterol (DC-CHOL), and dioctadecylamino-glycyl-spermine 
(DOGS or Transfectam®)[78].  

 
Figure 3: Chemical structures of the cationic lipids: dioleoylphophatidylethanolamine (DOPE), N-[1- dioleyloxy) 

propyl]-N, N, N-trimethylammonium (DOTMA) and 1, 2-bis (oleoyloxy)-3-(trimethylammonio) propane (DOTAP). 
 
Nevertheless, the clinical use of cationic liposomes is limited by their instability, rapid clearance, large particle size, 
toxicity at repeated administration, and induction of immuno stimulation and complement activation. Water-soluble 
lipopolymers obtained by conjugating different fatty acid chains to branched polethylenimine (PEI) of 25 kDa or 
above, have been shown to be effective for gene delivery; they can be delivered into the cytoplasm after endosomal 
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disruption. Similarly, phosphatidyl ethylene glycol (PhosEG) has been linked to the amino group of branched PEI 
[78]. On the other hand, PEGylation of cationic liposomal vesicles is a promising alternative way to overcome these 
problems, prolonging circulation time in vivo and increasing accumulation at the disease site, even if the 
transfecting efficiency might be significantly reduced In liposomes composed of a cationic lipid (DOTAP, DOGS, 
dimethyldioctadecylammonium bromide-DDAB), a neutral lipid (DOPE) and a phospolipid derivative of PEG 
(PEG-PE), complexing 18-mer phosphothioate as a model for active oligodexyribonucleotide (ODN), surface 
modification with a relatively large amount of PEG (5.7 mol%) has been showed to improve ODN loading without 
losing structural activity or stability of the resulting complexes, retaining size without vesicle aggregation. 
Moreover, the hydrophilic shell of PEG enhances the in vitro stability by evading mononuclear phagocyte clearance, 
and retains a high level of the originally loaded ODN in the complex after plasma incubation. Only after 
modification of PEG cationic liposomes with targeting agents can cytoplasmatic delivery of DNA material be 
observed. The PEG-modified complex conjugated anti-HER2 F (ab’) dramatically enhanced cell uptake, increasing 
diffuse cytoplasmatic and nuclear localization of ODN in SK-BR-3 cells [79].  
 
In liposome composed of DODAC/DOPE, the inclusion of 5 mol% of PEG lipid conjugate did not inhibit uptake by 
the cell membrane of lipid/DNA complex, but substantially modified the ability of the cationic liposomal carrier to 
disrupt the endosomal membrane. Endosomal escape into the cytoplasm depended on the acyl chain of the lipid 
complex and on the molecular weight of the PEG. Optimizing the desorbtion rate of PEG-lipids may be one 
approach to overcoming the inhibitory effect on intracellular delivery of plasmid [80]. To contrast the low 
tranfection efficiency of PEG-modified cationic liposomes due to the absence of a net positive charge on the vesicle 
surface, a series of cationic PEG-lipids with one or more positive charges have been synthesized and designed for 
post-insertion in preformed stabilized plasmid-lipid particles (Figure 4). Incorporation of cationic-poly (ethylene 
glycol)-lipid conjugates (CPL4) in DOPE/DODAC/PEG-CerC20 liposomes resulted in both improved uptake into 
BHK cells and dramatically enhanced transfection potency in the presence of Ca2+, which assists in destabilizing the 
endosomal membrane following uptake. However, in this type of liposomal preparation, aggregation of vesicles was 
observed, probably due to formation of H-bonding between the amino and carbonyl groups present in the distal 
head-group at the end of the PEG chain [81]. In order to optimize CLP-liposomes for systemic delivery, the length 
of PEG linker in the CPL can be modulated. When the PEG3400 linker extended beyond the PEG-CerC20 “cloud” 
was employed for liposomal insertion, charged liposomal systems were produced that rapidly cleared from 
circulation; it was suggested that a shorter PEG linker might be used, such as PEG1000, allowing the PEG-CerC20 
to shield the positive charge of CPL. Moreover, PEG-CerC20 can be designed to slowly dissociate at the disease 
site, achieving exposure of the CPL at the target area with retention of long-circulation properties and interaction 
between liposomes and targeting cell [82]. 

 
Figure 4: Structure of dansylated cationic-poly (ethylene glycol)-lipid (CPL4) and schematic representation of the 

post-insertion method for the production of CPL4 liposomes (redrawn from Palmer et al 2003). 

Overall, the most suitable use of PEG is as a tether for a specific ligand on the surface of these systems, in order to 
obtain a target-specific gene delivery facilitating internalization in cells and endosomal escape. Cell-penetrating 
peptides (CPP), such as Trans-activating transcriptional activator (TAT), homeodomain of antennapedia (Antp), 
herpes simplex virus type I protein VP22 and transportan, have been reported to guarantee direct cytosolic delivery 
when coupled with several carriers, including liposomes. Multiple TATp molecules can be attached on the surface 
of liposomes via the spacer group of p-nitrophenylcarbonyl-PEG-phosphatidylethanolamine. TATp-liposomes-DNA 
complexes were found to be capable of transfection of both normal and cancer cells in vitro and in vivo with lower 
cytotoxicity that the commonly used lipid-based gene delivery systems [83]. 
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Liposomes for diagnostic imaging: 
Actively or passively targeted liposomes can be used as carriers for contrast agents to increase the signal difference 
between areas of interest and background, and to specifically localize the contrast moieties in the target tissues or 
organs. The versatility of liposomal vesicles to carry different types of compound in the bilayer or in the aqueous 
compartment makes them suitable for all contrast procedures, including gamma-scintigraphy, magnetic resonance 
imaging (MRI), computed tomography imaging (CTI), and sonography. Using liposomes in diagnostic imaging 
leads to several advantages, owing to their capability to incorporate multiple contrast moieties, to specifically deliver 
the agent to the target area, and to enhance the contrasting signal. In order to incorporate diagnostic agents (111In, 
99Tc, Mn, Gd, etc) in liposomes, metals can be complexed with a soluble chelating agent (such as DTPA) that will 
be encapsulated in the aqueous core of the vesicles. Alternatively, the chelating compound complexing with the 
metal can be derivatized with a hydrophobic group for insertion in the lipid bilayer. Gd-DTPA complexes were the 
first to be incorporated in the aqueous core. Among the various lipophilic DTPA–conjugates that have been 
synthesized, DTPA-sterylamine (DTPA-SE) and DTPA-phosphatidyl ethanolamine (DTPA-PE) show reduced 
leakage and toxicity of potentially toxic metals. (DTPA-polylysil) glutaryl phosphatidyl ethanolamine (DTPA-PLL-
NGPE) is a poly-chelating amphiphilic polymer suitable for liposome incorporation that drastically increases the 
number of metal ions attached to a single lipid conjugate. In these cases, metals are situated on the liposomal 
surface, directly exposed to the aqueous environment, thus enhancing the contrast proprieties. To increase the 
stability and half-life of vesicles in the body after administration, liposomes for use as contrast agent can be 
modified with PEG. DTPA-PLL-NGPE liposomes with PEG5000 containing Gd improved visualization in the 
lymph nodes: PEG moieties increase the amount of water directly in contact with the Gd on the liposomal surface, 
and contrast phagocytic cell uptake at the injection site. 
 
 Long-circulating Gd liposomes have been successfully used for blood pool imaging, prolonging the presence of the 
contrast agent in the body. After systemic administration of Gd-DTPA-PLL-NGPE/PEG-liposomes, the signal was 
immediately clear and lasted for up to 4 hours [84].Incorporation of large amount of Gd-containing lipids in 
sterically stabilized PEGylated DSPC- or DOPC-based liposomes showed increased relaxivity compared with 
traditional Gd-DTPA; because of the higher accessibility of water, liposomes containing unsaturated phospholipids 
also showed increased relaxivity in comparison with liposomes composed of saturated phospholipids. These 
liposomes are therefore highly potent contrast agents for application in MR imaging [85].Liquid-filled liposomes 
have been demonstrated to be echogenic. The liquid-like composition of the vesicles makes them more resistant to 
pressure and mechanical stress than encapsulated gas microbubbles. Moreover, their long circulation characteristics 
and their small size are favorable in echography. Definity® (Bristol-Myers Squibb Medical Imaging, Inc. New York, 
NY, USA) is a contrast agent containing perfluoropropane with a phospholipid shell approved in the US for use in 
cardiology. After lyophilization, liposomes can encapsulate small amounts of air, being echogenic upon rehydration. 
Is it possible to modulate the liposomal composition by changing the ratio between PC, PE, PG, and CHOL to 
produce agents that are echogenic in vitro and in vivo [86]. Echogenic liposomes have also been utilized for 
intravascular ultrasound imaging; targeting the vesicles to the vascular signature associated with arteroma 
development [87].A pH liposomal MRI contrast agent has recently been introduced as a potential marker of low pH 
in tumor interstitium. DPPE/DSPG/GdDTPA-BMA liposomes displayed increased relaxivity in the blood when the 
pH was below the physiological level, due to aggregation and leakage of GdDTPA-BMA. To optimize these 
liposomal formulations it is necessary that they retain pH sensitivity in the blood and accumulate in the tumor. 
Blood circulation time was prolonged by incorporating 1.5mol% in DPPE/ DSPG liposomal GdDTPA-BMA, but 
the pH-response was reduced. A compromise would be necessary between long blood retention and pH-sensitivity 
[88]. 
Liposomes for vaccines 
Genetic vaccination-encoding antigens from bacteria, virus, and cancer have shown promise in protecting humoral 
and cellular immunity. The success of liposomes-based vaccines has been demonstrated in clinical trials and further 
human trials are also in progress. Liposomes are of interest as carriers of antigens, especially because they act as 
effective adjuvants for the immune system response, without causing granulomas at the injection site and producing 
no hypersensitivity reactions [89]. Liposome formulations would also protect their DNA content from 
deoxyribonuclease attack. Moreover, their transfection efficiency could be improved by modulating surface charge, 
size, and lipid composition of the vesicle and entrapping additional adjuvant or immunostimulator compounds in the 
antigen formulation. Several strategies have been followed to target liposomes to cell receptors, such as antibodies 
(or Fc-γ) or branched chain mannose moieties. Cationic or pH-sensitive liposomes that are able to release their 
contents into the cytoplasm following endocytosis have also been developed. Two commercial vaccines based on 
virosome technology are currently on the market. Epaxal® (Berna Biotech Ltd, Bern, Switzerland), a hepatitis A 
vaccine, has inactivated hepatitis A virus particles adsorbed on the surface of the immunopotentiating reconstituted 
influenza virosomes (IRIV). In Inflexal® V (Berna Biotech Ltd) the virosome components themselves are the 
vaccine protective antigens [90]. Virosomes are liposomal formulations that have viral envelope proteins anchored 
to their lipid membrane. The lipid bilayer is composed of PC intercalated with the virus-derived proteins 
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hemagglutinin and neuraminidase. These virus-like particles have proven to be effective immunogens with unique 
adjuvant properties [91]. Liposome-encapsulated malaria vaccine contains monophosphoryl lipid A as adjuvant in 
the bilayer and the formulation is adsorbed on aluminum hydroxide. In a Phase I dose-escalating study, the 
formulation showed induction of higher level of anti-malaria antibody in human volunteers [89]. Some liposome 
formulations are under investigation in preclinical studies against Yersina pestis, ricin toxin and Ebola Zaire virus. 
Liposomes against ricin or pestis, composed of PC/CHOL/DDA containing KWC vaccine, were administered 
intranasally to C57BL/6 mice; liposome formulations gave higher protection from infection than KWC in buffer. 
Liposomes composed of PC and CHOL containing ricin toxoid and ricin A-chain (rA) increased antibody responses 
to the rA chain. Liposomes composed of DMPC/DMPG/CHOL with or without lipid A containing Ebola Zaire virus 
have been tested in mice and cynomolgus monkeys [92]. Liposome vaccination also has the potential to be a 
powerful weapon in cancer treatment. Chen et al developed a novel liposome-based system for the delivery of 
plasmid DNA. Lipid-polycation-DNA particles are formed by combining cationic liposomes and polycation-
condensed DNA organized in a virus-like structure able to release its content in the cytoplasm. Cationic liposomes 
promote a much higher humoral and cytotoxic T lymphocyte immune response against the antigen encoded by the 
entrapped DNA vaccine. Liposome-stabilized prostate cancer vaccine is under investigation in a series of Phase I 
trials in patient with advanced prostate cancer. The new liposome-lipid A-prostate-specific antigen formulation 
showed greater safety and higher immunological potency than other formulations and has been transitioned to Phase 
II trials [89]. 
 

4. Conclusion 
In the development of novel drug delivery system (NDDS) liposomes has the various applications, which are 
utilized as a carrier for therapeutic molecules. Liposomes are highly useful for cancer therapy and vaccination. 
DOXIL, SPI077, Lipoplatin, S-CKD-602 have been approved or in advance trial of PEGylated liposomal 
formulations. PEG-derivatized liposomes with increased stability can easily be modified using a wide array of 
targeting moieties (MAb, ligands) to deliver the drug specifically to the target tissues with increasing accuracy. The 
development of liposome delivery to particular subcellular compartments is a field of great interest in different 
fields, such as gene therapy and vaccination. The interaction of stealth liposomes with cell membranes, and release 
of the drug in the neighborhood of target tissues are still under investigation, but some recent studies indicate that 
the use of detachable PEG may facilitate cell penetration and/or intracellular delivery of vesicles. PEG-coated 
liposomes are becoming increasingly important, giving technological and biological stability to liposomal systems.  
 
                                                                     5. References 

1. Grubber, S.M. Liposome Biophysics Therapeutics, Marcel Dekker: New York, 1987. 
2. Bangham, A.D.; Standish, M.M.; Watkens, J.C. Journal of Molecular Biology, 1965, 13, 238. 
3. Bangham, A.D. Liposomes in Biological Systems, John Wiley and Sons: Chichester, 1980. 
4. Jayakrishnan, A.; Latha, M.S. Controlled and Novel Drug Delivery, B.S. Pub: New Delhi, 1997. 
5. Sessa, G.; Weismann, G. Journal of Journal of Biological Chemistry, 1970, 245, 3295. 
6. Gregoriadis, G. Methods in Enzymology, 1976, 44, 278. 
7. Dunnick, J. K.; Rooke, J D.; Aragon, S.; Kriss, J. P. Cancer. Res., 1976, 36, 2385-2389.  
8. Sessa G, Weissmann C: Phospholipid spherules (liposomes) as a model for biological membranes. Journal 

of Lipid Research, 1968, 9:3 1 O-3 18. 
9. Cregoridadis C: Liposome preparation and related techniques. In Liposome Technology, vol 1, edn 2. 

Edited by Cregoriadis C. Boca Raton: CRC Press; 1993:1-63. 
10. Watwe RM, Bellare JR: Manufacture of liposomes: a review. Gun Sci 1995, 68:715-724. 
11. Mayer LO, Madden TM, Bally MU, Cullis PR. oH eradientmediated drug entrapment in liposomes. in & 

some Technolqpy, vol 2, edn 2. Edited by Gregoriadis G. Boca Raton: CRC Press; 1993:27-44. 
12. Allen TM, Chonn A: Large unitamellar liposomes with low uptake into the reticuloendothelial system. 

FfBS Len 1987, 223142-46. 
13. Klibanov AL, Maruyama K, Torchilin VP, Huang L: Amphipathic polyethyleneglycols effectiveiy prolong 

the circulation time of liposomes. FfBS Len 1990, 268:235-237. 
14. Blume C, Cevc C: Liposomes for the sustained drug release in vivo. Biochim Siophys Acta 1990, 1029:91-

97. 
15. Bally MB, Nayar R, Masin D, Hope Ml, Culfis PR, Mayer LD: Liposoma with entrapped doxorubicin 

exhibit extended blood residence times. Biochem Siophys Acta 1990, 1023:133-139. 
16. Cabizon A, Papahadjopoulos D: Liposome formulations with prolonged circulation time in blood and 

enhanced uptake by tumors. Proc Nat1 Acad Sci USA 1988, 856949-6953. 
17. Bakker-Woundenberg IAJM, Lokerse AF, Ten-Kate MT, Storm C: Enhanced localixation of liposomes 

with prolonged blood circulation time in infected lung tissue.  Biochimica et Biophysica Acta 1992, 
1138:318-326. 



 Navneet Kumar Verma et al                                                                                        AJCPR, 2014, Vol.2(1): 112-123 

Asian Journal of Chemical and Pharmaceutical Research | 121  
 

18. Wu NZ, Da 0, Rudolt TL, Needham D, Whonon AR. Dewhirst MW: Increased microv&ular permeabilii 
contributes to preferential accumulation of stealth liposoma in tumor tissue. Cancer Res 1993, 53~3765-
3770. 

19. Gerlowski LE, Jain RK: Microvascular permeability of normal and neoplastic tissues. Microvasc Res 1986, 
31:288-305. 

20. Dvorak HF, Nagy) A, Dvorak JT, Dvorak AM: tdentifrotion and characterization of the blood vessels of 
solii tumors that are leaky to circulating macromolecules. Am) Pathol 1988, 133:95-l 09. 

21. Papahadjopoulos 0, Allen TM, Cabizon A, Mayhew E, Matthay K, Huang SK, Lee KD, Woodle MC, Lasic 
DO, Redemann C, Martin 9: Sterically stabilized liposomesz improvements in pharmacokinetics and 
antitumor therapeutic efficacy. Proc Nat/ Acad 5ci USA 1991, B&11460-11464. 

22. Allen TM: Long-circulating (sterically stabilized) liposumes for targeted drug delivery. Trends Pharmacol 
Sci 1994, 15215-220. 

23. Loughrey HC, Choi LS, Wong KF, Cullis PR, Batty MB: Preparation of streptavidin-liposomes for use in 
ligand specific targeting applications. In Liposome Technology, vol 3, edn 2. Edited by Cregoriadis C. 
Boca Raton: CRC Press; 1993:163-178. 

24. Laukkanen ML, Alfthan K, Keinanen K: Functional immuneliposoma harboring a biosynthetikally lipid-
ta& singlechain antibody. Biochemistry 1994, 33:11664-11670. 

25. Lee RI, Low PS: Delivery of liposomes into cultured K8 cells via folate receptor-mediated endocytosis. j 
Biol Chem 1994, 2693198-3204. A study showing that liposomes can be efficienlly targeted to 
receptorbearing tumor cells when conjugated to folate via a long PEG-spacer.Advances in liposomal drug-
delivery systems Chonn and Cullis 19. 

26. Bk~me G, Cevc G, Crommelin MiDJA, Bakker-Woudenberg IAIM, Kluft C, Storm C: spccjfic targeting 
with poly&hylene glycolknodifti liposomes: coupling of homing de&es to the emk of the polymeric dums 
combines effective target binding with long circulation times. Biochim Siophys Acra 1993, 1149:18&l84. 

27. Maruyama K, Takizawa T, Yuda T, Kennel SJ, Huang L, lwatsuru M: Targetabiii of novd 
immunoliposomes modified wfth ampbipathic .poly(ethylene glycol)s conjugated at their distal terminals to 
monodo~l antibodii. B&him Siophys Ada 1995, 1234~74-80. 

28. Allen TM, Brandeis E, Hansen CB, Kao CY, and Zalipsky 5: A new strategy for attachment of antibodies 
to sterically stabilized liposomes resulting in effiit targeting to enter cells. B&him Siophys Acta 1995, 
1237:99-108. 

29. Ahmad I, Longenecker M, Samuel J, Allen TM: Antibody-targeted delivery of doxorubicin entmpped in 
sterically stabilized liposomes can eradicate lung cancer in mice. Cancer Res 1993, 53:1484-1488. 

30. Mori A, Kennel Sj, Van Borssum-Waalkes M, Scherphof CL, Huang L: Characteriiution of organ-specific 
immunoliposomes for delivery of 3’,5’-Odipalmitoyl-S-tluoro-2*deoxyuridine in a mouse lung-metastask 
model. Cancer Chemother Pharmacol 1995, 35:447456. 

31. Phillips NC, Oahman J: Immumqenicity of immunoliposoma: reactivity against specks-specific IgG and 
liposomal phospholipids. lmmunol Len 1995, 45:149-152. 

32. Van Berkel TJC, Kruijt JK, Spanjer HH, Kempen HJM, Scherphof CL: Targeting of liposomes with tris-
gaktoside-temdnated drolerterol. lo liposome Technology. Vol 3, edn 2. Edited by Cregoriadis C. Boca 
Raton: CRC Press; 1993:219-230. 

33. Bat-ran G, Schuber F: Taqetlng of liiomes with mannos+terminated lii in Liposome khnohqy, vol 3, edn 2. 
Edited by Gregoriadis C. 8oca Raton: CRC Press; 1993:199-218. 

34. Stavridis JC, Deliconstantinos C, Psalfikziopoulos MC, &menakas NA, Hadjiminas DJ, Hadjiminas J: 
Construction of burrferrin coated aposomes for in vhv transporl of exogenous DNA to bone marrow 
erytbrobksts in rabbits. Fxp Cell Res 1986, 164568-572. 

35. Hara T, Aramaki Y, Takada S, Koike K, Twchiya S: Receptor-mediated tnnsfcr of pSV2CAT DNA to a 
human hepatoblastoma a l l l i i HepG2 using a& lofetub & beled ationic i@wmes. Gene 1995, 159%7-174. 
Describes the dehydrationlrehydration method for encapsulating plasmid DNA, 60% of which is protected 
from DNAse I treatment. Uptake of asialdetuin-labeled cationic liposomes by HepG2 ceils was 
cornpetitivefy inhibited by free asiafofetuin and was sensitive lo cytochalasin B treatment. Transfection 
activity was significantly enhanced compared with transfectii using non-labeled liposomes. . 

36. Lee RI, Low P5 Foiate-mediated tumor cell targeting of ~~3k~xbiin in w&v. &o&m Siophys 
37. Tari AM, Zhou F, Huang L: Two types of pH-sensitin immunology. In liposome Technology, vol 3, edition 

2. Edited by Cregoriadis G. Coca Raton: CRC Press: 1993:289-300. 
38. Fefgner JH, Kun~r R, Mdhar CN, Wheeler CJ, Tsa+i Y], Border. R, Ramsey P: bsbanced gene delivery and 

medmnkm studies with a novel series of cationic lipid mj Bfof Chem 1994, 269:2S5&2561. A 
comprehensive study of structure/function relationships of cationic lipids and neutral lipids for optimization 
of cationic liposome mediatd gene transfer. 

39. Farbood H, Setbina N, Huang L: like rok of diileoyl. .p in ationic r i mediated gene tmwfu. Biochim 
Siophvs Acia 1995, 1235:289-295. 



 Navneet Kumar Verma et al                                                                                        AJCPR, 2014, Vol.2(1): 112-123 

Asian Journal of Chemical and Pharmaceutical Research | 122  
 

40. Bangham A.D., Standish M.M. and Watlins J.C. (1965). J. Mol. Biol. 13: 238. 
41. Bangham A.D., Hill M.W. and Miller N.G.A. (1974). In: Methods in Membrane Biology (Korn N.D., ed.) 

Plenum. N.Y., Vol.1, p.l.  
42. Papahadjopoulos D. and Watkins J.C. (1978). Biochimica et Biophysica, 135: 639. 
43. Gruner S.M., Leak R.P., Jan off S. and Ostro M.J. (1985). Biochem. 24: 2833 
44. Kim S., Jacobs R.E. and White S.H. (1985). Biochimica et Biophysica Acta, 812: 793. 
45. Oezden M.Y. and Hasirci V.N. (1991). Biochimica et Biophysica Acta. 1075: 102. 
46. Hamilton R.L. and Guo L.S.S. (1984). In: Liposome Technology (Gregoriadis G. ed.) CRC Press, Florida, 

Vol.1, Chapter 4, p.37. 
47. Lasic D.D., Kidric J. and Zagorc S. (1987). Biochimica et Biophysica Acta. 896: 117. 
48. Deamer D. and Bangham A.D. (1976). Biochimica et Biophysica Acta. 443: 629. 
49. Schieren H., Rudolph S., Findelstein M., Coleman P. and Weissmann G. (1978). Biochimica et Biophysica 

Acta. 542: 137. 
50. Batzri S. and Korn E.D. (1973). Biochimica et Biophysica. 298: 1015. 
51. Kagawa Y. and Racker E. (1974). Journal of Biological Chemistry. 246: 5477 
52. Milsmann M.H.W., Schwendener R.A. and Wader H. (1978). Biochimica et Biophysica Acta. 512: 147. 
53. Alpes H., Allmann K., Plattner H., Reichert J., Rick R. and Schulz S. (1986). Biochimica et Biophysica 

Acta. 862: 294. 
54. Enoch H.G. and Strittmatter P. (1979). Proceedings of the National Academy of Sciences, USA. 76: 145 
55. Gerritson W.J., Verkley A.J., Zwaal R.F.A. and van Deenan L.L.M. (1978). European Journal of 

Biochemistry, 85: 255. 
56. Philippot J.R., Mutafschicv S. and Liautard J.P. (1985). Biochimica et Biophysica Acta. 821: 79. 
57. Szoka F. Jr. and Papahadjopoulos D. (1978). Proceedings of the National Academy of Sciences, USA. 75: 

4194. 
58. Handa T., Takeuchi H., Phokubo Y. and Kawashima Y. (1987). Chemical & pharmaceutical bulletin. 35: 

748. 
59. Haga N. and Yogi K. (1989). Journal of Clinical Biochemistry and Nutrition. 7: 175. 
60. Papahadjopoulos D. and Vail W.J. (1978). Annals of the New York Academy of Sciences. 308: 259. 
61. Mayhew E., Lazo R., Vail WJ, King J. and Green A.M. (1984). Biochimica et Biophysica Acta. 775: 169. 
62. Riaz M. and Weiner N. (1995). Pakistan Journal of Pharmaceutical Sciences. 
63. Jousma H., Talsma H., Spies F., Joosten J.G.H., Junginger H.E. and Crommelin D.J.A. (1987). 

International Journal of Pharmaceutics. 35: 263. 
64. Riaz M. and Weiner N. (1994). Pakistan Journal of Pharmaceutical Sciences. 7: 61. 
65. Lasic D.D., Belie A. and Valentincic T. (1988) J. Ant. Client. Soc. 110: 970 
66. Liautard J.P. and Phillippot J.R. (1993). Journal of Liposome Research. 63. 
67. Pick U. (1981). Arch. Biochem. Biophys. 212: 186. 
68. Ohsawa T., Miura H. and Harada K. (1985). Chemical & pharmaceutical bulletin. 33: 3945. 
69. Liu L. and Yonetaini T. (1994). Journal of Microencapsulation. 11: 409. 
70. Oku N., Scheerer J.F. and McDonald R.C. (1982). Biochimica et Biophysica Acta. 692: 384 
71. Oku N. and MacDonald R.C. (1983). Biochimica et Biophysica Acta. 734: 54. 
72. Kim S., Turker M.S., Chi E.Y., Scla S. and Martin G.M. (1983). Biochimica et Biophysica Acta. 728: 339. 
73. Cullis R.P., Hope M.J., Bally M.B., Madden T.D. and Jan off AS. (1987). In: Liposomes from Biophysics 

to Therapeutics (Ostro M. J., Ed.) Marcel Dekker, N.Y., Chapter 2, p.39.39 
74. Op den Kamp J.A.F. (1979). Ann. Rev. Biochem. 48: 47. 
75. Cestaro B., Pistolesi E., Hershkowitz N. and Galt S. (1982). Biochimica et Biophysica Acta. 685:13. 
76. Pagano R.E., Martin O.C., Schroit A.J. and Struck D.K. (1981). Biochemistry. 20: 4920. 
77. Low M.G. and Zilversmit D.D. (1980). Biochimica et Biophysica Acta. 596: 223. 
78. Mahato RI. Water insoluble and soluble lipids for gene delivery. Advance Drug Delivery Review, 

2005;57:699–712.[PubMed] 
79. Meyer O, Kirpotin D, Hong K, et al. Cationic liposomes coated with polyethylene glycol as carriers for 

oligonucleotides. Journal of Biological Chemistry. 1998;273:15621–7.[PubMed] 
80. Song LY, Ahkong QF, Rong Q, et al. Characterization of the inhibitory effect of PEG-lipid conjugates on 

the intracellular delivery of plasmid and antisense DNA mediated by cationic lipid liposomes. Biochim 
Biophys Acta. 2002;1558:1–13.[PubMed] 

81. Palmer LR, Chen T, Lam AM, et al. Transfection properties of stabilized plasmid-lipid particles containing 
cationic PEG lipids. Biochimica et Biophysica. 2003;1611:204–16.[PubMed] 

82. Chen T, Palmer LR, Fenske DB, et al. Distal cationic poly (ethylene glycol) lipid conjugates in large 
unilamellar vesicles prepared by extrusion enhance liposomal cellular uptake. Journal of Liposome 
Research. 2004;14:155–73.[PubMed] 



 Navneet Kumar Verma et al                                                                                        AJCPR, 2014, Vol.2(1): 112-123 

Asian Journal of Chemical and Pharmaceutical Research | 123  
 

83. Gupta B, Levchenko TS, Torchilin VP. Intracellular delivery of large molecules and small particles by cell-
penetrating proteins and peptides. Advance Drug Delivery Review. 2005;57:637–51.[PubMed] 

84. Torchilin VP. Polymeric contrast agents for medical imaging. Current Pharmaceutical Biotechnology. 
2000;1:183–215.[PubMed] 

85. Strijkers GJ, Mulder WJM, van Heeswijk RB, et al. Relaxivity of liposomal paramagnetic MRI contrast 
agents. MAGMA. 2005;18:186–92.[PubMed] 

86. Dayton PA, Ferrara KW. Targeted imaging using ultrasound. Journal of Magnetic Resonance Imaging. 
2002;16:362–77.[PubMed] 

87. Morawski AM, Lanza GA, Wickline SA. Targeted contrast agents for magnetic resonance imaging and 
ultrasound. Current Opinion in Biotechnology. 2005;16:89–92.[PubMed] 

88. Lokling KE, Fossheim SL, Klaveness J, et al. Biodistribution of pH-responsive liposomes for MRI and a 
novel approach to improve the pH-responsiveness. Journal of Control Release. 2004;98:87–95.[PubMed] 

89. Chen WC, Huang L. Non-viral vector as vaccine carrier. Advances in Genetics. 2005;54:315–37.[PubMed] 
90. Copland MJ, Rades T, Davies NM, et al. Lipid based particulate formulations for the delivery of antigen. 

Immunological Cell Biology. 2005;83:97–105.[PubMed] 
91. Felnerova D, Viret JF, Gluck R, et al. Liposomes and virosomes as delivery systems for antigens, nucleic 

acids and drugs. Current Opinion in Biotechnology. 2004;15:518–29.[PubMed]  
92. Bramwell VW, Eyles JE, Oya AH. Particulate delivery systems for biodefense subunit vaccines. Advance 

Drug Delivery Review. 2005; 57:1247–65. 
 


